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ARTICLE INFO ABSTRACT
Keywords: With the rapid depletion of natural resources and increased environmental pollution, nations across the world
Renewable energy are in a desperate need of achieving the common goal of sustainable development. Combustion of fossil fuels

Energy consumption
GDP
Economic growth

along with other human activities over the past few decades have resulted in increased greenhouse gas emissions
leading to the climate change and the multi-scale pollution of land, air and water that the world is experiencing
Structural equation model today. Hence, the focus has now been shifted towards the sustainable and renewable energy sources while
Path analysis prompting a circular economy. Being one of the island nations of South Asia, Sri Lanka has also aligned the
Sustainable development country’s economic strategies with the global trends and aims to be a 100% sustainable energy dependent nation
Capital formation by 2050. Consequently, there has been a gradual rise in the renewable energy establishments in the country over
the past two decades. This study aims to analyze the influence of these establishments on the economic growth of
the country, using a structural equation modelling approach. A conceptual model was formulated to represent
the relationships between the renewable energy consumption and the key economic indicators, and also a path
analysis was carried out to explore the relationships among the variables. The fit of the conceptual model to the
secondary data collected related to the economic and energy indicators was established using a number of
statistical fit indices such as the Chi-square, absolute fit indices and the root mean square error of approximation.
The results indicate that there is no significant direct effect of the renewable energy consumption on the GDP of
Sri Lanka yet, but there is an indirect positive effect through capital formation and also an indirect negative effect
through trade balance. Hence, it is clear that renewable energy establishments have to be promoted through
incentives/policies that lead to capital accumulation via increased renewable energy consumption. Moreover,
the analysis and the findings presented in this study can be related and are applicable to many of the emerging
economies across the globe.

Change (IPCC), increased greenhouse gas emissions due to human ac-

1. Introduction tivities since the pre-industrial era, has been the main cause of cracking
the balance of global climate and weather patterns. Deforestation, fossil
Over the recent years, there has been an increased attention towards fuel combustion, agriculture and other industrial activities have
the sustainability of the planet Earth due to the escalation of adverse contributed to a significant increase in the content of carbon dioxide,
consequences happening across the globe which question the well-being methane, nitrous oxide and chlorofluorocarbons in the Earth’s atmo-
of this planet, such as global warming, melting of glaciers which are a sphere ("The Causes of Climate Change,” 2021). Eventually, the climate
few thousand years old, extinction of some species, adverse natural change causes global warming, droughts, heat waves, sea level rise, and
hazards (i.e. flooding, storms, landslides, tsunamis, etc.), increased poses risks for food security and human health.
pollution levels of air/waters/land, and then more recently the global The IPCC reported that the CO; emissions from fossil fuel combustion
pandemics. According to the 5th Assessment Report (Core Writing Team and industrial processes constituted up to 78% of the total greenhouse
et al., 2014) presented by the Inter-governmental Panel on Climate gas emission increase during the period of 1970-2010 (Edenhofer et al.,
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Abbreviations

IPCC Inter-governmental Panel on Climate Change
RE Renewable Energy

TB Trade Balance

IEA International Energy Agency

PV Photovoltaics

SLSEA  Sri Lanka Sustainable Energy Authority
ARDL Autoregressive Distributed Lag

EU European Union

CF Capital Formation

GDP Gross Domestic Product

SEM Structural Equation Modelling

ASEAN  Association of Southeast Asian Nations
ADF Asymptotic Distribution-Free

72 Chi-square

GFI Goodness of Fit Index

AGFI Adjusted Goodness of Fit Index

SRMR  Standardized Root Mean Square Residual
NFI Normed Fit Index

CFI Comparative Fit Index

IFI Incremental Fit Index

RFI Relative Fit Index

TLI Tucker-Lewis Index

RMSEA Root Mean Square Error of Approximation

2014). This highlights the significance of the negative impacts caused by
fossil fuel combustion on the climate change. Furthermore, the fossil fuel
energy sources are predicted to deplete within the next few decades, and
hence the whole world may be dragged towards an energy crisis (Hook
and Tang, 2013). Therefore, the scientists across the globe are now
investigating on possible new sustainable energy sources while trying to
optimize the efficiency of the sustainable energy sources that are already
in use (such as solar, wind and hydro), with the target of a fossil fuel free
energy future.

Renewable energy (RE) refers to the energy flows that are continu-
ously replenished by natural processes (Hersh, 2006). Unlike fossil fuel,
the RE sources manage to replenish the amount depleted due to con-
sumption, within a short time frame. These RE sources comprise wind,
solar, geothermal, biomass, hydropower, ocean RE technologies (such as
tidal, wave and ocean thermal), hydrogen-related energies and so forth
(Moselle et al., 2010). Despite the considerable increase of establish-
ments of RE technologies across the world during the last five decades,
still they cover only about 10% of the world’s total energy demand
(Haseeb et al., 2019). Among these RE sources, hydropower has been the
dominant RE source so far where the Three Gorges Dam in China is the
world’s largest hydropower station with a massive generating capacity
of up to 22,500 MW ("The 10 biggest hydroelectric power plants in the
world,” 2013), while the Amazon river along with other water sources
contribute of up to 80% of the energy generation of the South American
nations. The emerging economies in Asia, Africa and Latin America
utilize a significant proportion of traditional biomass-based sources such
as wood chips or pellets to meet their energy needs for daily household
activities (Gonzalez-Salazar et al., 2014). However, wind, solar,
geothermal energy, and modern bioenergy currently produce only about
4% of the total global energy requirements (Moselle et al., 2010). Hence
it is apparent that the world still largely depends on non-RE sources (i.e.,
oil, coal, natural gas, etc.) which adversely contribute to the global
carbon footprint and the climate change. Therefore, most of the coun-
tries across the globe have already made their move to shift more and
more towards RE sources and then the ultimate collective global target is
to design a 100% renewables-based energy future by terminating all
non-RE related sources by the year 2050 (Aqgeel and Sabihuddin Butt,
2001).

