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In recent years, solar and wind energy have been increasingly abandoned due to the blind expansion of the new energy industry.
Due to the competitive relationships between different types of new energy, reasonable industrial development planning needs to
be implemented to not only save the cost of government subsidies but also clarify the investment direction of social capital. Based
on the panel data of OECD countries between 2006 and 2018, the stochastic frontier analysis (SFA) was used to measure the
efficiency of new energy generation (NEG) and the influencing factors were analyzed in this paper. Results were as follows: the
efficiency of NEG in OECD countries is improving; the efficiency of NEG is positively correlated with technical innovation,
government policies, economic level, and education level and negatively correlated with urbanization. Based on the empirical
results of this study, problems in the development of the new energy industry have been discussed and suggestions to improve the
efficiency of NEG have been proposed.

1. Introduction

With the fast development of new energy and the increasing
maturity of technologies in recent decades, new energy
products have been accepted and occupy the corresponding
market in the economy [1–3]. /e percentage of new energy
to traditional energy has increased to 9.6% in 2017, and the
percentage of wind and solar energy in primary energy
consumption has increased rapidly [4]. As shown in Fig-
ure 1, although the proportion of global new energy con-
sumption in primary energy consumption is currently still
low, developed countries, including the USA, Japan, and
South Korea, are developing new energy as their main future
energy source [5]. Meanwhile, many countries have also
formulated their new energy development plans [6]. Both
the “Sino-US Joint Statement on Climate Change” and the
“Energy Strategic Action Plan (2014–2020)” state that
nonfossil energy will be close to approximately 20% of

primary energy consumption by 2030 in China [7]. China
accounted for 34% of the world’s wind energy installed
capacity and 19% of the world’s solar energy installed ca-
pacity in 2015, ranking first in the world [8]. /ere are some
overlaps in the conceptual classification between new energy
and renewable energy. Besides, hydropower is usually
classified as renewable energy rather than new energy.
/erefore, this paper defines the new energy as renewable
energy except for hydropower according to the energy status
of development and utilization in China.

However, the rapid development of new energy not only
provides a unique opportunity for new energy enterprises
but also can create a bubble effect that impacts all of society.
Given a background of rapid mergers and reorganization,
conventional energy enterprises are eager to transition to
new energy industries but fail to combine this transition with
their own operating experience [9]. Other business entities,
such as venture capital and private capital, are also eager to
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invest in new energy sectors [10–12]. /e phenomenon of
low-level mergers and blind investment has created serious
overcapacity and reduced production efficiency in new
energy industries. Meanwhile, several disadvantages will
affect the sustainable development of the new energy in-
dustry: the speed of new energy development in China has
soared, core technologies lack independent intellectual
property rights, investment in R&D is decreasing, new
energy products are tending towards homogeneity, and the
cost of new energy generation (NEG) is high [13]. Fur-
thermore, the sustainable development of new energy will
affect China’s ability to realize its carbon emission com-
mitment and the future sustainability of its green economy
[14–16]. As a strategic emerging industry, the development
of the new energy industry plays an irreplaceable part in
upgrading the Chinese industrial structure. /erefore, there
are huge practical meanings in analyzing the NEG efficiency
of other countries, such as OECD countries, and the dif-
ferences in NEG efficiency between China and these
countries to optimize resource allocation and increase the
production efficiency of the Chinese new energy industry.

/e existing studies focus on the field of energy systems
and new energy generation technology [17–19]. In order to
reduce the uncertainty of new energy in the process of grid
connection, experts and scholars have developed high-effi-
ciency and high-performance renewable energy power
generation systems to make photovoltaic, wind, and bio-
energy more elastic in the production of electricity, heat, and
hydrogen. Wang et al. [20] developed a high-robust battery-

interfaced power supply system to play the role of an energy
storage device in the microgrid. Zhang and Ruan [21] de-
veloped a high-performance two-stage single-phase con-
verter are developed for efficiently and reliably utilizing new
energy. Sun et al. have also done a lot of research in the fields
of energy Internet [22], DC microgrid [23], energy storage
[24], and so on. Some scholars have also argued the negative
effects of renewable energy power generation [25], such as
the environmental issues caused by the large-scale utilization
of photovoltaic. Most of these researches employed the
efficiency method to calculate the power generation of new
energy or renewable energy. /ese energy-efficient re-
searches emphasize achieving the same production activities
and outputs with less energy input or consumption [26].
Scholars have gradually added environmental protection
and other indicators to the evaluation of energy efficiency
[27–30].

At present, research on the measurement of energy ef-
ficiency includes four categories in general: first, considering
energy efficiency factors, studies have ranged from inves-
tigating one-factor energy efficiency to the multifactor
substitution of general factor energy efficiency [1, 31]; sec-
ond, considering the research object, energy efficiency has
been studied from the national level to the industry and
regional levels [28, 32, 33]. In recent years, Chinese scholars
have paid particular attention to regional differences in
energy efficiency but have paid less attention to industry
differences. Comparatively, the research perspective of
foreign scholars is more microscopic: they study energy
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Figure 1: /e energy consumption patterns of major countries and economies in 2018.
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efficiency issues from the perspective of industry or con-
sumption behavior [34–36]. /ird, for the measurement
method, studies include methods based on the traditional
DEA (data envelopment analysis) model, the superefficiency
DEAmodel, and the SFA (stochastic frontier analysis) model
[32]. /e method of calculating energy efficiency has been
gradually enriched. Last but not least, considering the time
dimension, there are not only descriptions of short-term
energy efficiency focusing on characteristics but also dis-
cussion of the long-term evolutionary trend in energy ef-
ficiency [35]. All of these studies have expanded the research
field of energy efficiency.

