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The asymmetric nexus of renewable energy consumption and economic
growth: New evidence from Rwanda

Jean Pierre Namahdrdiaosheng WA# Haijun Xiad’, Na Zhod

1. School of Economics and Management, China Usityeof Geosciences, Wuhan, 430074,
Wuhan, China

2. School of Mathematics and Physics, China Unityeas Geosciences, Wuhan, 430074,
Wuhan, China

Abstract: Existing studies on the impact of renewable epeansumption on economic growth,
which was conducted in either middle/ high-inconmurdries or mixed sampled countries,
produce the effect, but unfeasible in low-incomardades. This study examines the asymmetric
nexus of renewable energy consumption and econgroigth, and the impact of agriculture and
capital on economic growth by employing a non-Imaatoregressive distributed lagged model
(NARDL) and causality test from 1990 to 2015 in Rala. The results show evidence that
renewable energy consumption affects economic dgrovsymmetric causality relationship,
which is running from positive shocks renewablergneconsumption to economic growth is
noted. Furthermore, the unidirectional causalifeafflowing from both agriculture and capital
to economic growth for both positive and negatiieocks is obtained. Therefore, the
Government of Rwanda needs to realize positive @oan growth from its investment in

renewable energy consumption and agriculture as pectors of development.

Keywords. Renewable energy consumption; economic growtmasetric analysis; NARDL
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1. Introduction

Renewable energy use is growing worldwide due &abailabilities of its resources, unstable
energy prices, and reducing the negative effectiomfate change. Its consumption contributed to
about 22% of the World’s final energy consumptign2015 [1,2]. Due to the comprehensive
benefits of using renewable energy, global demanddnewable energy is predicted to rise to
31% by 2035 [3]. On the same side, developed/deus) countries are in advance to increase
renewable energy. For example, Khoie et al [4] sftbuhat renewable energy resources are
planned to generate enough electricity in someestaf the USA in the next two decades. In
China, by Zhang et al [5], about 29% of major egecgnsumption in the next decades is
predicted to rely on nuclear and renewable energy.

In West and Sub-Sahar Africa, there are insufficremewable energy resources explored, such
as solar energy, geothermal energy, hydro, and emrsigy, which are all friendly with human
health [6]. As an option result, wood biomass ighhy prevalent in use but harming public
health and the environment in this continent [A]the case of Rwanda, the energy production
sector is facing critical circumstances. Althougts tcountry is a non-coastal with more than 12
million of the population occupying an area of Z8&nf and it is among the top five heavily
populated countries in the World, the produced gnés insufficient to the consumers. On the
other hand, few studies showed that recently, the® a reasonable growth of social-economic
development due to the increasing number of exitemd internal investors, which led to higher
energy consumption [8,9]. Although, Rwanda is feahihd its surrounding three east African
countries (Kenya, Uganda, and Tanzania) for hasusgainable development [10].

The World Bank reported that Rwanda significantigrted using renewable energy in early
1990. Safari [11]indicated the description of reabie energy consumption in the last decade.
About 10% of total energy consumption is renewalergy (agricultural residues, fuel, charcoal,
grid and non-grid electricity, peat, gas, solarRiwmanda. In 2010, about 9086 total energywas
wood-fuel energy consumed in rural, while 10% comsd in urban areas. Biomass constituted
80.40% of total energy sources, whereas fuel amdtredity constituted 6% and 0.90%,
respectively. The households consumed 91% of tta¢ ¢mergy, 4.5%, 2.7%, and 1.8% for the
transport sector, industry sector, and public sesjirespectively [11].

In this sense, Munyaneza et al [12] referred to iRl@&s energy policy plans and predicted that

563 MW of electricity would be produced by 2018 glgron renewable energy, and cover about
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70% of electricity demand. Due to the intensiveeffo explore the available renewable energy
resources (solar, geothermal, methane gas in Laka, Kiomass, biogas; and wind), the
achievement intended to reduce the wood-fuel use 86.3% to 50% by the end of 2020
[11,13].

On the other hand, Kadozi [14] showed that GDPgagita has significantly increased in this
decade with a 10% vyearly increase. Neverthelésgsetwas no evidence that this increment
relied on renewable energy consumption. Rwandaisudiyire policy and strategy are dynamic,
which leads to unstable improvement. This agricaltaector has low-frequency shocks as
national droughts compared to the neighboring aesto affect agricultural dependence in the
region [15]. In the last two decades, investinghi@ agriculture sector positively affected GDP,
whereas, US$1 invested had generated US$4 of sereaGDP, and this lead to 26 % of
poverty reduction [16,17]. Although, there is aklaaf studies highlighted the link between
economic growth and capital in Rwanda, Boyce €tl8] showed that capital contributed to
boosting economic growth in Sub-Sahara Africa,udeig Rwanda. Thus, by implementing the
second phase of the Economic Development and BofRaduction Strategy (EDPRS 2) and
interest to use renewable energy technologiesiasfiplicable in developing countries [19], the
plan of Rwanda energy policy may be achieved.

