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Abstract: Countries differ in terms of their socio-economic development, population growth, and
energy consumption. Many countries still depend on conventional energy to supply enough energy
source for their demand, while some have made considerable progress in making the transition
to renewable/sustainable energy sources. Owing to the increasing demand and drawbacks of
conventional energy sources, policies can play a major role in encouraging and increasing the uptake
of renewable energy (RE) technologies. In this paper, a general overview on the RE activities in
the three leading countries—China, Brazil, and the United States of America (USA)—is presented.
Moreover, a comparative analysis on the implementations of the RE support policies is conducted.
The linear regression analysis technique is applied to develop several models for the three countries
in order to investigate the effect of different policies on RE. The main contributions of this study
are establishing a link between RE support policies and RE development (in terms of the installed
capacity) in the three countries under study, and providing models that can be used in estimating RE
development using RE policy data. In addition to this, some models are developed to investigate
the relationship between RE installed capacity and the patents. The linear regression analyses
suggest that RE policies promote the development of RE installed capacity in the three countries in
different proportions. For example, it is found that each additional wind policy will increase the RE
wind capacity in China, Brazil, and the USA by 1.63, 0.689, and 1.576 GW, respectively. Moreover,
the economic instruments turn out to be more effective in promoting the RE installed capacity in
the USA and Brazil, while the policy support and regulatory instruments are the most influential
policy categories in China. Furthermore, the linear regression analyses indicate the existence of a
positive significant relation between the number of patents and the total RE installed capacity in the
three countries.

Keywords: development; renewable energy; patents; policies; linear regression

1. Introduction

Zahedi [1] highlighted that the security and sustainability of energy supply as well as access
to energy are among the main global energy considerations. Hua et al. [2] stated that the energy
consumption, which represents 60% of global emissions, has significantly contributed to climate change.
Therefore, the mitigation of the carbon intensity of energy is crucial in handling climate change in
the future. Utilizing renewable energy (RE) is a suitable method to meet the energy demand without
environmental degradation. Authorities in several countries are devoted to reducing their emissions by
promoting RE. In addition, Hua et al. [2] showed that RE policies have been adopted in these countries
to encourage renewable power production. Abdmouleh et al. [3] and Kim et al. [4] presented that the
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national and state-level policies play major roles in effective RE deployment and promotion due to the
cost disadvantage of RE compared to conventional energy sources.

According to Zyadin et al. [5] and Ren21 [6], the lack of governmental policies is a seriously
limiting factor for the development of RE globally. Although not all the countries currently have
RE policies, there are many countries in the world which have adopted various RE support policies.
These policies include economic instruments such as fiscal and financial incentives, policy support
related to strategy planning, and regulatory measures. Among these policies, feed-in tariffs (FITs),
renewable portfolio standards (RPS), and quotas are the most widely adopted ones. FIT, RPS, and quota
policies are applied globally at either state/provincial or national levels. Polzin et al. [7] demonstrated
that governments have also started introducing more FITs in cities.

Especially in the last few decades, the electricity sector has been experiencing a period of fast
deployment of RE generation technologies. Since 2012, new global RE capacity additions have
accounted for more than half of new power capacity additions. International Renewable Energy
Agency (IRENA) [8] stated that, at the end of 2017, the total RE power capacity exceeded 2178 GW,
indicating that it had more than doubled within nine years. It also indicated that the new global
capacity additions of renewables in 2017 reached almost 167 GW, including a combined 1 GW from
concentrating solar power (CSP), geothermal, and marine energy; 22 GW of hydropower; 93 GW of
photovoltaic (PV); 46 GW of wind power; and 5 GW of bioenergy.

According to [9], the top countries for total installed renewable capacity at the end of 2017 were
China, the USA, Brazil, Germany, India, and Canada, respectively. In order to illustrate this, Figure 1
was constructed for this study using the data available in the IRENA database [9].
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Figure 1. Total installed renewable capacity (data source: [9]).

Many researchers have tried to investigate the effect of RE policies on RE development. However,
most research studies have taken into account only some policies and overlooked the rest. Moreover,
many countries (20 to 40) have been involved in the studies over long time spans. Therefore,
the econometric treatment could not be trustworthy due to the following reasons:

i. Some countries involved in the studies did not implement all the policies considered.
ii. The proposed techniques dealt with the data package of involved countries as a

whole, which caused multidimensional problems, such as cross-sectional dependency
and heterogeneity.

The present study aims at investigating the effect of different policies on the installed RE capacity
of the top three countries (shown in Figure 1) over a period of 18 years (2000 to 2017). In addition,
the individual effect of policies on the installed capacity of solar, wind, hydro, and bio energies has been
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explored. Furthermore, the relationship between RE development and patents is evaluated. The main
motivation behind this study is to understand if RE policies can be the main drivers of RE development,
and, if so, which type of policies are more effective in supporting the development. The authors believe
that analyzing the case of the leader countries in the world (in terms of installed RE capacity) would
reveal the secret behind their success. Time series linear regression analyses are carried out (using the
SPSS software) to establish econometric models for each country. To avoid multidimensional problems,
the analyses are performed on the data of each country individually.

The rest of this paper is organized as follows: Section 2 presents the related literature review and
highlights the contribution of this paper. Section 3 introduces country reviews, including the fossil
fuel reserves and electricity generation for China, the USA, and Brazil. In Section 4, RE policies are
demonstrated. The methodology of this study is provided in Section 5. Section 6 presents the results of
the study, while Section 7 outlines the concluding remarks.

2. Literature Review

2.1. Studies Related to the USA

Several studies have been conducted on the relationship between economic instrument policies
and RE development in the USA. In fact, the economic instruments include three main policies named
direct investments, financial incentives, and market-based instruments. For example, Barbose et
al. [10] studied the benefits and impact of one category of financial incentives, called Renewable
Portfolio Standards (RPS). The study showed that RPS-based new RE generation represented 2.4% of
the nationwide electricity generation and an almost 59 Million tons (Mt) CO2 equivalent reduction
in greenhouse gas emissions in 2013. The study also stated the additional benefits of this policy.
It was noted that the adopted RPS supported nearly 200,000 jobs in the country and reduced the
wholesale electricity and natural gas prices, saving consumers a combined $1.3–4.9 billion. Additionally,
Maguire [11] examined the impact of economic instrument policies on the wind energy generation
capacity across the USA from 1994 to 2012. The study focused on determining the influence of
green power purchase (market-based category) agreements and RPS on the wind generation capacity.
The author indicated that the average effect of RPS across the USA was insignificant, while green
power purchase (GPP) showed a positive and statistically significant effect on the wind generation
capacity across the states. Furthermore, the study showed that, for each additional GPP program,
there is an approximately 7 MW of additional wind energy capacity across the USA. The authors of
Rickerson et al. [12] reviewed the application of FIT policies in six USA states, including California,
Michigan, Illinois, Minnesota, Rhode Island, and Hawaii. The study focused on several criteria such
as generation cost, adopting different technologies and incentives based on different technologies.
The authors revealed that FIT in the USA presented a dramatic shift in the policy landscape and could
signal the beginning of a new trend of more aggressive RE policies at state and national levels.

2.2. Studies Related to China

Wang 2010 [13] reviewed the main RE policy support regarding China’s wind power, such as
the RE law, the Wind Power Concession Program, and other laws and regulations. It was noted
that such policies effectively reduced the cost of wind power, stimulated the localization of wind
power-related manufacturing, and drove private sector investment in wind power. The study revealed
that the Wind Power Concession Program had a significant effect on Chinese success in the promotion
and development of wind power. Hua et al. [2] compared RE deployment between China and
Australia. The authors compared management mechanisms in terms of RE grid-connection/coordination,
incentives, and funding between different levels of governments in both countries. The study concluded
that China had shown a better commitment to RE development, while Australia had a more effective
RE certificate mechanism. The study also revealed that the Chinese government provided a significant
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amount of incentives for RE manufacturers, while the manufactures in Australia received little support
from the Australian government.

