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ABSTRACT ARTICLE HISTORY
In this paper, the relationship between biomass energy consumption Received 7 July 2015
and economic growth was analysed for some European Transition Accepted 18 January 2017
Countries. Two econometrical methods, which are time series

. o . KEYWORDS
(Autoregressive Dls’grlbuted Lag (A.R.D.L.) bounds testlng approach Biomass; transition countries;
and Granger Causality) and Panel data methods (Pedroni test, Panel ARDL.L; Panel Granger
Johansen test and Panel Causality test) were used to determine causality; Pedroni test; Panel
the cointegration relationship between the variables. ARD.L. and Johansen test
Granger Causality methods were practiced for Albania, Bulgaria and
Romania for the 1981-2014 period. Panel Cointegration and Causality =~ JEL CLASSIFICATIONS
methods were applied for Bosnia and Herzegovina, Czech Republic, ~ 3% (331 Q43;Q48; P28
Hungary, Macedonia and Slovak Republic for the 1991-2014 period;
and Croatia, Estonia, Latvia and Slovenia for the 1995-2014 period.
According to the results, while short-run and long-run causality results
demonstrate that the conservation hypothesis is valid for Albania
and the countries in group 1, evidence of the growth hypothesis
is supported for Bulgaria, Romania and the countries in group 2.
In strong causality results, evidence of bidirectional causality for all
countries is found.

1. Introduction

Biomass energy consumption is a significant part of energy consumption and is as old
as humanity. However, traditional biomass energy consumption is not commonly used
around the world because it has not met energy needs of the economy in recent years. As
the economy has developed, fossil energy has gained popularity and traditional biomass
energy consumption has diminished. Because of rapid urbanisation, traditional usage of
biomass energy has lost its popularity. Further, because of problems such as environmental
pollution, limited fossil reserves, increased oil prices and the Chernobyl disaster caused by
fossil energy, worldwide interest has steered away from fossil energy sources such as coal,
oil and natural gas to renewable energy resources like biomass, geothermal, solar power,
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wind and hydropower because renewable and sustainable energy is mainly regarded as a
key factor for the future of the world (Bildirici & Ersin, 2015; Bildirici & Ozaksoy, 2013).

Biomass energy has a significant role, not only in the meaning of wealth, but also as a
remarkable factor in economic growth. Besides other positive effects of biomass energy,
it diminishes foreign dependency on oil and, especially in developing countries, modern
biomass energy can benefit rural employment. Furthermore, biomass energy is highly appre-
ciated because it contributes to poverty reduction and meets energy needs more economi-
cally. Biomass offers sustainable development as an important alternative of non-renewable
energy resources. It provides opportunities for wide-ranging forms of energy. Additionally,
it assists in developing biodiversity, soil fertility and water embowering (Balat, 2005; Bildirici
& Ozaksoy, 2014). As other types of renewable energy, biomass energy consumption also
has important effects on the economy.

The aim of this paper is to investigate the relationship between biomass energy consump-
tion and economic growth in the transition countries.

The contribution of this study is in being the first paper focused on biomass energy by
analysing the transition countries and discussing the importance of the relationship between
economic growth and biomass energy consumption by four econometrical methods, which
are the Autoregressive Distributed Lag (A.R.D.L.), Granger Causality, Panel Cointegration
tests (Pedroni and Panel Johansen tests) and Panel Causality test. It is important to identify
the direction of causality and long-term coefficients for each of the analysed countries,
because this point of view makes significant contributions to the economy, especially in
the context of energy politics proposals. However, because of data scarcity of the analysed
countries, we preferred to test by Panel Cointegration and Panel Causality to make economic
policy suggestions. The data for some selected transition countries does not cover the period
1981-2014. The A.R.D.L. method preference is not feasible for very small samples; in this
situation the Panel model was used. The data covering the 1981-2014 period was tested
by the A.R.D.L. method for Albania, Bulgaria and Romania, but the other countries’ data
covers the time after 1990 for which countries panel analyses were preferred. The panel
cointegration method was applied for Bosnia and Herzegovina, Czech Republic, Hungary,
Macedonia and Slovak Republic for the 1991-2014 period; and for Croatia, Estonia, Latvia
and Slovenia for the 1995-2014 period.

The next section is the literature review. Econometric theory and methodology are iden-
tified in the third section and a further section consists of the empirical results, while the
last section includes the conclusion and policy implications.

2. Literature review

Even if there are many papers that have analysed the relationship between energy consump-
tion and economic growth, only a few of them explain the relationship between renewable
energy consumption and economic growth and some of them deal with the relationship
between biomass energy consumption and economic growth. The studies lay emphasis on
four different hypotheses which are constructed as the ‘growth hypothesis, ‘conservation
hypothesis, feedback hypothesis’ and ‘neutrality hypothesis. First, the growth hypothesis
accepts uni-directional causality from biomass energy consumption to economic growth.
Biomass energy consumption has a significant impact on economic growth and an increase
in biomass energy consumption causes a rise in economic growth. Second, the conservation
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hypothesis postulates that biomass energy consumption is driven by economic growth.
There is uni-directional causality from economic growth to biomass energy consumption.
Third, the feedback hypothesis accepts an interdependent relationship between biomass
energy consumption and economic growth. In such a case, energy conservation policies
may decrease economic growth performance and the changes in economic growth may
decrease energy consumption. Fourth, the neutrality hypothesis asserts that biomass energy
consumption serves a relatively minor role in economic growth.

Table 1 indicates the relationship between renewable energy consumption and economic
growth in these studies.

In the studies which researched the relationship between biomass energy consumption
and economic growth, the causality relationship between biomass energy consumption
and real G.D.P. (gross domestic product) was tested by Bildirici (2012, 2013, 2014, 2016),
Bildirici and Ozaksoy (2013, 2014), Bildirici and Ersin (2015), Bilgili and Ozturk (2015)
and Orztiirk and Bilgili (2015).