The comparative studies used middle and high-incometries showed that a low level of
renewable energy consumption negatively affecte@eic growth. In contrast, the highest level
has a strong positive impact, and again this effestes according to the set of countries
considered [20-22]. Although renewable energy plygrant role in boosting the economy in
middle and high-income countries, there was noteygdlence that it happened in the case of
Rwanda, which is a low-income country. However, Rdamay gain from knowing the impact
of renewable energy consumption on its economiwtro

Various studies used several methodologies to tlest link between renewable energy
consumption and economic growth and provided thlsteesults. Some methods are Granger
causality, panel co-integration, vector error coticey model, Dynamic Ordinary Least Squares
(DOLS), Fully Modified Ordinary Least Squares (FM®)L. Linear Autoregressive Distributed
Lagged (ARDL), Non-linear ARDL, and Generalized Neds of Moments (GMM). Most of all
approaches tested four prior hypotheses: conseeydéedback, growth, and neutral relationship

hypotheses.
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Through the previous studies, there is a lackwdiss conducted in a single low-income country,
whereas it is well known that renewable energy gomngion is at a low level. This led to
ignoring the little bit contribution of renewablenexrgy consumption to economic growth.
Furthermore, for the studies that used some lowrrecountries and compared with middle and
high-income countries, findings did not explicitshow the impact of renewable energy
consumption on economic growth in low-income coestrLast but not least, although various
approaches used to investigate the effect of reblewenergy consumption on economic growth
provided reliable results, these methods were pplied in the case of Rwanda.

Therefore, in this study, we examine the asymmaeteixus of renewable energy consumption
and economic growth within four existing hypothesé&srst, the conservative hypothesis (one-
way causality from economic growth to renewablergmeonsumption). Second, the feedback
hypothesis (two-way causality between renewablegyneonsumption and economic growth).
Third, the growth hypothesis (unidirectional caitgaflowing from renewable energy to
economic growth). Lastly, the neutral hypothesis ¢ausational link between renewable energy
consumption and economic growth). Non-linear Augjoessive Distributed lagged (NARDL)
model implemented in R programming, and some ingmbréconometric tests are employed in
this study.

Hatemi-j [23] proposed the asymmetric causalityhtegue, and due to its efficiency, as shown
by Tugcu [24] in the study to test the asymmetelationship between energy consumption and
economic growth, this test has also been applieduinstudy. Furthermore, we examine the
impact of further covariates (agriculture and capito boost economic growth by adding them
to our considered production function. Due to tbe ldescriptive influence, the unit root test
proposed by Kim and Perron [25] is used to exantiwe co-integration order and a single
unknown structural break in the data recorded fi®®0 to 2015. Nevertheless, two drawbacks
of the NARDL model were identified by Nguyen ef{26], and in this study, we tested the first
drawback, which is the conventional threshold meétfvariables simply decompose into positive
and negative). To the best of our knowledge, thiglys is the first attempt to explore the
asymmetric nexus of renewable energy consumptiah esonomic growth in the case of

Rwanda by employing NARDL approach.
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The study is organized as follows: Section 2 iglitieeature review, methodology and data are in
section 3, and results and discussion are in sectio Section 5 concludes and provides

renewable energy policy implications and suggestgé studies.

2. Literature review

There are several existing literature on the eftéecenewable energy consumption on economic
growth in developed/ developing countries [27] anthparative studies which combined a set of
similar income countries, such as G7 countries,[28]d others, see ([28-32]). The highest
prevalence of these studies merely on four hypethafie conservative, feedback, growth, and
the neutral hypothesis. These hypotheses were iealpirtested, and most of the findings
support the feedback hypothesis when the entirelpdata set is applied, see, for example,
[28,33,34], except the results obtained by MenefffNi supported the neutral hypothesis for the
European countries.

Chen et al ([20] and references therein) showednthéral, negative, and positive effects of
renewable energy consumption on economic growtth,same effects contradict others. Isik et
al.[35] indicated that there was no significant ateinship between renewable energy
consumption and economic growth in Indonesia. Giteal again demonstrated that the causal
relationship between those two variables could ilgmifecantly positive when developing
countries exceed a certain confident thresholcenéwable energy consumed [20]. In the same
sense, a neutral effect between renewable enedyg@mnomic growth has been found in Spain
for a panel dataset from 1995 to 2012, and the-tangcausality and short-run nexus growth of
energy consumption for the economies of West Afri&ates [2,7]. On the other hand, some
literature showed that the increment of renewabiergy consumption negatively affects
economic growth because of high investment costis,ekample, in Turkey [36], European
countries [37], and in India, Ukraine, the US, dsichel [28]. Beyond the impact of renewable
energy consumption, some studies highlight thehé&urteffect of agriculture and capital on
economic growth, and again renewable energy consompontributes to the increase of these
variables (agriculture and capital) [20,38,39].