2.3. Studies Related to Brazil

Aquila et al. [14] discussed some economic instrument policies that encouraged the spread of RE
in Brazil. They focused on the application of long-term incentive policies such as FITs, auctions, and
net metering, along with their advantages and disadvantages. The study also highlighted the incentive
initiatives that helped to promote Renewable Energy Sources (RES) in Brazil. The authors showed that
the Alternative Sources Incentive Program (PROINFA) could be applied in the promotion of solar PV.

Similarly, Maier and Oliveira [15] analyzed the implications of Brazil’s national policy on solid
waste for the economic feasibility of different municipal solid waste (MSW) treatment facilities.
The authors examined the Rio de Janeiro municipality’s current state of MSW management and
20 hypothetical future investment projects for three different MSW treatment technologies. Maier and
Oliveira [15] revealed that financial incentives were required to have a vital impact on investment
decisions for waste plant constructions.

Additionally, de Martino and de Melo [16] presented a prospective analysis of grid-connected
solar photovoltaic (PV) systems in the Brazilian residential sector. The study evaluated scenarios
of technology diffusion up to 2030 considering policy mechanisms to foster the development of
grid-connected PV generation. The assessed mechanisms are the net metering compensation scheme,
FIT, and direct subsidies to PV installations. The results showed that PV distributed technology
offers good opportunities for Brazil to diversify its energy matrix with potential economic and
environmental benefits.

2.4. Studies Related to Other Countries

In [17], the RE technology and diffusion of geothermal, wind, biomass, and solar PV across
26 countries of the Organization for Economic Co-operation and Development (OECD) were studied.
The study used the list of patents for each of these technologies to assess the effect of technological
change on investment in RE. In [17], the study showed that a 10% increase in knowledge stock in
wind and biomass increases investment by 0.6% and 2.6%, respectively. Additionally, the authors
revealed that technological changes lead to greater RE investment. Nicolli and Vona [18] investigated
the empirical effect of RE policies and market regulation on the innovation activity in different RE
technologies. The authors focused on European Union (EU) countries, and the adopted dataset covers
eight different technologies, RE policies, and proxies of market regulation. The study revealed that
reducing entry barriers to innovation activities is a major driver in RE innovation, with varying effects
for different technologies. In [19], the effects of environmental policies on innovation under various
levels of competition were investigated. A pre-sample mean count data econometric specification
(which accounts for the endogeneity of policies) was developed using RE policies, competition,
and green patents for OECD countries. The study revealed that RE policies are more effective in
the promotion of green innovation in countries with modern energy markets. In addition, Nesta et
al. [19] concluded that competition promotes the generation of low-quality green patents, whereas
environmental policies are important for the generation of high-quality green patents.

Other studies in the literature have focused on the use of panel data regression analyses to test the
effect of RE policies on the RE development [20–22]. These research studies involved many countries
over long time spans. For example, Marques and Fuinhas [20] focused on a panel of 23 European
countries for the time span of 1990–2007; Aguirre and Ibikunle [21] focused on 38 countries for the
period of 1990–2010; while, in Liu et al. [22], the panel dataset was 29 countries analyzed during
the period 2000–2015. The panel data techniques used in these studies were the corrected standard
errors estimator [20], fixed effects vector decomposition [21], and variable intercept panel model [22].
However, all these research studies suffered from the demerit that many the countries involved in the
studies did not implement some of the RE policies. Therefore, the econometric treatment could not
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be trustworthy. Moreover, the presence of unobserved heterogeneity, contemporaneous correlation,
and cross-sectional dependency must be adequately addressed. Otherwise, the estimation of the
model coefficients would be erroneous. This situation was obvious in the results obtained in [21],
which found a negative effect of fiscal and financial incentives on RE development, while the results
reported in [20,22] were the opposite.

Throughout the literature, a variety of different studies have tried to show the relationship between
RE policies and RE development. However, most of the above-mentioned studies focus on specific
policies or policy types, while some others focus on specific countries. This study, on the other hand,
focuses on general RE policies using RE policy categories, and the main focus is on the countries
which had the highest installed capacity at the end of 2017. As the selected countries (China, USA,
Brazil) are very different from each other, the analysis also reveals the diversity of similar policy
type applications. Additionally, this study provides a time-series analysis, covering an 18-years
period. In order to avoid the problems that arose from the multidimensional panel dataset, such as
cross-sectional dependency and heterogeneity, as found in [20–22], the time series analysis is applied
here to each country individually. To the authors’ best knowledge, none of the above-mentioned studies
focus on evaluating the relationship between different RE policy categories and RE development, and
the relationship between different RE policy categories on different types of RE development (such as
solar, hydro, wind, etc.) in leader countries (in terms of their installed RE capacity). Moreover, unlike
other studies, the models developed in this study (to evaluate the relationship) consider the following
independent variables: the number of RE policies in each year and the number of RE patents in each
year. Hence, this study differs from the other studies available in literature, and the authors believe that
the results of this study will help policy-makers and implementers to select the best policies/methods
according to the specifications of each country.

3. Country Reviews

This section will provide background information about the countries that will be analyzed in this
study. The reasons for providing such information can be explained as follows: Each country adopts
different kind of RE policies. There may be many reasons behind their selection. However, it is highly
probable that the country’s fossil fuel reserves and energy mix have an effect on the policy selection.
Hence, this part of the study will be dedicated to informing the reader about the nature of fossil fuel
reserves and the types energy sources adopted in the energy mix in each of the selected three countries.
Among the chosen countries, China is the leader in fossil fuel reserves, with about 105,605 million
tons of oil equivalent (Mtoe), followed by the USA and Brazil with 15,067 and 6819 Mtoe, respectively.
As shown in Figure 2, coal represents the majority of fossil fuel reserves in China, Brazil, and the USA,
with 92 %, 68 %, and 91 %, respectively. Oil is another major fossil fuel resource for China, Brazil,
and the USA [23]. The data used to plot Figures 2 and 3 were retrieved from [23].
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Figure 3 illustrates the primary sources of the electricity mix in the three countries. As seen
from the figure, although these countries are the world leaders in terms of their installed RE capacity,
conventional thermal plays an essential role in their electricity generation, especially in China and the
USA. Brazil, on the other hand, seems to be more successful in integrating more renewables into their
electricity mix. The hydro contribution to electricity is the highest in Brazil. Additionally, the current
contribution of other renewables is the highest in Brazil with 12.5%, while the others are comparably
low. It should be noted that nuclear energy is also utilized in all the three countries and has the highest
contribution in the USA, although it is still not comparable to the fossil fuels [23].
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4. Policy Reviews

There is common agreement that RE should have a more significant role in energy generation than
it currently has. This has led to an increase in research and development for RE technologies, and an
increase in RE policies (e.g., regulatory, legislation-based, incentives/subsidies, and carbon taxes) [24].
According to International Energy Agency (IEA)/IRENA [25], since 2000 more and more countries
have been working on RE policies that support RE development; such policies include market-driven
policies, incentives and subsidies, FIT, and policy support. For detailed information about each of the
policies, the interested reader is referred to the IEA RE policy database [25].

The three countries under study—China, the USA, and Brazil—were initially late in adopting
policies to promote RE because of having large fossil fuel reserves (coal, oil, and natural gas) and
because of the high cost of RE deployment compared to conventional fuels. In the last two decades,
the authorities in these countries have adopted different policies to quickly integrate RE into their
electricity mix according to the economic plans in each country. The policies which has been taken by
each country are illustrated in Section 4.1, Section 4.2, Section 4.3, Section 4.4, Section 4.5 to Section 4.6.

Table 1 summarizes the different types of RE support policies (RE policy categories and
corresponding sections in accordance with the classification provided in reference [25]), which
are generally applied in most countries and are hence considered in this study. Moreover, Tables 1–8
were constructed for this study using the data provided in [25].
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Table 1. Summary of the different types of RE support policies.