Bildirici (2012) tested the long-run and short-run causality relationship between biomass
energy consumption and economic growth and she found the cointegrated relationship
between biomass energy consumption and the economic growth for nine of the 10 countries.
Bildirici (2013) investigated the relationship between biomass energy consumption and
real G.D.P. for the Central American countries, Argentina, Bolivia, Brazil, Chile, Colombia,
Guatemala and Jamaica. Bidirectional causality between the analysed variables was found
for all of the analysed countries in the long-run in this study. Bildirici and Ozaksoy (2013)
tested the relationship between biomass energy consumption and economic growth in 10
selected European countries. According to strong and long-run causality, a bidirectional
relationship between the variables was determined for all of the analysed countries.

Bildirici (2014) analysed the co-integration and causality relationship between biomass
energy consumption and economic growth in the transition countries for the period from
1990-2011. Fully modified ordinary least square results of the study show that biomass
energy consumption has a positive effect on the economic growth. Bildirici and Ozaksoy
(2014) examined the relationship between biomass energy consumption and economic
growth for the European transition countries in the period 1980-2011. The causality results
suggest evidence of the conservation hypothesis from economic growth to biomass energy
consumption for Slovenia and Slovakia; and for the growth hypothesis from biomass energy
consumption to economic growth for Bulgaria and Romania.

Bildirici and Ersin (2015) discussed the relationship among biomass energy consump-
tion, oil prices and economic growth in Austria, Canada, Germany, Great Britain, Finland,
France, Italy, Mexico, Portugal and the USA for the 1970-2013 period. For Austria, Germany,
Finland and Portugal, the Granger Causality test determined that the conservation hypoth-
esis is supported. In the USA, the feedback hypothesis highlights the interdependent rela-
tionship between biomass energy consumption and economic growth. The Tado Yamamoto
test determined the conservation hypothesis for Austria, Germany, Finland and Portugal.
In the USA, the feedback hypothesis highlights the interdependent relationship between
biomass energy consumption and economic growth.

Oztiirk and Bilgili (2015) investigated the long-run dynamics of economic growth and
biomass consumption by applying dynamic panel analyses for 51 Sub-Sahara African coun-
tries for the 1980-2009 period. The results show that economic growth is affected by biomass



389

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA

S1S9Y10dAH UOIIRAIDSUO) pUE YdRqPIdS
s1s9y1odAH Uo1IeAISSUOD)

unJ-buoj pue

unJ-110ys Y3 Ul Y1oq ‘sa|qerien pask|e
-Ue 3y} UaaM13q Alljesned [euoidalplg

unJ-buo| pue HuoIIs Y3 Ul SAIUNOD
pasAjeue |je Joj Ayijesned [euolldaiiplg

s159Y10dAH YIMOoID) pue uoi3eAIdsuod)

‘S3LIIUN0J Y1 JO 97 ‘sisaylodAH

AM[IININ ‘SDL1IUNOD DY} JO %6 | ‘SISD
-y10d£AH 32eqpas4 ‘Saliaunod 3yl Jo %6/

S3LIUNOD

01 Y3 JO g 10} S3|qLIeA pasA|eue 3y}
ulam1aq diysuoiie|as uonelbazuI0)
sisay10dAH AujesnaN

unJ-buo| pue uni-}oys ay ul

410q ‘A pUB "Y'I'Y'N U9amiaq A1jesned

|euondalipig "uni-buoj 3y ui Ayjesned

|eUOIDAIPI] pUB UNJ-1I0YS dY3 Ul
)3y 03 A WOl A)jesned [euolidalipiun

unJ-buoj pue uni
-10Ys 3y} Ul y3oq sisayiodAH yoeqpaa4

PERIY

0D wouy Aujesned jeuondaaipiun £0d
0}")'I'N wouy A}jesned [euordalipiun

olewewe,
pue epo] ‘Ayjesne) Jabueln QY'Y
ojoweweA epol A’y

Aujesne) Jabuein ‘lapow “TqY'vd

Aujesne) ssbuesn 1Yy

dd STOWS

Ayjesne) abuesn "1y
[9POIN [9ued d1eLRAl N

|9PO\ UO1DB1I0)
10113 [9ued ‘S|9POIN UOIIRIBAIUI) [duRyd

[9POI\ UO1123410) 10117 [Bueq

[9pow Y'y'A ‘Aujesne) sabueln

A'd0+I38
A*DTY

PEEDPN

PEEDN

ATD3Y
PEEDPN

3179 TYA

DIUNDTYA

PERDPN

DTYL0I TN

(€£10Z-0£61) satunod oL
(0L0Z-0661) Aspny

(L10Z-0661) S913UNOD UONISUR]

(0L0Z-0961) $3113UN0) 01

(6007-0861) S2143UN0) 8O L

(6002-0861) sa1wouoda buidojasg 0L
(£00T-£661) S91UN0) UradoIng /7

(£00Z-0661) S1o3.ew buibisawg 9|

(900z
—0861) S213UNOD URDLIBWY [21IUDD) 9

(£002-0961) ¥SN

(§107) uisi3 pue PUIp|ig
(€107) uejsy pue [e>Q

(¥102) PuIp|g

(€£107) KosxyezQ pue puIp|ig

(€107) ges pue ‘837 ‘lunopiais ‘ljejnw-|y

(z102) PUIp|g
(L107) pebausy

(91107) auked pue sibiady

(e1107) duked pue sibiady

(0L07) 19e4ny-3p|om pue yehuapy

s1sayjodAH yoeqpaa4 S|9POJ\ UO1123.410)) JOLIF [dued AT (£L00Z-7661) S91IUNOD UeISRINT €| (e010T) duked pue sibiady
Ayjesned> jeuondanplg  Aujesne) sabuein N3 's|ppow [dued A"DTY (5007-5861) SaLIUNO> 0130 0T (90107) duked pue sibiady
s1S930dAH yimoIo Aujesne) ojowewes-epoy ATDTYNDTY (900Z-6¥61) ¥SN (1107) duked
)'7°Y uo 1pedwi aiebau e sey 4'0
3y uo 1edwi Juedyiubis aney suols
-SIWB dPIXOIp UOQJed pue sasealdul A 'STO'A S TOW ‘Uonebaiuio) jpued  A‘d'0:°02 T (£00Z-0861) S9113UN0d /D (46007) Aysiopies
PELK
eyded Jad uo 1oedwi Juedyiubis Ajjed
-13513e1S pue dAIHSOd dARY SISEAIDUI A S|9pow [dued ATY (£00Z-¥661) SaLuNod buibrowy g| (e6007) Axsiopies
(S)ynsay Kbojopoyia |\ sa|genen pouad pue sauunod Apnis

