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The study used a sample of 43 low andmiddle-income countries for the time span
of 14 years, i.e., from 2005 to 2018 with the objective to analyze the global fossil
fuel market. The novelty of the study lies in its variable product and process
innovation, study sample as well as themethodology adopted by the SystemGMM
model. The fossil fuels demand in terms of Domestic material consumption of
fossil fuel is regressed against 4 Energy and innovation, social and economic
variables. The study employed System GMM model for estimation of results and
FMOLS for robustness check. The results reveal that estimates for lag fossil fuels
consumption, fossil fuel price and GDP are statistically significant and positive
while estimates for patents are negative. The study suggests that low and middle
income countries’ Government should focus on product and process innovation
as a critical element while structuring their policy for climate change mitigation.
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1 Introduction

The world is experiencing climate change at a drastic level. According to the (World
Meteorological Organization 2019), 2014–2019 are the record hottest 5 years on earth. The
root cause of global warming is CO2 emission from the burning of fossil fuels in the energy
sector (Aziz et al., 2013; Ahmad et al., 2022). The world has acknowledged the fact that
reduction in energy consumption (EC) is foremost important for climate change mitigation
(Zaharia et al., 2019). In 2015 the United Nations introduced a sustainable development
strategy “The 2030 Agenda”. A set of 17 goals were documented for sustainable development
among which number 7“Affordable and clean energy” directly referred to the energy sector.
Since the industrial revolution, the use of carbon-intensive energy has put the planet further
away from its climate goals thus policymakers shifted their focus to technological
development and innovation in the energy sector as a remedy for the rapidly growing
problem of CO2 emission (Grafström, 2017). As it is widely known that global warming has
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severe consequences, policymakers stress technological change in
the field of renewable energy as one of the foremost solutions.

In this context, technology can bring hope for sustainable life on
earth. It can be a source for overcoming most of the hardest
challenges faced by our society, which can be climate change
disease, and/or scarcity. Innovation is a powerful tool for
advancing economic development and a better life for human
beings (Schumpeter, 1942). The threat of climate change
resulting from the increased use of energy and accumulation of
large-scale greenhouse gases can be avoided through the
development of advanced carbon-free technologies on a priority
basis (Stern and Stern, 2007). Technology increases efficiency by
increasing the level of production with a given amount of inputs as
well as reducing the emission level. In other words, technology can
comparatively lower the emission level of GHGs at the current
consumption level or can increase the consumption level without
altering the emission level of GHGs. (Del Río, 2004). According to
the research conducted by (Choudhry et al., 2015), EC can be
reduced by 10%–20% with operational improvement it can be
further boosted up to 50% or more by investing in energy
efficiency technologies. The development of low carbon or
carbon-free technologies is one of the ways to limit the emission
of GHGs and protect the climate (Stern and Stern, 2007). To achieve
the goal of climate protection Governments are required to adopt a
portfolio of policies to foster Technological innovation (TI) as well
as the adoption of advanced technologies on a large scale at all levels
including governments, firms, and individuals (Rubin, 2011).
According to the report of the UN Economic and Social Council,
there is significant progress in increasing renewable energy use in
electricity. The renewable energy share in total EC increased from
16.4% in the year 2010% to 17.1% in the year 2018. The renewable
energy capacity of developing countries increased by 7% over the
year 2019. Thus, in the recent arena, most scientists are focusing on
technologies as the most obvious solution toward carbon neutrality.
Various firms and industries are investing in TI in all fields of life
including energy, food and health.

Keeping in view the above discussion this paper aims at
investigating the role of product and process innovation in fossil
fuel demand. Since the world is transforming its energy sources from
fossil fuel to low carbon energy it is a dire need to find out what role
the product and process innovation play in moving the country
toward a Carbon neutral nation. Nations are efficiently putting
efforts to develop such technologies that can reduce fossil fuel usage
and GHG emission from fossil fuels. There is an emerging trend of
renewable energy which is a major substitute for fossil fuel energy.
With an increasing demand for renewable energy or low carbon
energy, a significant effect on the demand for fossil fuel energy. Most
of the work done in earlier literature exposed several factors that
have causal relationship with energy demand. To the best of the
researcher knowledge product and process innovation has not been
considered by the previous studies as an influencing factor for fossil
fuel demand. The novelty of the study lies in its variable product and
process innovation and study sample of 43 low and middle-income
countries for 14 years, i.e., from 2005-to 2018 as well as the
methodology adopted by the System GMM model. For a more
detailed in-depth analysis, the study also conducted regional basis
anatomy. The low and middle-income countries are divided into
6 regions to get more comprehensive results. The core objective of

this study is a macroeconomic analysis of the fossil fuel market in
LMICs. This study is in its true sense an evaluation step for finding
out whether the efforts made by research development and
innovation to reduce fossil fuel EC and climate change mitigation
are successful or whether there exists any gap between the desired
objectives and actual state. The results of the study will help
policymakers, especially in low and middle-income countries to
transform their energy sector or industrial sector and formulate
policies for the industrial sector that contribute towards achieving
the goal of carbon neutrality and thus improving the country’s status
in terms of carbon-neutral nation.

