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Abstract
Bioenergy plays a crucial role in numerous sectors such as industry, electricity, heating, cooling, and transportation. Previ-
ous research on bioenergy focused on the production and strategies to improve bioenergy development and distribution in 
the EU. This study computes the revenue efficiency level and investigates the economic determinants of revenue efficiency 
of the bioenergy industry in EU28 countries between 1995 and 2018. The study employed the nonparametric data envelop-
ment analysis method to compute the revenue efficiency level, and ordinary least squares, random effects, and fixed effects 
models were applied to investigate the determinants of revenue efficiency. The results show that most of the countries are 
efficient, given a high-efficiency score, with France, Malta, Sweden, and Slovakia as the most efficient, while Cyprus is the 
least efficient. Furthermore, empirical results indicate that capital and labor have a negative impact, while GDP and the size 
of biomass have positive and significant impact on revenue efficiency of the bioenergy industry in EU28 countries during the 
period studied. This study provides an insight for bioenergy policymakers and investors-to the understanding of the impact 
of revenue efficiency on the sustainability of the bioenergy industry.
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Introduction

Bioenergy is viewed as among the important choices to 
minimize greenhouse gas emissions and alternative non-
renewable fuels globally. There is a huge prospect from 
bioenergy to produce a surmountable share of energy sup-
ply in electricity, heating, and transport fuel, though there 
are certain challenges facing the bioenergy market of the 
EU region. Bioenergy is considered a possible solution to 
energy problems (volatility of price, energy insecurity, and 
environmental impact) and sustainable development. This 
is the rationale behind the EU's investment in bioenergy 
and it is projected to account for 50% of renewable energy 
output by 2020 following the National Renewable Energy 
Action Plans (NREAPs) (Caputo 2014). Biomass currently 
accounts for more than 10% of the world's energy supply and 
approximately 80% of renewable energy, while two-thirds 
of this energy is produced in developing countries, the rest 
of which is produced in developed countries (Popp et al. 
2014). According to Welfle (2017), because of the versatil-
ity of bioenergy and its potential for integration with all 
stages of development strategies and the agenda, bioenergy 
is clearly an attractive energy choice, as it is widely agreed 

that bioenergy can produce energy with lower greenhouse 
gas emissions compared to other energy sources, such as 
fossil fuels.

Bioenergy is projected to play a key role in contributing 
over 50% to European countries' renewable energy goals, as 
more than 60 countries currently have national goals or pol-
icy measures promoting renewable energies (International 
Energy Agency 2011). While this is largely influenced by 
the prices of and the dependence on fossil fuels, it is also 
motivated by the need to mitigate greenhouse gas emissions 
and increasing policy initiatives supporting bioenergy path-
ways (Junginger et al. 2011; Welfle 2017). As a result of 
these recent energy policies, Europe is now the main trad-
ing market for bioenergy, with more than 30% of bioenergy 
products currently consumed in Europe been imported and 
an expected increase in demand of nearly 50% between 2010 
and 2020. This dramatic increase in demand for biofuels 
depends not only on the prices of fossil fuels, but also on 
the ambitious mandates of bioenergy in Europe. Also, the 
demand for fuels such as wood pellets is expected to increase 
by more than double by 2020 as a result of government sub-
sidies on renewable energy consumption (Böttcher et al. 
2012). The European Union is seeking to identify possible 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Revenue efficiency of bioenergy industry: the case of European Union (EU) member countries  

1 3

options for bioenergy development due to increasing demand 
for clean energy to mitigate greenhouse gas emissions and 
curb energy insecurity. While the development of bioenergy 
policies by the European Union has been driven by security 
of energy supply and environmental concerns, it is also con-
sidered as an opportunity for accelerated rural and economic 
development, most especially among the EU's developing 
countries (English et al. 2006; Bah et al. 2020). The bioen-
ergy industry is also considered to be a major contributor to 
rural economies, as it provides employment and improves 
the living standards of local farmers in the region (Jin & 
Sutherland 2016; Solomon 2010; Smeets et al. 2008).

Bioenergy feedstock such as methanol, biodiesel, and 
ethanol can be directly used to generate energy or trans-
formed to more suitable energy carriers. The US recorded 
the share of biofuels used for road transport at 4% in 2008 
and it was approximately 3% in the EU. This is expected to 
increase overtime by the use of blends or pure biofuels and 
also as a result of the EU's renewable energy ambition. The 
promotion of the use of bioenergy is driven by the increasing 
demand for clean energy, the need to increase energy effi-
ciency, the price of fossil fuels, especially oil, the utilization 
of local energy sources so as to improve the region's compet-
itiveness and also increase local security of energy supply, 
and finally, the implementation of policies and bioenergy 
targets (Junginger et al. 2011; Kalt and Kranzl 2011; Jin 
and Sutherland 2016; Strzalka et al. 2017). However, Kalt 
and Kranzl (2011) concluded that bioenergy feedstock prices 
are sometimes assumed or expected to decrease as a result 
of advancements in technologies and strategies of produc-
tion and supply. Additionally, bioenergy products are more 
expensive than other energy sources such as fossil fuels. 
This would go a long way to affect the revenue efficiency of 
the industry as the cost of production and conversion would 
reflect on prices and consequently affect consumption of bio-
energy products (English et al. 2006; Kalt and Kranzl 2011; 
Jin and Sutherland 2016). Bioenergy has played a crucial 
role in the increase in electricity from renewable sources 
over the last decade. It was recorded as the third major con-
tributor after hydropower and wind, respectively. Also, bio-
mass in general has played an important role in electricity, 
transportation, heating and cooling, and other domestic uses 
since 2005 till date, and its contribution to these various sec-
tors has doubled over the years, and it is said to be above the 
NREAPs projections for the period. However, the industry's 
efficiency will be determined by future demand for biofuels 
and technological advancements in the Eurozone (Scarlat 
et al. 2015).

Revenue efficiency in the bioenergy industry is linked 
to infrastructure investment, investment in bioenergy 
technologies, improving market access, energy crop sup-
ply, and production capacity, among other things (Scarlat 
et al. 2013; Caputo 2014). Expansion and conversion of 

plantation areas for farming of energy-rich crops, expan-
sion of infrastructure web that would efficiently link bio-
energy production sites and consumers, and conversion of 
waste from biomass, animal waste, organic waste, agricul-
tural waste, and production waste as alternatives for bio-
energy production will improve biomass energy efficiency 
(Searchinger et al. 2008; Scarlat et al. 2013; Caputo 2014; 
Welfle et al. 2017; Alsaleh et al. 2021). This is neces-
sary for the EU developing countries to be competitive in 
the bioenergy market, and also improve efficiency in the 
industry.