The enormous capacity and the ability to be replenished make RE
sources an attractive alternative to non-RE sources and obviously they
have the potential to fully meet the global energy requirement although
technologies are not yet developed enough to harness these energies
efficiently and economically in the required capacities to cater the total
global energy demand. It has been predicted that the abundance of solar
energy itself is more than enough to cater for all the current total global
energy needs as it is easily accessible by any nation. However, unfor-
tunately technologies are not yet developed enough to harness the solar
energy in such capacities. Moreover, around two-third of the earth is
covered by water sources, which presents numerous opportunities to

harvest RE via ocean waves, tidal range, salinity levels/gradients, ocean
thermal energy, and so forth. These sources never run out as they can
replenish, and they are harmless to the environment as well (Bélaid and
Youssef, 2017). However, establishing RE technologies should still be
quite challenging compared to most of the non-RE establishments.
Technological limitations, large investment costs, and the required
large-scale infrastructure to harness sufficiently large energy capacities
have hindered the rapid growth of RE technologies not only in devel-
oping nations but also in some of the developed nations as well.

Nonetheless, many previous researches and reports (Chien and Hu,
2007; Fang, 2011) have emphasized that the promotion of RE utilization
should lead to the development of environmental, economic and social
aspects of a nation. By being able to meet the entire energy requirement
of the country through the promotion of RE technologies, economies
across the world can save import expenses which would otherwise be
spent on non-RE sources (which can be a significant portion of the
annual budget of a country), while improving the trade balance (TB).
Expansions of RE establishments should create new employment and
investment opportunities and then this should directly promote the so-
cial and economic development of any economy. Hence, these benefits
have driven most of the economies to formulate strategies to attain
sustainable development via the promotion of RE establishments.
Following these global trends and needs, Sri Lanka aims to discontinue
the utilization of non-RE sources by the year 2050, and then to be fully
dependent on sustainable energy sources to meet the nation’s energy
needs.

This study aims to analyze Sri Lanka’s RE potential while identifying
the triggers and barriers for the development of RE establishments. Also,
this should help Sri Lanka to oversee the effectiveness of its 2050 plan of
being a 100% green energy nation by 2050. For this purpose, it is
essential to understand how RE utilization has contributed to the socio-
economic growth/development of the country so far, and also to study
on other potential capabilities of expanding RE establishments while
identifying the related triggers and barriers in terms of both social and
economic aspects. The findings of this study should be invaluable for the
country to make decisions/directions on implementing its 2050 green
energy plan while allowing policy makers to introduce new policies and
also to align the existing energy and environment related policies to
realize the ambitious target of being 100% carbon neutral. On the other
hand, the analysis and findings of this study should be invaluable for any
other country that encourages the use of RE sources to achieve the
collective global plan of being carbon neutral at least by 2050.

1.1. The current renewable energy profile of Sri Lanka

Sri Lanka is a South Asian island nation located in the Indian Ocean.
It has witnessed a rapid economic growth since the end of the thirty-year
long civil war that came to an end in 2009. The country’s traditional
agrarian economy has now been overtaken by an industrialised urban
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economic culture which has contributed to a significant increase of the
nation’s energy demand/needs over the past few decades (Hasan, 2019).
The Ceylon Electricity Board reports provide evidence to this gradual
boost of the energy demand in Sri Lanka (Samarasekara et al., 2019),
where the demand has been rising approximately by 5% per year, over
the past few years.

Sri Lanka has a reasonably long history of harnessing RE dating back
to the latter part of the 19th century, particularly when some tea plan-
tation companies installed small scale hydropower establishments for
fulfilling the electricity needs of their tea processing factories, during the
British colonial era. Consequently, the power generation capacity of the
country gradually developed mainly based on water sources where the
country’s total energy supply was based on hydro power by the early
1990s (Silva and Silva, 2016). This domination is further evident by the
electricity generation data by different energy sources in Sri Lanka, re-
ported by the International Energy Agency (IEA), for the period
1990-2018 (see Fig. 1(a)) ("Data and Statistics,” 2021a). However, the
demand for energy in Sri Lanka has grown significantly over the past two
decades and the power generated from hydropower plants alone was not
sufficient to meet the rising demand. Consequently, the share of elec-
tricity generated from oil and coal-based power plants increased and as
can be seen from Fig. 1(b) and (c), and Fig. 2, these non-RE sources
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gradually became the dominant energy sources in Sri Lanka.

As evident from Fig. 1(d) and (e), the contribution from non-
conventional RE sources such as solar photovoltaics (PV) and wind to-
wards electricity generation has been very small during the 1990s and
the early 2000s. But since the establishment of the Sri Lanka Sustainable

18000

—t—Total --®-- RE

16000

— 14000

12000

Electricity Generation (GWh
®
2
8
8

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Fig. 2. Electricity generation in Sri Lanka since 1990.
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Energy Authority (SLSEA) ("Inception,” 2021) in 2007, a significant rise
in these RE sectors can be seen. The ‘Soorya Bala Sangramaya’ pro-
gramme (which translates to ‘Battle for solar energy’) launched by the
SLSEA in 2016 has boosted the contribution of solar PV power genera-
tion (see Fig. 1(d)) to the national grid (Annual Report 2018, 2019). In
Sri Lanka, biofuels have mostly been used in household activities such as
cooking and only a small proportion has been consumed in generating
electricity (see Fig. 1(f)).

However, as of 2019 (see Fig. 3), still more than half (approximately
65%) of the electricity demand of the nation was met through non-RE
sources (coal: 34% and oil: 31%) whereas the remaining 35% was
generated using renewables (hydro: 30% and other renewables: 5%)
(Statistical Digest 2019; 2020). According to these energy related fig-
ures, it is clear that at present, Sri Lanka is greatly dependent upon
non-renewable conventional energy sources which could cause serious
long-term consequences in both ecological and economic terms, leading
to a future crisis.

Since the 1990s, the country has been forced to search for alternative
energy sources to meet the growing energy needs of the nation with the
escalation of the household energy demand and gradual industrialisa-
tion of the economy (SRI LANKA ENERGY SECTOR DEVELOPMENT
PLAN FOR A KNOWLEDGE-BASED ECONOMY 2015-2025, 2015). As a
step towards this, the Sri Lankan government developed a number of
new energy establishments to expand the country’s energy generation
network with both RE and non-RE sources, however the priority was
given mainly to fossil fuels (i.e., coal and diesel) based power plants.
With the gradual increase of non-RE establishments, emissions of CO5 in
Sri Lanka along with other greenhouse gases have been increasing over
the years, where this has marked a massive 250% increase of CO3y
emissions only for the last two decades (see Fig. 4) ("World Development
Indicators,” 2021).