Based on the economic growth standard of a paaticcbuntry and reporting time, different
methodologies have been applied to describe tleetdiietween renewable energy consumption
and economic growth. Several studies employed warfmanel data methods (FMOLS, DOLS,
ARDL, GMM, NARDL, and others) employed to computeetlong-run elasticities between

5
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renewable energy and economic growth [24,28,34036Moreover, some of these methods
applied also to the link between renewable eneapsemption and other variables, including
trade and financial [41,42]. Most of these apphescprovided the symmetric and the non-
symmetric relationship between renewable energgumption and economic growth, and fewer

indicated no connection between those two mairatées, for detail, see [20,43].

Through the existing studies, we found that rendevamergy consumption has a negative or
neutral effect on economic growth. These studiesuged on the low and middle-income
countries, which consume low levels of renewablergy but no studies were conducted in a
single low-income country. Moreover, due to the ilabdity of costless data for several
countries, which are sometimes not normally disted, non-linear asymmetric analysis through
the NARDL approach is appropriate for this conditiol herefore, employing the NARDL
approach to examine the asymmetric nexus of renewatergy consumption and economic
growth in the case of Rwanda increases the implatti® study. This non-linear relationship
between renewable energy consumption and econoroitly can vary based on the other
variables that can be added in the considered ptiodufunction, however, the impact of
agriculture and capital on economic growth will éeamined in our study. In the next section,

we present the methodology, including the NARDLcsfoeation.

3. Methodology and data

3.1. Methodology

Recently, Shin et al [44] improved the NARDL approas an asymmetric postponement to the
famous ARDL model [45] to detect both short rum dong run asymmetries in the variables.
The advantages of using the improved NARDL modeffiigient, sensible to small sample size
data, and able to be used for variables co-intedrat one or zero [I (1) or | (0)], and a
combination of these orders. Despite traditionathmmatical models, such as the exponential
growth model can be simply used to show the diretzdtionship between renewable energy
consumption on economic growth, NARDL can deeplamexe the positive and negative
relationship between those variables [44]. The sstep the methodological approach are
illustrated in fig.1.

3.1.1. Correlation and unit root test

The most important issue in economic models is kihgahe dependence among variables. The

Bivariate correlation is preferably used to test ttependence [46]. In the fact that our variables

6
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are time-varying series, the next step is to thst dross-sectional dependence between the
current and previous values of similar variablése Tnit root test proposed by Dickey and Fuller
[47] is used under the null hypothesis that théesenas the unit root and its alternative that
series has no unit root. There are some casesgwherseries presents unit root and certain
breakpoints, which can cause inaccuracies in ecetramprediction, and the stationarity
hypothesis can sometimes fail to be rejected. Hewekim and Perron proposed a potential
approach to eliminating unknown changes in theesg25]. The results obtained from Dickey
and Fuller tests are usually compared with thosttmated using the test proposed by
Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) [48 see whether the results can provide the
same conclusion. These tests rely on the followiagtion:

SRRV ®

For ¢ =1(null hypothesis by using DF tesgy,= ,iE12,...,p unit root at maximum lags (p) by

using Augmented Dickey and Fuller teAtindicates the differencing operator, aathe error

term.
NARDL co- ‘ Long-run and
¢ Correlation integration Series short-run
among series

decomposition into
positive and
negative shocks

¢ Unit root test eBound test

*Wald test

¢ Economic model

s Error correction
model

Initial phase of

variable view Asymmetric

Fig.1: The steps of the methodological process

3.1.2. The NARDL co-integration testing approach

Non-linear and asymmetric co-integration analysithe relationship between the variables has
been not yet employed in similar studies in Rwarkta.detect this relationship together with

NARDL approach, the multivariate economic modelpsidered as a production function, has
been constructed. The model is written as follows:

InY, =0, + AINREC, + p,In A + p;InK, + ¢, )
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wherep, i = 01,23 is the effect of explanatory variables on the emys variableREC, A, and
K are renewable energy consumption, agriculture,capital over timg, respectively, and, is

a disturbance term. For panel co-integration, gr@piate approach is a panel error correction

model, which is a dynamic model and represented as:

p q q q
Alny, =, + Z[)’umn Vi +Z,82’|Aln REC,_, + Z[)’&l InA_ + Z&A'” K,
i=1 i=0 i=o i=0

= 3)
+5(ny,—0,—~pINREC -0, In A~ psInK ) +&

Where Adenotes the first differencp,, and glags length selected by AIC selection criteria. To

estimate (3) in one-step, examined by multiplying érror correction term out in the following

model:

p q q q

Alny, =, + Z[)’umn Vi +Z,82’|Aln REC,_, + Z[)’&l InA_ + Z&A'” K,
i=1 i=0 i=o i=0

+L6,Iny,_ - B0 INREC _, - B.o,INnA_ - Bo,InK_ + &

The one-step estimated results of the intercepteacti error correction coefficient of equation

(4)

(4) are the combinations of long-run coefficiensl éong-run adjustment rates.