However, the NEG efficiency was seldom calculated
from the economic angle among those studies. /is paper
tried to use the SFA to calculate economic efficiency. At
present, the installed capacity tends to be growing due to
policy support for equipment investments and growth in
grid price. In contrast, new energy input (installed capacity)
and output (power generation) are employed to measure
NEG efficiency from the economic perspective in the context
of government support.

Contributions of this study are mainly the following
aspects. First, the measurement of efficiency takes the
economics of technology and tax policy support into con-
sideration. Second, the input data of new energy (solar,
wind, geothermal, and biofuel) during the period from 2006
to 2018 in OECD countries were employed in this study.
/ird, the influence factors of NEG efficiency were explored
from a novel point of view and solutions for increasing the
efficiency of new energy grid power generation were
presented.

/e following part of this paper is prepared as follows.
Section 2 presents the literature review. Section 3 includes
the methodology. Section 4 depicts the results and empirical
analysis, and Section 5 proposes the conclusions and
suggestions.

2. Literature Review

2.1. Energy Efficiency Research Methods. /e research
methods adopted by existing literature on energy efficiency
are mainly divided into nonparametric and parametric
methods [37–39]. /e former uses a mathematical pro-
gramming method to estimate efficiency values, and the
representative method is DEA. /e latter uses an econo-
metric model to estimate model parameters and efficiency
values using statistical methods, and the representative
method is SFA.

/e DEA method adopts a mathematical programming
model to compare the relative efficiency between decision-
making units (DMUs), and it is widely applied because it
does not need to set production functions and unify di-
mensions [40]. /e SFA method determines the functional
form of cost and profit or the production relationship be-
tween inputs, outputs, and environmental variables and
takes into account random error [1]. /e advantage of the
SFA method is that its estimated frontier is random, in-
cluding noise, the error term, and exogenous interference.
Both the DEA and the SFA methods measure technical

efficiency by constructing the production frontier [41]. /e
technical efficiency is relative, and its values can be com-
pared within the sample but cannot be compared between
different samples [42]. /e differences between the two
approaches are as follows [41–43].

First, the assumptions andmodel extensions between the
DEA and SFAmethods are different. /e assumptions of the
SFA method need to simultaneously consider the actual
form of the production function as well as technical inef-
ficiency distribution, which makes it difficult to extend the
model./e DEA approach does not consider the actual form
of the production function, its model is easy to expand, and
there are many DEA extension models.

Second, the methods of constructing production fron-
tiers between DEA and SFA methods are different. /e SFA
method uses a production function and random disturbance
term to construct a random production frontier, while the
DEA method uses one or more DMUs as technical effective
points based on the DMU input-output data and then
constructs a production frontier. For panel data, the SFA
method constructs one unified production frontier based on
the data of all periods, while the DEAmethod constructs one
production frontier per period. /e SFA method estimates
each parameter value with the maximum likelihood method
and then uses the conditional expectation of the technical
inefficiency as the technical efficiency value; the efficiency
value of the DMUs will not be 1. /e DEA calculates the
efficiency value through linear programming, and at least
one DMU will have an efficiency value of 1.

/ird, the interpretation and treatment methods of
actual output differ between the DEA and the SFA models.
/e SFA model takes the impacts of random factors on the
output into consideration, and the output covers three
categories: the production function, random factors, and
technical inefficiency. /e DEA model attributes the actual
output less than the frontier output to technical efficiency,
ignoring the impacts of random factors on the output.

Fourth, the DEA and SFA models use different methods
of analyzing the influencing factors. When calculating the
technical efficiency and analyzing the influencing factors, the
SFA model only needs to express the technical inefficiency
term as the linear form of the influencing factors whose
parameters can be estimated in the original model. /e DEA
model estimation of the parameters of the influencing
factors needs to be divided into two steps: the first is to
calculate technical efficiency; the second is to take the
technical efficiency as the dependent variable and the
influencing factor as the independent variable and applies
the binary discrete model to analyze its relationship.
/erefore, the SFA model is more convenient for analyzing
the influencing factors.

Finally, the robustness of the results between the DEA
and SFA models is different. /e SFA model employs the
maximum likelihood estimation method to measure the
parameters of influence factors and then adopts the con-
ditional expectation to measure the DMU technical effi-
ciency; therefore, the results are more effective because of
not being affected by outliers./e DEAmodel constructs the
frontier through technically effective samples, and if there
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are outliers in the samples, the results will be strongly
affected.

As shown in Figure 2, the estimation results will be
different when technical efficiency is measured using the
SFA or the DEA model. Considering the above analysis as
well as the features of the new energy industry, this study will
adopt the Battese and Coelli [44] model of SFA to study the
technical efficiency of the new energy industry and apply the
Cobb-Douglas function to explore the influence factors of
energy efficiency.

2.2.Evaluating theNewEnergyEfficiency. /e studies on new
energy efficiency focus on two aspects in the existing lit-
erature: production and power generation efficiency.