As a result, the need for utilizing more and more RE sources, while
terminating the use of non-RE sources has drawn the attention of the
authorities. However, as a developing/emerging economy, Sri Lanka has
been observing challenges when establishing RE generation related
infrastructure due to their high level of capital/initial costs. As was
mentioned by the Sri Lankan energy authority, the current major chal-
lenges to the country’s energy sector are: high cost of energy/electricity;
increasing energy demand across the country for both industrial and
domestic use; the transport sector’s 100% dependency on the imported
fossil fuel oil; the lack of local capacities for energy sector related
research and technological improvements; traditional institutional
structure not geared to tackle emerging challenges within the energy
sector; the necessity of large scale investments to develop energy-related

Other RE
5%

Hydro
30%

oil
31%

Fig. 3. Electricity generation by source in 2019 in Sri Lanka.

Cleaner Engineering and Technology 6 (2022) 100377

infrastructure; unsustainable energy usage patterns; and the lack of
technologies and motivation to minimize energy losses and wastage (SRI
LANKA ENERGY SECTOR DEVELOPMENT PLAN FOR A
KNOWLEDGE-BASED ECONOMY 2015-2025, 2015). Regardless of
these challenges, the country has a plan in place to expand the energy
generation capacities to be a self-sufficient nation in terms of the na-
tion’s energy needs by 2030 and then eventually to be a fully carbon
neutral nation by 2050 (Singh et al., 2017), and the related details are
illustrated in Fig. 5.

With the on-going technological advancements and global in-
centives/motivation towards the green energies, it can be anticipated
that the installation cost of RE establishments and infrastructure would
progressively decrease over the coming years (Withanaarachchi et al.,
2014). In the mission of being fully carbon neutral, one of the key future
targets of Sri Lanka is to expand the wind and solar energy generation
capacities by a significant level. Being a small country which is just 400
miles north of the equator with no significant seasonal changes in the
climate, the Sri Lankan land enjoys plenty of constant level of sunlight
all over the year, and the country’s typical irradiation map is presented
in Fig. 6(a) ("Global Solar Atlas,” 2021). Hence, it is clear that Sri Lanka
has a great potential in harnessing energy from solar and
hydrogen-based energy sources. A recent report by Perera (2016)
claimed that Sri Lanka has the potential of harnessing 32% of the
country’s total annual energy needs (i.e. of around 10,500 GW) through
solar power, although the country has developed solar establishments to
recover only 0.01% of that potential so far.

A map illustrating the wind power potential across Sri Lanka is
presented in Fig. 6(b). The prediction made relating to the wind energy
potential of the country shows that there is an area of around 4800 km?
(i.e., 4100 km? across the land and another 700 km? around lagoons)
with good levels of wind capacities in and around the country. If a
generation potential of 5 MW per km? is assumed (according to the
energy conservation fundamentals/assumptions), the overall wind ca-
pacity potential of the country could support a total installed capacity of
24,000 MW. Thanks to prospective future developments in wind energy
related technologies, it has been estimated that Sri Lanka would be able
to harness wind energy across an area of more than 11,000 km? across
both land and lagoon areas allowing the country to harness a significant
portion of its energy needs via wind (Maduranga and Lewangamage,
2018).

In addition to the abundance of solar and wind potential, being an
island nation located in the Indian Ocean, Sri Lanka has an amazing
coastline around the country (which is 1340 km in length) (Arachchige
et al., 2017) together with a large ocean territory (i.e. the Sri Lankan
Exclusive Economic Zone which is approximately 6.7 times of the
country’s land area as shown in Fig. 7 (Arachchige et al., 2017) which
could be well-suited for locating off-shore wind and ocean-based RE
establishments.

At present, hydro, wind and solar are the dominant RE sources in Sri
Lanka covering approximately 30%, 2% and 1%, of the total energy
generation of the country respectively ('Data and Statistics,” 2021a).
Although there are several other possible RE sources, their potentials
have not yet been identified, while some of them are still in initial stages
of evaluation. Up to 10 geographical locations have been recognized,
which may have some potential for geothermal energy, but they might
not support for large scale energy generation (Kulasekara and Seynu-
labdeen, 2019). Also, ocean based (i.e., wave, tidal and salinity
gradient) RE potential is abundant to Sri Lanka being an island nation
(Karunarathne and Walpalage, 2013; Lokuliyana et al., 2020); however,
establishment of these involves huge initial capital costs and hence may
not be realistic yet. Moreover, latent heat energy storage based RE (e.g.,
use of phase change materials to generate electricity) should also be an
option to Sri Lanka but no or little attention has been made on this area.

As was mentioned, Sri Lanka has planned to discontinue all the
conventional non-RE energy sources by 2050 and this should save
around US$18-19 billion for the country’s economy that would
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otherwise be spent on fuel oil and coal. In terms of import expenses, this
should be a huge saving to the country’s annual budget and these funds
should be spent particularly for securing a sustainable future for the
country.

1.2. Existing literature on investigating the effects of renewable energy
utilization on emerging/developing economies

During the past couple of decades, RE generation capacities and
related technologies around the world have remarkably advanced,
where wind and solar energy generation establishments have an overall
annual growth rate of 27%, and 42%, respectively (Scarlat et al., 2015).
The development of RE technologies have been fuelled by their potential
socio-economic paybacks such as the possible control of the risk of
global warming, clean water/air, new employment/investment oppor-
tunities, improved quality of life, and the support to reduce (or dis-
continue) non-RE generation associated imports, etc. (Agterbosch et al.,
2009; Economou, 2010). However, the promotion of RE technologies in
emerging economies may present certain challenges (Cansino et al.,
2011; Dogan and Seker, 2016). A few examples for such challenges are
the possible high capital and maintenance costs, administrative chal-
lenges, issues in obtaining approvals (such as long waiting times), poor
coordination among operators, and the lack of communication among
responsible channels/authorities. In order to tackle these challenges,
promotional strategies such as allocating adequate funds for RE related
research, introducing tax/monetary incentives, establishing green cer-
tificates (as an incentive for using RE), and imposing stricter rule-
s/regulations on the generation and consumption of non-RE associated

energy sources as well as their harmful emission levels can be intro-
duced. Additionally, the motivation/acceptance of the society towards
the use of RE should be affected by some factors such as the high cost of
RE supply compared to non-RE; the lack of awareness on modern RE
facilities and related benefits; bureaucratic concerns/problems; in-
efficiencies and weaknesses of national legal frameworks; the possible
complexities in licensing policies/procedures; planning diffi-
culties/concerns; lack of impartiality; and mistrust towards some in-
vestors (Guo et al., 2014; Oikonomou et al., 2009).