The remainder of the study is organized in the following
manner. The review of previous literature is given in the second
section, the third section describes the methodology adopted to
achieve the objectives of the study fourth section provides the results
and discussion over the finding of the study at the last
recommendations suggested by the authors are narrated.

2 Literature

Analysis of previous literature for this study can be classified into
two categories. Firstly, the work done in the field of energy demand
is analyzed and secondly, the role of innovation in energy demand is
discussed.

2.1 Literature in the field of energy demand

Among the earlier studies, (Pesaran et al., 1998), pointed out that
one of the extensively researched areas in the field of energy
economics has been the estimation of energy demand. The
accurate estimate for energy demand is the key input for future
analysis of EC and policy making. Energy demand estimation is
popular due to its wide range of applications for important policy
issues in the energy sector (Barker et al., 1995). Using the panel data
set for the period 1998–2008 (Chaudry, 2010) attempted to estimate
energy demand in Pakistan at the firm and economic levels. His
findings showed a positive significant relation between income and
electricity demand while a negative relationship between price and
electricity demand. A significant relationship between income
variation and EC is found by (Asafu-Adjaye, 2000) for India,
Indonesia, the Philippines, and Thailand. Similarly, (Aqeel and
Butt, 2001), stated that there is a significant positive impact of a
country’s economic growth on the level of petroleum consumption
of a country. Ahmad, et al. (2021) found a significantly positive
relationship between economic progress and intensity of energy use.
Rehman et al., 2021 and Khan et al. (2021) found a constructive
linkage between ecological footprint and trade, globalization and
GDP growth for Pakistan. Dagar et al., 2022 found that industrial
production, total reserve and financial development adversely affect
environment in case of OECD countries. Cao et al., 2022 found stock
market, financial development, economic growth and electricity
consumption all contribute to the emission of carbon dioxide in
OECD countries in long as well as in short run. In the study
conducted by (Mielnik and Goldemberg, 2002) a sample of
20 developing countries was taken for investigating the role of
financial development on energy intensity. Financial development
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was measured through FDI and found to have a significant negative
relation with energy intensity. Çoban and Topcu, (2013) used
financial development, energy prices, and economic progress as
influencing variables to study EC for EU27 countries. Their results
revealed that for old member countries with a higher level of
financial development there is an increasing trend of EC as
compared to the new member countries with the less developed
financial system; Rehman et al., 2022 studied Pakistan economy and
found that economic progress of Pakistan is significantly and
positively related with fossil fuel energy, GDP per capita,
renewable energy usage and CO2 emission; Wang et al. (2019)
used panel data on 186 countries for analyzing the impact of GDP,
energy prices, and urbanization on EC between the years 1980–2015.
The finding revealed an inverse relationship between energy prices
and EC in low-and medium-income countries; Gorus & Aydin,
(2019) investigated eight MENA countries for the existence of causal
relationship between economic growth, energy consumption and
carbon dioxide emission for the period 1975–2014. They found no
casual relation between economic growth and CO2 emission and
recommended conservation policies for these countries; Aydin, M.
(2019) found bidirectional causality between non-renewable
electricity consumption and economic growth for 26 OECD
countries; Noor et al. (2023) found a negative effect of
nonrenewable energy on sustainable development; Aydin, M.
(2018) found a significantly positive long run relationship
between natural gas consumption and economic growth for top
10 natural gas–consuming countries from 1994 to 2015; Zaharia
et al. (2019) assessed the energy determinants for (EU28) intending
to achieve sustainability in the energy sector. The study covered
various aspects of sustainable development including social,
economic, and environmental aspects. According to the results
GHG emissions, GDP, oil prices, research and development
expenditure, labor growth, and population are positively related
to EC while feminine population increase, energy taxes, and
expenditure on healthcare have a negative relation with EC.

2.2 Literature on role of innovation in energy
demand

In recent times many countries of the world and organizations
have committed terms of their contribution to the elimination of
GHGs emissions. It has focused on the almost complete conversion
of the energy system in at least 3 decades. With the help of
innovation, the world is transforming archaic technologies in the
energy sector into clean energy technologies. Innovations in the
energy sector make electrical power a more reliable source of energy
as well as provide solutions that are more consumer-oriented with
more distributed resources. This attracts new investors to the market
which puts more pressure on product and process innovation.
Product innovation refers to the execution of a good or service
that has significantly better features or desired uses (Oslo Manual
§156). On the other hand, process innovation refers to the execution
of significantly improved and new methods of production and/or
delivery (Oslo Manual §163).