Xin and Li [45] used the DEA model to examine and
compare the input-output efficiency in wind energy, nuclear
energy, and biomass energy in China and concluded that, in
China, the distribution and management efficiency of nu-
clear power is higher than that of wind energy and biomass
energy. Wang et al. [46] adopted the DEA model to study
Chinese new energy efficiency./ey depicted the new energy
efficiency in development and utilization from 2009 to 2013
by decomposing the input-output efficiency. However, the
literature mainly focuses on a specific variety of new energy.
For example, Sueyoshi and Goto [47] compared the gen-
eration efficiency of solar power stations between the USA
and Germany through the DEA method. Gökgöz and Erkul
[48] constructed an economic evaluation model of renew-
able resources development and utilization based on the
superefficiency DEA method. On the one hand, previous
studies have formed a set of methods in the analysis of power
generation efficiency, especially in coal power generation.
/ese methods first select investment, labor, coal con-
sumption, and installed capacity as input indicators and
electricity generation as output indicators./en, it employed
the DEA model, SFA model, or Malmquist productivity
index to measure the technical efficiency of coal power
generation [43, 49, 50].

On the other hand, there are few studies focusing on the
measurement of new energy generation efficiency. Using the
Bootstrap-DEA method and panel Tobit model, Li [51]
examined the overall efficiency of new energy generation in
23 countries. Cai et al. [52] evaluated the new energy and
renewable energy power generation performance of G8 and
BRIC. /ey concluded that the power generation perfor-
mance of developed countries is more massive. Still, the
growth rate of developing countries is higher, indicating that
the performance of new energy generation in developing
countries is also gradually improving. /e power generation
performance of countries with rich resource endowments is
lower than that of countries with insufficient resources,
indicating that the performance of new energy generation is
not positively correlated with resource endowments.
Countries with low resource endowments improve the
power efficiency of existing resources through technology
investment. Technological progress and R&D investment
play a prominent part in improving the performance of new
energy generation. /e above literature adds up the installed

capacity of new energy and pays attention to the overall
effect but ignores the uniqueness of different types of new
energy. Xin and Li [45] adopted the DEA model to examine
the efficiency of Chinese new energy companies. Shi et al.
[53] used a four-stage DEA to measure the efficiency of new
energy enterprises and concluded that the efficiency of the
nonpower generation industry is increasing annually, while
the efficiency of the power generation industry is
unchangeable.

2.3.5e Production Efficiency of NewEnergy and the Influence
Factors. Lots of studies focus on the efficiency of industries
or companies, and the factors examined include government
policies [54, 55], economics [56], technical innovation [33],
urbanization [57, 58], and education level [59]. /e existing
studies neither focus on these variables together nor the new
energy industry. Here, variables were selected according to
the operating conditions of the new energy industry. It
examines the impacts of external factors (government
policies, economic level, technical innovation, urbanization,
and education level) on the development of the new energy
industry as well as on technical efficiency.

2.3.1. Government Policies. Government policies usually
refer to industry-related policies, such as planning policies,
technological policies, and development policies, which
mainly aim at complementing imperfect market mecha-
nisms, achieving better resource distribution, and protecting
and supporting the development of emerging industries. In
particular, government policies generate crucial effects on
the efficiency of the new energy industry. /e government
has guaranteed relatively greater support and subsidies for
the new energy industry./ese government subsidies mainly
include financial allocations, discounts, tax rebates, and free
nonmonetary property [54, 60]. Government subsidies can
primarily help the industry and enterprises to improve
corporate performance through the following three
channels.

First, the government provides subsidies for the R&D
activities of enterprises to encourage innovation. Mean-
while, the government strengthens the protection of intel-
lectual property and patents, which can significantly reduce
the occurrence of enterprises plagiarizing others’ R&D
achievements. Furthermore, government subsidies also help
to support enterprises’ investments in R&D activities and
production costs. /is increase in enterprises’ R&D funds
will encourage them to better conduct technical innovation
and thus increase the efficiency of the entire industry.

Second, government subsidies can improve the quality of
production factors purchased by enterprises [61, 62]. High-
quality capital and labor input can result in stronger output
capacity [63]. It can also concurrently promote the for-
mation of economies of scale and allow enterprises to
achieve a high degree of concentration in their development,
design, manufacturing, marketing, and management activ-
ities. With the same inputs, the output capacity of enter-
prises is enhanced. Government subsidies improve the
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efficiency of enterprises and further promote the efficiency of
the entire industry.

/ird, government subsidies are provided for certain
emerging and weak industries to help them achieve healthy
and sustainable development, especially when these indus-
tries are deeply involved in people’s livelihoods and the
national economy. /e high-tech new energy industry is
characterized by a long development cycle and high in-
vestment costs. /e subsidies for the new energy industry by
various governments are mainly in the following forms:
financial support for newly established new energy enter-
prises, price subsidies for new energy products, and sub-
sidies for customers purchasing new energy products.

2.3.2. Economic Level. /e regional economic level directly
affects the development of the local new energy industry
[64, 65]. Infrastructure, facilities, and fixed assets require a
large number of funds [56]. Usually, economically developed
regions invest more in the new energy industry because they
possess a more scientific management ideology and highly
qualified employees and are more open-minded [66]. In a
sense, regional economy fuels industrial development and
supports resource-related industrial new energy activities.

2.3.3. Technical Innovation. Technical innovation is the
fundamental factor that affects technological efficiency.
/eoretically, the level of technological research (as the core
of technological innovation) positively affects technological
efficiency. Fan et al. [67] used panel data as samples and
applied the stochastic frontier approach to examine the
relationship of the R&D level and technological efficiency in
the Chinese high-tech industry and concluded that the R&D
level affects technological efficiency positively and signifi-
cantly [68]. When examining whether the R&D level sig-
nificantly affects efficiency, the first step is to study financial
investments in R&D activities because financial investments
can be used to purchase skilled labor and R&D equipment or
to cultivate technical innovation among the R&D team [69].
/e amount of financial investment in R&D activities can
reflect whether the enterprises’ strategic management values

R&D [70]. Government subsidies for R&D activities in the
new energy industry indicate that the government has fo-
cused on R&D innovation in the industry. /e level of R&D
can stimulate the technological progress of the new energy
industry. In general, the greater focus an enterprise devotes
to R&D, the greater its R&D input will be and the greater its
resulting output efficiency will be. In other words, a higher
level of R&D will inevitably result in higher efficiency of the
new energy industry.