Over the recent years, with the escalation of alarming concerns such
as the climate change, an increased attention/motivation has been paid
towards the RE sources as a potential option or way forward in miti-
gating such adverse issues while satisfying the energy demands towards
the economic development/growth of nations. Accordingly, modelling
the possible relationship/s between the economic growth and RE utili-
zation in both emerging and developed economies has been reported in
the recent literature. The majority of these previous studies generally
investigated the effects of strategies and policies for energy management
on the economic growth of a certain country.

Destek and Sinha (2020) analyzed the causal relationships between
the economic growth and energy consumption, involving four types of
hypotheses. The growth related hypothesis assumes a unidirectional
causality from energy usage to economic growth, whereas the conser-
vation hypothesis assumes a unidirectional causality in the opposite
direction. The feedback hypothesis indicates a bidirectional causality
between the two indicators, while the neutrality hypothesis assumes
that the two indicators are independent of each other. Studies that
investigated each of these hypotheses for investigating the possible
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Fig. 7. Map of the Sri Lankan exclusive economic zone (Arachchige
et al., 2017).

relationship/s between RE consumption and economic growth of
different countries and regions can be found in the literature, but no
general agreement can be observed among these findings. The outcomes
of some of these studies are discussed below.

Hossain and Saeki (2012) selected five different panels based on the
World Bank’s income groupings for 76 countries for a period of 48 years
(from 1960 to 2008) and studied the dynamic causal relationship be-
tween the electricity/energy consumption and economic growth of
those panels. For the high income, upper middle-income and global
panels, the authors reported the existence of a bidirectional causality
between the electricity consumption and economic growth. For the
lower middle-income panels, they observed a unidirectional short-run
causality. Moreover, they claimed that no causal relationship was
observed between these two indicators for low-income panels.
Furthermore, a recent study by Doytch and Narayan (2021) examined
the impact of non-RE and RE consumption on the economic growth,
differentiating between manufacturing and services growth based on a
dynamic panel of countries. Accordingly, they found that the RE con-
sumption enhances the growth in high-growth sectors in high-income
economies, (i.e. the services sector) and the manufacturing sector in
middle-income economies. In another study, Ozcan and Ozturk (2019)
researched the links between RE consumption and economic growth of
17 emerging economies for a period of 26 years (1990-2016), employ-
ing a bootstrap panel causality test. As per the results, the neutrality
hypothesis could be observed for all of the countries considered except
for Poland, which confirmed the growth hypothesis. The authors
claimed that, due to the nonexistence of causality from RE demand/-
consumption to economic growth, energy mitigating strategies/policies
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do not have any considerable adverse impacts on the growth rates of the
economy of these emerging economies, except for Poland.

Akadiri et al. (2019) verified a positive and significant long-term
relationship among the RE consumption, environmental sustainability
and economic growth, using an autoregressive distributed lag (ARDL)
methodology. The ARDL method was applied to a set of panel data for
the period 1995-2015, pertaining to 28 European Union (EU) countries.
The real gross fixed capital formation (CF), carbon emissions and other
environmental factors were recognized as key deterministic factors for
the long-term economic growth of the EU countries. Moreover, the au-
thors established a long-term bidirectional causal relationship among
the RE consumption, economic growth and other growth determinants,
by employing the Granger non-causality in heterogeneous panel re-
ported by Dumitrescu and Hurlin (2012). Based on these findings, the
authors claimed that the use of RE sources in the EU countries would
reliably mitigate the environmental pollution. In another study, Kocak
and Sarkgiinesi (2017) analyzed nine Black Sea and Balkan countries
using the heterogeneous panel causality estimation techniques reported
by Dumitrescu and Hurlin (2012) and the results suggested the existence
of a significant relationship between the RE consumption and the
long-term economic growth of these countries.

Bélaid and Youssef (2017) studied the dynamic causal relationships
between CO, emissions, renewable and non-renewable electricity con-
sumption, and the economic growth of Algeria using an ARDL
co-integration approach, for the period 1980-2012. The results sug-
gested that the long-term effects of non-renewable electricity con-
sumption associated with the economic growth have a negative impact
on the quality of the environment. In contrast, the environmental impact
of RE consumption was found to be positive. Moreover, a unidirectional
causality relationship was observed from the Gross Domestic Product
(GDP) to non-RE consumption, during the short run. Salim and Rafiq
(2012) showed that in Brazil, China, India and Indonesia, the RE con-
sumption is significantly determined by the income and the pollutant
emissions in the long-term, while in Philippines and Turkey it was
determined by the income. Moreover, the authors reported a bidirec-
tional causality between RE and income, and between RE and pollutant
emissions, in the short-term.

Cho et al. (2015) claimed that a unidirectional causality exists from
economic growth to RE consumption in developed countries, while a
bidirectional causality can be observed between the two indicators in
under-developed countries. It indicates that increased RE consumption
will contribute to an economic growth only in under-developed coun-
tries. Hence, the authors proposed the implementation of selection and
concentration strategies for the developed countries, and intensive
promotion policies for the under-developed countries. Amri (2017)
established a unidirectional causality from RE consumption to economic
growth in Algeria, in the long run. However, the results indicated that
the RE consumption does not have a significant effect on enhancing the
economic growth. Bhattacharya et al. (2016) investigated the impact of
RE consumption on the economic growth of 38 top RE consuming
countries, using heterogeneous panel techniques. The results revealed
that the RE consumption has a significant positive influence on the
economic growth of 57% of the countries considered. A negative rela-
tionship was observed for four countries including India, Ukraine, the
US and Israel, while no significant relationship was identified for eleven
countries.

Fan and Hao (2020) employed the unit root test, co-integration test,
vector error-correction model, impulse response function analysis, and
Granger causality test to analyze the relationships between the RE
consumption, foreign direct investments and the GDP of 31 provinces of
China for the period 2000-2015. As per the results, long-term stable
equilibrium relationships were established between the GDP per capita,
foreign direct investment per capita, and the RE consumption per capita.
No significant causality was observed between the foreign direct in-
vestments and the RE consumption in the short-term. However, the
authors claimed that in the long run, a modest slowdown in the GDP
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growth and the foreign direct investment will lead to a significant boost
in the RE usage in China. Furthermore, recent studies (Ogbonnaya et al.,
2019a; 2019b; 2019¢) analyzed the RE potential of Nigeria, which is an
emerging as well as the largest economy of the African continent, for
extending solar and hydrogen based RE sources.