3.1.3. Asymmetric causality approach

The asymmetric causality test was recently emplagadentify the direction of the asymmetric
causal relationship between variables [23]. In Hase of checking non-linear effects and
differentiate positive and negative shocks in theables, the test based on statistical inference
in VAR [49] can be employed, and then variables lbara random walk process. To represent
the positive and negative shocks of the varialdes, random walk process in an asymmetric

structure, and by Hatemi-j [23] test, variables bardecomposed as follow:

REC' = iAREc; = i ma{AREC, 0) ,  REC = Zt:AREC]_— - Zt: min(AREC, 0)
j=1 j=1 j=1 i-1
+ L + L — t _ t .
A =Z;AA‘. :Z‘l‘max(AAj ,O) , A =214AAJ :Z‘{mm(AAj ,O) ’
I= ]= i= i

t t t t . t t
Ki =Y aK =Y ma{aK, 0), K= aK: =Y min(aK, 0), y =Y ay" => maxay, 0),
=1 =1 =1 i1 =1 =1

t t
Y. =Y Ay, = min(ay, 0) (5)
=1 i-1
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In our asymmetric analysis, the positive and negathocks of variables are shown as follows:

t t ! ! . 3

y;' :zq’yt_ :ze_L_i’RECl+ :ze;,RECt_ :Zei_i’A+ :Ze;iiA_ :ze\;’
= i=0 =0 =0 =0

(6)

3.1.4. Long-run and short-run multipliers estimation

The long-run and short-run effect changes of exgitany variables on response variables are the
coefficients of the model obtained after using égua(6) in equation (4), and the effect of
changes in these variables presented in the fallpwquation:

Alny, =8 +6Iny,_ + ) INREC, + ), INREC_, +);In A", +y; In A, + ). InK",

p q q q
+y,INK +) gAny , +) o,AINREC, +> o,ANREC  +> g AnA,  (7)
i=0 i=0 i=0 i=0

q q q
+> OAINAL+D g AINK +D o AINK +Z, +1,
i=0 i=0 i=0

Fori=1...80 and y, represent short-run and long-run coefficients, éespely, whereas short-

run coefficients reveal the direct effect of exglory variables on exogenous variables. On the
other hand, long-run coefficients demonstrate ffeed and reaction time of the change towards

an equilibrium state. The null hypothesis for shrart asymmetry was analyzed by considering
the equality of coefficientsd =o* =¢7), and similar for long-run asymmetry € y* =y").

To test these hypotheses, the Wald test is useudafoablesy,, REC,, A andK, , andZ, is the
dummy variable 5, and fare the intercept and drift rate of the model, eetigely. Besides,

Shahbaz et al [50] confirmed that this approactuitable to test co-integration for time series
data among the variables in a single equation. Adend test suggested by Shin et al [44]
showed the reliable estimate of asymmetric longiteo-integration, and it is used to test the
effect of renewable energy consumption on econ@roevth in this study. This is a combined

test for all repressors of all lagged levels, dradvaluation is based on two tests: F-statis$ic te
with the null hypothesig=y*" =y~ = (for first-order co-integration, and t-statistiétlwthe null
hypothesisy = 0against the alternative pf< 0 for zero-order co-integration. To fail to rejelaet
null hypothesis indicating that there is a long-metationship among the variables. Thus, we

have used® =-*/, andL" =-*//, to determine the long-run asymmetric coefficiefs L



257 and L are positive long-run and negative long-run cogffits. The fractions are the coefficients
258  of the economic model at the new equilibrium stateese long-term coefficients indicate the
259  positive and negative variations of the respons@bkes and describe the long-term relationship
260 between the variables.

261  3.2.Data

262  Currently, there is a lack of studies that investtg the effect of renewable energy consumption
263 on economic growth in Rwanda. However, to examimg impact, the time-varying panel data
264 mined from The World Bank, CIA World Factbook odidatabase, and some historical reports
265 of energy consumption in Rwanda under the ELECTRQ@Gfrmer name of the Rwanda
266 utility for production, transmission, and distritart of electricity and water) employed.
267 Descriptive statistics of indicators used are pressgk in table.l. The renewable energy
268  consumption measured in kWh, GDP (in constant 208 dollars) used as economic growth,
269  Gross fixed capital formation (in constant 2010 .W8llars), and agriculture, value-added (in
270 constant 2010 U.S. dollars), from 1990 to 2016 quenvere obtained from The World Bank
271  database. All variables were transformed into pegita units by dividing the total yearly
272 population, and then to achieve accurate resukshawve transformed all variables to a natural
273 logarithm. Transformed variables are denoted akovist GDP per capita is denoted by

274  economic growth ¥, ), and agriculture, value-added per capita is greed by agriculture/ ),
275 renewable energy consumption denoteRES,, and Gross fixed capital formation is denoted as
276  capital (K,), see table. a in the Appendix. Fig.2 shows tleesimsing trends of economic growth,

277  renewable energy consumption, agriculture, andtala@ill variables got to the lowest level in
278 1994 due to the well-known incidence, which deuastaall sectors in Rwanda. Descriptive
279 analysis indicates that economic growth, renewadtergy consumption, and capital are
280  positively skewed, while agriculture is negativelyewed. The kurtosis test revealed that all
281  variables/distribution are leptokurtic since allues are greater than +1.0. The Jarque-Bera test
282 indicates all variables are not normally distrilolte

