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Abstract: The paper empirically analyzes, in the Romania'se¢ the cointegration and
causality between electricity consumption, capiadl economic growth. The data set is
covering the period 1980 - 2008. The results shmeixistence of bidirectional causality
between electricity consumption and economic groatkd between economic growth
and capital use. In the same time, a unidirectimaalsal relation is also found from
capital use to electricity consumption.

The main finding suggests that electricity consgovapolicies may retard economic
growth by reduction in electricity consumption. Mover, in the opposite direction, from
economic growth to electricity consumption, thecfiations in economic growth may
reduce demand for electricity.
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Introduction

After 50 years of centralised communist statusl989, the Romania’s economy
began to traverse a very tumultuous period of tti@nsto a capitalist competition
system. In the first years of transition, the magtonomic aspects referred to the
inflation, unemployment, adjustment of large indiastbase and disequilibrium between
demand and supply on real market. The difficuliqugr1990-1992, is followed by four
years of economic growth in which the unemploynagtreased from 10.9% in 1994 to
6.6% in 1996. A new economic recession period atarged the next three years. Since
2000 began a strong economic revival, which iskibést economic period in the whole
Romanian history. The unemployment rate decreases £1.8% in 1998 to 4% in 2007
and the GDP growth rate reaches the level of 9920@8. In the same period, the
inflation rate registered 4.84% in 2008, from 1384.® 1997.

Romania's integration in European Union (EU) onuday one, 2007 illustrated
another important impulse for the country’s econoiiitye mains determinants of growth
are the strong demand in EU export markets, higaldeof domestic consumption and
investments (FDI augmented from 1,946 billions emrd 997 at 9,496 billions euro in
2008). Based on these incentive directions, Ronsmmaacroeconomic gains have
stimulated the creation of a middle social class address Romania's widespread
poverty. Unfortunately, this excellent businessiemment performance was attenuated
by the large current account imbalance, the coilwogthenomena and the excessive red
tape. The strong consumer demand and high wagetlgifomm 2008 raised the energy
costs and affected food prices (inflation increade8.2% in 2010) with several
implications on the fiscal discipline. Since thstlguarter of 2008, the world recession
determined a sever GDP contraction (at leas 7%almacrease in 2010), unemployment
(7.7% estimated rate in 2010) and damage of firhmoarkets and trade, forcing the
Romanian government to enact harsh austerity mesisand borrow heavily from the
IMF (external debt at approx. 70% in GDP in 2009).

Positioned in the Central-Eastern Europe, Romasiani upper-middle income
EU member economy, with a dynamic economic devetapmRegarding the total
nominal GDP, Romania has the 11th largest econantlye European Union and the 8th
largest based on purchasing power parity. Witlent®rging economy, Romania becomes
the world’s 49th largest economy. Romania hopesdbere at Schengen Agreement
Treaty by 2011 and to adopt the euro by 2014. Tomdhian electricity industry has a
long tradition, becoming a large and high-growtbteein the economy. Since the last
decade, the electricity consumption has followesl dlowing trend of the economic and
social development. The competition is weak oneleetricity market, especially in the
sector of energy generation. Unfortunately, the petition in the supply and trading of
electricity still has strong problems (some scamdatcompanied the liberalization
process). In such situation, an investigation & tature of the relationship between
electricity consumption and economic growth in Rormamay be of interest to both
policy makers and practitioners.



The direction of causality between electricity aamgtion and economic growth
has four estimable hypotheses (Tiwari, 2010; 20The first hypothesis reveals the
importance of electricity consumption for economiowth directly or indirectly through
use of capital and labor in economic activity whiadgor and capital are considered as
complements. If an increase in economic growthnised with an increase in electricity
consumption or causal relation is running from tleity consumption to economic
growth. In such an environment, energy (electrjcitpnservation policies may be
harmful for economic growth. On contrary, if theise unidirectional causality from
economic growth to electricity consumption then sgmation hypothesis postulates that
electricity consumption is determined by economiowgh. In such case, electricity
conservation policies do not have adverse affe@ammomic growth.

Thirdly, the interdependent relationship betweeacticity consumption and
economic growth is considered as feedback hypah@&sie feedback hypothesis can be
highlighted by the existence of bidirectional cdusalation between electricity
consumption and economic growth. This hypothesisicicmles that electricity
conservation policies may retard economic growth teduction in electricity
consumption in an economy and fluctuations in eognagrowth furthermore reduces
demand for electricity due to feedback affect fremonomic growth to electricity
consumption. Finally, neutrality hypothesis suggédisat there is minor role of electricity
consumption in economic growth which is validateldew there is no causality between
both the variables. This implies that reduction electricity use through electricity
(energy) conservation policy will have no adverech on economic growth.

The study of the relationship between the eletyridonsumption and the
economic growth is an old field of investigationedduse this issue plays an important
role, especially after the two major global enexgises, it has been a topic widely
investigated since the late 1970s. Neverthelesscahsality direction between electricity
consumption and economic growth is not very cléasome authors (e.g., Ghosh, 2002;
Jumbe, 2004; Mozumder and Marathe, 2007) empiyiealjue that the economic growth
Granger-causes electricity consumption, other rebess sustain the contrary, because
electricity is an essential factor of productiorg(eStern, 1993; Yuan et al., 2007; Tang,
2008; 2009; Acaravci, 2010). Jumbe (2004) and Siq(&007) illustrate that these
acquisitions have important policy implications. the case of the uni-directional
causality that is running from economic growth he electricity consumption or in the
neutral causality, the environmental policies fdecticity conservation would not
negatively affect the economic growth. In the opigosausality, from electricity
consumption to the economic growth, environmen@alicies initiatives to conserve
electricity consumption may have the capacity teeasely affect the economic growth
and development. These two directions have gertkratedebatable issue in the
economics of energy and a new area for the emphneemvestigation of the relationship
between electricity consumption and economic grovitte literature in the field is very
arid concerning the analysis of the relationshifwkeen the electricity consumption and
the economic growth in the Romania’s case.



The 2010 year is very prolific in this way. Acaraaad Ozturk (2010), using the Pedroni
panel cointegration method, from 1990 to 2006, ys®l the long-run relationship and
causality issues between electricity consumptioth @onomic growth in 15 Transition
European countries (Albania, Belarus, Bulgaria, ddz&Republic, Estonia, Latvia,
Lithuania, Macedonia, Moldova, Poland, Romania, frs Federation, Serbia, Slovak
Republic and Ukraine). The Pedroni panel cointégnatests do not confirm a long-term
equilibrium between electricity consumption perita@and real GDP per capita and, by
consequence, no cointegration was found. Moregethesullts cannot be run to investigate
the causality between electricity consumption armbnemic growth. Ozturk and
Acaravci (2010), in another paper, studied the aauslationship between energy
consumption and economic growth, in the case ofaAlly, Bulgaria, Hungary and
Romania, for 1980-2006 periods. To perform thislysis, they used the two-step
procedure from the Engle and Granger model- arregrtessive distributed lag (ARDL)-
and a dynamic vector error correction (VEC). Thihars found a bi-directional causality
in Hungary and a neutral one for Albania, Bulgaaiagd Romania. Finally, Kayhan et al.
(2010) focalized on the dynamic causal relationgl@pveen electricity consumption and
economic growth in the Romanian economy for thaogeof 2001-2010. The results
have been obtained based on the Dolado - Litkepaldp - Yamamoto and traditional
Granger causality tests. In the Romania’s econdimy,main findings reveal that the
causality runs from electricity consumption to emmic growth.