Considering the strong relationship between RE utilization and sus-
tainable economic growth, research and development work related to
these areas are currently evolving at a promising rate. Most of the re-
ported studies involved mixed methodologies with both qualitative and
quantitative approaches. However, quantitative approaches are pre-
vailing as the main objective of most of these previous studies was to
investigate the possible short-term and long-term causal relationship/s
between the RE utilization and the sustainable economic development
and/or the contribution of the RE utilization towards the economic
growth. Moreover, regression analyses (such as distributed-lag models)
have also been utilized to analyze time series data. Most of these pre-
vious studies have reported a bidirectional causality between the non-RE
utilization and GDP in the long run, and a unidirectional relationship in
the short run.

To broaden the knowledge on links between the economic growth
and RE utilization relating to emerging economies, this study aims to
evaluate the current position of Sri Lanka’s RE profile (an emerging/
developing economy in the South Asian region) which is targeting to go
Net Zero by 2050. On the other hand, apart from the economic devel-
opment and the financial strength of a particular country, its RE po-
tential can strongly depend on its geographical location and features.
While solar energy might be the dominant RE source of one country, it
might be the hydro or wind energy for another. Hence, this is also
something important to be explored along with the economic power of a
nation.

1.3. Existing literature on applications of structural equation modelling to
analyze renewable energy related aspects

In order to examine how the RE utilization contributes towards
improving the GDP of Sri Lanka, a structural equation modelling (SEM)
approach was used in this study. SEM is a statistical methodology which
graphically illustrates a series of structural equations that represent a
hypothesized model. This hypothesized model is then statistically tested
to determine its degree of consistency with the data (Byrne, 2016). Most
of the previous works on using SEM approaches on RE technologies have
been focused on assessing the influence of attitude and awareness
related factors on the use of RE sources.

Using an SEM approach, Khan et al. (2020) established that, in the
Association of Southeast Asian Nations (ASEAN) member countries, the
use of RE in logistics leads to improved environmental performance.
This in turn reduces the public health expenditure due to less pollution,
while creating better export opportunities to environmentally friendly
countries. Ultimately, they contribute to a sustainable economic growth.
Demirbag and Yilmaz (2020) employed SEM in identifying the re-
lationships among the knowledge levels, risk perceptions and the
intention of pre-service teachers to use RE sources. Pre-service teachers
were chosen on the basis that they play an important role during their
careers in raising public awareness regarding RE sources. In a similar
study, Genc and Akilli (2019) investigated the correlation between RE
knowledge and sub-dimensions of attitude towards RE, of pre-service
teachers, using SEM. Based on the results, the authors established pos-
itive relationships between RE knowledge and attitudes of pre-service
teachers towards RE. Djurisic et al. (2020) analyzed the effects of
knowledge and perception of consumers on the behavior towards RE
sources in Montenegro, using SEM. Based on the findings, the authors
proposed carrying out promotional campaigns for improving the
awareness of consumers about RE sources, in order to drive consumers
to spend more on them. Emmann et al. (2013) employed SEM in iden-
tifying the factors that influence the farmers’ acceptance of biogas
innovation in Germany. The results suggested a strong positive impact
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on the acceptance by ‘personal innovativeness’, while it was hindered by
‘individual attitude towards biogas’ and ‘externalities’. In another
research, SeetharamanMoorthy et al. (2019) studied the social, eco-
nomic, technological and regulatory barriers that hinder the growth of
RE establishments. Based on the results from an SEM approach, the
authors claimed that social, technological and regulatory barriers
showed a direct influence, while the economic barriers have had an
indirect impact on the deployment of RE establishments.

Chien and Hu (2008) analyzed the data collected in 2003 relating to
116 countries to explore the effects of RE on the GDP, based on an SEM
approach. Contrary to the expectation of RE having an import substi-
tution effect, the results indicated that there was no significant impact
on TB by RE. Furthermore, it was established that there was no signif-
icant direct influence by the use of RE on the GDP, but a significant
indirect influence was observed through CF. However, the 116 nations
that were analyzed comprised of both developed and under-developed
economies. Hence, if analyzed individually, the RE establishments in
developed countries may affect the GDP differently to those in
under-developed countries. Consequently, the RE policies also have to
be aligned with those differences. Therefore, in the present study, the
focus was limited only to the Sri Lankan economy and the commercially
available IBM SPSS AMOS software was employed in carrying out a path
analysis using SEM.

2. Methodology
2.1. Theoretical background

The first step of an SEM approach is to formulate a hypothesized
theoretical model relating to the study. For example, in a previous study
Doytch and Narayan (2021) developed an empirical model based on an
endogenous growth framework, to investigate the effect of both
renewable and non-renewable energy on the economic growth. To
develop the theoretical model of the present study, only the effect of RE
consumption on the economic growth was considered, as the non-RE
consumption was not the focus of this study. The theoretical back-
ground of this study is as follows.

The GDP of a country can be estimated employing either the
‘expenditure approach’ or the ‘value-added approach’. Chien and Hu

CF
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(2008) recommended using the ‘expenditure approach’ for evaluating
the effect of renewables on the GDP, as the input substitution effect of
renewables might have a direct impact on TB. According to the
‘expenditure approach’ the GDP of a country can be estimated as given
in Eq. (1).

GDP=C+I+G+X—-M (@)

C is the final household consumption expenditure, I is the gross do-
mestic capital formation, G is the general government final consumption
expenditure, X is the exports and M is the imports. The difference be-
tween the exports and imports (X-M) is termed TB.

Renewables were incorporated into the model, considering two ways
in which the use of RE could lead to an increase in the GDP of a country,
as suggested by Domac et al. (2005). Firstly, RE establishments create
business expansions and new employment opportunities, that lead to an
improved GDP. Secondly, the increased use of RE could lead to an
import substitution of energy, which in turn can have direct and indirect
effects on the TB and the GDP of a country.

The hypothesized model for determining the effect of renewables on
the GDP of Sri Lanka was formulated based on the theory discussed
above. The initial SEM model based on this hypothesized model created
using the IBM SPSS AMOS software is illustrated in Fig. 8. The unob-
served variables el-e5 in Fig. 8 represent the residuals. The equations
that govern the hypothesized model can be found in the work by Chien
and Hu (2008). It should be noted that the variable G in Equation (1) was
eliminated in order to avoid multicollinearity among the variables
(Chien and Hu, 2008).

This study used sample data reported between 1990 and 2018 over a
period of 29 years, related to the above discussed variables of the Sri
Lankan Economy. Data for GDP, household consumption (HC), CF, TB,
energy imports (EI) and RE consumption were collected from the World
Development Indicators database of the World Bank ("World Develop-
ment Indicators,” 2021) and the IEA database ("Data and Statistics,”
2021b).