The use of bioenergy for transportation fuels, electric-
ity, and heating is continuously viewed as an opportunity 
to enhance energy security, help to mitigate environmental 
degradation and resource depletion, and increase economic 
and sustainable development. However, there are various 
challenges to bioenergy development and the use of bioen-
ergy in the EU region. The problem of the bioenergy indus-
try of the EU region in the light of revenue efficiency is 
connected with the issues of self-sufficiency of the region 
in the production of energy-rich crops, cost of importation, 
shortage in supply of energy crops due to ever increasing 
demand for food, energy from the exporting countries, and 
the demand for such crops by other countries to meet their 
own food demands. Climate change, development of new 
bioenergy technologies, and development of competing non-
bioenergy-based technologies which are capital intensive, 
determine the cost-effectiveness of bioenergy utilization. 
Competition for land usage for food crops, bioenergy feed-
stock, and other plantation crops has also led to strategies 
to increase crop yields which have environmental impacts 
(Alsaleh et al. 2021). These factors affect prices (bioenergy 
and food) and the competitiveness of bioenergy products in 
the energy market. For example, the World Bank ascribed 
75% of the rise in food prices in the EU to bioenergy produc-
tion in 2013. Therefore, this study is aimed at providing an 
insight into the revenue efficiency of the bioenergy industry 
of EU28 countries as a probable justification for the huge 
investment, substitution of plantation area for food crops 
with energy-rich crops, and also answering the questions: 
what is the revenue efficiency level of the bioenergy indus-
try of EU28? Also, what are the economic determinants of 
the revenue efficiency of the bioenergy industry in EU28 
countries?

The paper is organized as follows: in "Review of empiri-
cal literature" section, an empirical literature review of rev-
enue efficiency and bioenergy industry is discussed. "Mate-
rial and methodology" section discusses the methodology, 
which includes the variable description, empirical model, 
and estimation strategy. The empirical results are discussed 
in "Empirical results" section, while the conclusion and 
policy recommendations are discussed in "Conclusion and 
policy recommendations" section.
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Review of empirical literature

There are a host of issues in the bioenergy industry. Most 
importantly is the revenue efficiency of bioenergy. Research-
ers have different opinions regarding the efficiency of bio-
energy. While some concentrate on the fuel-food dilemma 
(Kyrylov et al. 2022; Vasile et al. 2016), others concentrate 
on the deforestation in order to increase yields of energy-rich 
crops, which leads to the loss of the forest's capacity to act 
as a carbon sink (Alsaleh and Abdul-Rahim 2022; Locoh 
et al. 2022; Kalt and Kranzl 2011), while some insist that 
bioenergy is not necessarily going to be sustainable (Xuân 
and Thu 2023). Bioenergy is considered a possible solution 
to energy problems and sustainable development. This is 
the rationale behind the EU's investment in bioenergy and it 
is projected to account for 50% of renewable energy output 
by 2020 (Caputo 2014). However, the efficiency of biomass 
energy depends on how it can be effectively converted into 
power, heat, fuel, etc. According to Alsaleh e al. (2016), EU 
member countries, both developing and developed, have not 
attained or achieved full efficiency in the bioenergy industry; 
however, developed countries have higher efficiency levels 
because they produce more, export more, consume less, and 
import less than developing EU countries. This is similar to 
the case in China where bioenergy, despite being the major 
source of renewable energy, the demand for consumption 
outweighs the production and supply of biomass (Zhang 
et al. 2014).

Several estimation methods have been extensively used 
to estimate the revenue efficiency of different organizations/
firms, and industries. Approaches such as parametric, non-
parametric, and productivity indices are mainly developed 
for the measurement of productive efficiency (Coelli et al.. 
1998), as cited in Latruffe et al. (2004). However, methods 
such as Data Envelopment Analysis (DEA) and Stochas-
tic Frontier Analysis (SFA) are the most frequently used 
methods and have been applied to various datasets, rang-
ing from time series to cross sectional and panel datasets. 
Recent studies such as Maudos and Pastor (2003), Ho and 
Zhu (2004), Sufian (2007), examine the efficiency of differ-
ent sectors in Spain, Taiwan, and Singapore, respectively, 
using DEA. While findings by Latruffe et al. (2004) show 
that cost-efficient firms are as well profit-efficient, high-
lighting the role of the least-cost method of production in 
profit efficiency. Maudos and Pastor (2003) investigated the 
efficiency of forty-one (41) firms in Taiwan. The study sug-
gested that the high efficiency score of the production fron-
tier, which is expected to be the measure of performance, 
is not a sufficient justification of high performance as the 
results obtained suggest otherwise. However, Sufian (2007) 
found a high efficiency score in a study in Singaporeans. 
Krasuska and Rosenqvist (2012) examined the efficiency of 
the bioenergy industry in Poland. The study found that the 

major factor influencing profitability and competitiveness of 
energy crops is their prices, which is a clear reflection of the 
pressure on the demand for energy crops in Poland. How-
ever, from the perspective of revenue efficiency, they posit 
that a significant reduction in the cost of producing biomass 
is the key and it is expected in the near future.

More recently, studies such as Popp et al. (2014), Broekel 
et al. 2013; Carayannis et al. 2016; Ervural et al. 2016) have 
employed this method to examine the efficiency of different 
firms, countries, and regions. While Broekel et al. (2013) 
examine the efficiency of innovation, or rather the impact 
of innovation on efficiency in Germany from 2004 to 2008, 
using DEA, Their findings show that innovation affects 
efficiency positively as the efficiency score is well above 
average irrespective of the cities. Carayannis et al. (2016) 
employed the DEA technique to test for efficiency in 185 
different regions of 23 European countries. Unlike the find-
ings of Broekel et al. (2013), their results indicate innovation 
is a function of efficiency in the regions, and there exists 
an intermittent efficiency gap across the regions, suggest-
ing that innovation is also influenced by country-specific 
efficiency levels.

Similarly, Alsaleh et al. (2016) also applied this method 
to investigate the efficiency of the EU28 bioenergy indus-
try during the period from 1990 to 2013. The study found 
that the region is currently faced with a decreasing return 
to scale, suggesting further increases in input are increas-
ing output at a decreasing rate even though some of the 
EU member countries are fully efficient in their industry. 
Ervural et al. (2016) applied the DEA method to examine 
the efficiency of different provinces of Turkey. Their study 
highlights the importance of proper investment decisions as 
investment influences efficiency.

Finally, in an attempt to investigate the factors influenc-
ing efficiency, previous studies such as Zubair et al. (2021), 
Abdulwakil et al. (2020), Alsaleh et al. (2017), Ariff and Luc 
(2008), Banker et al. (2010), Kolawole (2006), Rachmina 
et al. (2014), Vu and Nahm (2013), applied different panel 
data analyses to different firms and industries in different 
countries. The fixed-effect model was used to examine the 
determinants of revenue efficiency of small-scale paddy rice 
farmers in Nigeria, and the findings show that, aside from 
agricultural input prices such as seeds, fertilizers, and so on, 
the major factor affecting the profit efficiency of the farm-
ers studied is infrastructure. Similarly, Alsaleh et al. (2017) 
applied the fixed-effect model was used to analyze the tech-
nical efficiency determinants of the bioenergy industry in 
the EU28 countries and found that variables such as capital 
input, labor input, GDP, inflation and real interest rates had 
a significant impact on the technical efficiency of the bio-
energy industry. While Abdulwakil et al. (2020) applied the 
least square dummy variable with bias corrected to examine 
bioenergy efficiency determinants in the EU28 countries. 
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The findings reveal that factors such as investment, inflation, 
and economic growth affect the efficiency of the industry 
significantly.

