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Renewable Energy has gained significant popularity in recent years as a result of the
concerns toward climate change and the debate over the limited supply by traditional
energy resources such as coal, oil and gas. It has been argued that sustainable energy
supply associated with the promotion of clean energy could serve as an important
engine for growth. Intuitively, sounds protection reinforce the investment in the
renewable energy sector due to the renewables investor might feel more confidence
toward their efforts being recognized. The first objective of this study carried out in
attempt to examine if intellectual property right is an important driver for the
renewable energy production. By employing dynamic panel Generalised Method of
Moments (GMM) from 1986 — 2014 which covers the sample 59 countries. The
empirical results show that there is strong evidence to conclude that intellectual
property rights indeed an important driver for the renewable energy electricity
production. Greater protection right motivates the renewables energy firm to increase
the energy production from renewable resources. Our findings further suggest that
stronger protection tends to propagate the deployment of renewable energy
technologies which ultimately promote the renewable energy production.

Tremendous surge in the oil price drawn the attention to the renewable energy
consumption recent years due to the spike in oil price might be the stimulus engine for
renewables consumption. Throughout the application of dynamic panel threshold
methodology in investigating the impact of oil prices on renewable energy
consumption growth by using a range of data from 1995 to 2018 that consisted of 160
countries, which were divided into; high-income, upper-middle-income, lower-
middle-income and low-income groups. The empirical results, based on a nonlinear
framework, indicated that there is an oil prices threshold to renewable energy
consumption. The results reveal that above the threshold, oil prices are negatively and
significantly related to growth in renewable energy consumption. The result of high-
income group also demonstrated that oil prices have a negative and statistically
significant impact on renewable energy consumption growth during times of high oil
prices. Nevertheless, for the upper-middle income group, oil prices is a positive and



significant determinant of renewable energy consumption growth below the threshold
level. The lower-middle-income group indicated that the impact of oil prices is
insignificant during times of low and high oil prices. The low-income group showed
that the impact of oil prices is weak significant, below the threshold level. Our findings
further suggest that there is no substitution effect between oil prices and renewable
energy, but rather, that both complemented each other. Any increase in oil prices will
harm growth in renewable energy, as oil continues to be an important production input
in the renewable energy sector.

Continuously targeting the renewable energy consumption raise an awareness of the
environmentally friendly energy which ultimately could trigger a change in the energy
trend for future generation. Financial assistance is critically important to support the
renewable energy consumption particularly due to the cost of acquiring the renewable
energy is relatively higher compared to conventional energy. Therefore, with respect
to the concern raised on whether finance does impose any impact to the renewable
energy consumption and subsequently growth, the third objective of this study aim to
examine the moderating impact of finance on renewable energy to growth. By
applying panel GMM methodology with a set of data for 106 countries ranging from
2006 to 201, this study found that country with well-developed financial system tends
to promote the economic growth while country with least developed financial system
will affect economic growth negatively. These findings imply that renewable energy
consumption will spur the growth but only in the present of strictly regulated financial
framework. Our findings suggest that countries with well-developed financial system
might have the possibility to avoid from the problem with asymmetric information
which eventually could further reduce the potentially losses of lenders, thus, they will
be willing to lend more for the renewables borrowers. On the other hand, countries
with least-developed financial system might conceal some information keen to be
known by lenders which in turn might dampen the renewable energy industry due to
the users will find it difficult to get the financial resources.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah

PENENTU TENAGA BOLEH DIPERBAHARUI DAN
KESANNYA TERHADAP PERTUMBUHAN EKONOMI

Oleh
TEE WU SHUN

Jun 2020

Pengerusi: Lee Chin, PhD
Sekolah: Perniagaan dan Ekonomi

Tenaga Diperbaharui telah mendapat populariti yang signifikan dalam beberapa tahun
kebelakangan ini sebagai hasil dari keprihatinan terhadap perubahan iklim dan
perdebatan mengenai pembatasan bekalan oleh sumber tenaga tradisional seperti arang
batu, minyak dan gas. Telah dikatakan bahawa bekalan tenaga lestari yang berkaitan
dengan promosi tenaga bersih dapat berfungsi sebagai mesin penting untuk
pertumbuhan. Secara intuitif, perlindungan suara menguatkan pelaburan dalam sektor
tenaga boleh diperbaharui kerana pelabur yang boleh diperbaharui mungkin merasa
lebih yakin terhadap usaha mereka yang dikenali. Objektif pertama kajian ini
dilakukan dalam usaha untuk mengkaji apakah hak kekayaan intelektual adalah
pemacu penting bagi pengeluaran tenaga boleh diperbaharui. Dengan menggunakan
panel dinamik Generalized Method of Moments (GMM) dari tahun 1986 - 2014 yang
merangkumi sampel 59 negara. Hasil empirikal menunjukkan bahawa ada bukti kuat
untuk menyimpulkan bahawa hak harta intelek sememangnya menjadi pemacu penting
bagi pengeluaran tenaga elektrik yang boleh diperbaharui. Hak perlindungan yang
lebih besar mendorong syarikat tenaga boleh diperbaharui untuk meningkatkan
pengeluaran tenaga dari sumber yang boleh diperbaharui. Penemuan kami
menunjukkan bahawa perlindungan yang lebih kuat cenderung menyebarkan
penggunaan teknologi tenaga boleh diperbaharui yang akhirnya mempromosikan
pengeluaran tenaga boleh diperbaharui.

Kenaikan harga minyak yang luar biasa menarik perhatian kepada penggunaan tenaga
yang boleh diperbaharui beberapa tahun kebelakangan ini kerana lonjakan harga
minyak mungkin merupakan rangsangan bagi penggunaan bahan terbaharu. Sepanjang
penerapan metodologi ambang panel dinamik dalam menyelidiki kesan harga minyak
terhadap pertumbuhan penggunaan tenaga boleh diperbaharui dengan menggunakan
rangkaian data dari 1995 hingga 2018 yang terdiri dari 160 negara, yang terbagi
menjadi; golongan berpendapatan tinggi, berpendapatan tinggi, berpendapatan rendah,
sederhana rendah dan berpendapatan rendah. Hasil empirikal, berdasarkan kerangka
nonlinier, menunjukkan bahawa ada ambang harga minyak untuk penggunaan tenaga
yang dapat diperbaharui. Hasil kajian menunjukkan bahawa di atas ambang harga,



harga minyak secara negatif dan signifikan berkaitan dengan pertumbuhan
penggunaan tenaga boleh diperbaharui. Hasil kumpulan berpendapatan tinggi juga
menunjukkan bahawa harga minyak mempunyai kesan negatif dan signifikan secara
statistik terhadap pertumbuhan penggunaan tenaga boleh diperbaharui pada masa
harga minyak tinggi. Walaupun begitu, bagi golongan berpendapatan menengah atas,
harga minyak adalah penentu positif dan signifikan pertumbuhan penggunaan tenaga
boleh diperbaharui di bawah tahap ambang. Kumpulan berpendapatan rendah dan
sederhana menunjukkan bahawa kesan harga minyak tidak signifikan pada masa harga
minyak rendah dan tinggi. Kumpulan berpendapatan rendah menunjukkan bahawa
kesan harga minyak lemah Kketara, di bawah tahap ambang. Penemuan kami
selanjutnya menunjukkan bahawa tidak ada kesan penggantian antara harga minyak
dan tenaga boleh diperbaharui, melainkan, kedua-duanya saling melengkapi. Sebarang
kenaikan harga minyak akan membahayakan pertumbuhan tenaga boleh diperbaharui,
kerana minyak terus menjadi input pengeluaran penting dalam sektor tenaga boleh
diperbaharui.

Dengan terus menerus menargetkan penggunaan tenaga boleh diperbaharui
meningkatkan kesadaran akan energi mesra alam yang akhirnya dapat memicu
perubahan dalam aliran tenaga untuk generasi akan datang. Bantuan kewangan sangat
penting untuk menyokong penggunaan tenaga boleh diperbaharui terutamanya kerana
kos memperoleh tenaga boleh diperbaharui adalah lebih tinggi berbanding dengan
tenaga konvensional. Oleh itu, berkenaan dengan kebimbangan yang timbul mengenai
apakah kewangan memberi kesan kepada penggunaan tenaga boleh diperbaharui dan
seterusnya pertumbuhan, objektif ketiga kajian ini bertujuan untuk mengkaji kesan
pembiayaan yang sederhana terhadap pertumbuhan tenaga boleh diperbaharui kepada
pertumbuhan. Dengan menerapkan metodologi GMM panel dengan sekumpulan data
untuk 106 negara antara tahun 2006 hingga 2015 kajian ini mendapati bahawa negara
dengan sistem kewangan yang maju cenderung untuk mendorong pertumbuhan
ekonomi sementara negara dengan sistem kewangan yang paling kurang akan
mempengaruhi pertumbuhan ekonomi secara negatif. Penemuan ini menunjukkan
bahawa penggunaan tenaga boleh diperbaharui akan mendorong pertumbuhan tetapi
hanya pada masa ini kerangka kewangan yang diatur dengan ketat. Penemuan kami
menunjukkan bahawa negara-negara dengan sistem kewangan yang maju mungkin
mempunyai kemungkinan untuk menghindari masalah dengan maklumat asimetrik
yang akhirnya dapat mengurangi kemungkinan kerugian pemberi pinjaman, oleh itu,
mereka akan bersedia memberi pinjaman lebih banyak untuk peminjam yang boleh
diperbaharui. Sebaliknya, negara-negara dengan sistem kewangan yang kurang maju
mungkin menyembunyikan beberapa maklumat yang ingin diketahui oleh pemberi
pinjaman yang pada gilirannya dapat melemahkan industri tenaga boleh diperbaharui
kerana pengguna akan merasa sukar mendapatkan sumber kewangan.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Over the last decade, the severe pollution of the environment has remained a hot topic
that has been widely discussed at the national level. Tremendous growth in energy
consumption, notably in heavy industries, has created concerns from various
perspectives, such as labor productivity, healthcare, social welfare, and carbon dioxide
(CO2) emission. With regards to this, the reaction of policymakers to excessive CO2
emissions in the environment can no longer be ignored. Due to the overwhelming
demand for energy, particularly for large scale consumption of electricity, the supply
of conventional energy remains as the primary energy resource to tackle the infinite
trend of demand. According to a recent report released by the Energy Information
Administration (EIA) in 2019, global energy consumption is expected to increase by
50 percent by 2050, primarily driven by economic growth.

Energy is essential to sustain the development of a nation. Fossil fuel has been
recognized as the most common energy used globally because of the upward trend in
global economic development. However, the expansion of energy-consuming
activities in developed and emerging countries, and waste in rich countries (especially
Gulf countries) has led to two major concerns: (1) the depletion of the most easily
accessible energy resources (mainly oil) and (2) the problem of global warming caused
by the rapid increase in the emissions of greenhouse gases such as CO2 and methane.
The global nature of these concerns require renewable energy resources to be
appropriately managed and used.

In general, energy resources can be decomposed into two different categories, namely
non-renewable and renewable. A non-renewable resource (also called a finite resource)
is a resource that does not renew itself at a sufficient rate for sustainable economic
extraction in meaningful human time frames and will eventually exhaust quality
supplies. Fossil fuels such as oil, coal, and natural gas are formed at far slower rates
than the rate of energy use for mining, manufacturing, and electricity generation. In
contrast, renewable energy is commonly defined as energy generated from sources that
are naturally replenishing and virtually inexhaustible over time but are limited in the
amount of energy that is available per unit of time (U.S. Energy Information
Administration). Examples of renewable energy sources are Biomass, Hydropower,
Geothermal, Wind and Solar. Overwhelming energy demands are primarily due to
consumption from four sectors, i.e. residential, commercial, industrial and
transportation. Figure 1.1 indicates actual and projected energy consumption by sector,
where the industrial sector is the largest contributor to world energy consumption at
approximately 26.79 percent in 2018.
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Figure 1.1: Actual and Projected Global Energy Consumption by Sector, 2019
(Source: U.S. Energy Information Administration 2019)

1.2 Renewable Energy

Renewable energy has emerged as a powerful tool for future energy supply, given that
conventional energy such as petroleum is limited and will be depleted someday.
Therefore, the development of the renewable energy sector will ensure sustainable
energy supply. Contradictory to conventional energy, renewable energy is clean, safe
and inexhaustible. Therefore, it is growing fast around the world and will eventually
edge out many conventional energy components to occupy a leading position in overall
energy consumption. Recent developments in the renewable energy sector have
heightened the need for everyone to treat climate change seriously. Global weather has
changed dramatically as a result of substantial CO2 emissions associated with the rapid
economic development in developing countries such as China and India, which have
released an additional 1000 tones or 200 units of CO2 into the world.

