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Abstract
Many countries, including South Korea, focus on securing renewable energy technologies to cope with climate change 
and foster new industries. This study analyzed R&D performance and relevant factors through tracking data on the Korean 
government’s renewable energy R&D project, which ended in 2010–2014. The main findings provide several meaningful 
information. First, the overall performance of completed projects is relatively low, both innovation and economic perspec-
tives. Second, renewable energy source, R&D organizer, and The R&D stage are relevant factors on R&D performance. 
The R&D stage significantly influences innovation performance. Lastly, R&D performance is under an imbalance between 
innovation and economic perspectives. This paper can provide useful information to policy and decision-makers to improve 
future R&D project performance. In addition, scholars also may refer to related researches. Ultimately, we expect to promote 
renewable energy R&D projects and help manage their performance.
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CRS  Constant returns to scale
DEA  Data envelopment analysis
DMUs  Decision making units
ESS  Energy storage system
GDP  Gross domestic product
INDC  Intended nationally determined contribution
KETEP  Korea institute of energy technology evaluation 

planning
MCS  Mid-century strategy
OECD  Organisation for economic co-operation and 

development
PCS  Power conversion system
PTE  Pure technical efficiency
R&D  Research and development
SE  Scale efficiency
SMEs  Small & medium-sized enterprises
TE  Technical efficiency
VRS  Variable returns to scale

Introduction

Many countries are making full-fledged efforts to expand 
renewable energy sources to reduce carbon globally. Paris 
agreement binds all nations to undertake ambitious efforts 
to combat climate change (Vicedo-Cabrera et al. 2018). This 
agreement’s overall goal is to increase the global average 
temperature to well below 2 °C above pre-industrial levels 
(Rogelj et al. 2016). The relevant plans for the national units 
were published as follows. The US provided a mid-century 
strategy (MCS) for deep decarbonization. This report sug-
gested 80% below 2005 by 2050 (House 2016). EU (2020) 
presented its long-term strategy for reducing greenhouse gas 
emissions. Their objective is to achieve a climate-neutral by 
2050. Japan submitted its intended nationally determined 
contribution (INDC). The aim of Japan is ‘decarbonized 
society’ as soon as possible to 2050 with disruptive inno-
vation focused on Carbon Capture Utilization and Storage 
(CCUS) and hydrogen energy (Japan 2019). China signed 
the Paris climate agreement in 2016. It is the world leader 
in investment in renewable energy and recently declared 
its aims for ‘carbon neutrality by 2060’ in the UN general 
assembly. South Korea has also been expanding its policies 
on renewable energy since the Paris climate agreement. In 
2019, the Korean government designated hydrogen energy 
as the nation’s new growth industry engine and announced 
a hydrogen economic vitalization roadmap to implement it 
(Korea 2019). In 2020, to overcome the economic reces-
sion caused by the spread of the Covid-19, the government 
announced a 160 trillion won the Korean New Deal, which 
focuses on digital and green (Korea 2020).

Korea achieved remarkable economic growth centered 
on manufacturing, supported by technological innovation 

(Woo et al. 2014). A manufacturing-oriented increase has 
also accompanied environmental pollution, making efforts 
to improve it (Chun et al. 2016). The country’s technological 
innovation capacity is being used for research and develop-
ment of renewable energy, and the Korean government is 
providing a budget for R&D of various renewable energy 
sources.

Previous performance analysis studies on renewable 
energy have been conducted on various energy sources, and 
the main research trends are as follows. In the mid-2000s, 
DEA had been used in the renewable energy area. After 
that, in mid-2010, R&D efficiency researches on renewable 
energy started. Recently, the influencing factors of R&D 
performance of renewable energy were analyzed by some 
scholars. Existing prior studies, despite their efforts, have 
some limitations. First of all, it was difficult to examine 
the actual performance differences between various energy 
sources by conducting performance analysis on individual 
renewable energy sources. From the perspective of govern-
ment policymakers, it is necessary to make up for the limita-
tions in this area if we recall the comprehensive observation 
of various energy sources. Second, it was challenging to 
make decisions based on the situation of R&D due to the 
lack of distinction between R&D investment, innovation 
performance, and economic performance. It is necessary to 
conduct a performance analysis with a different perspective 
between the two outcomes.