Accordingly, Rachmina et al. (2014) examined the profit 
efficiency of 192 vegetable farmers in Indonesia using the 
MLE. The result also reveals that the efficiency determin-
ing factors under study are seed price, infrastructure, wage 
(stressing the importance of labor input), fertilizers, and 
capital formation. Kamarudin et al. (2016) examined the 
macroeconomic determinants of revenue efficiency of 31 
firms in Bangladesh between the periods of 2004 and 2011, 
decomposing the firms into state-owned and privately owned 
firms. The study employed multivariate panel regression 
analysis. Their results reveal that variables such as economic 
growth and the size of the firm have a negative impact on the 
efficiency of state-owned firms but have a positive impact 
on private-owned firms. While Isik and Hassan (2002) finds 
that size is an important factor influencing the revenue effi-
ciency of firms in Turkey.

In addition, Ariff and Luc (2008) studies the cost and 
profit efficiency, as well as the determinants of profit effi-
ciency of 28 Chinese firms between the periods 1995 and 
2004, using the Tobit regression. The results reveal that the 
size of the firms is a major factor influencing efficiency. It 
also suggests that medium-sized firms are more efficient 
than small and large ones. Similarly, Vu and Nahm (2013) 
examines the determinants of profit efficiency of firms in 
Vietnam from 2000 to 2006, using the Tobit regression 
model. They found that the profit efficiency of these firms 
was favorably influenced by GDP per capita and inflation 
rates. The growth in GDP per capita increases the profit effi-
ciency significantly, while lower inflation rates also lead to 
an increase in the profit efficiency of the banks during the 
period considered.

Interest in the efficiency of the bioenergy industry has 
grown significantly over the years. This is because the effi-
ciency level is an important measure of the profitability of 
the industry. However, the aspect of revenue efficiency of 
the industry has remained relatively untouched, with no 
previous studies focusing on the revenue efficiency of the 
bioenergy industry. This study is therefore significant as 
it examined the revenue efficiency level of the bioenergy 
industry in EU28 countries and identifies the economic fac-
tors influencing revenue efficiency in the region.

Material and methodology

Revenue efficiency

Approaches such as productivity indices, parametric and 
nonparametric analysis indices, are primarily designed 
for efficiency and performance measurement (Coelli et al. 

1998) as cited in Latruffe et al. (2004). The DEA approach, 
however, is a nonparametric method that uses linear pro-
gramming to create a piece-wise frontier that encompasses 
all observations of decision making units, such as busi-
nesses, industries as well as country level observations. 
The DEA approach was first used by Charnes et al. (1978), 
to compute the efficiency of each decision-making unit. 
This method has since gained interest in the study of effi-
ciency due to its ability to recognize the possible progress 
of inefficient units by comparing the unit with a convex 
combination of units placed at the productivity frontier. 
It allows the analyst to specify the causes and levels of 
inefficacy for each input and output. The DEA is capable 
of quantifying inputs and outputs simultaneously while 
using different units of measurement (Latruffe et al. 2004). 
This is the major advantage of the DEA as a measure of 
efficiency over other approaches. Hence, the DEA equa-
tion is presented as follows (Coelli et al. 2005; Zhu 2014; 
Zubair et al. 2021):

where yrq is the quantity of rth output (r = 1, 2, …, s) of 
DMUq, xiq is the price of ith input (i = 1, 2, …, m), x*iq is 
the cost minimizing quantity of input, when input and output 
prices are given. yrj is quantities of rth output (r = 1, 2, …, 
s) of  DMUj, (j = 1, 2, …, n), xij is quantity of input i, where 
(i = 1, 2, …, m) of  DMUj (j = 1, 2, …, n), λj is the weight 
allocated to  DMUj (j = 1, 2, …, n) (Coelli et al. 2005).

To select the appropriate combination of inputs and out-
puts, Cooper et al. (2000) suggested a required condition 
which provides guidance. This rule of thumb is as follows:

where DMUs are represented by ,  inputs are denoted by 
, while ʂ represents the number of outputs.

(1)Max

s
∑

r=1

qrq Y∗

rq

(2)s.t.

n
∑

j=1

Yrj ⋋j ≥ Y∗

rq
r = 1, 2,… , s,

(3)
n
∑

j=1

Xij ⋋j ≤ X∗

iq
i = 1, 2,… ,m,

(4)

⋋j Y
∗

rq
≥ 0

n
∑

j=1

⋋j = 1 j = 1, 2,… , n

(5)
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Determinants of revenue efficiency

The second estimation focused on the macroeconomic fac-
tors that influenced the revenue efficiency level of the EU28 
countries. To examine the relationship between revenue 
efficiency and independent variables, the study applied a 
regression analysis which is presented in the model below, 
following Coelli et al. (1998).

where Y is revenue efficiency i with time t, x points to the 
determining factors of revenue efficiency, β denotes the vec-
tor of the coefficient of our independent variables, ℇ is the 
white noise standard error, i and t are the number of coun-
tries and time, respectively, while N denotes the number of 
observations. Revenue efficiency is adopted as the dependent 
variable in this model. We further expand Eq. (6) to intro-
duce the specific x variables in our model.

where RE is the revenue efficiency, LnCI denotes the natural 
log of capital input, LnLI represents the natural log of labor 
input, LnGDP represents the natural log of gross domestic 
product, while LnBM denotes the natural log of biomass. 
The error term, denoted by E, is the vector of coefficients, 
and the subscripts i and t represent individual countries and 
time, respectively.

Once the revenue efficiency scores have been defined, the 
macroeconomic determinants can be analyzed using stand-
ard linear regression techniques, including random or fixed 
effects. Therefore, following Alsaleh et al (2016) and Zubair 
et al. (2021), the second-stage estimation examined the rev-
enue efficiency-macroeconomic determinants relationship. 
Thus, this study applied the ordinary least squares (OLS), 
random effects (RE), and the fixed effects (FE) estimators 
to data related to the EU28 region, EU developed countries, 
and EU developing countries over the period 1995–2018.

The estimation begins with testing for cross sectional 
dependence in the panel of EU15 developed and EU13 
developing countries for the period 1995–2018. The CD test 
has substantial importance before starting empirical esti-
mations. Without testing CD, the outcomes obtained from 
estimations will become inefficient and biased (see Nickell 
1981; Pesaran and Smith 1995). Besides, the selected coun-
tries for the study are interlinked through trade and eco-
nomic structure, so changes in any one country may affect 
others. Thus, we employed the Breusch–Pagan LM tests 
to check CD (Breusch and Pagan 1980). The test failed to 
reject the null hypothesis of no cross sectional dependence 
given an LM statistic of 44.87 and 73.96, and probabili-
ties of 0.319 and 0.142 for RE and FE, respectively, which 
are significantly greater than 0.05 (see Table 2). Thus, they 

(6)Yit = �0 + �1Xit + Eit, i = 1,… ,N

(7)
REit = �0 + �1 ln CIit + �2 ln LIit + �3 lnGDPit + �4 ln BMit + Eit

indicate the absence of a common factor affecting the cross 
sectional units. Hence, there is sufficient evidence suggest-
ing the absence of cross sectional dependence in our models 
between 1995 and 2018.