On the other hand, some authors try to find angende between electricity and
economic growth. For example, Apergis and Paynd{@@erformed a study between
nuclear energy consumption and economic growtli @ocountries within a multivariate
panel framework over the period 1980-2005. Gengrtie results confirm the existence
of the long-run equilibrium relationship betweenalreGDP and nuclear energy
consumption. Unfortunately, they excluded Romamanf panel, in order to obtain a
balanced panel with availability and consistencyh data. Menegaki (2010) connected
the economic growth and renewable energy for 2°0fg@an countries in a multivariate
panel framework, over the period 1997-2007, usingradom effect model. The tests
stress evidence of the neutrality hypothesis reggrthe relationship between economic
growth and renewable energy consumption in Europk lay consequence, in Romania.

The main problem with studies by Acaravci and Qet(2010), Ozturk and
Acaravci (2010) and Kayhan et al. (2010) is thatytdid not pay attention to put other
potential variable such as capital to investigdte tausality between electricity
consumption and economic growth. It may be notedl ¢kectricity consumption may not
be a single factor to stimulate economic growthhedtvariables such as labor, capital,
cost of electricity, employment, have potentiaktplain relationship between electricity
consumption and economic growth. Similarly, Litkelpd 982) argued that omissions of
important variables provide biased and inapprogriegsults on relationship between
electricity consumption and economic growth. Nosauelation is found in bivariate
system due to neglected variables which affecttiéd#ty consumption and economic
growth relation. In the same way, Bartleet and Raking2010) also criticized on energy-
growth association and recommended to incorpor#ter gertinent variables such as
labor and capital that also play an important relecidate electricity consumption-



economic growth relation. Moreover, Karanfil (200%9s also suggested the same in
exploring the causal links between energy consump@nd economic growth by
including other relevant variables rather than bate case. After knowing the
importance of neglected variables in electricitpfamption and economic growth nexus,
we use capital use per capita as an exogenoudbheaimaneoclassical production function
to reinvestigate the direction of causality betwegsttricity consumption and economic
growth using time series data over the period &012008 in case of Romania.

Literature Review

Review to energy literature, the relationship be&mvelectricity consumption and
economic growth has been examined extensively siheework of Kraft and Kraft
(1978). However, the direction of causality betweelectricity consumption and
economic growth remain controversial. Generallypiital studies on the relationship
between electricity consumption and economic groweth divide into two major groups.
The first group of literatures were focused on ¢bentry-specific study, while another
group of literatures were focused on multi-courgtydy. Table 1 shows a summary of
the selected empirical studies on electricity comgtion-growth nexus.

We begin our discussion with the findings of cowgpecific studies on the
literature of electricity consumption-growth nexésgeneral conclusion that we can be
drawn from Panel | of Table-1 is that the causdatienship between electricity
consumption and economic growth has been mixedemdin ambiguous. For example,
Yang (2000), Jumbe (2004), Zachariadis and Pastidaar(2007), Tang (2008, 2009),
Odhiambo (2009a), Lean and Smyth (2010), Ouedrg@§d0), Tang and Shahbaz
(2011) and Shahbaz (2011) found that electricitpgsconption and economic growth
granger caused each other in Korea, Malawi, CypMaslaysia, South African and
Burkina Faso, Portugal and Pakistan respectively.t® contrary, Ageel and Butt
(2001), Altinay and Karagol (2005), Lee and Cha®@06), Shiu and Lam (2005), Yoo
(2005), Narayan and Singh (2007), Yuan et al. (208@d Odhiambo (2009b) reported
uni-directional causality from electricity consungot to economic growth in Pakistan,
Turkey, Taiwan, China, Korea, Fiji Islands, Malaysiand Tanzania receptively.
Moreover, other studies such as Ghosh (2002), Marapjd Smyth (2005), Yoo and Kim
(2006), Ho and Siu (2007), Mozumder and Marathéd720Jamil and Ahmad (2010)
showed that economic growth granger caused elggtaonsumption in India, Australia,
Indonesia, Hong Kong, Bangladesh and Pakistan casply.



Table-1: Summary of Literature on Relationship between Electricity Consumption and Economic Growth

Authors | Countries Time Period  Methodology|  Variable | Cointegration | Findings
Single-Country Studies
Yang (2000) Taiwan 1954-1997 GC Real GDP, Eletyric€onsumption No ECo Y
Ageel and Butt (2001) Pakistan 1955-1996 GC bwaéblsi Real GDP, Electricity Consumption No EC- Y
Ghosh (2002) India 1950-1997 JML, GC ElectricitypBly, Employment, Real GDP Yes ES—Y
Jumbe (2004) Malawi 1970-1999 GC, Real GDP, EleitgrConsumption Yes EC-Y
Shiu and Lam (2005) China 1971-2000 JML, VECM Re@P, Electricity Consumption Yes EC-Y
Lee and Chang (2005) Taiwan 1954-2003 JML, VECM alBDP per Capita, Electricity Consumption per @api| Yes EC-Y
Narayan and Smyth (2005) Australia 1966-1999 ARDECM Real GDP per Capita, Electricity Consumptjmr Capita, | Yes EC-Y
Employment
Yoo (2005) Korea 1970-2002 JML, VECM Real GDP, Hieity Consumption Yes EC-Y
Yoo and Kim (2006) Indonesia 1971-2002 JML, GC lwydd Real GDP, Electricity Supply No ES—Y
Ho and Siu (2007) Hong Kong 1966-2002 JML, VECM Re&BP, Electricity Consumption Yes EC-Y
Altinay and Karagol (2005) Turkey 1950-2005 GCDL edRGDP, Electricity Consumption N.A EC-Y
Yusof and Latif (2007) Malaysia 1980-2006 MJL, GC Real GDP, Electricity Consumption Yes EC 4 Y
Yaun et al. (2007) China 1978-2004 JML, VECM ReBIRG Electricity Consumption Yes EC- Y
Mozumder and Marathe (2007) Bangladesh 1971-1999 | JML, VECM Real GDP per Capita, Electricity Consuioptper Capita Yes EC-Y
Narayan and Singh (2007) Fiji Islands 1971-2002 ARDECM Real GDP, Electricity Consumption, Yes EC-Y
Labor
Zachariadis and Pashourtidou (2007) Cyprus 196820 JML, VECM, Real Income per Capita, Electricity Consumption;gs, Yes ECo Y
VARGFEVD weather
Tang (2008) Malaysia 1972-2003 ARDL, TYDL Gross iNaal Product, Electricity Consumption No ECo Y
Aktas and Yilmaz (2008) Turkey 1970-2004 JML, VECM Gross National Product, Electricity Consumption No ECo Y
Abosedra et al. (2009) Lebanon 1995-2005 MJL, B®eal GDP, Electricity Consumption, Real ImportsNo EC-Y
VARGFEVD Temperature, humidity
Odhiambo (2009a) South Africa 1971-2006 JML, VECM eaRGDP per Capita, Electricity Consumption peri@ap| Yes ECo Y
Employment
Odhiambo (2009b) Tanzania 1971-2006 ARDL, VECM ReBP per Capita, Electricity Consumption per CapifaYes EC- Y
Gupta and Sahu (2009) India 1960-2006 GC Real @k#etricity Consumption N.A EC-Y
Lean and Smyth (2010) Malaysia 1971-2006 TYDL R&@P, Electricity Consumption, Exports, Capita, Yes ECo Y
Labor
Ciarreta and Zarraga (2010) Spain 1971-2005 TYDL alDP, Electricity Consumption N.A EC-Y
Lorde et al. (2010) Barbados 1960-2004 JML, VECM alR&DP, Electricity Consumption, Yes ECo Y
Capital, Labor, Technology
Acaravci (2010) Turkey 1968-2005 JML, VECM Real G[Ekectricity Consumption Existed EC-Y
Chandran et al. (2010) Malaysia 1971-2003 ARDL, WEC Electricity consumption, Real GDP, Prices Yes EC- Y
Jamil and Ahmad (2010) Pakistan 1960-2008 JML, VEC Industrial Production, Electricity Consumption, &lhicity | Yes EC-Y
VARGFEVD Prices
Ouédraogo (2010) Burkina Faso 1968-2003 ARDL, VECM | Real GDP, Electricity Consumption, Capital Formatio | Yes ECo Y




