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The role of environmental technology for energy demand and energy
efficiency: Evidence from OECD countries

Abstract

The present study aims to fill an important research gap by investigating the role of environmental-
related technologies on energy demand and energy efficiency in a sample of 28 OECD economies.
The current study utilizes annual data for the period of 1990-2014 and employs panel estimation
techniques, which addresses the issues of cross-sectional dependence, fixed effect, and
endogeneity. The results, across various estimates, confirm that environmental technology has a
substantial negative influence on energy consumption and also plays an important role in
improving energy efficiency by reducing energy intensity. These evidences suggest that
environmental technology helps the OECD economies to reduce their overall energy consumption
and improves overall energy efficiency in their respective countries. The comprehensive empirical
outcomes document that financial development and income are the key determinants of energy
demand. Given these results, the study proposes several fruitful implications regarding sustainable

development goals of OECD countries.

JEL classification: 033; Q41; Q47
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1. Introduction

Economic growth and industrialization have led to a rise in the use of fossil fuels. The increased
production and consumption of fossil fuels has had several adverse environmental impacts on
countries including global warming, air pollution, and increased health risks. While fossil fuels are
expected to continue to dominate energy supply in the imminent future due to greater energy
density and length of time it takes for innovation, as argued by the Organisation for Economic Co-
operation and Development (OECD, 2019); hence, the OECD nations have recognized the need to
promote new sources of energy. To achieve this objective, the OECD countries have recognized
the need to make significant investments in new low-carbon automation, renewable energy, and
energy infrastructure. The environment-related technological progress can lead to meaningful
decreases in energy consumption and increase energy efficiency. These technologies can help to
decrease the negative effects of energy use and encourage nations to re-think how energy is
consumed across activities. The efficient use of resources through recycling and eliminating waste

can reduce the consumption of energy (European Environmental Agency, 2019).

The global energy efficiency, measured as energy consumption per unit of GDP, has been
reduced by one-third from 1990 to 2015. More specifically, the energy intensity has been reduced
in almost all regions of the world, with huge decreases of energy intensity in the OECD countries.
The reports and facts on energy shows that OECD economies have less energy intensity as
compared to energy intensity levels in non-OECD nations. Several OECD countries have moved
from energy-intensive production to less energy-intensive service-based economic activities.
While, the non-OECD countries rely on industrialization, which are usually energy-intensive. The
OECD?’s overall energy intensity has fallen from 5.22 megajoule (MJ) to 4.13 MJ over 2000 to

2014. Figure 1 illustrates the world energy intensity trends from 1990 to 2015, indicating that the



energy intensity in OECD countries has been reducing in this period. The increase in efficiency
can be attributed mainly to the relative efficiency of buildings, vehicles, and industrial processes
heavily influenced by the local regulations, incentives, and market competition and energy-related

technologies.

[Insert Figure 1 here]

According to the International Council on Clean Transportation, the fuel economy
regulations are applied in approximately 80% of the world automobile market, while the remaining
part lacks local efficiency standards. The energy efficiency policies can also differ significantly
across countries, regions and the level of the economy!. There has been increasing emphasis by
the OECD countries on energy policies that address environmental issues including the use of
environmentally friendly technologies. Governments of the major economies’ forum and the
International Energy Agency (IEA) for example, have agreed to increase public sector investments
in low carbon research and development and accelerate the use of low carbon technologies (EIA,

2017; OECD 2019).

The prime objective of present study is an attempt to propose fruitful solutions for two
major problems (energy demand and energy efficiency) of OECD countries. According to the
energy consumption reports, OECD countries have higher energy consumption, which is more
than other regions of the world. The OECD nations’ energy sources mainly constitute of fossil
fuels, coal, gas, and natural resources etc. (Bashir et al., 2020). Hence, the current study attempts
to examine whether the environmental related technologies are useful in controlling energy

demand and promoting energy efficiency by enhancing the productivity with lower energy

! The developed nations have imposed strict and stringent policies for energy use (domestic and industrial) and
energy efficiency.


http://www.theicct.org/info-tools/global-passenger-vehicle-standards
http://www.iea.org/beep/

consumption. Such a narrative is in line with the studies of Lin and Du, (2013); Li and Just (2018),
who focused on China and California, respectively. In the energy-economics literature, the
environmental technologies are portrayed as useful tool for cleaner and greener growth (Danish

and Ulucak, 2020; Paramati et al., 2021).

The present study mainly offers three innovations to energy-economics literature. Firstly,
this article highlights the significance of environmental related technologies for energy demand by
studying the two proxies of energy use (energy use and total final energy consumption) in the
context of OECD countries. On one side, the peak of energy demand benefits the economy of host
countries, while the economic progress might be at the cost of the environment and human health
(UCSUSA, 2016). As the use of fossil fuels (oil, gas, coal, etc.) contribute to the air pollution and
more carbon in the atmosphere which further affects human health. The investigation into the role
of environmental technologies for energy consumption of developed nations might provide us new

conclusions and can be regarded as contribution in theoretical literature.