Empirical results

Revenue efficiency of bioenergy industry

This section presents the efficiency score of individual coun-
tries in the European Union and it is between 0 and 1. Panel 
(A) of Fig. 1 summarizes the average revenue efficiency 
level of the bioenergy industry in EU15 developed countries 
from 1995 to 2018. The average revenue efficiency of bioen-
ergy industries in the EU 15 developed countries has shown 
a remarkable outcome for the period. However, there are 
variations in the results as regards to the levels of revenue 
efficiency in bioenergy industries across the EU15 developed 
countries. While some countries have exhibited a high level 
of revenue efficiency, others still have a low level of revenue 
efficiency. The results from Fig. 1 has shown that most of the 
EU15 developed countries are highly efficient, with only a 
few having efficiency scores below 0.79, which is the aver-
age score of the region for the period studied. France and 
Sweden show full efficiency levels, meaning they are 100% 
efficient with an average efficiency score of 1. Portugal, Fin-
land, Austria, Greece, Germany, and Luxembourg also have 
excellent efficiency scores, but below the fully efficient score 
with scores of (0.99, 0.98, 0.85, 0.82 and 0.81) respectively, 
while the Netherlands and Belgium accounted for good rev-
enue efficiency with scores of 0.68 and 0.61 respectively. 
Denmark and Italy recorded moderate efficiency levels with 
scores of 0.52 and 0.5 respectively, while Ireland appeared 
to be the least efficient among the EU15 developed countries 
with a poor revenue efficiency score of 0.48.

Based on panel (B) of Fig. 1, the revenue efficiency level 
from the illustration shows that most of the EU13 develop-
ing countries are highly efficient, with only a few having 
an efficiency score below 0.81, which is the average score 
of the region for the period studied. Malta and Slovakia 
appeared to be fully efficient with an efficiency score of 1, 
which means they are 100% efficient. Latvia, Poland, Roma-
nia, Slovenia, Croatia, Bulgaria, the Czech Republic, and 
Estonia also have excellent scores, but they are lower than 
the fully efficient score, with scores of (0.97, 0.92, 0.9, 0.91, 
0.89, 0.84, 0.83 and 0.82, respectively), while Hungary and 
Lithuania have good revenue efficiency levels with scores 
of (0.72 and 0.66).Cyprus and Ireland recorded poor rev-
enue efficiency levels and appeared to be the least efficient 
in the region with scores of 0.11 and 0.48, respectively (see 
Fig. 2). Generally, these results indicate that a significant 
number of countries in the European Union, both developed 
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and developing, have employed modern strategies and tech-
nologies that have helped improve their revenue efficiency 
in the bioenergy industry.

Table 1 shows the mean revenue efficiency of the bioen-
ergy industry in the European Union from 1995 to 2018. The 
results show that the mean revenue efficiency score of the 
EU13 developing region is higher than that of the developed 
region, with efficiency scores of 0.81 and 0.79, respectively, 
and the overall revenue efficiency score for the EU28 region 
is 0.80. In addition, results from the annual average suggest 
that the developed region only had efficiency scores higher 
than the developing in 1998, 1999, 2000, and 2016 with 
efficiency scores of (0.72 vs. 0.68), (0.73 vs. 0.70), (0.74 vs. 
0.73) and (0.83 vs. 0.81) respectively (see Fig. 2).

Determinants of revenue efficiency of bioenergy 
industry

In order to examine the determinants of Revenue Efficiency 
in the EU28 region, this study estimated three different and 
suitable models in order to see their performances. These 
three models reflect the determinants of revenue efficiency 
of the bioenergy industry in the developed and developing 
countries of the EU28 (categorized into EU15 and EU13), as 
well as the entire EU region. The effect of country-specific 
factors and macroeconomic factors on the level of revenue 
efficiency of the EU28 bioenergy industry for the period 
1995–2018 is presented in Table 2. The results indicate that 
the bioenergy industry in the EU28 region depends more on 

highly efficient inputs of labor and raw materials in order to 
increase output. Interestingly, this explains why capital input 
is insignificant. Labor input showed a negative relationship 
with revenue efficiency and is statistically significant. The 
positive labor input sign also showed a negative correlation 
between the bioenergy industry's labor input in the EU28 
area and the level of revenue efficiency of the bioenergy 
industry, i.e., a decreased labor input would lead to more 
revenue efficiency. This finding is pointed toward efficient 
labor productivity and identifies the importance of opti-
mum labor input. Findings in Model 1 indicate that due to a 
large wage bill, high labor inputs may become detrimental 
to businesses. Also, the results suggest a positive relation-
ship between GDP growth and the revenue efficiency level 
of the bioenergy industry in the EU28 region. This implies 
that the higher the level of economic growth, the higher the 
level of revenue efficiency of the industry. Interestingly, the 
coefficient of capital input is positive although it is statisti-
cally insignificant.

This model was subjected to the following statistical tests 
to ensure that the results obtained are accurate and reliable. 
First, the VIF test was carried out to ensure that there is no 
presence of a multi-collinearity problem in the model, and 
the mean VIF is 1.87, which is sufficiently VIF 5, indicating 
that there is no multi-collinearity among the independent 
variables included in the model.

Secondly, the Breusch and Pagan Lagrangian multiplier 
(BPLM) test was conducted in order to select the better 
model between the RE and OLS. Interestingly, the BPLM 

Fig. 1  Revenue efficiency of 
bioenergy industry
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test is statistically significant given a p-value of 0.000. Thus, 
it can be concluded that the RE model is more appropriate 
than the OLS pooled model due to heterogeneity in the used 
data. On the other hand, the Hausman test was conducted to 
choose the appropriate model between the FE and the RE 
models. A significant Haus statistic with a p-value = 0.000, 
led to the rejection of the null hypothesis. It is therefore 
concluded that the FE model is more appropriate for this 
estimation. In addition, the Tobit model was adopted for 
robustness checking for the FE model.

Estimates of the determinants of revenue efficiency in 
EU15 developed countries for the period 1995–2018 are 
presented in Table 3. As with model 1, this model was 
subjected to the VIF test for multi-collinearity, the BPLM 
test and the Hausman test. The VIF test was carried out to 
ensure that there is no presence of multi-collinearity in the 
model, and the mean VIF is 2.36, which is sufficiently VIF 
5, indicating that there is no multi-collinearity among the 
independent variables included in the model. The BPLM 
test was conducted in order to select the more appropriate 
model between the RE and OLS. A BPLM test is significant 

given a p-value of 0.000. We reject the null hypothesis and 
thus, concluded that the RE model is more appropriate than 
the OLS pooled model due to heterogeneity in the used 
data. The Hausman test was further conducted to select the 
appropriate model between the FE and the RE models. A 
significant Haus statistic with a p-value = 0.163, led to the 
conclusion that the RE model is more appropriate for this 
estimation. In addition, the Tobit model was adopted for 
robustness checking for the FE model.