Tang and Shahbaz (2011) Portugal 1971-2009 ARDICME Real GDP, Electricity Consumption, Populatiorrade, | Yes ECo Y
Financial Development
Multi-Country Studies

Yoo (2006) Indonesia 1971-2002 JML, GC Hsiao RdaP®er Capita, Electricity Consumption per Capita o N EC-Y
Singapore No ECo Y
Malaysia No ECo Y
Thailand No EC-Y

Squalli and Wilson (2006) Bahrain 1980-2003 ARDY,MWT Real GDP, Electricity Consumption Yes ECo Y
Kuwait Yes EC-Y
Oman Yes EC-Y
Qatar Yes ECo Y
KSA Yes ECo Y
USA Yes EC 4 Y

Chen et al. (2007) China 1971-2001 JML, GC (Yoo, Yes EC 4 Y

2005)

Hong Kong Yes EC-Y
Indonesia Yes EC- Y
India Yes EC 4 Y
Korea Yes EC-Y
Malaysia No EC 4 Y
Philippines No EC 4 Y
Singapore Yes EC 4 Y
Taiwan Yes EC 4 Y
Thailand Yes EC 4 Y

Bohm (2007) Austria 1978-2005 JML, VECM Real GDRedEicity Consumption No EC 4 Y
Belgium No EC- Y
Denmark No EC 4 Y
Finland No EC 4 Y
France No EC 4 Y
Germany No EC- Y
Greece Yes EC-Y
Ireland No EC-Y
Italy Yes EC-Y
Luxemburg No EC 4 Y
The Netherlandg No EC- Y
Portugal Yes EC-Y
Spain No EC-Y
Sweden No EC 4 Y

Squalli (2007) Indonesia 1980-2003 ARDL, TYMWT R&DP per Capita, Electricity Consumption per CapitaYes EC- Y




Nigeria Yes EC-Y
UAE Yes EC- Y
Venezuela Yes EC- Y
Algeria Yes EC-Y
Iraq Yes EC-Y
Kuwait Yes EC-Y
Libya Yes EC-Y
Iran Yes EC o Y
Qatar Yes ECo Y
Saudi Arabia Yes ECo Y
Alinsato (2007) Togo 1973-2006 ARDL, VECM No EC-Y
Binn Yes EC-Y
Narayan and Prasad (2008) Australia 1960-2002 TYBSA Real GDP, Electricity Consumption N.A EC- Y
Austria EC 4 Y
Belgium EC 4 Y
Canada EC 4 Y
Czech Rep. EC-Y
Denmark EC 4 Y
Finland EC- Y
France EC 4 Y
Germany EC 4 Y
Greece EC 4 Y
Hungary EC-Y
Iceland ECo Y
Ireland EC 4 Y
Italy EC-Y
Japan EC 4 Y
Korea ECo Y
Luxembourg EC 4 Y
Mexico EC 4 Y
Netherlands EC-Y
New Zealand EC 4 Y
Norway EC 4 Y
Poland EC 4 Y
Portugal EC-Y
Slovak Rep. EC-Y
Spain EC 4 Y
Sweden EC 4 Y




Switzerland EC 4 Y
Turkey EC 4 Y
UK ECo Y
USA EC 4 Y
Yoo and Kwak (2010) Argentina 1975-2006 JML, VECM edRGDP per Capita, Electricity Consumption peri@ap| No EC- Y
Brazil No EC- Y
Chile No EC- Y
Columbia Yes EC- Y
Ecuador No EC- Y
Peru No EC 4 Y
Venezuela Yes ECo Y

Notes: Y and EC represent economic growth andraégtconsumption. The uni-directional causalitprh economic growth to electricity consumption ¢fieity supply) is indicated by ¥ EC
(ES), from electricity consumption to economic gtiovby EC - Y, bi-directional causality between electricitynsomption and economic growth by EC Y and no causal relation between both
variables byEC 4 Y . NA represents not applied. In methodology colue®, GC, VARGFEVD, JML, VECM, ARDL, PC, TYMWT and TB'SA means respectively Engle and Granger, Granger
causality, Vector Autoregression Generalized FaeE&aror Variance Decomposition, Johansen’s Maxinkikelihood, Vector Error Correction Method, Autgressive Distributed Lag Model to
Cointegration, Panel Cointegration, Toda and Yaotar(l995) M-Wald causality test and Toda and YaotarBootstrapping causality analysis etc.



Panel-Il of Table 1 shows that the direction of saitly between electricity
consumption and economic growth is not very cleathie situation of multi-country
studies. In this regard, Wolde-Rufael (2006) iniggeged the content of relationship
between electricity consumption and economic growititusing on the case of 17
African economies, over the period of 1971-2001h# causality exists for 12 countries,
the results illustrate a neutral causality for test of 5 countries. A uni-directional
causality running from electricity consumption tcoeomic growth is identified in the
case of some countries, such as: Benin, the Detmé&tapublic of Congo, and Tunisia.
On the contrary, in the case of Cameroon, Ghangertdi, Senegal, and Zimbabwe the
results stress a uni-directional causality runnirggn economic growth to electricity
consumption. At the same time, a bi-directional sedulink between electricity
consumption and economic growth has been identifietie case of Egypt, Gabon, and
Morocco. Any causal relationship between both \wdeis there not exists for the case of
Algeria, Congo Republic, Kenya, South Africa, andi&n.

