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1

Introduction

Electricity can be generated from non-renewable energy sources such as fossil fuels or
renewable energy, such as solar, wind and hydro. It is important to have a balance in
using fuel sources and renewable energy sources in electricity generation process, to
balance power systems. Moreover, such a balance would protect the governments from
overreliance on one single type of power generation. Renewable technologies use natural
energy, such as wind, wave, tidal, hydro, biomass, geothermal and solar, to produce
electricity. Many countries are promoting a switch to renewable energy sources in order
to achieve sustainable growth (Menanteau et al., 2003; Carley, 2009; Sawin and Flavin,
2006).
World renewable energy production (excluding hydro) has grown fast over the last
decade (Figure 1). The growth is explained by the production of wind and solar energy,
possibly due to a sharp price reduction of solar modules and wind turbines. Since
renewable energy sources, solar panels and wind turbines, are tradable, solar and wind
energy generation should have been affected in all countries. Unfortunately, the growth
of renewable energy production is driven by only several countries, such as Germany,
People’s Republic of China, the USA, India, Spain, Japan, Italy and the UK (Figure 2).
This study investigates what are the drivers of renewable energy production and what is
the role of renewable energy policy.

26

D. Azhgaliyeva et al.

Figure 1

World electricity generation from renewable energy sources (see online version
for colours)
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Figure 2

Top 10 wind energy producing countries in 2014

Source: IEA (2017)

The need for government support of renewable energy is often justified by the existence
of barriers (Beck and Martinot, 2004) and positive externalities from renewable energy
(Menanteau et al., 2003). Barriers to renewable electricity generation include subsidies to
electricity generated from fossil fuels, high initial capital costs, lack of skills or
information and uncertainties (Beck and Martinot, 2004). Policies targeting to promote
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renewable energy aim to reduce these barriers. Their effectiveness in promoting
renewable energy production depends on how well such policy instruments are able to
reduce/ease existing barriers. The need for government intervention to increase
renewable energy production is explained by positive externalities of renewable energy.
Positive externalities of renewable energy include reduction of pollution, greater energy
access and energy sources diversification. The presence of positive externalities means
that without government intervention, less renewable energy is provided in the market
than the socially optimal quantity. The need to switch from non-renewable electricity
sources is justified by negative externalities of electricity generation using fossil fuels,
which causes pollution (Menanteau et al., 2003). Renewable energy policies are needed
to help renewable energy producers to overcome market barriers and to increase
renewable energy generation.
Policies targeting to promote renewable energy aim to increase energy generation
from renewable energy sources, reducing carbon emissions and improving energy
security (Carley, 2009; Sawin and Flavin, 2006). The existing literature investigates the
effectiveness of policies targeting to increase generation of renewable energy, using
different empirical methods and data samples. This study contributes to the debates
related to the effectiveness of renewable energy policy instruments in electricity
generation.
This study uses a large panel data set of 106 countries, which allows us to compare
and contrast a wider range of policy instruments, as well as their combinations. The time
period for empirical analysis of wind energy is limited. The earliest electricity generation
using wind power started in 1978, by Denmark, which remained the only producer until
1982. In 1983, Sweden began to generate electricity using wind power. Only in 1996 did
the number of countries producing electricity using wind power reach 30 (Figure 3). That
is why most of the empirical literature uses annual data of renewable electricity
generation starting from 1980s (Zhao et al., 2013) or 1990s (Aguirre and Gbenga, 2014;
Carley, 2009).
This paper addresses the following research question: what are the most effective
renewable energy policy instruments, and what are the conditions for their effectiveness?
To answer these research questions we investigate the drivers of renewable energy
production, using the case of electricity generation by wind turbines, and paying
particular attention to policy instruments. Eleven policy instruments are considered:
direct investment, feed-in tariffs/premiums, grants and subsidies, loans, taxes, green
certificates, information and education, strategic planning, codes and standards, research,
development and deployment (RD&D) and voluntary approaches.
Feed-in tariffs aim to attract investments in renewable energy by offering long-term
guaranteed purchase agreements with a government on electricity generated from
renewable energy sources. Premiums are also included in feed-in tariffs, as they allow an
additional premium for sold electricity to be received on top of the market price.
Premiums guarantee an additional payment for electricity sold to the grid on top of the
market price, while feed-in tariffs guarantee a fixed price on electricity sold to the grid
(Klein, 2008; Mendonca et al., 2009). Green certificates, or renewable energy certificates,
are tradable certificates, which allows the trade of renewable energy quota obligations.
Obligations are set by the government, as a minimum share of energy generated or
consumed. Green certificates are earned by producing/consuming renewable energy or
purchased (Beck and Martinot, 2004). In the UK green certificates are known as
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renewables obligation certificates. For a review of each policy instrument, see Beck and
Martinot (2004), Jacobsson et al. (2009), Haas et al. (2004), IRENA (2012), Menanteau
et al. (2003), Sawin and Flavin (2006) and Winkler (2005).
Figure 3