2.3.4. Urbanization. Currently, global environmental pol-
lution tends to be serious. In particular, continuous large-
scale haze weather has had terrible effects on peoples’ lives
[71, 72]. Haze forms through the accumulation of pollution
from high energy consumption industries and motor vehicle
exhaust emissions. Due to the urbanization process, the
emissions of industrial and domestic exhaust gases, in-
cluding sulfur dioxide, soot, and dust, in cities and towns
have significantly increased, which has worsened air pol-
lution [73–75]. Among them, the emissions of industrial
gases are the main reason for air pollution, which accounts
for over 85% of total emissions. Furthermore, the concen-
tration and rapid growth of nonagricultural industries
driven by urbanization are the cause of the increase in in-
dustrial gases. Rapid urbanization is accompanied by large-
scale transportation; increased water supply, drainage,
heating, and gas supply; and other types of infrastructure
construction. In addition, the construction of infrastructure
produces large amounts of dust, sulfur dioxide, carbon
dioxide, and other gases, which aggravate the greenhouse
effect in the atmosphere. During continuous circular pro-
cesses, the adverse effects of urbanization on haze become
increasingly obvious.

/e new energy has lower or zero emissions, which
fundamentally solves the two shortcomings of limited re-
sources and environmental pollution from fossil fuels.
Under such circumstances, the new energy industry will
occupy a large proportion of the urbanization market.
Moreover, due to the unbalanced distribution of traditional
fossil fuels, they are only suitable for large-scale exploration
and centralized utilization. /is means that, in larger cities,
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Figure 2: /e comparison between SFA and DEA.
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the cost of using fossil fuels is lower, while in small-scale
towns and rural areas, the costs are higher. However, new
energy is perfectly adaptable to this situation. Moreover, the
urban migration will change peoples’ consumption behav-
iors. /e average annual energy consumption of the urban
population is 3.5 times that of the rural population, and their
electricity consumption is three times that of the rural
population. However, awareness of energy conservation is
increasing in both urban and rural areas. People are be-
coming more inclined to use new energy. /e government
also strongly encourages the consumption of new energy.
/is provides a positive external environment for developing
a new energy industry.

2.3.5. Education Level. Human resources play a significant
part in motivating the development of the new energy in-
dustry. Technical innovation needs abundant human re-
sources. And superior human resource reserves will facilitate
the development of the new energy industry as a high-tech
strategic new industry [59, 76]. Technologically skilled
human resources are necessary for terms of industrial de-
velopment, knowledge diffusion, and technical innovation.
Technological talents, engineers, and professional personnel
are priceless resources in new energy enterprises. /ey will
contribute a lot to better corporate performance in a great
sense, and a high percentage of technical personnel will
significantly improve corporate efficiency.

3. Methodology

3.1. Data Sources and Description of Variables

3.1.1. Data Sources. A total of 25 OECD countries are se-
lected as research samples considering the successful de-
velopment of the industry as well as data availability:
Australia, Austria, Belgium, Canada, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Japan,
South Korea, Mexico, the Netherlands, New Zealand,
Norway, Poland, Portugal, Spain, Sweden, Turkey, the
United Kingdom, and the United States. /e countries
without developing geothermal energy or biofuel production
have a zero value for the indicators of relevant sources. New
energy input is reflected by the indicator of installed ca-
pacity. /is research discusses solar capacity, installed ca-
pacity of wind and geothermal energy, and biofuel
production. NEG output is reflected by the indicator of
electricity generation. /e raw data related to wind, solar,
and geothermal energy installed capacity and power gen-
eration comes from BP energy [5], the International Geo-
thermal Association [77], and the EPS Global statistical
platform [78]. /e installed capacity and power generation
of biofuel data are from IRENA (the International Re-
newable Energy Agency) [79]. /e data relating to invest-
ment capital and R&D investment in wind, solar, biofuel,
and geothermal energy come from Bloomberg New Energy
Finance [80] and the EPS Global statistical platform. /e
data for labor comes from IRENA and Bloomberg New
Energy Finance. /e data for influencing factors such as
government policies, the economic level, the urbanization

rate, and education level comes from the World Bank,
Bloomberg New Energy Finance, and the EPS Global sta-
tistical platform. In summary, all data from international
research and statistical institutions are shown in Table 1.

3.1.2. Description of Variables. /e output is reflected by
electricity generation from the new energy source. /e input
is represented by installed capacity (E) (includes solar, wind,
geothermal (geo), biofuel (bio)), capital (K), and labor (L).
To be consistent with the method used in previous studies,
this paper uses government policies (GP), the economic level
(EL), technical innovation (TI), the urbanization rate (UR),
and the education level (EDU) as explanatory variables of
inefficiency. And the natural logarithm of the number of
government subsidies is used to indicate government pol-
icies, GDP per capita to indicate the economic level, the
natural logarithm of R&D funding to indicate technical
innovation, the ratio of urban population to total population
to indicate urbanization rate, and the ratio of the population
with postsecondary education to population over six-year-
old to indicate the education level. /e descriptive statistics
of these variables are displayed and grouped in Table 2.