283  Table 1: Descriptive statistics

A REC, A K,
Mean 2.653 1.346 2.074 1.800
Median 2.627 1.345 2.102 1.712
Maxi mum 2.885 1.961 2.227 2.359

10



284

285
286
287

288
289
290
291
292
293
294
295
296

Minimum 2.343 0.826 1.817 0.980

Sd. Dev 0.134 0.295 0.105 0.324
Kewness -0.020 0.170 -0.491 -0.201
Kurtosis 2.491 2.737 2.537 2.882
Jarque-Bera 0.282 0.200 1.279 0.189
Probability 0.868 0.904 0.527 0.909
Sum 68.998 35.012 53.939 46.820
Sum sg.dev 0.449 2.179 0.277 2.639
Observation 26 26 26 26

29k  GDP 20F  REC
18
16
14f

12=

Economic growth
Renewable energy consumption
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Fig.2: The increment trends of economic growth eveable energy consumption, agriculture,
and capital over time. All these variables readhedt lowest values in 1994, corresponding with
the greatest incidence, which ruined everythinBianda.

4. Results and discussion

This section represents the pair-wise correlatiod anit root tests for all variables using the
NARDL asymmetric co-integration test. We lastlytimated the asymmetric causal relationship
between the variables with the use of asymmetnisaléty tests. All findings of this study are

obtained by using the R programming language, f@adkage contains a library (nardl)

developed by Shin et al [44].

4.1. Pair-wise correlation and Unit root test of variables

The strong correlation amongst variables indicatiest renewable energy consumption,

agriculture, and capital positively contributed bmosting economic growth. The direct
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relationship between economic growth and other Gates is positive, and moving towards the
increment of economic growth, see fig. a in the &pgix. The results in the table.2 reveal that
the NARDL model of renewable energy consumptiorrjcagfure, and capital highly explain

economic growth, as the adjusted coefficient ofedaination R-square = 0.973 (97.3%)

indicated. The explanatory variables are not aotoetated with economic growth as the Durbin

Watson test (DW=1.173) indicates. Besides, them®iserial correlatiOtﬁxiC = 0.408) and White
heteroscedasticity (Xﬁg = 0.789). The Wald test also indicates significant asymyneto-

integration for the long-run for renewable energymsumption, economic growth, agriculture,
and capital for the period from 1990 to 2015 fordRda.

Table.2: Pair-wise correlation and model validation

Y, REC, A K,
7 1
REC, 0.859* 1
A 0.921* 0.825* 1
K, 0.977* 0.926* 0.900* 1
R-square 0.977 Adj.R-square 0.973
DW test 1.173
X2 0.408 X2 0.789

2 2
* ** and *** indicate significance levels of 19§%, and 10%, respectivelf(SC, andXHG
denote LM tests for serial correlation, and hetezdasticity, respectively

In the fact that the NARDL model is used when atiables are stationary and integrated at
zero-order or | (1), the unit root test is usea@dafirm this assumption. The results in table.3 for
without structural breaks and with structural biealeveals that all variables are stationary and
integrated at the order 1(0) and I(1), and allowtiaexamine co-integration between the variables.
The change in variables determined by KPSS [5H,ADF [47] unit root tests. The output from
these tests indicated that economic growth, renkewabergy consumption, agriculture, and
capital are stationary at levels and 1st differewtd intercept and trend in the KPSS test. For
the first difference by using the ADF test, all iabtes are either stationary or integrated at the
order 1(1). Perron [52] discovered an unexpectedctiral change in time-varying data, which
can cause inaccuracies in econometric predictiod,tle stationarity hypothesis can sometimes

fail to be rejected, although the series has unknewuctural breaks. Kim and Perron [25]
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proposed that the unit root test can estimate amobig results because of the small size of
distribution and low degree of explanatory varigblélowever, to eliminate the unknown
structural change, we used the breakpoint unit restt The results of this test are obtained by
considering both intercept and trend, and are pteden table.3 and indicate that all variables
are stationary, and structural break exists in 2@04.0, 2002, and 2008 for economic growth,
renewable energy consumption, agriculture, and talaprespectively. On the other hand,
considering only intercept, renewable energy comion is stationary with a structural break in
2007, while economic growth, agriculture, and cpdre non-stationary with the structural
break in 2000, 2004, and 2014, respectively.

Table 3: Unit root analysis without/with a structlibreak

Without structural break KPSS ADF

Y, Level T diff Level 1° diff
0.186*** 0.500* -2.485[4] -5.896*[0]

REC, 0.150** 0.218* 1.417[0] -0.899***[1]

A 0.067 0.281* -3.294***[0] -6.668*[1]

K, 0.200** 0.665* -0.273[0] -6.053*[0]

With structural break Trend and intercept MWtie only intercept
Statistic Break date Statistic Break date

Y, -6.586* 2006 -3.983 2000

REC, -7.791* 2010 -8.054* 2007

A -8.421* 2002 -4.108 2004

K -6.742* 2008 -6.311 2014

* ** and *** indicate significance levels of 19%4%, and 10%, respectively and [] indicates lag
length.