Number of countries producing wind and solar energy

Source: IEA (2017)

This paper identifies not only which policy instruments are effective in promoting wind
energy, but also whether their effectiveness depends on how long these policy
instruments exist (experience), their changes, quality of implementation and combination
with other renewable energy policy instruments.
The remaining sections of this paper are structured as follows. Section 2 reviews
literature. Section 3 discusses methodology and data. Section 4 presents empirical results.
Section 5 concludes.

2

Literature review

In the existing literature the policy instruments which are used to promote renewable
energy are widely discussed (e.g., Del Río and Mir-Artigues, 2014; Kalyuzhnova, 2017;
Karatayev et al., 2016; Menanteau et al., 2003; Polzin et al., 2015). Theoretically,
price-based and quantity-based approaches are seen as comparable methods for achieving
targets in usage of renewable energy. However, it is not straightforward to take into
account the reality of uncertainty and the relative efficiency of these instruments in
sustainable technical change (Menanteau et al., 2003). It is important to stress that each
country forms its own incentive policies to promote renewable energy development and
that at the present there is no textbook prescription for a universal approach in this matter.
All these policies are derived from different criteria (relevant to the country’s targets,
aspirations, etc.) when evaluation of such incentives is taking place. For example,
promotion of wind and solar energy through a renewable energy certificate system in
India had only limited success, while the UK experience with the tradable renewable
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energy certificate system was more profound. The UK green certificates scheme,
renewable obligation certificate, contributed effectively to widen the UK energy and
climate change goals (Chatterjeea et al., 2013).
A variety of instruments exist to stimulate the growth of renewable power generation;
however, the governments need to realise that although these are important instruments in
stimulating the development of different technologies, they remain interim measures
since they do not always lead to cost reduction (Ackermann et al., 2001). There are
different market schemes such as a bidding process, which could assist in reducing costs,
or fixed quotas, which could be used together with green certificate trading or a power
exchange in combination with green pricing. At the present time there are only few cases
where such instruments have been implemented (Byrnes et al., 1999) that is why they are
excluded from this study.
Table 1

Summary of empirical results of the impact of renewable energy policy instruments

Studies

Dependent variable

Aguirre
and
Gbenga
(2014)

Renewable energy,
share of energy
supply

Positive impact

Negative impact

No impact

Fiscal and financial

Investment

Voluntary

FIT
Grants and
subsidies
Certificates
Information
and education
Loans
RD&D
Regulatory

Baldwin
et al.
(2017)

Renewable energy
generation

FIT

FIT

RPS

Subsidies

Carley
(2009)

Renewable energy,
share of electricity
generation

Subsidies

Carley
(2009)

Renewable
electricity generation

Subsidies

Johnstone
et al.
(2010)

Patent applications
in wind energy

RD&D

Zhao et al.
(2013)

Wind energy, share
of electricity
generation

Subsidies
Taxes

RPS
Taxes

RPS
FIT

Certificates

Investment
Taxes
Voluntary

FIT

Voluntary

Taxes

Investment

Certificates

Certificates

Quota

Note: FIT – feed-in tariff, RPS – renewable portfolio standards.

In practice, for political and institutional reasons, the governments are faced with
challenges when they attempt to implement renewable energy promotion instruments. A
number of studies have highlighted that overall possible barriers that could delay the
growth of renewable energy implementation are financial, technical, regulatory/
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institutional and information/educational barriers which should be addressed for feasible
development in different countries according their level of development, financing, etc.
(Del Río and Mir-Artigues, 2014; Kousksou et al., 2015).
Application of renewable energy varies between countries and even within the same
country across regions. Governments and regulatory authorities across the globe have
adopted a variety of specific policy measures to encourage development of wind and
other renewable energy sources. Former illustrates a significant disagreement in policy
implementation within the USA. Some states (e.g., California, Minnesota, and Oregon)
have been aggressively promoting wind and other renewable energy sources for some
time, while others (e.g., Alabama, Mississippi, and South Carolina) have taken little or no
action in this regard.
As the type and set of policies toll box implemented by nations grows, so is the need
to evaluate how effective and significant they are in promoting renewables increases.
Some empirical literature investigates the impact of policy instruments on renewable
energy using one country across regions/states, such as Carley (2009) and Menz and
Vachon (2006), while others use cross-country analysis, such as Aguirre and Gbenga
(2014), Baldwin et al. (2017), Carley et al. (2016), Johnstone et al. (2010), Marques et al.
(2010), Romano et al. (2017) and Zhao et al. (2013). However, major findings remain
controversial, possibly due to different data samples, measures of variables and methods
of estimation. Another explanation of controversial results in the prior literature is that
the impact of renewable energy policy instruments varies across renewable energy
sources (Sawin and Flavin, 2006; Zhao et al., 2013). Table 1 provides a summary of
empirical results of the impact of renewable energy policy instruments on renewable
energy.