In their study of the Chinese economy Jin and Zahng (2014)
evidence the role of TI in reducing fossil fuel consumption and
environmental quality improvement. Investigating the nexus

between fossil fuel-powered electricity usage and innovation Fei
and Rasiah (2014) revealed that the TI is found insignificant in
influencing the level of electricity consumption. Investigating the
manufacturing industry of India Dasgupta and Roy (2015)
concluded that technological progress will lead to reducing
energy usage by inducing the efficiency of energy input. Murshed
et al., 2022 found that in case of Argentina economy, technological
innovation is accounted as indispensable to curb CO2 emission.
According to a study by Karali et al. (2017) technological learning is
expected to reduce the EC of the US iron and steel sector by 13% in
2050. In the study by Tang and Tan (2013) the nexus between
electricity consumption, TI, energy prices, and economic growth is
studied for Malaysia. The results revealed that TI Granger causes the
consumption of electricity in Malaysia and has negatively related to
electricity consumption. Irandoust (2016) studied the relationship
between renewable EC, economic growth, TI, and CO2 emission and
found that TI Granger causes renewable EC and leads to reduce the
CO2 emission. Aflaki et al. (2014) found that TI positively relates to
renewable energy diffusion. Sohag et al. (2015) used time series data
from 1980 to 2012 for the Malaysian economy to empirically
investigate the impact of TI on energy usage along with control
variables, i.e., Trade openness, GDP per capita, and energy prices.
The results revealed that TI can reduce the EC. Du and Yan (2009)
studied the relationship between TI capacity and EC and found that
TI capacity is inversely related to EC. Improvement in the TI can
lead to reducing EC intensity. Table 1 report different studies done
in this area with author names, year of publication, date range for the
study, the methodology adopted and the major outcomes of each
study.

Most of the work done in energy demand analysis focused on the
different determinants of EC. However, to the best of the
researcher’s knowledge, it can be considered that this study is the
first in its contribution to the literature for assessing the impact of
product and process innovation on fossil fuels consumption in
43 low and middle-income countries.

3 Methodology

The intention of the researcher in this study is to find out what
role did the product and process innovation played so far in the
demand for fossil fuel throughout the LMICs. For the analysis, this
study used balanced panel data for 43 LMICs for the time span of
14 years, i.e., from 2005 to 2018 from 6 regions.

3.1 Data and variables of the study

This study conducts the macroeconomic analysis of the fossil
fuel market using balanced panel data for 43 LMICs. The
categorization of LMICs is purely based on World Bank (2021)
classification. The selection of 43 countries is based on the
availability of data. Table 2 provides the detail for the selected
countries from 6 different regions for analysis. The regional
classification of the countries is purely based on World Bank
regional (2021) classification.

The study used fossil fuel consumption as the dependent
variable to be studied. The data is obtained from (IRP)
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International resource panel by the UN Environment Program
database. The data on Domestic material consumption of fossil
fuel is estimated as (DMC = domestic extraction +
imports–exports). To analyze the global fossil fuel market the
Economic, social, Energy, and innovation variables are included
in the study as influencing factors of fossil fuel consumption. The
selection of variables is based on literature support. Data on the
Fossil fuel price is obtained from the World Economic Outlook
database in October 2021. This includes Curd oil, Natural gas, and
coal price indices for the entire world. Data on GDP at constant
2015 US $ and population are obtained from World Bank and
OECDNational Accounts database (2021). A detailed description of
the variables is given in Table 3.

3.2 Significance of the Variables and
Hypothesis of the study

The instability of the energy prices in international market is
another major concern in study of energy demand. Low- and

middle-income countries are expected to suffer more as
compared to high income countries from energy price volatility,
because a large share of their national product depends on energy
intensive manufacturing and the use of energy in low- and middle-
income countries is less efficient (Aziz et al., 2013). Thus, price is
important variable in predicting, explaining and modeling demand
for energy. The first hypothesis of the study is that Fossil fuel price is
significantly related with fossil fuel energy consumption. The
excessive use of traditional energy resource (oil, gas, and coal)
results in serious health, social and environmental issues. The use
of product and process innovation helps in reducing the dependence
on fossil fuels and puts positive impact on sustainable development
of the economy. The second hypothesis of the study is that product
and process innovation is expected to have a negative relation with
fossil fuel energy consumption thus contributing positively to
abandoning the fossil fuel energy demand and mitigating the
climate change effect. Research and development expenditure has
been extensively used as a proxy for innovation in previous literature
(Mancusi & Vezzulli, 2010; Lööf & Nabavi, 2016). Recent literature,
however, has questioned the suitability of research and development

TABLE 1 Overview of Literature.