This study aims to respond to the growing importance of 
renewable energy worldwide and make up for the limitations 
of existing prior research. This study aims to analyze the 
performance of R&D projects, including various renewable 
energy sources, and examine the factors that affect them. 
We looked at hydrogen, bio, solar photovoltaic, wind power 
energy sources as renewable energy sources, big firms, uni-
versities, research institutions, and small & medium-sized 
enterprises (SMEs) as R&D organizers. In addition, we con-
sider The R&D stage, which is divided into basic, applied, 
and development. The performance analysis was conducted 
for each point of view, separating the economic performance 
from the innovation performance that was not covered in 
previous research.

In order to conduct performance analysis, DEA is applied, 
and input-oriented variable return to scale (VRS) model is 
used. DEA has demonstrated its reliability within various 
prior studies. The input variables were government and pri-
vate R&D investment. The number of papers and patents 
were outputs as innovation performance, and total economic 
value and new employment were set as the output of eco-
nomic performance. Besides, we tried to present meaningful 
implications by conducting comparative analysis by renew-
able energy sources, R&D organizer, and The R&D stage 
based on DEA analysis efficiency score.
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Government policymakers need to consider various influ-
encing variables, including renewable energy mix, and this 
study will provide meaningful information. In addition, it 
is expected that R&D’s performance will be divided into 
innovation and economic performance perspectives. Com-
parative analysis results will be presented for each point of 
view to help make decisions for each R&D purpose.

This study consists of five chapters. In chapter 2, a litera-
ture review was prepared that included DEA methodology 
and R&D performance analysis of renewable energy. Chap-
ter 3 described the research model and data of this study. 
Chapter 4 presents detailed DEA results and comparative 
analysis. Finally, the last chapter concludes that includes a 
summary of the main findings, implications and limitations 
of this research, and future research directions.

Materials and methods

Status of renewable energy R&D in Korea

Countries around the world are expected to invest heav-
ily in solar and wind power to foster new industries in the 
energy sector through energy conversion. The World Energy 
Organization predicts that solar energy will generate more 
electricity than coal or gas in 2035. The expansion of renew-
able energy is expected to be a global trend, and developed 
countries are also expected to invest aggressively. The cur-
rent status and prospects of renewable energy generation in 
Germany, the US, and Japan are likely to increase (Fig. 1).

Korea’s renewable energy R&D accounts for the most 
considerable portion of the energy and resources budget. 

The Korean government is expanding R&D investment in 
renewable energy for the energy transition. From 2016 to 
2018, investment in renewable energy was 566.7 billion 
won, 565.9 billion won, and 871.5 billion won, respec-
tively. The average annual increase rate amounts to 24 per-
cent. The private sector invested twice as much in renewable 
energy R&D as the government. As of 2018, the private 
sector has invested 1.7176 trillion won in renewable energy 
R&D (MOTIE 2020). In 2021, the company plans to expand 
investment in mass production by the energy source to 
secure economic growth for renewable energy. It plans to 
raise support for the development of mass production tech-
nology by an energy source such as high-efficiency solar 
energy, high-capacity wind power generation, and mass 
production of hydrogen. It also plans to develop infrastruc-
ture technologies that can efficiently transfer and utilize the 
energy produced (MOTIE 2020).

Looking more closely at Korea’s renewable energy R&D 
status, solar energy, wind power, hydrogen, and new energy 
materials were selected as the primary technology areas 
to foster new energy industries. To that end, it invested 
251.3 billion won in 2020. In the field of solar energy, it 
will develop technologies for improving the efficiency of 
next-generation solar cells and reusing modules. In wind 
power, it includes the development of floating offshore 
wind power system and core components localization, and 
the development of infrastructure technology to develop 
ultra-large(20MW) wind power. Hydrogen and fuel cells 
include localization and safety technology of hydrogen 
charging core components, securing the economy of stor-
age and transportation, etc. It invested 275.5 billion won in 
2020 to provide clean and safe energy. In the field of energy 

Fig. 1  Installed power generation capacity by source in the Stated Policies Scenario, 2000–2040 (IEA 2020)
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safety, demonstration research is carried out to secure safety 
technology for hydrogen infrastructure and energy conver-
gence facilities and Energy Storage System (ESS) safety. It 
invested 136.5 billion won in spreading distributed energy. 
In the distributed energy system field, the development of 
smart Power Conversion System (PCS) technology and the 
development of high power and high-reliability ESS technol-
ogy are included.