3

Methodology

3.1 Data
Data set consists of annual data across 106 counties over the 18 year-period (1997–2014).
All variables vary across years and countries, except for coal price and wind turbine
price. Coal price and wind turbine price vary by year, but not by countries. Our data is
collected from five sources, International Energy Agency (IEA) 2017, Kaufmann et al.
2010, British Petroleum (BP) (2017), International Renewable Energy Agency (IRENA)
(2017) and IEA and IRENA (2017). Our data sample includes countries which data is
available across all five data sources (106 countries).

3.2 Dependent variable
3.2.1 Wind energy
In order to identify the dependent variable, it is important to understand the objectives of
renewable energy policies. Renewable energy policy objectives vary across countries,
however the majority of policy objectives aim to increase renewable energy generation,
reduce emissions and improve energy security (Carley, 2009; Sawin and Flavin, 2006). In
this study we measure the impact of policy instruments on wind energy production.
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However, other objectives of renewable energy policies, such as capacity and emissions,
can be included in future studies.
Renewable energy used to generate electricity includes wind, wave, tidal, hydro,
biomass, geothermal and solar. Policy instruments also vary by renewable energy sources
due to differences in technology cost. Thus, it is important to study the impact of policy
instruments separately by renewable energy source. Wind energy is the most attractive
for empirical study, as production of wind energy started to increase sharply from 1978
and is the largest renewable energy after hydro energy (Figure 4). This is why this paper
investigates the impact of policy instruments on wind energy, rather than on other types
of renewable energy or on renewable energy as a whole. Nevertheless, this methodology
can be applied to other renewables.
Figure 4

World electricity generation from renewable energy sources, % of electricity generation
from all sources (see online version for colours)

Source: IEA (2017)

The dependent variable, wind energy, is electricity generated by wind turbines (both
off-shore and on-shore), measured as a share of electricity generated from all sources,
including non-renewable, and multiplied by 100%.

3.3 Policy variables
Energy policies can play a crucial role in promoting renewable energy production. Many
countries set renewable energy policy targets as a share of renewable energy in
primary/final energy or electricity generation, including/excluding hydro energy or as a
renewable energy generation by energy sources by different target years (usually between
2020 and 2050). Renewable energy policy targets cannot help to meet objectives on their
own. In order to affect economic behaviour, special instruments are needed which are

32

D. Azhgaliyeva et al.

capable of changing the behaviour of consumers or producers of renewable energy. Such
instruments are called renewable energy policy instruments.
Countries use policy instruments, i.e., feed-in tariffs, green certificates, etc. to meet
renewable energy policy targets. These policy instruments usually aim to affect producers
or consumers of renewable energy. Feed-in-tariff is the most popular renewable energy
policy instrument (Table 2 and Figure 5).
Figure 5

Number of countries that introduced policies between 1997 and 2014 (see online
version for colours)
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The policy instruments which are included in this study are identified based on the
classification as in the joint policies and measures database for global renewable energy
(IEA and IRENA, 2017), which is constructed by the IEA and the IRENA, as well as on
the number of countries which set policy instruments in each category (Table 2). IEA and
IRENA (2017) database includes information on renewable energy policy instruments
from 117 countries from 1974. Not all policies aim to affect wind energy (Table 2), thus
only policy changes which aim to affect electricity generation by wind turbines are
included. Eleven policy instruments are included in this study
1

direct investment

2

feed-in tariffs/premiums

3

grants and subsidies

4

loans

5

taxes

6

green certificates
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information and education

8

strategic planning

9

codes and standards
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10 RD&D
11 voluntary approaches.
This study employs five policy measures:
1

existence

2

experience

3

changes

4

implementation

5

combination.