Author(s) and year of
publication

Data range Methodology Outcomes

Chaudry, (2010) 1998–2008 Fixed effects estimation Positive significant relation between income and electricity demand
while a negative relationship between price and electricity demand

Asafu-Adjaye, (2000) 1971–1995 Co-integration and error-correction modeling
techniques

Significant relationship between income variation and EC

Aqeel and Butt, (2001) 1955–1956 to
1995–1996

Co-integration and Hsiao’s version of Granger
causality

Significant positive impact of economic growth on the level of
petroleum consumption

Ahmad, et al. (2021) 2000–2018 A dynamic common correlated effects mean
group approach

Significantly positive relationship between economic progress and
intensity of energy use

Rehman et al. (2021) 1980–2020 ARDL Constructive linkage between ecological footprint and trade,
globalization and GDP growth

Dagar et al. (2022) 1995–2019 Dynamic panel data models Industrial production, total reserve and financial development
adversely affect environment in case of OECD countries

Cao et al. (2022) 1985–2018 pooled mean group (PMG) Stock market, financial development, economic growth and
electricity consumption all contribute to the emission of carbon
dioxide in OECD

Çoban and Topcu, (2013) 1990–2011 system-GMM model Significant and positive relation between EC and financial
development

Rehman et al. (2022) 1975–2019 Linear autoregressive distributed lag technique Significant and positive relation of economic growth with fossil fuel
energy, GDP per capita, renewable energy usage and CO2 emission

Wang et al. (2019) 1980–2015 Granger causality test approach and the
impulse response function analysis

An inverse relationship between energy prices and EC

Zaharia et al. (2019) 1995–2014 Panel data techniques GHG emissions, GDP, oil prices, research and development
expenditure, labor growth, and population are positively related to
EC while feminine population increase, energy taxes, and
expenditure on healthcare have a negative relation with EC.

Fei and Rasiah (2014) 1974–2011 ARDL and VECM the TI is found insignificant in influencing the level of electricity
consumption

Murshed et al. (2022) 1971–2014 ARDL Technological innovation is accounted as indispensable to curb
CO2 emission

Tang and Tan (2013) 1970–2009 Bounds testing approach and The Granger
causality test

Negative relation between TI and energy consumption
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spending as a proxy for innovation on various grounds when
studying small firms and emerging markets. According to
Gorodnichenko & Schnitzer, (2013), the use of research and
development measures is favorable for large firms moreover
research and development do not always result in innovation as
it is input rather than output oriented. This study uses patent counts
as a proxy for innovation as it provides robust statistical evidence of
technical progress. Patents follow an international standardized
format (Rübbelke and Weiss, 2011). Approval of a patent
application requires the investor to show the public something
that is ‘novel’, ‘useful’, and ‘obscure’ which is not possible
without an innovative step. A patent application must meet these
criteria to get approved (Griliches, 1987; Hall and Ziedonis, 2001).
Patent information is the best available source for analyzing
innovation. (Grafström, 2017). According to Griliches (1998)

“nothing else comes close in the quantity of available data,
accessibility and the potential industrial-organizational and
technological details”. Thus, current study uses patent
information as a proxy for product and process innovation.
Energy is a vital source that makes the world goes around. The
ability of the economy to harness the energy resources for
production process results in economic growth and development.
According to the economic theory, output results from energy
consumption directly or indirectly. The growing economies
therefore consume more and more energy resources. Thus, the
key factor for increased demand of energy is economic growth
and development (Zahg et al., 2012: Lee and Chang, 2008; Apergis
and Payne, 2009; Ouedraogo, 2013). So, the third hypothesis of the
study is that GDP has a positive relationship with fossil fuel energy
consumption. Another important determinant of energy

TABLE 2 List of countries by region.

East Asia and
Pacific

Latin America &
Caribbean

Europe & Central Asia South Asia Middle East &
North Africa

Sub-Saharan
Africa

# Countries # Countries # Countries # Countries # Countries # Countries

1 China 1 Argentina 1 Armenia 1 India 1 Algeria 1 Zimbabwe

2 Indonesia 2 Brazil 2 Kazakhstan 2 Pakistan 2 Tunisia 2 Nigeria

3 Malaysia 3 Colombia 3 Moldova 3 Sri Lanka 3 Iran 3 South Africa

4 Mongolia 4 Cuba 4 Belarus 4 Lebanon 4 Kenya

5 Philippines 5 Ecuador 5 Georgia 5 Jordan

6 Thailand 6 El Salvador 6 Bulgaria 6 Morocco

7 Guatemala 7 Bosnia and Herzegovina 7 Egypt

8 Jamaica 8 North Macedonia

9 Mexico 9 Romania

10 Peru 10 Russian Federation

11 Turkey

12 Ukraine

13 Uzbekistan

Note: World Bank.

TABLE 3 Description of variables.