RE Policy Categories RE Policy Sections RE Policy Sub-Sections

Economic Instruments (EI)

Direct investment

Funds to sub-national governments,
infrastructure investments, procurement
rules, and Research, Development and

Deployment (RD&D) funding

Fiscal/financial incentives
Feed-in tariffs (FIT)/premiums, grants

and subsides, loans, tax relief, taxes, and
user charges

Market-based instruments
Greenhouse gas (GHG) emission

allowances, green certificates, and white
certificates

Research, Development and
Deployment (RD&D)

Demonstration project, and research program (technology development, and,
technology deployment and diffusion)

Information & Education (IE)
Information provision, performance label (comparison label and

endorsements), professional training and qualification, and advice/aid
in implementation

Regulatory Instruments (RI)
Auditing, codes and standards (building codes and standards, product

standards, sectoral standards, vehicle fuel economy and emissions standards),
monitoring, obligation schemes, and other mandatory requirements

RE Policy Support (PS) Institutional creation, and strategic planning

Voluntary approaches (VA) Negotiated agreements (public-private sectors), public voluntary schemes,
and unilateral commitments (private sectors)

Data source: [25].

The next subsections will provide basic information about the RE policy categories mentioned
above, along with examples of the related policies adopted in the three countries under study: China,
Brazil, and the USA. Each subsection will provide a different amount of examples for each country, and
their numbers will differ according to the categories. At this point, it should be noted that examples
are chosen based on the number of policies in each country and the different RE sources.

4.1. Economic Instruments

The government regulators administered these instruments by providing economic/monetary
incentives for promotion and the adaptation of risk management. Economic instruments (EI) play a
crucial role in cost reduction and innovation deployment in RE production. EI policies are classified
into three main groups that include [25]:

• Direct investments: These are designed to reduce the capital cost of RE investment.
• Fiscal/financial incentives: This is a type of financial support provided to investors for accelerating

the development of RE projects and reducing the risk to investors.
• Market-based instruments: These are instruments of environmental policies in which a change in

technology or products is encouraged through financial incentives.

Some examples of the EI policies are listed in Table 2 for the three countries under study: China,
Brazil, and the USA, respectively.
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Table 2. Examples of the EI policies adopted in China, Brazil, and the USA.

Country Economic Instruments (EI)
Direct

Investment
Fiscal/Financial

Incentives
Market
Based

1 2 3 4 5 6 7 8 9

China

RE law revisions x

Wind development plan x

FIT system to support concentrated
solar power industry x

FIT support for solar PV
(20 years support) x

Golden sun program x

Wind power concession program x

Introducing national GHG
trading market x

Value added tax policy for
large-scale hydro company x

50% value added taxes refunded to
the user of solar power x

Brazil

Light for all electrification program x

2010–2019 plan for energy expansion x

Program of incentives for alternative
electricity sources x x

Introducing auctions systems
with loans x

Wind turbine component tax
exemption (executive decree 656) x

Ethanol export tax credit x

Brazil net metering for
distributed generation x

USA

American recovery and
reinvestment act of 2009 x

Solar America cities x

Green purchasing
procurement program x

Hydroelectric incentive program
(Africa energy finance) x

California solar initiative x

Energy policy act of 2005 x

San Francisco solar energy
incentive program x

Regional greenhouse gas initiative x

Note: (1) funds to sub-national governments, (2) infrastructure investments, (3) feed in tariff, (4) grants and subsides,
(5) tax relief, (6) user charges, (7) GHG emissions, (8) green certificates, (9) auctions. Data source: [25].

In order to provide better understanding, brief explanations for some of the policies seen in Table 2
are listed below. For more detailed information on each one of the above-listed policies, the interested
reader is referred to [25].
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• China:

1. The RE law (released in 2009) introduced the FIT to support solar photovoltaic, wind,
biomass, and other renewables with subsidies [26].

2. In the 2010 and 2020 targets, hydroelectric represents 80% of all renewable capacity [26].
In order to support hydropower development, a unified and standardized large-scale
hydropower corporation tax policy was set.

3. The Golden Sun Program provided capital subsidies for solar PV installations [27].
4. The Wind Power Concession Program reduced the cost of wind power and drove private

sector investment [13].
5. In the environmental field, China had taken many steps, such as a national GHG trading

market for vehicle manufacturers [28].

• Brazil:

In Brazil, the existence of several rivers aids the predominance of hydroelectric power-generating
sources. However, large hydropower dams have significant environmental impacts. Since the
2000s, Brazil has given greater attention to other RE sources in addition to hydropower.

1. In 2002, Brazil released the PROINFA. In that program, FITs were used to produce 3300 MW
from the RES (wind, biomass, and hydro plants) [14].

2. In 2009, the government introduced an auction regime. The auctions system together with
the loans system and guaranteed purchase contracts caused the wind power installation to
become 5300 MW in 2013 [3].

3. In 2012, the Electricity Regulatory Agency sets the legal framework for the use of solar
PV energy systems connected to the electricity grid, including net metering, FIT, and cash
incentives which promoted solar PV distributed technology [29].

4. Tax exemptions and reductions reduced the installation costs of RE projects and, thereby, the
cost of RE through the market [14].

• USA:

Although nuclear energy has a large participation rate in the United States, in order to improve
the diversity of resources the country has also supported other RE energy sources as follows:

1. In 2009, capital subsidies and grants were given to RE projects for producing 188 MW from
concentrated solar power and 95 MW from hydropower [21].

2. The American Recovery and Reinvestment Act of 2009 supplemented over $80 billion to
support clean energy-related Research, Development and Deployment (RD&D) [25].

3. Solar America cities is an energy department initiative to promote solar energy at the local
level through city programs [25].

4.2. RE Policy Support

Most support policies worldwide promote power generation through institutional creation
and strategic planning. These policies have been developed to encourage the introduction of RE
technologies into the electricity sector [24]. Policy support (PS) has two categories, which include
institutional creation (such as the implementation of an energy agency) and strategic planning. Some
of these policies are reported in Table 3 for the three countries under study.
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Table 3. Examples of the PS policies adopted in China, Brazil, and the USA.

Country Policy Support (PS) Institutional
Creation

Strategic
Planning

China

China 13th 5-year plan for 2016–2020 including
geothermal, solar, wind, hydro,

and ocean power
x

Renewable energy law x

Guidance to promote advanced PV
technology application x

Wind power technology development (12th
5-year special plan) x x

Solar industry 12th 5-year development plan x

Brazil
2010–2019 plan for energy expansion x

Light for all program x

USA

Executive order 13514: expanding energy and
environmental requirements x

Energy policy act of 2005 x

National biodiesel education program x

State climate and energy partnership program x

Twenty in ten program (2007) to cut US
gasoline consumption by 20% in 10 years x

Solar America x

Biomass research and development act x

Data source: [25].

Some of the above-mentioned policies are explained as follows:

• China:

1. The 13th 5-year plan for 2016–2020 including geothermal, solar, wind, hydro, and ocean
power provided a strategy for sustainable energy and resource management. The activities
focused on three areas, including green actions, the implementation of energy-saving projects,
and improved safeguarding measures [30].

2. The solar industry 12th 5-year plan aimed to increase solar production and reduce the
cost of electricity generation from solar installations to make them more competitive with
conventional power production [29].

3. In 2012, the government planned the construction of six onshore, two offshore, and coastal
wind power plants (under the 12th 5-year plan) for wind technology development. The target
was to add 10 MW of offshore wind prototypes by 2015 [25].

• Brazil:

1. The Ministry of Mines and Energy approved the 2010–2019 Plan for Energy Expansion, which
adopted a reduction in fossil fuel power plant construction and expected major expansions
in the hydro and wind grid-connected power sectors. The installed capacity targets for RES
by 2019 were 116.7 GW hydro, 6 GW wind, and 8.5 GW biomass power [31].

2. The Light for All program (2003) improved rural electrification through network expansion,
distributed RE generating systems, and reduced the GHG [31].
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• USA:

1. Executive Order 13,514 expands the energy reduction and environmental requirements by
making GHG management a priority for the federal government [32].

