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Abstract

Conserving the lives of newborns has been a long-standing issue around the world, where 2.4 million babies die in the first
month of the life. The literature indicates that the important challenges of social development goals around the globe include
affordable and easy access to electricity, promotion of sustainable economic development, and provision of better social ser-
vices and creation of job opportunities which help in reducing infant mortality rate. This calls for the need to probe into this
matter minutely and brings up the ways for reducing the infant mortality rate. The present study is an attempt to analyze the
impact of rural and urban electrification and biomass energy consumption on infant mortality rate for the period 1990-2020
using the Panel Quantile Regression (PQR) approach. The results of the study show that in both developed and developing
countries, biomass energy consumption has positive impact on infant mortality rate, while rural and urban electrification
has proposed the inverted U-shaped relationship with infant mortality in different quantile groups. It is also concluded that
few developing countries are failed to achieve the maturity of the inverted U-shaped curve while all developed countries
have achieved at the maturity stage. This study recommended that for reducing the infant mortality rate, the world should
discourage the use of biomass energy and promote the affordable and easy access to electricity on priority basis.

Keywords Infant mortality rate - Biomass energy consumption - Rural and urban electrification - Panel Quantile Regression

Introduction

In this modern age, energy is regarded as the most impor-
tant sector of developing and developed economies because
all economic activities heavily depend upon it. Without
energy, a country cannot run the factories and cities that
provide jobs, homes, and goods, which are the major
sources of a comfortable life and amusement particularly
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in the emerging economies (Amjad et al. 2021a). The
future challenges faced by the world include energy cri-
ses, economic hardship, inequalities, and climate vulner-
ability due to climate change (Amjad et al. 2021b; Berrod
et al. 2019). Presently, most of the developing countries
face energy poverty due to inability to access the modern
energy services, easy access to electricity and clean cook-
ing facilities (IEA 2017). The energy poverty is usually
caused by high energy prices, energy inefficient houses and
appliances, and lower income level (Mari-Dell’ Olmo et al.
2017; Fahmy et al. 2011). Energy poverty is not confined
to the limited availability and accessibility to electricity,
but also, it is related to the quality of life. The absence
of modern energy services adversely affects the human
well-being. The availability and access to clean energy
are pivotal for human well-being and better quality of life
(Shobande 2020).

WHO (2007) describes that the minimum room tempera-
ture should be 21 °C for healthy conditions. However, it is
not easy to provide adequate access to electricity, cooking,
and heating facilities globally (Falk et al. 2021; Buzar 2016).
International Energy Agency (IEA) pointed out that about
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96% of the urban population and 85% of the rural popula-
tion have access to electricity. Mostly, people residing in
African countries do not have complete access to electricity
(IEA 2019). The energy progress report (2021) describes
that significant improvement had been observed in the last
decade in terms of access to electricity but this progress is
unequal across the regions. Although more than one bil-
lion people worldwide have access to electricity by the past
decade, but the financial impact of COVID-19 has made
the cost of basic electricity services unbearable for an addi-
tional 30 million people and majority of them belongs to
African region (Amjad et al. 2021c). World Development
Report (2019) mentioned that about 87% people live in rural
areas in African region and one out of three people face
lack of access to electricity especially in Sub-Saharan Afri-
can countries. Majority of the people in this region depend
on traditional biomass (woods, animal dung, and agricul-
ture residues) and coal for energy requirements (Nikus and
Wayessa 2021).

According to WHO Report (2020), more than half of
the global population (52%) is dependent on biomass
fuels and more than 2.4 billion people residing in the
third-world countries rely directly on biomass consump-
tion. They use biomass inefficiently in the open-fire cook
stoves for cooking and flame lamps for lighting their

houses (Coffey et al. 2021). The biomass consumption
in the open-fire cookstove produces smoke that contains
human health damaging particles (Maher et al. 2021). It
also generates PM10 and other toxic chemical gasses such
as hydrocarbons, free radicals, carbon monoxide, and oxy-
genated organics that cause indoor pollution (Pope et al.
2010). The environmental degradation and smoke from
solid fuels spread various diseases such as acute respira-
tory infections, pneumonia, chronic lung diseases, tuber-
culosis, cancers, cardiovascular diseases, and cataracts
(Pope et al. 2010; Dherani et al. 2008). These diseases
mostly affect the health of the women, who cook food and
stay in this dangerous environment longer along with their
infants (Odo et al. 2021; James et al. 2020; Adaji et al.
2019). This indicates that indoor pollution is the most
dangerous killer in developing countries. Chakraborty and
Mondal (2021) pointed out that about 1.6 million people
die from the indoor pollution each year and half of these
deaths occurred among infants under the age of 5 years.
In developing countries, indoor pollution causes high
infant mortality rate (Rana et al. 2021). Figure 1 shows
the deaths from indoor pollution, and it can be observed
that African and South Asian countries particularly face
high deaths due to lack of access to electricity. While in
other countries, majority of the people have easy access

Fig. 1 Flow chart of the theo-
retical model

Access to electricity of rural and urban ‘

Biomass energy consumption

[ Infant mortality rate ]

Table1 Description of the variables

Symbol Indicator Units

IMR Infant mortality rate Per 1000 live births
ACER Access to the electricity, rural population % of rural population
ACEU Access to the electricity of the urban population % of urban population
CRW Combustible renewables and waste % of total energy
URPOP Urban population % of total population
EDU School enrollment, preprimary % gross

SERV Services, value-added % of GDP

INDU Industrialization, value-added % of GDP
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Table 2 Descriptive statistics

Variable Developing countries Developed countries
Obs Mean Std. Dev Min Max Obs Mean Std. Dev Min Max