The results in Table 3 suggest that capital input, GDP, 
and size of biomass variables had positive coefficients, sug-
gesting they influenced revenue efficiency of the bioenergy 
industry positive during the period studied, while labor input 
has a negative impact on revenue efficiency of the indus-
try over the same period. The Tobit regression estimator 
confirms the reliability and robustness of the RE model in 
terms of signs, significance and the magnitude of impact of 
the explanatory variables on revenue efficiency. Addition-
ally, this shows that labor input and GDP have a negative 
and significant relationship with revenue efficiency level, 
and the size of biomass showed a significant and positive 

Fig. 2  The level revenue efficiency level of bioenergy industry
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relationship with revenue efficiency rate. Meanwhile, capital 
input shows a positive but insignificant relationship with the 
revenue efficiency rate. The coefficients for labor input are 
significant at 1%, GDP is significant at 10%, and biomass is 
significant at 5%. The coefficient for capital input appeared 
to be statistically insignificant.

The findings reveal that a 1% increase in GDP would lead 
to a rise in the revenue efficiency rate by 0.9%. Similarly, a 
1% percentage increase in the size of biomass can increase 
revenue efficiency by 0.10%. Furthermore, a percentage 
decrease in labor input would increase the revenue efficiency 
level by 0.5%. However, results show that a 10% increase 
in capital input would result in a 0.3% increase in revenue 
efficiency, although this effect appeared to be statistically 
insignificant both in the RE model and the Tobit model for 
the EU15 developing countries.

Estimates of the determinants of revenue efficiency for 
EU13 developing countries for the period 1995–2018 are 
presented in Table 4. We first conducted the VIF test for 
multi-collinearity to ensure that there was no multi-colline-
arity problem in our dataset. Then we conducted the BPLM 

test, which was conducted in order to select the more appro-
priate model between the RE and OLS, and the Hausman 
test, which was conducted to select the appropriate model 
between the FE and the RE models. The mean VIF test is 
3.03, which is sufficiently lower than the established VIF = 5, 
indicating that there is no multi-collinearity problem in our 
dataset. The BPLM test is significant given a p-value of 
0.000. We reject the null hypothesis and thus, concluded 
that the RE model is more appropriate than the OLS pooled 
model due to heterogeneity in the used data. However, the 
Hausman test statistic is insignificant given a p-value of 
0.142. We therefore conclude that the RE model is more 
appropriate for this estimation, while the Tobit model was 
adopted for robustness check for the FE model.

Results in Table 4 suggest that labor, capital, and the 
quantity of biomass inputs have negative coefficients. This 
implies that these factors can reduce the revenue efficiency 
of the bioenergy industry. On the other hand, GDP has a 
positive coefficient, indicating increasing economic growth 
can lead to an increase in revenue efficiency. While capital 
is significant at a 10% level, labor and GDP are significant 
at 1% levels of significance. However, the size or quantity of 
biomass is statistically insignificant both in the RE model as 
well as the Tobit model.

The findings reveal that a 1% increase in GDP would lead 
to a rise in revenue efficiency rate of about 4%. Further-
more, a percentage decrease in labor input would lead to 
an increase in revenue efficiency level by 0.27%. Similarly, 
results show that a 1% increase in capital input would result 
in a 0.03% decrease in revenue efficiency. However, the 
quantity of biomass appeared to be statistically insignificant 
both in the RE model and the Tobit model.

Discussion

This section provides the analysis of the revenue efficiency 
level as well as economic variables (internal and external) 
influencing the revenue efficiency of the bioenergy indus-
try in the EU28 region. DEA was employed to measure the 
profit efficiency score of individual countries. This efficiency 
score is between 0 and 1. Figure 1 summarizes the average 
revenue efficiency level of the bioenergy industry in EU13 
developing and EU15 developed countries respectively 
from 1995 to 2018. Table 1 summarizes the average rev-
enue efficiency level of the EU region and also decomposes 
the region into developing and developed countries. Hence, 
we also have the average revenue efficiency level of EU15 
developed countries and the EU 13 developing countries 
respectively. Secondly, we employed three panel regression 
models to examine the determinants of revenue efficiency of 
the bioenergy industry in the EU28 region, EU15 developed 
countries, and EU13 developing countries. These models 
contain three internal determining factors such as capital 

Table 1  Average of revenue efficiency of the bioenergy industry in 
EU28 from 1995 to 2018

Year Developed 
countries

Developing 
countries

EU28 countries

1995 0.66 0.74 0.70
1996 0.64 0.74 0.69
1997 0.69 0.73 0.71
1998 0.72 0.68 0.70
1999 0.73 0.70 0.72
2000 0.74 0.73 0.73
2001 0.76 0.77 0.76
2002 0.81 0.85 0.83
2003 0.80 0.86 0.83
2004 0.80 0.83 0.82
2005 0.80 0.88 0.84
2006 0.83 0.86 0.85
2007 0.82 0.87 0.85
2008 0.81 0.85 0.83
2009 0.84 0.84 0.84
2010 0.84 0.85 0.85
2011 0.83 0.86 0.84
2012 0.83 0.86 0.84
2013 0.84 0.85 0.84
2014 0.84 0.84 0.84
2015 0.83 0.85 0.84
2016 0.83 0.81 0.82
2017 0.85 0.83 0.84
2018 0.86 0.87 0.86
Average 0.79 0.81 0.80
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input, labor input and the size of biomass, and GDP as the 
external determining factor. Model 1 explores the effect 
of macroeconomic and internal-specific determinants of 

revenue efficiency for the period 1995–2018 in the EU28 
region (see Table 2). Model 2 estimates the impact of mac-
roeconomic and internal-specific determinants of revenue 

Table 2  Summary of estimation for EU28 countries, 1995–2018

***, ** and * indicate significance at the 1%, 5%, and 10%, respectively, values in parentheses are p-values, CD indicates cross sectional 
dependence test (Breusch-Pagan LM test)

Model 1. Revenue efficiency estimation for EU28 countries 1995–2018

Pooled OLS model Random effect model Fixed effect model Tobit model

Capital input 0.082*** 0.021 0.006 0.019
(0.004) (0.365) (0.788) (0.402)

Labor input − 0.062** − 0.341*** − 0.304*** − 0.340***
(0.025) (0.000) (0.000) (0.000)

GDP − 0.179 1.768*** 3.171*** 1.896***
(0.397) (0.000) (0.000) (0.000)

Biomass − 0.069*** 0.041 0.038 0.041
(0.006) (0.199) (0.258) (0.198)

Constant 1.735*** − 4.670*** − 9.226*** − 5.084***
(0.004) (0.002) (0.000) (0.003)

R2 0.05 0.17 0.18 –
F-statistic 7.90

(0.000)
– 34.2

(0.000)
–

Breusch–Pagan LM test 3725.36***
(0.000)

Hausman test 18.66***
(0.009)

CD 44.87
(0.142)