Yoo (2006) studied the causal relationship betwelestricity consumption and
economic growth for four ASEAN countries namelyddnesia, Malaysia, Singapore,
and Thailand. The author found that the Grangesaléy tests are varying among the
considered sample. In the case of Malaysia andaporg, the tests allow the presence of
a bi-directional causality between electricity aomption and economic growth. On the
other hand, the results for Indonesia and Thailampdy the existence of a uni-directional
causality running from economic growth to electyictonsumption. Chen et al. (2007)
assessed the relationship between electricity eopgan and economic growth for a
sample which includes 10 Asian economies over 812001 periods. For 5 countries
the tests reveal the evidence of causality andausality for China, Indonesia, Korea,
Taiwan, and Thailand. The uni-directional causalityning from electricity consumption
to economic growth is present in the case of Hoagd{ while the authors found a strong
uni-directional causality running from economic @th to electricity consumption for
India, Malaysia, the Philippines, and Singapore.

Squalli (2007) analysed, for some OPEC memberseffdgIndonesia, Iran, Iraq,
Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, UAH)daVenezuela), over the period of
1980 to 2003, the causal link between electrioityszimption and economic growth. The
results for Algeria, Irag, Kuwait, and Libya showet existence of uni-directional
causality running from economic growth to electyictonsumption. At the same time,
the author found that economic growth Granger-causkectricity consumption in
Indonesia, Nigeria, UAE and Venezuela. Moreovethm case of Iran, Qatar, and Saudi
Arabia, the empirical tests confirm the presencéhefbi-directional causality. Using the
Toda and Yamamoto (1995) version of Granger cayssdst, Narayan and Prasad
(2008) studied the connection between electriaiyscimption and economic growth for
30 OECD countries. The main findings reveal thelente of neutral causality for 19 of
the selected OECD countries, while the causaligvident only in 11 out of 30 selected
OECD countries. The uni-directional causality rumgnifrom economic growth to
electricity consumption is functional in the cadeFmland, Hungary, and Netherlands.
On the contrary, the uni-directional causality nmgnfrom electricity consumption to
economic growth exist for other countries, suchAastralia, Czech Republic, Italy,
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Slovak Republic, and Portugal. For Iceland, Koesal the United Kingdom there is a bi-
directional connection.

In case of seven South American countries, for ghgod of 1975 to 2006,
regarding the relationship between electricity comgtion and economic growth, has
examined by Yoo and Kwak (2010). For testing theeation of causality between
electricity consumption and economic growth, ththats used the Hsiao' (1981) version
of Granger causality test. The authors show theleemie of uni-directional causality
running from electricity consumption to economiowth for Argentina, Brazil, Chile,
Columbia, and Ecuador. Moreover, the results confine bi-directional causality and
neutral causality in the case of Venezuela and,Pespectively.

Modelling, Methodological and Data

We have transformed the series into natural logifdo investigate the impact of
electricity consumption and capital per capita aseeconomic growth. The log-linear
specification is superior and provides consistempiecal findings (Shahbaz, 2010). The
estimable equation for empirical evidence is bemgleled as following:

LY = ¢, + ¢ LEC + ¢, LK + 1, (1)

Where,Y is real GDP per capitaC is for electricity consumption per capita akd
denotes per capita capital use gmd residual term assumed to be normally distributed
The ARDL bounds testing approach to cointegratismapplied to examine long run
association between electricity consumption, capia capita use and economic growth
in the case of Romania using time series data theeperiod of 1980-2008. The ARDL
approach is superior to traditional techniques iarfdee from the problem of integrating
order of the variables. This approach can be apjfieariables are integrated at 1(1), or
1(0) or I(1)/1(0). The equations of unrestrictedagrcorrection methods for ARDL bounds
approach are being modelled as:

Model-A: Economic growth, electricity consumptiomdacapital

P q n
ALY=a, +aT+aLY +aLEC, +a, LK, + Zai ALY, + Zaj ALEQ‘] +ZakAL Ko T4 (2)
k=0

i=1 =0

Model-B: Electricity consumption, economic growtidacapital
P q n

NEC=8 +BT+[LEG, +BLY  +BLK +D BAEC, +> BAY  +> BAK  +i (3)
i=1 =0 k=0

Model-C: Capital, economic growth and electricipnsumption

i=1

P q n
NK=@+@T+@LK  +@LY, +@LEG, +> @A K, +> gAY  +> @A EC, +u (4)
j=0 k=0
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The decision about cointegration depends upon ritieat bounds generated by Pesaran
et al. (2001) to take decision about cointegraiorong variables. The hypothesis of no
cointegration in three modelsas=a,=a,= ,8,=06,=06,=0and ¢ =@ =¢,.
The hypothesis of existence of cointegratiow,is a, Za, # , 0% B, # 5, # 0and

@ Z@ % @, 0. The null hypothesis of no cointegration will legected provided upper

critical bound (UCB) is less than computed F-staisand alternative hypothesis of no
cointegration is accepted if lower critical boundCB) is more than computed F-
statistics. Finally, there will be no decision aboaintegration if computed F-statistics is
between lower and upper critical bounds.

To investigate the direction of causality betweelecteicity consumption,
economic growth and capita use, we use the augohéese of non- causality developed
by Toda and Yamamoto (1995) in level vector augressions (VARS) irrespective of
whether variables are integrated at same ordemtgfgiation or not. VAR can be
estimated with out true lag ordkrbut it is applicable with(k +d) lag order wherel
indicates the possible order of integration for ttagiables of interest. The Toda and
Yamamoto (1995) causality test is examined by periag hypothesis disregarding the
additional lag& +1,....,k +d in vector auto regression (VAR). Furthermore, it leen
proved that using standard asymptotic theory, firead non-linear restrictions can be
used for causality tests. The modified version B&eand Flach, 2005) of T-Y Granger
causality technique has applied to investigatedilection of causality through causality
VAR structure as following:

k+d max k+d max k+d max
LY =a .+ > alY_ + Y a,LEC + > a,LK_ +n,... (5)
i=1 i=1 i=1

k+d max k+d max k+d max

LEC=8+ > . BLEC + Y BLY + Y BLK_ +17,.... (6)
i=1 i=1 i=1

k+d max k+d max k+d max
LK =0+ Y OLK + D OLY + D GLEC  +77; ... (7)

i=1 i=1 i=1

WhereY is real GDP per capita=C is for electricity consumption per capita aid
denotes per capita capital uges the optimal lag order andlis the maximal order of
integration of the variables in the concerned sysé®d,,77,and 77,are assumed white

noised error terms. The system shows that each @etagable) is regressed on each other
actor with lag order starts from one towarkis d max lags. The CUSUM (Cumulative
Sum) and CUSUMSQ (Cumulative Sum of Squares) haeenlused to investigate
stability of estimated ARDL models for cointegratio Actually, existence of
cointegration among the variables through ARDL doessignify that estimated model
is stable. Therefore, CUSUM and CUSUMSQ are todmxlad to conduct.
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This study uses the secondary annual data of remlsgdomestic per capita (Y),
electricity consumption (EC) per capita (in millidéwh) and capital per capita (K)
This study covers the sample period of 1980 to 200@ data on electricity consumption
per capita, GDP per capita and real gross fixedtalafjprmation is collected from the
World Bank,World Development Indicators (WDI-CD-ROM, 2009) database.