LNIMR 1457  3.751 0.658 1.775  5.093 2263 2240 0.846 0.531 4333
LNAER 1416  3.190 1.408 —-5969 4944 2261 4.501 0.365 0342 5.185
LNAEU 1442 4288 0.530 —-0.242 5263 2263 4.594 0.047 4.025 4751
LNCRW 1452 2,617 2311 —5.082 4542 2255 1.175 1.882 —7.358 4.234
LNPREP 1312 2.840 1.329 —-2765 4912 2263 4.078 0.679 -1.232 5.118
LNIND 1377 3227 0413 —0.093  4.287 2263 3.307 0.300 2301 4.440
LNSER 1364 3797 0.225 2387 4520 2262 4.023 0.208 1.167  4.384
LNURPOP 1457 15972 1.255 12.965 19.993 2263 15817 1.592 12.492  20.58
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Fig.2 Correlation plots

to electricity who enjoy good health, get better educa-
tion, and obtain massive food production, protect climate
change, and get benefits of high economic growth.

No doubt all members of the society are not equally vul-
nerable to energy poverty. Presently, energy has become
highly important for health and other socio economic
aspects of the human life. Women and children are often
the most affected by the energy poverty. Furthermore, it
has been observed that the Gender Inequality Index (GII)
is generally higher for the countries having widespread
problems of energy poverty (UNDP 2016). This relation-
ship is quite understandable as the collection of biomass
in developing areas is usually performed by women, who
also spend more time in cooking food using biomass energy

sanitation water. The non-availability of affordable elec-
tricity makes the women to wash clothes by hands. The
easy access to electricity may make it easy for them to
get drinking and sanitation water and use electric wash-
ing machines which may improve their health and enable
them to get better jobs and invest more in health of their
children (Nano 2021).

The improvement in quality of life and the provision of better
health facilities depend on easy access to electricity as modern
hospitals use electricity for lighting, temperature control, and
continuous supply of water and proper functioning of medical

Table 3 Variance inflation factor (VIF)

(Zubi et al. 2019).

Developing countries

The infant mortality rate is highly correlated with the
responsibilities and facilities available to women. The
affordable and easy access to electricity to household
women enables them to spend less time and effort in the
collection of biomass and pay more attention to their
children’s health (Enyew et al. 2021). Furthermore, the
absence of easy access to safe drinking and sanitation
water forces the women to carry pitcher of water on
their heads and travel long way on foot. In some areas,
the women use manual hand pumps to get drinking and

@ Springer

Developed countries

Variable VIF 1/VIF VIF 1/VIF
LNAER 3.050 0.328 1.890 0.530
LNAEU 2.110 0.474 1.880 0.532
LNCRW 1.600 0.624 1.290 0.773
LNEDU 1.540 0.648 1.400 0.713
LNSER 1.250 0.800 2.270 0.440
LNURPOP 1.170 0.852 1.170 0.858
LNIND 1.140 0.877 2.450 0.409
Mean VIF 1.70 1.760
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Table 4 Detail results of the Panel Quantile Regression (PQR) of developing countries
Model 1 Model 2
Lower infant mor-  Middle infant Higher infant Lower infant Middle infant Higher infant
tality mortality mortality mortality mortality mortality

0.197* (0.038)
—0.091* (0.006)
0.913* (0.174)
—0.133* (0.027)

—0.092* (0.011)
0.108* (0.010)
—0.302* (0.033)
—0.557* (0.062)
7.433%* (0.427)

LNAER 0.435% (0.032) 0.361* (0.029)
LNAER? —0.134% (0.005)  —0.120* (0.005)
LNAEU 0.093 (0.146) 0.449* (0.133)
LNAEU? —0.021 (0.023 —0.056* (0.021)
LNCRW

LNCRW2

LNEDU —0.139% (0.010)  —0.101* (0.009)
LNURPOP 0.135* (0.009) 0.113* (0.008)
LNIND —0.157% (0.028)  —0.218* (0.025)
LNSER —0.247% (0.052)  —0.361* (0.047)
_CONS 3.452% (0.359) 5.478* (0.326)
Pseudo R2 0.543 0.506 0.410

No. of observation

1207

1207

1207

0.101* (0.007)
0.013* (0.003)
—0.232% (0.013)
0.057* (0.013)
—0.103** (0.043)
—0.647* (0.080)
5.579* (0.406)
0.418

1230

0.086* (0.008)
0.023* (0.003)
—0.177* (0.014)
0.023%+% (0.013)
—0.200%* (0.044)
—0.620%* (0.082)
6.392% (0.418)
0.352

1230

0.068 (0.009)
0.026 (0.004)
—0.114 (0.017)
0.010 (0.016)
—0.098 (0.054)
—0.475 (0.101)
5.842 (0.511)
0.270

1230

¥, % and ek present the level of significance at 1%, 5%, and 10%, while standard error is presented in parenthesis

equipment. The need for electrification has increased in recent
emergency of COVID-19 to run the medical equipment and
better sterilized clinics which make women to give birth safely
(WHO 2020).

The present study will try to achieve the few objectives
to explore the nexus between access to electricity and
biomass consumption on infant mortality rate. The first
objective is to examine the role of rural and urban elec-
trification on infant mortality rate. The second objective
is to explore the impact of biomass energy consumption
on infant mortality rate.

The present study is very significant because in the
previous literature, there are not many studies explor-
ing the impact of rural and urban electrification and
biomass consumption on infant mortality in developed
and developing countries. This study is following the
novel econometric approach PQR of different groups
of infant mortality rates by using the non-linear analy-
sis. Apart from this study, Sial et al. (2022) examined
the non-linear impact of energy consumption on infant
mortality rate.