2.2. Data pre-processing

Data pre-processing is an important aspect of SEM as missing data,
outliers and the existence of multicollinearity among the variables could

GDP — Gross Domestic Product
HC - Household Consumption
CF - Capital Formation

TB - Trade Balance

RE - Renewable Energy

EI - Energy Imports

GDP

el-e5 — Residual Values

HC

Fig. 8. The initial SEM model based on the hypothesized model.
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lead to inaccurate SEM results and consequently researchers may reject
an accurate model. The sample data collected belong to the period
1990-2018, hence the dataset consists of 29 data points (for 29 years).
Despite the availability of data for the economic indicators since 1975,
data related to the RE consumption are only available from 1990 on-
wards. Fig. 9 illustrates the trends of each indicator over the considered
period, while Table 1 summarizes the descriptive statistics of the data-
set. In Fig. 9, the variation of TB was plotted as net imports, since the
imports exceeded the exports, in all the years. This is also evident from
the negative value for the mean of the TB in Table 1. All the variables
were rescaled before feeding the data to the AMOS software, in order to
ensure that all the data were on a similar scale.

2.2.1. Outlier assessment

Detection and removal of univariate and multivariate outliers is a
crucial aspect of data pre-processing as outliers are sensitive to regres-
sion analysis and could lead to inaccurate SEM results (Dhakal, 2017).
Fig. 10(a) illustrates the boxplots of the normalized data used for
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Table 1

Descriptive statistics of the dataset.
Indicator Mean Standard

Deviation

GDP/10° (Current US$) 36.5940 28.6044
Household Consumption/10° (Current US$) 25.1495 19.2638
Trade Balance/10° (Current US$) —3.2137  2.5530
Capital Formation/ 10° (Current US$) 10.8835 9.5901
Energy Imports/10° (tonnes of oil equivalent) 3.8056 1.5990
Renewable Energy Consumption/10° (tonnes of oil ~ 4.7230 0.4927

equivalent)

univariate outlier detection. It is evident that there are no univariate
outliers, as none of the data points lie outside the whiskers of the box-
plots. Fig. 10(b) illustrates a multivariate outlier assessment performed
using a scatter plot of Cook’s distance (Cook, 1977). A data point can be
considered to be an outlier, if the Cook’s distance is greater than 1
(Dhakal, 2017). The results indicate that all the data points lie within a
Cook’s distance of 1. Hence it is clear from Fig. 10(b), that there are no
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Fig. 9. Variation of economic and energy indicators over the period of 1990-2018 (a) GDP (b) Household Consumption (c) Trade Balance (d) Capital Formation (e)

Energy Imports (f) Renewable Energy.
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Fig. 10. Outlier Assessment: (a) Boxplots for univariate outlier detection (b) Scatter plot of Cook’s Distance for multivariate outlier detection.

multivariate outliers that could adversely affect the SEM results.

2.2.2. Normality test

Since, the SEM is performed using the maximum likelihood estima-
tion (Byrne, 2016), it is necessary to establish the normality of the
dataset used. The boxplots in Fig. 10(a) shows that all the variables
exhibit a certain degree of skewness. Hence, a normality test was per-
formed to assess whether the degree of normality of the dataset is suf-
ficient for performing the SEM. The results of the normality test are
shown in Table 2.

According to West et al. (1995), a dataset is considered to show a
significant deviation from normality if the magnitude of the kurtosis
value is greater than 7. Based on the results shown in Table 2, the var-
iables do not exhibit a significant departure from univariate normality,
even though a certain degree of negative kurtosis exists in each variable.
However, there is a high multivariate kurtosis value of 19.115, which
suggests that the dataset is significantly multivariate non-normal.
Multivariate kurtosis creates serious problems in SEM analysis and the
results obtained using the maximum likelihood estimation would not be
reliable (Byrne, 2016). An alternative would be to use the Asymptotic
Distribution-Free (ADF) estimation (Browne, 1984) instead of the
maximum likelihood estimation, but it is believed that this method is not
suitable for small datasets (West et al., 1995). Hence, bootstrapping
techniques (Kline, 2016) were used in evaluating the model.

3. Results and discussion

The results of the SEM models are summarized in Table 3. The initial
SEM model was termed Model 1, while Models 2 and 3 refer to the
subsequent models that were obtained after modifying the initial SEM
model (i.e. Model 1), in order to improve the model fit. The calculated
unstandardized regression weights of the models are shown in Table 4.

The initial SEM model (i.e. Model 1) with the calculated standard-
ized regression weights is illustrated in Fig. 11. The model has a Chi-
square (xz) value of 12.798 with 3 degrees of freedom (see Table 3). A
probability level of 0.005 indicates that the model does not have a good
fit to the data. However, the literature suggests that the y? estimate
should be considered along with other goodness of fit indices, as the y2
estimate may be affected by several factors such as the sample size

Table 2

Normality test results.
Variable Skewness Kurtosis
GDP 0.755 —-1.116
HC 0.769 —1.091
TB —0.769 —0.926
CF 0.796 —1.153
EI 0.216 —0.651
RE 0.420 —0.391
Multivariate 19.115
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Table 3
The results provided by the SEM models.
Fit Index Model 1 Model 2 Model 3
Chi-square Chi-square 12.798 3.225 3.260
Degrees of freedom 3 2 3
Probability level 0.005 0.199 0.353
SRMR 0.021 0.018 0.018
Absolute Indices of Fit GFI 0.883 0.966 0.965
AGFI 0.184 0.639 0.757
Baseline Comparisons NFI 0.972 0.993 0.993
RFI 0.858 0.946 0.964
IFI 0.978 0.997 0.999
TLI 0.887 0.979 0.997
CFI 0.977 0.997 0.999
RMSEA RMSEA 0.342 0.148 0.056
Closeness of Fit 0.007 0.222 0.385
LO 90 0.164 0.000 0.000
HI 90 0.544 0.432 0.328

(Byrne, 2016).

The goodness of fit index (GFI) and the adjusted goodness of fit index
(AGFI) are absolute indices of fit (Hu and Bentler, 1995), and values
close to 1 indicate a good fit of the hypothesized model to the data. A GFI
value of 0.883 is not indicative of a strong fit, and a low AGFI value of
0.184 further suggests that the model fits poorly. Moreover, it should be
noted that, GFI and AGFI can be significantly influenced by the sample
size (Fan et al., 1999). However, a standardized root mean square re-
sidual (SRMR) value of 0.021 indicates a good model fit, as a value less
than 0.05 is preferred.