Empirical Results

The Table-1 shows the descriptive statistics amtetation matrices. The results indicate
that all series are normally distributed as condidmby Jarque-Bera estimates. The
correlation evidence reveals that positives cotimia exists between electricity
consumption and economic growth, capital use anda@uic growth and capital use and
electricity consumption but it is statistically igsificant.

The stationarity properties of the variables igdectricity consumption per capita, real
GDP per capita and capital use per capita is exairiy applying ADF, PP and DF-GLS

and Ng-Perron unit root tests. The ADF, PP and DS @nit root tests have poor

stationary properties. These tests seem to accdigtypothesis when it is false and vice
versa. For small sample data sets, ADF, PP and C&-#&e not reliable as in our case.
Ng-Perron (2001) unit root test seems to solveeah@eblems and provides better and
consistent results to decide about the unit rooblem in the time series data.

Table-1: Statistic Descriptive and Pair-Wise Correation

Variables LY, LK, LEC,
Mean 9.3426 7.5720 7.8394
Median 9.3246 7.5411 7.7765
Maximum 9.7271 8.5671 8.1373
Minimum 9.1086 7.0831 7.5687
Std. Dev. 0.1574 0.3871 0.1782
Skewness 0.5140 0.8876 0.3826
Kurtosis 2.7086 3.1356 1.8253
Jarque-Bera 1.3320 3.6981 2.2931
Probability 0.5137 0.1573 0.3177
LY, 1.0000
LK, 0.5902 1.0000
LEC, 0.7714 0.3766 1.0000

The results ADF, P-P and DF-GLS reported in Tabieelicate that real GDP per capita,
electricity consumption per capita and capital pge capita have unit root at their level
form and to be stationary at theif* Hifferenced form. It implies that all series are

! See Lean and Smyth (2010) for definition of vaieatfor such specification of model.
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integrated at I(15. The robustness of unit root results is investigatg applying Ng-
Perron unit root test which is superior to tradiibunit root tests due to its explanatory
power for small sample data sets. The results gastdable-3 show that all series are
stationary at 1(1). It implies that unit root refsusire robust. These tests have been applied
to ensure that no series is integrated at 1(2)eyobd. The main assumption of ARDL
bound testing approach is that series should heséay at 1(0) or 1(1) or 1(0)/I(1). Our
empirical exercise confirmed that all series ategrated at 1(1). The uniqueness of order
of integration tends to apply the ARDL bound tegtiapproach to cointegration to
examine long run relationship between real GDPgagita, electricity consumption per
capita and capital use per capita in case of Rararer the period of 1980-2008.

Table-2: The results of ADF, P-P and DF-GLS unit rot tests

Variables ADF PP DF-GLS

LEC, —2.917 (0) -2.729 (3) —2.664 (0)
ALEC, -6.532 (1)* -9.360 (3)* —6.556 (1)*
LY, -2.342 (3) —2.046 (3) -2.521 (3)
ALY, -4.476 (3)* -3.937 (3)** —4.938 (3)*
ALY, —2.475 (6) —1.415 (3) —2.299 (1)
ALK, -6.114 (1)* -3.720 (3)** -4.432 (1)*

Note: * and ** indicate the significant at 1% an¥b%evel of significance.

Table-3: The results of Ng-Perron unit root test
Ng-Perron Test

Variables

MZa MZt MSB MPT
LY, -10.0892 -2.0551  0.2037  9.8405
LK, -5.0931 -1.2083  0.2372 16.2314
LEC, -9.1281 -2.0396  0.2234 10.3382
ALY, -48.8045*  -4.9271  0.1009  1.9293
ALK, -41.7536*  -4.5569  0.1091 2.2451
ALEC, -14.6427**  -2.6997 0.1843  6.2577

Note: * and *** indicate the significant at 1% at6% level of significance.

The ARDL technique is applied to test for cointéigra between electricity consumption,
economic growth and capital. This determines whethdong run relationship exists
between the variables. The optimal lag order isctet! following the minimum values of
both AIC and SBC criterion as shown in Table-4. Toenputed F-statistics is used to
decide whether cointegration exists or not. Itaparted in Table-4 that F-statistics is

2 It is important to note that, (as Tiwari, 201012Qointed out this point) out of four tests of K#®01)
only two tests namely, MZa and MZt are said tonfbere powerful and MZa is able to reject the null
hypothesis in first difference form therefore werdanade this conclusion.
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more than upper critical bound at 5% level of digance when electricity consumption
and capital are considered as forcing variables. setected ARDL model also passes the
diagnostic test against non-normality, serial datien, autoregressive conditional
heteroscedisticity and misspecification of the niodée lower critical bound is more
than calculated F-statistics when electricity congtion and capital are used as
dependent variables. The empirical evidence cosfitm cointegration. This implies that
electricity consumption, economic growth and cdpdte cointegrated for long run in
case of Romania over the period of 1980-2008.

Table-4: The results of cointegration tests
Panel I: Bounds testing to cointegration

F,Y(EC,K) Fec EC(Y,K) FK(EC,Y)
Optimal lag structure (2,2,1) (2, 2,2) 2,2,1)
F-statistics 9.2441** 0.9121 1.0348

Critical values T = 29
Lower bound$(0) Upper bound$(1)

Significant level

1 per cent level 7.977 9.413

5 per cent level 5.550 6.747

10 per cent level 4.457 5.600

Panel II: Diagnostic tests  Statistics Statistics atiStics

R? 0.9573 0.8403 0.6680
Adjusted-R? 0.9211 0.6673 0.3834
F-statistics 26.5014* 4.8580* 2.3475%**
J-B Normality test 0.0114 (0.9942) 0.3693 (0.8313) 0.5950 (0.7426)
Breusch-Godfrey LM test 1.5222 (0.2608) 0.1554%8(8 1.6710 (0.2289)
ARCH LM test 1.6250 (0.2169) 1.8004 (0.1927) 0.1808743)
Ramsey RESET 0.8002 (0.3886) 3.6626 (0.2334) 8.123418)

Note: The asterisks *, ** and *** is for the sigiiince at 1, 5 and 10 per cent levels, respectividig
optimal lag structure is determined by AIC. Thegudhesis [ ] is the order of diagnostic tests. #icat
values bounds computed by surface response pracddueloped by Turner (2006).