2. The Solar America Initiative was a Department of Energy effort to make solar PV energy a
cost-competitive with conventional form of electricity by 2015 [33].

3. The State Climate and Energy Partnership Program was designed to help states review and
adopt policies that integrate clean energy into a low-cost and reliable system [34].

4. The Energy Policy Act of 2005 provided tax incentives and loan guarantees for various types
of energy production to mitigate climate change [35].

5. The National Biodiesel Education Program provided information about the benefits of
biodiesel, focused on market barriers to biodiesel commercialization, and developed strategies
to eliminate these barriers [25].

4.3. Information and Education

These policies seek to introduce several new approaches to address the needs of the 21st century
for sustainable energy supply systems. They also include courses in RE engineering, RE technician
training, and RE policy and planning [25]. The information and education (IE) policies are divided
into four categories, which include advice/aid in implementation, information provision, performance
label, and professional training and qualification. In addition, the performance label has two different
types: a comparison label and an endorsement label. Some examples of the information and education
policies are listed in Table 4 for the three countries under study.

Table 4. Examples of the information and education policies for China, Brazil, and the USA.

Country Information and Education (IE) Aid to
Implement

Information
Provision

China

Monitoring of wind power investment in 2017 x

Guide to improve electric power operation x

International science and technology
cooperation program x

Brazil Brazil Inova Energeia program x

USA

Solar America cities x

Partnership for sustainable communities x

Center for geothermal technology transfer x

Solar energy technologies office/sun shot x

Water power technologies office x

Data source: [25].

The following points in the above table include:

• China:

1. In 2015, the National Energy Administration (NEA) provided direction to improve electric
power functionality and ease the further development of clean energy [25].

2. In order to promote advanced PV technology application and industrial upgrading, the NEA
implements the “leader” projects every year by arranging a special market scale [25].

3. The Ministry of Science and Technology has initiated the International Science and Technology
Cooperation Program in RE to boost Chinese technological development [36].
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• Brazil:

1. Inova Energy Plan program provided support in the form of grants and soft loans to boost
cooperation sharing between companies and technology institutes in the field of RE [31].

• USA:

1. The Center of Geothermal Technology was set up (2008) to collect information on the best
practices in all areas relating to developing and utilizing geothermal resources [25].

2. In 2007, the project of Solar America Cities committed with 25 cities to accelerate the adoption
of solar energy technologies at the local level [25].

3. The Solar Energy Technology Office/SunShot facilitated the purchase of solar energy and
helped consumers, businesses, and utilities to make informed decisions [31].

4. The Water Power Technologies Office (2016) developed, evaluated, and tested innovative
renewable water power technologies and removed market barriers to deployment [25].

4.4. Regulatory Instruments

These policies discuss the preferred approaches to support low-carbon energy technologies from
a regulatory point of view. Regulatory instruments (RI) directly measure the risk and return profile of
RE projects. Combining these with regulatory measures (that include long-term strategic planning
and, codes and standards) could further enhance RE investments [3,7]. The policy categories under
regulatory instruments comprise of auditing, codes and standards, monitoring, obligation schemes,
and other mandatory requirements. Meanwhile, standard codes include building codes and standards,
product standards, sectoral standards, and vehicle fuel economy and emissions. A brief summary of
the regulatory instruments for the three countries is shown in Table 5.

Table 5. Examples of the regulatory instruments for China, Brazil, and the USA.

Country Regulatory Instruments
(RI)

Codes and
Standards Monitoring Obligation

Schemes
Other Mandate
Requirements

China

Shandong Province Village
Renewable Energy

Regulations
x

Promotion of solar PV
deployment management x

Solar Industry 12th Five
Year Development

Planning
x x x x

Renewable Energy Law x x x x

The eleventh 5-year plan
for economic development

(2006–2010)
x x x x

Brazil

Program of Incentives for
Alternative Electricity
Sources (PROINFA)

x x

Electric power
auctions—Wind and

Biomass
x x
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Table 5. Cont.

Country Regulatory Instruments
(RI)

Codes and
Standards Monitoring Obligation

Schemes
Other Mandate
Requirements

USA

Federal Fueling Centers x x

Energy supply—National
Defense Authorization

Act, 2009
x x

Biomass Research and
Development Act x

Smart from the Start
Initiative x

Solar America Board for
Codes and Standards x

RPS—Nevada, Colorado,
and California x x x

Data source: [25].

Some of the above instruments are depicted as follows:

• China:

1. In 2008, the Shandong Province Village RE Regulations provided subsidies for specified RE
technologies in farming villages [25].

2. In 2012, the Ministry of industry and Information Technology announced a plan to reduce
the cost of solar power and increase the production of solar panels [31].

3. The RE Law covers wind, solar, water, biomass, geothermal, and ocean energy [25].

• Brazil:

1. The electric power biomass and wind auctions were organized by Brazil’s electricity regulatory
agency in 2008 and 2009 [25].

2. In 2002, Brazil released the Program of Incentives for Alternative Electricity Sources [14].

• USA:

1. Energy Independence and Security Act (2007) expanded the production of renewable fuels,
reduced dependence on oil, increased energy security, and addressed climate change [37].

2. Smart from the Start Initiative ensured the process of providing contracts for RE development
on the shores of Atlantic Ocean [25].

3. In 2009, an updated law was signed to expand Nevada’s previous RPS. The new RPS required
25% of electricity to come from RES by 2025 [31].

4. In 2002, California established its RPS Program, with the goal of increasing the percent of RE
in the state’s electricity mix to 20 % by 2017 [25].

5. In 2014, the California government introduced an energy efficiency obligation to achieve an
energy saving of 6092 GWh per year [25].

4.5. Research, Development, and Deployment

These policies support the development of facilities that aim at developing and deploying clean
energy technologies in developing countries [38]. The Research, Development, and Deployment
(RD&D) policies are divided into two groups that include a demonstration project and research
program, which in turn is subdivided into technology deployment and diffusion and technology
development [25]. The RD&D policies for China, Brazil, and the USA are reported in Table 6.
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Table 6. Examples of the Research Development and Deployment instruments for China, Brazil, and
the USA.

Country Research, Development and
Deployment (RD & D)

Demonstration
Project

Research
Program

China

Renewable Energy Law x

International Science and Technology
Cooperation Program for RE x

Shandong Province energy fund x

Brazil

Enabling Scientific Research and
Technological Development

using incentives
x

Integrating Environmental
Strategies—research program x

USA

American Reinvestment Law:
Allocations for Clean Energy x

Solar Energy Technologies
Office/SunShot x x

Bioenergy Technologies Office x x

Wind Energy Technologies Office x x

Water Power Technologies Office x x

Data source: [25].

Some of the policies are illustrated as follows:

• China:

1. The modification to the 2006 RE Law initiated a special fund for RD&D and supported mini
and off-grid RE projects in rural and remote areas [25].

2. The International Science and Technology Program aimed to introduce latest technologies,
attract scientists, and develop an exchange program with international research centers [31].

• Brazil:

1. In 2011, Brazil invested more than 1% of its GDP in RD&D. The business sector contributes a
considerable share of total RD&D expenditures [39].

2. The Scientific Research and Technological Development used incentives to encourage public
private partnerships and raised the participation of research institutions in innovation [39].

• USA:

1. The Solar Energy Technologies Office/Sun (2016) conducted RD&D on solar energy
technologies, including improving the efficiency and performance of solar cells [25].

2. In 2009, the public investment and loans in the USA allocated $ 30 billion to produce a
3.1 GW geothermal project [20].