Secondly, this paper explores the impacts of environmental technologies on energy
intensity of OECD countries. The innovative technologies and environmental related products are
known as the key factors in energy generation, energy transformation and efficient energy usage.
The environmental related technologies can affect energy demand, which leads toward the greener
and cleaner growth (Danish and Ulucak, 2020). Such a fact is based on the motivation that
environmental regulations (taxes, patents etc.) directed for technological change for the ultimate
objective to reduce non-renewable energy demand and enhance renewables for emissions
mitigation. The carbon mitigation and achieving greener growth is the focal point of recent
research (Rafique et al., 2021; Shahzad et al. 2021a; Paramati et al., 2021). The rising greener

growth awareness and knowledge about technological change has encouraged the governments



and policymakers to establish for greener growth of resources and environmental protection

especially in terms of energy efficiency? and energy transformation (Danish and Ulucak, 2020).

The technological progress and inventions have contributed to achieving major
productivity gains, energy efficiency and improved environmental quality (Lin and Du, 2013;
Danish and Ulucak, 2020. The environmental sustainability, energy efficiency and cleaner growth
are also in line to achieve the Sustainable Development Goals (SDG’s). This is explained from the
reason that technological shifts, structural change and technology improvement are considered as
pillars for energy supply, energy security and industrial purposes (Mccue, 2014; Saudi, et al.,
2019). Lastly, this study reports new findings and innovative implications, which can be fruitful
in achieving the Sustainable Development Goals (SDG’s) such as; clean energy for everyone
(SDG-7), sustainability of economic growth (SDG-8), sustainability in the consumption pattern
(SDG-12) and improving the environmental quality (SDG-13) (Sinha et al., 2020; Bashir et
al.,2020). In a general sense, the less consumption of energy helps to save costs, achieve energy
efficiency goals and helps to reduce global greenhouse emissions. Such new implications are
related with the greener growth, renewable energy and sustainable growth of developed
economies. The study further accounts for important control factors in the model such as economic
openness, financial development and per capita income. Surprisingly there is a dearth of empirical

literature regarding the role of environmental regulations and policies for energy demand.

The estimated results from these alternative techniques may ensure the reliability of the

findings. In a summary, the empirical results highlight that environmental related technologies

2 Here the energy efficiency term refers to achieving higher output with less energy use, while energy transformation
means conversion from non-renewable sources towards greener and renewable sources.



might be key tool to reduce energy consumption and improve energy efficiency by reducing the
use of energy to produce one unit of economic output over the years. Hence, the policy makers
should further initiate policies to promote the innovations in environmental and energy related
technologies by ensuring sufficient research and development (R&D) funds. Therefore, further
innovations in environmental and energy technologies will assist the OECD economies not only
for reducing their overall energy consumption but also helps them to achieve their climate change

targets by reducing greenhouse gas emissions.

The rest of this paper is structured as follows: Section 2 provides relevant energy literature
on OECD and non-OECD economies. Section 3 reports details on data measurement, model setting,
and empirical methodology. Section 4 presents detailed empirical results and their relevant
discussions. Finally, Section 5 concludes the paper by summarising the overall findings and its

related implications for the policy and practice.

2. Review of Literature

As per the existing literature, energy is a fundamental source in the production of goods and
services, industrialization and economic purposes that lead towards human satisfaction. In line
with this narrative, the paper has incorporated environmental technologies as a key determinant
variable for energy consumption and efficiency policies. Studies on determinants of energy
consumption are abundant but very limited in the context of energy efficiency and environmental
technology; the present study is the pioneer to discuss the role of environmental technologies in
the context of OECD countries. Our study joins the strand of recent studies on energy-environment
(Linand Du, 2013; Li and Just 2018; Vujanovi¢ et al., 2019; Murad et al., 2019; Bashir et al.,2020;
Alola and Kadiri 2021;Shahzad et al. 2021a; Shahzad et al.2021b; Rafique et al. 2021), as these

also considered technology and innovation as key determinant factor. The authors classify the



literature review in two groups: (i) literature on energy demand and, (ii) literature on energy

efficiency.

2.1 Literature on Energy Demand

During the past decade, the energy and climate issues has been interest of policymakers, industries,
world leaders and environmental scientists. Notably, few of the studies investigated the

determinants of energy consumption and energy intensity.

For instance, Apergis and Payne (2010) utilized panel cointegration and an error correction model,
to study the relationship between economic progress and renewable energy consumption for
OECD countries. The empirical findings of the study concluded that there exists long-run
relationship between real GDP and renewable energy consumption. In the same line, Faisal et al.
(2017) examine the relationship between energy consumption and GDP for Belgium from 1960 to
2012. Using an ARDL methodology, they find that GDP positively affects energy consumption in

the long run and the short run.