Literature review

Several studies have explored that climatic pollution is the
major cause of infant mortality rate (Han et al. 2021). Fos-
sil fuel consumption is considered the major contributor of
environmental pollution in the atmosphere. Sial et al. (2022)
found the fossil fuel increases infant mortality rate due to
massive air pollution. The present study will examine the
impact of access to electricity and biomass consumption

on the infant mortality rate. Access to electricity is consid-
ered the clean energy that plays an influential role to control
environmental degradation. Furthermore, it also plays a sig-
nificant contribution to economic development, health, and
other socio-economic aspects.

There are numerous literatures which examined the
access of electricity on the health sector. The health indi-
cators include infant mortality rate, incidence of malaria,
deaths, and acute respiratory diseases. Electrification helps
to decline infant mortality rate (Sule et al. 2022; Shobande
2020). Provision of electricity improves the health quality
by using modern health care technologies that decline infant
mortality rate. Mohammed and Akuoko (2022) analyzed the
access to electricity of different infant mortality groups in
Ghana. The study explored that in low incidence of infant
mortality group, increase in the access to electricity reduces
infant mortality, while on the other hand, in high mortality
region, improvement of electricity has no impact on infant
mortality rate. Ani (2021) pointed out that electrification
is indispensable for operating the modern healthcare tech-
nologies which reduces infant mortality rate in Nigeria.
Ouedraogoa et al. (2021) explored that easy access to elec-
tricity declined mortality rate under 5-year children, crude
death rates, and incidence of malaria in 24 Sub-Saharan
African countries. Home births without access to electric-
ity have more risk of death compared to planned hospital
births (Dendup et al. 2018). Rutstein (2002) tries to find the
factors associated with infant mortality rate in developing
countries. The study concludes that easy access to electricity
may reduce the infant mortality rate.

Many researchers used access to electricity as the
energy poverty. Banerjee et al. (2021) point out that an

@ Springer
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Fig. 3 Quadratic effects of LNAER and LNAEU of developing countries

effort for reducing energy poverty may improve educa-
tion and health outcomes. Nawaz (2021) explores the
impact of multidimensional energy poverty on mul-
tidimensional health and climate change deprivation.
The study concludes that energy poverty is positively

@ Springer

associated with health poverty in Pakistan. Oliveras
et al. (2021) analyze the impact of energy poverty on
well-being and health of children. The study concludes
that energy poverty has strong correlation with the poor
health of children.
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Table 5 .Cut—off Ve}lue of Lower infant ~ Middle infant ~Higher infant ~Middle infant  Higher
developing countries mortality mortality mortality mortality infant
mortality
LNAER LNAEU
Level coefficients 0.435 0.361 0.197 0.449 0.913
Squared coefficients —0.134 —0.120 —0.091 —0.056 —0.133
Cut-off values 1.623 1.504 1.082 4.009 3.432
Antilog of cut-off values 5.380 4.756 3.072 63.829 35.108
Table 6 PQR results of developed countries
Model 1 Model 2
Lower infant Middle infant Higher infant Lower infant Middle infant Higher infant
mortality mortality mortality mortality mortality mortality
LNAER 2.436* (0.264) 2.584* (0.202) 1.408%* (0.244)
LNAER? —0.419* (0.042) —0.456* (0.032) —0.320%* (0.038)
LNAEU 2.466* (0.881) 2.023* (0..003) 2.999% (21.186)
LNAEU? —0.525% (0.009) —1.227*% (0.073) —2.096 (2.388)
LNCRW 0.040* (0.010) 0.058* (0.010) 0.092* (0.010)
LNCRW? —0.015*% (0.004)  0.009** (0.004) 0.027* (0.004)
LNEDU —0.427* (0.028) —0.524* (0.021) —0.526*% (0.026)  —0.677* (0.028)  —0.658* (0.030) —0.845* (0.029)
LNIND 0.027 (0.078) —0.016 (0.060) —0.140%** 0.336* (0.085) 0.276* (0.089) 0.394* (0.087)
(0.072)
LNSER —1.529* (0.114) —1.824%* (0.088) —1.884* (0.106)  —1.037*(0.118)  —1.377* (0.123) —1.017* (0.121)
LNURPOP 0.013 (0.011) —0.015%** (0.008) —0.023** (0.010) —0.001 (0.011) —0.027*%* (0.012)  —0.054* (0.011)
CONS —5.935*%(0.614) —4.022* (0.718) —4.976* (0.864)  7.695* (0.652) 9.833* (0.685) 9.525* (0.671)
Pseudo R? 0.374 0.438 0.429 0.294 0.346 0.354
No. of observation 2260 2260 2260 2254 2254 2254

F

More than half of the world’s population has been liv-
ing in rural areas which face lack of infrastructure, shortage
of drinking and sanitation water, and affordable access to
electricity. Moner-Girona et al. (2021) examined the benefits
of electricity on medical equipment in rural communities
in Sub-Saharan African countries. The study explored that
clean and reliable photovoltaic renewable electricity facili-
tates the rural health sector. Chen et al. (2019) analyzed the
micro level study in rural areas of Gujarat India. The study
concluded that the rural electrification increased the health
service utilization, health information, and health facilities
through availability of essential equipment and devices.
Fujii et al. (2018) explore the association of electrification
and children’s nutrition in rural areas of Bangladesh during
2000-2014. The study concludes that electrification has a
positive association with nutrition of small children.

Poor economic conditions and lower employment oppor-
tunities to the rural population motives them to migrate to
the urban areas. To fulfill the consumption requirement of

, **_and *** present the level of significance at 1%, 5%, and 10%, while standard error is presented in the parenthesis

the urban population needs energy which unfortunately it
is accomplishing with the fossil fuels consumption. Wang
(2018) pointed out that urban transportation and industri-
alization running by the fossil fuels is considered the major
factor of environmental degradation which badly affects
the health sector. Tripathi (2021) identified that urbaniza-
tion badly damage the health of infants which caused infant
mortality.