3.2. Stochastic Frontier Analysis (SFA). Farrell [81] proposed
the concepts of technical efficiency and allocative efficiency
and constructed a model to evaluate the technical (non)
efficiency and scale (non)efficiency of two-factor input and
single-factor output. In Figure 3, the x-axis is the unit labor
input, the y-axis is the unit capital input, CC′ is the unit cost
curve, and OP is the scale expansion curve (constant returns
to scale). UU′ is a frontier constructed by linear program-
ming with the low input of each sample (L/Y, K/Y).
Technical (non)efficiency and allocative (non)efficiency are
estimated by the location of the sample point and the
frontier UU′.

If the sample is at point A, which is the intersection of
CC′, OP, and UU′, then the technical efficiency and allo-
cative efficiency are optimal. If the sample is at point B,
which is on the OP curve but not on the frontier UU′, then
the allocative efficiency is optimal, but the technical effi-
ciency is not, and technical inefficiency exists. If the sample
is at point D, which is on the frontier UU′ but not on the
scale expansion curve OP, the technical efficiency is optimal,
but the allocative efficiency is not, and there is allocative
inefficiency. If the sample is at point E, which is neither on
the frontier UU′ nor on the scale expansion curve OP, then
both allocative efficiency and technical efficiency are not
optimal, and there is technical and allocative inefficiency.
Later, Farrell and Fieldhouse [82] extended the two-factor
cost analysis to multifactor cost comparison.

In this study, the production frontier (maximum output
observed under given inputs) is calculated and the exoge-
nous variables affecting performance or technical ineffi-
ciency are integrated [83]. /e error term in the stochastic
frontier model has a one-sided component that is capable of
calculating the impacts of technical inefficiency and also a
traditional random error that can be used to evaluate the
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impacts of measurement error. Here is the production
function:

yit � α + βxit + vit − uit, (1)

where yit represents the logarithm of output, xit represents
the vector of the set of inputs, α is a constant, and β is the

vector of production parameters to be estimated. ]it rep-
resents a random error, and uit is the one-sided error term
reflecting inefficiency. Assume that ]it and uit are inde-
pendent and that uit is independent of xit. Various distri-
butions are presented for the distribution of uit. Two
methods are employed to link determinants of efficiency in
the stochastic frontier model.

When using the two-step method, the inefficiency is
estimated, which does not consider all exogenous influence
factors in the first step. /en a regression of inefficiency
estimates against explanatory variables is developed in the
second step. If variables in the production function are
correlated with variables in the inefficiency effect compo-
nents, the estimates of this method are biased [83, 84].

When using the one-step method, relationships in the
production process and factors causing inefficiency can be
estimated [84]. /e inefficiency effects component of the
frontier model contains explanatory variables affecting
technical inefficiency. Here is the inefficiency effects model:

uit � czit + wit, uit > 0,

uit ∼ i, i, d.∞N czit, σ
2
u ,

wit ∼ i, i, d.∞N −czit, σ
2
u ,

vit ∼ i, i, d.∞N 0, σ2v ,

(2)

where zit represents the vector of explanatory variables
affecting technical inefficiency, c represents the parameter
vector of the inefficiency variables, and wit represents the
random components of inefficiency. Equations (1) and (2)
are combined to arrive at the empirical SFA model.

yit � α + βxit + vit − uit zit, c( . (3)

/e Cobb-Douglas functional form and key predictor
variables were mentioned earlier to construct a general
model for NEG [43, 85]. Initial inputs are represented by the
installed capacity of solar, wind, geothermal, and biofuel.
Here is the basic production function:

Inyit � β0 + β1In(E) + β2In(K) + β3In(L) + vit − uit,

(4)

where yit refers to the output measured as electricity gen-
eration for the ith country in the tth year from the new
energy source. /e input is represented by installed capacity
(E) (including solar, wind, geothermal (geo), and biofuel

Table 1: /e data source.

Source Data

Bloomberg New Energy Finance Investment capital and R&D investment, labor, government policies, the economic level, the
urbanization rate, and education level.

BP energy Installed capacity and power generation.

EPS Global statistical platform Installed capacity and power generation, investment capital and R&D investment, government
policies, the economic level, the urbanization rate, and education level.

International Geothermal Association Installed capacity and power generation.
IRENA (the International Renewable
Energy Agency) Installed capacity and power generation and labor.

World Bank Government policies, the economic level, the urbanization rate, and education level.

Table 2: Descriptive statistics of variables.

Variables Count Mean Std.
dev. Max Min Units

Electricity 325 21.32 32.23 246.52 0.04 TWh
Solar 325 1.37 14.56 53.12 0.001 GW
Wind 325 22.35 49.55 172.34 0.001 GW
Geothermal 325 0.29 1.85 3.63 0.00 GW
Biofuel 325 1.35 55.68 310.41 0.00 Mt

Capital 325 20.75 23.17 116.55 0.19 Billion/
dollar

Labor 325 27.68 61.35 361.7 0.13 10000/
Person

GP 325 14.19 7.85 21.34 6.33 LN
EL 325 8.27 5.79 12.35 5.23 LN
TI 325 8.79 12.42 23.45 1.31 LN
UR 325 76.51 18.35 98.57 31.53 %
EDU 325 20.89 9.95 75.9 10.52 %
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Figure 3: /e stochastic frontier model.
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(bio)), capital (K), and labor (L). Other factors also affect the
productivity and effectiveness of new energy power. Inde-
pendent variables in the inefficiency component of the SFA
are government policies (GP), the economic level (EL),
technical innovation (TI), the urbanization rate (UR), and
the education level (EDU), which are employed to reflect the
impacts of these characteristics on productivity and effec-
tiveness of new energy power. Here are the inefficiency
effects:

uit � c0 + c1(GP) + c2(EL) + c3(TI) + c4(UR)