Farhani and Solarin (2017) using data for the U.S over 1973 to 2004, and cointegration
techniques examine if a long-run relationship exists between energy demand, financial
development, foreign direct investment (FDI), economic growth, trade, and capital. They find that
financial development, economic growth, and FDI lead to a fall in energy demand while trade and
capital increase the demand for energy. Koengkan (2018) studied the role of income and trade for
energy demand in four Andean community countries over 1917-2014. The panel empirics of
system GMM reported that income and trade positively induce the energy consumption in studied
countries. For the case of 16 Coastline Mediterranean Countries, Alolaand Alola, (2018) examined

the role of agriculture land usage and tourism for the renewable energy consumption. The results



concluded that agriculture land and tourism have positive effects on the renewable energy
consumption for Coastline Mediterranean Countries. For the case of 13 African countries, Asongu
etal., (2020) examined the role of economic progress, urbanization, electricity use, fossil fuels and
natural resources on the pollutant emissions. The empirical results of cointegration analysis and
panel ARDL argued that fossil fuels, urbanization, and electricity use significantly enhance the
pollution level. Some of the recent studies have reached at similar conclusions for income,
technology, and globalization in context of energy demand and pollution level (Baloch et al., 2021;

Bekun et al., 2020; Adedoyin et al., 2020).

The only studies to our knowledge, which investigates the effects of technology on energy
and environment are Li and Just (2018); Danish and Ulucak, (2020); Kose et al, (2020); Alola and
Alola (2018). Li and Just (2018) develop a theoretical model to study household energy use
behaviour in California under multiple discrete technology choices. The empirical study
documented the household demand for electricity, natural gas and long-run technology choices
concerning washing, water heating and domestic purposes. The estimation results suggested the
generalized conclusions in most of the areas across California. This study is restricted to
households in California. In the same line, Danish and Ulucak, (2020) mentioned that
enviornmenal related technologies promote cleener and greener growth in BRICS countries. More
recently, Alam and Murad, (2020) argued that technological progress and trade openness improve

renewable energy use in OECD countries.

2.2 Literature on Energy Efficiency
A study Geller et al., (2006) examines energy efficiency improvements in the major OECD nations

since 1973. Their study shows that well-designed policies can lead to increased energy efficiency.



In the U.S., specifically designed programs led to a fall in energy use by 11%. Similar results are

documented for Europe and Japan.

Meanwhile, conducting an empirical study on Chinese provinces, Lin and Du (2013) researched
the energy efficiency and technology gap. By using the parametric meta frontier approach and
cluster analysis the results mentioned that eastern region of China has higher energy efficiency
and higher technology gap as compared to other regions. In the same line, the empirical study of
Apergis et al., (2015) argued that that sustainable development in OECD economies can be
achieved with enough energy supply, conditional of the balance between income level and energy

efficiency.

In a sample of OECD countries, Parker and Liddle (2016) examined the impacts of prices
on energy efficiency in the manufacturing sector over the period of 1980-2009.The authors opined
that energy efficiency is the major driver for the observed reduction in energy intensity in OECD
countries. For the developed and developing economies, the recent studies have reached at
different conclusions. For instance, Chang et al., (2018) argued that higher GDP per capita and
capital improves the energy efficiency in 31 OECD countries. The paper employed panel data for
the period 1990 to 2014 and utilized the group-mean dynamic common correlated estimation
(DCCE) technique as a benchmark methodology. The results revealed that more industrial
production, strict energy market regulations and higher oil prices lead toward an increase in energy

intensity.

Employing the comparative analysis method, Verma et al., (2018) investigated the
significance of energy efficiency policy measures for three developed countries; Iceland, Norway,

and New Zeeland. The study opined that energy efficiency is very important in the overall energy

10



mix, while its level of interest varies across different renewable rich countries. The study further
argued that synchronized policies regarding energy efficiency can be developed with technological
advancements and innovations. More recently, Mavi and Mavi (2019) empirically examined the
environmental efficiency and energy and for the case of OECD countries. The study opined that
Ireland, Switzerland, and the United States have significantly improved the energy and

environment efficiency during the past decade.

In a sample of 224 cities of China, Lv et al., (2019) studied the effects of income and
urbanization on energy intensity. The study employed spatial panel data techniques for empirical
analysis by using the annual data from 2005 to 2016. The empirical findings reported that income
has a positive impact on energy intensity, while urbanization adversely affects the energy intensity
in China. In the same line, Vujanovi¢ et al., (2019) documented that use of advanced renewable
technologies and a combined installation of existing technologies can be conducive to promote
energy saving and improve energy efficiency in buildings and construction. For the case of 16
European economies, Kose et al., (2020) examined the role of renewable energy, non-renewable
energy and research & development for the sustainable growth. The empirical results of PMG
argued that all forms of energy and research & development positively induce the economic

growth in European economies.