It has been argued that the increased consumption of conventional energy, such as
fossil fuel, produces negative externalities for the environment. For instance, large
amounts of CO2 emission eventually lead to greenhouse gas (GHG) levels above the
targeted level and the degradation of environmental quality. Though renewable energy
is not a perfect alternative to conventional energy, as a substitute of the latter, its role
has become gradually more important, particularly in the heavy industry sector.
Compared to conventional energy, the cost of producing renewable energy is relatively
higher, because it requires additional effort in Research and Development (R&D) and
advanced technology deployment due to the limited knowledge in this industry.

Among the different types of renewable energy, wind, solar and biomass are the three
emerging primary renewable energy sources. The most significant rise is in the
consumption of wind power, which has grown more than energy generation from coal
and nuclear power. To encourage the public or private sector to invest in renewable
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energy, financial incentives serve as an important tool in driving renewables’ growth.
Among these incentives, the most effective measures include tax reduction,
introduction of a grace period, provision of capital or discounted rates, reduced
depreciation life of assets, and accelerated depreciation methods (El-Karmi & Abu-
Shikhah, 2013). Apart from the incentives mentioned above, other schemes such as
feed-in tariffs, investment subsidies, and green certificate trading could also be
introduced by the government (Salim et al. 2014).

Recent investigations show that the contribution of renewable energy to global
electricity generation is expected to increase by an average of 3.6 percent per year.
Without this substitution, existing energy consumption would generate an additional
1.3 Gigatonnes of CO2 emissions, which is approximately 12 percent of the projected
emission gap that needs to be filled in 2020 (Global Trends in Renewable Energy
Investment, 2015). Besides that, research done by the UK Renewable Energy
Association (REA) found that the funds injected into renewable energy investment
have reached approximately 10.7 billion pound sterling. Such an investment has
correspondingly boosted the employment rate by nine percent (UK and PWC
Renewable Energy Investment, 2014). Furthermore, numerous preceding works have
documented that the role of renewable resources are gradually more important.

In addition, Bloomberg’s new energy research team has reported that solar energy
recorded the highest growth among several types of renewable energy at 25 percent in
2014. This was followed by wind, which had an 11 percent higher investment than the
former year (UNEP, Bloomberg New Energy Finance). Substantial increases in the
consumption of wind energy does not only apply to the case of big nations like China
but also to smaller ones like Spain. A study in Spain unveiled that the consumption of
wind energy is isolated from regulatory influences and continues to experience
positive growth, while the uneven growth in their renewables is not solely determined
by geographical factors but also by support from independent communities within
states (Montoya et al., 2014).

Figures 1.2 and 1.3 display the energy supplies generated by renewable resources. The
data shows that electricity generated by renewable energy has been gradually trending
upward since 1980 and achieved approximately 6000 billion Kilowatts in 2017. This
demonstrates the growing reliance on renewable energy as an alternative resource to
produce electricity. In terms of region, Asia and Oceania are greatest contributors to
renewable energy production with around 2500 kilowatt hours of electricity generated
by renewable resources. This upward trend in renewable energy usage for power
supply implies that most countries have started to deploy technologies to explore
renewable energy.
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Figure 1.2: Global Renewable Electricity Net Generation (1980 — 2017)
(Source: Energy Information Administration 2019)
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Figures 1.4 and 1.5 indicate the global total primary energy consumption and
proportion of specific renewable energy, respectively. In 2018, renewable energy
accounted for approximately 11 percent of primary energy consumption, out of which
hydro constituted the largest proportion of renewable energy followed by wind and
biomass. The contribution of solar and geothermal energy is considerably small. As
such, renewable energy consumption appears to be relatively low compared to
conventional energy forms. This may be due to renewable energy being considered as
expensive and unaffordable by many.
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(Source: BP Statistical Review of World Energy 2019)

1.2.1 Benefits of Renewable Energy

In less developed countries, the benefits of retrieving energy from renewable sources
include improved electricity access in rural areas as well as reduced reliance on
traditional energy sources and fossil fuels imports (Nepal, 2012). Since renewable
energy entails benefits not only for power generation but also for emission reduction,
the question raised here is “What are the key engines that have the potential to steer
the growth of renewable energy?” In determining the growth of renewable energy, its
demand typically holds a strong influence. Countries that experience high pressure for
energy supply tend to utilize more fossil fuels due to the advantage of large scale
production. Nonetheless, the high rates of electricity imposed on the industrial sector
eventually lead to lower energy investments (Aguirre & Ibtikunle, 2014). In addition,
renewable energy produces less emissions than non-renewable resources. Hence,
deploying renewable energy technologies promotes a clean environment, which has



socio-economic benefits and retains commitment to the Kyoto Protocol®. Accordingly,
extensive empirical works have established the linkage between renewable energy and
economic growth. However, they have neglected the role of financial institutions in
this link, though these institutions are intermediaries who have great potential to
accelerate the development of renewable energy.

Renewable energy can improve human wealth, mitigate greenhouse gas, reduce
outdoor air pollution, and decrease dependency on imported fossil fuels. However, the
benefits of renewable energy usage take time to realize. Nevertheless, renewable
energy can assure sustainable economic prosperity and future jobs while supporting
technical innovation. Over time, energy demand will increase significantly due to
continuous country development. As a result, countries that have less energy resources
will expand their import of energy (Blazejczak et al., 2011). All in all, renewable
energy could assure more energy security, effective environmental and climate
protection, and an economically viable energy supply, which are necessary for a
country to have a competitive industrial base in the long term.

1.2.2 Challenges Encountered by Renewable Energy

Despite renewable energy’s proven advantages, it remains less favored than non-
renewable resources. One of the reasons is that investment in renewables competes
with fossil fuel projects, which have a longer track record, relatively lower up-front
costs, shorter lead time, and often more favorable political treatment. \When pit against
renewable energy, rational investors will still select conventional energy for their
primary investment portfolio as it offers lucrative profitability. Apart from political
influences, market imperfections are another potential threat to the development of
renewable energy, due to factors such as financial market deficiencies and regulatory
and institutional frameworks (Lindlein and Mostert, 2005). Additionally, certain
industries have highly specific heating supply requirements which renewable energy
may not be able to support (Blazejczak et al., 2011).

The greatest challenge for renewable energy that has been widely reported is the lack
of adequate financing support. Mathews et al. (2010) argue that the private sector plays
a relatively marginal role in this industry, possibly due to low anticipated returns from
renewable energy. However, the view of finance as the core mechanism to support the
development of renewable energy contradicts the finding of Zyadin et al. (2014), who
concluded that instead of financial aids, the primary factor that prohibits the growth of
renewable energy is the lack of supportive governmental policies on alternative energy.

Notably, economic influences such as high cost of capital and lack of financial support
significantly deteriorate the development of renewable energy. Typically, an
investment plan relies heavily on support from government or financial institutions. If
financial institutions are reluctant to lend due to factors such as delayed returns on
investment or limited information on a project, the development of the project would

It was implemented under the United Nations Framework Convention (UNFCCC) on Climate
Change, and its main objective is to control greenhouse gas emission levels in the atmosphere.



be restricted despite its potential for a high profit margin. This is what renewable
energy project investors have experienced, as high up-front costs for renewable energy
projects, a small market size, and market imperfections eventually affect their financial
accessibility and cause the failure of their investment plan.

Moreover, there is a need for public infrastructure to facilitate the deployment of
renewable energy. For instance, to prevent wind turbine breakdown and ensure
adequate electricity generation, the surface of roads should be well-maintained to
reduce transportation time in delivering equipment to worksites. Political instability
can also threaten the benefits granted to the renewable energy industry, as a change in
the predominant party may cause the revision of subsidies. This would have severe
negative impacts on an investment project because the expenditures would become
relatively higher without these additional aids. As such, public support schemes are
deemed necessary to support the deployment of various renewable energy
technologies.

The development of renewable energy faces additional challenges in the form of public
or private sectors’ lack of knowledge about the technological development and
potential of renewable resources. Despite clear economic and financial incentives, the
renewable energy industry requires greater cooperation from public and private sectors
(Cancino-Solorzano et al., 2016). Renewable energy projects have even faced public
resistance from people living in neighborhoods that are directly affected. For instance,
in the case of onshore wind projects, the re-powering of older wind farms by replacing
small turbines with large-scale turbines may cause increased truck traffic (Blazejczak
et al., 2011). Figure 1.6 summarizes all the possible barriers? that impede the
development of renewable energy.

2The barriers were divided into five different categories comprising market, political, economic,
technical and social-cultural factors.
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1.2.3 Development of Renewable Energy

Energy security, climate change, and environmental issues such as CO2 emissions
have encouraged the renewable energy sector to grow rapidly and successfully in the
20" century. Several big nations like China, the United States, Germany, Brazil, and
Denmark have made significant investments in renewable energy. China recorded the
biggest renewable energy investment in 2014 worth $83.3 billion, which was 39
percent higher than in 2013. The United States was ranked second highest, but its
investment in renewable energy was only $38.3 billion, less than half of China’s. The
next ranked country was Japan, which contributed $35.7 billion to its renewable energy
development in 2014, growing by about 10 percent from 2013 (Global Trends in
Renewable Energy Investment, 2015).

The People’s Republic of China, the world’s most populous country with the highest
energy demand, recently committed to phasing out coal and cleaning up its polluted
air (The Climate Reality Project, 2016). The remarkable rise of China’s® clean energy
sector reflects a strong and growing commitment by the government to diversify its
energy economy, reduce environmental problems, and stave off massive increases in
energy imports. Figure 1.7 presents the countries with the largest renewable energy
consumption in the world, where China remains the leader, followed by the United
States. The amount of renewable energy consumed by China in 2018 was
approximately equal to 140 million tonnes of oil, showing that China has greatly
adhered to the pledges made in climate change conferences.
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Figure 1.7: Top 20 Renewable Energy Consumption Countries, 2018
(Source: BP Statistical Review of World Energy 2019)

SAccording to the Energy Information Agency (EIA), in 2004, China accounted for 17 percent of global
carbon dioxide emissions. It is expected to increase to 40 percent between 2005 and 2030 if current
energy continues to behave in a similar trend.



Table 1.1 summarizes the different types of renewable energy sources used by
countries. China has successfully established itself as the top consumer for all three
common types of renewable energy, i.e. wind, biomass, and solar. It recorded 82.82
MTON consumption for wind energy, 20.50 MTON for biomass, and 40.16 MTON
for the solar energy. The country that ranked second for these energy types was the
United States, though their solar energy consumption was only about half of China’s.
Out of all the countries that contributed significantly to renewable energy, Germany,
Brazil, the United Kingdom, India, and several European countries appeared in the top
30 list.

Table 1.1: Top 30 Renewable Energy Consumption Countries by Source, 2018

Countries Wind Countries Biomass Countries Solar
China 82.82 China 20.50 China 40.16
us 62.84 us 14.95 us 21.98
Germany 25.25 Brazil 11.97 Japan 16.22
India 13.65 Germany 11.60 Germany 10.45
United Kingdom  12.92 United Kingdom  8.05 India 6.95
Spain 11.50 Japan 7.09 Italy 5.26
Brazil 10.97 India 6.89 United Kingdom  2.92
Canada 7.28 Italy 4.35 Spain 2.83
France 6.37 Finland 291 Australia 2.73
Turkey 4.49 Thailand 2.79 France 2.30
Italy 3.95 Sweden 2.68 South Korea 2.12
Sweden 3.80 South Korea 2.30 Turkey 1.79
Australia 3.68 Canada 217 Chile 1.16
Denmark 3.14 France 1.93 South Africa 1.12
Poland 291 Spain 1.67 Thailand 1.07
Portugal 2.86 Chile 1.48 Belgium 0.90
Mexico 2.86 Poland 1.43 Greece 0.86
Netherlands 2.39 Denmark 1.38 Canada 0.80
Ireland 1.90 Belgium 1.23 Netherlands 0.72
Belgium 1.69 Netherlands 1.10 Brazil 0.71
South Africa 1.56 Austria 1.08 Taiwan 0.62
Japan 1.54 Czech Republic ~ 1.07 Czech Republic ~ 0.53
Romania 1.47 Australia 0.80 Mexico 0.51
Greece 1.43 Portugal 0.73 Pakistan 0.48
Austria 1.34 Hungary 0.54 Switzerland 0.44
Finland 1.33 Argentina 0.52 Israel 0.41
Norway 0.88 Turkey 0.50 Romania 0.38
Morocco 0.87 Colombia 0.47 Austria 0.36
Chile 0.83 Taiwan 0.46 Ukraine 0.29
Egypt 0.55 Switzerland 0.45 Philippines 0.28

(Source: BP Statistical Review of World Energy 2019)

As has been highlighted in extensive environmental studies, the CO2 emissions
released by fossil fuels are relatively higher than bio-fuels. Since CO2 emission has
negative impacts on the environment, the development of renewable energy should be
concentrated on. First, increasing the production or consumption of renewable energy
ideally reduces the dependency on fossil fuels; this is the outcome that every
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policymaker desires to achieve. Second, productivity would be higher if the labor force
is not harmed by pollution and is physically healthier. Third, employing renewable
sources to generate electricity decreases the level of waste while simultaneously
reducing CO2 emissions and protecting against infectious diseases. Lastly, promoting
the development of renewable energy would ensure sustainable energy supply when
conventional resources are depleted one day in the future. Therefore, the multiple
potential benefits of renewable energy provide a clear picture on its importance for the
current as well as future generation.