Variable Description Source of data URL

FF Fossil fuel energy consumption in tones (IRP) International resource panel by the UN
Environment Program database (2022)

https://www.resourcepanel.org/global-material-
flows-database

FPI Fossil Fuel price World Economic outlook database October
2021

https://www.imf.org/en/Publications/WEO/weo-
database/2021/October/download-entire-database

PT Patent as a proxy for product and process innovation
measured in total numbers of EPO application

OECD patent statistics (2022) https://doi.org/10.1787/data-00508-en

GDP GDP at constant 2015 US $ in billions World Bank and OECD National Accounts
database (2021)

https://data.worldbank.org/indicator/NY.GDP.
MKTP.KD

POP Population in millions World Bank and OECD National Accounts
database (2021)

https://data.worldbank.org/indicator/SP.POP.
TOTL
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consumption is ever growing population of low- andmiddle-income
countries and the resulting demand for food, products and
transportation. All such activities require a huge level of energy
sources depletion. (Zaman et al., 2016; Khan et al., 2019; Dokas et al.,
2022). The fourth hypothesis of the study is that population is
positively related with fossil fuel energy consumption. Thus, GDP
and Population are putting an adverse effect on reducing fossil fuel
energy consumption.

To achieve the objective of empirically investigating the effect of
product and process innovation along with control variables,
i.e., Fossil fuel price, GDP and population on the demand for
fossil fuel in 43 LMICs around the world is assessed. The
following equation is designed for estimation:

FFit � f FPIit, PTit, GDPit, POPit( ) (1)
Where FF denotes Fossil fuel consumption, FPI denotes Fossil

fuel price, PT denotes patents count, GDP denotes gross domestic
product, PP denotes population.

The selection of an appropriate technique for analysis is the key
factor in any type of research. The traditional method of estimation
such as OLS, GLS, maximum likelihood method, instrumental
variable method cannot deal with the endogenous problems
caused by the inclusion of lag dependent variable into the
explanatory variables and leads to falsifying results. The GMM
method is capable of dealing with heteroscedasticity and
sequence-related problems and provides more efficient estimates
relative to other methods. To estimate the given equation, this study
employs the System GMM model as it has several advantages over
other alternate techniques of estimation. Arellano and Bover (1995)
and Blundell and Bond (1998) proposed this model. System GMM
deals with.

• Country specific effect on time invariant variables
• Endogeneity problem when using lagged dependent variable
• Hetroscedasticity and autocorrelation problems

Moreover, this model allows for endogeneity in other regressors
up to certain degree it also manages unbalanced panel data. (Harris
& Mátyás, 2004), (Nickell, 1981), (Roodman, 2009), (Hsiao, 2022).
Previous studies such Rasheed also used this model et al. (2022) and
Khan et al. (2023).

The general equation of System GMM model is given as:

Yit � αYit −1( ) + βXit + μit (2)
μit � ∅i + ]it (3)

In above equation Xit denotes all the explanatory variables of the
model, µit denotes disturbance term. εi represents fixed effect and ʋit
is unusual shocks having an error component structure as given

E øi( ) � 0. (4)
E ʋit( ) � 0 (5)
E øi ʋit( ) � 0

∴ i � 1, . . . .., n and t � 2, . . . ..,T

(6)
E ʋit, ʋis( ) � 0

for i � 1 . . . ., n and t ≠ s (7)

From the initial conditions

E Yi1 ʋit( ) � O
for every t≥ 2 (8)

And E (øi ΔYi2) = 0.
The linear moment conditions under the assumptions are

E Yi,t−s,Δµit( ) � 0

for all t≥ 3, s≥ 2 (9)
E µitΔYi,t−1( ) � 0

for all t≥ 3 (10)
To ensure the consistency of the systemGMMestimator the problem

of over-identification, that is, the restriction that the model instruments
are exogenous to the group is evaluated using Hansen J Statistics,
(Hansen, 2005), moreover Arellano-Bond test for serial correlation in
error term is employed to analyze theAR (1) andAR (2) autocorrelations.

The dynamic panel data model for the study is specified by
following equation

ln FFit � β0 + β1 lnFFit−1 + β2 LnFPIit + β3 LnPTit + β4 LnGDPit

+ β5 LnPOPit + εit

(11)
Where lnFFit is the log of fossil fuel consumption, lnFFi,t-1 Shows

the lagged value of fossil fuel consumption, βs are the parameters to
be estimated, Zi and εit represent country specific effect and
disturbance term respectively and are independent with identical
distributions (Zi ≈ IID (0, δ2z)), (εit ≈ IID (0, δ2ε )).

Fully Modified OLS (FMOLS) technique is applied for ensuring
the robustness of the model.

4 Results and discussions

Table 4 presents the summary statistics of the variables used
for the analysis. In total five variables are used including fossil
fuel energy consumption, Patents, Fossil fuel price, GDP, and
population. For descriptive analysis of Fossil fuel energy
consumption is measured in kilotons. GDP is measured in
constant 2015 US $ in billions and population is measured as
the total number of residents in millions. Patents are estimated as
total EPO applications. The data is analyzed for 43 LMICs from
East Asia, Latin America, Europe, South Asia, the Middle East,
and Sub-Saharan Africa based on World Bank regional
classification. According to the results, East Asia and the
Pacific have the highest average consumption of fossil fuels
(698720.02) followed by South Asia, Europe & Central Asia,
Sub-Saharan Africa, and the Middle East respectively. However,
Latin America is the lowest average consumer of fossil fuel energy
(40277.40).