Using data on Indonesia, Saudi et al., (2019) researched the role of technological
innovation for energy intensity. By using auto-regressive distributed lags (ARDL) bound testing
approach, the article highlighted that technological innovation helps to improve energy efficiency
in Indonesia. Using the Chinese annual data from 1970 to 2014, Akadiri et al., (2020) concluded
that electricity consumption, globalization and real GDP significantly influence the carbon

emissions. In the same line, for the case of United States, Alola and Akadiri, (2021) examined the

11



impacts of economic policy uncertainty, national security and trade policy on the renewable
energy. The empirical estimations of ARDL, FMOLS and DOLS reached at conclusion that policy
uncertainty, trade policy and national security have significant negative and positive impacts on

renewable energy respectively.

As per the above-documented literature, there is sufficient gap regarding the role of
environmental policies, regulations and technologies for energy demand and energy intensity. The
current study is an attempt to extend the literature of energy efficiency by examining the crucial
and important role of environmental-related technologies for a group of 28 OECD economies.
Hence, this article reports a significant contribution to the body of knowledge on the issue of the
role of environmental technologies on energy consumption and efficiency. The study also applies
several panel econometric techniques, which help to ensure that the estimated results are reliable

and robust.

3. Data and methodology

3.1 Data Specification

The prime aim of this study is to unveil the impacts of environmental-related technologies on
energy uses and energy efficiency. In doing so, the authors gather the annual data from three main
sources; International Moneytary Fund (IMF); World Bank (WB) and OECD statistics. Table 1
illustrate the selected indicators, measurement and data sources. We only selected 28 OECD
economies out of the 36 countries due to the availability of data. Further, the selection of the
sample period is also determined by the availability of data. In this paper, we utilize three indicators
for energy demand and energy efficiency; (i) per capita energy consumption (ECPC), in kg of oil
equivalent (ii), total final energy consumption (TFEC), in terajoule, and (iii) energy intensity level

of primary energy in megajoule/$2011 PPP GDP. In our empirical modelling, we use the economic

12



openness, financial development and GDP as controlling factors for energy intensity and energy
consumption. More recently, Belloumi and Alshehry, (2016); Bashir et al., (2020) and Adedoyin
et al., (2020b) also used the same indicators in energy economics literature to analyse the energy
demand and energy efficiency for different countries. It is important to mention here that energy
intensity is considered as proxy for energy efficiency; which is justified from the fact that higher
units of energy intensity refers to more energy usage to produce an unit of output and vice versa.
In the recent literature, such a fact is widely supported by the recent studies (Lv et al., 2019;

Samargandi, 2019).

[Insert Table 1 here]

3.2 Model Construction

The recent studies of energy demand and efficiency (Lin and Du, 2013; Li and Just, 2018;
Koengkan, 2018; Lv et al, 2019) argued that some specific factors of economic structure (trade
openness, economic growth, financial development, urbanization, natural resources, technological
advancement etc.) are the main determinants of overall energy demand and energy efficiency.
Following these studies, we mainly attempt to build three econometric models to estimate the role
of environmental technology for energy consumption, final energy consumption and energy
efficiency. The environmental technology is considered as a key regressor. This is justified from
the fact that environmental technologies affect overall consumption pattern, energy use behaviour,
climate change and productivity issues in particular economic system (Li and Just, 2018; Danish
and Ulucak, 2020; OECD, 2020). The reason for including the economic openness, economic
growth and financial openness as controlling explanatory variables is owing to the fact that

economic regulations, performance of financial institutions, trading relations and income level of

13



population affect the overall energy usage and energy efficiency (Farhani and Solarin, 2017;

Koengkan, 2018; Samargandi, 2019; Lv et al 2019; Alam and Murad, 2020).

The choice of selecting the variables is explained by following reasons; due to endogenous
perspective in economy, the authors intend to explore the effects of environmental related
technologies for energy demand and efficiency. Now, the energy demand and efficiency might be
affected by number of factors, e.g., rise in income level, awareness about innovations and
technologies. However, in this study the independent factors are selected in view of environmental
technology, which might be endogenously catalysed (Faisal et al. 2017). As mentioned above, the
prime source of energy consumption in OECD is the use of crude oil, gas and fossil fuels. As a
matter of fact, the consumption of non-renewables is mainly from the industrial sector, transport
and households. With the industrial growth, the income level improves, along with the
improvement in financial market stability, trade regulations and increasing prospects in the urban
areas. Consequently, all these activities gradually start to enhance the energy demand and
environmental degradation by increasing ambient air pollution, faster depletion of natural
resources and soil contamination (Koengkan, 2018; Lv et al 2019; Alam and Murad, 2020). In
such a scenario, the policymakers and environmental scientists strive to enhance the technological
innovation and use of technologies to improve energy efficiency. From this discussion, we added
the environmental technologies, economic growth, economic openness and financial openness in
our econometric modelling. In all the empirical models, we have the similar explanatory factors.
Equation 1, 2 and 3 present our three base line empirical models to measure the energy

consumption, final energy consumption and energy intensity.

ECPC;. = f(EO[7, FD[?, PIf ERTS?) + i,

it it’" it
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Whereas, i refers to the country, t for the time period, ECPC,  is per capita energy use; TFEC, , is
total final energy consumption; EI;, is energy intensity; EO,  refers to trade openness; FD,
implies financial development; PI; represents per capita income; ERT, indicates environment-

related technologies. The error term is represented by 4, .