1.2.4 Factors Affecting the Development of Renewable Energy

Generally, the core factor that significantly drives the development of renewable
energy is concern about the limited supply of conventional energy such as oil and coal.
Limited supplies of these traditional energies remind the rest of the world to embark
on renewable energy projects as substitutions for conventional resources. Therefore,
renewable energy sources such as wind, hydro, and solar have become the best
alternatives to ensure sustainable energy supply. Though the issue of finite supply is
the foremost discussion around the world, it has been shown that institutional factors
have considerable impacts in the matter, particularly in the strategic decision-making
on energy policies (Evariste et al., 2016). Nevertheless, various forums held by the
United Nations (UN) continue to emphasize the issue of climate change, whereby the
development of renewable energy remains a priority to UN members to mitigate the
consequences of climate change.

Moreover, political stability should not be neglected, as stable institutions indirectly
imply the credibility of central governance. It strengthens the confidence of foreign
investors, which then encourages further technology transfer and dissemination among
countries. Through this, less developed nations will have the chance to obtain the
knowledge shared by developed nations; such progress would certainly assure the
unanimous growth of renewable energy. Therefore, it is imperative to consider the role
of political influences in the deployment of renewable energy. A stronger governance
framework with the implementation of protection rights such as Intellectual Property
Rights (IPR) would extend support to the renewable energy industry by protecting the
creativity and invention of investors. Such protection may confine the imitation level
of technology and prevent the ‘free rider’ issue.

Similar to conventional energy, renewable energy also faces challenges in paving the
way for future growth. One of the notable factors that carries a pivotal role in the
development of renewable energy is financial aid. Asymmetric information and moral
hazards are common obstacles that prohibit the mobilization of funds to productive
sectors, whereby the lender or financial institution has doubts about the borrower’s
ability to pay. When financial institutions are reluctant to provide financial assistance,
pioneer investors may revoke their investment plans. Hence, accessibility to funds is
important as extended borrowing would directly grant additional support for capital
funding. As a result, firms would be able to build a strong foundation for their business
without worrying about financial difficulties. Consistent support from financial
institutions could also ensure that firms have sufficient funds to engage in R&D and
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thereby reveal the potential opportunity in the renewable energy industry. The ultimate
goal of this would be to promote efficiency while avoiding negative externalities.

1.2.5 Institutions and Renewable Energy

The barriers encountered by the renewable energy sector can be divided into two
categories, i.e. economic and non-economic. One of the most prominent non-economic
factors is institutional barriers, which encompass the low influence and dedication of
institutions, lack of efficiency and transparency in institutional bodies, and the absence
of strict governance. The combination of all these factors hinders renewable energy
from growing rapidly and smoothly. The quality of institutions thus plays a central role
in renewable energy governance and affects policy outcomes. Three common
dimensions have been employed to measure the institutional quality of a country,
namely economic, political, and social. Institutional factors that may impede the
implementation of renewable energy strategies consist of entrepreneurial and
household traditions as well as traditional legislation and rules (Apergis & Eleftheriou,
2015).

Institutional factors can be regarded as the core factor to ensure the success of
renewable energy development. Carlsson and Lundstrom (2003) pointed out that price
stability and the quality of the legal system influences the quality of the environment.
Though the energy sector has a role in facilitating the development of renewable
energy, it heavily relies on the laws and policies established in the executive and
legislative branches of government (Berg, 2013).

1.2.6 Intellectual Property Rights (IPR) and Renewable Energy

Intellectual property rights (IPR)* can be defined an intangible asset which embodies
the creations of the mind, such as inventions, literary and artistic works, designs and
symbols, as well as names and images used in commerce (World Intellectual Property
Organization). IPR provides its owners with legal means to prevent abuse of their
rights, thereby enabling them to better capitalize on their innovations (Lippoldt, 2008).
Generally, intellectual property is protected by law, which enables people to earn
recognition or financial benefit from what they have invented. Appropriate and robust
protection of intellectual property plays a pivotal role in promoting market
competitiveness, and serves as a remuneration tool to reciprocate the effort of
innovators. The protection and enforcement of intellectual property rights should
contribute to the promotion of technological innovation and the transfer of technology,
to the mutual advantage of producers and users of technological knowledge, in a
manner conducive to social and economic welfare with a balance of rights and
obligations®.

4 Pattern right, copy right, design right and trademark right are the examples of intellectual property
right.
S It is an acknowledgement of Trade-Related Aspects of Intellectual Property Rights (TRIPS)
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Furthermore, being part of the institutional factor, intellectual property rights (IPR)
embody the characteristics to ensure sustainable renewable energy growth. Not only
do patent rights have the ability to influence economic efficiency through trademark
protection, they also allow consumers to search for the symbol or name of a product
to distinguish their quality. This in turn reduces their implicit cost in selecting the best
product. Failing to link investments and products to trademarks, however, would
discourage inventors and diminish their tendency to invest in quality-enhancing
investment (Park, 2006). However, while IPR theoretically affects various industries
positively by recognizing developers’ efforts, Awokuse and Yin (2010) claimed that
strictly adhering to IPR protection may affect the trade of knowledge transfer.

As shown in Figure 1.8, the recent trend in patents, an IPR, indicates that its
applications in energy-related technologies have grown significantly since 2002.
Likewise, Figure 1.9 provides an overview of the renewable energy patents published
by IRENA, which has been trending upward since 2005. IRENA uses data from the
European Patent Office’s (EPO’s) PATSTAT and climate change technologies
classification to provide comprehensive information on patents filled for renewable
technology worldwide. The substantial growth in patent application in the respective
technology fields is likely a response to market conditions such as increased R&D
investment, shifts in policy incentives like feed-in-tariffs, and technological advances
like cost reductions in manufacturing (Global Challenges Report, 2014).
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Figure 1.8: Trend in Patent Applications in Energy-Related Technologies, 2002-2016
(Source: WIPO Statistics Database and EPO PATSTAT database 2018)
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By striking the balance between the interests of innovators and wider public,
intellectual property system aims to foster an environment in which creativity and
innovation can flourish. Hence, sharing the best practices associated with policy design
could be the most effective approach to facilitate renewable energy investment (G20
Deployment of Renewable Energy, 2015). It is well-accepted that businesses drive
innovation, and a good portion of intellectual property is produced as a result of
financial investment. Intellectual property laws provide a guarantee to technology
developers that their investment will result in rights to exploit their technology
exclusively and rights to prevent others from using their technology without authority.
The World Intellectual Property Organization (WIPQO) was established to facilitate the
adaption, adoption and deployment of green technologies, particularly in developing
and emerging nations. This international exchange forum helps in facilitating the
diffusion of renewable energy technologies.

It has conclusively been shown that intellectual property is a valuable tool to promote
the development and diffusion of green technology (Thomson & Webster, 2010). IPRs
are often justified on moral grounds to credit one’s effort in production (Dibble, 1994).
It plays an important role in the proprietary right of technology which is transferrable,
licensable, and subject to trespass in the form of infringement (Chu, 2012). Gattari
(2013) highlighted that intensive patent protection ensures the profitability of green
projects and subsequently leads to more green energy related private investment and
new jobs associated with the progress of green energy technology.

Within the context of renewable energy technology projects, protection rights over
technology exert pressure on investors. Evidently, one of the first considerations
before commencing a project is the acquisition of a license from a government
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institution, which is typically the hardest stage. The decision of whether to release the
license is subject to several criteria such as conflict of interest, environmental impact,
and social welfare. Consequently, the applicants of these technology copyrights tend
to abandon their investment in technology-related projects. The pressure of licensing
is especially greater for newly established renewable energy projects compared to
traditional energy projects, as the latter may possess a higher chance of being approved
due to a longer historical record. IPR as an incentive to those who contribute to the
creation or innovation of technology will certainly motivate investors to develop
unique and practical technologies in the renewable energy industry.

In addition, the reinforcement of patent protection for renewable energy technology
will lead to an increase in private investment and therefore more jobs in the green
energy sector (Gattari, 2013). This again demonstrates that renewable energy and
growth are closely related, given the higher employment rate resulting from job
creations in the renewable energy industry. Moreover, IPR protection provides new
technology solutions and assets through which expertise can be exchanged. It also
gives innovators and companies the confidence they need to invest in, trade, and share
their technological know-how with business partners, customers, and other
stakeholders (World Energy Council, 2011). As a result, there would be more room
for improvement in renewable energy technology. Lorenczik and Newiak (2012)
further pointed out that emphasizing IPRs promotes R&D efficiency, spurs innovation,
improves social welfare, and reduces income inequality.

On one hand, IPR is likely to be an essential instrument to stimulate the investment of
renewable energy. On the other hand, it may create a barrier to the development of
renewable energy if the cost of acquiring IPR is deemed high. Higher investment costs
in technology-related projects might be affordable for certain big investors, but not for
majority of them. Hence, the reinforcement of IPRs ostensibly denotes a protective
source of knowledge while creating a barrier to access (Newiak, 2011). It is
nevertheless good to have such protection as a reward scheme to recognize developers’
contributions and encourage their involvement in similar transitions. Therefore, it is
plausible that rigorous IPR boosts green energy investment. Consistent with this,
Dechezleprétre et al. (2013) suggested that strict IPR paves the way for the transfer of
climate change mitigation technologies as without the protection of IPR, innovators
would have to rely on secrecy to prevent their inventions being disclosed.

Figure 1.10 indicates the relationship between intellectual property (IP) protection and
the production of renewable energy. The scatter plot demonstrates that stronger
intellectual property protection boosts renewable energy growth. This implies that
when IP protection is rigorous, firms or developers are more willing to disseminate
knowledge on renewable energy, thereby encouraging technology transfer in the
renewable energy industry. The existence of such protection reflects that innovation
via R&D is regarded as an important pillar to stimulate investment in the renewable
energy sector.
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Figure 1.10: Intellectual Property Protection and Renewable Energy
(Source: World Development Indicator and Global Competitiveness Index 2018,
IMD World Competitiveness Centre)®

Without policies to govern IPR, technology developers may possibly be reluctant to
share their information, causing further delays in investment and technology transfer.
When no party is willing to move first and would rather wait for benefits or imitations,
the problem of delays in investment would worsen due to the existence of such ‘free
riders’ (Wait, 2010). While the conferment of patents could be an incentive for firms
to invest in innovation-oriented energy projects, granting patent assets may also lead
to monopolistic advantages. As such, patent right holders can manipulate the charges
of technology diffusion when given such protection, making the capital incurred
relatively higher for other firms. Overall, there seems to be some evidence that the
incentives provided by intellectual property laws could ensure fair competition among
developers. Specifically, innovators would try to design cost-efficient green
technology that maximizes output to achieve better performance than other green
energy technology designers.

1.2.7 Financial Sector Development and Renewable Energy

Public and private financial support are an important channel to promote high
technology investment in energy-related projects. Generally, renewable energy
requires substantial capital to embark on R&D activities, which may cause investors
to withdraw initial investments in renewable energy projects. A good investment
prospect always offers the greatest return at the lowest cost. In contrast, renewable
energy investment takes a longer time to realize profits, while its returns are less

® The measurement of Intellectual Property Protection ranges from 1’ to “7°.
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competitive than conventional energy investments. As such, renewable energy is
relatively less attractive to investors.

Up to now, far too little attention has been paid to the development of renewable
energy compared to conventional energy. One of the plausible reasons for this is the
unwillingness of financial institutions to extend loans to the industry as it does not
have proven historical achievements. Although renewable energy is strongly
encouraged by governments and large organizations such as G20, existing financial
support is still lacking. To strengthen the development of renewable energy, financial
support through credit, equity, or bonds is a fundamental requirement. Regardless of
the channel, a platform to raise capital is much needed for the development of
renewable energy.