The households facing lack of access to electricity
rely on biomass energy consumption. Bakehe (2021)
conducted micro level household data and evaluated that
the household that relies on biomass energy resources
like woods, dank cakes, and fossil fuels causes different
acute respiratory diseases and illness which badly affect
the women health. Nesterovic et al. (2021) pointed out
that lack of access to electricity forces the people to rely
heavily on biomass and non-renewable energy resources
which emit excessive CO, and cause indoor pollution
which is highly dangerous for the health. Yousaf et al.
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Fig.4 Quadratic effects of LNAER and LNAEU of developed countries

(2021) investigate the impact of biomass and fossil fuel =~ (2021) analyze indoor pollution on women health and
energy consumption on carbon emissions in Pakistan. infant mortality rate in Myanmar. The study supports
The study concludes that the use of biomass and fos-  the argument that indoor pollution increases infant mor-
sil fuel positively increase carbon emissions. Rana et al.  tality. Shabbir and Malik (2021) point out that the use

@ Springer
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Table7 Cut-off \{al}le of Lower infant ~ Middle infant Higher infant Lower infant = Middle
developed countries mortality mortality mortality mortality infant mor-
tality
LNAER LNAEU
Level coefficients 2.436 2.584 1.408 2.466 2.023
Squared coefficients —-0.419 —0.456 —0.320 —0.525 —-1.227
Cut-off values 2.907 2.833 2.200 2.349 0.824
Antilog of cut-off values 20.363 18.867 9.785 11.414 2.351

of biomass consumption causes respiratory and non-
respiratory diseases in women that may cause hyperten-
sion, stillbirth, miscarriages, and low birth weight in
women. Adeleye et al. (2021) investigate the impact of
non-renewable energy consumption on infant mortality
rate in 42 Asian and Pacific countries during 2005-2015.
The study verifies that non-renewable energy consump-
tion indirectly increases infant mortality through carbon
emissions.

Several studies have shown that lack of maternal edu-
cation is the major cause of high infant mortality rate in
developing countries. Sial et al. (2022) identified that school
enrollment significantly declined the infant mortality rate.
Halinga and Mapoma (2021) explore the link between
maternal education and infant mortality rate and point out
that improving maternal education may be helpful in reduc-
ing the infant mortality rate. Qadir and Majeed (2018) inves-
tigated that government expenditure significantly reduced
infant mortality rate. Mamoon et al. (2014) explored that
higher literacy rate declined infant mortality rate.

The service sector is the jobs of housekeeping, nurs-
ing, teaching, and touring. Usually, most of these jobs are
performed by women. It is observed that the service sector
declines infant mortality rate. Bibi et al. (2020) investigated
the women empowerment on infant mortality rate in Paki-
stan. The study concluded that women empowerment using
employment, education level, and decision-making power
significantly declined infant mortality rate.

The urbanization is also important determent of infant
mortality rate. Urbanization has two-way impacts on infant
mortality rate. The planned urbanization provides better
health facilities which decline the infant mortality rate. Qing
(2018) identified that urbanization reduces infant mortality
rate and crude death rates in global prospective. On the other
hand, unplanned urbanization deteriorates the health sec-
tor. Dong et al. (2021) pointed that unplanned urbanization
increases carbon emissions which badly damage the health
sector. The study found that high industrialized and urban-
ized areas faced more health risks.

Industrialization is an important role in the infant mortal-
ity rate. Few studies show that industrialization causes air
pollution which increases the infant mortality rate (Tavassoli

et al. 2021; Bauer, et al. 2019). While on the other hand,
many studies support the industrialization decline infant
mortality rate. In the industries, women are involve in pro-
ductivity which increases the household income. By increase
in the household income, infant mortality declined signifi-
cantly (Federman and Levine 2005; Beneito and Garcia-
Gobémez 2019).

After reviewing the pervious literature, it is investigated
that access to electricity, biomass energy consumption,
industrialization, urbanization, and service sector are the
key determinate of the infant mortality rate. There are not
so much studies that explored the non-linear analysis of
access to electricity and biomass energy consumption on
infant mortality. Keeping in view of research gap, the access
to electricity is used as the urban and rural access to electric-
ity by using the unique PQR econometric technique at three
groups, namely, lower, middle, and higher infant mortality
rates of both developed and developing countries. Further-
more, the biomass energy consumption has also non-linear
association with infant mortality rate.

Theoretical framework

The present study is the motivation by the Environmen-
tal Kuznets Curve (EKC) which proposed the inverted
U-shaped Kuznets curve. To explore the access to electricity
and biomass energy consumption on infant mortality rate,
this study suggests two models. The first model deals with
the association between access to electricity and infant mor-
tality rate. Access to electricity is used in terms of rural and
urban population access to electricity. Following by Haans
et al. (2016) and Sial et al. (2022) suggested that due to large
fluctuation in the independent variable behaves a non-linear
association with the dependent variable. So, in this study,
rural and urban electricity access is behaving a non-linear
relationship with the infant mortality rate. It shows that
lower rural and urban electricity access increases the infant
mortality rate while the higher level of rural and urban elec-
trification declines the infant mortality rate that proposing
the inverted U-shaped relationship (Ouedraogoa et al. 2021;
Ani 2021; Dendup et al. 2018; Lewis 2018; Rutstein 2002).
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Table 8 Linearized marginal
effect at different quantiles in
developing countries