According to the data on GDP East Asia and the Pacific are
categorized as the highest GDP generator economy (1721.170 US$)
followed by South Asia, Latin America, Europe, Sub-Saharan Africa,
and the Middle East respectively. According to the data in terms of
population, South Asia is the most populated region (486.988)
followed by East Asia, Sub-Saharan Africa, Latin America, the
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Middle East, and Europe, respectively. The analysis revealed that
East Asia and the Pacific have on average the highest numbers of
patent applications filed at EPO (2545.26) followed by South Asia,
Europe, Latin America, Sub-Saharan Africa, and the Middle East,
respectively.

The objective of this study is to find out what role product and
process innovation play in the demand for fossil fuels in LMICs
around the world. To achieve the objective fossil fuels demand in
terms of Domestic material consumption of fossil fuel is regressed
against 4 Energy and innovation, social and economic variables. The

study employed the System GMM model for the estimation of
results.

Table 5 presents the results of System GMM estimation. From the
Hansen J Statistics, (Hansen, 2005), the null hypothesis of validity of
instruments is not rejected so the System GMM estimator is proved to
be consistent. The results confirm that AR (1) is present and AR (2) is
absent in the data. The results reveal that estimates for lag fossil fuels
consumption, fossil fuel price, and GDP are statistically significant and
positive with values of (0.602), (0.055) and (0.213) respectively at 1%
significance level while estimates for patents and population are

TABLE 4 Summary statistics.

Region Min Max Mean SD

East Asia & Pacific FF 5427000 4510930136 698720021.05 1420902159.1

FPI 100.000 234.787 173.244 45.558

PT .1000 29958.8926 2545.259421 6413.2338112

GDP 5.225 13493.418 1721.170 3353.818

POP 2.526 1402.760 299.079 480.347

Latin America & Caribbean FF 450000 160544647 40277396.01 52933873.132

FPI 100.000 234.787 173.244 45.558

PT .0769 446.3588 65.657965 115.4728649

GDP 13.739 1868.463 399.018 537.547

POP 2.740 209.469 48.201 59.388

Europe & Central Asia FF 785925 835341258 103198488.18 201061688.76

FPI 100.000 234.787 173.244 45.558

PT .1000 805.9026 71.328987 148.8520529

GDP 5.507 1430.115 204.179 369.863

POP 2.036 144.496 27.630 39.246

South Asia FF 1927100 1,311,543,674 336270628.17 463223274.96

FPI 100.000 234.787 173.244 45.558

PT 1.2500 2246.3872 488.762786 755.0574007

GDP 43.875 2590.898 681.784 804.399

POP 19.544 1352.642 486.988 555.060

Middle East & North Africa FF 200000 251206927 50871791.59 69330206.246

FPI 100.000 234.787 173.244 45.558

PT .1667 132.0333 8.586 13.484

GDP 25.029 525.476 152.335 136.639

POP 4.698 98.423 36.915 30.628

Sub-Saharan Africa FF 891830 227199598 56958542.59 88786823.809

FPI 100.000 234.787 173.244 45.558

PT .1000 203.902 42.172 73.0763

GDP 10.517 492.074 199.827 170.995

POP 12.076 195.874 68.872 59.192

Sources: World Economic outlook database October 2021, World Bank and OECD, national accounts database; OECD, patent statistics (2022).
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negative. According to the results lag fossil fuel domestic consumption
has a significantly positive impact on fossil fuels’ current consumption.
It means the higher the consumption of fossil fuels in the previous
period will significantly increase the consumption of fossil fuels in the
current period. Contrary to the first research hypothesis a unique
relation between fossil fuels price and fossil fuel consumption is
evidenced which shows an increase in fossil fuels price will increase
fossil fuels consumption. These results are in line with the study by
Zaharia et al. (2019) who found a positive relationship between oil price
and primary EC for EU countries, and a study by Phoumin & Kimura
(2014) who found a positive price elasticity of demand for energy in

China. This may be justified by the phenomenon that LMICs have an
energy-intensive industrial sector thus for economic growth such
industries need more energy and the price of energy continues to
increase. Moreover, it is well known that energy is the basic material for
growth and development therefore its demand is rigid (Saidi and
Hammami, 2015). In the global energy system, fossil fuel still has
and continues to play a dominant role. Thus, increase in the prices will
not significantly reduce fossil fuel energy consumption.

According to the results, LMICs with high patent rates are found
to have low fossil fuel consumption levels. This means that product
and process innovation can lead to the abounding fossil fuel demand
in the case of LMICs. Thus, the second hypothesis of the study that
there is a negative relationship between product and process
innovation and fossil fuel energy consumption was accepted.
These results are supported by the studies of Jin and Zahng
(2014), Karali et al. (2017), and Sohag et al. (2015). Improved
technology usage at all stages of production and distribution
allows higher efficiency of energy input. With product and
process, innovation energy usage reduces at the current level of
output or increases the level of production without altering the
energy usage level. Improved energy efficiency due to product and
process innovation reduces the EC intensity resulting in lower
energy imports.