Figure 1.11 illustrates the relationship between financial sector development and the
production of renewable energy from 1960 to 2014. The proxy used to measure
financial depth is bank credit, which tends to move in the same direction as renewable
energy. This suggests that high bank credit encourages more production of renewable
energy. Thus, finance does play a pivotal role in the development of renewable energy,
whereby financial institutions serve as one of the capital funding channels for
participants in the renewable energy sector.
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Figure 1.11: Finance Sector Development and Renewable Energy
(Source: World Development Indicator and Energy International Agency 2018)

The pressure exerted by conventional resources, especially the downward price
pressure from crude oil that has increased since 2015, has impacted the growth of
renewable energy. Low oil prices lead to the selection of alternative energy resources
to generate electricity, which involves substituting solar or wind with petroleum in the
electricity generation process. If that happens, there is a possibility that the
development of renewable energy will move progressively backward. Therefore,
financial assistance via credit or equity support is indispensable during turbulent
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periods. With financial inflow into investment projects, the renewable energy industry
would be able to sustain their operations and compete against oil drilling projects.
Besides, the establishment of green credit guarantee schemes (GCGs) and the
reduction of tax would potentially reduce the risk and increase the return rates from
renewable energy investments (Farhad & Naoyuki, 2019).

1.3  Energy and Environmental Issues

Recently, research produced by the World Economic Forum in 2019 has shown that
global temperature has increased by an average of 1.5 percent annually. This has
highlighted the concern on climate change, an issue that receives substantial attention
from many countries in the world. It is expected that failing to confine the rapid growth
of greenhouse gas emissions will cause global temperature to increase by 2.7 degrees
Celsius by the year 2100 and 3.5 degrees Celsius after the year 2200 (WEO, 2015)".
There is thus an urgent need to address the problems caused by climate change. In
extreme events, climate change may severely increase rainfall and wind events
associated with tropical cyclones in some Asian countries. The consequences of
intense rainfall also include floods and longer heat waves, while unstable weather also
causes the deterioration of crop yield and food security. Apart from that, unusual
climate undermines the ecosystem and creates new diseases which are harmful to
human health®. The degradation of environmental quality associated with the negative
externalities caused by pollutant emissions ultimately affect human health via health
violations, subsequently causing reduction in labor productivity (Tiba et al., 2016).

Figure 1.12 presents the total CO2 emissions released globally. The evidence is
alarming as the volume of CO2 emissions rose approximately 10 million tons in 12
years from 2001 to 2013, which is a fast pace compared to the increase of CO2
emissions over the 20 year period from 1986 to 2006 by 10 million tons as well. This
graphical illustration implies that the acceleration in economic development and the
significant population growth led to the upward consumption of traditional energy
resources such as fossil fuels and coal, resulting in higher pollutant levels.

"The analysis from WEO further concludes that current actions taken are insufficient to ensure the
world’s two degrees Celsius temperature increase goal is achievable.

8 Climate change: impacts, vulnerabilities and adaptation in developing countries: united nations
framework convention on climate change
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Figures 1.12: World Total Carbon Dioxide (CO2) Emissions, 1980 — 2018
(Source: BP Statistics of World Energy 2019)

According to Figure 1.13, annual statistical records indicate that Asia Pacific remains
the top contributor of CO2 emission, recording 16,374 million tons in 2013, which is
almost half of total global CO2 emission. Therefore, Asia Pacific must bear the key
responsibility in tackling the issue of climate change.

S. & Cent. Africa
America 15%
14%

Asia Pacific
15%

North America
14%

Middle East
14%

Europe
14%

Figures 1.13: World Carbon Dioxide Emissions, 2018
(Source: BP Statistics of World Energy 2019)

Several factors underscore a greater focus on renewable energy. First and foremost,
due to the finite supply of conventional energy resources, a better substitute is needed
to fulfil energy demands. Second, climate change’s severe destructive impacts need to
be addressed rapidly, as humankind would not be able prevent the consequences of
massive changes in weather such as flood, drought, and the rise in sea level. Every
nation has reached a consensus on the significance of renewable energy for various
future prospects; hence, numerous efforts have to be made to facilitate the growth of
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the renewable energy industry. For instance, minimizing restrictions on cross-border
trading, removing barriers to technology transfer, providing incentives or subsidies to
renewable energy investors, and reducing tax rates are some measures that can be
considered. Most importantly, such efforts require the collaboration of every member
in the United Nations.

1.4 The Impacts of Renewable Energy

Renewable energy is emerging not only as a solution to meet growing energy demand
while reducing carbon emissions but also as a potential engine for economic growth
and diversification. Renewable energy utilization has direct impacts on economic
growth through investment channels. Sectors that would greatly benefit from
renewable energy development are construction, manufacturing and engineering.
These are the sectors that have close links with renewable energy projects and play
major roles in providing the equipment, infrastructure and essential support to
renewable energy usage. Global GDP is expected to grow by 1.1 percent or USD 1.3
trillion by 2030 if the share of renewable energy in global energy output is doubled.
Figure 1.14 shows the projected GDP growth rate by 2030 for countries that have
substantial investments in the renewable energy sector.
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Figure 1.14: Renewable Energy Deployment® Impact on GDP
(Source: IRENA 2016)

As renewable energy deployment has slowly become the priority some nations,
concerns about health and education are more prevalent. In fact, there is a close
relationship between pollution and human well-being (Hunter, 2011; Mabahwi et al.,
2014), since renewable energy investment reduces the reliance on non-renewable
energy, which mitigates pollution and protects health. Consequently, welfare, as one
of the intangible measures of human well-being, would be improved through the
reduction of greenhouse gas emissions and the subsequent improvement in human

Note: Remap refers to global share of renewable energy while REmapE refers to renewable energy
with an emphasis on power generation usage.
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wealth associated with education. Further to this discussion, natural disasters such as
pestilence or earthquakes due to climate change have devastating impacts on human
well-being. Society should therefore not treat undermine the negative externalities of
climate change, which could be distressing CO2 emissions are neglected.

The creation of employment opportunities is instrumental in ensuring sustainable GDP
growth and better welfare. If the renewable energy sector continues expand, millions
of jobs would be created from renewable energy investment, specifically through the
of launch of renewable energy power plants which require a large labor force. This not
only generates more jobs but also discovers and trains potential talent to extract their
contribution to renewable energy technology innovation. As a result of employment
creation, workers gain the chance to acquire new skills while earning a stable income.
Eventually, job security from the sector would be the catalyst to eradicate poverty and
alleviate income inequality. The increase in the number of skilled laborers in this sector
would improve productivity and cost efficiency, subsequently decreasing the cost of
technology. As manufacturers compete to gain cost benefits, the geographical
relocation of jobs in the renewable energy sector to Asian markets would occur
(IRENA, 2016). Eventually, these changes contribute to the increase in income per
capita of a country.

Despite renewable energy’s significant positive impact to the economy, it is not
without a trade-off. It is possible that renewable energy investments draw funds out of
other economic sectors, giving way to the ‘crowding out’ ! effect. Crowding out
happens when projected returns from the renewable energy industry are lower than
other industries despite full funding from bank loans. In other words, it means the
former industry is less productive than the latter. Consequently, renewable energy
may not bring positive impacts to GDP growth due to the existence of economic
inefficiency.

Massive growth in renewable energy deployment provides additional opportunities for
all economies to meet growing demands for associated goods and services, including
energy equipment. It also presents challenges, particularly for economies heavily
reliant on fossil fuel exports. Therefore, a transition towards a greater share of
renewable energy in the global energy mix will bring about a shift in trade and energy
linkages that carry global and national impacts. Additionally, renewable energy
utilization could reduce imports, which is a significant economic benefit, specifically
for countries with large trade balance deficits. On the contrary, diversifying energy-
related investments in oil-exporting countries may affect their GDP negatively. If
fossil fuels account for a significant portion of a country’s exports, increased
renewable energy and decreased fossil fuel trade would dampen the economy of these
countries. The trade-off between renewable energy and conventional energy provides
an insight into this trade pattern, whereby a country that relies heavily on fuel exports
will undoubtedly benefit from renewable energy investment by reducing its trade
deficit and improving its trade balance. On the other hand, a country that has

10“Crowding out” of capital refers to the possibility that the investments needed for increased
renewable energy deployment compete with and displace investments elsewhere in the economy. This
can have a negative effect on GDP. (IRENA, 2016)
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substantial fossil fuel exports will encounter great barriers if the demand for renewable
energy increases.

Promoting the deployment of renewable energy could have direct impacts on the
environment as well. The reduction of pollutants from conventional energy use is a
good example, whereby substituting these traditional resources with renewable energy
decreases domestic fossil fuel consumption and eventually emission levels. With the
improvement of renewable energy technologies, the world can expect to enjoy lower
electricity costs compared to conventional energy, which may lead to the decline in
electricity prices by 2030*%. There are indeed pros and cons in evaluating renewable
energy development!?; however, the positive impacts of renewable energy are
generally far greater than its negative impact. Some positive effects include job
creation, mitigation of climate change and welfare improvement. To embrace the
transformation of the energy system, a country needs to reinforce its regulatory
framework so as to achieve embedded climate change milestones.

1.5  Non-Renewable and Renewable Energy

Energy transformation is the focus of many countries such as the United States, China,
Germany, and Japan, as mitigating the consequences of climate change remains the
core mission of these developed nations, primarily due to their commitment to United
Nations Climate Change conferences. Many industries, particularly in power
generation sectors, are still heavily dependent on traditional energy resources to
generate electricity output. Hence, converting energy supply through renewable
resources is certainly difficult to accomplish in a short period of time. One of the
prominent factors is the lack of cost competitiveness. Non-renewable energy or
conventional energy is well-established in terms of technologies and infrastructure,
while renewable energy may not have such favorable support tools. As a result, the
cost of electricity generation for the latter is relatively higher.

Downward pressure on oil prices has caused overall fossil fuel prices to decline sharply.
Figure 1.15 depicts the relationship between oil price'®, fossil fuels and renewable
energy consumption. It shows that renewable energy consumption has increased
sharply between 2003 and 2015 while fossil fuel consumption slowed down during the
same period. Historical data demonstrates that higher oil prices encourage the
consumption of renewable energy sources. When oil price is hit by supply glut issues,
the production of petroleum is discouraged as some producers may find it non-
profitable to continue production. This creates the opportunity for renewable energy
firms to strengthen their position in the energy market and indirectly paves the way for
the development of renewable energy. When the price of crude oil moves closer to the
cost of acquiring renewable resources, firms will have the option of choosing

11 ower electricity prices might slow down inflation, increase real incomes, stimulate household
consumption, and boost economic activity in electricity-intensive sectors. (IRENA, 2016)

2 When the policy decisions on renewable energy are influenced by corruption, the development of
renewable energy resources may lead to more intense illegal activities, the consequences of which are
termed ‘renewable energy resource curse’ (Gennaioli & Tavoni, 2016).

13 Two common prices are widely used to represent the oil price in the economy: WTI and Brent.
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renewable energy as an alternative or sticking to the consumption of traditional crude
oil. Furthermore, if the price to be paid for these two different resources are almost the
same regardless of other characteristics, such as productivity or efficiency, the energy
industry may eventually opt for renewable energy as their preference.
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Figure 1.15: Oil Price, Fossil Fuel and Renewable Energy Consumption
(Source: U.S Energy Information Administration 2018)

From the producer perspective, the reduction in crude oil prices discourages the
production of non-renewable energy due to concerns over profitability. This may not
be the case from the consumer perspective given the impact of low crude oil prices.
When crude oil prices hit ground level, it steers demand, particularly among
manufacturers with high consumption levels. This is a direct benefit to them as the
cost of production would decrease due to unforeseen circumstances.

A comparative analysis conducted by Marques et al. (2016) revealed that the
substitution effect between renewable energy and non-renewable energy exists, albeit
at a minuscule level. This is because the consumption of fossil fuel sources decreases
when the production of renewable energy electricity rises. They further concluded that
due to the intermittent characteristic of renewable energy, its development would be
affected without the support of fossil fuels to meet unexpected demand. Knowledge
stock plays an important role in spurring energy transition, such that employing
renewable energy to achieve more output with fewer emissions could be realized
provided that knowledge stock in the renewable energy sector increases with the
decline in the non-renewable sector (Silva et al., 2013). Figure 1.16 depicts that the oil
price showed an enormous surge after the Asian Financial Crisis in 1997. The upward
trend in oil price caused the cost of fossil fuel consumption to rise drastically, but it
plunged to its lowest point at $43.19 per barrel in 2017.
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Figure 1.16: Time plots of WTI Crude Oil Price
(Sources: World Bank 2020)

1.6 Renewable Energy and Economic Growth

There is no consensus on whether renewable energy is a threat or benefit to economic
growth. Moreover, as has been proven by conventional energy development,
renewable energy will theoretically create employment opportunities, facilitate
technological innovation, create additional energy access, and stimulate industry
development (Mbarek et al., 2016). However, the wide propagation of renewable
energy does not necessarily mean it is favorable to national development. Arguments
may arise from the view of job security, economies of scale, and productivity.
Promoting renewable energy may adversely affect labor market conditions via the
substitution effect. Specifically, workers in the conventional energy sector may lose
their jobs if there is an enforcement to employ renewable energy.