The normed fit index (NFI) (Bentler and Bonett, 1980) is a widely
used incremental fit index, but it has a tendency of underestimating the
fit in small sample sizes. The comparative fit index (CFI) (Bentler, 1990)
addresses this issue by taking into account the sample size. For both NFI
and CFI, values greater than 0.95 are preferred. As per the results of
Model 1, a good model fit is suggested by the high NFI and CFI values of
0.972 and 0.977 respectively (see Table 3). The incremental fit index
(IFI) (Bollen, 1989) also addresses the issue of sample size associated
with the NFI and a value of 0.978 in Model 1 indicates a good fit.
However, a relative fit index (RFI) (Bollen, 1986) of 0.858 and a
Tucker-Lewis index (TLI) (Tucker and Lewis, 1973) of 0.887 are not
suggestive of a very strong fit, as the values are less than 0.95.

The root mean square error of approximation (RMSEA) is another
popular fit index used to assess the model fit. Generally, values less than
0.05 are preferred and an RMSEA of 0.342 (see Table 3) is indicative of a
poor model fit. However, it should be noted that Hu and Bentler (1999)
claimed that small sample sizes have a tendency of over-rejecting true
population models. A closeness of fit of 0.007 (see Table 3) further
provides evidence for a poor model fit, where a value greater than 0.5 is
preferred (Joreskog and Sorbom, 1996).

Based on the results shown in Table 3, it can be concluded that, even
though high NFI, IFI and CFI values as well as a low SRMR value are
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Table 4

Unstandardized regression weights of the SEM models.
Path Model 1 Model 2 Model 3

Estimate Standard Error Probability Level Estimate Standard Error Probability Level Estimate Standard Error Probability Level

EI « RE 2.347 0.424 <0.001 2.347 0.424 <0.001 2.347 0.424 <0.001
TB « RE —2.164 0.697 0.002 —2.110 0.678 0.002 -2.110 0.678 0.002
TB « EI —0.830 0.215 <0.001 —0.853 0.204 <0.001 —0.853 0.204 <0.001
HC < TB —4.209 0.688 <0.001 —4.209 0.692 <0.001 —4.209 0.692 <0.001
HC < EI 5.408 1.099 <0.001 5.408 1.110 <0.001 5.408 1.110 <0.001
CF <« RE 1.896 0.860 0.028 2.681 0.911 0.003 2.681 0.911 0.003
CF « HC 0.456 0.022 <0.001 0.428 0.024 <0.001 0.428 0.024 <0.001
GDP <« TB 0.728 0.178 <0.001 0.728 0.199 <0.001 0.733 0.199 <0.001
GDP < HC 1.239 0.058 <0.001 1.239 0.063 <0.001 1.247 0.052 <0.001
GDP « CF 0.639 0.110 <0.001 0.639 0.130 <0.001 0.631 0.124 <0.001
GDP <« RE 0.883 0.578 0.126 0.883 0.559 0.114 0.931 0.545 0.087
GDP « EI 0.050 0.240 0.834 0.050 0.253 0.843 - - -

GDP

Fig. 11. Model 1 with estimated standardized regression weights.

suggestive of a good fit, the remaining fit indices (i.e. GFI, AGFL, RFI, TLI
and RMSEA) as well as the significant ¥ value do not provide satisfac-
tory evidence to confirm a strong fit of Model 1 to the data. Therefore, in
order to improve the fit of the model, modifications needed to be done to
Model 1. For this, evidence for model misspecification was investigated.
AMOS provides modification indices and standardized residuals which
are quite useful in identifying model misspecifications.

The highest modification index reported by AMOS for Model 1 was
6.416, which corresponded to a possible covariance between the error
terms e2 and e3, related to the variables CF and TB, respectively. It
means that, if the covariance between the error terms e2 and e3 were to
be freely estimated, the overall ¥ value would reduce by about 6.416.
However, the inclusion of this additional parameter to the SEM model
should be done only if it is meaningful. As both the variables CF and TB
have a strong correlation with the exogenous variable RE, it could be
possible for their corresponding error terms to have a high covariance
between them. Based on this justification, Model 1 was modified such
that the covariance between those error terms would be freely estimated
in the subsequent analysis. The resultant model after the modification

11

was termed Model 2 (see Fig. 12) and its results after calculating the
estimates are summarized in Table 3. The estimated unstandardized
regression weights are shown in Table 4.

From Table 3, it is evident that the modification has considerably
reduced the y2 value to 3.225 with 2 degrees of freedom. The probability
level of 0.199 (which is greater than 0.05) suggests that this 2 value is
non-significant and hence gives an indication of a good model fit. A high
GFI value of 0.966 suggests a great fit of the model compared to the GFI
value of 0.883 of Model 1. The AGFI value has considerably increased to
0.639, from 0.184 in Model 1, but still is not indicative of a good fit. All
the other fit indices comprising the NFI, RFI, IFI, TLI and CFI are
indicative of excellent model fit with values of 0.993, 0.946, 0.997,
0.979 and 0.997 respectively. However, an RMSEA value of 0.148 in-
dicates a poor model fit.

As discussed above, the assessment of the SEM results of Model 2
shows that the non-significant y2 value along with the small SRMR value
and high GFI, NFI, RFI, IFI, TLI and CFI values are suggestive of a strong
model fit, while the AGFI and RMSEA values are not satisfactory. Hence,

Fig. 12. Model 2 with estimated standardized regression weights.
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it was decided to look into the possibility of further improving the model
fit.

According to Table 4, all the paths in Model 2 are significant at the
0.05 probability level except for two paths. The path from EI to GDP and
the path from RE to GDP failed to achieve the significance level. Hence,
in order to further improve the model fit, it was decided to drop the path
from EI to GDP as it was the least significant path. The resultant model is
termed Model 3 (see Fig. 13). The estimated unstandardized regression
weights are shown in Table 4.