The results also show that countries with highGDPs consumemore
fossil fuels. The results show a positive relationship between GDP and
fossil fuel energy consumption which can be interpreted as putting a
negative effect on abandoning fossil fuel energy consumption. Hence
the third hypothesis of the study that there is a positive relationship
between GDP and fossil fuel energy consumption is accepted. These
results are also supported by Zaharia et al. (2019) who found the same
relationship for EU countries and with the studies by Ottelin et al.

TABLE 5 Estimation results of System GMM model.

Variable Coefficient Std. Error Prob

LFF(-1) 0.602 0.007 <0.01

LFPI 0.055 0.003 <0.01

LPT −0.005 0.001 <0.01

LGDP 0.213 0.013 <0.01

LPOP 0.025 0.038 0.50

Mean dependent var −0.037 S.D. dependent var 0.201

S.E. of regression 0.150 Sum squared resid 11.636

J-statistic 39.82 Instrument rank 44

Prob(J-statistic) 0.433 AR (1) (sig-value) 0.0002

AR (2) (sig-value) 0.7542

Authors own calculation.

TABLE 6 Estimation Results of System GMM on regional basis.

Variables East Asia &
Pacific

Latin America &
Caribbean

Europe & Central
Asia

South
Asia

Middle East & North
Africa

Sub-Saharan
Africa

LFF(-1) 0.246* 0.612* 0.975* 0.608* 0.535* 0.411*

LFPI 0.065** 0.066* 0.041* 0.050 0.052* 0.209**

LPT −0.022** −0.004** −0.002* −0.043** −0.0017* −0.024

LGDP 0.851* −0.291* 0.023* 0.404*** 0.311* 0.418**

LPOP 0.215 1.266* 0.006* 0.220 0.268* −0.767

Statistical tests

Mean
dependent var

0.041 −0.0043 15.581 −0.193 −0.046 0.035

S.E. of regression 0.153 0.209 0.105 0.076 0.105 0.217

S.D. dependent var 0.158 0.269 1.799 0.134 0.125 0.243

Sum squared resid 1.570 5.051 1.819 0.180 0.871 2.042

Instrument rank 45 44 46 45 46 45

Prob.(J-statistic) 0.34 0.59 0.37 0.62 0.31 0.29

AR(1) (Sig-value) 0.02 0.01 0.01 0.02 0.01 0.03

AR(2) (Sig-Value) 0.45 0.26 0.28 0.38 0.49 0.34

Authors own calculation, * 1%, ** 5% and *** 10% level of significance respectively.
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(2018), Lenzen et al. (2006), andWiedenhofer et al. (2017). Our findings
show a positive relationship between the population of a country and
fossil fuel consumption for that country over time. Although the results
are according to the theory, however these results are not statistically
significant. Thus, based on insignificant results the fourth hypothesis of
the study that there is a positive relationship between Population of a
country and fossil fuel energy consumption is rejected for low- and
middle-income countries under consideration. These results are
supported by Dokas et al. (2022) who found insignificant
relationship between population growth and electricity consumption.

Table 6 shows the results of System GMM on a regional basis. The
GMM estimators are found to be consistent for all the regions.
Moreover, the presence of AR (1) is confirmed for all the regions
and AR (2) is found absent from the data for all regions. The results
show that lag fossil fuel domestic consumption has a significantly
positive effect on current fossil fuel domestic consumption for all the
regions under consideration with a value of (0.246)for East Asia &
Pacific, (0.612) for Latin America & Caribbean, (0.975) for Europe &
Central Asia, (0.608) for South Asia, (0.535) for Middle East & North
Africa and (0.411) for Sub-Saharan Africa. Fossil fuel price is found to
be significantly positive for East Asia & Pacific (0.065), Latin America &
Caribbean (0.066), Europe & Central Asia (0.041), Sub-Saharan Africa
(0.209), Middle East & North Africa (0.052) (Phoumin, & Kimura,
2014; Zaharia et al., 2019) and insignificant for South Asia (0.050). The
variable patent has significantly negative results for all regions (Jin and
Zahng, 2014; Karali et al., 2017; Sohag et al., 2015; Murshed et al., 2022)
while insignificant for Sub-Saharan Africa with the values of (−0.022),
(−0.004), (−0.002), (−0.043), (−0.0017), (−0.024) respectively.
According to the results GDP is statistically significant and positive
for all regions (Lenzen et al., 2006; Wiedenhofer et al., 2017; Ottelin

et al., 2018; Rehman et al., 2021; Rehman et al., 2022) with values of
(0.851) for East Asia & Pacific, (0.023) for Europe & Central Asia,
(0.404) for South Asia, (0.311) for Middle East & North Africa, (0.418)
for Sub-Saharan Africa except for Latin America & Caribbean where it
is significantly negative (−0.291). The results of the population are
significantly positive for Latin America and the Caribbean (1.266),
Europe & Central Asia (0.006), andMiddle East &North Africa (0.268)
at 1% significance level (Dokas et al., 2022). However, for East Asia &
Pacific, South Asia, and Sub-Saharan Africa it is found to be
insignificant.