DEA models

DEA is a nonparametric methodology used to compare the 
efficiency of Decision Making Units (DMUs). DEA has sev-
eral advantages over parametric methodologies. First, DEA 
can deal with multiple inputs and outputs in a single model 
(Wang and Huang 2007). Second, DEA allows us to distin-
guish between efficient and inefficient targets and identify 
the causes of inefficiency (Wang and Huang 2007). Third, 
DEA does not need to define a particular function, so it does 
not need to be a precondition, such as a normal distribution 
(Guan et al. 2006, Martı́n-Cejas 2002). DEA is an appropri-
ate methodology because various inputs and outputs must be 
considered at the same time to derive R&D efficiency (Wang 
and Huang 2007).

Farrell (1957) introduced the concept of efficiency by 
taking into account several inputs and outputs. Since 1978, 
various DEA models have been proposed. Charnes, Cooper, 
and Rhodes suggested the CCR model (Charnes et al. 1978). 
The CCR model follows the rules of Constant Returns to 
Scale(CRS), in which all DMU inputs and outputs increase 
or decrease at the same rate change. Therefore, the CCR 
model is also called the CRS model. Later, Banker, Charnes, 
and Cooper developed the BCC model. The BCC model 
assumes a Variable Returns to Scale (VRS) in which the 
proportion of inputs and outputs varies depending on econo-
mies of scale or scope (Banker et al. 1984). The BCC model 
is also called the VRS model. The VRS model is divided 
into IRS, which has a higher output growth rate than the 
input growth rate, and DRS has a lower output growth rate 
than the input growth rate (Hollanders and Esser 2007). The 
efficiency of the BCC model is called pure technical effi-
ciency (PTE), which is divided into technical efficiency (TE) 
and scale efficiency (SE). PTE and SE can be compared to 
determine the cause of inefficiency. DEA models are divided 
into two types depending on input or output orientation. The 
input-oriented model aims to fix the output elements and 
minimize the input elements.

In contrast, the output-oriented model seeks to set the 
input elements and maximize the output elements (Ram-
anathan 2003). Considering the purpose of the study and 
the characteristics of each element, the DEA model should 
be set up and analyzed. Input-oriented and output-oriented 
models are as follows. In Eqs. (1) and (2), � and � are the 

efficiencies of the input-oriented and output-oriented model. 
n is the number of DMUs. k and r represent the number of 
inputs and outputs.  zi is the weight of the model.  xi and  yr 
represent the inputs and outputs, repectively.  s− and  s+ are 
the slacks of inputs and ouputs, respectively.

Literature on renewable energy using DEA

As seen in the 2.1 section, the Korean government is expand-
ing R&D investment in renewable energy for the energy 
transition. However, the efficiency of R&D investment in 
renewable energy is not high. It is questionable whether 
it will continue to expand R&D investment for renewable 
energy during the Long-term low growth era (New Normal). 
Therefore, it is necessary to investigate the prior research 
on analyzing the R&D of renewable energy through DEA 
and seek ways to increase the R&D efficiency of renewable 
energy in Korea.

In the mid-2000s, DEA began to be used in the renew-
able energy sector. DMUs were diverse, including countries, 
companies, and renewable energy technologies. Chien and 
Hu (2007) analyzed the impact of renewable energy gen-
eration on efficiency in 45 Organisation for Economic Co-
operation and Development (OECD) member countries and 
non-entry countries. Labor, capital, and energy consumption 
were used as inputs, and real Gross Domestic Product (GDP) 
was used as output. Renewable energy accounted for a large 
portion of total energy production in non-OECD countries, 
but the technology efficiency of OECD member countries 
was higher. Barros (2008) looked at the efficiency changes in 

(1)

Min �
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25 hydroelectric power plants in Portugal from 2001 to 2004. 
Halkos and Tzeremes (2012) analyzed efficiency by utiliz-
ing enterprises' financial performance in Greece’s renewable 
energy sector. Wind energy efficiency was more efficient 
than hydropower, and solar energy production will be sig-
nificant in Greece’s renewable energy sector. Unlike previ-
ous studies, San Cristóbal (2011) analyzed the efficiency 
of each renewable energy technology. The inputs included 
the investment ratio, implementation period, operation and 
maintenance costs, and the output factors were power gen-
eration, operating hours, useful life.