“ywoib d1wouods pue uondwnsuod ABIaua s|qemausy *| 3jqeL



390 M. BILDIRICI AND F. OZAKSOY

‘sioyiny :921nos

"uolidd sdijiyd “dd S 10 PaYIPOW AN “STO W4 'S0 dlweuAq “$'70°d ‘be uonnquisiq aAlssaibaloiny [aued “Ta Y vd ‘67 uonnquisiq anissaibaloiny
“TQ@yYY [PPOW U0I113110D) 10417 """ ‘SUOISSIWT SeD) 3SNOH UdaIn “3'9'D ‘sssuuadQ apeil “O’L ‘@sn [ended ) ‘jende) uewny “y'H Hp0ois [eude) “g) luondwnsuo) ABIsul 3|gemausy-uop
“YTYN ‘uondwnsuo) Abiau3 ssewolg “3'g Quswhojdwy ‘3 ‘9dud |10 [23Y ‘d'O 'd'd’D [edY ‘A ‘suoissiwg ‘0D “0D ‘uondwnsuo) ABiaug seapn “y 3N ‘uondwnsuo) A61suz ajqemauay “y '3y

Qdueld pueyn
91 ‘s aya Joj Aijesned [euondalip-iq
‘Ayjesned buongs uj 'sissyrodAy yimoib
a1 ‘ueder pue puejui4 ‘wnibjag
‘el|el1sny Joj pue sisaylodAy uonea
-195U0D ‘S BY1 pue Y 9y) ‘eduel]

‘epeue) Joj ‘Aljesned uni-1oys u|
A

saduanpul AjpAsod ') pue “)'H “>'J'g
Apue

)'3'g UsaMIaq sisaylodAH yoeqpas4

sisay1odAH yimoin

sisay10dAH yimoln

A©01°D'J'g WO UOIIR[3I [BUOIIIBIIPIUN

Kyjesned ssbuein “1qQyy
STOW4"ST0d

'S|9pOJ\ [oued snoauaboisisH diweukq

S|9pO [dued

TaYY

S|9pO [dued

sisA|euy [oued

PERDN

SOIIHIDTEA

0L YT

PLEBPESEL:PN
DIGDHISDA

PELEN

SN ay1 pue yn ay3 ‘ueder ‘aduely
‘pue|ul4 splewUaq ‘epeur) ‘eljesny
(LLOZ-0861)
S31I3UNOD) UBdIY UBIRYRS-gNS

(5L0Z-1661) uoibay 's1d'd

(LL0Z-1961) ¥SN ¥yl

(600—0861) S8113UN0OD /D
(6007-0861)

S31IUNOD) UBDLYY URIRYRS-gNS |G

(9107) PUIPg

(9107) Uty pue ‘dosni ‘me 11y
(9107)

leyey pue ‘pawyy ‘joosey ‘zeqyeys

(9107) uesy

(5102) sumzQ pue 1116)1g

(5107) 111619 pue sunzQ

‘(panujuod) *1 3|qeL



ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA e 391

consumption, openness and population, both significantly and positively in these African
countries.

Bilgili and Ozturk (2015) determined the long-run dynamics of biomass energy con-
sumption and G.D.P. growth through homogeneous and heterogeneous variance structures
of the G7 countries for the 1980-2009 period by Panel unit root and Panel Cointegration
analyses. The results confirmed the growth hypothesis in which biomass energy consump-
tion has positive effects on the economic growth for the G7 countries.

Shahbaz, Rasool, Ahmed, and Mahalik (2016) studied the relationship between biomass
energy consumption and economic growth for the B.R.I.C.S. (Brazil, Russia, India, China
and South Africa) countries. The econometric results demonstrate that biomass energy
consumption stimulates economic growth and the feedback hypothesis is supported for
the relationship between biomass energy consumption and economic growth.

The results of Table 1 indicate that there is a bidirectional relationship between biomass
energy and economic growth in 81.25% of the related studies. These findings confirm the
importance of the relationship between biomass energy consumption and economic growth.

The papers in Table 1 used time series or panel data analysis methods. This paper is the
first which uses two econometrical methods at the same time: the time series (A.R.D.L.,
Granger Causality) and Panel data analyses (Pedroni, Panel Granger and Panel Johansen
tests) to test the relationship between economic growth and biomass energy consumption
in the transition countries.

3. Data and econometric methodology
3.1. Data

In this paper, the relationship between biomass energy consumption and per capita G.D.P.
was analysed by A.R.D.L. and Panel Cointegration approaches for some of the transition
countries. The data of the 1981-2014 period could not be obtained for all of the analysed
countries. For the countries whose data covers the period 1981-2014, the A.R.D.L. method
was preferred and it was used for 35 years. However, the Panel method was used for the data
of the 24 yearly and 20 yearly periods and two separate groups were comprised. Accordingly,
Panel tests were applied to Bosnia and Herzegovina, Croatia, Czech Republic, Estonia,
Hungary, Latvia, Macedonia, Slovak Republic and Slovenia. The countries of Group 1 are
Bosnia and Herzegovina, Czech Republic, Hungary, Macedonia and Slovak Republic. Panel
Cointegration analyses were applied to these countries during the 1991-2014 period. Group
2 consists of Croatia, Estonia, Latvia and Slovenia and the Panel Cointegration method was
applied for the 1995-2014 period.

The data was taken from the Worldbank World Development Indicators. BC and Y
show biomass energy consumption and per capita G.D.P, respectively. We used logarithmic
transformation of the variables: bc is log (BC) and y is log (Y,).