3.3 Estimation strategy

The authors begin the investigation by applying a cross-sectional dependence (CD) test developed
by Pesaran (2004). Given the estimates of CD test, it is important to avoid the conventional panel
unit root tests, particularly when given a series is a cross-sectional dependence. it is because the
conventional unit root tests assume that the given series is cross-sectional independence and in
such case, if still applied to a series which is having a cross-sectional dependence then the estimates
are unreliable as these tests suffer due to low power. Given that backdrop, the study uses the Cross-
Sectionally Augmented IPS (CIPS) unit root test of Pesaran (2007). To eliminate cross-sectional
dependence asymptotically, Pesaran (2007) test augments with ADF regressions, with the cross-
sectional averages of lagged levels and first differences for each unit. This unit root test takes into

account of cross-sectional dependence and serial correlation in the error terms. Determining the
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order of integration of the variables is an essential step as it helps to choose the right methodology

for the empirical investigation of the relationship among the variables.

After the unit root testing, the authors further utilize the Augmented Mean Group (AMG)
estimator of Eberhardt and Teal (2010) and Eberhardt and Bond (2009) to explore the role of
environmental technology on energy consumption and energy intensity. The AMG estimator is
an effective estimator when it comes to the problem of internality caused by the error term. In
addition to taking into account of cross-sectional dependence, this estimator also accounts for
heterogeneous slope coefficients among panel members (Paramati and Roca, 2019). It is
additionally superior to other estimators as predictions are made by weighting the arithmetic mean

of individual co-integration coefficients (Sadorsky 2013).

For the robustness check, we use several different estimation methods to examine the
effects of environment-related technologies on energy use and energy efficiency. These methods
include the Fixed Effects estimation method, Dynamic Ordinary Least Square (DOLS) (Pedroni
2001), Fully Modified Least Squares (FMOLS) (Pedroni 2000, 2001), and Autoregressive
Distributed Lag (ARDL) (Pesaran et al. 1999) methods. The ARDL methodology has the important
advantage of being able to deliver super-consistent estimates of long-run parameters and
asymptotically valid t-ratios in presence of endogenous explanatory variables (Pesaran and Shin,
1999). The panel ARDL method analyses the long-run relationship between studied variables with
cross-equation restriction to long-run parameters by applying the maximum likelihood technique

for given estimation in panel data (Shahzad, et al., 2018).
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3.4 Preliminary investigation

The Preliminary investigation is conducted by checking the compounded annual growth rates of
all selected variables for OECD economies (Table 2). The growth rates empirics show that half of
the sample countries (14) have negative growth in per capita energy consumption while remaining
countries have positive growth rates. Among these countries, South Korea, Chile, and Turkey have
more than 1% growth in per capita energy during the study period. Likewise, the total final energy
consumption has a negative growth in the United Kingdom, Hungary, the Netherlands, Denmark,
Germany and Sweden; whereas all other countries have shown considerable positive growth.
Interestingly, all the sample countries have substantial negative growth in energy intensity. This
implies that the selected OECD economies have significantly improved their energy efficiency
over a period of time. The economic openness is only negative in two countries (Norway and Israel)
out of the 28 countries. The growth rates also show that OECD countries have positive growth
income and financial development. Finally, the positive growth rate in environmental-related
technologies is also observed in most of the sample countries (21). In summary, the growth rates
suggest that the OECD economies have significantly improved their energy efficiency and had

considerable technological growth.

[Insert Table 2 here]

4. Empirical Findings and Discussion

The findings on cross-sectional dependence and unit root tests are displayed in Table 3 and 4,
respectively. The results confirm the presence of cross-sectional dependence in the data series. In
such case, the literature recommends applying of second-generation unit root test to examine the

unit root properties of the variable. Hence, we use the CIPS unit root test introduced by Pesaran
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(2007). The unit root test indicates that all the variables are non-stationary in levels. However, the
variables are stationary in their first differences and are statistically significant at the 1% level.
Given these evidences, we explore the determinants of energy consumption (in terms of per capita

and total) and energy intensity in the following sections.

[Insert Table 3 here]

[Insert Table 4 here]