Research on renewable energy R&D efficiency began in 
mid-2010. Kim et al. (2015) analyzed the R&D efficiency in 
wind power, solar energy, and fuel cells. The input factors 
were an investment in technology development and invest-
ment in technology diffusion. The output factors were the 
number of patents, the total volume of power generation, 
and the unit cost of energy production. In 2007, fuel cells 
and wind power were efficient energy, but in 2008 and 2011, 
only wind power was found to be efficient energy. Wang 
et al. (2016) used two-stage DEA to analyze the R&D effi-
ciency and marketing efficiency of enterprises in China's 
renewable energy sector. Data were used from 2009 to 2013 
for 38 companies listed on the Shanghai and Shenzhen stock 
exchanges. The inputs were fixed assets, wages, and R&D 
costs, the R&D output was software assets and revenue, and 
the marketing phase output used total revenue and market 
value. Companies in China’s renewable energy sector had 
relatively lower R&D efficiency than marketing efficiency, 
and R&D efficiency took the form of an invert u-shape.

Recently, some studies explored the determinants of R&D 
efficiency of renewable energy. Chang et al. (2020) analyzed 
the effect of environmental policy on the R&D efficiency 
of renewable energy enterprises. The government subsidi-
ary and tax refund policies showed a positive impact on 
total investment efficiency and technology efficiency. The 
effect of the government subsidy policy was greater than the 
tax refund. Chun et al. (2016) analyzed the factors affect-
ing hydrogen energy R&D projects. The efficiency of the 
hydrogen energy R&D projects invested for 10 years was 
analyzed through DEA method. The type of R&D, the type 
of technology, and the amount of private investment influ-
enced hydrogen R&D efficiency Table 1.

Research design

Model

In order to investigate the performance of renewable energy 
R&D projects, the authors applied an input-oriented VRS 
DEA model. DEA needs inputs and outputs variables 
for measuring relative efficiency. We categorized two 

perspectives that are innovation and economic performance. 
Firstly, from an innovation perspective, government invest-
ment and private investment are input variables. The number 
of papers and patents are output variables. Secondly, from 
an economic perspective, two investment sources are input 
variables as same as the innovation perspective. In addition, 
total economic value and the number of new employment 
are output variables. The total economic value is the sum of 
revenue from the domestic market, revenue from export, the 
amount of cost-cutting, the amount of import-substituting 
effect, and the amount of technology transfer. The relative 
performance of renewable energy R&D projects is calcu-
lated by the ratio of inputs and outputs using DEA.

The Figure 2 is a research flow chart including important 
steps from data collection to gap analysis. This figure shows 
the summary of each stage’s main variables and analysis 
methodologies.

Data

This paper uses data from the Korea institute of Energy 
Technology Evaluation Planning (KETEP). The KETEP is 
a government institute for efficient management of govern-
ment energy R&D programs. The inputs and outputs data are 
collected and maintained by the KETEP. Specially, all out-
puts of each R&D project are tracking by first hand. Com-
monly, R&D performance assumes time-lag duration from 
inputs to outputs. Because each research’s outputs are not 
tracked first hand, researchers do not match inputs and out-
puts within each R&D project. However, in this research, we 
matched inputs and outputs within each R&D project, and 
we do not need to assume an appropriate time-lag duration. 
That is, the strong point of the data, and it may improve the 
value of the empirical results. The renewable R&D project 
data is collected from 2010 to 2014 in terms of the finished 
year. Each R&D project data is tracked for three years after 
the finished year. For example, if the A project was finished 
in 2010, this project is monitored from 2011 to 2013. The 
outputs are calculated by average during three years of track-
ing duration. Table 2 provides basic information of each 
variable, including category, description, and unit of meas-
urement (Figs. 3 and 4).

Results and dicscussion

Ex‑post evaluation of the performance of renewable 
energy R&D projects

Table 3 is the result of descriptive statistics of renewable 
energy R&D projects. Based on the mean of inputs, we can 
grasp that the government budget is larger than the private 
one. In terms of output variables, the number of patents and 
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total economic value are high. The mean score of DEA is 
different between innovation and economic perspectives. 
Innovation performance is higher than economic perfor-
mance based on the mean.

Based on Table 3, government’s R&D investment is larger 
than private’s in terms of mean and standard deviation. 
In addition, output variables’ standard deviation is larger 
than mean. It means that DMU’s outputs have a large gap 
between min and max. It may affect DEA efficiency score. 
Innovation and economic performance are 0.225 and 0.178, 
respectively. These are relatively low, and there is a big gap 
between min and max efficiency scores. These results can 

be seen as derived from a significant gap input and output 
variables’ data.