Table 2

Renewable energy policy instruments

Category
Economic

Subcategory
Direct
investment

Fiscal/
financial
incentives

Economic

Market-based
instruments
(tradable
certificates)

Information
and education
Performance
label

Policy instrument

Number of electricity policy changes
till 2014
Wind energy

Renewable energy

Funds to subnational
governments

0

8

Infrastructure
investments

16

40

Procurement rules
RD&D funding
Feed-in
tariffs/premiums

4
2
85

5
6
183

Grants and subsidies

62

133

Loans

11

30

Taxes including tax
relief

38

78

User charges

5

13

GHG certificates

0

0

Green certificates

12

32

White certificates

0

0

Advice/aid in
implementation

12

20

Information provision
Comparison label
Endorsement label
Professional training
and qualification

14
0
2
1

23
0
2
3

Note: Policy instruments which are included in this study are shaded in grey.
Source: IEA and IRENA (2017)
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Table 2

Renewable energy policy instruments (continued)

Category

Subcategory

Policy support
Regulatory
improvements

Codes and
standards

RD&D
Research
program

Voluntary
approaches

Policy instrument

Number of electricity policy changes
till 2014
Wind energy

Renewable energy

Institutional creation

0

0

Strategic planning

85

197

Auditing

0

5

Building codes and
standards

0

2

Product standards

0

3

Sectoral standards

0

Vehicle fuel-economy
and emissions
standards

0

0

Monitoring

15

24

Obligation schemes

17

36

Other mandatory
requirements

31

56

Demonstration project

7

9

Technology
deployment and
diffusion

22

24

Technology
development

10

25

Negotiated
agreements
(public-private sector)

12

19

Public voluntary
schemes

2

3

Unilateral
commitments
(private sector)

2

4

Note: Policy instruments which are included in this study are shaded in grey.
Source: IEA and IRENA (2017)

3.3.1 Policy existence
Policy instruments can be measured as simple dummy variables, which are equal one
after policy instruments are set and zero before, as in Aguirre and Gbenga (2014), Carley
(1999), Johnstone et al. (2010) and Zhao et al. (2013).
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3.3.2 Policy experience
The effectiveness of policy instruments might improve over time due to experience.
Thus, policy instruments can be measured as a number of years of experience, which is
calculated as the difference between the current year and the year when policy
instruments were set. The number of years of existence of the policy measures the
countries’ experience with such policy instrument. This measure allows to identify
whether the effectiveness of policy instruments depends on a country’s experience.

3.3.3 Policy changes
Countries can learn from experience and improve policy through changes. Thus, policy
instruments can be measured by a number of policy changes, which takes value zero
before policy is set, one after the policy is set, two after the first policy change, three after
the second policy change and so on. This measure allows to identify whether the
effectiveness of policy instruments depends on the number of policy changes.

3.3.4 Policy implementation
The effectiveness of policy instruments might depend on the quality of their
implementation. Thus, policy implementation is included to measure the quality of the
implementation of policy instruments. Policy implementation is measured as an
interaction term of policy dummy variable, policy existence, with government
effectiveness index (World Bank, 2017). Government effectiveness index measures
“perceptions of the quality of public services, the quality of the civil service and the
degree of its independence from political pressures, the quality of policy formulation and
implementation, and the credibility of the government’s commitment to such policies”
(Kaufmann et al., 2010). It ranges from –2.5 (least effective) to 2.5 (most effective).

3.3.5 Combination of policies
The effectiveness of policy instruments depends on whether the right combination of
policy instruments is adopted (Sawin and Flavin, 2006). The efficient combination of
policy instruments depends on countries’ needs, circumstances and available resources
(Sawin and Flavin, 2006). The combination of economic and non-economic policy
instruments (Table 2) are included to test whether the effectiveness of economic policy
instruments (feed-in tariffs; taxes, direct investment; loans; green certificates; and grants
and subsidies) is conditional on non-economic policies (voluntary approaches;
information and education; strategic planning; codes and standards; and RD&D).
Interaction terms (i.e., product) of six economic policy instruments (feed-in tariffs; taxes,
direct investment; loans; green certificates; and grants and subsidies) with other policy
instruments (non-economic) are generated. Using six interaction terms we test whether
the effectiveness of policy instruments depends on the combination of policies adopted
(Sawin and Flavin, 2006). Policy interaction terms measure the impact of a specific
policy conditional on the implementation of other policies.
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3.4 Control variables
Control variables which are included are similar to the existing literature (Aguirre and
Gbenga, 2014; Zhao et al., 2013), GDP per capita, price of coal, CO2 emission as a share
in GDP. Also the price of wind turbines is included.