The above structural breaks followed the consemgertbat happened in Rwanda, which
degraded all sectors over the last two decadesn®thie 1990s, Genocide and its consequences
led to the loss of a massive population, and ensogyces damaged, economic, and the crash of
financial policies. Later, in 2000, the establisimine&as made in Rwanda energy sector, whereas
the action Plan indicated the new economic devedopiragenda included radical reforms in the
energy sector, and the sustained economic growtlergeed a rapid increase in electricity
demand. This agenda was well achieved [11]. Thesptesence of structural break unit root in
the series forced us to use the NARDL bound tesixeamine asymmetric co-integration among

the variables.
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To identify nonlinearity in variables, the BDS t¢58] was employed, the results presented in
table.4 agreed with non-linearities in economic wglp renewable energy consumption,
agriculture, and capital. Furthermore, fig.3 algpraves non-linearity and model parameters
stability, which shows that the NARDL model is appriate for economic growth, renewable

energy consumption, agriculture, and capital is gtudy.

Table 4: Non-linearity BDS test

Variable m=2 m=3 m=4 m=5 m=26
Y, 0.1452* 0.2225* 0.2337* 0.1922* 0.1490*
REC, 0.1241* 0.1430* 0.0614 -0.1717* -0.2822*
A 0.1544* 0.238* 0.2866* 0.3050** 0.3375**
K 0.1275* 0.1779* 0.1656* 0.0758** -0.0243

t

* ** and *** indicate significance levels of 198%, and 10%, respectively.

Fig. A-C: CUSUM Tests

"
e - | capital (C)
| Rec(a) o i | Agriculture (8) o

1.0

0.5
05 1.0

00 05 1.0

0.5 0.0
-05
05 00

12 14 16 18 20 12 14 16 18 20 12 14 16 18 20

Fig.3 CUSUM tests and CUSUM squares tests NARDL motidility, REC (A), agriculture (B), and
capital (C) are CUSUM tests, while REC (D), agtiaté (E), and capital (F) are CUSUM of squares test
for renewable energy consumption, agriculture apital on economic growth at 5% significance level

4.2.Short-run and long-run asymmetric co-integration results

The results are presented in tables.5-6 show land-short-term relationships among economic
growth and renewable energy consumption, capitadi agriculture regarding positive and
negative shocks. From table 5 positive shocks teewable energy consumption have an
insignificant positive effect on economic growthoéfficients of 0.0921, at 0.163 p-values),

while negative shock has a significant negativeeatff(coefficient of -0.865 at 1%). This
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indicates that renewable energy consumption neggtivmpacts economic growth in the
Rwanda economy in long term. This effect differenir those obtained from developed
countries/developing countries, which use a higiell®f renewable energy [20]. The negative
effect of renewable energy consumption may assoeith the suggested reason that Rwanda
had faced, including the lack of explored suffitiemmergy resources, especially renewable
energy, since 1990. Recently, the insignificantitpas effect of renewable energy consumption
was associated with new policies, which have be&oduced, and in 2019, about 34% of the
population is using electricity (the World Bank oef). As a result, Rwanda is exploring
renewable energy resources in different dams doatlmegher percentage of the population can
easily use renewable energy in their daily servitéss increases the trends of renewable energy
use to boost economic growth.

The further covariates insignificantly contribute either increase or decrease the economic
growth in Rwanda. A positive shock to agriculturashan insignificant negative effect on
economic growth with a long-run coefficient of -00L( 0.653 p-values), while a negative shock
has a significant negative effect with a long-rwagfficient of -2.361 at 1% significant). The
results indicate that both positive and negativecks to capital have an insignificant impact on
economic growth. Furthermore, from table 6, positand negative shocks to agriculture and
renewable energy have a significant mixed effect@momic growth in the short-term.

Table.5: Long-run coefficients for co-integrati@sults

Variable: Long-run (coefficient) T-value: Probability
Constar 0.882* 4.65¢ 0.001
-0.441° -5.51( 0.00(
Yia
REC, 0.092: 1.51¢ 0.16:
REC, -0.865* -5.40: 0.00(
+ -0.10(¢ -0.46¢ 0.65:
AL
- -2.361* -5.437 0.00(
Ay
+ 0.05: 0.247 0.81(
K
- -0.347 -1.41¢ 0.19(
Kia
Z 8.578* 6.66:2 0.00(
200(

* ** and *** indicate significance levels of 194%, and 10%, respectively. “+", and “-” denote piosi
and negative shocks, respectively, anghoZepresents the dummy variable of the structurahkrfor
economic growth.