@ Springer

No. Country Linear effect of LNAER Linear effect of LNAEU

Mean LNAER Lower Middle Higher Mean LNAEU Middle Higher
1 Algeria 4.59 -079 -0.74 -0.64 4.60 -0.07 -0.31
2 Angola 1.30 0.09*%  0.05* -0.04 430 -003 -0.23
3 Bangladesh 3.06 -039 -037 -036 4.39 -004 -0.25
4 Benin 1.92 -008 -0.10 -0.15 3.82 0.02 —-0.10
5 Bolivia 3.66 -055 —-052 —-047 457 -0.06 —-0.30
6 Cambodia 3.08 -039 -038 -036 4.21 -0.02 -021
7 Cameroon 2.62 -027 -027 -0.28 439 -004 -0.25
8 Congo, Dem  0.64 0.26%  0.21* 0.08* 3.19 0.09* 0.07%*
9 Congo, Rep 1.65 -001 -004 -0.10 392 0.01%* -0.13
10 Cote d’Ivoire  3.22 -043 -041 -039 437 -0.04 -0.25
11 Egypt 4.57 -079 -074 —-0.63 4.60 -0.07 -0.31
12 El Salvador 4.27 -071 -066 —-0.58 457 -0.06 -0.30
13 Eritrea 2.62 -027 -027 —-028 437 -0.04 -0.25
14 Ethiopia 1.70 -002 -005 -0.11 4.33 -0.04 -0.24
15  Ghana 2.97 -036 -035 —-034 440 -0.04 -0.26
16  Honduras 3.93 -062 -058 052 4.56 -0.06 —-0.30
17  India 4.06 -065 —-0.61 —-054 451 -006 -0.29
18  Indonesia 425 -070 -0.66 —-0.58 4.57 -0.06 —-0.30
19 Iran 4.56 -079 -0.73 —-0.63 4.1 -0.07 -031
20  Kenya 2.45 -022 -023 -025 4.08 -001 -0.17
21  Korea, Dem 3.18 -042 -040 —-0.38 2095 0.12% 0.13%*
22 KyrgyzR 4.60 -0.80 -0.74 —-0.64 4.60 -0.07 -0.31
23 Lebanon 4.59 -0.79 -0.74 -0.64 4.60 -0.07 -0.3l1
24 Mongolia 3.75 -057 -054 —-049 458 -0.06 —-0.31
25  Morocco 3.94 -0.62 -059 -052 454 -0.06 -030
26  Mozambique 0.29 0.36%  0.29* 0.14* 3.79 0.02% -0.10
27  Myanmar 3.44 -049 -047 —-043 444 -0.05 -0.27
28  Nepal 3.49 -050 —-048 —-044 443 -0.05 -0.27
29  Nicaragua 3.97 -063 -059 -0.53 4.56 -0.06 -0.30
30  Niger 1.21 0.11*  0.07* -0.02 3.76 0.03* -0.09
31  Nigeria 3.09 -039 -038 —-037 443 -0.05 -0.27
32 Pakistan 4.07 -0.66 —-0.62 —-0.54 456 -0.06 -0.30
33 Philippines 4.22 -070 —-0.65 —0.57 451 -0.06 -0.29
34 Senegal 2.85 -033 -032 -032 432 -0.03 -0.24
35  South Sudan  0.35 0.34*%  0.28* 0.13% 2.20 0.20* 0.33%
36  Sri Lanka 4.50 -077 =072 -0.62 4.59 -0.07 -0.31
37  Sudan 2.84 -033 -032 -032 421 -0.02 -0.21
38  Syrian Arab  4.43 -075 -0.70 -0.61 4.60 -0.07 -0.31
39  Tanzania 1.33 0.08*  0.04* —-0.05 3.67 0.04* —0.06
40  Togo 2.09 -0.13 -0.14 -0.18 4.00 0.00* —0.15
41  Tunisia 4.46 -076 -0.71 -0.61 4.60 -0.07 -0.31
42 Ukraine 4.61 -0.80 -0.74 -0.64 4.61 -0.07 -0.31
43 Uzbekistan 4.60 -0.80 -0.74 -0.64 461 -0.07 -031
44 Vietnam 4.22 -070 -0.65 —-057 459 -0.07 -0.31
45  Yemen,Rep  3.69 -055 -052 —-047 453 -0.06 -0.29
46  Zambia 1.55 0.02%* —-0.01 -0.08 394 0.01* -0.14
47  Zimbabwe 2.44 -022 -022 -0.25 445 -0.05 -0.27

* shows higher infant mortality rate countries due to lower access to electricity
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Table 9 Linearized marginal
effect of developed countries