The existence of long run relationship between uheables leads us to examine the
marginal affect of electricity consumption and ¢abon economic growth. The results
are reported in Table-5. It is found that electyicgonsumption has positive affect on
economic growth and it is statically significantoate per cent. A one percent increase in
electricity consumption leads economic growth $e by 0.79 percent. These findings are
with the line of energy economics literature such Tang and Shahbaz (2011) for
Portugal.
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Table-5: Long

Run Results

Dependent Variable £Y,

Variable Coefficient
Constant 0.1681
LEC, 0.7942
LK, 0.3896
Diagnostic Tests
R-squared
Adj-R-squared

F-statistic

J-B Normality test
Breusch-Godfrey LM test
ARCH LM test
W.Heteroskedasticity Tes
Ramsey RESET

T-StatisticProb. Value
0.270 0.7886
12.7787 0.0000
13.9449 0.0000
0.9020
0.8945

119.7120 (0.0000)
1.0351 (0.5959)
1.9187 (0.1271)
2.0550 (0.1189)
t 1.4619 (0.2447)
2.5140 (0.1254)

The capital use is positively linked with econorgiowth and it is statistically significant

at one percent level of significance. This impligmt capital is also an important
stimulant for economic growth in the case of Roraafihe results report that an one
percent increase in capital use is linked with (p8&ent boost in economic growth. This
evidence is again similar with findings of Tang &tthhbaz (2011). The stability of long
run parameters is investigated by applying CUSUM &uJSUMsq tests. Both figures

are pasted below indicating that blue lines arevbeen critical lines i.e., red lines are
critical bounds at 5 per cent level of significantéis evidence confirms that our long
run parameters are stable.

Figure-1
Plot of Cumulative Sum of Recursive Residuals
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Figure-2
Plot of Cumulative Sum of Squares of Recursive Refiials
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Toda and Yamamotoo (1995) has been applied withmax lag order 2 to investigate
the direction of causality between electricity aomption per capita, real GDP per capita
and capital use per capita. The results are regpantdable-6 indicated that bidirectional
causality is founds between electricity consumptad economic growth. This empirical
evidence provides support to findings of energgrditure such as Yang (2000) for
Taiwan, Yoo (2005) for Korea, Zamani (2006) fornir&achariadis and Pashouortidou
(2007) for Cyprus, Tang (2008, 2009) and Lean amayt® (2010) for Malaysia,
Hondroyiannis et al. (2002) and Tsani (2009) foeé&e, Odhiambo (2009a) for South
Africa, Ouédraogo (2010) for Burkina Faso and Loedeal. (2010) for Barbados but
contrast with Kayhan et al. (2010). Kayhan et 2010) reported unidirectional running
from electricity consumption to economic growth.eTimdings of Kayhan et al., (2010)
may be biased due to ignorance of relevant variabtd as capital stock as pointed out
by Lutkepohl (1982) that omissions of important ighles provide biased and
inappropriate results on relationship between gttt consumption and economic
growth. No causal relation is found in bivariatsteyn due to neglected variables which
affect electricity consumption and economic grow#ation. Our findings are more
consistent because we have use trivariate systdnc@rered long data span from 1980-
2008 while Kayhan et al. (2010) used 2001-2010s Timding implies that electricity
conservation policies may retard economic growth teduction in electricity
consumption in an economy and fluctuations in eodnogrowth furthermore reduces
demand for electricity due to feedback effect fre@monomic growth to electricity
consumption.

Table-6: Toda and Yamamoto Causality Analysis
Direction of Causality

Dependent Wald Test Statistics (Prob-values)

Variable LY, LEC, LK,

Ly 16.5415(0.0000) 3.6430 (0.0429)
LEC 27.0361 (0.0000)| ..... 6.0850 (0.0078)
LK 4.2692 (0.0271) 0.8659 (0.4345).....

17



Moreover, results show that economic growth andtalpse granger cause each other
and findings are contrast with empirical evident&bali and Al-Mutawa (1999) for G-7
countries who reported no causal relation was fdoetsveen capital use and economic
growth but De Long and Summers (1991, 1992) andnBtmom et al. (1996) argued that
causality between capita and economic growth shoeldn either direction. Finally,
unidirectional causal relation is also found froapital use to electricity consumption.
Finally, we have calculated variance decompositmrhe test variables and results are
reported in Table-7.

Table-7: Variance Decomposition Approach
Variance Decomposition dfY;:

Period S.E. LY, LEC, LK,

0.0425  100.0000  0.0000 0.0000
0.0655 88.9007 3.7776 7.3215
0.0865 78.6960 8.6872 12.6167
0.1057 71.9055 13.553 14.5413
0.1221 67.4904  18.2724  14.2371
0.1371 64.3880 22.8485  12.7634
0.1508 61.8686  27.2280  10.9032
0.1640 59.4719  31.3034 9.2246
0.1771 56.9358  34.9467 8.1174
0.1907 54.1484  38.0455 7.8059
Variance Decomposition dfEC, :

Period S.E. LY, LEC, LK,

0.0400 40.1467  59.8532 0.0000
0.0591 41.5697  35.6787 22.751
0.0796 37.1434  20.5013 42.355
0.0990 33.5215  13.2632  53.2152
0.1159 31.3363 9.8855 58.7781
0.1300 30.2045 8.3717 61.4237
0.1415 29.7763 7.8530 62.3706
0.1507 29.8155 7.9358 62.2486
0.1581 30.1626 8.4295 61.4077
0.1641 30.7023 9.2347 60.0629
Variance Decomposition dfK, :

Period S.E. LY, LEC, LK,

0.1064 19.8952 5.6165 74.4882
0.1415 24.4401 11.6604  63.8995
0.1690 27.2151 18.0320 54.7527
0.1947 28.4945 23.8034  47.7020
0.2201 28.7060 28.6123  42.6815
0.2459 28.2051 32.4051 39.3896
0.2724 27.2477 35.2588 37.4934
0.2999 26.0141 37.2987 36.6871

Boooxlcnmhooml—\ Soooxlcnmbwl\u—\
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9 0.3285 24.6327  38.6627  36.7044
10 0.3584 23.1942  39.4851  37.3205

It is evident from table 7 that in the i@ear one SD shock/innovation in percapita
capital explains 7.80 percentages and electriahysamption explains 38.04 percentages
of the forecast error variance of the output. Gndther side one SD shock/innovation in
GDP and capital in explains in the™gear of 30.70 percentages and 60.06 percentage of
the forecast error variance in electricity consumptAnd one SD shock/innovation in
GDP and electricity consumption explains 23.48 @etages and 37.32 percentage of
forecast error variance in percapita capital respelg. This show that electricity
consumption has relatively high positive impacttba GDP and GDP also has greater
positive (through not relatively higher in comparnsto percapita capital) impact on
electricity consumption i.e., an evidence of bidirenal causality relationship holds.