3.4.1 Coal price
Price of coal measures the price of a substitute. The substitute to the wind energy is fuelbased electricity generation. Electricity price across all countries included in our sample
is not freely available. Instead, price of major fuels, namely coal, natural gas and crude
oil, can be used (Figure 6). However, their prices are correlated (Figure 7). Thus, we use
coal price, which is the major fuel to produce electricity in the world (Figure 6).
Figure 6

Electricity generation by fuel (see online version for colours)
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Source: IEA (2017)

3.4.2 Wind turbine price
Price of wind turbines captures not only the cost of wind turbines but also technological
improvements, because the price of wind turbines is measured in US dollars per kW.
Price of wind turbines is available from 1997, which explains the sample period,
1997–2015, used in this study. Price of wind turbine varies by producer and size. Here
the lowest price available is used (Figure 8).
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Figure 7

Prices of three major non-renewable electricity sources (see online version for colours)

Source: British Petroleum (2017)
Figure 8
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Price of wind turbines
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Description of all variables, data sources and summary statistics are presented in Table 3.
Table 3

Summary statistics

Variable
Wind energy

CO2
GDP
Coal price
Wind turbine
price

Description

Source

Mean

s.d.

Min

Max

Wind energy production,
IEA
0.91
2.94
0.00
40.64
% of electricity
(2017)
generation from all
sources
CO2 emissions, kg per
WB
0.58
0.61
0.06
6.44
2010 US$ of GDP
(2017)
GDP per capita, constant
WB 15,767.00 19,881.00 186.70 111,968.00
2010 USD
(2017)
Average world coal price,
BP
72.48
35.11
33.24
139.90
USD/tonne
(2017)
Lowest wind turbine
IRENA 955.60
275.40 619.80 1,706.00
price, USD/kW
(2017)

Policy variables measuring policy existence
Grants and
subsidies
Information
and education
Green
certificates
Direct
investment
Grants and
subsidies
Loans
Feed-in
tariffs/
premiums
Taxes
Strategic
planning
R&D
Voluntary
approaches

Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise

IEA/
IRENA
(2017)

Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise
Equals one if policy
exists and zero otherwise

0.08

0.28

0

1

0.04

0.20

0

1

0.04

0.19

0

1

0.08

0.27

0

1

0.16

0.37

0

1

0.04

0.18

0

1

0.16

0.37

0

1

0.14

0.35

0

1

0.20

0.40

0

1

0.08

0.27

0

1

0.04

0.19

0

1

0.54

2.26

0

19

0.28

1.77

0

20

0.22

1.31

0

13

Policy variables measuring policy experience
Grants and
subsidies
Information
and education
Green
certificates

Number of years policy
exists
Number of years policy
exists
Number of years policy
exists

IEA/
IRENA
(2017

Note: Standard deviation, N = 106 and T = 18.
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Summary statistics (continued)

Variable

Description

Source

Mean

s.d.

Min

Max

0.44

2.03

0

20

1.37

4.46

0

40

Policy variables measuring policy experience
Direct
investment

Number of years policy
exists

IEA/
IRENA
(2017

Grants and
subsidies

Number of years policy
exists

Loans

Number of years policy
exists

0.25

1.77

0

24

Feed-in
tariffs/
premiums

Number of years policy
exists

0.36

1.40

0

15

Taxes

Number of years policy
exists

1.15

3.93

0

36

Strategic
planning

Number of years policy
exists

1.04

2.90

0

21

RD&D

Number of years policy
exists

0.58

2.90

0

34

Voluntary
approaches

Number of years policy
exists

0.22

1.37

0

15

0.12

0.45

0

4

0.07

0.42

0

5

Policy variables measuring policy changes
Grants and
subsidies

Number of policy
changes

IEA/
IRENA
(2017)

Information
and education

Number of policy
changes

Green
certificates

Number of policy
changes

0.05

0.26

0

2

Direct
investment

Number of policy
changes

0.10

0.40

0

4

Grants and
subsidies

Number of policy
changes

0.29

0.76

0

4

Loans

Number of policy
changes

0.04

0.23

0

3

Feed-in
tariffs/
premiums

Number of policy
changes

0.25

0.68

0

5

Tax relief and
taxes

Number of policy
changes

0.19

0.53

0

4

Strategic
planning

Number of policy
changes

0.32

0.82

0

8

RD&D

Number of policy
changes

0.13

0.48

0

4

Voluntary
approaches

Number of policy
changes

0.05

0.27

0

3

Note: Standard deviation, N = 106 and T = 18.
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3.5 Estimation strategy: panel unit root and panel cointegration tests
Since our data sample is panel time-series data, it is necessary to test variables for the
presence of a unit root (non-stationarity). For this panel data set with a large number of
panels (countries, N = 106) and a small number of time periods (years, T = 18), two panel
unit root tests are suitable to identify the presence of unit root, Harris-Tsavalis test
(Harris and Tzavalis, 1999) and Im-Pesaran-Shin test (Im et al., 2003). The demean is
included in panel unit root tests to subtract cross-sectional means, as is necessary when
there is a cross-sectional dependence, which is possible in panel time-series data. The
presence of cross-sectional dependence is confirmed by the Pesaran CD test (Pesaran,
2004). The need to include time trend in panel unit root tests is identified by the
significance of time trend in fixed effect estimation. Both panel unit root tests show the
presence of unit root in wind energy and gdp, while co2 is stationary (Table 4).
Non-stationarity of renewable energy generation is supported by a careful analysis in
time series properties of the renewable energy diffusion process by Basher et al. (2015).
Table 4