3.2. Methodology

Time series data and panel data methodologies, which were applied in this study, are as
below.
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3.2.1. A.R.D.L. methodology
The A.R.D.L. cointegration approach, which has numerous advantages over other coin-
tegration methods, is commonly used in energy economics literature. First, the A.R.D.L.
procedure can be applied if the regressors are I(1) and/or I(0), while the Johansen (1988),
Johansen and Juselius (1990) cointegration techniques require that all variables in the system
be in equal order of integration (Bildirici & Kayikei, 2012). The A.R.D.L. method does not
need unit root pre-testing. Second, while the Johansen cointegration techniques require large
samples for validity, the A.R.D.L. procedure is statistically more effective in determining the
cointegration relationship in small samples. Third, the A.R.D.L. procedure allows the vari-
ables to have different optimal lags. Finally, the A.R.D.L. procedure employs only a single-
reduced form of equation, while the other cointegration procedures estimate the long-run
relationship within a context of system equations (Bildirici & Ersin, 2015; Narayan, 2005).
The A.R.D.L. approach to cointegration involves three steps for estimating the long-run
relationship. The first step is to investigate the existence of a long-run relationship among
all variables in the equation under estimation (Pesaran & Shin, 1999). In the AR.D.L.-
U.E.C.M. (Unrestricted Error Correction Model) method, the standard log-linear functional
specification for the ‘bc’ variable is presented as:

Abc, =a + Z pAbc,  + Z YAy, + ¢bc, | + @y, +e,, (1)

i=1 i=0

where A and ¢, are the first difference operator and the white noise term, respectively. The
null hypothesis of no cointegration among the variables in equation (1) is Hy: ¢=¢=0
against the alternative hypothesis H;: ¢ # ¢ # 0. If the calculated F-statistics are below
the upper CV, we cannot reject the null hypothesis of no cointegration.

In the second step, if cointegration is established, the conditional A.R.D.L. long-run
model for ‘bc’ can be estimated as:

bc, =1, + Zaibct’i+ 2191Yt-i+ut (2)

i=1 i=0

In the third stage, the short-run dynamic parameters are obtained by estimating an error
correction model associated with the long-run estimates:

Abc, =4y + ) aAbc, + D 9Ay, +CECM,_, +e, 3)

i=1 i=0

where the residuals are independently and normally distributed with zero mean and con-
stant variance and ECM,_, is the error correction term. {is a parameter that indicates the
speed of adjustment to the equilibrium level after a shock. It shows how quickly the vari-
ables converge to equilibrium and it must have a statistically significant coeflicient with a
negative sign.
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3.2.2. Granger causality

The Vector Error Correction model should be a starting point for causality analysis (Lee
& Chang, 2008; and Bildirici (2012, 2013)). The Vector Error Correction model was con-
structed as follows:

Ay,=a, + Z PAY, ; + Z ¢ Abc, ; + G ECM, | +e, (4)

i=1 i=1

P q
Abc,= ay + 2 9,Abc, ; + 2 6,Ay, ; +GECM, | +ey (5)

i=1 j=1

where residuals e, are independently and normally distributed with zero mean and constant
variance and ECM, | is the error correction term resulting from the long-run equilibrium
relationship. (1) Short-run or weak Granger causalities are detected by testing Hj: ¢p, = 0
and H:0, = 0 for all i and j in equations (4) and (5). Long-run causalities are examined
by testing H,: {; = 0andH,:{, = 0. (3) Strong Granger causalities are detected by testing
H,: ¢, =¢, = 0and H: ¢, =¢, = O for all i and j in equations (4) and (5).

3.3. Panel cointegration and Granger causality

3.3.1. Pedroni test

The Pedroni test is the most popular one in panel cointegration. Pedroni (1999, 2004)
derived seven panel cointegration statistics. In its most general form, we will consider the
following type of regression (Pedroni, 2004):

Ve =+ 6t + X, +e, (6)

1 1

for a time series panel of observations y,and X, for members i =1, ..., N over time periods
t=1,.., T, where X, is an m-dimensional column vector for each member i and ﬁl. is an
m-dimensional row vector for each member i. The variables y, and X, are assumed to be
integrated of order one, denoted by I(1), for each member i of the panel and, under the null
hypothesis of no cointegration, the residual e, will also be I(1). The parameters &, and &, allow
for the possibility of member-specific fixed effects and deterministic trends, respectively. The
slope coefficients f3, are also permitted to vary by individual country, so that, in general, the
cointegrating vectors may be heterogeneous across members of the panel (Pedroni, 2004).

For the null hypothesis HO: ‘all of the individuals of the panel are not cointegrated’ For
the alternative hypothesis is simply H1: ‘all of the individuals are cointegrated. For the alter-
native hypothesis should be H1: ‘a significant portion of the individuals are cointegrated’
(Pedroni, 2004).

To test the null hypothesis of no cointegration, the following unit root test is conducted
on the residuals as follows: €, = p,€,,_, + u,,. The first category of four statistics is defined as
within-dimension-based statistics and includes a variance ratio statistic, a non-parametric
Phillips and Perron type p statistic, a non-parametric Phillips and Perron type t-statistic
and a DF type t-statistic. The second category of three panel cointegration statistics is
defined as between-dimension-based statistics and is based on a group mean approach
(Bildirici, 2004a, 2004b; Bildirici & Bohur, 2014). Pedroni’s (2004) heterogeneous panel and
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heterogeneous group mean panel cointegration statistics are then calculated. Both kinds
of tests focus on the null hypothesis of no cointegration. The finite sample distribution for
the seven statistics has been tabulated by Pedroni via Monte Carlo simulations (Bildirici
& Kayikci, 2012).

Asymptotic distributions of residual-based tests for the null hypothesis of no cointegra-
tion in heterogeneous panels are given in Pedroni (2004).

The calculated test statistics must be smaller than the tabulated critical value to reject
the null hypothesis of the absence of cointegration.

