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Abstract

This study aims to investigate the impact of disaggregated renewable energy sources on life
expectancy in the BRICS nations from 1990 to 2023, using linear, non-linear and non-parametric
models. This research challenges long-held beliefs about the impact of renewable energy on
human health. It reveals the intricate links between different energy sources and life expectancy
in the BRICS countries. Based on the QPNARDL results, hydropower is found to harm life
expectancy. Based on the PNARDL model, its impact varies across countries. Based on the
SQR and PCSE models in the BRICS nations, however, it appears to have a positive impact on
life expectancy. According to the QPNARDL, SQR and PCSE models, wind energy reduces
life expectancy in BRICS nations. However, the PNARDL model shows that wind energy has
a positive impact on life expectancy in Brazil and China, and a negative impact in India and
Russia. Other Renewables, including bioenergy, boost life expectancy in the BRICS nations
based on the SQR and PCSE models, while hurting life expectancy based on the QPNARDL
and PNARDL models. The results suggest that the impact of renewable energy sources on life
expectancy varies between countries and models. These findings have significant implications
for policymakers managing the transition to renewable energy; they emphasise the importance
of informed, evidence-based decision-making. The study recommends promoting hydropower,
wind energy and other renewable energy sources, such as bioenergy, in the BRICS countries to
increase life expectancy.
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1. Introduction

Life expectancy is often used as a key metric for assessing health status in many
countries today. (Kur, 2024). Although there is ample research on the transition from
non-renewable to renewable energy sources, countries are legally obliged to adhere
to the Paris Agreement in order to address the effects of climate change and global
warming. Osei-Kusi et al. (2024) emphasize the importance of implementing region-
specific strategies for sustainable development, taking into account the unique
environmental and economic challenges faced by each region. The aim of this study
is to investigate the impact of the transition to renewable energy on life expectancy in
BRICS countries.

Senyapar (2023) notes that energy is the driving force behind all industries, a
vital component of development and an essential part of everyday life, which must
be balanced with the growing demand for electricity, while also minimising our
reliance on fossil fuels. Majeed et al. (2021) argue that promoting renewable energy can
increase life expectancy and reduce mortality rates, thus improving health outcomes
and helping to achieve climate goals. Although many studies have emphasised the
positive impact of renewable energy on life expectancy, research by Fahlevi et al. (2023)
and Salehnia et al. (2022) suggest that hydropower can have a negative effect on life
expectancy. This sparked debate among scholars and academics as to which renewable
energy source boosts life expectancy, highlighting the most important question of this
study. Figure 1 below illustrates life expectancy trends in the BRICS countries from
2000 to 2022, based on data obtained from the World Development Indicators.
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Figure 1. BRICS countries’ life expectancy at birth from 2000 to 2022. Source: Adapted from WDI
(2024)

Globally, the average life expectancy at birth increased from 67.6 years in 2000 to
72.75 years in 2020 (WDI, 2024). Among the BRICS countries, life expectancy exceeded
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the global average in Brazil and China, whereas it was lower in India and South
Africa. In Russia, life expectancy was also lower in 2017. According to WDI (2024),
life expectancy at birth has increased in the BRICS nations over the last twenty years.
However, South Africa experienced a decline of almost three years between 2000 and
2005 due to HIV/AIDS, and Russia saw a slight decrease of nearly six months between
2000 and 2003 due to unhealthy habits such as alcohol or substance abuse. WDI data
show that China has the longest life expectancy at 78.02 years. Brazil comes in second
with 76.02 years, followed by Russia with 73.34 years. India is fourth with 72.24 years
and South Africa is fifth with 66.31 years. Kur et al. (2024) explain in their study that the
main contributor to the increase in life expectancy is renewable energy consumption.

According to the International Energy Agency (2020), the primary source of
renewable electricity in the BRICS countries varies by nation. Overall, hydroelectric
power is the main contributor, accounting for 55% of renewable electricity generation.
Brazil, Russia and China notably have abundant hydroelectric resources. Wind power
accounts for 25% of total renewable energy consumption in BRICS, with India and
China investing heavily in this technology and leading the industry to growth. Solar
power accounts for around 15%; India, China and South Africa are experiencing
increased adoption of solar power, driven by rising investment and falling costs.
Biomass, geothermal and other renewable sources account for the remaining 5% of
renewable electricity in the BRICS countries (International Energy Agency, 2020). It is
important to note that these countries are in different regions with varying climates
and weather conditions, which determine the suitability of each renewable energy
source.

Further data from the IEA (2020) indicate that Brazil is the largest producer of
hydropower, accounting for 80% of its electricity generation. Russia is second, with
60% of its electricity generated from hydropower, while India relies primarily on
wind (40%) and solar power (30%). The data also show that China generates 40% of its
electricity from hydropower, 30% from wind and 20% from solar power, while South
Africa generates 40% from wind and 30% from solar power. These results suggest that
Brazil and Russia’s favourable drainage systems and climates allow them to generate
more from hydropower. By contrast, India, China and South Africa must utilize wind
and solar power to a greater extent.