73.96
(0.319)

Table 3  Summary of analysis for EU15 developed countries, 1995–2018

***, ** and * indicate significance at the 1%, 5%, and 10% levels respectively, values in parentheses are p-values

Model 2. Revenue efficiency estimation for EU developed countries 1995–2018

Pooled OLS model Random effect model Fixed effect model Tobit model

Capital input 0.080** 0.031 0.026 0.031
(0.019) (0.258) (0.336) (0.251)

Labor input − 0.152** − 0.538*** − 0.364** − 0.539***
(0.020) (0.000) (0.029) (0.000)

GDP − 0.746*** 0.964* 2.572** 0.909*
(0.004) (0.061) (0.012) (0.096)

Biomass 0.055* 0.106** 0.114** 0.106**
(0.094) (0.014) (0.012) (0.013)

Constant 2.982*** − 2.136 − 7.680** − 1.956
(0.000) (0.254) (0.026) (0.305)

R2 0.09 0.15 0.16 –
F-statistic 9.27

(0.000)
– 15.65

(0.000)
–

Breusch–Pagan LM test 1845.25***
(0.000)

Hausman test 6.53
(0.142)
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efficiency for the period 1995–2018 in the EU15 developed 
countries (see Table 3), while Model 3 examines the impact 
of internal-specific determinants of revenue efficiency for 
the period 1995–2018 (see Table 4). The findings of this 
study provide insight into the factors that could impact the 
revenue performance of the EU region's bioenergy industry. 
The findings show a positive relationship between GDP and 
efficiency (Models 1, 2 and 3). This result is in line with 
Abdulwakil et al. (2020), Vu and Nahm (2013), Kosmidou 
(2008). This indicates that, during the study period, favora-
ble economic conditions paved the way for higher demand 
for regional production, reducing the likelihood of default 
inputs. High economic growth will inspire countries to 
save more input by improving input efficiency and produc-
ing more. This enables the region to change its bioenergy 
consumption accordingly, resulting in faster increases in the 
output of bioenergy production and thus having a positive 
effect on the region's revenue efficiency levels. This rise is 
also in line with previous research, for example (Alsaleh 
et al. 2017).

Interestingly, in all three models (1, 2 and 3), we find a 
negative relationship between labor input and revenue effi-
ciency and they are all statistically significant. This result 
is consistent with previous research, such as (Alsaleh et al. 
2017; Rachmina et al. 2014; Molyneux & Thornton 1992; 
Staub et al. 2010). This posits that the rate of cost reduc-
tion in biomass production and transformation is low as a 
result of the high cost of labor, suggesting that higher prof-
its made by the organization with more efficient labor are 

not sufficient to offset the high wage bill, hence resulting 
in the negative effect of labor input on revenue efficiency 
of the industry. Similarly, Model (3) suggests that capital 
inputs affect revenue efficiency negatively and is statistically 
significant at a 10% level. This could be as a result of the 
time needed for capital inputs to translate into profitability 
through increased bioenergy production output or it could be 
the effect of excess capital. This is consistent with previous 
studies such as Alsaleh et al. (2017) and Kosmidou (2008) in 
an attempt to study the determinants of technical efficiency 
in EU28 developed countries. The consensus is that the bio-
energy industry’s profitability is directly related to the qual-
ity of fixed assets it controls as part of the input to produce a 
given level of output over a period of time. This case shows 
that fixed asset capital does not normally yield a profit for a 
certain period of time in which the effect can negate profit-
ability. As seen in our result, capital formation is expected 
to reduce profit until the underdeveloped bioenergy industry 
in EU13 developing countries becomes well developed, and 
this usually takes a long time as there is continued invest-
ment in new bioenergy technologies. However, Alsaleh et al. 
(2016) finds that the region is currently faced with a decreas-
ing return to scale, suggesting further increases in input are 
increasing output at a decreasing rate even though some of 
the EU member countries are fully efficient in the industry. 
The entire region needs to do more in the aspect of technical-
ity to enable them to get more output from the current level 
of input due to improvements in technology to enhance the 
revenue efficiency level in the region.

Table 4  Summary of analysis for EU13 developing countries, 1995–2018

***, ** and * indicate significance at the 1%, 5%, and 10% levels respectively, values in parentheses are p-values

Model 3. Revenue efficiency estimation for EU developing countries 1995–2018

Pooled OLS model Random effect model Fixed effect model Tobit model

Capital input − 0.074 − 0.079* − 0.098** − 0.079*
(0.279) (0.091) (0.043) (0.089)

Labor input − 0.003 − 0.276*** − 0.242*** − 0.276***
(0.947) (0.000) (0.000) (0.000)

GDP 1.027** 3.899*** 5.340*** 3.904***
(0.041) (0.000) (0.000) (0.000)

Biomass − 0.196*** − 0.064 − 0.085 − 0.065
(0.000) (0.191) (0.102) (0.189)

Constant − 1.215 − 10.868*** − 15.429*** − 10.882***
(0.436) (0.000) (0.000) (0.000)

R2 0.09 0.15 0.16 –
F-statistic 9.27 (0.000) – 15.65

(0.000)
–

Breusch–Pagan LM test 1701.12***
(0.000)

Hausman test 6.89
(0.142)
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In addition, competition among capitals can lead to a neg-
ative impact on revenue and profitability, as posited in the 
theory of falling rate of profit. However, this unhealthy com-
petition among capitals could be corrected through improved 
labor productivity, which will result in increased output per 
capital stock and consequently improve revenue efficiency.

Our empirical findings indicate that the quantity of bio-
mass can increase the revenue efficiency of the bioenergy 
industry, especially in the EU developed countries, as shown 
in Table 3 (Model 2). This finding is consistent with Abdul-
wakil et al. (2020), Ariff and Luc (2008), Kamarudin et al. 
(2016). Biomass is considered the major source of renew-
able energy for both power and cooking, cooling, and heat-
ing, and it currently contributes over 80% of the renewable 
energy supply (Scarlat et al. 2013). Hence, it plays a sig-
nificant role in revenue efficiency as well as contributing to 
employment in the region. Biomass is also considered as an 
attractive energy option due to its flexibility characteristics 
and its potential for integration with all stages of the sustain-
able development agenda, which is reflected in the prices of 
biomass feedstock and revenue efficiency.

Conclusion and policy recommendations

The importance of revenue efficiency to a firm has been 
established. There is still a call for further studies in the area 
of revenue efficiency of bioenergy in industry, especially on 
the determinant of revenue efficiency, so as to explain the 
rationale behind the efficiency of some countries’ bioenergy 
industries are efficient while others are not.