Comparative analysis for investigating influencing 
factors on performance

The DEA result does not provide any meaningful implica-
tions. A comparative analysis is needed, like nonparametric 
methods with categorizing variables. DEA is a nonparamet-
ric methodology, and its’ result also may be nonparametric 
information. Kruskal-Wallis H test is a widely used method-
ology for nonparametric data at difference among 3 groups 

Table 1  Summary of literature

Author Level of DMU(#) Variable

Input Output

Chien and Hu (2007) Country (2001 ~ 2002, 45 DMUs) Labor employment Real GDP
Capital stock
Energy consumption

Barros (2008) Company(2001 ~ 2004, 100 DMUs) Number of workers Production in MWh
Capital
Operating costs Capital utilization
Investment

Halkos and Tzeremes (2011) Company(2006 ~ 2008, 78 DMUs) Debt/equity ratio Return on equity
Current ratio Return on asset
Assets Turnover ratio Gross profit margin

Operating profit margin
San Cristóbal (2011) Technology(2005, 13 DMUs) Investment ratio Power generation

Implement period Operating hours
Operating and maintenance costs Useful life

Tons of  CO2 avoided
Kim, Lee (2015) Technology(2007 ~ 2011, 15DMUs) Public R&D expenditure The number of patents

Subsidy for usage promotion The total volume of power generation
The unit cost of power generation

Wang, Hang (2007) Company(2009 ~ 2013, 38 DMUs) Fixed asset Outputs in The R&D stage Software 
assets Revenue

Staff wages Outputs in marketing stage Total 
profits Market valueR&D cost

Chang, Wan (2020) Company(2010 ~ 2017, 35 DMUs) Payable employee salary Growing ratio of total assets
Newly fixed assets addition Return of net assets
Newly tangible assets addition Returns per share
Newly long-term investment
Asset depreciation and amortization
Operational capital addition

Chun, Hong (2016) Technology(2003 ~ 2012, 1st year investment Papers
2nd year investment Patent registration
3rd year investment Patent application

Attending conference
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or more. This research applied the Kruskal-Wallis H test to 
investigate different performances within each influencing 
factor. In order to conduct a comparative analysis, we cat-
egorized R&D projects by renewable energy source, R&D 
institution, and The R&D stage. Renewable energy source 
includes hydrogen, bio, solar photovoltaic, and wind power. 

R&D institution is categorized big firm, university, research 
institution, and SMEs. Lastly, The R&D stage includes 
basic, applied, and development. Figs. 5, 6, 7 provide a ratio 
within each variable. Each figure includes number, and % 
ratio. It will improve readability.

According to Table 4, innovation performance is dif-
ferent from the renewable energy source. The solar pho-
tovoltaic efficiency score is higher than hydrogen. This 
result is supported based on the Kruskal-Wallis H test with 
statistical significance. Mean ranks, and mean efficiency 
score is derived from innovation performance DEA score. 
In the process of applying the Kruskal-Wallis H test, the 
mean ranks are derived, and the mean efficiency scores 
among energy source groups were separately analyzed and 
presented together to increase readability. Tables 5, 6, 7, 
8, 9 are also presented using the same way. The underlined 
values mean that they have statistical significance (Levels 
of statistical significance: *** = 1%, ** = 5%, and * = 
10%).

Fig. 2  Research flow chart

Table 2  Basic information of variables about renewable energy R&D projects

Category Description Unit of measurement

Input variables Government R&D investment Korean won (million)
Private R&D investment

Output variables (Innovation perspective) Papers Number
Patents

Output variables (Economic perspective) Total economic value Korean won (million)
New employment Number

Categorizing variables for comparative analysis Energy sources Hydrogen, Bio, Solar photovoltaic, Wind power
R&D organizer Big firm, University, Research institution, SMEs
The R&D stages Basic, Applied, Development

Fig. 3  DEA model for evaluation of renewable energy R&D project 
innovation performance

Fig. 4  DEA model for evaluation of renewable energy R&D project 
economic performance
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We confirmed solar photovoltaic R&D projects have the 
highest innovation performance compared to other renew-
able energy sources.

R&D organizer is also affecting innovation perfor-
mance. Based on Table 4, if a different R&D organizer 
performs R&D, their innovation performance might be 

different. Especially, there is a big innovation performance 
gap between universities and big firms. This result is sup-
ported by statistical significance using the Kruskal–Wallis 
H test.