Conclusions and Policy Implications

This study is intended to investigate the impactlettricity consumption and capital per
capita use on economic growth. For the analysisiseelog-linear specification as it is

superior and provides consistent empirical findifi§sahbaz, 2010). We applied the
ARDL bounds testing approach to cointegration taneixe long run association between
electricity consumption, capital per capita use asdnomic growth using time series

data over the period of 1980-2008. Further, to stigate the direction of causality

between electricity consumption, economic growttl eapita use, the augmented test of
non- causality developed by Toda and Yamamoto (189%sed.

We find that real GDP per capita, electricity camption per capita and capital use per
capita have unit root at their level form and tosketionary at their first differenced form
and we confirmed the robustness of unit root redaftapplying Ng-Perron unit root test.
The ARDL technique test for cointegration shows tiactricity consumption, economic
growth and capital are cointegrated for long rurcase of Romania over the period of
1980-2008. Further, when we examined the margiffattaof electricity consumption
and capital on economic growth we find that eletyriconsumption has positive effect
on economic growth and it is statically significattone per cent i.e., an one percentages
increase in electricity consumption leads econaynevth to rise by 0.79 percentage. We
also found that capital use is positively assodiatéth economic growth and it is
statistically significant at one per cent level sifjnificance i.e., capital is also an
important stimulant for economic growth in the ca&omania.

Further, causality analysis indicates that therestgxbidirectional causality between
electricity consumption and economic growth andMeen economic growth and capital
use. And evidence of unidirectional causal relatioralso found from capital use to
electricity consumption. These findings are conéidrthrough variance decomposition
analysis also. This implies that electricity consgion policies may retard economic
growth by reduction in electricity consumption im &conomy and fluctuations in
economic growth furthermore reduces demand fortrsdeg due to feedback affect from
economic growth to electricity consumption.
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In the context of policy implications, our studyggests two main policy coordinates: the
component of the electric energy consumption poheyl component of the electric

energy sector investment policy. For the first cmate, to promote economic growth,
the policy should be focused on price level of #bectric energy or, directly, on its

demand side. In this case, low price level or ldgmand can promote economic growth.
On the other hand, to obtain a similar effect,gbécy should promote the investment in
the electric energy sector, particularly in the dyinuclear, hydroelectricity, natural gas
or coal power.

Reference

Abosedra, S., Dah, A. and Ghosh, S. (2009) Eletriconsumption and economic
growth, the case of Lebanoipplied Energy, 86, pp. 429-432.

Acaravci, A., Ozturk, 1. (2010). Electricity consption-growth nexus: Evidence from
panel data for transition countries. Energy Ecomsn¥ol. 32(3): 604-608.
Acaravici, A. (2010) Structural breaks, electricdgnsumption and economic growth:
evidence from Turkeylournal for Economic Forecasting, 2, pp. 140-154.

Aktas, C. and Yilmaz, V. (2008) Causality betweelecticity consumption and
economic growth in Turkey. ZKU Sosyal Bilimler Désig 4, pp. 45-54.

Alinsato, A. S., (2007). Electricity consumptionda@DP in an electricity community:
Evidence from bound testing cointegration and Geamgusality tests.
mpra.ub.uni-muenchen.de/20816.

Altinay, G. and Karagol, E. (2005) Electricity comsption and economic growth:
evidence from TurkeyEnergy Economics, 27, pp. 849-856.

Apergis, N. and Payne, J.E. (2010) Energy consumpnd growth in South America:
Evidence from a panel error correction modilergy Economics, 32, pp. 1421-
1426.

Ageel, A. and Butt, M.S. (2001) The relationshiptviieen energy consumption and
economic growth in PakistaAsia-Pacific Development Journal, 8, pp. 101-110.

Bartleet, M and Rukmani, G. (2010) Energy consuamptnd economic growth in New
Zealand: results of trivariate and multivariate misdEnergy Policy, (38) pp:
3508-3517.

Blomstrom, M., R.E. Lipsey and M. Zejan., (19963. Hixed Investment the Key to
Economic Growth? Quarterly Journal of Economicg,(1), 269-276.

Bohm, D.C. (2008) Electricity consumption and eaoio growth in the European
Union: A causality study using panel unit root aodintegration analysis.
University of Hohenheim / Robert Bosch GmbH, Geryan

Chandran, V.G.R., Sharma. S. and Madhavan. K. (2BR@&tricity consumption—growth
nexus: The case of MalayskEnergy Policy, 38, pp. 606-612.

Chang, T., Fang, W. and Wen, L.F. (2001) Energysuooption, employment, output and
temporal causality: Evidence from Taiwan based omtegration and error-
correction modelling techniquespplied Economics, 33, pp. 1045-1056.

Chen, S.T., Kuo, H.l. and Chen, C.C. (2007) ThealRmhship between GDP and
Electricity Consumption in 10 Asian Countrigsnergy Policy, 35, pp. 2611—
2621.

Ciarreta, A and Zarraga, A. (2010) Electricity somption and economic growth in
Spain.Applied Economics Letters, (14), pp. 1417-1421.

20



De Long, J. B and Summers, L. H, (1991). Equipnhev¢stment and Economic Growth,
The Quarterly Journal of Economics, 106(2), 445:502

De Long, J. B and Summers, L. H, (1992). Are AlbBomic Hypotheses False?, Journal
of Political Economy, 100(6), 1257-1272.

Ghali, K. H and Al-Mutawa, A., (1999). The Intertparal Causal Dynamics between
Fixed Capital Formation and Economic Growth in @reup-of-Seven Countries,
International Economic Journal, 13(2), 31-37.

Ghosh, S. (2002) Electricity consumption and ecdonogrowth in Taiwan.Energy
Palicy, 30, pp. 125-129.

Gupta, G. and Chandra, S.N. (2009) Causality betwalectricity consumption and
economic growth: Empirical evidence from India. phffmpra.ub.uni-
muenchen.de/22942

Ho. C. and Sui, K. (2006) A dynamic equilibriumedéctricity consumption and GDP in
Hong Kong: An empirical investigatioinergy Policy, 35, pp. 2507-2513.

Hondroyiannis, G., Lolos, S and Papapetrou, E. ZpOBnergy consumption and
economic growth: assessing the evidence from Gré&gwegy Economics, (24),
pp. 319-336.

Hsiao, C., (1981). Autoregressive modelling and eymcome causality detection,
Journal of Monetary Economics, 7(1), 85-106.

Jamil, F. and Ahmad, E. (2010) The relationshipweenh electricity consumption,
electricity prices and GDP in Pakistd&mergy Policy, 38, pp. 6016-6025.

Jumbe, C.B.L. (2004) Cointegration and causalitiwveen electricity consumption and
GDP: Empirical evidence from Malawinergy Economics, 26, pp. 61-68.