Figures 1.17 and 1.18 are scatter plots that depict the relationship between renewable
energy and growth in financially developed and underdeveloped countries,
respectively. The increase in the production of renewable energy promotes growth in
financially developed nations. However, the inverse relationship exists in less
financially developed countries, where the production of renewable energy lowers
economic growth. These findings highlight the vital role of financial development, as
a country with better financial accessibility appears to have greater investment in
renewable energy production and therefore higher growth. This is in agreement with
Gonenc and Yurukova (2014), who found that the growth of the renewable energy
sector largely depends on private external financing. In financially underdeveloped
countries, labor productivity in renewable energy is low due to financial difficulties.
This hinders firms from offering training to their workers, thus decreasing their output.
As such, in these countries, higher renewable energy investment may lower economic
growth.
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Deployment of renewable energy positively effects growth by reducing the negative
impacts of fossil fuels, particularly emissions. However, the comparative costs of
sacrificing traditional resources for renewable energy sources must be noted
(Awerbuch & Sauter, 2006). This corroborates the idea of Chien and Hu (2007), who

14 The classification of high and low financial development countries is done based on the credit to
private sector indicator.
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believe that increasing the use of renewable energy improves the macroeconomic
efficiency of economies through capital formation while simultaneously mitigating
CO2 emissions. Tiba et al. (2016) further highlighted the importance of energy policies
given the interdependence between renewable energy consumption and economic
growth. Coban and Topcu (2013) also pointed out that financial development
facilitates accessibility to advanced technology. Similarly, Fangmin and Jun (2011)
found that financial intermediation has a positive correlation with the total electricity
output of renewable energy projects in a study based on 55 countries.

Renewable energy offers clean resources to the environment, which seems favorable
for economic growth. However, it largely depends on how policy makers design
energy policies to address the substitution effect and its consequences. Indeed, there
are pros and cons in renewable energy development, the primary advantage being
climate change mitigation and pollutant reduction. The biggest threat from renewable
energy is the loss of employment for thousands of people if such change is
implemented. Hence, a smooth transition would require cooperation between a
country’s central government and labor market authorities to assure job security for
those involved.

1.7 Problem Statement

The sustainable growth in energy demand from developing and transitional economies
reflects the increasing importance of energy supply (Brunnschweiler, 2009). Greater
energy demand implies higher energy consumption in the world today, particularly the
consumption of fossil fuels such as coal, oil, and natural gas. However, these energies
will be depleted due to their finite supply and their CO2 emissions. Therefore, the
intervention of renewable energy is imperative.

1.7.1 Intellectual Property Rights (IPR) and Renewable Energy

The establishment of a strong renewable energy sector in less developed countries can
be accomplished by acquiring and adapting renewable energy technology from
developed nations (Downey, 2012). Arguably, strong IPR protection encourages
research and innovation, which then attracts private investment from fund holders.
Conversely, weak IPR hinders private investment as developers would not be willing
to share their knowledge. This implies that IPR is critical for the creation and
innovation of new technologies.

There is uncertainty about whether the enforcement of IPR will prohibit or facilitate
the development of renewable energy. The “free rider’ problem would worsen without
policies to shelter IPR. On the other hand, strictly adhering to IPR protection for the
sake of monetary benefits would limit the diffusion of renewable energy. Consequently,
technology transfer may be delayed and slow down renewable energy technology.
Complying with IPR should therefore not be for financial incentives, as technology
sharing through knowledge transfer plays a crucial role in fostering economic growth.

26



Limited research exists with respect to IPR’s effects on the development of renewable
energy. In developing countries, IPR may prevent access to critical technologies.
However, one empirical work by Downey (2012) argued that IPR is not a significant
barrier to the transfer of renewable energy technology in the case of China. As with
any other technology industry, clean energy technologies are subject to a variety of IP
protections. Without IP protections, innovation would be severely limited and new
clean energy technologies would not be developed. Although there have been attempts
to study the issue, there is no conclusive evidence that IPRs present or do not present
a barrier to renewable energy development.

1.7.2 Oil Price and Renewable Energy

Recent declines in the prices of various conventional energies such as coal, petroleum
and natural gas, along with climate change campaigns, have gradually stimulated
renewable energy consumption. As the renewable energy sector can potentially
achieve sustainable energy development for the future, many countries have begun to
leverage renewable energy resources to demonstrate their commitment to the United
Nations (UN) Climate Change conferences. However, two conflicting issues emerge
with high oil prices. Typically, a high oil price offers crude oil producers the chance
to boost their production. On the other hand, a high oil price could promote renewable
energy consumption due to the cost of traditional energy being relatively more
expensive.

A weak oil price is likely to slow or reverse the growth of renewable energy in favor
of conventional energy. Thus, the question remains whether and how high oil prices
drive growth in renewable energy. Though the prices of conventional energy have been
declining in recent years, it might not favor renewable energy if the cost of renewable
energy remains uncompetitive. Decreases in oil prices exact pressure on the non-
renewable energy sector, severely impacting its profitability and in extreme cases,
forcing operators to shut down production. Such a situation renders support to the
renewable energy sector to allow it to compete with well-established energy firms.
Hence, can be rationalized that cheap oil prices support the energy transformation plan,
especially when oil prices are cheap enough, by altering the energy consumption
pattern and rejuvenating the affected oil and gas sector.

Nevertheless, whether higher or lower oil prices favor the renewable energy industry
remains ambiguous in the literature. Plausibly, a sustained increase in oil prices has a
good outcome for the renewable energy industry, as the cost of consuming
conventional energy is becoming more expensive. However, lower oil prices can also
threaten® the renewable energy industry. If oil prices and renewable energy are
complementary, then a lower oil price will benefit the renewable energy sector due to
the reduced cost of acquiring renewable energy. Conversely, if crude oil prices are low
enough to crowd out renewable energy consumption, then low oil prices would be

1 the issue of low oil prices persists in the long term, it may impede the growth of the renewable
energy sector because of the competitive force from fossil fuel energy (Khan et al., 2017).
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classified as a threat rather than an opportunity to the renewable energy industry.
Therefore, when the cost of acquiring renewable energy is far higher than fossil fuels,
cost-considerate firms will switch to fossil fuels.

1.7.3 Renewable Energy and Growth

Investment in renewable energy projects require huge capital and incur higher costs
than expected returns, as funds might need to be allocated to R&D. Moreover, the
absence of well-developed financial intermediaries and consequent financing
difficulties is another obstacle in the realization of renewable energy projects in
developing nations. For instance, firms involved in the renewable energy sector might
experience limited access to financing because the sector needs to compete against
well-established traditional resources with relatively lower up-front costs and shorter
lead times.

It is difficult to neglect the issue of market perfection, as limited information in the
renewable energy market creates concerns among lenders about projects’ lack of
credibility. As such, the possibility of renewable energy users receiving financial
support becomes lower. With respect to such barriers arising from asymmetric
information, there is a need for a credible and reliable support system with sound
designated financial sector policies to ensure the stable performance of the renewable
energy sector. Most energy developers require high up-front costs when acquiring
competitive renewable technologies and face higher cost of production. Hence,
funding agents are hesitant to finance this high-risk low-return sector. Apart from that,
high capital costs associated with long return time frames (compared to conventional
energy options with lower capital costs and quick returns) engender further difficulties
for renewable energy investors. When the rate of acquiring financial assistance is
unprecedentedly high, particularly in financially underdeveloped nations, rational
investors will give up the idea of investing in renewable energy.

Renewable energy’s promotion of growth highly depends on the level of financial
development of a country, whereby greater financial development encourages
renewable energy consumption and subsequently fosters growth. If financial
institutions do not place confidence in the renewable energy sector, countries with less
established financial systems are far more affected. Investors in these countries are
eager for financial support from institutions, without which renewable energy would
fail to constitute a strong framework that addresses climate change and promotes
economic growth.
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1.8  Objectives of the Study

Empirical findings generally conclude that the role of renewable energy is critical in
fostering a nation’s growth. Hence, this study attempted to examine the relationships
between financial development, renewable energy, and growth. The study further
expanded the area of focus to the determinants of renewable energy production, i.e.
IPR. The study also aimed to reveal the relationship between renewable and non-
renewable energy, which has been a prominent issue in recent years. The specific
objectives of this study were:

1. Toinvestigate the effect of Intellectual Property Rights (IPR) on renewable energy
production

2. To examine the impact of effective oil price levels on renewable energy
consumption

3. To identify whether financial development plays an important role in moderating
the impact of renewable energy consumption on growth

1.9  Significance of the Study

Though extensive research has been conducted to reveal the potential factors that
determine renewable energy growth, there has been limited literature on the role of
institutions in renewable energy development. In particular, scarce empirical work
exists on the influence of IPR on the development of renewable energy. Generally, this
area has received less attention as countries lack ready theoretical frameworks and
consistent measurements of intellectual property. To the author’s knowledge, only one
study in China examined the impact of IPR on renewable energy industry, finding that
IPR was not significant in facilitating renewable energy technology transfer (Downey,
2012).To evaluate whether IPR is a driving force of renewable energy development,
this study explored the relationship between various IPR measures and renewable
energy development. By doing so, it acts as a benchmark for energy policy makers in
identifying the core elements for renewable energy development.

The second objective of this study contributes to the existing non-renewable and
renewable energy literature via the threshold analysis of the relationship between oil
price and renewable energy consumption. Due to limited conventional energy sources,
policy makers have started to focus on renewable energy development. The concern
over the depletion of traditional energy resources implies the importance of sustainable
energy development and indicates that energy security could be a major promoter of
renewable energy development (Chien & Hu, 2008; Gan, Eskeland, & Kolshus, 2007).
One study demonstrated that the plunge in oil prices in 2014 did not produce a major
impact on the renewable energy sector (Khan et al., 2017). Hence, this study
contributes by focusing on how to address the potential issues arising from the
fluctuation of crude oil prices.

The inclusion of finance as an interaction term in the study of renewable energy and
growth is a novel contribution to extant research. It adds value by combining the
impact of both variables on economic growth, which is unprecedented in existing
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works. Considering the depletion of conventional energy as well as growing energy
demand, renewable energy is important, especially as an alternative to traditional
energy supplies. The ultimate objective of these energy efforts is to ensure sustainable
economic growth. Hence, climate change mitigation plans associated with economic
growth will not be accomplished if renewable energy remains weak in its
competitiveness.

1.10 Organization of the Study
The remainder of the study is organized as follows. Chapter Two reviews the existing
theoretical and empirical works. Chapter Three focuses on the methodology and

empirical model. Chapter Four covers the discussion of results obtained from the
analysis. Chapter Five consists of the conclusion and policy recommendations.

30



REFERENCES

Ackah, I., & Kizys, R. (2015). Green growth in oil producing African countries: A
panel data analysis of renewable energy demand. Renewable and Sustainable
Energy Reviews 50, 1157-1166.

Aguirre, M., & Ibikunle, G. (2014). Determinants of renewable energy growth: A
global sample analysis. Energy Policy 69, 374 - 384.

Akadiri, S. S., Alola, A. A., Akadiri, A. C., & Alola, U. V. (2019). Renewable energy
consumption in EU-28 countries: Policy toward pollution mitigation and
economic sustainability. Energy Policy 132, 803-810.

Akar, B. G. (2016). The Determinants Of Renewable Energy Consumption: An
Empirical Analysis For The Balkans. European Scientific Journal Vol.12.

Akarca, A., & Long, T. (1979). Energy and employment: a time series analysis of the
causal relationship. Resources and Energy 2, 151-162.

Al-mulali, U., & Sab, C. N. (2012). The impact of energy consumption and CO2
emission on the economic growth and financial development in the Sub
Saharan African countries. Renewable and Sustainable Energy Reviews 16,
4365 - 4369.

Al-mulali, U., Fereidouni, H. G., & Lee, J. Y. (2014). Electricity consumption from
renewable and non-renewable sources and economic growth: Evidence from
Latin American countries. Renewable and Sustainable Energy Reviews Vol.30,
290-298.

Alper, A., & Oguz, O. (2016). The role of renewable energy consumption in economic
growth: Evidence from asymmetric causality. Renewable and Sustainable
Energy Reviews 60, 953-959.

Anderson, T., & Hsiao, C. (1982). Formulation and estimation of dynamic models
using panel data. Journal of Econometrics Vol.18, 47-82.

Anton, S. G., & Afloarei Nucu, A. E. (2020). The effect of financial development on
renewable energy consumption. A panel data approach. Renewable Energy
Vol.147, 330-338.

Apergis, N., & Eleftheriou, S. (2015). Renewable energy consumption, political and
Institutional factors: Evidence from a group of European, Asian and Latin
America Countries. The Singapore Economic Review, Vol. 60, No. 1, 1550008
(1-19).

128



Apergis, N., & Payne, J. E. (2010). Renewable energy consumption and growth in
Eurasia. Energy Economics 32, 1392-1397.

Apergis, N., & Payne, J. E. (2012). Renewable and non-renewable energy
consumption-growth nexus. Energy Economics 34, 733-738.