3. The American Reinvestment Law supported clean energy RD&D by $ 80 billion [31].
4. The Wind Energy Technologies Office accelerated the deployment of wind technologies

through improved performance, low costs, and reduced market barriers [25].
5. The Water Power Program identifies and undertakes RD&D to facilitate the development

and deployment of RE from rivers and marine waters [31].
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4.6. Voluntary Approaches

This policy type aims to considerably increase the share of RE. Hence, voluntary approaches
(VA) encourage countries to execute programs and policies voluntarily to accelerate the deployment
of RE on the basis of national circumstances and to promote proactive plans and actions [24].
Voluntary approaches cover negotiated agreements (public-private sector), public voluntary schemes,
and unilateral commitments (private sector). Table 7 summarizes a sample of the voluntary approaches
applied in the three leading countries: China, the USA, and Brazil.

Table 7. Examples of the VA for China, Brazil, and the USA.

Country Voluntary Approaches (VA) Negotiated
Agreements

Public Voluntary
Schemes

Unilateral
Commitments

China

13th geothermal. energy
development 5-year plan

(2016–2020)
x x x

Market transformation
program—partnership with

the UK
x

Brazil

Alliance program x

Technical regulation for energy
efficiency of buildings

(non-residential)
x

USA

Technical assistance program x

High performance green
building partnership x

Federal electronics challenge x

The global bioenergy
partnership x x

Data source: [25].

The main points of the above table are explained as follows:

• China:

1. The results of the market transformation project established in 2006 were summarized in a
group of recommendations [25].

2. The 13th 5-year plan for geothermal energy summarized the achievements and challenges of
the geothermal sector in 2015 and stated the plan of the development of the sector between
2016 and 2020. The objectives of the plan were to achieve by 2020 [31]:

• The addition of 1.1 billion m2 of new geothermal heating (cooling) areas.
• Increasing the geothermal power installed capacity by 500 MW.

• Brazil:

1. In 2015, the Alliance program was carried out through voluntary agreements between the
National Confederation of Industry and large energy companies (consumption > 20MW) [25].

2. In 2010, the Voluntary Governance Development Authority released technical regulations
for the energy efficiency of buildings (non-residential) [31].

• USA:

1. In 2009, the Department of Energy released a technical assistance program to provide state
and local officials with quick RE experts at national laboratories [25].
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2. In 2008, the American Society of Heating, Refrigerating, and Air-Conditioning Engineers
formed an association to encourage the development of green buildings [25].

3. The Federal Electronics Challenge partnership program (established in 2007) encouraged
federal facilities and agencies to purchase green electronic products [25].

4. The Global Bioenergy Partnership (2006) promoted bioenergy and provided a mechanism
for partners to organize, coordinate, and implement targeted international research [31].

5. Methodology

According to the IRENA database [9], the three leading countries for the total installed renewable
capacity (at the end of 2017) were chosen as China, the United States, and Brazil. This study explores
the effect of the supporting policies adopted by these countries on their installed RE capacity over the
period of 2000 to 2017. The study uses the following data in order to perform the analyses:

i. The total RE installed capacity.
ii. The solar, wind, hydro, and bio installed capacities.
iii. The total number of RE policies.
iv. The individual number of policies in each category (EI, RD&D, IE, RI, PS, and VA).
v. The total number of patents.
vi. The number of solar, wind, hydro, and bio patents.

Various time series linear regression analyses were carried out (using the SPSS software) to
establish 33 models (11 for each country). These analyses were carried out for each country individually
to avoid multidimensional problems. The dependent variables were chosen either as the total installed
RE capacity or the installed RE capacity per type of technology. The independent variables were chosen
either as the total number of RE policies, the individual number of policies in each category, the total
number of patents, or the number of patents per technology. All the diagnostic tests were performed
to check the robustness of the models using the SPSS software.

5.1. Data Collection

The data used in this study were collected from the International Energy Agency (IEA) [25],
International Renewable Energy Agency (IRENA) [9], and World Energy Council (WEC) databases [23].
The type of data that was collected from each source can be stated as follows: [25] was used for
obtaining the data on policies. The RE installed capacities and the number of RE patents data were
gathered from [9]. The data related to fossil fuel reserves and the diversity of electricity generation for
each country were derived from [23]. At this stage, it should be noted that, in this study, policy refers
to an RE policy/law applied by a country. The examples of these policies can be seen in almost all the
tables provided in the previous section (Tables 2–7). For example, in Table 7 China and Brazil have two
policies each, while the USA has four policies. Policy data were gathered both for in-force policies and
ended policies for the period of 2000–2017 using [25]. However, due to the unavailability of data about
some ended policies (the date that the policy entered in force and the date that the policy ended) in the
IEA database, some policies were excluded, including 2 policies for Brazil, 10 policies for China, and
20 policies for the USA. Table 8 presents the total no. of RE policies considered in this study for each
country of analysis.
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Table 8. The total number of RE policies considered for each country (2000–2017).

Country
Renewable Energy Policy Categories

Ended In-Force Total

Brazil 1 13 14
China 2 96 98
USA 5 63 68

Data source: [25].

In addition to the data provided above, the RE installed capacities were gathered from [9] for
China, the USA, and Brazil for the period 2000–2017. The technology-specific installation capacities
were also recorded for the same period. However, it should be noted that, in this study, only four RE
technologies were considered due to their high installed capacities when compared to others (marine
and geothermal). These technologies are hydropower (renewable hydropower and pumped storage),
wind (offshore and onshore), solar (photovoltaic and concentrated solar power), and bioenergy (solid
biofuels, liquid biofuels, and biogas), while the data related to fossil fuel reserves and diversity of
electricity generation for each country were derived from [23]. Figure 4 demonstrates the development
of RE capacity for the 2000–2017 periods, along with the number of adopted RE policies for the
countries of analysis. It can be seen from the figure that the policies have promoted the development
of RE, especially for China, followed by the USA and Brazil. Table 9 provides descriptive statistics of
the installed RE capacity and the number of RE policies used in the analyses. The table also shows the
descriptive statistics of the RE policy categories used in this paper: EI + RD&D, IE + VA, and PS + RI.
Each category actually covers two sub-categories which are grouped into one (due to having similar
concepts) to provide a more accurate analysis (by having more data in each category). In addition,
Figure 4 was constructed for this study using the data provided in [9,25].
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Figure 4. The total RE installed capacity and total numbers of RE policies (2000–2017). Note: the bars
are RE installed capacities and the lines are the no. of RE policies (data source: [9,25]).
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Table 9. Descriptive statistics: policies and RE installed capacity (2000–2017).

Statistic N Mean Standard
Deviation Min. Max.

Policies

Total no. of policies in China 18 28.83 34.32 0 96
Total no. of policies in the USA 18 46.5 16.22 18 63

Total no. of policies in Brazil 18 7.94 4.09 2 13
Total no. of EI&RD&D policies in China 18 11 11.44 0 31

Total no. of EI&RD&D policies in the USA 18 26.39 9.68 11 36
Total no. of EI&RD&D policies in Brazil 18 3 1.64 0 5

Total no. of IE&VA policies in China 18 1.444 1.423 0 5
Total no. of IE&VA policies in the USA 18 6.67 1.78 3 8

Total no. of IE&VA policies in Brazil 18 1.28 0.46 1 2
Total no. of PS&RI policies in China 18 16.39 21.82 0 60

Total no. of PS&RI policies in the USA 18 13.44 4.99 4 19
Total no. of PS&RI policies in Brazil 18 3.67 2.2 1 6

RE installed capacity (GW)

Total RE installed capacity in China 18 258.73 179.44 80.83 647.14
Total RE installed capacity in the USA 18 154.419 44.46 110.18 246.61

Total RE installed capacity in Brazil 18 88.16 19.39 63.74 128.29
Total hydro installed capacity in China 18 193.87 93.52 79.35 341.2

Total hydro installed capacity in the USA 18 100.44 1.48 98.41 102.97
Total hydro installed capacity in Brazil 18 78.56 11.53 61.06 100.32
Total wind installed capacity in China 18 43.98 56.42 0.341 164.1

Total wind installed capacity in the USA 18 34.9 29.54 2.38 87.54
Total wind installed capacity in Brazil 18 2.39 3.8 0.02 12.29
Total solar installed capacity in China 18 16.66 35.03 0.034 130.65

Total solar installed capacity in the USA 18 8.81 12.82 0.457 43.03
Total solar installed capacity in Brazil 18 0.07 0.26 0 1.1

Total bioenergy installed capacity in China 18 4.23 2.936 1.1 11.24
Total bioenergy installed capacity in the USA 18 10.28 1.78 8.25 13.07
Total bioenergy installed capacity in Brazil 18 7.15 4.47 2.66 14.58

Data source: [9,25].