Table.6: Short-run coefficients from co-integrati@sults
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Variables Short-run (coefficients) T-value Probiil
AREC,, 0.344** 2.217 0.026
AREC, -0.183** -2.507 0.021
AREC, 0.209* 3511 0.000
Y.y 0.998* 0.0627 0.000
MY 0.987* 0.021 0.000
AA, -1.291** -2.533 0.032
DA, 1.504** 2.529 0.032

* ** and *** indicate significance levels of 194%, and 10%, respectively. “+", and “-” denote piosi
and negative shocks, respectively

Table.7 represents the results from the Wald tekich are strengthing the asymmetric and
symmetric relationships between economic growth @mdariates presented in Tables 5 and 6.
The results rejected the null-hypothesis of nontegration relationships between renewable
energy consumption and economic growth in the lkemgy with a coefficient of 0.0547 at a 5%
significant level, and short-term with a coeffidieof 5.922 at a 1% significant level. This
confirms the long-term asymmetric relationshipsaaein both positive and negative shocks to
renewable energy and growth. In the short-ternrethe a significant positive impact for both
positive shocks to renewable energy consumptidagatwo on economic growth and negative
effects at lag one, see table 6.

By employing the Wald test, the null-hypothesis far co-integration relationships between
growth and agriculture is rejected for both thegiderm with coefficients of 4.803 at a 1%
significant level, and the short-term with the ¢maént of 0.051, at a 5% significant level. These
effects of agriculture on economic growth are saamtb those from the World Bank report [54].
Generally, the long-run asymmetric of all covarsaéee statistically significant (F-statistic > F-

critical) by bound test suggested by Shin et &] fdr co-integration at first order, see tablenb

the Appendix.

Table.7: Wald test for long-run and short-run

Variables Coefficient Variables Coefficient
LREC/ 0.208* LREC, -1.961*

LA -4.390 LA -102.823
LK, 0.496 LK, -3.229

Wald test 3.139**
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W, REC 5.922* W, REC 0.0547**
W, A 4.803* W, A 0.051**
WK 2.414* WK 0.022**

* ** and *** indicate significance levels of 195%, and 10%, respectively. “+”, and “-” denote piosi

and negative shocks, respectivel-)f. and L are the computed long-run coefficients associatéti
positive and negative shocks, respectively. ThedWest for the null hypothesis of the long-run WLR
bounds test is statistically significant.

Lastly, the figs.4 presents the results for empigythe dynamic multiplier adjustments. They
show that the economic growth adjustment is runtowgards the long- and short-run steady
increment regarding positive and negative shock®mewable energy, agriculture, and capital.
These indicate the inequality effect of long- amdrsterm covariates on economic growth in
various lengths of time. In fig.4-A, positive shad@minates negative shock to renewable energy
consumption to affect economic growth, later, thewsitive and negative shocks moved
symmetrically with economic growth. This finding ii$ the direction of those obtained by M.
Lugman et al [55]. Fig.4-B shows that initially, gagive shocks dominate positive shocks to
capital to affect economic growth. Later, negatsleck neutrally affects economic growth,
while positive shock moved symmetrically with ecomo growth. On the other hand, fig.4-C
indicates that negative shocks dominate positiveclksh to capital to affect economic growth.
These findings are almost similar to those thatlted in the studies used a similar methodology
in Pakistan [38]. However, the negative shocks datei positive shocks in renewable energy
consumption, agriculture, and capital, and resuhdicate that a positive and negative
relationship was noted between these covariategemabmic growth.
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Fig.4: multiple plots that are showing the cumwateffect of renewable energy, agriculture, andtahp
on economic growth (blue lines show positive changed lines show negative changes, and greerddotte
lines show asymmetries in the selected variables.)

4.3. Asymmetric causalities between economic growth and covariates

In this study, we used the asymmetric causality pesposed by Hatemi-j [23] to compute the
casual relationship among renewable energy consompagriculture, capital, and economic
growth together with their cumulative coefficiefable.8 represents the asymmetric causality
results. Row-1(R-1) indicates the neutral caus@cebetween economic growth and renewable
energy consumption. In R-2, there was a neutracefbetween positive shocks to economic
growth and positive shocks to renewable energywapsion, and similarly for negative shocks
of economic growth and renewable energy consumidt+3. These results are similar to those
found in these studies [56-58]. In R-4, we fourgigmificant symmetric causal effect runs from
renewable energy consumption to economic growths Isimilar to that obtained in these
references [57,59]. The significant asymmetric treteship between a positive shock of
renewable energy consumption and a positive shb@canomic growth are presented in R-5,
and similar to that obtained by Lugman et al [41e neutral effect occurred between a negative
shock to renewable energy consumption and econgroiwth (R-6). These findings are in the
same direction as the Government of Rwanda's aeiment, whereas it has made a dramatic

improvement to attract new investors to build m@eewable energy resources in a country to
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go faster in energy production and stabilize arrggnsupply for industries [11]. As a result,
about 34% of the population are accessing elettrici

On the other hand, this study shows the neutradatawlationship between economic growth
and agriculture (R-7), and between positive shauk megative shock to economic growth on
both positive and negative shock to agriculture8(Rind R-9). The asymmetric causal
relationship that runs from agriculture to econogriowth is presented in R-10, while there is no
asymmetric relationship between positive shocksgraculture and economic growth (R-11). We
obtained a significant causal relationship betweegative shocks to agriculture and economic
growth, which is running from negative shocks imi@gture to economic growth (R-12). In the
same sense, the results do not indicate an asymrfesdback effect between positive shocks to
agriculture and economic growth.