+ c5(EDU) + wit.
(5)

Equation (4) is a stochastic frontier model of the inputs.
Equation (4) can be converted into

TEi,t �
E[f(x)exp(v − u)]

E[(f(x)exp(v − u)|u � 0)]
, (6)

where f(·) represents the energy demand function from the
technical perspective of the certain frontier of inputs, E(·) is
the conditional expectation, TEit is the energy technical
efficiency, Iit refers to the input factors including E and K,
Oit is the output factor y, and Zit refers to other external
factors. Given an output, the deterministic frontier can be
used as a benchmark. It regards the excess of real input over
the deterministic frontier as excessive input caused by
technical inefficiency and takes energy savings through the
removal of technical inefficiency as energy conservation
potential. Because the practical observation error of the SFA
model is a mixed error (uit + ]it), the effects of inefficiency
could be separate. According to the decomposition method
mentioned above, the power generation technical efficiency
is as follows:

TEi,t �
E[f(x)exp(v − u)]

E[(f(x)exp(v − u)|u � 0)]

�
f(x; β)exp (v)

∗ exp(−u)

f(x; β)
∗ exp(v)

� exp(−u).

(7)

We used Stata 15.1 SE software to solve equation (7).

4. Results and Empirical Analysis

Results in Table 3 indicate that there is a correlation between
electricity and government policies, the economic level,
technical innovation, the urbanization rate, and the edu-
cation level. It means the selection of nonefficiency variables
is appropriate. According to the results in Table 4, the
variance inflation factor values of the nonefficiency variables
are significantly less than 10, which indicates no multi-
collinearity between variables. /ese results mean that it
needs further analyses to explore the relationships among
factors.

Results in Table 5 show that the coefficient of GP is
−0.104, and it passed the significance test at the 1% level,
which means that government policies have a significant
extremely positive effect on NEG efficiency. Government
subsidies can greatly promote improved technological effi-
ciency. /e new energy industry policies of all governments

have a significantly positive effect on improvements in the
technological efficiency of the industry and play a positive
part in encouraging the development of the new energy
industry. Take Germany as an example. In the middle and
late 1980s, solar and wind power generation started in
Germany, and biofuel power generation started in the 1990s.
In 2018, renewable energy accounted for 36% of total
electricity generation in Germany, an increase of 21% in ten
years. Wind power plants (especially onshore power plants)
will generate about 27.4% of Germany’s total power gen-
eration in 2020. /e rapid development of new energy in
Germany has benefited from the policy of “replacement of
coal power.”

/e coefficient of EL is −0.508, and it passed the sig-
nificance test at the 10% level, which means that the effi-
ciency of NEG in economically developed regions is higher.
Countries with higher economic levels usually provide
policy and capital support for R&D supporting renewable
technology. Citizens in these countries desire a better en-
vironment, which may motivate the government to improve
NEG.

/e coefficient of TI is −3.108, and it passed the sig-
nificance test at the 5% level, indicating a positive correlation
between technical innovation and NEG efficiency. /e new
energy industry is typically technology-intensive, and its
production and operational activities highly depend on
professional technologies and equipment. Furthermore, the
production efficiency level is closely related to the inde-
pendent R&D of core technologies. /e more important the
industry attaches to technical innovation, the greater the
investments in independent R&D and the more obvious the
effects of the improvement of the industry’s technological
efficiency. /erefore, the R&D investment level reflects both
the industry’s financial strength and its overall technical
strength. It is worth mentioning that the current photo-
voltaic power generation technology continues to improve,
and the cost continues to drop, making it possible to es-
tablish a large-scale photovoltaic power generation base in
the future.

/e coefficient of UR is 5.244, and it passed the sig-
nificance test at the 10% level, indicating a negative corre-
lation between urbanization rate and NEG efficiency.
Urbanization has resulted in sharp increases in energy
consumption. Data of the Development Research Center of
the State Council [86] show that every 1% growth in ur-
banization rate produces approximately 60 Mtce. of con-
sumption. Coal-related energy generation is relatively stable.
NEG will not occupy a dominant position soon in China
[87], but the rapid development of new energy is an inev-
itable trend in the context of “carbon neutrality.” /e
growing urbanization rate results in the lack of capital and a
decrease in government subsidies for new energy in China
[58], making it more difficult to achieve higher NEG effi-
ciency [57]. If the storage technology or the creation of large-
scale urban distributed power generation systems cannot
make significant breakthroughs, the continuous urban de-
velopment will ruin the availability of land for NEG.

/e coefficient of EDU is −2.351, and it passed the
significance test at the 5% level. It indicates a positive
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correlation between education level and NEG efficiency.
High education levels generate high technical efficiency. In
other words, the development of education can help to
improve the efficiency of the new energy industry.

According to equation (7), the average technical effi-
ciencies of new energy (wind, biofuel, solar, and geothermal)
generation from 2006 to 2018 are 0.808, 0.645, 0.581, and
0.395, respectively, in Table 6. Figure 4 shows that, from 2006
to 2018, the wind, biofuel, and solar generation efficiency
increased but geothermal efficiency decreased.