Lastly, The R&D stage is an influencing factor in 
renewable energy R&D project’s innovation perfor-
mance. Basic R&D project group has the highest DEA 
score. Especially, there is a big gap between basic and 
development R&D projects. That may reflect properties 
of basic R&D that are advantageous for the creation of 
papers and patents.

This research also investigates economic performance 
by categorizing variables. First of all, the renewable energy 
source and performance gap are similar to innovation per-
formance. Like innovation, solar photovoltaic is superior to 
hydrogen R&D projects. This result is also supported by 
statistical significance. These results indirectly show that 
the maturity of solar photovoltaic technology is higher than 
that of hydrogen energy.

R&D organizer is also affecting economic performance. 
The main gap exists between big firms and universities. Big 
firms and universities have the biggest performance gap in 
terms of economic perspectives. Renewable energy is a kind 
of state-of-art, and at a new stage of development, if we 
consider it to be a promising industry sector in the future, 
we expect this difference in performance to decrease in the 
future.

The R&D stage does not have any effect in terms of 
economic performance. It is a different result compared to 
innovation performance. It implies that in order to create 
meaningful economic value, the development stage R&D 
needs to seek a more efficient way. If related markets are 
expanded to a meaningful size, it will be easier to generate 
economic value.

Lastly, Table  10 shows the result of the Wilcoxon 
matched-pairs signed-rank test to understand the difference 
between the innovation and economic efficiency rank of each 
R&D project. Like the Kruskal–Wallis H test, the Wilcoxon 
matched-pairs signed-rank test is a common methodology 

Table 3  Overview of variables 
used in ex-post evaluation of 
renewable energy R&D projects

Category N = 205 Min. Max. Mean Std. Dev.

Input Government R&D investment 0.37 285.83 31.650 45.095
Private R&D investment 0.00 305.33 20.251 43.539

Innovation model output Papers 0.000 61.500 5.968 8.036
Patent 0.000 358.000 12.701 30.068

Economic model output Total economic value 0.000 1715.830 40.098 175.266
New employment 0.000 955.000 36.697 96.295

Innovation performance DEA score 0.008 1.000 0.225 0.253
Economic performance DEA score 0.002 1.000 0.178 0.219

Fig. 5  Number (%) of projects by renewable energy source

Fig. 6  Number (%) of projects by R&D institution

Fig. 7  Number (%) of projects by The R&D stage
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Table 4  Renewable energy 
source as an influencing factor 
on innovation performance

Renewable energy source N Mean ranks Mean effi-
ciency score

P-value by Kruskal–Wallis H test

Hydrogen 51 86.26 0.17 0.084*

Bio 23 106.28 0.24
Solar Photovoltaic 94 112.49 0.29
Wind power 37 99.92 0.22

Table 5  R&D organizer as an 
influencing factor on innovation 
performance

R&D institution N Mean ranks Mean efficiency 
score

P-value by Kruskal–Wallis H test

Big firm 57 65.33 0.15 0.000***

University 24 172.08 0.34
Research institution 27 151.96 0.18
SMEs 97 94.41 0.18

Table 6  The R&D stage as an 
influencing factor on innovation 
performance

The R&D stage N Mean ranks Mean efficiency 
score

P-value by Kruskal–Wallis H test

Basic 33 143.30 0.28 0.000***

Applied 33 108.15 0.27
Development 139 92.21 0.23

Table 7  Renewable energy 
source as an influencing factor 
on economic performance

Renewable energy source N Mean ranks Mean effi-
ciency score

P-value by Kruskal–Wallis H test

Hydrogen 51 74.71 0.15 0.001***

Bio 23 105.43 0.23
Solar Photovoltaic 94 112.63 0.27
Wind power 37 116.03 0.19

Table 8  R&D organizer as an 
influencing factor on economic 
performance

R&D institution N Mean ranks Mean efficiency 
score

P-value by Kruskal–Wallis H test

Big firm 57 71.19 0.12 0.000***

University 24 148.38 0.33
Research institution 27 132.00 0.22
SMEs 97 102.39 0.16

Table 9  The R&D stage as an 
influencing factor on economic 
performance

The R&D stage N Mean ranks Mean efficiency 
score

P-value by Kruskal–Wallis H test

Basic 33 122.71 0.22 0.113
Applied 33 97.91 0.21
Development 139 99.53 0.22
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for nonparametric data at the difference between two statis-
tics based on the same sample. We derived innovation and 
economic performance based on the same sample through 
different output variables.