3.3.2. Panel Johansen test
Following the Bildirici, Ersin, and Kokdener (2011) procedure, consider a V.A.R. (Vector
Auto Regressive Models) model with Gaussian errors

X, =0X,_, +1X, ,+ ... +1IX,_ +D,+¢,t=1,...,T
t III t-1 I;I t-2 l_k[ t—k t T & (7)

As shown by Johansen (1991), if the process is written in error correction form, the equa-
tion becomes

k-1
AX,= ) TAX,_ +TX, , +0D,+p+e,t=1,..,T (8)

where £ (t=1, ..., T) are independent p-dimensional Gaussian variables with mean zero and
variance matrix A. D, are defined as deterministic components which are seasonal dummies
orthogonal to the constant term, IT = —I + Z:;l I and I, =— Z;;H-l 11, where r, 0, u
and A are assumed to vary without restrictions. In order to show that X, ~ I(1) integrated
to the order 1, the assumptions are:

(1) det (A(2)) =det(I - I,z -1 2* — .... - kzk) are either outside the unit circle or
equal to 1, which guarantees that the process is not explosive;

(2) the IT matrix has reduced rank, r < p, and can be presented as the product IT = af3’;
therefore, there are at least p—r unit roots which leads to cointegration if > 1 and

(3) the a TP matrix has full rank, where a and f8" are orthogonal complements to «
and B, so that the process is restricted to the order of integration of 1.

If the model in equation (8) is denoted as H , then, by applying restrictions on IT, the hypoth-
esis to test (at most) r cointegration vectors, produces H,:IT = a3, where f and a are p x 1.
matrices which denote the cointegrating vectors and adjustment coefficients, respectively
(Bildirici et al., 2011; Johansen, 1991).

Extending the V.A.R. model in equation (8), for a panel dataset with N cross sections
and T time periods, a panel V.A.R. is written as

X, = X+ €y )

k=1
withi=1,2,...,Ngroupsand t = 1,2,...,T time periods and j = 1,2,...,p variables, the errors
are independently identically distributed €, ~ N (0, 2,). Error representation of the V.A.R.
model following Engle and Granger (1987) and Johansen (1991) is
ki_y
Xy =1LX;, , + Zk LyAX, € (10)

=1
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where I1,is of order p x r. If IT, has reduced rank, then extending the assumption i for panels,
we obtain, IT, = «, ﬂ; where «, are the adjustment parameters and f8' are the long-run param-
eters, respectively. & and 8 are of order p x r; and full column rank. The Cointegrating rank
hypothesis is stated as H(r):rank(II) < r and tested against the alternative H(r):rank(II) = r,
where the likelihood ratio test, called the trace statistic is

—20nQ, {H(r) | H(p)} =T 3" In(1+ 1) (11)

where, 4. trace statistic is the ith eigenvalue to a certain eigenvalue problem (Bildirici et al.,
2011; Larsson & Lyhagen, 2007; Larrson, Lyhagen, & Lothgren, 2001).

3.3.3. EM.O.L.S.
Pedroni proposed the Fully Modified Ordinary Least Squares (EM.O.L.S.) estimator sug-
gested by Phillips and Hansen (1990) for the heterogeneous panel. EM.O.L.S. results pro-
duce consistent standard errors and ¢-statistics in the presence of endogenous regressors
(Purna & Pravakar, 2007). We start with the Ordinary Least Squares (O.L.S.) regression in
Pedroni (2004)

Vi = 0+ X, + py (12)

and these are cointegrated with slopes f8.. Let ¢, = #I,,, AX,, be a stationary vector including
the estimated residuals and differences. Also, let

T !/
Q, = %EI;E[T—I(; siT><; eiT>] (13)

EM.O.L.S. estimators are given as:

N T -1 T
$p=N"' Z (Z (¢ _)_/i)2> x<z (%, — )—Ci)zs;«; - TA:‘) (14)
i=1 i=1

i=1

where
Q0
yz*t = (Sit Sz) - AthAxit*
‘QZZt
N (15)
G=b, 0, — 2 Lo
¢ = g T 42, — ( wt 22t)

N
The between-dimension estimator is ¢, = N Ty G pro Where g,y is the EMLO.L.S.
estimator. The associated f-statistic for the between™dimension estimator is given as

N
to = N7V/2 2 tdhiers,» Where
t=1

T 1/2 (16)
t(ﬁf(M,t = ((ﬁer,i - ¢0)<Qfllz Z (%, — )_Ci)2>
t=1
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3.3.4. Panel Granger causality results

The Vector Error Correction (V.E.C.) model used to analyse the relationships between
the variables was constructed. First a panel vector error correction model is estimated to
perform Granger-causality tests (Bildirici & Bohur, 2014). The Engle and Granger (1987)
two-step procedure is used afterwards, defining the lagged residuals as the error correction
term and the following dynamic error correction models are estimated:

m n
Ay = Ay + Z Ay + Z 9y AKX+ GECM,,_ ey, (17)
k=1 k=1
Abcy = 4y + Z O AX,  + Z 954 BY; i + G ECM,,_ +ey, (18)
k=1 k=1

where A is the first-difference operator; m is the lag length set at two based on likelihood
ratio tests; and where the residuals €, are independently and normally distributed with zero
mean and constant variance and ECM,_| is the error correction term resulting from the
long-run equilibrium relationship. G is a parameter indicating the speed of adjustment to
the equilibrium level after a shock. Short-run or weak Granger causalities are obtained by
testingH: 9, = 0, in equation (17).

4. Econometric result
4.1. Time series results

The A.R.D.L. test was applied in four stages. First, the unit root test was applied. Second,
bound test results were obtained. Third, long- and short-run results and E.C.M. results were
obtained. Fourth, the Granger Causality test was practiced and the direction of causality
was obtained.

4.1.1. Unitroot test results

The unit root tests are used to determine if the variables are I(0) and/or 1(1). The results
of the AD.E (Augmented Dickey-Fuller) unit root tests are given in Table 2. The A.D.E
unit root tests conclude that the y and bc variables for the countries are stationary in the
first differences.

4.1.2. A.R.D.L.results

According to the F-statistics, we have enough evidence to reject the null hypothesis of no
cointegration at a 5% and 1% significance level for the relationship between biomass energy
consumption and real per capita G.D.P. for Albania, Bulgaria and Romania.