Panel unit root tests results
Trend

Demean

N

Harris-Tsavalis
test

Im-Pesaran-Shin
test

Result

Wind energy

Yes

Yes

131

0.87

27.47

Unit root

gdp

Yes

Yes

125

0.79

–0.11

Unit root

co2

Yes

Yes

124

0.49***

–7.03***

Stationary

Variable

Notes: T = 18. H0: all panels contain a unit root vs. H1: all panels are stationary in HT
test and H1: some panels are stationary in IPS test.

Since the dependent variable and one independent variable are non-stationary, there is a
possibility of cointegration (i.e., long-run relationship) between them. Two cointegration
tests, Kao test (Kao, 1999) and Westerlund test (Westerlund, 2005), are applied. Both
cointegration tests strongly reject the null hypothesis of no cointegration in a favour of
the alternative hypothesis of cointegration in all panels (Table 5). The number of lags for
the Kao (1999) test is identified using the Hannan and Quinn information criterion
(HQIC; Hannan and Quinn, 1979).
Table 5

Cointegration test results

Test
Kao (1999), modified Dickey-Fuller t
Westerlund (2005), variance ratio

HQIC lags

Statistic

Result

7

13.28***

Cointegration

3.21***

Cointegration

Note: H0: no cointegration vs. H1: all panels are cointegrated. N = 106 and T = 18.

This study identifies the suitable estimation strategy based on data properties. The
presence of cointegration (long-run relationship) between wind energy production and
GDP is identified. The mean group (MG) estimation (Pesaran and Smith, 1995) is
applied, because MG estimation allows for heterogeneous slope coefficients across
countries and correlation across panel members (cross-section dependence) (Pesaran and
Smith, 1995). First differences are used to correct for non-stationarity. The stationarity of
variables in first differences is checked using the above unit root tests.
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Findings and discussion

The results provide empirical evidence of the impact of different policy instruments on
wind energy production, which is measured as a share in total electricity generation from
all sources (Table 6). Each policy instrument measure is presented in a separate column.
The first column of Table 6 ‘existence’ shows the impact of policy instrument existence,
policy variables are measured as dummy variables which equal one if policy exists and
zero otherwise. The second column of Table 6 ‘experience’ shows the impact of
experience with policy instrument, policy variables are measured as the number of years
of existence of each policy instrument. The third column of Table 6 ‘change’ shows the
impact of changes of each policy instrument, policy variables are measured as the number
of times policy instrument was changed, one when policy instrument was introduced and
zero before policy instrument was set.

4.1 Control variables
The results show no impact of wind turbine price, coal price and GDP on wind energy
production. The impact of CO2 emission on wind energy production is negative. This
means that greater CO2 emissions do not lead to greater renewable energy production,
and even have negative effect. Although this result is unexpected, it is consistent with
(Marques et al., 2010; Zhao et al., 2013). Zhao et al. (2013) explain this negative
relationship using the argument that social pressure for better environment does not
necessarily affect the decision process of choosing renewable energy sources instead of
non-renewable (Marques et al., 2010). Also this could be due to a causality problem. It is
possible that wind energy production reduced CO2 emission, thus resulting in a negative
relationship.

4.2 Policy variables
The results show that two policy instruments have statistically significant positive impact
on wind energy production: taxes and strategic planning. However, the results show that
the impact of policy instruments depends on its measures.
The results show that tax incentives promote wind energy production when it is
measured as a dummy variable. This means that its impact only depends on the existence
of the policy instrument, and does not depend on the number of years the policy
instrument has existed or the number of changes.
Strategic planning also promotes wind energy production, but only when measured as
one of a number of policy instrument changes. This means that its impact increases with a
number of policy instrument changes.
None of policy variables have impact on wind energy production when measured as a
number of years during which policy exists.
Interactions of each of three policy measures with both non-economic policies and
with government effectiveness are not significant. There is no evidence that impact of
fiscal policies is conditional on the existence of other policies or on government
effectiveness. Results of these estimations are not included in this paper, but can be
obtained from the authors on request.
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Table 6

Pesaran and Smith (1995) MG estimation results

Variable

Existence

Experience

Change

Control variables
Price of wind turbines (first difference)
Coal price
GDP (first difference)
CO2 per GDP

–0.00

–0.00

–0.00

(0.00)

(0.00)