The RE patent data were also needed in analyses in order to investigate the effect of
technology-related details. Hence, for the above-mentioned four technologies, the number of RE
patents data (excluding marine and geothermal patents) were derived from [9] for China, the USA, and
Brazil for the period of 2000–2016, as the number of patents data for 2017 were not available. Figure 5
presents the development of RE capacity with the number of patents for the countries of analysis.
As shown in the figure, patents have promoted RE development especially in China and the USA.
Table 10 presents the descriptive statistics of the RE patents. Additionally, the data that were used to
plot Figure 5 were taken from reference [9].
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Table 10. Descriptive statistics: patents (2000–2016).

Statistic N Mean Standard
Deviation Min. Max.

Patents
No. of patents in China 17 55,392.53 57,548.55 856 161,358.00

No. of patents in the USA 17 40,849.24 36,736.67 1019 99,130.00
No. of patents in Brazil 17 3365.18 2503.89 139 6524

Data source: [9].

5.2. Problem Setup

Linear regression analysis is a statistical method that utilizes one or more independent variables
in predicting the outcome of the response variable [40]. It is used in modeling the relationship between
variables by fitting a linear equation to the data. The related model is presented in Equation (1):

y = β0 + β1x1 + β2x2 + . . .+ β jx j + ε, (1)

where the βs represent the original unknown parameters, the xs represent the independent variables,
y represents the dependent variable, and ε is the residual error of estimation. The subscript j represents
the observation number.

In this study, linear regression is used in order to measure the effect of the policies and patents on
the RE development in the three countries under study. Time series regression analyses are performed
for each country. The following relations were considered for analysis in this study:

5.2.1. Total RE Installed Capacity vs. Total No. of Policies

In this analysis, the relationship between the total RE installed capacity and the total number of
policies is examined. Simple linear regression analyses are applied for each country. The total RE
installed capacity is chosen as the dependent variable, while the total number of policies is chosen as
the independent variable.

5.2.2. Total RE Installed Capacity for each Technology vs. Total No. of Policies

These relations investigate the effect of total number of policies on the growth of RE capacity
for each technology (bioenergy, hydro, solar, and wind). The total RE installed capacity for a specific
technology is selected as the dependent variable for that technology-specific analysis, while the total
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number of policies is chosen as the independent one. The analysis is performed for each technology.
Additionally, simple linear regression analyses are used in this case.

5.2.3. Total RE Installed Capacity vs. Different Policies

Multiple linear regression analyses are used here to model the relation between y, the total installed
RE capacity (dependent variable), and x, the number of RE policies in different categories (independent
variables) for the three countries under study. These categories are as follows: x1 = EI + RD&D.
policies, x2 = IE + VA policies, and x3 = PS + RI policies.

5.2.4. Total RE Installed Capacity vs. Total No. of Patents

In this situation, the simple linear regression analysis is employed to detect the effect of increasing
the total number of patents on the total installed RE capacity for the three countries under study.

In the present paper, the total number of patents is taken as the sum of the hydro, solar, wind,
and bioenergy patents during the period 2000–2016, as the number of patents data for 2017 were
not available. The dependent variable is assumed as the total installed RE capacity (GW), and the
independent variable is chosen as the total number of patents.

5.2.5. Total RE Installed Capacity/Technology vs. Total No. of Patents/Technology

These relationships depict the connection between hydro, wind, solar, and bio installed capacities
(dependent variables) and the corresponding number of patents for each technology (independent
variables). The simple linear regression method is used to illustrate such relationships individually
(for example, the relation between the total installed wind capacity versus the total number of wind
patents and so on). The solar energy results in Brazil are excluded because all the data are reported as
zero in the IRENA database over the period 2000–2016.

All the regression analyses provided in this study were performed using the SPSS-20 software.
Several tests/criteria are used to show the success of each model developed for each case, such as:

a. The R2 value (coefficient of determination), which is a statistical tool that measures how the
regression line fits the data and ranges from 0 to 1, with 0 representing the worst model and 1
the best model.

b. The adjusted R2, which is also known as R2
adj, is the rescaling of R2 by a degree of freedom and

gives a more realistic indication of its predictive power.
c. The p-value, which is the probability of the observed result to show how the changes in

the independent variables affect the dependent variable. The p-value must be <0.05 for a
significant result.

d. The standard error, which is the mean distance that the observed values fall from the regression
line [41].

e. The F-stats, which compare the joint effect of all the variables together. The probability must be
less than 0.05 for a significant result [42].

f. Autocorrelation refers to the degree of correlation between the values of the same variables
across different observations in the data. To test for the data auto correlation, the Durbin–Watson
test is used. If there is no autocorrelation, the Durbin–Watson factor lies between the values 1.5
and 2.5 [43].

g. Multicollinearity in regression analysis occurs when two or more predictor variables are highly
correlated with each other, such that they do not provide unique or independent information in
the regression model [43]. The variance inflation factor (VIF) measures the correlation between
independent variables. If the degree of correlation between variables is high enough (VIF > 5) [43],
it can cause problems in the model fit [43].

h. Normality, which means that the prediction errors are normally distributed in the population [43].
i. Homoscedasticity, which means that the variance of the errors is constant in the population [43].
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In the following section, the results of the five relations (Section 5.2.1, Section 5.2.2, Section 5.2.3,
Section 5.2.4 to Section 5.2.5,) given above are presented and discussed. The related statistical tests
are carried out to validate the established models. Only the important results, such as the model
coefficients, adjusted R2, p-value, and F stats, are provided in the results. The application of the
normality, autocorrelation, multicollinearity, and homoscedasticity tests is illustrated in one of the
multiple regression cases (Section 6.3.1) only, due to space requirements.

6. Results

The results obtained for the cases explained above are presented in this section. The models are
econometrically satisfactory, as shown through Tables 11–20. Specifically, the models passed all the
econometric tests mentioned above.

6.1. Total RE Installed Capacity vs. Total no. of Policies

Table 11 depicts a brief summary for the linear regression results, relating the total RE installed
capacity and total policies. The correlation coefficients of the China, Brazil, and USA models are 0.985,
0.962, and 0.82, respectively. All the coefficients are positive, have large values, and are statistically
significant in the 1% confidence level. This emphasizes the existence of a strong positive relation
between the RE development and the total number of policies. The F-statistics for all three countries
are statistically significant (having p-values < 0.01), which gives credence to the fitness of the model.
Additionally, the adjusted R2 for the three countries lie between 0.651 and 0.968, which indicates that
the total number of policies explain from 65.1% to 96.8% of the total RE capacity variation. It should be
indicated that China has a larger capacity per policy ratio than Brazil and the USA (because the slope
of the linear relation is the largest for China; coefficient = 4.967). It is worth noting that the correlation
coefficient and R2

adj in the USA model are less than the corresponding values for China and Brazil.
This may mainly be due to the fact that there are many states with different regulations in the USA,
and the policies are not the main drivers of RE installations.

Table 11. Relationship between the total RE installed capacity and the total policies.

Country Coefficients Adjusted R2 F stats Correlations

China 4.967 * 0.968 489.548 * 0.985 *

Brazil 4.105 * 0.921 186.429 * 0.962 *

USA 1.991 * 0.651 30.841 * 0.82 *

Note: * p value < 0.01.

6.2. Total RE Installed Capacity for Each Technology vs. Total No. of Policies

Table 12 presents the relations between the total number of policies and the total RE installed
capacity of each technology for the three countries under study. All the coefficients, correlation factors,
and F stats lie within the 1% significant level, except the solar case in Brazil. The solar energy in Brazil
is excluded because its data are reported to be zero in the IRENA database during the period 2000–2016.
It should be indicated that China has a larger capacity per policy in solar and wind RES than the USA
or Brazil. On the other hand, Brazil has larger capacity/policy in hydro and bio sources.