As shown in Figure 5, Canada, Germany, the USA,
Iceland, and Mexico realized the top NEG efficiency, but
Italy, Japan, and the UK fell behind due to their excessive

dependence on foreign energy and unclear energy policies
because of political turmoil in Greece. /e UK ranked 20th
because fossil fuels were used as the main energy source,
which makes it difficult to improve the efficiency by NEG in
a short period. Since 2012, due to progress in power gen-
eration and storage technology, the NEG efficiency has been
rising. Finally, these results could lead to some implications
for China in developing new energy industries. With the
increasing energy demand, the Chinese government should
focus on energy conservation and environmental aspects
and release related policies to fuel the development of new
energy power generation. For instance, the UK government
puts new energy at the top of its green economy policy.

Table 3: Correlation analysis of variables.

Variables Electricity GP EL TI UR EDU
Electricity 1
GP 0.253∗ 1
EL 0.051 −0.165 1
TI 0.199∗∗ 0.255 0.125 1
UR −0.231 0.065 0.05∗ 0.07 1
EDU 0.123 0.038∗∗ 0.117 0.14∗∗∗ 0.27 1
Note. ∗∗∗, ∗∗, and ∗Significant at 1%, 5%, and 10% levels, respectively.

Table 4: VIF test.

Variables VIF 1/VIF
UR 2.63 0.380
EL 2.25 0.444
EDU 1.83. 0.546
GP 1.52 0.658
TI 1.18 0.894
Mean VIF 1.88

Table 5: Results of stochastic frontier models.

Variables Coefficient Std. dev. p-value
Constant 5.321 1.441 0.107
Solar 8.012∗∗∗ 3.015 0.001
Wind 2.105∗ 1.015 0.069
Geothermal 0.432∗ 1.079 0.053
Biofuel 5.206∗ 2.305 0.073
Capital 0.574∗∗ 2.911 0.029
Labor 4.172 5.103 0.126
Determinants of inefficiencies
GP −0.104∗∗∗ 0.558 0.001
EL −0.508∗ 0.917 0.085
TI −3.108∗∗ 2.013 0.035
UR 5.244∗ 4.795 0.065
EDU −2.351∗∗ 3.564 0.049
Gamma 0.247∗∗∗ 0.145 0.001
LR 85.355
Note. ∗∗∗, ∗∗, and ∗Significant at 1%, 5%, and 10% levels, respectively.
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Germany has the largest solar power plant globally, and the
government encourages households to install solar power
generation equipment. Japanese government attaches great

importance to emission reduction and focuses on demon-
strating the social impact of the green economy through
daily consumption behavior.

Table 6: /e efficiency of four types new energy generation.

Year Solar Wind Biofuel Geothermal
2006 0.465 0.648 0.401 0.465
2007 0.475 0.653 0.451 0.445
2008 0.482 0.661 0.535 0.434
2009 0.523 0.685 0.547 0.421
2010 0.551 0.782 0.562 0.414
2011 0.576 0.789 0.614 0.382
2012 0.589 0.795 0.648 0.377
2013 0.595 0.812 0.691 0.371
2014 0.623 0.915 0.711 0.365
2015 0.637 0.923 0.753 0.361
2016 0.655 0.932 0.803 0.355
2017 0.687 0.941 0.811 0.347
2018 0.695 0.964 0.853 0.392
Mean 0.581 0.808 0.645 0.395
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Figure 4: /e efficiency of four types of new energy generation.
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5. Conclusions and Implications

5.1. Conclusions. /e existing literature focuses on driving
factors of NEG performance evaluation, carbon emission
reduction efficiency, and improving power generation effi-
ciency at the technical level. For example, Cai et al. [52]
evaluated the performance of new energy generation in G8
and BRIC countries. It shows that the power generation
performance of countries rich in the new energy is lower
than that of resource-poor countries. /e total performance
of new energy generation in developed countries is better
than that in developing countries, while the growth rate is
lower than that in developing countries. In comparison, the
SFA method from an input-output perspective is applied.
/e power generation efficiency of new energy is measured

at the economic level, and the influence factors are examined
in this paper.

Based on early analysis, the following results are ob-
tained. Government policies have a positive relationship
with NEG efficiency, which means that they can promote
improved NEG efficiency. /e economic level has a positive
relationship with NEG efficiency, which means that coun-
tries with a high per capita income have high NEG efficiency.
Both technical innovation and education level are positively
correlated with NEG efficiency. Higher education levels
result in higher technical efficiency.

Finally, the urbanization rate is negatively correlated
with NEG efficiency, which means that the rise of urbani-
zation can restrict the development of NEG due to com-
peting government financial initiatives. Similarly, Liu and
Wei [88] explored the impacts of urbanization rate and
factor endowment on carbon emission reduction efficiency.
/e results indicated a “U” shape relationship between
urbanization rate and carbon emission reduction efficiency.
/erefore, they argued that the government should distin-
guish the difference of factor endowment among regions to
control the process of urbanization in energy-oriented
provinces based on the establishment of the carbon market.

5.2. Implications. We provide some suggestions for the
development of NEG from the perspectives of government
policy, technical innovation, urbanization rate, and educa-
tion level as follows.

5.2.1. Formulate Preferential Government Policies for the New
Energy Industry. First, new energy development and utili-
zation should take the improvement of power generation
efficiency as the primary standard and avoid excessive policy
incentives only acting on investment areas such as the in-
crease of installed capacity. /e government policy should
increase the power generation per unit of installed capacity
and the cooperation between the expansion of installed
capacity and the rise in power generation.