In order to investigate the role of financial development, trade openness, economic growth
and environmental technologies on per capita energy consumption, total final energy consumption
and energy intensity in a sample of 28 OECD countries, we employ an augmented mean group
(AMG) technique. The significance of this technique is that it estimates long-run parameters by
accounting for the issue of cross-sectional dependence in the analysis. As argued by a number of
recent empirical studies (e.g., Sadorsky, 2013), this method not only accounts for cross-sectional
dependence in the analysis, but it also allows for heterogeneous slope coefficients across the cross-
sections. In addition to that, the unobserved common factors in the AMG technique are treated as
a common dynamic process. Therefore, the AMG estimator outperforms the Common Correlated
Effects Mean Group (CCEMG) method. Hence, the findings obtained from the AMG estimator
are more reliable and robust. Table 5 reports empirical findings of the AMG method for all three
models such as per capita energy consumption, total final energy consumption and energy intensity.
The empirical results show that per capita income positively drives per capita energy consumption
and total final energy consumption. In other words, the results suggest that economic progress in
the OECD countries leads to an increase in energy consumption, both in terms of per capita and

total. This outcome supports both theoretical and empirical expectations. For instance, as income
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grows, individuals are tempted to buy luxury goods such as air conditioners, fans, televisions,
refrigerators, washing machines, laptops, mobiles, etc. Hence, all of these goods raise the demand
for energy. Therefore, a raise in income leads to higher demand for energy. Our estimates are
inconsistent with the findings of Wang et al., (2019) for a sample of 186 countries. While, the
empirical findings are in line with the conclusions of Adedoyin et al., (2021) for the case of 29 EU
economies. Their study suggested the free-trade policy and use of high-tech products for achieving

the sustainable development goals.

Interestingly, the empirical results indicate a significant and negative impact of GDP per
capita towards energy intensity in OECD countries. The empirical finding is very interesting and
encouraging one, indicating that as the income grows individuals may be adapting electric
equipment which are energy efficient. On one side, income growth has a positive impact on energy
consumption, on the other side, income growth play an important role for energy efficiency by
encouraging individuals to adopt energy-efficient electric equipments. The empirical findings are
in contrast with the evidence of Lv et al. (2019), who examined on Chinese cities. The difference
in results with the previous literature could perhaps be due to regional heterogeneity and difference
in the economic structure of countries. The AMG analysis further shows that financial
development positively affects total final energy consumption, while environmental related
technologies respond negatively towards final energy consumption. This might be due to the
introduction of environmental friendly technology which consumes less fuel, oil and gas sources
to reduce greenhouse gas emissions e.g. ultra-efficient heat pumps, carbon-fighting dryers,
magnetic refrigerators, etc. The inverse nexus between financial development and total energy use
in the OECD countries could perhaps be explained by the fact that financial development can

pontentially assist the firms to acquire energy saving technologies by providing required capital
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assistance. It is important to note that energy efficiency or energy saving projects need long term
financing facility which is relatively easily accessible in the developed countries (Farhani and
Solarin, 2017), these long-term financing facilities might help to reduce financing costs and
channel financial resources into new equipment, technology, and projects which are energy

efficient consequently, controlling energy consumption.

[Insert Table 5 here]

4.1 Robustness checks

We carry out several robustness checks using fixed effects, DOLS, FMOLS and ARDL methods
to see if our results are consistent across the different estimation methods. Table 6 reports the long
run estimations concerning our primary and control variables for the OECD countries. The results
in Table 6 highlight that trade openness and environmental technologies negatively influence the
energy use, total energy use and energy intensity in the OECD countries. It is possible that trade
openness and liberalization help to control energy consumption and energy intensity. More open
economies can encourage investments and energy-efficient products and technologies, and
research and development which might explain this. The empirical findings are in contrast with

the conclusions of Koengkan (2018) for the Andean community countries.

The coefficients of environment-related technologies are negative and significant at the 1%
level. As stated above, the negative impacts of environment-related technologies might be due to
the developments and innovations of energy-efficient technologies in OECD countries, which can
lower energy use and consumption. For example, the OECD countries have increased the usage of
renewable energy sources with significant magnitude, e.g. electricity generation of OECD

countries from hydro-renewable sources was 54.2 percent in 2016 and electricity generation from
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non-hydro renewable sources was recorded at 10.9 percent in the similar period (IEA, 2017). The
coefficients of GDP per capita and financial development are positive and significant at the 1%
level, which are stable with our earlier findings. The results suggest that the provision of credit,
long-term financing facilities, and economic progress might help to control energy consumption.
This is supported by the fact that long-term financing opportunities assist in establishing energy-

efficient technologies, which can help to reduce energy demand and provide more output.

The results imply that the economic growth in the OECD countries leads to a further rise
in energy demand. It is because the OECD countries are dependent on manufacturing and industry,
which use high energy-consuming technologies. Although, several OECD member countries are
now shifting towards the service sector and high manufacturing sectors, which use technologies
that tend to be less energy-intensive. While, economic growth is still reliant on energy
consumption and energy demand (EIA, 2017). The empirical results are consistent with those of
Faisal et al. (2017) for Belgium. However, energy intensity shows a positive association with
financial development and negative effect with GDP per capita, indicating that economic growth
in OECD countries is decreasing energy intensity. The negative impact of GDP per capita on
energy intensity is in line with our main findings and is in contrast with the narrative of Lv et al.,
(2019). Accordingly, it can be argued that the energy consumption of OECD countries relies on

economic progress, while economic development decreases energy intensity.