For example, each additional policy will increase the RE hydro capacity in China, Brazil, and the
USA by 2.588, 2.718, and 0.0781 GW, respectively.
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Table 12. Relationship between the total RE installed capacity for each technology and the total policies.

China Coefficients Correlation Fstats R2adj

Hydro 2.588 * 0.95 * 146.52 * 0.895

Wind 1.63 * 0.99 * 774.813 * 0.979

Solar 0.867 * 0.846 * 40.408 * 0.699

Bio 0.081 * 0.968 * 241.68 * 0.934

Brazil Coefficients Correlation Fstats R2adj

Hydro 2.718 * 0.963 * 204.172 * 0.923

Wind 0.689 * 0.742 * 19.549 * 0.522

Solar - - - -

Bio 1.022 * 0.948 * 142.271 * 0.893

USA Coefficients Correlation Fstats R2adj

Hydro 0.0781 0.837 37.564 0.683

Wind 1.576 0.863 46.628 0.729

Solar 0.478 0.605 9.236 0.326

Bio 0.095 0.862 46.2 0.727

Note: * p value < 0.01.

6.3. Total RE Installed Capacity vs. Different Policies

The linear regression analysis is used here to model the relation between the total installed RE
capacity with the three groups of the RE policies for each country. The resulted statistics of the models
of the three countries under study are listed in Tables 13–15. These statistics include the standard
deviation, correlation factors, R-Squared, and F-stats. The significance level of the F-stats is less than
0.01, which proves that the null hypothesis is rejected and the model is a good fit. It is concluded
from the results of the SPSS program that the residuals are found to be distributed normally about
the predicted response, having a constant variance and zero mean (not shown in the table). Thus,
the variances of the residuals in the three countries are said to have homoscedasticity.

6.3.1. Results of the Total RE Installed Capacity vs. Different Policies Analysis for China

The linear model for China can be written as follows, due to the results provided in Table 13:

y = 94.165 + 5.192x1 + 35.901x2 + 3.392x3. (2)

The coefficients of Equation (2) are positive and statistically significant, with p-values less than 0.05.
The correlation factors are 0.986, 0.925, and 0.974, respectively. This depicts that there are positive

and strong relations between the total installed RE capacity and the three variables. In addition, the
adjusted R2

adj is 0.99, which indicates that 99% of the total RE capacity variation is explained by the RE
policy variables and only 1% is due to random errors. Moreover, the significance level of F-stats is less
than 0.01, which indicates that the null hypothesis is rejected and the model is good fit. Additionally,
the standardized coefficients in Table 13 show that the third policy (PS + RI) has a larger weight with
respect to the other policies. Therefore, the PS + RI category is more effective on the total RE capacity
in China. This is due to the RE law released in China (revised 2009), which covers wind, solar, water,
biomass, geothermal, and ocean energy [25]. Additionally, it is due to the plan of the Ministry of
Industry, 2012, that reduced the cost of solar power and increased the production of solar panels [31].
In addition, the 13th 5-year plan (2016–2020) provided a strategy for sustainable energy and focused
on green actions and the implementation of energy-saving projects [30].
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In addition, the results in Table 13 indicate that there is no autocorrelation between the data
because the Durbin–Watson factor equals 1.7 (as seen in Section 5). Moreover, the low values of VIF in
the same table (<5) show that the multicollinearity does not occur in the regression analysis, which
proves the fitness of the established model.

Table 13. Statistics of the model of China.

Coefficients Standardized
Coefficients Correlation F Stats Adjusted

R2
Durbin-
Watson

Collinearity
Statistics

VIF

Constant 94.165 * - -

585.806 * 0.99 1.71

-

EI + RD&D 5.192 ** 0.331 0.986 * 4.918

IE + VA 35.901 * 0.285 0.925 * 2.268

PS + RI 3.392 * 0.412 0.976 * 4.464

Note: * p value < 0.01, and ** p value < 0.05. Dependent variable =total RE capacity; independent variables = EI +
RD&D, IE + VA, and PS + RI.

The normality test has been performed on the predicted China model by examining the normal
Predicted Probability (P-P) plot shown in Figure 6. It has been shown in the figure that the residuals
are normally distributed and conform to the diagonal normality line.
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In order to test for the homoscedasticity, the scatterplot shown in Figure 7 of the residuals against
the fitted values is examined. If the model is well fitted, the scatterplot of the residuals does not have
an obvious pattern, which is obvious in the figure. Thus, the variances of the residuals in the China
model are said to have homoscedasticity.
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6.3.2. Results of the Total RE Installed Capacity vs. Different Policies Analysis for Brazil

The model equation for the Brazil is described as shown in Table 14:

y = 46.774 + 6.523 x1 + 12.899 x2 + 1.837 x3. (3)

Brazil does not have any policy in the RD&D and VA category during the period 2000–2017,
as reported in the IRENA database [25], thereby it is not included in that model. The coefficients of
x1 and x2 are positive and statistically significant, with a p-value ≤ 0.01. On the other hand, the PS +

RI policy (x3) has a p-value > 0.1; therefore, it has no significant relation with the total RE capacity.
The correlation factors are 0.942, 0.840, and 0.891, respectively, which depict a direct and strong linear
relation between the total RE capacity and the RE policy variables. Moreover, the value of R2

adj is 0.923,
which indicates that 92.3% of the total RE capacity variation is accounted for by the policy variables.
In addition, the significance level of F-stats is less than 0.01, which shows a good fit for the model.

It has been indicated in Table 14 that the first category EI has a larger weight than the others;
therefore, it has a positive effect on the total RE capacity in Brazil. This may be due to introducing the
PROINFA program, the auctions system, or setting the legal framework for the use of solar PV energy
systems and tax exemptions in this country.

Table 14. Statistics of the model of Brazil.

Coefficients Standardized Coefficients Correlation F stats Adjusted R2

Constant 46.774 * - -

68.919 * 0.923
EI 6.523 * 0.542 0.942 *

IE 12.899 * 0.307 0.84 *

PS+RI 1.837 n 0.208 0.891 *

Note: * p value ≤ 0.01, and n p value > 0.1. Dependent variable = total RE capacity; independent variables = EI, IE,
and PS + RI.

6.3.3. Results of the Total RE Installed Capacity vs. Different Policies Analysis for the USA

The USA regression model can be depicted as illustrated in Table 15:

y = 128.413 + 7.487 x1 − 39.515 x2 + 6.831 x3 (4)
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The coefficients of x1 and x3 are positive while x2 has a negative coefficient. This means that the EI,
RD&D, PS, and RI policies have a positive effect on the installed total RE capacity, while the remaining
policy (IE + VA) has a negative effect. The coefficients of Equation (4) have p-values equal to 0.007, 014,
and 0.078, respectively, which point to a statistical significance level <0.1. Additionally, the correlation
factors are 0.814, 0.723, and 0.795, respectively, which indicate the existence of linear relations between
the total RE capacity and the policy variables. Moreover, R2

adj is found to be 0.889, which indicates
that 88.9% of the total RE capacity variation is explained by the policy variables and 11.1% is due
to random errors. Additionally, it is indicated that the significance level of F-stats is less than 0.01,
which shows a good fit for the model. It is worthy to indicate that the first category (EI + RD&D)
has the largest weight; therefore, it is a more effective policy for the total RE capacity in the United
States. This is attributed to allocating $30 billion to produce 3.1 GW from a geothermal project using
the public investment and loans [21]. Additionally, subsidies and grants were given to RE projects to
produce 188 MW from concentrated solar power and 95 MW from hydropower [21]. In addition, over
$80 billion was provided to support clean energy RD&D [25].

Table 15. Statistics of the model of the United States.