(0.00)

0.00

0.00

0.00

(0.00)

(0.00)

(0.00)

–0.00

0.00

–0.00

(0.00)

(0.00)

(0.00)

–3.88*

–3.98*

–4.10*

(1.98)

(2.30)

(2.29)

Policy variables
Strategic planning
Feed-in tariffs/premiums
Grants and subsidies
Taxes
R&D
Codes and standards
Direct investment
Information and education
Voluntary approaches
Green certificates
Loans

–0.09

0.06

0.09*

(0.18)

(0.04)

(0.05)

–0.07

0.02

–0.03

(0.08)

(0.01)

(0.03)

–0.06

0.05

–0.12

(0.05)

(0.05)

(0.08)

0.03**

–0.07

0.00

(0.01)

(0.07)

(0.02)

–0.01

–0.01

0.00

(0.00)

(0.00)

(0.02)

0.00
(0.00)
–0.00
(0.01)
0.01
(0.01)
–0.01

0.01
(0.01)
0.01
(0.01)
–0.00
(0.01)
–0.00

–0.01
(0.01)
–0.15
(0.18)
0.01
(0.01)
–0.04

(0.01)

(0.00)

(0.03)

–0.01

–0.00

–0.00

(0.01)

(0.00)

(0.00)

0.13

–0.04

0.19

(0.13)

(0.04)

(0.19)

1.30***

1.27**

1.35**

(0.50)

(0.61)

(0.57)

Wald χ (15)

40.71

23.76

20.12

Prob. χ2

0.00

0.07

0.17

Root mean squared error (σ)

0.36

0.39

0.34

Constant
2

Notes: Dependent variable is wind energy (first difference). N = 106 and T = 18. Standard
errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
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Conclusions, limitation and further research