Karanfil, F. (2009) How many times again will weamxine the energy—income nexus
using a limited range of traditional econometriol$® Energy Policy, 37, pp.
1191-1109.

Kayhan, S., @ur, A., Bayat, T., Lebe, F. (2010). Causality Rielathip between Real
GDP and Electricity Consumption in Romania (200120 Romanian Journal
for Economic Forecasting. Issue 4: 169-183.

Kraft, J. and Kraft, A. (1978) On the relationstuptween energy and GNBournal of
Energy and Development, 3, pp. 401-403.

Lean, H.H. and Smyth, R. (2010) Multivariate Grangausality between electricity
generation, exports, prices and GDP in Malaysiergy, 35, pp. 3640-3648.

Lee, C.C. and Chang, C.P. (2007) The impact of ggneonsumption on economic
growth: Evidence from linear and nonlinear modelsTaiwan.Energy, 32, pp.
2282-2294.

Lorde. T., Waithe, K and Francis, B. (2010) The ampance of electrical energy for
economic growth in BarbadoSnergy Economics, 32, pp. 1411-1420.

Lutkepohl, H. (1982) Non-causality due to omitteatigbles.Journal of Econometrics,
19, pp. 367-378.

Lutkepohl, H. (2005)New Introduction to multiple time series analysis. Germany:
Springer-Verlag.

Menegaki, A. (2010). Growth and renewable energiumope: A random effect model
with  evidence  for  neutrality  hypothesis. Energy mmmics.
doi:10.1016/j.eneco0.2010.10.004: 1-7.

21



Mozumder, P and Marathe, A. (2007) Causality retathip between electricity
consumption and GDP in BangladeEhergy Policy, 35, pp. 395-402.

Narayan, P. K and Singh, B. (2007) The Electricbypsumption and GDP nexus for the
Fiji Islands.Energy Economics, 29, pp. 1141-1150.

Narayan, P.K and Smyth, R. (2005) Electricity caonption, employment and real
income in Australia: Evidence from multivariate gger causality Test&nergy
Palicy, 33, pp. 1109-1116.

Narayan, P.K. and Prasad, A. (2008) Electricitystonption-real GDP causality nexus:
Evidence from a bootstrapped causality test forCEBCD countries.Energy
Policy, 36, pp. 910-918.

Ng, S and Perron, P. (2001) Lag Length Selectiahthe Construction of Unit Root Test
with Good Size and PoweEconometrica, (69), pp. 1519-1554.

Odhiambo, N.M. (2009a) Electricity consumption awdnomic growth in South Africa:
A trivariate causality tesEnergy Economics, 31, pp. 635-640.

Odhiambo, N.M. (2009b) Energy consumption and esoo@rowth nexus in Tanzania:
An ARDL bounds testing approadanergy Policy, (37), pp. 617-622.

Ouédraogo, M. (2010) Electricity consumption andrexnic growth in Burkina Faso: A
cointegration analysig€nergy Economics, 3, pp. 524-531.

Ozturk, I., Acaravci, A. (2010). The causal redaghip between energy consumption
and GDP in Albania, Bulgaria, Hungary and Romafigidence from ARDL
bound testing approach, Applied Energy, Vol. 8789ges 1938-1943.

Pesaran, M.H., Shin, Y. and Smith, R. (2001) Boured$ing approaches to the analysis
of level relationshipslournal of Applied Econometrics, 16, pp. 289-326.

Seabra, F and Flach, L., (2005). Foreign Directegtment and Profit Outflows: A
Causality Analysis for the Brazilian Economy. Econcs Bulletin, 6(1), 1-15.

Shahbaz, M. (2010) Income inequality-economic ghowhd non-linearity: A case of
Pakistan, International Journal of Social Econon@s 613-736.

Shiu, A and Lam, P. L. (2004) Electricity consuroptiand economic growth in China.
Energy Policy, (32), pp. 47-54.

Squalli, J. (2007) Electricity consumption and emoic growth: Bounds and causality
analysis for OPEC membegnergy Economics, 29, pp. 1192-1205.

Squalli, J. and Wilson, K. (2006) A bounds analysfselectricity consumption and
economic growth in the GCC. Working Paper -06-0PRB, Zayed University.

Stern, D. 1. (1993) Energy use and economic grawthe USA: a multivariate approach.
Energy Economics, (15), pp. 137-150.

Tang, C.F. (2008) A re-examination of the relatlopsbetween electricity consumption
and economic growth in Malaysi@nergy Policy, 36, pp. 3077-3085.

Tang, C.F. (2009) Electricity consumption, incorfereign direct investment, and
population in Malaysia: New evidence from multiede framework analysis.
Journal of Economic Studies, 36, pp. 371-382.

Tang, CF and Shahbaz, M. (2011) Revisiting thetebdity consumption-growth nexus
for Portugal: Evidence from a multivariate framelvanalysis. mpra.ub.uni-
muenchen.de/28393.

Tiwari, Aviral Kumar (2010) On the Dynamics of EggrConsumption and Employment
in Public and Private Sector, Australian JournaBakic and Applied Sciences,
4(12): 6525-6533.

22



Tiwari, Aviral Kumar (2011) On the dynamics of Egg consumption, Co2 emission
and economic growth: Evidence from India, Indianoreamic Review
(forthcomming)

Toda, H.Y. and Yamamoto, T. (1995) Statistical iafees in vector autoregressions with
possibly integrated processdsurnal of Econometrics, 66, pp. 225-250.

Tsani, S. Z. (2010) Energy consumption and econaroevth: a causality analysis for
GreeceEnergy Economics, (32), pp. 582-590.

Turner, P. (2006) Response surfaces for an F-testdintegrationApplied Economics
Letters, 13, pp. 479-482.

Yoo, S and Kwak, S. (2010) Electricity consumptiamd economic growth in Seven
South American countrieEnergy Policy, 38, pp. 180-188.

Yoo, S. (2006) The causal relationship betweentmddy consumption and economic
growth in ASEAN countriesEnergy Policy, 34, pp. 3573-3582.

Yoo, S. H and Kim, Y. (2006) Electricity generatiand economic growth in Indonesia.
Energy, 31, pp. 2890-2899.

Yoo, S. H. (2005) Electricity consumption and eaoimogrowth: Evidence from Korea.
Energy Policy, 33, pp. 1627-1632.

Yuan, J., Zhao, C., Yu, S., Hu, Z. (2007) Electyi@onsumption and economic growth
in China: Cointegration and co-feature analyBrsergy Economics, 6, pp. 1179-

1191.
Yusaf. M and Latif. A., (2007). Causality betweeredricity Consumption and
Economic Growth in Malaysia: Policy Implications.

WWWw.energyseec.com/econometrcis_en.asp

Zachariadis, T and Pashourtidou, N. (2007) An eicgdir analysis of electricity
consumption in Cyprugenergy Economics, 29, pp. 183-198.

Zamani, M. (2006) Energy consumption and econonutiviies in Iran. Energy
Economics, (29), pp. 1135-1140.

23