Coefficients Standardized Coefficients Correlation F stats Adjusted R2

Constant 128.413 * - -

17.513 * 0.889
EI + RD&D 7.487 * 1.627 0.814 *

IE + VA −39.515 ** −1.581 0.723 *

PS + RI 6.831 *** 0.766 0.795 *

Note: * p value < 0.01, ** p value < 0.05, and *** p value < 0.1. Dependent variable: total RE capacity; independent
variables: EI + RD&D, IE + VA, and PS + RI.

6.4. Total RE Installed Capacity vs. Total No. of Patents

The SPSS regression results are listed in Table 16. The coefficients of the linear model are statistically
significant and make perfect intuitive sense. The p-values of these coefficients lie in the 1% confidence
level. The values of adjusted R2 lie in the range from 0.897 to 0.985 for the three countries, which
means that the total number of patents accounts for 89.7% to 98.5% of the total installed RE capacity
and the remaining are due to random errors. The correlation between the total RE capacity and the
total number of patents lies in the range 0.951 to 0.993 with a 1-tailed significance of less than 1%,
which suggests that strong relationships exist between the total installed RE capacity and the total
number of patents. The significance level of F-stats is less than 0.01 for the three countries; therefore,
the null hypothesis is rejected, and the alternate one is accepted at the 1% level. The residuals are
distributed normally about the predicted response, have a constant variance, and have zero mean.
Thus, the variance of the residuals is said to be homoscedasticity, and the model is fully predicted.
The total RE installed capacity increased in China, Brazil, and the USA by 2.686, 6.503, and 1.058 GW,
respectively, per 1000 patents during the period under consideration.

Table 16. Relationship between the total RE installed capacity and the total no. of patents.

Country Coefficients Adjusted R2 F Stats Correlations

China 0.002686 0.985 1035.536 0.993

Brazil 0.006503 0.897 140.649 0.951

USA 0.001058 0.968 480.42 0.985

6.5. Total RE Installed Capacity/Technology vs. the Total No. of Patents/Technologies

Tables 17–20 show the relationships between the hydro, wind, solar, and bio installed capacities
and the corresponding patents for each technology. The solar energy results (Table 19) in Brazil
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are excluded because all the data are reported to be zero in the IRENA database during the period
2000–2016. The correlations between the dependent and independent variables are positive and large,
which emphasizes the existence of strong positive relations between them. The models satisfied all the
statistical tests, which proved to be perfect. The following remarks are drawn from the tables:

a. The total hydro installed capacity in Brazil increases by 40.221 GW for one thousand additional
hydro patents against 24.044 GW in China and 1.073 GW in the USA.

b. Table 18 depicts that the wind capacity increases in China by 4.225 GW for 1000 added wind
patents against 3.918 and 3.614 GW in the USA and Brazil.

c. The solar capacity increases in China by 496 MW/1000 solar patents versus 392 MW in the USA.
d. Table 20 illustrates that the bio energy patents have a strong effect on the bio energy capacity in

Brazil, while weak effects are detected for China and the USA. The increase in Brazil’s bio energy
capacity is found to be 4011 MW/1000 patents against 297 MW in China and 18 MW in the USA.

Table 17. Relationship between the total hydro installed capacity and the total no. of hydro patents.

Country Coefficients Adjusted R2 F Stats Correlations

China 0.024044 0.956 348.219 0.979

Brazil 0.040221 0.921 207.916 0.966

USA 0.001073 0.651 94.824 0.929

Table 18. Relationship between the total wind installed capacity and the total no. of wind patents.

Country Coefficients Adjusted R2 F Stats Correlations

China 0.004225 0.945 277.256 0.974

Brazil 0.003614 0.531 19.1 0.748

USA 0.003918 0.988 1275.32 0.994

Table 19. Relationship between the total solar installed capacity and the total no. of solar patents.

Country Coefficients Adjusted R2 F Stats Correlations

China 0.000496 0.639 29.335 0.813

Brazil - - - -

USA 0.000392 0.733 44.883 0.866

Table 20. Relationship between the total bioenergy installed capacity and the total no. of
bioenergy patents.

Country Coefficients Adjusted R2 F Stats Correlations

China 0.000297 0.92 184.3 0.962

Brazil 0.004011 0.919 182.743 0.961

USA 0.000018 0.919 181.461 0.961

7. Conclusions

Several barriers exist in RE development. These barriers can be overcome by enacting some RE
support policies such as economic instruments, policy support, and regulatory instruments. In this
study, linear regression analysis was used to assess the relationship between RE development and RE
policies in the USA, China, and Brazil. The results can be summarized in the following points:

a. A significant and positive relationship between the RE development and the total number of
policies exists in the three countries under study, especially in China.
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b. The installed solar and wind capacities are greatly enhanced by the RE policies taken in China.
On the other hand, Brazil has the largest capacity per policy ratio in hydro and bio sources.
Therefore, countries that want to improve their solar and wind energy capacities should be
aware of the policies that China has adopted in those fields. Similarly, countries may benefit
from the hydro and bio policies adopted in Brazil.

c. There are strong positive relationships between the RE installed capacity and the different policies
in China, but the PS + RI policies have the strongest impact on the total RE capacity, followed
by the EI + RD&D policies. This is attributed to the dependence of the Chinese government
on time-limited strategic plans and legislations in promoting advanced renewable technology
applications (such as the RE law, 2009; the plan of the Ministry of Industry, 2012; and the 13th
5-year plan, 2016–2020). In addition, China has used EI policies via introducing subsidies and
FITs to renewables.

d. In the USA, the EI+RD&D and PS+ RI policies have had positive effects on the total installed RE
capacity, while the IE+VA policies have had a negative effect on the total installed RE capacity. On
the other hand, the major focus in the USA was on EI policies such as giving subsidies, grants, tax
exemptions, and incentives to RE projects (such as the subsidies and grants given to RE projects
to produce 188 MW from concentrated solar power and 95 MW from hydropower). Additionally,
RD&D policies have the second priority in the USA due to the supporting research programs.

e. The EI policy in Brazil has had a strong impact on its installed RE capacity. This may be attributed
to the many EI policies considered in Brazil, including the PROINFA program, auctions system,
net metering, FIT, tax exemption, and cash incentives (Section 4). It is obvious from the above
points that the EI policy is a common factor in the three leading countries and has had a strong
impact on RE development. On the other hand, the IE+ VA policies have had a weak or negative
impact on the RE development.

f. The linear regression results revealed that the patents have had a positive impact on the RE
installed capacity in the three countries under study. Thus, the total RE installed capacity increased
in China, Brazil, and the USA by 2.686, 6.503, and 1.058 GW, respectively, per 1000 patents during
the period 2000 to 2016. In addition, the following points are concluded with respect to patents:

i. Hydro patents have had a strong positive influence on the hydro capacity in Brazil, while
the impact is less for the United States and China.

ii. The wind capacity in China has been more positively affected by wind energy patents
when compared to the United States or Brazil.

iii. Solar patents have had a larger positive effect on the installed solar capacity in China
when compared to the USA.

iv. Bio energy patents have had a strong effect on the bio energy capacity in Brazil, while
weak effects are detected for China and the USA.

In addition to the beneficial results provided above, this study also has limitations. The results
provided in this study may not be generalized to all countries. This is because each country has its
specific factors and models associated with the promotion of the RE development. Additionally, the
models established for each country depend upon aggregated general policies but not on detailed
policies. For example, the EI policy contains 3 categories and 16 subcategories. One of the obtained
results proved that the EI policy in Brazil has had a strong impact on its installed RE capacity, but
it did not determine which subcategory is involved in that effect. The third limitation lies in the
unavailability of data for some ended policies in the IEA database, which may affect the designed
models. The excluded policies are 2 policies for Brazil, 10 policies for China, and 20 policies for the USA.
Perhaps these shortcomings may be corrected in the future. Additionally, for further future work, this
study could be improved on by using more policy categories in measuring the relationship between a
policy and RE development and by focusing on other countries with a good RE installed capacity.
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