This simply means that the computed F-statistics for these models are above the upper
bound critical value. The results of the A.R.D.L. bounds tests for Albania, Bulgaria and
Romania suggest evidence of the rejection of the null hypothesis. y is determined as a
dependent variable for Bulgaria and Romania and bc is specified as a dependent variable
for Albania in the Table 3.
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Table 2. Unit root test result.

Level  First diff. Level First diff. Level  First diff.

Albania Croatia Macedonia
y -1.02  -432 y 136 -6.22 y 042  -4.99
bc 0212 -6.81 bc —-0.14 —-5.56 bc 0.19 —5.63
Bosnia and Herze- Estonia Slovak Republic

goniva
y 0.051 —4.32 y 0.724 -5.45 y 1.052 -4.96
bc -0.77 547 bc -0.743 -3.86 bc -1.52 -5.42
Bulgaria Hungary Slovenia
y 1.1 -3.83 y —-0.24 —3.57 y -086 —5.75
bc —-0.02 432 bc -1.17 -5.57 bc -1.1 —6.85
Czech Republic Latvia Romania
y -233 374 y -0.15  -556 y 086  —6.42
bc -113 537 bc -0.355 —-6.32 bc -1.02 =752

Critical Value for 1990-2014 period: —3.831,511 for 1% level; —3.029,970 for 5% level; —2.655,194 for 10% level and for
1980-2014 period: —3.639,407 for 1% level; —2.951,125 for 5% level; —2.614,300 for 10% level.
Source: Authors.

Table 3. Bounds testing for cointegration.

Fy(y|bc) F..(bcly)
Albania 1.0523 18.7500*
Bulgaria 6.4850* 1.4365
Romania 5.8799* 0.0845

* Statistically significant.

The critical value for the F-test is 5.73 for 5% level and 4.78 for 10% level. The critical values of F-test are obtained from
Pesaran, Shin, and Smith (2001).

Source: Authors.

Table 4. Long-run coefficients for A.R.D.L.

c bc y R (LM)
Albania 1.6115(2.52) — —0.2254 (—2.9265) 0.810
Bulgaria 0.9056 (0.7637) 0.6027 (1.7647) — 0.702
Romania 0.5643 (1.8988) 0.4687 (1.9560) — 0.803

t-values are given in parentheses.

The critical value for the F-test is 5.73 for 5% level and 4.78 for 10% level. The critical values of F-test are obtained from
Pesaran et al. (2001).

Source: Authors.

4.1.3. Long-run and E.C.M. results
Table 4 reveals the arguments for valid long-run relationships among the variables. It is
possible to forecast the long- and short-run dynamic effects by using the A.R.D.L. approach.
Table 4 shows the long-run elasticity for the A.R.D.L. model. The elasticities are interpreted
as usual: for instance, a 1% increase in per capita income, when other things are equal, leads
to a —0.2254% decrease in the consumption of biomass energy for Albania. According to
this result, biomass energy consumption can be interpreted as ‘inferior good: Bildirici and
Ozaksoy (2014) indicated biomass energy consumption as ‘normal good” for Hungary,
Slovenia, Slovakia and Croatia, respectively. Additionally, a 1% increase in biomass energy
consumption caused 0.6027% and 0.4687% growth in per capita income for Bulgaria and
Romania, respectively.

The E.C.M.s in Table 5 indicate that there is a mechanism to correct the disequilibrium
between economic growth and biomass energy consumption. The coeflicient of the error
correction term must change between —0.232 and —0.5073. The error correction term was
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Table 5. E.C.M. and short-run results.

E.CM. dbc dy R* (LM)
Albania —0.232 (—1.954) — —0.035 (—4.721) 0.651
Bulgaria —0.507 (—1.878) 1.274(1.878) — 0.694
Romania —0.379 (-1.901) —1.003 (—2.634) — 0.705

Source: Authors.

negative and statistically significant, showing a speed of adjustment of any disequilibrium
towards a long-run equilibrium state, which is —0.232 for Albania, —0.3785 for Romania
and —0.5073 for Bulgaria. Thus, for Bulgaria, the relationship between the variables will be
approximately turned to equilibrium in 2 years.

4.1.4. Results for the Granger causality test

The A.R.D.L. methods do not indicate the direction of causality, but, since there is a long-
run relationship between biomass energy consumption and economic growth, a causality
relationship must exist in at least one direction. Therefore, we used the augmented Granger
causality test by incorporating the error correction term. Table 6 summarises the causal
relationship between biomass energy consumption and economic growth.

Table 6 exhibits the results determined by short-run, long-run and strong Granger cau-
sality for selected countries. According to the short-run causality results, the evidence was
accepted to reject the null hypothesis for a one-direction causal relationship between varia-
bles for Albania, Bulgaria and Romania. For Albania, Bulgaria and Romania, the calculated
Chi-square statistics are above the critical value with 2 degrees of freedom suggesting the
rejection of the null hypothesis of no Granger causality between biomass consumption and
economic growth at 5% significance level. It was found that there is evidence of uni-direc-
tional causality from economic growth to biomass energy consumption for Albania.

Similarly, the results obtained for Bulgaria and Romania suggest evidence of uni-direc-
tional causality from biomass energy consumption to economic growth at a 5% significance
level. There is evidence of uni-directional causality from biomass energy consumption to
economic growth for Bulgaria and Romania. Thus, the test results of this paper support the
conservation hypothesis for Albania and the growth hypothesis for Bulgaria and Romania.
The conservation hypothesis postulates that biomass energy consumption is driven by
economic growth. According to the growth hypothesis, energy conservation policies may
decrease economic growth performance. The long-run and strong Granger causality tests
combined the variables and error correction terms to enhance the evidence in the Granger

Table 6. Granger causality.

Short-run causality Long-run causality Strong causality
df Ay—Abc ECT— Ay Ay, ECT —Abc
Abc —Ay ECT— Abc Abc, ECT—Ay

Albania 2 11.892%** 7.9856** 10.8596***

1.0536 0.8561 8.4687**
Bulgaria 2 1.0030 9.4560%** 11.6350%**

7.7760%* 1.3380 9.5560**
Romania 2 1.4051 8.7460** 8.7450**

8.5016** 1.0020 8.6980**

Note: Values in parentheses are t-values. Significance levels: * p < 0.05; ** p < 0.01; and *** p < 0.001.
For the co-joint test, we used the Wald-test (y?).