[Insert Table 6 here]

Overall, the paper provides very innovative and encouraging findings regarding energy
consumption and energy intensity of OECD countries, which allow us to draw new conclusions

and policies. The paper suggests that governments should adopt comprehensive strategies to
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promote the use of environment-related technologies e.g. regulations on industries, use of energy-
efficient home appliances, taxes on traditional technologies etc. The governments and
policymakers can introduce institutional measures such as; sponsoring the research on
environment and energy efficiency policies, awareness campaigns on the use of energy-efficient
products and legislative measures e.g. enforcing replacement of traditional products by innovative
technologies. To protect the environment and save energy costs, the rich OECD countries can
provide subsidies and economic incentives to enterprises and households to encourage the use of
technological products and renewables. Further, the OECD countries should make significant
efforts for synchronized policies regarding investments on environmental technologies and

renewable sources to achieve energy efficiency and economic goals.

5. Conclusion with policy implications

In recent times, there is an increasing interest among policymakers, energy economists, and
government officials to understand the factors that help to increase energy efficiency. However,
there is a little empirical evidence on the factors which contribute for energy efficiency. This issue
has attracted the attention of various stakeholders due to the increasing demand for energy from
various economic activities. Given this backdrop, this study was designed to investigate the role
of environmental-related technologies on energy demand, in terms of per capita and total, and
energy intensity by accounting other key factors in the model such as economic openness, per
capita income and financial development in a panel of 28 OECD economies. To achieve those
objectives, our study utilized yearly data, 1990-2014, and employed various robust panel
econometric techniques, which helped to address the issues of cross-sectional dependence,
heterogeneity, endogeneity and serial correlation in the estimation process. Hence, we believe that

the estimated results are more reliable and robust.
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Our findings from various approaches confirmed that environmental-related technologies
have substantial positive and negative influences on energy demand and energy intensity,
respectively. These results indicated that environmental technology played an important role in
condensing the demand for energy by assisting to improve energy efficiency. Further, evidence
showed that economic openness also increased energy efficiency and reduced energy demand.
However, the increase in per capita income raised energy demand and energy efficiency. Finally,
the results also displayed that the increase in financial development put more pressure on energy
demand and its impact on energy intensity is not stable across the estimates. Given these outcomes,
we argue that environmental technologies have played an indispensable role in reducing energy
use and improving (energy) efficiency in the selected OECD economies. Hence, we suggest the
policymakers and various other think tank officials to realize the significant role that
environmental technologies had played in terms of saving energy and improving energy efficiency.
We advise that while initiating policies regarding improving energy efficiency, the officials must
consider the role of environmental technologies and should support and encourage the innovations

in environmental technologies as they occupy a dispensable role in that aspect.

Finally, the current study report academic contribution to the literature regarding the issue
of energy demand, energy efficiency, and environmental related technologies. Given all of that,
our study offers new findings and may add considerable value to the energy economics field. The
future research can extend this model for developing and emerging economies on a broader scale.
Similarly, the role of environmental technologies for international trade, product diversification
and manufacturing processing’s can be further explored in the context of environmental

sustainability.
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Table 1: Data measurement and sources

Variables Measurement Data Source

ECPC Per capita energy consumption (kg of oil equivalent) WDI-World Bank

TFEC Total final energy consumption (measured in terajoule) Sustainable Energy-
World Bank

El Energy intensity level of primary energy (megajoule/$2011 PPP GDP) WDI-World Bank

EO Sum of total exports and imports as share of GDP WDI-World Bank

FD Financial development index (the information on access, depth, efficiency IMF

of the financial institutions and markets)
Pl GDP per capita in constant 2010 US$ WDI-World Bank
ERT Environment-related technologies as percentage of all technologies OECD statistics
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Table 2: Compounded annual growth rates, 1990-2014 (percent)

Country ECPC TFEC El EO FD Pl ERT

Australia 0.210 1.470 -1.448 1.057 2.050 1.677 0.275
Austria 0.601 1.191 -0.813 1.494 0.266 1.387 -0.381
Belgium -0.085 0.372 -1.293 1.253 1.163 1.209 1.224
Canada 0.141 0.717 -1.134 0.999 2.371 1.274 0.357
Chile 2.681 3.540 -0.986 0.214 2.493 3.686 3.831
Denmark -0.645 -0.080 -1.871 1.688 0.810 1.158 3.057
Finland 0.351 0.470 -0.868 2.011 2.660 1.207 1.844
France -0.181 0.060 -1.148 1.382 2.009 0.964 2.914
Germany -0.626 -0.458 -1.901 1.841 0.417 1.333 1.369
Greece 0.040 0.268 -0.478 2.081 2.132 0.610 -2.417
Hungary -0.722 -0.704 -1.921 3.700 1.364 1.890 0.180
Ireland -0.113 1.453 -3.352 2.779 0.545 3.386 2.784
Israel 0.464 2.566 -1.645 -0.084 1.549 1.755 -1.134
Italy -0.271 0.182 -0.667 1.717 2.596 0.399 1.744
Japan -0.092 0.069 -1.043 2.595 1.114 0.928 1.732
Mexico 0.174 1.673 -0.892 2.639 0.898 1.080 0.777
Netherlands -0.063 -0.099 -1.437 1.568 1.156 1.421 0.980
New Zealand 0.675 1.302 -0.747 0.035 1.455 1.431 -0.567
Norway 0.478 0.529 -1.169 -0.228 1.786 1.584 -1.000
Poland -0.358 0.186 -3.788 2.962 2.612 3.510 -0.124
Portugal 0.766 1.077 -0.232 0.829 3.448 1.025 -3.437
South Korea 3.633 3.079 -0.499 2.511 2.180 4.312 3.604
Spain 0.247 1.240 -0.782 2.304 3.161 1.095 3.249
Sweden -0.418 -0.034 -1.826 1.657 2.340 1.435 2.777
Switzerland -0.678 0.095 -1.453 1.899 0.502 0.690 1.244
Turkey 1.933 3.097 -1.043 2.444 4.485 2.739 1.330
United Kingdom -1.030 -0.376 -2.417 0.877 1.481 1.429 1.959
United States -0.388 0.739 -1.717 1.706 1.726 1.358 1.778
Sample average 0.240 0.844 -1.377 1.640 1.813 1.642 1.070