Second, improve the supporting policies and measures
for the new energy industry. Although some developing
countries have already issued a series of supporting policies,
these policies are not always effectively implemented or
applied. /is situation is caused by the fact that new energy
companies lack flexibility and sensitivity to policies, and so
these policies have no opportunity to benefit these new
energy companies. Furthermore, the formulation of some
policies is too vague. /rough the improvement of relevant
laws, systems, and industrial policies, governments should
be able to realize the final aim of guaranteeing the supply of
necessary funds, talent, and material resources for the de-
velopment of the new energy industry.

Last, provide more tax and financial benefits. Favorable
financial and tax policies can generate direct and prominent
effects on the new energy industry during its developmental
period. Relevant departments should focus on rewarding
and subsidizing technical innovation among enterprises by
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establishing tax-exempt items. Moreover, governments
should provide convenient financing for new energy en-
terprises that includes offering certain preferential treatment
for interest expenses and providing financial support for new
energy technology innovation projects. While slashing fi-
nancial and tax subsidies for traditional industries, gov-
ernments should increase subsidies for the new energy
industry and strongly support its development.

5.2.2. Improve the Technical Innovation System of the New
Energy Industry. First, technological progress produces a
significant effect on NEG in countries, which means that the
technological processes can promote NEG. Besides, the
impact of technological progress on the efficiency of NEG
varies in countries, and technological progress plays a sig-
nificant part in increasing the efficiency of NEG in countries
in the period of the fast development of new energy, such as
Italy and Japan. For countries where the development of new
energy has entered a mature stage, such as Germany and
France, the driving force of technological progress on the
efficiency of NEG has been weakened. /erefore, for China,
which is in the exploration period of the development of new
energy, it should promote breakthroughs of critical tech-
nologies continuously and orderly to ensure the investment
of new energy. Meanwhile, policy-makers should establish a
long-term, national, and efficient technology transformation
channel so that the investment of new energy can be applied
more effectively and faster in the electric power field.

Second, promote the progress of new energy equipment
technology. /e production and innovation of technical
equipment are the embodiment of core technological
progress for the new energy industry and the key to
transforming new energy technology into actual production.
/erefore, developing countries should emphasize guiding
and promoting progress in the new energy equipment
technology to establish the foundational equipment for the
popularization and application of new energy technologies.

Finally, establish a platform for new energy technology
innovation. Overall improvement of the technological level
of the new energy industry requires a strong innovation
platform as support. Its main approach is to rely on large
enterprises, research institutes, and universities to build a
national energy technology innovation platform. /e es-
tablishment of the innovation platform can provide favor-
able conditions for R&D, the upgrading of overall industrial
technology, and acceleration of the production, application,
and popularization of the technology in various fields. /is
technological innovation cannot remain solely at the re-
search level since it must better serve social production
activities.

5.2.3. Design New Forms of Urbanization. First, take a path
towards urbanization based on overall planning and sci-
entific distribution across urban and rural areas and avoid
the overconcentration of urban populations. Governments
must abandon the concept of “metropolitanism” repre-
sented by blind urban expansion and implement the regional
integration of urban agglomeration and reasonable zoning

of city functions, as this can effectively alleviate the serious
ecological burden of the urban environment.

Second, optimize and upgrade the industrial structure,
resolutely abandon outdated high-energy-consuming in-
dustries, and vigorously develop the green economy. When
green production and green consumption become an im-
portant component or even the mainstream of urban eco-
nomic life, the proportion of energy-saving products,
renewable energy products, and green buildings will sharply
increase. /en, the green industry will become an important
channel of employment and an economic growth engine.

Finally, improve the urban function system and
strengthen public participation in environmental gover-
nance. Environmental protection requires everyone’s par-
ticipation. Governments must establish and improve
relevant legislation, establish environment-related “gov-
ernment performance” and accountability mechanisms, and
encourage public participation in the legislation of envi-
ronmental management. In the process of improving urban
service and communication functions, exchange and mutual
trust between the public and the government will be realized,
and awareness of the urban community and common
homeland will be formed, encouraging citizens to work
together to address comprehensive urban environmental
issues, including haze prevention and control.

5.2.4. Improve the Education Level and Cultivate New Energy
Professionals. On the one hand, emphasize the cultivation of
technical personnel. Since technical personnel are critical to
technical innovation, it is impossible to develop independent
innovation competency of the new energy industry without
their support and participation in enterprises. To cultivate
the technical personnel, it is necessary to establish a rational
and reasonable salary system to retain employees. Besides,
technical training and learning opportunities should be
provided for employees, especially for high-tech profes-
sionals. /e number of technical personnel for the latest
technological R&D and innovation must be continuously
increased. /is will lay the foundation for the development
of the new energy industry.

On the other hand, set up a special platform for the
cultivation of professionals. First, developing countries
should set up new energy technology R&D institutions to
lead R&D breakthroughs and the innovation of key tech-
nologies in the new energy industry. /ese institutions
should focus on developing core technologies with inde-
pendent intellectual property rights to provide experimen-
tally and practice sites for new technology professionals.
Second, China should actively promote the study and ex-
change of talent at home and abroad and attract better
overseas professionals to come to China and provide
valuable suggestions. Concurrently, China should send
technologists to study abroad and learn more advanced
technologies.

5.3. Future Research Directions. /is paper explores the
power generation efficiency of new energy from the eco-
nomic perspective and analyzes the influence factors.
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However, some improvements can be implemented in future
research. On the one hand, this study measures the output of
new energy generation using a one-dimension indicator. On
the other hand, we have not constructed the quantitative
indicators for new energy generation policies in countries.
/ese issues will be the research direction for further studies.
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