29559
No. Country Linear effect of LNAER Linear effect of LNAEU
Mean LNAER Lowe Middle Upper Mean LNAEU Lower Middle
1 Albania 4.61 —-142 -162 —-154 461 -237 -9.28
2 Argentina 4.50 —-134 —-152 —-147 458 -234 -9.22
3 Armenia 4.57 -139 -158 —-1.52 458 -235 -9.22
4 Australia 4.61 —-142 -162 —-154 461 -237 -9.28
5 Austria 4.61 —-142 -162 —-154 461 -237 -9.28
6  Azerbaijan 4.60 -142 -161 —-154 4.60 -236 -9.27
7  Belarus 4.61 -142 -1.62 -154 461 -237 -9.28
8  Belgium 4.61 —-142 -1.62 —-154 461 -237 -9.28
9  Brazil 4.42 -127 -145 -142 4.60 -236 -9.26
10  Bulgaria 4.61 —-142 -1.62 —-154 461 -237 -9.28
11  Canada 4.61 —-142 -1.62 —-154 461 -237 -9.28
12 Chile 4.47 -131 -149 —-145 4.60 -237 =927
13 China 4.57 -139 -159 -152 46l -237 -9.29
14  Colombia 4.44 —-128 —-146 —-143 4.60 -236 -9.26
15  Costa Rica 4.50 -134 -152 —-147 4.60 -237 =927
16  Croatia 4.61 -142 -1.62 —-154 461 -237 -9.28
17 Cuba 4.55 -137 -156 —-150 4.61 -237 -9.29
18 Cyprus 4.61 -142 -1.62 —-154 461 -237 -9.28
19  Czech Rep 4.61 -142 -1.62 —-154 461 -237 -9.28
20  Denmark 4.61 -142 -1.62 —-154 461 -237 -9.28
21  Dominican Rep 4.39 -124 -142 —-140 458 -235 -9.22
22 Ecuador 4.46 -130 -148 —-145 459 -235 -9.24
23 Estonia 4.61 -142 -1.62 —-154 46l -237 -9.28
24 Finland 4.61 -142 -1.62 —-154 461 -237 -9.28
25  France 4.61 -142 -1.62 —-154 461 -237 -9.28
26  Georgia 4.60 -142 -161 —-154 46l -237 -9.28
27  Germany 4.61 -142 -1.62 —-154 461 -237 -9.28
28  Greece 4.61 -142 -1.62 —-154 461 -237 -9.28
29  Guatemala 3.86 -080 -094 -1.07 4.52 -228 -9.07
30 Hungary 4.61 -142 -1.62 —-154 461 -237 -9.28
31 Iraq 4.54 -137 -155 -150 4.60 -237 =927
32 Ireland 4.61 -142 -1.62 —-154 461 -237 -9.28
33 Israel 4.61 —-142 -1.62 —-154 46l -237 -9.28
34 Italy 4.61 —-142 -1.62 —-154 461 -237 -9.28
35 Jamaica 4.40 —-125 -143 —-141 454 -230 -9.11
36 Japan 4.61 —-142 -1.62 —-154 461 -237 -9.28
37 Jordan 4.57 —-140 -159 -1.52 4.60 -237 =927
38  Kazakhstan 4.61 —-143 -1.62 —-154 4.60 -237 -9.28
39 Korea, Rep 4.60 —-142 -1.62 —-154 461 -237 -9.28
40 Latvia 4.61 —-142 -1.62 —154 461 -237 -9.28
41  Lithuania 4.61 —-142 -1.62 —-154 461 -237 -9.28
42 Luxembourg 4.61 —-142 -1.62 —-154 461 -237 -9.28
43 Malaysia 4.59 —-141 -1.60 —-1.53 4.60 -237 =927
44 Mauritius 4.59 —-141 -161 —-1.53 4.60 -237 =927
45  Mexico 451 —-135 —-153 —-148 4.60 -236 -9.26
46  Montenegro 4.61 -142 -1.62 —-154 4.60 —-2.37 -9.28
47  Namibia 3.00 -0.08 -0.15 -0.51 427 -2.02 -845
48  Netherlands 4.61 —-142 -162 —-154 461 -237 -9.28
49  New Zealand 4.61 —-142 -162 -154 461 -237 -9.28
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Table 9 (continued)

No. Country Linear effect of LNAER Linear effect of LNAEU

Mean LNAER Lowe Middle Upper Mean LNAEU Lower Middle
50  North Macedonia 4.61 —-142 -162 —-154 4.60 -237 -9.28
51 Panama 4.13 -1.02 -118 —-1.23 458 -234 -9.22
52 Paraguay 4.31 -1.17 -134 —-135 458 -235 -923
53 Peru 3.38 -040 -050 -0.76 4.56 -232 -9.16
54 Poland 4.61 -142 -1.62 —-154 461 -237 -9.28
55 Portugal 4.61 -142 -1.62 —-154 461 -237 -9.28
56  Romania 4.61 -142 -1.62 —-154 461 -237 -9.28
57  Russian Fed 4.61 -142 -162 —-154 4.60 -237 =927
58  Saudi Arabia 4.61 -142 -1.62 —-154 46l -237 -9.28
59  Serbia 4.61 -142 -162 —-154 4.60 -237 -9.28
60  Slovak Republic ~ 4.61 —-142 -1.62 —-154 46l -237 -9.28
61  Slovenia 4.61 —-142 -1.62 —-154 461 -237 -9.28
62  South Africa 4.09 -1.00 -1.15 —-121 446 —-222 -892
63 Spain 4.61 —-142 -1.62 —-154 46l -237 -9.28
64  Suriname 4.63 —-144 -1.64 —155 46l -238 -9.30
65 Sweden 4.61 —-142 -1.62 —-154 46l -237 -9.28
66  Switzerland 4.61 —-142 -1.62 —-154 461 -237 -9.28
67  Thailand 3.97 -089 -1.04 -1.13 461 -237 -9.29
68 Trinidadand To  4.22 -110 -126 —-129 461 -237 -9.28
69  Turkiye 4.61 —-142 -162 —-154 4.60 -237 -9.28
70  United Arab 4.61 —-142 -1.62 —154 461 -237 -9.28
71  United Kingdom  4.61 —-142 -1.62 —-154 461 -237 -9.28
72 United States 4.61 -142 -1.62 —-154 461 -237 -9.28
73 Uruguay 4.45 -130 -148 —144 4.60 —-236 —-9.26

Furthermore, the populations that do not have an easy and
affordable access to clean energy usually consume biomass
for cooking, lighting their houses, and for other economic
activities. So, the second model explores the relationship
between biomass energy consumption and infant mortality
rate. Biomass energy consumption is also behaving non-
linear relationship with infant mortality rate. The lower
biomass consumption declines infant mortality rate while
the massive biomass consumption increase infant mortality
rate and propose the U-shaped relationship (for details see,
Rana et al. 2021; Shabbir and Malik 2021; Gahlawat 2017).

Research methodology

The present study is conducted in the global prospective.
In this regard, depending upon data availability, 47 lower-
and middle-income countries and 73 higher- and higher-
middle-income countries are included in the sample by
the classification of the World Development indicators
database 2022. Furthermore, this study categorize the
lower- and middle-income countries as the developing
countries while high-middle-income and higher-income

@ Springer

countries as the developed countries. This study uses
annual data for the period 1990-2020. The missing value
is forecasted by using ipolate command in STATA 16.
Furthermore, three quantile groups have built on the basis
of infant mortality rate as low infant mortality rate, mid-
dle infant mortality rate, and higher mortality rate groups.
These groups are based on the natural logarithmic value
of infant mortality rate for each year. The details of vari-
ables included in both models are presented in Table 1.