As per the fit indices shown in Table 3, the non-significant x? value of
3.260 and the small SRMR value of 0.018, along with the high values of
GFI, NFI, RFI, IFI, TLI and CFI of Model 3, are indicative of a model with
excellent fit to the data. Even though the value of AGFI is still 0.757, it
has improved significantly, compared to the value of 0.184 in Model 1.
Furthermore, the RMSEA has reduced significantly to a value of 0.056.
Although a value less than 0.05 is preferred with a closeness of fit value
greater than 0.5, the RMSEA value of Model 3 can be considered to be
acceptable. However, a wide 90% confidence interval of 0-0.328 (see
Table 3) with a small sample size of 29, may suggest that the RMSEA
estimate is imprecise (Byrne, 2016). Taking all these into account, even
though the RMSEA value is not highly desirable, based on the other fit
indices discussed above, along with a non-significant y2 value, it can be
concluded that Model 3 exhibits a good fit to the data. Hence, no further
modifications were done to Model 3.

Table 5 summarizes the standardized residual covariances for Model
3 (only half of the values are given due to the symmetrical nature of the
data). Values greater than 2.58 would indicate large deviations from a
good fitting model (Byrne, 2016). However, it is evident from Table 5
that all the residual covariance values are well below this cutoff value,
indicating that there are no model misspecifications.

As discussed in Section 2.2.2; it is clear from Table 2 that the dataset
used in this study exhibits multivariate non-normality. The Bollen-Stine
bootstrapping technique (Bollen and Stine, 1992) was used to address
this issue. It evaluates the correctness of the hypothesized model,
without assuming that the data is normally distributed (Byrne, 2016).
The bootstrapping results reported a p-value of 0.603 (>0.05), indi-
cating a good fit of the model to the data.

)

72
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Fig. 13. Model 3 with estimated standardized regression weights.
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Table 5
Standardized residual covariances.
RE EI TB HC CF GDP
RE 0.000
EI 0.000 0.000
TB 0.000 0.028 —0.027
HC —0.221 —0.015 0.028 —0.021
CF —0.187 —0.028 0.031 —0.034 —0.043
GDP —0.225 —0.015 0.028 —0.027 —0.039 —0.032

Based on the results of Model 3 shown in Table 4, it can be seen that
all the paths, except the path from RE to GDP are significant at the 0.05
probability level. As expected from the theory, the TB, HC and CF have a
strong positive correlation with the GDP of Sri Lanka. Furthermore,
strong positive correlations can be observed between EI and HC, RE and
CF, and HC and CF, while strong negative correlations can be observed
between RE and TB, EI and TB, and TB and HC. However, a strong
positive correlation is observed between RE and EI, although EI is ex-
pected to decrease with increasing RE consumption. Chien and Hu
(2008) claimed that this may be explained by the fact that, when a
country has a high energy demand, it still imports more energy, while
consuming more renewables as well.

It is evident from Table 4 that there is no strong direct correlation
between the RE consumption and the GDP of Sri Lanka. Even though,
this result is not directly aligned with the results of the study by Narayan
and Doytch (2017), who mentioned that the total RE consumption of
low and lower middle income countries contributes to the economic
growth, this finding is in agreement with the work by Mahmoodi and
Mahmoodi (2011), where the authors reported that no causality exists
between the RE consumption and the economic growth of Sri Lanka.
This is also in agreement with the results of Zeb et al. (2014), where the
authors showed that there is no cointegrating relationship between the
RE consumption and the GDP through a Granger causality test. The re-
sults further confirm the findings of Chien and Hu (2008), where the
authors showed that there is no significant direct influence of the RE
consumption on the GDP, through an SEM approach based on data
related to 116 economies including Sri Lanka. This is expected consid-
ering that Sri Lanka is a developing nation, which still depends on a large
amount of non-RE sources, but this might change over time with the
addition of new renewable establishments to the national energy supply.
RE consumption in Sri Lanka may not have yet reached a stage where it
would directly influence the economic growth of the country.

However, the results indicate that a strong positive correlation exists
between renewables and CF as well as between CF and GDP, which is
consistent with the results of the studies by Chien and Hu (2008) and
Rahman and Velayutham (2020). As per this relationship, increased use
of RE leads to an increase in CF, which in turn contributes to the eco-
nomic growth of the country. This suggests that the RE consumption has
an indirect positive impact on the GDP of Sri Lanka. However, contrary
to the expectation, a significant negative correlation was observed be-
tween RE and TB. The significant positive correlation between RE and EI
as well as the significant negative correlation between RE and TB indi-
cate that RE does not have an import substitution effect. These results
are in agreement with the work by Chien and Hu (2008).

Considering both these factors, it is clear that the implementation of
policies that lead to capital accumulation through increased use of RE,
would be the ideal strategy for Sri Lanka. Due to the negative correlation
between RE and TB, increasing the TB would not be a suitable approach
to promote RE establishments. Hence, the government should provide
incentives to increase the CF. These incentives could be in the form of
government subsidies or tax reliefs to promote the development of RE
establishments in the country. Furthermore, necessary measures should
be taken to allow the RE technologies to easily penetrate the market.



C.H. Dasanayaka et al.

4. Conclusions

The results of this study suggest that the RE establishments in Sri
Lanka have a significant effect on the GDP of the country. However, this
is not a direct effect, which may be explained by the fact that Sri Lanka is
still a developing nation, which heavily relies on non-RE sources at
present. The positive significant correlation between RE and CF, and the
negative significant correlation between RE and TB imply that the RE
establishments may cause both favorable and adverse effects on the GDP
of Sri Lanka. It should be noted that the policy makers should focus on
implementing policies that result in increased CF through the use of RE
in order to maximize the economic growth. Moreover, RE policies that
increase the TB could have negative effects on the economic growth
while they could literally lead to the sustainable economic growth of the
country.

Overall, this analysis indicates that Sri Lanka’s RE profile is not at a
strong position to influence the country’s economy to a significant level.
This should be the case for many of the other emerging economies
worldwide. Hence, for any nation, it is really important to thoroughly
investigate their RE potential and then to understand the possible trig-
gers and barriers of promoting both the RE generation and use. Then,
rules and regulations should be reviewed and introduced to eliminate
any possible barriers while providing incentives relating to RE genera-
tion and use. In this case, the formation of public—private partnerships is
essential for further development of the RE sector. As an incentive for
encouraging the participation of the private sector, providing tax in-
centives as well as providing interest-free or low-interest financial sup-
port to finance such projects would be important and timely. However,
some of the main barriers identified in developing countries could be
highly diverse and they might be associated with political, social and
economic sectors. These diverse issues can be tackled/reduced by
incorporating policies which tend to minimize the risk related to such
projects and the initial capital cost. Moreover, each and every nation
should adhere to global policies, agreements and guidelines on reducing
the harmful emission and pollution to restore the balance of our nature
before it is too late to do so.
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