The Wilcoxon matched-pairs signed-rank test was con-
ducted on each sample R&D project based on the efficiency 
score, both innovation and economic perspectives. The 
result connotes that renewable energy R&D efficiency is 
not consistent across projects. In other words, R&D pro-
jects experience an imbalance throughout innovation and 
commercialization. Especially, more than half of the samples 
to be analyzed showed higher innovation performance than 
economic performance. In order to improve comprehensive 
performance, related experts need to consider the way to 
enhance performance balance.

Conclusion

This paper applied input-oriented VRS DEA model to inves-
tigate the renewable energy R&D project performance. The 
data are from 2010 to 2014, and every 205 R&D project ex-
post outputs were tracked three years after the finished year. 
The authors tried to measure the relative efficiency of R&D 
projects with innovation and economic perspectives sepa-
rately. In addition, some influencing factors on performance 
were investigated through comparative analysis. Lastly, this 
study analyzed the difference between innovation and eco-
nomic performance based on each R&D project. The main 
findings are as follows.

Firstly, overall, innovation and economic performance 
of renewable energy R&D projects are relatively low. The 
standard deviation is greater than the average, indicating a 
significant difference in performance between R&D pro-
jects. The result came as the Korean government took a 
‘selection and concentration’ strategy to efficiently use its 
limited renewable energy R&D budget. Despite this strat-
egy, the R&D efficiency of the renewable energy project 
is not high, so policy decision-makers should consider 

what factors determine R&D efficiency. Secondly, using 
comparative analysis, we checked the effect of renewable 
energy sources, R&D organizers, and the R&D stage on 
innovation performance. The innovation performance is the 
difference with statistically significant based on these three 
factors. R&D efficiencies of solar photovoltaic in renew-
able sources, university in R&D organizers, and basic R&D 
are superior to other groups. In terms of economic perspec-
tive, there are similar results. Solar photovoltaic is one of 
the critical technologies in the policy of transiting renew-
able energy. Following the global trend, the economic and 
social ripple effects of solar photovoltaic are potentially 
expected to be significant. Studies show that when a uni-
versity is a research director for renewable energy projects, 
it can be assumed that innovation performance leads to 
economic performance. The efficiency of the projects car-
ried out by companies is low because Korean renewable 
energy companies have lower cost competitiveness than 
Chinese renewable energy companies. The basic R&D pro-
jects showed relatively high innovation performance to suit 
the research’s purpose, and the applied and development 
research did not achieve enough economic performance. It 
is necessary to establish a life cycle R&D support system 
in which innovation performance can be linked to eco-
nomic performance following the purpose of applied and 
development research. Lastly, Table 10 shows us that inno-
vation performance is higher than economic performance. 
This test was conducted on each sample R&D project rank-
ing based on DEA score. Renewable energy R&D projects 
need to improve their success rate of commercialization. In 
other words, renewable energy R&D projects experienced 
an imbalance between two perspectives with statistical 
significance.

This research tried to investigate the overall perfor-
mance and influencing factors of completed renewable 
energy R&D projects. This study analyzed various renew-
able energy sources that were not attempted in previous 
prior studies. In addition, it is meaningful that the results 
of innovation and commercialization perspectives were 

Table 10  Wilcoxon matched-
pairs signed-rank test

Z =  − 4.890, ***p = 0.000

Total N = 205 N Sum of rank

Rank of economic performance (1) –Rank of innovation performance (2) (1)-(2) < 0 138 13,541
(1)-(2) > 0 58 5,765
(1)-(2) = 0 9
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carried out separately. The main findings of this research 
can enhance the balanced performance of further R&D 
projects on renewable energy. It is expected to provide poli-
cymakers with insights to recognize the stages of innova-
tion and commercialization and make resource allocation 
more efficient.

Further studies need to consider various nations’ R&D 
projects. Many countries also try to achieve appropri-
ate R&D performance within the renewable energy area. 
Experts may want to know among nations’ relative per-
formances and each nations’ R&D features. Combining 
parametric methods is also needed. Such as propensity 
score matching(PSM) and synthetic control methods are 
applied with DEA to overcome DEA’s weakness, such 
as treating external factors. Lastly, this paper was used 
until 2014 finished R&D projects. If the future study 
can use the updated data, the main findings may provide 
meaningful implications to policy decision-makers and 
scholars.
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