Note: Non-log data is used.

Table 3: Findings from cross-sectional dependence (CD) test

Variable CD-test  p-value  corr abs(corr)
ECPC 29.250 0.000 0.301 0.487
TFEC 44,900 0.000 0.462 0.563
El 74.740 0.000 0.769 0.769
EO 65.380 0.000 0.673 0.678
FD 78.400 0.000 0.806 0.806
Pl 90.230 0.000 0.928 0.928
ERT 46.490 0.000 0.478 0.518

Note: *** indicates rejection of the null hypothesis at the 1% significance level.
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Table 4: Findings from panel CIPS unit root test

Level First difference
Variable  Zt-bar p-value  Zt-bar p-value
ECPC 1.116 0.868 -10.927***  0.000
TFEC 0.822 0.795 -9.145%** 0.000
El 1.309 0.905 -8.820*** 0.000
EO 0.255 0.601 -6.369*** 0.000
FD 0.061 0.524 -9.032*** 0.000
Pl -0.247 0.402 -6.839*** 0.000
ERT 1.880 0.970 -14.003***  0.000

Note: *** indicates 1% significance level.

Table 5: Long-run estimates using augmented mean group (AMG) estimator

Coefficient  p-value

Coefficient

p-value

Coefficient

p-value

ECPC =f (EO, FD, PI, ERT)

TFEC = f (EO, FD, PI, ERT)

EI =f(EO, FD, PI, ERT)

Constant 1.124

EO -0.033
FD 0.049

Pl 0.691***
ERT -0.010

0.153
0.396
0.143
0.000
0.322

6.848***
-0.018
0.060*
0.737***
-0.015*

0.000
0.510
0.068
0.000
0.089

4.674%*
-0.018
0.045
-0.298***
-0.011

0.000
0.649
0.187
0.000
0.288

Note: *** & * imply 1% and 10% significance levels, respectively.
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Table 6: Long-run estimates using fixed effect, DOLS, FMOLS and ARDL

Coefficient  p-value Coefficient  p-value Coefficient  p-value

ECPC =1 (EO, FD, PI, ERT)  TFEC =f (EO, FD, PI, ERT)  El =T (EO, FD, PI, ERT)

Fixed effect

Constant ~ 4.202*** 0.000 8.490*** 0.000 7.875%** 0.000
EO -0.188***  0.000 -0.189***  0.000 -0.178***  0.000
FD 0.141*** 0.000 0.181*** 0.000 0.142%** 0.000
Pl 0.417*** 0.000 0.592*** 0.000 -0.584***  0.000
ERT -0.062***  0.000 -0.036***  0.000 -0.063***  0.000
DOLS (Grouped-Mean approach)

EO -0.090* 0.052 -0.042 0.307 -0.084* 0.088
FD 0.055 0.207 0.079** 0.044 0.049 0.300
Pl 0.546*** 0.000 0.724%** 0.000 -0.439***  0.000
ERT -0.042***  0.000 -0.083***  0.000 -0.039***  0.002
FMOLS (Grouped-Mean approach)

EO -0.152***  0.000 -0.105***  0.000 -0.143***  0.000
FD 0.133*** 0.000 0.123*** 0.000 0.133*** 0.000
Pl 0.438*** 0.000 0.662*** 0.000 -0.562***  0.000
ERT -0.073***  0.000 -0.049***  0.000 -0.074***  0.000
ARDL

EO -0.059***  0.000 -0.369***  0.000 -0.058***  0.000
FD 0.016 0.207 0.471%*= 0.000 0.005 0.726
Pl 0.702%** 0.000 0.896*** 0.000 -0.336***  0.000
ERT -0.052***  0.000 -0.057***  0.000 -0.064***  0.000

Note: *** ** & * indicates 1%, 5% and 10% significance levels, respectively.