Arellano, M., & Bond, S. (1991). Some Tests of Specification for Panel Data: Monte
Carlo Evidence and an Application to Employment Equations. Review of
Economic Studies Vol.58, 277-297.

Arellano, M., & Bover, O. (1995). Another look at the instrumental variable estimation
of error-components models. Journal of Econometrics Vol.68, 29-51.

Aslan, A. (2016). The causal relationship between biomass energy use and economic
growth in the United States. Renewable and Sustainable Energy Reviews 57,
362-366.

Awerbuch, S., & Sauter, R. (2006). Exploiting the oil-GDP effect to support renewable
deployment. Energy Policy 34, 2805-2819.

Awokuse, T., & Yin, H. (2010). Does stronger intellectual property rights protection
induce more bilateral trade? Evidence from China’s imports. World
Development 38 (8), 1094-1104.

Azam, M., Khan, A. Q., Zafeiriou, E., & Arabatzis, G. (2016). Socio-economic
determinants of energy consumption: An empirical survey for Greece.
Renewable and Sustainable Energy Reviews 57, 1556-1567.

Azevedo, M. L., Afonso, O., & Silva, S. (2014). Endogenous Growth and Intellectual
Property Rights: A North-South Modelling Proposal. Economic Modelling 38,
112-120.

Baffes, J., Kose, M. A., Ohnsorge, F., & Stocker, M. (2015). The great plunge in oil:
causes, consequences, and policy responses. World Bank Group.

Bakhtyar, B., Sopian, K., Sulaiman, M., & Ahmad, S. (2013). Renewable energy in
five South East Asian countries: Review on electricity consumption and
economic growth. Renewable and Sustainable Energy Reviews 26, 506 - 514.

Barro, R. J. (1991). Economic Growth in a Cross Section of Countries. The Quarterly
Journal of Economics Vol.106, 407-443.

Baumeister, C., & Kilian, L. (2015). Understanding the Decline in the Price of Oil
since June 2014. CFS Working Paper No. 501 .

Berg, S. V. (2013). Regulatory Functions Affecting Renewable Energy in Developing
Countries. The Electricity Journal Vol.26, Issue 6, 28-38.

129



Blazejczak, J., Braun, F. G., Edler, D., & Schill, W.-P. (2011). Economic effects of
renewable energy expansion : A model-based analysis for Germany. Berlin:
German Institute for Economic Research.

Bloch, H., Rafig, S., & Salim, R. (2015). Economic growth with coal, oil and
renewable energy consumption in China: Prospects for fuel substitution.
Economic Modelling 44, 104 - 115.

Blundell, R., & Bond, S. (1998). Initial conditions and moment restrictions in dynamic
panel data models. Journal of Econometrics Vol.87, 115-143.

Bourcet, C. (2020). Empirical determinants of renewable energy deployment: A
systematic literature review. Energy Economics 85, 104563.

Boutabba, M. A. (2014). The impact of financial development, income, energy and
trade on carbon emissions: Evidence from the Indian economy. Economic
Modelling 40, 33 - 41.

Bowden, N., & Payne, J. E. (2010). Sectoral analysis of the causal relationship between
renewable and non-renewable energy consumption and real output in the U.S.
Energy Sources, Part B: Economics, Planning, And Policy Vol. 5, 400-408.

Brambor, T., Clark, W., & Golder, M. (2005). Understanding interaction models:
improving empirical analyses. Political Analysis 14(1), 63-82.

Branstetter, L., Fisman, R., & Foley, C. F. (2005). Do Stronger Intellectual Property
Rights Increase International Technology Transfer? Empirical Evidence From
U.S. Firm-Level Panel Data. Cambridge: National Bureau of Economic
Research.

Brini, R., Amara, M., & Jemmali, H. (2017). Renewable energy consumption,
International trade, oil price and economic growth inter-linkages: The case of
Tunisia. Renewable and Sustainable Energy Reviews 76, 620-627.

Brunnschweiler. (2009). Finance for Renewable Energy : An Empirical Analysis of
Developing and Transition Economies. Swiss Federal Institute of Technology
Zurich.

Bun, M. J., & Windmeijer, F. (2010). The weak instrument problem of the system
GMM estimator in dynamic panel data models. Econometrics Journal 13, 95-
126.

Burakov, D., & Freidin, M. (2017). Financial Development, Economic Growth and
Renewable Energy Consumption in Russia: A Vector Error Correction
Approach. International Journal of Energy Economics and Policy 7(6), 39-47.

130



Cancino-Solorzano, Y., Paredes-Sanchez, J. P., Gutierrez-Trashorras, A. J., & Xiberta-
Bernat, J. (2016). The development of renewable energy resources in the State
of Veracruz, Mexico. Utilities Policy 39, 1 - 4.

Caner, M., & Hansen, B. (2004). Instrumental variable estimation of a threshold model.
Econometric Theory 20, 813-843.

Carlsson, F., & Lundstrom, S. (2003). The effect of economic and political freedom on
CO2 emissions. Goteborg University.

Chakravorty, U., Roumasset, J., & Tse, K. (1997). Endogenous Substitution among
Energy Resources and Global Warming. Journal of Political Economy
Vol.105(6), 1201-1234.

Chang, S.-C. (2015). Effects of financial developments and income on energy
consumption. International Review of Economics and Finance 35, 28 - 44.

Chang, T.-H., Huang, C.-M., & Lee, M.-C. (2009). Threshold effect of the economic
growth rate on the renewable energy development from a change in energy
price: Evidence from OECD countries. Energy Policy 37, 5796-5802.

Chen, J., & Quang, T. (2014). The impact of international financial integration on
economic growth: New evidence on threshold effects. Economic Modelling
Vol.42, 475-489.

Chen, Y. (2018). Factors influecing renewable energy consumption in China: An
empirical analysis based on provincial panel data. Journal of Cleaner
Production 174, 605-615.

Chien, T., & Hu, J. (2007). Renewable Energy and Macroeconomic Efficiency of
OECD and non-OECD Economies. Energy Policy 35, 3606-3615.

Chien, T., & Hu, J. (2008). Renewable energy: an efficient mechanism to improve
GDP. Energy Policy 36, 3045-3052.

Cho, S., Heo, E., & Kim, J. (2015). Causal relationship between renewable energy
consumption and economic growth: comparison between developed and less-
developed countries. Geosystem Engineering Volume 18, Issue 6, 284-291.

Chu, A. C., Leung, C. K., & Tang, E. (2012). Intellectual property rights, technical
progress and the volatility of economic growth. Journal of Macroeconomics
34, 749-756.

Chu, J. M. (2012). Developing and Diffusing Green Technologies : The Impact of
Intellectual Property Rights and their Justification. Washington and Lee
Journal of Energy, Climate, and the Environment Vol4, Issue 1, 54-102.

131



Coban, S., & Topcu, M. (2013). The nexus between financial development and energy
consumption in the EU: A dynamic panel data analysis. Energy Economics 39,
81 - 88.

Cooke, K. (2016). Oil, gas investments fell 25% in 2015. Climate Change News.
Retrieved from http://www.climatechangenews.com/2016/09/23/iea-oil-gas-
investments-fell-25-in-2015/

Corporate Financing and Investment Decisions in the Renewable Energy Sector.
(2014). In H. Gonenc, & N. Yurukova, Perspectives on Energy Risk (pp. 183-
202). Springer Berlin Heidelberg.

Corsatea, T. D., Giaccaria, S., & Arantegui, R. L. (2014). The role of sources of finance
on the development of wind technology. Renewable Energy 66, 140 - 149.

Costantini, V., & Martini, C. (2010). The causality between energy consumption and
economic growth: A multi-sectoral analysis using non-stationary cointegrated
panel data. Energy Economics 32(3), 591 - 603.

Dai, H., Xie, X., Xie, Y., Liu, J., & Masui, T. (2016). Green growth: The economic
impacts of large-scale renewable energy development in China. Applied
Energy 162, 435-449.

Damette, O., & Marques, A. C. (2019). Renewable energy drivers: a panel
cointegration approach. Applied Economics 15, 2793-2806.

Dasgupta, S., Hong, J. H., Laplante, B., & Mamingi, N. (2004). Disclosure of
environmental violations and stock market in the Republic of Korea.
Ecological Economics 58 (4), 759-777.

de Vries, F. P., & Tabner, I. (2015). Why falling oil prices should not undermine
investment in green energy. The Conversation.

Dechezleprétre, A., Glachant, M., & Méniere, Y. (2013). What Drives the International
Transfer of Climate Change Mitigation Technologies? Empirical Evidence
from Patent Data. Environmental Resources Economics 54, 161-178.

Demetriades, P., & Law, S. H. (2004). Finance, institutions and economic growth.
Division of Economics, School of Business, University of Leicester.

Deniz, P. (2019). Oil Prices and Renewable Energy: An analysis for oil dependent
countries. Journal of Research in Economics, 139-152.

Destek, M. A. (2016). Renewable energy consumption and economic growth in newly
industrialized countries: Evidence from asymmetric causality test. Renewable
Energy 95, 478-484.

132



Dibble, W. (1994). Justifying Intellectual Property. UCL Juris Rev 74.

Dinopoulos, E., & Segerstrom, P. (2010). Intellectual property rights, multinational
firms and economic growth. Journal of Development Economics 92, 13-27.

Domac, J., Richards, K., & Risovic, S. (2005). Socio-economic drivers in
implementing bioenergy projects. Biomass and Bioenergy 28, 97-106.

Downey, K. (2012). Intellectual Property Rights and Renewable Energy Technology
Transfer in China. South Carolina Journal of International Law and Business
Vol.9, Issue 1, 90-130.

Doytch, N., & Narayan, S. (2016). Does FDI influence renewable energy consumption?
An analysis of sectoral FDI impact on renewable and non-renewable industrial
energy consumption. Energy Economics 54, 291-301.

Dulal, H. B., Shah, K. U., Sapkota, C., & Uma, G. (2013). Renewable energy diffusion
in Asia : Can it happen without government support ? Energy Policy 59, 301-
311.

Eder, L., Provornaya, |., Filimonova, I., Kozhevin, V., & Komarova, A. (2018). World
energy market in the conditions of low oil prices, the role of renewable energy
sources. Energy Procedia 153, 112-117.

Eggoh, J. C., Bangake, C., & Rault, C. (2011). Energy consumption and economic
growth revisited in African countries. Energy Policy 39, 7408-7421.

Eicher, T., & Garcia-Pefialosa, C. (2008). Endogenous strength of intellectual property
rights: Implications for economic development and growth. European
Economic Review Vol.52(2), 237-258.

El-Karmi, F. Z., & Abu-Shikhah, N. M. (2013). The role of financial incentives in
promoting renewable energy in Jordan. Renewable Energy 57, 620 - 625.

Eren, B. M., Taspinar, N., & Gokmenoglu, K. K. (2019). The impact of financial
development and economic growth on renewable energy consumption:
Empirical analysis of India. Science of The Total Environment 663, 189-197.

Ergun, S. J., & Rivas, M. F. (2019). Determinants of renewable energy consumption
in Africa. Environmental Science and Pollution Research 26, 15390-15405.

Esso, L. J. (2010). Threshold cointegration and causality relationship between energy
use and growth in seven African countries. Energy Economics 32, 1383-1391.

133



Evariste, F., Adrian, 1., Anas, S., & Carol, S. (2016). Institutional factors influencing
strategic decision-making in energy policy; a case study of wind energy in
France and Quebec (Canada). Renewable and Sustainable Energy Reviews 59,
1455-1470.

Falvey, R., Foster, N., & Greenaway, D. (2009). Trade, imitative ability and
intellectual property rights. Review World Economics 145(3), 373-404.

Fang, Y. (2011). Economic welfare impacts from renewable energy consumption: The
China experience. enewable and Sustainable Energy Reviews 15 (9), 5120-
5128.

Fangmin, L., & Jun, W. (2011). Financial system and Renewable Energy
Development : Analysis Based on Different Types of Renewable Energy
Situation. Energy Procedia 5, 829-833.

Farhad, T.-H., & Naoyuki, Y. (2019). The way to induce private participation in green
finance and investment. Finance Research Letters Vol.31, 98-103.

Farhad, T.-H., & Naoyuki, Y. (2020). Sustainable Solutions for Green Financing and
Investment in Renewable Energy Projects. Energies.

Farhad, T.-H., Naoyuki, Y., Yugo, I., & Peter, J. M. (2020). Analyzing the Factors
Influencing the Demand and Supply of Solar Modules in Japan. ADBI
Working Paper.

Fei, Q., Rasiah, R., & Jia Shen, L. (2014). The Clean Energy-Growth Nexus with CO2
Emissions and Technological Innovation in Norway and New Zealand. Energy
& Environment Vol.25, 1323-1344.