In this table, the symbol — shows the direction of causality.

Source: Authors.
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Table 7. Panel unit root test.

Group 1 Group 2 Group 1 Group 2
Levin, Lin and Chu t* Im, Pesaran and Shin W-stat
Level First Diff. Level First Diff. Level First Diff. Level First Diff.
y -1.490 -5.500 -1.256 —4.758 -2.204 -5.781 -0.856 -5.896
bec 0.632 —3.578 3.245 —-3.156 —0.662 —3.986 2.875 —3.985

Source: Authors.

causality test. The long-run and strong causality results determined the calculated Chi-
square statistics are above the critical value with 2 degrees of freedom suggesting the rejec-
tion of the null hypothesis of no Granger causality between biomass consumption and
economic growth at the 5% significance level. According to the long-run causality results,
evidence was found to reject the null hypothesis for uni-directional causality between bio-
mass energy consumption and economic growth in Albania, Bulgaria and Romania and
there was evidence of the growth hypothesis for all countries. The results of strong Granger
causality determined that, in Albania, Bulgaria and Romania, there was evidence to reject
the null hypothesis for bidirectional causality between biomass energy consumption and
economic growth. Strong causality results determined the feedback hypothesis. According
to the feedback hypothesis, an energy policy focused on diminishing biomass energy con-
sumption negatively affects the countries’ economic growth.

4.2. Panel data analysis

Panel analysis results were obtained in four stages. In the first stage, the Panel unit root test
was applied. In the second stage, the results of the Pedroni Panel Cointegration test and
Panel Johansen Cointegration test were used. In the third stage, EM.O.L.S. test results were
obtained and, in the last stage, Panel Granger Causality test results were acquired.

4.2.1. Panel unit root test results

In this regard, Levin, Lin and Chu (L.L.C.) and Im, Pesaran and Shin (I.P.S.) unit root tests
were examined in Table 7. The null hypothesis of unit root test cannot be rejected for the
variables in levels. The unit root test is implemented in the first differences of the variables
and the null hypothesis is rejected, implying that the levels are non-stationary and the first
differences are stationary.

4.2.2. Pedroni cointegration results
Table 8a reports Pedroni test results for Groups 1 and 2. These statistics are based on aver-
ages of the individual autoregressive coeflicients associated with the unit root tests of the
residuals for each of the countries in the panel. All seven panel cointegration tests reject
the null hypothesis of no cointegration. Thus, the evidence suggests that, in both panel
datasets, there is a long-run equilibrium relationship between biomass energy consumption
and economic growth.

For Groups 1 and 2, Table 8b exhibits the Johansen test results. The Johansen cointegra-
tion test results with 18.91 and 21.17 trace statistics and 17.66 C.V., which are significant
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Table 8a. Pedroni panel cointegration test.

Group 1: Pedroni cointegration test results

Within-dimension test statistics: Between-dimension test statistics:

Panel v-statistic 9.611 Group p-statistic —6.735
Panel p-statistic —-6.073 Group PP-statistic —6.265
Panel P.P-statistic —6.985 Group A.D.F.-statistic -8.418
Panel A.D.F.-statistic —9.140

Group 2. Pedroni cointegration test results

Within-dimension test statistics: Between-dimension Test statistics:

Panel v-statistic 9.390 Group p-statistic —5.790
Panel p-statistic —5.811 Group PP-statistic —5.507
Panel P.P-statistic —-5.415 Group A.D.F-statistic —6.495
Panel A.D.F.-statistic —6.427

Source: Authors.

Table 8b. Panel Johansen test results and individual cross-section results.

Group 1: Panel Johansen test results

Trace statistics cv
r=0 28.910* 17.660
r<i 9.113 9.183
Individual cross-section results

Trace test Max-Eign test

Cross-section Statistics Prob.** Statistics Prob.**
Hypothesis of no cointegration
Bosnia and Herzegovia 26.3925* 0.00 24.8718 0.00
Czech Republic 28.5896* 0.00 26.2559 0.00
Hungary 27.7139% 0.00 19.7097 0.00
Macedonia 21.0496* 0.00 19.8361 0.00
Slovak Republic 21.0481* 0.00 19.0135 0.00
Hypothesis of at most 1 cointegration relationship
Bosnia and Herzegovia 1.5207 0.2551 1.5207 0.2551
Czech Republic 23337 0.1494 23337 0.1494
Hungary 0.0041 0.9581 0.0041 0.9581
Macedonia 1.2135 0.3157 1.2135 03157
Slovak Republic 0.0346 0.8790 0.0346 0.8790
Group 2: Panel Johansen test results

Trace statistics v
r=0 28.170* 17.660
r<i 8.986 9.183
Individual cross-section results

Trace test Max-Eign test

Cross-section Statistics Prob.** Statistics Prob.**
Hypothesis of no cointegration
Croatia 26.8759*% 0.00 17.4696 0.00
Estonia 26.5911* 0.00 17.2346 0.00
Latvia 22.2210% 0.00 21.8368 0.00
Slovenia 40.0522* 0.00 38.3709 0.0000
Hypothesis of at most 1 cointegration relationship
Croatia 0.4063 0.5872 0.4063 0.5872
Estonia 0.3566 0.6133 0.3566 0.6133
Latvia 0.3843 0.5985 0.3843 0.5985
Slovenia 1.6813 0.2288 1.6813 0.2288

Trace test indicates 1 cointegrating eqn(s) at the 0.05 level; * statistically significant; ** MacKinnon, Haug, and Michelis
(1999) p-values; Probabilities are computed using asymptotic Chi-square distribution.
Source: Authors.
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at the 1% level, support the cointegration relationships of economic growth and biomass
consumption found in the Johansen test.

Pedroni results verify the cointegration relationship between the analysed variables.
On the other hand, Table 8b shows the individual cross-section results in Groups 1 and 2.
Thus, the evidence suggests that, in both panel datasets and in the individual cross-sections,
there is a long-run equilibrium relationship between biomass energy consumption and
economic growth.