Most existing work is focused on the investigation of the 
efficiency of the bioenergy industry. With little or no studies 
examining the revenue efficiency of the bioenergy industry 
and its determinants. This study examined two issues. First, 
it examined the revenue efficiency of the bioenergy industry 
in EU28 countries, and second, it examined the economic 
determinants of revenue efficiency. Based on the empirical 
findings, the study concludes that the region is quite efficient 
with an average revenue efficiency score of 0.80. When seg-
regated into developed and developing countries, the EU13 
developing countries account for a higher efficiency of 0.81 
as compared to that of the developed region, which stands at 
0.79. However, individual country examinations show that 
countries such as Cyprus, Lithuania, and Hungary in the 
developing region are below the average efficiency score of 
0.11, 0.66 and 0.72 respectively. Similarly, countries such 
as Ireland, Denmark, Italy, Belgium, the Netherlands, and 
Luxembourg in the developed category are below the aver-
age efficiency score of 0.48, 0.52, 0.53, 0.61, 0.68 and 0.76 
respectively. The reason behind the poor performance of 
Cyprus, which is the least efficient in the region, could be a 
lack of commitment to achieving the EU28 NREAPs of 20% 

renewable energy by 2020 and weak or ineffective renewable 
energy policies.

Also, the study reveals that among the internal factors 
included in the study, quantity of biomass input emerged as 
the only factor with a positive impact on revenue efficiency. 
This impact is, however, only noticeable in the developed 
region. Labor and capital inputs have negative impacts. GDP 
is the only macroeconomics determinant in the study and has 
a positive impact on revenue efficiency and this outcome is 
consistent across all estimated models. In addition, the study 
provides crucial information on future development and pos-
sible improvement of an underdeveloped bioenergy industry 
based on the empirical outcome.

The result of this study has implications for policymakers 
and investors alike. Based on our results, we find convinc-
ing evidence of the negative impact of labor input on rev-
enue efficiency. This result holds regardless of the countries’ 
level of development as all regressed models yield consistent 
negative results. Therefore, we recommend that policy mak-
ers concentrate on strategies to improve labor productivity, 
such as ensuring access to requisite education and training 
to improve the effectiveness and productivity of labor, and 
providing healthcare facilities to reduce the risk of illness 
and absence from work. Following our results, we find evi-
dence of the negative impact of capital input on revenue 
efficiency. This shows that the bioenergy industry of the 
region is highly capital intensive. The probable explanation 
for the negative effect of capital input on revenue efficiency 
could be attributed to the underdeveloped bioenergy indus-
try. Therefore, it is recommended that policy makers lower 
corporate taxes and/or reduce the rate of interest in order to 
reduce the cost of capital. More so, skilled labor should be 
engaged to increase the productivity of capital and, in turn, 
improve revenue efficiency.

Generally, bioenergy production and trade policies may 
vary across countries, but the region needs to invest in more 
efficient bioenergy generation technologies and give tax 
holidays on the use of the latest technologies and energy-
efficient products, improve effective bioenergy market access 
and healthy completion through deregulation of markets, 
expand the infrastructural web that would efficiently link 
bioenergy production sites and consumers, enhance the effi-
cient allocation of resources (inputs) required to improve 
the level of productivity and, subsequently, generate more 
revenue. Finally, the less efficient/inefficient countries need 
to utilize the experience, strategies and technologies gained 
from more efficient countries.

Our sample was restricted to EU member countries. 
Therefore, the results may be peculiar to the nature and 
characteristics of these countries and may not be applicable 
to other European countries or the world at large. This study 
only analyzed a selected group of variables that may influ-
ence the revenue efficiency of the bioenergy industry. Hence, 
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it might be fruitful for future research to identify and exam-
ine other factors that may influence the revenue efficiency of 
the industry. In addition, future research could explore how 
revenue efficiency may help hasten the energy transition. 
Also, alternative empirical methodologies for panel regres-
sion, such as dynamic heterogeneous panels, could be con-
sidered to examine the determinants of revenue efficiency. 
Lastly, future studies should consider a different time frame 
to confirm the consistency of the findings.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by MMA, ASA-R, MA and CS. The first draft of the manu-
script was written by MMA and all authors commented on previous 
versions of the manuscript. All authors read and approved the final 
manuscript.

Funding The authors have no relevant financial or non-financial inter-
ests to disclose.

Data availability The authors have the relevant data and would make 
it available upon reasonable request.

Declarations 

Ethical approval Ethical approval is not required for this study.

Consent to participate Consent to participate is not applicable to this 
study.

Consent to publication Consent to publish is not required for this study.

Competing interests The authors declare that no funds, grants, or other 
support were received during the preparation of this manuscript.

References

Abdulwakil MM, Abdul-Rahim AS, Alsaleh M (2020) Bioenergy effi-
ciency change and its determinants in EU-28 region: evidence 
using least square dummy variable corrected estimation. J Bio-
mass Bioenergy 137:105569

Alsaleh M, Abdul-Rahim AS (2022) An evaluation of bioenergy 
industry sustainability impacts on forest degradation: evi-
dence from European Union economies. Environ Dev Sustain 
24(2):1738–1760

Alsaleh M, Abdul-Rahim AS, Mohd-Shahwahid HO (2017) Determi-
nants of technical efficiency in the bioenergy industry in the EU28 
region. Renew Sustain Energy Rev 78:1331–1349

Alsaleh M, Abdul-Rahim AS, Mohd-Shahwahid HO, Chin L, Kamaru-
din F (2016) An empirical analysis for technical efficiency of 
bioenergy industry in EU28 region based on data envelopment 
analysis method. Int J Energy Econ Policy 6(2):290–304

Alsaleh M, Abdulwakil MM, Abdul-Rahim AS (2021) Land-use 
change impacts from sustainable hydropower production in EU28 
region: an empirical analysis. Sustainability 13(9):4599

Ariff M, Luc C (2008) Cost and profit efficiency of Chinese banks: a 
non-parametric analysis. China Econ Rev 19(2):260–273

Bah MM, Abdulwakil MM, Azam M (2020) Income heterogeneity 
and the Environmental Kuznets Curve hypothesis in Sub-Saharan 
African countries. GeoJournal 85:617–628

Banker RD, Chang H, Lee SY (2010) Differential impact of Korean 
banking system reforms on bank productivity. J Bank Finance 
34(7):1450–1460

Breusch TS, Pagan AR (1980) The Lagrange multiplier test and its 
applications to model specification in econometrics. Rev Econ 
Stud 47:239–253

Broekel T, Rogge N, Brenner T (2013) The innovation efficiency of 
German regions-a shared-input DEA approach (No. 08.13). In: 
Working papers on innovation and space

Böttcher H, Frank S, Havlik P (2012) Biomass futures: biomass avail-
ability and supply analysis. Last Accessed 18 February 2014

Caputo A (2014) Trends in European bioenergy law: problems, per-
spectives and risks. J Cult Polit Innov 1–24

Carayannis EG, Grigoroudis E, Goletsis Y (2016) A multilevel and 
multistage efficiency evaluation of innovation systems: a multi-
objective DEA approach. Expert Syst Appl 62:63–80

Charnes A, Cooper WW, Rhodes E (1978) Measuring the efficiency of 
decision making units. Eur J Oper Res 2(6):429–444

Coelli T, Rao DSP, Battese GE (1998) An introduction to efficiency and 
productivity analysis. Kluwer Academic Publishers, Dordrecht

Coelli TJ, Rao DSP, O’Donnell CJ, Battese GE (2005) An introduc-
tion to efficiency and productivity analysis. Springer Science & 
Business Media, Berlin