In the R-13, The neutral effect is noted for thensetric relationship between capital and
economic growth, which is moving from economic gtiowio capital. Similar findings were
obtained for both positive and negative shocksafmtal and economic growth (R-14 and R-15).
The significant symmetric causality, which is rumgifrom capital to economic growth
illustrated in R-16. Lastly, we found the asymnetausal link between the negative shock to
capital and negative shock to economic growth, mgp¥iom capital to economic growth (R-18).
In (R-17) neutral effect between the positive shtxlcapital and positive shock to economic
growth was noted. Therefore, all hypotheses of shisly are similar to those tested by Tugcu
and Topcu [24].

Table 8: Asymmetric and non-asymmetric causality énong variables

variables F-test P-value Effect found

1)y, »REC 1.523 0.294 Neutral causal effect
(2)y; # REC’ 1.039 0.530 Neutral effect

)y, # RECS 0.970 0.556 Neutral effect
(4)REC =y, 9.698* 0.004 Symmetric effect

(5) REC' = v/ 1.677*** 0.081 Asymmetric effect

(6) REC, =y, 0.503 0.614 Neutral effect

@Y, A 1.447 0.317 Neutral effect

@)Yy A 1.039 0.530 Neutral effect

Oy, A 0.970 0.556 Neutral effect
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(10)A =Y, 9.205* 0.004 Asymmetric effect

ADA Y, 0.472 0.800 No asymmetric effect
12A =y, 0.122** 0.024 Asymmetric effect
13)y, 2K 1.117 0.437 Neutral effect

(14)y; K 0.550 0.755 Neutral effect

(15)y; #K{ 1.548 0.386 Neutral effect

16)K. =, 0.282** 0.036 Symmetric effect
ANK Y, 0.685 0.683 Neutral effect

(18) K =y, 1.641%** 0.072 Asymmetric effect

* ** and *** indicate significance levels of 1%5%, and 10%, respectivelys , and =
represent unidirectional causality and no causakgpectively. R-1,2 ..., represents rows.

5. Conclusions and policy implications

The existing studies that examined the impact oéweable energy consumption on economic
growth were merely on the middle/high-income coestrand few compared these countries. In
the fact that this relationship did not investigatea single low-income country, there is
imperceptible evidence that renewable energy dhergpositively or negatively affect economic
growth. However, this study extends the literatore the asymmetric causality nexus of
renewable energy consumption and economic growtbxipjoring this relationship in Rwanda
as a low-income country. The Non-linear Autoregres®istributed Lagged model (NARDL),
and causality test which are suitable to examimg-lcand short-term relationships between
variables have been employed in this study to &skathe asymmetric impact of renewable
energy consumption on economic growth. Furthermare investigated the link between
agriculture and capital on economic growth in Rwafat the period from 1990 to 2015.

The results confirmed a strong asymmetric co-irgegn relationship among variables. From
these, there is a significant negative impact ofgiterm positive shock and an insignificant
positive impact of a long-term negative shock toergable energy consumption on economic
growth. Besides, there is a long-term positive iotwen both agriculture and capital on economic
growth. Therefore, the findings confirm the evidenthat renewable energy consumption
affected either negative or positive economic glovitue to instability in past decades, Rwanda
faced a shortage of renewable energy, but curretittygovernment established energy policies
so that about 70% of the population will accesstat@ty. Among the economic sectors,

agriculture has an outstanding contribution to Riee:m economy. However, the findings
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suggest the Government of Rwanda realizes posés@omic growth from investment to
renewable energy and agriculture as primary secfadsvelopment.

Based on the limitations and findings of this stuthgre are several avenues for future research.
First, this study focused on the country-level ictpaf renewable energy consumption on
economic growth without separating the effects efewable energy utilization in different
sectors. There is evidence that the effects ofwahk energy consumption on economic growth
vary across different sectors. The next study mayrene this impact would make for a useful
exploration. Second, our findings depend on yeddta, but the records of the consumed/ not
consumed renewablenergy prices can be counted in short-term peridtds. next study can
investigate the short-term responses of industdeenewable energy prices and their verdict
with regard to renewable energy consumption, ared ithpact of these decisions on firm
production.

Third, this study focused on the impact of renewadiergy consumption on economic growth,
but renewable energy is a combination of sub-engnggs (wind energy, hydropower, etc.). The
next study can investigate the effect of each gngmge in several sectors all over the country.
Finally, the next study can investigate the effefictenewable energy on households’ economic
development. The upcoming study is discussing fifiecteof total energy consumption on
economic growth. All these future and current stadmay contribute to boosting national
economic growth by considering the alternative gneesources and consumption capacity of

different industries.
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