This study follows the two models to analyze the
access to electricity and biomass consumption on infant
mortality rate. In both models, the infant mortality rate
is used as the dependent variable. In the literature, many
researchers used infant mortality rate as the dependent
variable in econometric modeling (Sial et al. 2022; Sule
et al. 2022; Shobande 2020). In model 1, the rural and
urban electricity access, while in model 2, the biomass
energy consumption are used as the key independent
variables. The non-linear trend between these variables
is confirmed through bi-variate analysis which is not pre-
sented here due to conserving time and space. So, the
functional form based on the theoretical frame work is
discussed as follows:
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LNIMR =f(LNAER, LNAER?, LNAEU,
LNAEU?, LNEDU, LNIND, (D
LNSERV, LNURPOP)

LNIMR =f(LNCRW, LNCRW?,
LNEDU, LNIND, LNSERV, (2)
LNURPOP)

On the basis of Egs. 1 and 2, the models are written as:

LNIMR;, =a; + a,LNAER,, + a;LNAER?,

+ a,LNAEU,, + a;LNAEU?

3
+ aLNEDU,, + a,LNSERY, )
+ agLNIND,, + +ayLNURPOP,, + &
LNIMR;, =, + p,LNCRW,, + f;LNCRW?
+ B,LNEDU ,+fsLNSERV, 4)

+ s LNIND,, + f,LNURPOP,, + ¢

The quadratic term of rural electricity access
(LNAER) and urban electricity access (LNAEU) is used
to empirically validation of the inverted U-shaped rela-
tionship while the quadratic term of biomass energy con-
sumption (LNCRW) proposes the U-shaped relationship
(Haans et al. 2016). To calculate the optimal value of the
inverted U-shaped and U-shaped curve, the cut-off value
is calculated as follows:

Cut off value of LNAER:
OLNIMR; _ +2a;LNAER,, =0
JLNAER, 27 % =
* __ @
LNAER; = T )
Cut off value of LNAEU:
OLNIMR;, _ +2a:LNAEU, = 0
JLNAEU, 4+7T°% =
* ay
LNAEU; = T (6)
Cut off value of LNCRW:
ILNIMR, B, + 2B, LNCRW, =0
OLNCRW, ~ "2 73 e
% ﬂ 2
LNCRW! = —Z= @)
it ﬂ3

Equations 5 and 6 demonstrate maximum value of
inverted U-shaped function, and Eq. 7 shows the minimum
value of U-shaped function of the quadratic functions (Chi-
ang and Wainwright 2005).

The basic diagnostic test shows the presence of outliers
and non-normality of the variables, so in this regard, robust
Panel Quantile Regression (PQR) is applied for analysis.
PQR econometric approach is introduced by Koenker and
Bassett (1978) to estimate the model at different quantile
groups. Therefore, this study applies three quantile groups
based on infant mortality rate which have built as lower
infant mortality rate, middle infant mortality rate, and higher
infant mortality rate groups at 25%, 50%, and 75% quantiles.

Results and discussion

The descriptive statistics of developed and developing
countries are presented in Table 2. Figure 2 shows the
plot of pairwise correlations of the dependent and inde-
pendent variables of both models separately in case of
developing and developed countries. In these plots, the
dark blue color shows perfect positive correlation, and
the dark red color shows perfect negative correlation.
This indicates that in both models, independent variables
show weak correlation.

The VIF results of both models are presented in
Table 3. The observed tolerance values of all explana-
tory variables are less than 10. The mean values of VIF
of both models are 1.70 and 1.76 which are less than 10
indicating the lower multicollinearity and can be used for
further econometric analysis.

In the presence of outliers, the robust approach of the
Panel Quantile Regression (PQR) estimation technique
is used (Sardar and Rehman, 2022). The PQR estimation
technique has helped to make static groups; in this regard,
three different quantile groups are considered on the basis of
infant mortality rate. These quantiles are categorized as low
infant mortality rate, middle infant mortality rate, and high
infant mortality rate groups. These results of three different
groups of developing and developed countries are presented
in Tables 4 and 6. For this propose, rural and urban electrifi-
cation has non-linear association with infant mortality rate;
the squares of these two variables can be used in both devel-
oping and developed countries. The lack of access to elec-
tricity forces the people to depend on biomass. This study
uses combustible renewable and waste as proxy of biomass
consumption (LNCRW). The LNCRW also behaves non-
linearly, so its quadratic term is also used in both developed
and developing countries.

Table 4 shows the PQR results of developing countries
of both models. In model 1, at all three groups, the level
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coefficient of rural electrification (LNAER) positively
increases the infant mortality, while the quadratic coef-
ficient significantly declines infant mortality rate. When
we trace the level and quadratic coefficients of LNAER
using the constant term, mean, and standard deviation,
the inverted U-shaped curves are proposed as shown in
Fig. 3 (Dawson 2014). Similarly, the coefficient of urban
electrification (LNAEU) at the middle and high infant
mortality rate group of the level coefficient of LNACEU
has positive impact on the LNIMR, while the quadratic
coefficient of LNACEU has negative impact on LNIMR
(these results are consistent with Ouedraogoa et al. 2021;
Ani 2021; Dendup et al. 2018; Rutstein 2002). When we
trace the level and quadratic coefficient of LNAEU by
using the mean, standard deviation and constant term
propose the inverted U-shaped relationship. The results
of model 2 of developing countries show that less and
excessive use of LNCRW both increase infant mortality
rate at the middle and higher quantile group (our findings
are consistent with Rana et al. 2021; Shabbir and Malik
2021; Gahlawat 2017).