Cooper WW, Seiford LM, Tone K (2000) Data envelopment analysis. 
Handb Data Envel Anal 1:1–40

English BC, Daniel G, Walsh ME, Hellwinkel C, Menard J (2006) 
Economic competitiveness of bioenergy production and effects 
on agriculture of the southern region. J Agric Appl Econ 
38(2):389–402

Ervural BC, Beyca OF, Zaim S (2016) Model estimation of ARMA 
using genetic algorithms: a case study of forecasting natural gas 
consumption. Procedia Soc Behav Sci 235:537–545

Ho CT, Zhu DS (2004) Performance measurement of Taiwan’s com-
mercial banks. Int J Product Perform Manag 53(5):425–434

International Energy Agency (2011) Global wood pellet industry mar-
ket and trade study. In: IEA Bioenergy task 40. Paris, France

Isik I, Hassan MK (2002) Cost and profit efficiency of the Turk-
ish banking industry: an empirical investigation. Financ Rev 
37(2):257–279

Jin E, Sutherland JW (2016) A proposed integrated sustainability 
model for a bioenergy system. Procedia CIRP 48:358–363

Junginger M, Van Dam J, Zarrilli S, Mohamed FA, Marchal D, Faaij 
A (2011) Opportunities and barriers for international bioenergy 
trade. Energy Policy 39(4):2028–2042

Kalt G, Kranzl L (2011) Assessing the economic efficiency of bioen-
ergy technologies in climate mitigation and fossil fuel replace-
ment in Austria using a techno-economic approach. Appl Energy 
88(11):3665–3684

Kamarudin F, Sufian F, Nassir AM (2016) Global financial crisis, own-
ership and bank profit efficiency in the Bangladesh’s state owned 
and private commercial banks. Contaduría y Adm 61(4):705–745

Kolawole O (2006) Determinants of profit efficiency among small scale 
rice farmers in Nigeria: a profit function approach. Res J Appl Sci 
1(1–4):116–122

Kosmidou K (2008) The determinants of banks’ profits in Greece 
during the period of EU financial integration. Manag Financ 
34(3):146–159

Krasuska E, Rosenqvist H (2012) Economics of energy crops in Poland 
today and in the future. Biomass Bioenerg 38:23–33

Kyrylov Y, Hranovska V, Zhosan H, Dotsenko I (2022, June) Innova-
tive development of agrarian enterprises of Ukraine in the context 
of the fourth industrial revolution. In: AIP conference proceed-
ings, vol 2413, no 1. AIP Publishing LLC, p 040014

Latruffe L, Balcombe K, Davidova S, Zawalinska K (2004) Determi-
nants of technical efficiency of crop and livestock farms in Poland. 
Appl Econ 36(12):1255–1263

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



 M. M. Abdulwakil et al.

1 3

Locoh A, Thiffault É, Barnabé S (2022) Sustainability impact assess-
ment of forest bioenergy value chains in Quebec (Canada)—A 
ToSIA approach. Energies 15(18):6676

Maudos J, Pastor JM (2003) Cost and profit efficiency in the Spanish 
banking sector (1985–1996): a non-parametric approach. Appl 
Financ Econ 13(1):1–12

Molyneux P, Thornton J (1992) Determinants of European bank profit-
ability: a note. J Bank Finance 16(6):1173–1178

Nickell S (1981) Biases in dynamic models with fixed effects. Econom 
J Econom Soc 49(6):1417–1426

Pesaran MH, Smith RP (1995) Estimating long-run relationships from 
dynamic heterogeneous panels. J Econom 68:79–113

Popp J, Lakner Z, Harangi-Rakos M, Fari M (2014) The effect of bio-
energy expansion: food, energy, and environment. Renew Sustain 
Energy Rev 32:559–578

Rachmina D, Daryanto A, Tambunan M, Hakim DB (2014) Impact of 
infrastructure on profit efficiency of vegetable farming in West 
Java, Indonesia: stochastic frontier approach. J ISSAAS (Int Soc 
Southeast Asian Agric Sci) 20(1):77–92

Scarlat N, Dallemand JF, Monforti-Ferrario F, Banja M, Motola V 
(2015) Renewable energy policy framework and bioenergy con-
tribution in the European Union—an overview from national 
renewable energy action plans and progress reports. Renew Sus-
tain Energy Rev 51:969–985

Scarlat N, Dallemand JF, Motola V, Monforti-Ferrario F (2013) Bio-
energy production and use in Italy: recent developments, perspec-
tives and potential. Renew Energy 57:448–461

Searchinger T, Heimlich R, Houghton RA, Dong F, Elobeid A, Fabiosa 
J et al (2008) Use of US croplands for biofuels increases green-
house gases through emissions from land-use change. Science 
319(5867):1238–1240

Smeets E, Junginger M, Faaij A, Walter A, Dolzan P, Turkenburg W 
(2008) The sustainability of Brazilian ethanol—an assessment 
of the possibilities of certified production. Biomass Bioenergy 
32(8):781–813

Solomon BD (2010) Biofuels and sustainability. Ann N Y Acad Sci 
1185(1):119–134

Staub RB, e Souza GDS, Tabak BM (2010) Evolution of bank effi-
ciency in Brazil: a DEA approach. Eur J Oper Res 202(1):204–213

Strzalka R, Schneider D, Eicker U (2017) Current status of bioenergy 
technologies in Germany. Renew Sustain Energy Rev 72:801–820

Sufian F (2007) The efficiency of Islamic banking industry in Malaysia: 
Foreign vs domestic banks. Humanomics 23(3):174–192

Vasile AJ, Andreea IR, Popescu GH, Elvira N, Marian Z (2016) Impli-
cations of agricultural bioenergy crop production and prices in 
changing the land use paradigm—the case of Romania. Land Use 
Policy 50:399–407

Vu H, Nahm D (2013) The determinants of profit efficiency of banks 
in Vietnam. J Asia Pac Econ 18(4):615–631

Welfle A (2017) Balancing growing global bioenergy resource 
demands-Brazil’s biomass potential and the availability of 
resource for trade. Biomass Bioenergy 105:83–95

Welfle A, Gilbert P, Thornley P, Stephenson A (2017) Generating low-
carbon heat from biomass: life cycle assessment of bioenergy sce-
narios. J Clean Prod 149(448):460

Xuân L, Thu TM (2023) The bioenergy industry and the road 
to 2050 Net Zero goal in the UK context. Int J Manag Excell 
17(2):2460–2471

Zhang R, Wei T, Glomsrød S, Shi Q (2014) Bioenergy consumption 
in rural China: evidence from a survey in three provinces. Energy 
Policy 75:136–145

Zhu J (2014) Quantitative models for performance evaluation and 
benchmarking: data envelopment analysis with spread sheets, vol 
213. Springer, Berlin

Zubair AO, Alsaleh M, Abdul-Rahim AS (2021) Evaluating the profit 
efficiency of bioenergy industry and its determinants in EU28 
region. Int J Energy Sect Manage 15(3):678–696

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