For Group 2, Table 8b shows individual cross-section results for the panel Johansen test.
Thus, the evidence suggests that, in both panel datasets and in individual cross-sections,
there is a long-run equilibrium relationship between biomass energy consumption and
economic growth.

4.2.3. FEM.O.L.S. estimates

EM.O.L.S. results indicate the existence of a strong relationship between economic growth
and biomass energy consumption in Table 9. Accordingly, a 1% increase in the G.D.P.
enhances biomass energy consumption by 1.013% in Group 1, but 0.75698% for Group 2.
In this regard, biomass consumption should be explicated as normal goods.

4.2.4. Panel Granger causality test

Table 10 shows the results of error correction estimates, the short-run and long-run results
and Granger causality for the analysed panels denoted as Groups 1 and 2. For group 2
countries and Bulgaria, E.C.M. results show that the system turns back to its long-run
equilibrium in ~ 2 years after an economic shock, similarly with A.R.D.L. result for Bulgaria
(-0.5073), which is shown in Table 5. E.C.T. is —0.441 in Group 1 and —0.504 in Group 2
and speed of adjustment is high, so, after a shock, the system turns back to its long-run
equilibrium level in ~ 2 years.

Table 9. FM.O.L.S. results.
F.M.O.L.S. results

c (t-stat) y (t-stat) R?
Group 1
—0.5808 (—4.096) 1.0130 (3.010) 0.701
Group 2
0.8965 (1.869) 0.7570 (2.259) 0.785

Source: Authors.

Table 10. Results of Granger causality.

Group 1
Short-run causality Long-run causality Strong causality
E.C.M. (t-stat.) Abc — Ay E.CM.— Abc Abc, E.CM. — Ay
Ay — Abc E.CM. — Ay Ay, E.C.M. — Abc
—0.441 (—4.002) 0.7869 8.7580%** 4.0123%**
8.9865** 1.0190 9.8569%**
Group 2
—0.504 (—2.896) 6.7035** 1.1110 8.9680**
1.0246 8.6640** 10.5260***

Note: The values in parentheses are t-values. Significance levels: * p < 0.05; ** p < 0.01; and *** p < 0.001.
For the co-joint test, we used the Wald-test (x?). In this table, the symbol — shows the direction of causality.
Source: Authors.
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For Groups 1 and 2, the calculated Chi-square statistics are above the critical value with
2 degrees of freedom, suggesting a rejection of the null hypothesis of no Granger causality
between biomass consumption and economic growth at 5% significance level. It was deter-
mined from the evidence to reject the null hypothesis for the one-direction causal relation-
ship between variables for Groups 1 and 2. In Group 2, there is unidirectional causality from
biomass consumption to economic growth as a result of the short- and long-run Granger
causality supporting the growth hypothesis. The results of the growth hypothesis are similar
to the results obtained for Bulgaria and Romania by Granger Causality method. However,
in strong causality, there is evidence to reject the null hypothesis for bidirectional causality
between biomass consumption and economic growth. In Group 1, there is unidirectional
causality from economic growth to biomass consumption as a result of short- and long-run
Granger causality, supporting the conservation hypothesis. Similarly, in strong causality
there is evidence to reject the null hypothesis for bidirectional causality between biomass
consumption and economic growth.

Strong Granger causality results in Groups 1 and 2 show the importance of biomass
energy consumption for the two groups. Energy conservation policies may decrease eco-
nomic growth performance and the changes in economic growth may decrease energy
consumption. An energy policy focused on diminishing biomass energy consumption neg-
atively affects the countries’ economic growth. EM.O.L.S. results denote biomass energy
as normal good in Group 2. The A.R.D.L. results support the feedback hypothesis in the
context of strong causality results. These findings are supported by Bildirici and Ozaksoy’s
(2014) results for Hungary, Bulgaria, Romania, Slovenia, Croatia and Slovakia.

5. Conclusion

This paper focuses on investigation of the relationship between biomass energy consumption
and economic growth, which was tested by time series (A.R.D.L. and Granger Causality)
and Panel methods (Panel Cointegration: Pedroni-Panel Johansen test and Panel Granger
models). A.R.D.L. and Granger Causality methods were applied for Albania, Romania and
Bulgaria. The short-run causality results indicate evidence of uni-directional causality from
economic growth to biomass energy consumption for Albania. However, for Bulgaria and
Romania, the causality results show evidence of uni-directional causality from biomass
energy consumption to economic growth, which promotes the growth hypothesis. The
feedback hypothesis is found in strong causality results for all of the analysed countries.
A second method was applied to Bosnia and Herzegovina, Bulgaria, Croatia, Czech
Republic, Estonia, Hungary, Latvia, Macedonia, Romania, Slovak Republic and Slovenia.
According to Panel Granger causality test results, both in the short-run and long-run,
there is evidence of uni-directional causality from economic growth to biomass energy
consumption in Bosnia and Herzegovina, Czech Republic, Hungary, Macedonia and Slovak
Republic. These findings support the conservation hypothesis for these countries. Short-
run and long-run causality test results prove uni-directional causality from biomass energy
consumption to economic growth, which supports the growth hypothesis not only for
Croatia, Slovenia, Estonia and Latvia, but also for Bulgaria and Romania. However, strong
causality test results signal bidirectional causality between biomass energy consumption
and economic growth, which emphasises the feedback hypothesis in all these countries.
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Regarding our empirical results, for the analysed countries, development of the biomass
energy infrastructure and encouragement of biomass energy consumption are important
energy policy tools as they promote economic growth, while also being affected by it. In
this context, biomass energy consumption should be enhanced for these countries. Biomass
energy consumption has direct and indirect effects on economic growth. If energy needs are
obtained from biomass energy resources, energy dependence on fossil fuels from exporter
countries will decrease. On the one hand, modern biomass energy is a way of decreasing
foreign oil dependency while, on the other hand, modern biomass energy can benefit rural
employment.

As aresult, transition countries must encourage biomass energy consumption to enable
sustainable economic growth and development. Furthermore, environmental protection
necessarily meets part of a country’s needs, promotes energy security and reduces poverty.
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