For a clear understanding of the optimal value of the
inverted U-shaped curve, the cut-off value is calculated in
Table 5. The cut-off value of LNAER and LNAEU of three
groups falls between the minimum and maximum values
in Table 1.

After detail discussion of the developing countries,
Table 6 presents the results of models 1 and 2 of devel-
oped countries. These models also follows the PQR tech-
nique at three different quantile groups like low, middle,
and higher infant mortality rates. In model 1, the level
coefficient of rural electrification access (LNAER) posi-
tively impacts the infant mortality rate while its quad-
ratic coefficient negatively impacts the infant mortality
rate at the three quintile groups. Furthermore, at level
the coefficient of urban electrification access (LNAEU)
positively impacts the infant mortality rate, while the
quadratic coefficient negatively impacts the infant mor-
tality rate at lower and middle quantiles. When we trace
the level and quadratic coefficient of rural and urban
electrification access by using their mean, standard devi-
ation, and constant term at different quantiles groups, we
propose the inverted U-shaped relationship as presented
in Fig. 4. In model 2, at lower quintile group, the level
coefficient of LNCRW is positive while quadratic coef-
ficient is negative which proposes the inverted U-shaped
relationship. While at the middle and higher infant mor-
tality rate groups, both level and quadratic coefficients
are positively impacting the infant mortality rate.

Table 7 shows the cut-off values of the rural and urban
electrification at different quantile groups. The cut-off value
is used to calculate the maximum value of the inverted
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U-shaped curve. All cut-off values are between the mini-
mum and maximum values of LNAER and LNAEU as pre-
sented in Table 1. It indicates the validation of the inverted
U-shaped curve.

In both Tables 4 and 6, there are also some control variables
which are also included. The first control variables used in
both models show that pre-primary education (LNEDU) has
negative impact on the infant mortality rate in all the countries.
These results are in line with the findings of Mapoma (2021)
and Wang (2021). The pre-primary education enables women
to take care of their infants through better medication and pro-
vide them proper feeds which help in reducing infant mortal-
ity rate. Services sector (LNSERV) has also negative impact
on the infant mortality rate in both models. The provision of
jobs to women such as housekeeping, nursing, and teaching
raises family income which enables them to spend more on
the health of their infants. The industrial value added results
are opposite in both models. The results of model 1 reveal that
industrial value added reduces infant mortality rate. It may be
due to an increase in family income and in model 2 expansion
of industrial production increases air pollution which raises
infant mortality rate (Tavassoli et al. 2021; Bauer et al. 2019).

Following Sial et al. 2022, Rani et al. 2022 and Amjad
et al. 2021a, b, c, the level and quadratic coefficients are
used to check each country whether it lies at the left or
right side of the inverted U-shaped curve by using the lin-
earized marginal effect. Table 8 shows the linearized mar-
ginal effect of 47 developing countries at different quantile
groups. It is noted from Table 8 that Congo democratic of
republican, Korea Democratic, Mozambique, Niger, South
Sudan, Tanzania, and Zambia lay before the maturity of the
inverted U-shaped curve, while the remaining all developing
countries are situated after the maturity side of the inverted
U-shaped curve. Table 9 shows the linearized marginal effect
of 73 developed countries. It shows that all three groups of
all developed countries are situated after the maturity side
of the inverted U-shaped curve.

Now, we summarize the access to electricity and biomass
energy consumption on infant mortality at different groups
in developed and developing countries. It is observed that
the developing countries are facing lower access of electric-
ity of their rural and urban population which increases the
infant mortality rate. Due to inefficiency of electricity, most
of the people use the traditional energy resources and bio-
mass consumption in their houses (dung cake, crop waste,
woods, kerosene, and charcoal). These tradition energy
sources emit toxic smoke which causes indoor pollution.
Usually, women and infants spend most of their time in
houses that directly increase the mortality and morbidity.
Moreover, with the lack of access to electricity areas, the
doctors and nurses hesitate to perform their duties that des-
perately needed neonatal and maternal attention.
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Conclusion and policy recommendations

The present study explores the impact of access to electric-
ity and biomass consumption on infant mortality rate in
global perspective from 1990 to 2020. The panel unit root
tests show that all the variables included in both models
are of mixed order of integration. The study uses NARDL
estimation technique to find the long-run and short-run
results of the both model. The two separate models have
been used to find the impact of access to electricity and
biomass consumption on infant mortality rate. In the first
model, access to electricity to both rural and urban popula-
tion has been used as the key independent variable, while
in the second model, biomass energy consumption is used
as major independent variable. In both models, pre-primary
education and industrial value added are used as the control
variables. The error correction terms in both models have
negative and significant sign which shows that variables
are co-integrated. The long-run results of panel NARDL
conclude that access to electricity to rural and urban popu-
lation have inverted U-shaped curve, while biomass energy
consumption shows upward sloping curve. The access to
electricity in rural and urban population has come up with
an important determinant which may be helpful in reducing
infant mortality rate. The provision of easy and affordable
access to electricity by the government in rural areas may
make the women feel comfortable in performing several dif-
ficult tasks and get better health care facilities through mod-
ern machinery in the health care centers. The marginalized
linear effect of each country shows that most of the South
Asian and Sub Saharan African countries have relatively
less access to electricity and high infant mortality rate.

The study recommends that all the countries of the
world should focus on the ways which help in reducing
the use of biomass. Furthermore, the provision of afford-
able and easy access to electricity to common individuals
may help in reducing the infant mortality rate. In the
backward rural areas where grid electricity is impossible,
the government should promote cheaper electrification
resources such as energy efficient stoves, solar panels,
biogas digesters, and wind turbines for improving the
health conditions for women and infants.
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