Fisher-Vanden, K., Jefferson, G. H., & Tao, Q. (2004). What is driving China’s decline
in energy intensity? Resource and Energy Economics Vol.26, 77-97.

Fung, H. K. (2009). Financial development and economic growth: Convergence or
divergence? Journal of International Money and Finance 28(1), 56-78.

Furuoka, F. (2015). Financial development and energy consumption : Evidence from
a heterogeneous panel of Asian countries. Renewable and Sustainable Energy
Reviews 52, 430-444.

Galor, O., & Weil, D. N. (2000). Population, Technology, and Growth: From
Malthusian Stagnation to the Demographic Transition and beyond. The
American Economic Review 90, 806-828.

Gan, L., Eskeland, G., & Kolshus, H. (2007). Green electricity market development:
lessons from Europe and the US. Energy Policy 35, 144-155.

134



Gao, X., & Zhai, K. (2018). Performance Evaluation on Intellectual Property Rights
Policy System of the Renewable Energy in China. Sustainability.

Gattari, P. (2013). The Role of Patent Law in Incentivizing Green Technology.
Northwestern Journal of Technology and Intellectual Property Vol 11, No.2,
42-45,

Gennaioli, C., & Tavoni, M. (2016). Clean or dirty energy: evidence of corruption in
the renewable energy sector. Public Choice, 261-290.

Ghali, K. H., & El-Sakka, M. (2004). Energy use and output growth in Canada:a
multivariate cointegration analysis. Energy Economics 26, 225-238.

Glass, A., & Saggi, K. (2002). Intellectual property rights and foreign direct
investment. Journal of International Economics 56, 387-410.

Gonzalez, A., Terasvirta, T., & Van Dijk, D. (2005). Panel Smooth Transition
Regression Models. Quantitative Finance Research Centre, University of
Technology, Sydney.

Gould, D. M., & Gruben, W. C. (1996). The role of intellectual property rights in
economic growth. Journal of Development Economics Vol.48, 323-350.

Gozgor, G., Mahalik, M. K., Demir, E., & Padhan, H. (2020). The impact of economic
globalization on renewable energy in the OECD countries. Energy Policy 139,
111365.

Gross, R., Blyth, W., & Heptonstall, P. (2010). Risks, revenues and investment in
electricity generation: why policy needs to look beyond costs. Energy
Economics 32, 796-804.

Hall, C., Lindenberger, D., Kimmel, R., Kroeger, T., & Eichhorn, W. (2001). The
need to reintegrate the natural sciences and economics. BioScience 51, 663-
673.

Hang, L., & Tu, M. (2007). The impacts of energy prices on energy intensity: Evidence
from China. Energy Policy Vol.35, 2978-2988.

Hansen, B. E. (1999). Threshold effects in non-dynamic panels: Estimation, testing,
and inference. Journal of Econometrics Vol.93, 345-368.

Hoekman, B. M., Keith, M., & Kamal, S. (2004). Transfer of Technology to
Developing Countries: Unilateral and Multilateral Policy Options. World Bank
Policy Research Working Paper 3332. Washington, D.C.: World Bank.

Holtz-Eakin, D., Newey, W., & Rosen, H. S. (1988). Estimating Vector
Autoregressions with Panel Data. Econometrica, 1371-1395.

135



Hooman, P., & Farhad, T.-H. (2019). The Role of Renewable Energy In Resolving
Energy Insecurity in Asia. Asian Development Bank Institute.

Huesemann, M. (2003). The limits of technological solutions to sustainable
development . Clean Technol Environ Policy 5(1), 21-34.

Hung-Pin, L., Lung-Tai, Y., & Shih-Chien, C. (2013). Renewable Energy Distribution
and Economic Growth in the U.S. International Journal of Green Energy 10:7,
754-762.

Hunter, D. J. (2011). Environmental Pollution and Human Health: Estimation and
Action, From Local to Global and Back. Journal of Health and Pollution
Vol.1(1), 2-4.

Husain, A. M., Arezki, R., Breuer, P., & Haksar, V. (2015). Global Implications of
Lower Oil Prices. International Monetary Fund.

ICTSD. (2008). Climate Change, Technology Transfer and Intellectual Property
Rights. Trade and Climate Change Seminar. Copenhagen Denmark: ICTSD
Background Paper.

Ince, D., Vredenburg, H., & Liu, X. (2016). Drivers and inhibitors of renewable energy:
A qualitative and quantitative study of the Caribbean. Energy Policy.

Inglesi-Lotz, R. (2016). The impact of renewable energy consumption to economic
growth: a panel data application. Energy Economics 53, 58-63.

Islam, F., Shahbaz, M., Ahmed, A. U., & Alam, M. M. (2013). Financial development
and energy consumption nexus in Malaysia: A multivariate time series analysis.
Economic Modelling 30(C), 435-441.

2%

Johnstone, N., Has¢i¢, 1., & Popp, D. (2010). Renewable Energy Policies and
Technological Innovation: Evidence Based on Patent Counts. Environmental
and Resource Economics Vol.45, 133 - 155.

Julien, J. (2017). The role of market-oriented institutions in the deployment of
renewable energies: evidences from Europe. Applied Economics 50(3), 1-14.

Kammen, D., Kapadia, K., & Fripp, M. (2004). Putting renewables to work: how many
jobs can the energy industry generate? A report of the renewable and
appropriate energy laboratory. Berkeley, CA: University of California.

Kapur, K. (2011). Climate Change, Intellectual Property, and the Scope of Human
Rights Obligations. Sustainable Development Law & Policy Vol.11, Issue 2,
58-63.

136



Kardashev, N. S. (1964). Transmission of information by extraterrestrial civilizations.
Soviet Astronomy 8, 217.

Kaygusuz, K., Yuksek, O., & Sari, A. (2007). Renewable Energy Sources in the
European Union: Markets and Capacity. Energy Sources, Part B: Economics,
Planning, And Policy 2, 19-29.

Keller, W. (2004). International Technology Diffusion. Journal of Economic
Literature 42 (3), 752-782.

Khan, M. I., Yasmeen, T., Shakoor, A., Khan, N. B., & Muhammad, R. (2017). 2014
oil plunge: Causes and impacts on renewable energy. Renewable and
Sustainable Energy Reviews 68, 609-622.

Kim, J., & Park, K. (2016). Financial development and deployment of renewable
energy technologies. Energy Economics 59, 238-250.

King, R. G., & Levine, R. (1993). Finance, entrepreneurship, and growth : Theory and
evidence. Journal of Monetary Economics 32, 513-542.

Kraft, J., & Kraft, A. (1978). Relationship between energy and GNP. Journal of
Energy Finance & Development 3, 401-403.

Kremer, S., Bick, A., & Nautz, D. (2013). Inflation and growth: new evidence from a
dynamic panel threshold analysis. Empirical Economics Vol.44, 861-878.

Krystofik, M., Wagner, J., & Gaustad, G. (2015). Leveraging intellectual property
rights to encourage green product design and remanufacturing for sustainable
waste management. Resources, Conservation and Recycling 97, 44-54.

Law, S. H., & Nirvikar, S. (2014). Does too much finance harm economic growth?
Journal of Banking & Finance Vol 41, 36-44.

Lee, J. W. (2013). The contribution of foreign direct investment to clean energy use,
carbon emissions and economic growth. Energy Policy 55, 483—4809.

Levine, R. (1997). Financial Development and Economic Growth: Views and Agenda.
Journal of Economic Literature Vol.35(2), 688-726.

Levine, R. (2005). Chapter 12 Finance and Growth: Theory and Evidence. Handbook
of Economic Growth Vol.1, 865-934.

Lewis, J., & Wiser, R. (2005). A Review of International Experience with Policies to
Promote Wind Power Industry Development. Clean Energy Solution Center.

137



Li, J., Omoju, O. E., Zhang, J., Ikhide, E. E., Lu, G., Lawal, A. I., & Ozue, V. A.
(2020). Does Intellectual Property Rights Protection Constitute A Barrier To
Renewable Energy? An Econometric Analysis. National Institute Economic
Review No.251, R37 - R46.

Lin, B., Omoju, O. E., & Okonkwo, J. U. (2016). Factors influencing renewable
electricity consumption in China. Renewable and Sustainable Energy Reviews
55, 687-696.

Lindlein, P., & Mostert, W. (2005). Financing Renewable Energies - Instruments,
Strategies, Practice Approaches. Frankfurt am Main: KfW,

Lorenczik, C., & Newiak, M. (2012). Imitation and innovation driven development
under imperfect intellectual property rights. European Economic Review 56,
1361-1375.

Lucas, R. E. (2002). The industrial revolution: past and future. Cambridge: Harvard
University Press.

Mabahwi, N. A., L.H.L, O., & Omar, D. (2014). Human Health and Wellbeing: Human
Health Effect of Air Pollution. Procedia - Social and Behavioral Sciences, 221-
229.

Malik, I. A., Siyal, G.-e.-A., Abdullah, A. B., Alam, A., Zaman, K., Kyophilavong,

P., ... Shams, T. (2014). Turn on the lights: Macroeconomic factors affecting
renewable energy in Pakistan. Renewable and Sustainable Energy Reviews 38,
277 - 284.

Manescu, C. B., & Nufio, G. (2015). Quantitative effects of the shale oil revolution.
Energy Policy 86, 855-866.

Mankiw, N., Romer, D., & Weil, D. N. (1992). A Contribution to the Empirics of
Economic Growth. Quarterly Journal of Economics 107, 407 - 437.

Marques, A. C. (2012). Is renewable energy effective in promoting growth? Energy
Policy Vol. 42, 434-442.

Marques, A. C., & Fuinhas, J. A. (2012). Are public policies towards renewables
successful? Evidence from European countries. Renewable Energy Vol.44,
109-118.

Marques, A. C., Fuinhas, J. A., & Manso, J. (2010). Motivations driving renewable
energy in European countries: A panel data approach. Energy Policy Vol.38,
6877-6885.

138



Marques, A. C., Fuinhas, J. A., & Menegaki, A. N. (2016). Renewable vs non-
renewable electricity and the industrial production nexus: Evidence from an
ARDL bounds test approach for Greece. Renewable Energy 96, 645-655.

Marques, A. C., Fuinhas, J. A., & Pires Manso, J. (2010). Motivations driving
renewable energy in European countries : A panel data approach. Energy
Policy 38, 6877-6885.

Marshall, A. (1890). Principles of Economics. London: Macmillan.

Masih, A., & Masih, R. (1997). On the temporal causal relationship between energy
consumption, real income, and prices: Some new evidence from Asian-energy
dependent NICs based on multivariate cointegration/vector error-correction
approach. Journal of Policy Modeling Vol.19(4), 417-440.

Masini, A., & Menichetti, E. (2013). Investment decisions in the renewable energy
sector : An analysis of non-financial drivers. Technological Forecasting &
Social Change 80, 510 - 524.

Mathews, J. A., Kidney, S., Mallon, K., & Hughes, M. (2010). Mobilizing private
finance to drive an energy industrial revolution. Energy Policy 38, 3263-3265.

Mbarek, M. B., Abdelkafi, 1., & Feki, R. (2016). Nonlinear Causality Between
Renewable Energy, Economic Growth, and Unemployment : Evidence from
Tunisia. Journal of the Knowledge Economy, 1-9.

Mehrara, M., Rezaei, S., & Razi, D. H. (2015). Determinants of Renewable Energy
Consumption among ECO countries; Based on Bayesian Model Averaging and
Weighted-average Least Square. International Letters of Social and
Humanistic Sciences Vol.54, 96-109.

Mert, M., & Bolik, G. (2016). Do foreign direct investment and renewable energy
consumption affect the CO2 emissions? New evidence from a panel ARDL
approach to Kyoto Annex countries. Environmental Science and Pollution
Research 23, 21669-21681.

Mielnik, O., & Goldemberg, J. (2002). Foreign direct investment and decoupling
between energy and gross domestic product in developing countries. Energy
Policy 30(2), 87-89.

Miron, R., & Gabor, S. (2012). Intellectual Property Within The Emerging Renewable
Energy Market: A Case Study Of The EU. CES Working Papers, Centre for
European Studies, Alexandru loan Cuza University, vol. 4(3), 364-384.

139



Montoya, F. G., Aguilera, M. J., & Manzano-Agugliaro, F. (2014). Renewable energy
production in Spain: A review. Renewable and Sustainable Energy Reviews 33,
509 - 531.

Nepal, R. (2012). Roles and potentials of renewable energy in less-developed
economies : The case of Nepal. Renewable and Sustainable Energy Reviews
16, 2200 - 2206.

Newiak, M. (2011). The Dual Role of IPRs Under Imitation and Innovation Driven
Development. Working Paper.

Ocal, O., & Aslan, A. (2013). Renewable energy consumption—economic growth
nexus in Turkey. Renewable and Sustainable Energy Reviews 28, 494 - 499.