The existing literature highlights the importance of combination of policies; however the
literature does not provide efficient combinations of policies. This paper develops and
tests the model which enables to pick up the desired blend of policy instruments in the
field of renewables and more specifically in wind power generation. Identifying a blend
of policies is challenging as there is no identical combination of policies for all countries
drawing on the study patterns. The efficient combination of policies depends on
countries’ needs, formal and informal institutions, environmental innovation, ecosystem,
stakeholders and available resources (Sawin and Flavin, 2006).
This study demonstrates that production of new policies in order to facilitate
renewables and more specifically wind power generation may not be an outdated
approach. To better understand those challenges and answer our research question we
used the effectiveness of renewable energy policy instruments, which was measured
using five measures of policy variables: existence, experience, changes, implementation
and a combination of policy instruments. Addressing the issue of what specific
instruments could be in place and whether they are effective, using the data from five
various international data sources over 1997–2014, sheds more light on policy
development.
In relation to the introduction of potentially new policies, it appears that the
effectiveness depends on strategic planning and tax incentives, which aim to incentivise
wind energy production. Policy makers, government officials, companies and researchers
therefore can draw on these results to justify the use of these two instruments in their
policies, research and lobby. Policy-makers, when using renewable energy policy
instruments, need to bear in mind that changes in wind energy production depend on the
existence of these two policy instruments. Strategic planning for enterprises, with
appropriate training, emerges as an important instrument to promote wind energy
production.
Unlike taxes, the impact of strategic planning increases with the number of policy
changes. The effectiveness of strategic planning benefits from policy changes. This is
good news, meaning that the effectiveness of policy instrument can be improved with
policy changes, ‘learning by doing’. Policy changes allow countries to tailor policy
instruments to country-specific conditions.
To come to these policy recommendations we utilise the multi-source data on energy
policy instruments on electricity generation by wind power, using data from 106
countries over the 18-year period (1997–2014). Our motivation derives from prior
empirical studies, which attempted to uncover the determinants of renewable energy
production/consumption, including the impact of policy instruments. This study focuses
on one renewable energy source, wind turbines. Estimation by one renewable energy
source is strategic as it offers the advantage of including the price of the renewable
energy source and policy instruments which aim to affect specific renewable energy.
Policy instruments are those which target to affect electricity generation by wind turbines
rather than through the inclusion of general renewable energy policy instruments.
The principal conclusions from this study are as follows. First, this study
demonstrates that two policy instruments have statistically significant positive impact on
wind energy production: that is, tax policy (including tax reliefs) and strategic planning.
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Second, the changes in wind energy production depend on the existence of tax
incentives, and do not depend on the time frame of the policy instrument or the number
of times the policy instrument (taxes) were changed. We contend that the impact of taxes
depends on the existence of the policy instrument, and does not depend on the number of
years tax incentives exist, number of tax changes, quality of implementation and
combination with other non-economic policy instruments.
Third, strategic planning appears to be an important instrument to promote wind
energy production. Interestingly, the impact of this instrument increases with a number of
other policy instrument changes.
Interactions of various policy measures with both non-economic policies and
government effectiveness were not found to have a significant effect on wind energy
production.
This paper makes two contributions: empirical and methodological. Its empirical
contribution is into clean-energy and environmental policy literature by identifying the
policies which are more conducive to the development of wind energy. In particular, out
of a number of policy instruments used to support wind energy (such as strategic
planning, grants and subsidies, taxes, feed-in tariffs/premiums, R&D, direct investment,
codes and standards, green certificates, loans), changes in strategic planning and taxes
were found to be the most effective.
The methodological contribution of this study is in combining dataset across 106
counties over 1997–2014 from five sources (BP, 2017; IEA, 2017; IEA and IRENA,
2017; IRENA, 2017; Kaufmann et al., 2010) and applying it in the context of renewable
energy to answer our major research question: What are the most effective renewable
energy policy instruments and how do they facilitate wind energy production?
The findings of this study could be applied to various forms of energy and is
generalisable to other energy areas. Although it is primarily focused on wind energy
production and policy, the same methodology could apply to other renewable energy
sources, such as solar, geothermal, wave, tidal, hydro and biomass. This will considerably
increase the implications for all ecosystem stakeholders and other industries. This study
informs policy makers across developed and developing countries, international energy
associations, institutions and other stakeholders on how we could lead the way to more
effective governance of renewables, using the example of wind energy.
For example, by discussing the extent to which incentives could be applied within
each type of instrument, barriers to policy instruments targeting the expansion of the use
of the renewables are also discussed. These barriers are the adoption of new technologies
which are used to generate renewable energy, and understanding the boundaries and
maturity level of technology, as well as the process of commercialisation of knowledge in
market.
The reason why other policy instruments have no impact on wind energy can be due
to the absence of other policies necessary to promote renewable energy production.
Renewable energy policies could be necessary but not sufficient to promote intermittent
energy production. Wind turbines, along with solar panels, are often called variable
renewable energy sources or intermittent generation sources. Intermittent power output
fluctuates depending on the weather and environmental factors (Zerrahn, 2017), but not
on consumers’ energy demand. Moreover wind energy, as well as solar, has zero
marginal costs (Zerrahn, 2017). Excess supply of renewable electricity, for example due
to strong wind, can reduce electricity price even to a negative number (Starn, 2017),
because electricity demand and supply must be balanced in power systems, while
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switching wind turbines off could be costly (Mendick, 2015; Follett, 2016). That is why
intermittent generation sources can impose a significant burden on the power systems.
When renewable energy production exceeds energy demand, part of intermittent
generation sources must be turned off, reducing the production of renewable energy. The
balancing gets harder the larger the share of intermittent energy sources (Zerrahn, 2017).
Policies which can solve problems with intermittency are needed to promote intermittent
energy production, such as subsidising energy storage as in Australia (Meyer, 2015) or
investment in RD&D of energy storage as in the UK (Bayar, 2017). Such policies will
provide the necessary flexibility to accommodate variable wind energy supply in power
systems.
Subsequent research will require testing a more nuanced relationship between the
type of policy instrument and institutional environment in countries aiming to support
and incentivise the use of alternative energy through a number of tools. It is important to
understand the role played by each of the instruments in the level of adoption of wind
energy use and the role of local and national institutions in moderating the adoption level.
For example, variance decomposition could further explain the role of each policy
instrument as compared to the others. Although our findings demonstrate which policy
instruments work and which do not, further cross-country analyses would be of benefit by
grouping countries in regions and estimating the marginal effect of each instrument on
renewable energy by region. There are clear regional effects related to quality of
environment, environmental regulation, formal and informal institutions which play an
important role in adapting the use of renewable sources. For example, for the developing
economies the importance of certain policy instruments such as availability of financial
capital and legislation would work differently as an incentive compared to developed
countries. Special attention should be given to the reasons behind this and to how policy
makers and firms involved in production and use of energy will respond to changes in
regulation. By analysing the geographical differences between environmental policy
instruments and the adoption of renewable energy, further research may be able to better
explain why, in other regions and innovation ecosystems, certain environmental policy
instruments do not work and the reasons for the variance of distribution of the effects on
wind power generation.
Further research could use the cost-benefit approach and justify to what extent it is
feasible, desirable and viable (using these three important criteria) to increase energy
generation using renewables, reducing carbon emissions and improving energy security
(Carley, 2009; Sawin and Flavin, 2006). The literature on environmental policy and
adoption of technologies still searches for answers on the effectiveness of policies
targeting to improve use of renewable energy, applying different empirical methods and
data samples.
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