Table 7 shows the results of fully modified OLS method. The
results verified the robustness of the model. The results revealed a
positive relationship between fossil fuel price index and fossil fuel
energy demand. The variable patent is found to have significantly
negative relationship with fossil fuel energy demand for the combine
results of 43 low and middle income countries as well as for all the
regions separately. GDP is found to be significantly positive for all
the regions except Latin America & Caribbean. Similar to the results
of SGMM the variable population is according to the theory but
found insignificant in most of the cases.

5 Conclusion and recommendations

This study attempts to investigate the role of product and
process innovation in abandoning fossil fuel energy consumption
in LMICs by utilizing balanced panel data for 43 LMICs for the
period of 14 years, i.e., from 2005 to 2018 from 6 regions. For the
analysis of the fossil fuel market the Economic, social, Energy, and
innovation variables are included in the study as influencing factors

TABLE 7 Estimation results of FMOLS.

Variable Combine East Asia &
Pacific

Latin America &
Caribbean

Europe &
Central Asia

South
Asia

Middle East &
North Africa

Sub-Saharan
Africa

LFPI 0.442** 0.723* 0.548** 0.106* 0.640* 2.278** 2.468*

LPT −0.080** −1.084* −2.175* −0.028** −0.889** −0.747* −1.738*

LGDP 0.305* 0.598** −1.387** 0.357* 1.167* 1.106* 1.207**

LPOP 0.396 0.874 2.311*** 0.580** 0.474847 0.754 1.579

Statistical tests

R-squared 0.987 0.870 0.818 0.995 0.950 0.879 0.844

Adjusted
R-squared

0.986 0.853 0.974 0.994 0.941 0.864 0.831

S.E. of regression 0.245 0.724 0.806 0.140 0.590 0.767 0.624

Long-run
variance

0.013 0.010 0.020 0.008 0.004 0.007 0.023

Mean
dependent var

16.897 18.488 16.215 16.993 17.725 16.379 16.160

S.D.
dependent var

2.130 1.892 1.901 1.954 2.433 2.085 1.956

Sum squared
resid

30.801 35.687 37.419 32.986 31.150 47.143 36.134

Authors own calculation, * 1%, ** 5% and *** 10% level of significance respectively.
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of fossil fuel consumption. Fossil fuels demand in terms of Domestic
material consumption of fossil fuel is regressed against 4 Energy and
innovation, social and economic variables. The study employed the
System GMM model for the estimation of results. The selection of
the model is based on the belief that traditional methods of
estimation such as OLS, GLS, maximum likelihood method,
instrumental variable method cannot deal with the endogenous
problems caused by the inclusion of lag-dependent variable into
the explanatory variables and leads towards falsifying results. The
GMM method is capable of dealing with heteroscedasticity and
sequence-related problems and provides more efficient estimates
relative to other methods. The results of the study provide the
following conclusion:

The higher the consumption of fossil fuels in the previous period
will significantly increase the consumption of fossil fuels in the
current period. The demand for fossil fuel in LMICs is found to be
rigid in terms of fossil fuel price. The LMICs with high patent rates
are found to have low fossil fuel consumption levels. This means that
product and process innovation can lead to the abounding fossil fuel
demand in the case of LMICs. It is evidenced from the results that
economic progress is the main determinant of fossil fuel energy
consumption. GDP is found putting a negative effect on abandoning
fossil fuel energy consumption. Based on findings the study suggests
the following recommendations:

The LMICs should not use taxation policy to achieve the goal of
EC conservation and environmental degradation control. Taxation
can be an effective source of revenue generation for LMICs. It is also
suggested for LMICs Government to focus on product and process
innovation as a critical element while structuring their policy for
climate change mitigation. Moreover, the IPC, EPO and USPTO are
the main organizations for granting patents and global leaders in
understanding pathways to meet climate goals and reducing GHG
emissions. Therefore, such organizations should play their role while
accepting patent applications by structuring standards to reduce the
use of fossil fuel energy consumption and climate change mitigation.

6 Limitations of the study and future
research direction

Due to unavailability of data on some variables, this study is
limited to 43 low- and middle-income countries for the time span of

14 years, i.e., 2005 to 2018. Such study can be conducted in future for
a larger number of countries for a larger time span as well as this
study can be extended to higher income countries. This study can be
conducted using other econometric techniques like ARDL model,
Granger causality test approach, etc.
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