Odhiambo, N. M. (2009). Energy consumption and economic growth nexus in
Tanzania: An ARDL bounds testing approach. Energy Policy Vol. 37, 617 -
622.

Ohler, A. (2015). Factors Affecting the Rise of Renewable Energy in the US: Concern
over Environmental Quality or Rising Unemployment? The Energy Journal
36(2), 97-115.

Ohler, A., & Fetters, I. (2014). The causal relationship between renewable electricity
generation and GDP growth: A study of energy sources. Energy Economics 43,
125-1309.

Olanrewaju, B. T., Olubusoye, O. E., Adenikinju, A., & Akintande, O. J. (2019). A
panel data analysis of renewable energy consumption in Africa. Renewable
Energy 140, 668-679.

Olesen, T. R. (2015). Offshore Supply Industry Dynamics: The Main Drivers in the
Energy Sector and the Value Chain Characteristics for Offshore Oil and Gas
and Offshore Wind. Copenhagen Business School.

Omri, A., & Nguyen, D. (2014). On the determinants of renewable energy
consumption: International evidence. Energy 72, 554-560.

Omri, A., Mabrouk, N. B., & Sassi-Tmar, A. (2015). Modeling the causal linkages
between nuclear energy, renewable energy and economic growth in developed
and developing countries. Renewable and Sustainable Energy Reviews 42,
1012 - 1022.

Ozturk, I. (2010). A literature survey on energy—growth nexus. Energy Policy 38, 340-
349.

140



Ozturk, 1., Aslan, A., & Kalyoncu, H. (2010). Energy consumption and economic
growth relationship : Evidence from panel data for low and middle income
countries. Energy Policy 38, 4422-4428.

Pagano, M. (1993). Financial Markets and Growth: An Overview. European
Economic Review 37, 613-622.

Pao, H.-T., & Fu, H.-C. (2013). Renewable energy, non-renewable energy and
economic growth in Brazil. Renewable and Sustainable Energy Reviews 25,
381 - 392.

Papyrakis, E., & Gerlagh, R. (2007). Resource abundance and economic growth in the
United States. European Economic Review Vol.51, 1011-1039.

Park, W. G. (2006). Do Intellectual Property Rights Stimulate R&D and Productivity
Growth? Evidence from Cross-national and Manufacturing Industries Data. In
J. Putnam, Intellectual Property and Innovation in the Knowledge-Based
Economy (pp. 9.1 - 9.51). Ottawa: Industry Canada.

Park, W. G., & Ginarte, J. C. (1997). Intellectual Property Rights and Economic
Growth. Contemporary Economic Policy 15, 51 - 61.

Patricia Pereira, d. S., Pedro André, C., & Wojolomi, O. (2018). Determinants of
renewable energy growth in Sub-Saharan Africa: Evidence from panel ARDL.
Energy 156, 45-54.

Patrick, B., Lindsay, D., & Johannes, U. (2013). Global patterns of renewable energy
innovation, 1990-2009. Energy for Sustainable Development 17, 288-295.

Pedroni, P. (1999). Critical values for cointegration tests in heterogeneous panels with
multiple regressors. Oxford Bulletin of Economics and Statistics 61, 653-678.

Pfeiffer, B., & Mulder, P. (2013). Explaining the diffusion of renewable energy
technology in developing countries. Energy Economics 40, 285-296.

Pindyck, R. S. (1979). Interfuel Substitution and the Industrial Demand for Energy:
An International Comparison. The Review of Economics and Statistics
Vol.61(2), 169-179.

Popp, D., Hascic, 1., & Medhi, N. (2011). Technology and the diffusion of renewable
energy. Energy Economics 33(4), 648-662.

Pu-yang, S. L.-C., & Si-yang, C. (2011). On the nonlinear relationship between FDI
and energy consumption intensity in an open economy: analysis based on the
framework of environmental Kuznets curve. Journal of Finance and
Economics 37 (8), 79-90.

141



Qi, T., Zhang, X., & Karplus, V. J. (2014). The energy and CO2 emissions impact of
renewable energy development in China. Energy Policy Volume 68, 60—69.

Rafig, S., & Alam, K. (2010). Identifying the determinants of renewable energy
consumption in leading renewable energy investor emerging countries. 39th
Australian Conference of Economists (ACE 2010). Economic Society of
Australia.

Rai, V., Schultz, K., & Funkhouser, E. (2014). International low carbon technology
transfer: Do intellectual property regimes matter? Global Environmental
Change 24, 60-74.

Razmi, S. F., Bajgiran, B. R., Mehdi, B., Salari, T. E., & Razmi, S. M. (2020). The
relationship of renewable energy consumption to stock market development
and economic growth in Iran. Renewable Energy 145, 2019-2024.

Roodman, D. (2009). A Note on the Theme of Too Many Instruments. Oxford Bulletin
of Economics and Statistics 71, 135-158.

Sadorsky, P. (2009). Renewable energy consumption, CO emissions and oil prices in
the G7 countries. Energy Economics 31, 456-462.

Sadorsky, P. (2010). The impact of financial development on energy consumption in
emerging economies. Energy Policy 38 (5), 2528-2535.

Sadorsky, P. (2011). Financial development and energy consumption in Central and
Eastern European frontier economies. Energy Policy 39, 999-1006.

Salim, R. A., Hassan, K., & Shafiei, S. (2014). Renewable and non-renewable energy
consumption and economic activities: Further evidence from OECD countries.
Energy Economics 44, 350 - 360.

Sari, R., Ewing, B. T., & Soytas, U. (2008). The relationship between disaggregate
energy consumption and industrial production in the United States: An ARDL
approach. Energy Economics Vol.30, 2302-2313.

Sbia, R., Shahbaz, M., & Hamdi, H. (2014). A contribution of foreign direct
investment, clean energy, trade openness, carbon emissions and economic
growth to energy demand in UAE. Economic Modelling 36, 191-197.

Schneider, P. H. (2005). International trade, economic growth and intellectual property
rights: A panel data study of developed and developing countries. Journal of
Development Economics 78, 529 — 547.

Sebri, M. (2015). Use renewables to be cleaner: Meta-analysis of the renewable energy
consumption—economic growth nexus. Renewable and Sustainable Energy
Reviews 42, 657-665.

142



Shaffer, L. (2014). Will oil’s drop hurt renewable energy? CNBC.

Shah, I. H., Hiles, C., & Morley, B. (2018). How do oil prices, macroeconomic factors
and policies aff ect the market for renewable energy? Applied Energy 215, 87-
97.

Shahbaz, M., & Islam, F. (2011). Financial Development And Income Inequality In
Pakistan: An Application Of ARDL Approach . Journal Of Economic
Development 35, 35 - 58.

Shahbaz, M., Adnan Hye, Q. M., Tiwari, A. K., & Leitdo, N. C. (2013). Economic
growth, energy consumption, financial development, international trade and
CO2 emissions in Indonesia. Renewable and Sustainable Energy Reviews, 109-
121.

Shahbaz, M., Loganathan, N., Zeshan, M., & Zaman, K. (2015). Does renewable
energy consumption add in economic growth? An application of auto-
regressive distributed lag model in Pakistan. Renewable and Sustainable
Energy Reviews 44, 576 - 585.

Shahbaz, M., Van Hoang, T. H., Mahalik, M. K., & Roubaud, D. (2017). Energy
consumption, financial development and economic growth in India: New
evidence from a nonlinear and asymmetric analysis. Energy Economics 63, 199
- 212.

Shrimali, G., Nelson, D., Goel, S., Konda, C., & Kumar, R. (2013). Renewable
deployment in India: Financing costs and implications for policy. Energy
Policy 62, 28-43.

Silva, P. P., Cerqueira, P. A., & Ogbe, W. (2018). Determinants of renewable energy
growth in Sub-Saharan Africa: Evidence from panel ARDL. Energy Vol.156,
45-54,

Silva, S., Soares, 1., & Afonso, O. (2013). Economic and environmental effects under
resource scarcity and substitution between renewable and non-renewable
resources. Energy Policy 54, 113-124.

Siwek, S. E. (2000). Copyright Industries in the U.S. Economy: 2000 Report.
Washington, D.C.: International Intellectual Property Alliance.

Smith, P. (1999). Are Weak Patent Rights a Barrier to U.S. Exports? . Journal of
International Economics 48, 151-77.

Solow, R. M. (1956). A Contribution to the Theory of Economic Growth. The
Quarterly Journal of Economics Vol.70(1), 65-94.

143



Solow, R. M. (1974). The Economics of Resources or the Resources of Economics.
The American Economic Review Vol.64(2), 1-14.

Stephany, G.-J., Jose, A. O., & Stephen, S. (2012). Financing renewable energy in
developing countries : mechanisms and responsibilities. European Report on
Development.

Stern, D. (2011). The role of energy in economic growth. Ecological Economics
Reviews 1219, 26-51.

Stern, D. 1. (1999). Is energy cost an accurate indicator of natural resource quality?
Ecological Economics 31, 381-394.

Streimikiene, D., & Kasperowicz, R. (2016). Review of economic growth and energy
consumption : A panel cointegration analysis for EU countries. Renewable and
Sustainable Energy Reviews 59, 1545-1549.

Suleiman, N. N., Kaliappan, S. R., & Ismail, N. W. (2013). Foreign Direct Investments
(FDI) and Economic Growth: Empirical Evidence from Southern Africa
Customs Union (SACU) Countries. International Journal of Economics and
Management 7(1), 136-149.

Taylor, M. S. (1994). Trips, Trade, and Growth. International Economic Review 35,
361-381.

Thomson, R., & Webster, E. (2010). The Role of Intellectual Property Rights in
Addressing Climate Change: The Case of Agriculture. Melbourne:
The University of Melbourne.

Tiba, S., Omri, A., & Frikha, M. (2016). The four-way linkages between renewable
energy, environmental quality, trade and economic growth: a comparative
analysis between high and middle-income countries. Energy System 7, 103-
144,

Tiwari, A. (2011). Comparative performance of renewable and nonrenewable energy
source on economic growth and CO2 emissions of Europe and Eurasian
countries: A PVAR approach. Economics Bulletin 31 (3), 2356-2372.

Venkatraja, B. (2020). Does renewable energy affect economic growth? Evidence
from panel data estimation of BRIC countries. International Journal of
Sustainable Development & World Ecology Vol.27, 107-113.

Wait, A. (2010). Investment in Clean Technologies as a Public Good. University of
Sydney.

Wang, Q., & Li, R. (2016). Drivers for energy consumption : A comparative analysis
of China and India. Renewable and Sustainable Energy Reviews 62, 954-962.

144



Wei, M., Patadia, S., Kammen, & Daniel, M. (2010). Putting renewables and energy
efficiency to work: How many jobs can the clean energy industry generate in
the US? Energy Policy Vol.38, 919-931.

White, P. (2009). The politics that power clean energy. Journal of Politics &
International Affairs, 10-22.

Wu, L., & Broadstock, D. (2015). Does economic, financial and institutional
development matter for renewable energy consumption? Evidence from
emerging economies. International Journal of Economic Policy in Emerging
Economies Vol.8, 20-39.

Yildirim, E., Sarag, S., & Aslan, A. (2012). Energy consumption and economic growth
in the USA: Evidence from renewable energy. Renewable and Sustainable
Energy Reviews Volume 16, Issue 9, 6770-6774.

Yu, F., Nguyen, K. L., Barnes, S. J., & Zhang, W. (2016). The impact of government
subsidies and enterprises’ R&D investment : A panel data study from
renewable energy in China. Energy Policy 89, 106-113.

Yuan, J. K. (2008). Energy consumption and economic growth: Evidence from China
at both aggregated and disaggregated levels. Energy economics, 3077-3094.

Zhang, J., Du, D., & Park, W. G. (2015). How Private Property Protection Influences
the Impact of Intellectual Property Rights on Economic Growth? Global
Economic Review Vol. 44, No.1, 1-30.

Zhang, W., Yang, J., Sheng, P., Li, X., & Wang, X. (2014). Potential cooperation in
renewable energy between China and the United States of America. Energy
Policy 75, 403 - 4009.

Zhao, X., & Luo, D. (2017). Driving force of rising renewable energy in China:
Environment, regulation and employment. Renewable and Sustainable Energy
Reviews 68, 48-56.

Zhixin, Z., & Xin, R. (2011). Energy Procedia 5. Causal Relationships between Energy
Consumption and Economic Growth, 2065-2071.

Zugravu, N., Millock, K., & Duchene, G. (2008). The Factors Behind CO2 Emission
Reduction in Transition Economies. Fondazione Eni Enrico Mattei Working
Papers No.217.

Zyadin, A., Halder, P., Kahkonen, T., & Puhakka, A. (2014). Challenges to renewable
energy: A bulletin of perceptions from international academic arena.
Renewable Energy 69, 82-88.

145



	Blank Page