Osei-Kusi et al. (2024) emphasize that climate change, brought on by the
widespread release of carbon emissions, is a serious issue that needs to be tackled
immediately. It harms public health, lowering life expectancy rates and increasing
global temperatures. This study is conducted amid growing interest in understanding
the impact of the transition to renewable energy on the BRICS nations” health outcomes
and willingness to comply with the Paris Agreement to mitigate the negative effects
of climate change. To understand the complexities of the impact of renewable energy
transition on life expectancy, it is important to investigate which renewable energy
source has the most positive impact on life expectancy in the BRICS countries.

Senyapar (2023) suggests that the advantages and additional benefits of renewable
energy make transitioning from non-renewable sources a sensible choice for regions
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heavily reliant on coal production. This will also help to combat climate change by
reducing greenhouse gas emissions. While some nations are offering incentives
to speed up this shift, additional incentives should be introduced to encourage end
consumers to adopt renewable energy sources as part of their commitment to climate
change prevention agreements. Romanello et al. (2022) outline the health benefits of
renewable energy, which include reduced air pollution and greenhouse gas emissions,
improved water quality and a healthier environment. This results in a lower incidence
of respiratory and other diseases.

The impact of each renewable energy source was not examined separately in
the recent studies by Dam et al. (2023), Segbefia et al. (2023) and Kur (2024). Existing
research aggregates renewable energy sources, overlooking the unique health impacts
of specific sources, i.e. solar, wind, hydro, and other renewables on life expectancy in
the BRICS countries. The intricacies of studying the impact of renewable energy on
life expectancy in the BRICS countries necessitate a quantitative exploration. This
can be achieved by employing a nonparametric quantile nonlinear autoregressive
distributed lags (QNARDL) model to check whether the effects of renewable energy on
life expectancy are consistent across different quartiles. The importance of transition
to renewable energy has been thoroughly proven by existing literature. This study
will build on this by using a panel-corrected standard error (PCSE) model to verify
the robustness of the quantile regression results and ensure that policy formulation is
based on strong empirical evidence.

The study is conducted at a time when all countries are legally bound to adhere
to the Paris Agreement on climate change, which aims to mitigate its impact of on
life expectancy. If we fail to address the effects of climate change, the consequences
are likely to be devastating for BRICS and the whole world. These include high
temperatures, polluted air, increased CO, emissions, respiratory issues and a
deterioration in public health and productivity. The results of this study reveal
conflicting views on the transition to renewable energy. They will inform decisions on
health policy and renewable energy investments at the national and BRICS regional
levels and contribute to sustainable development strategies shedding light on the
health benefits of specific renewable energy sources. The study uses data collected
from secondary sources between 1990 and 2023. The rest of the study is structured as
follows: Section 2 reviews the empirical literature on the impact of the transition to
renewable energy on life expectancy. Section 3 discusses data collection and variable
descriptions, followed by methodology and data analysis in Section 4. Section 5
presents the results and interpretations, and Section 6 provides the conclusion and
recommendations.

2. Literature Review

This section reviews the empirical literature on the relationship between renewable
energy and life expectancy, covering everything from time series to panel data
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studies. In order to investigate the relationship between renewable energy and health
outcomes, Majeed et al. (2021) used 2SLS and GMM models on panel data from 155
countries. Their results show that renewable energy, economic growth, trade and
urbanization increased these countries’ life expectancy; renewable energy appeared
to reduce their mortality rates and incidence of tuberculosis. The study also calls for
the increased use of renewable energy in order to enhance public health and achieve
climate goals. Using a stochastic production frontier model, Rodriguez-Alvarez (2021)
finds that investment in renewable energy boosts life expectancy, while PM10, PM2.5
and NOx have a negative effect on life expectancy in Europe. They recommend that
social and environmental policies should aim to improve health and well-being.

Using Driscoll and Kraay’s Standard Error and Feasible Generalised Least Squares
Model, Rahman and Alam (2022) found that renewable energy, economic growth, good
governance and urbanisation boosted life expectancy, while CO, emissions reduced
it in ANZUS-BENELUX countries. They recommended that future studies should
include determinants such as nutritional intake, access to proper hospital services and
general living conditions. Ibrahim and Ajide (2021) used an FMOLS model to find that
non-renewable energy and CO, reduced life expectancy, while income and renewable
energy increased it. They recommended large investments in renewable energy to
improve health in selected oil-producing countries in Africa.

Using VECM, DOLS and Granger models, Liu and Zhong (2022) found that health
expenditure and renewable energy boosted life expectancy in China. They argue
that the government should introduce incentives to encourage the consumption and
generation of renewable energy in order to help achieve the Sustainable Development
Goal of improving life expectancy. According to Somoye et al. (2023), who used ARDL
and NARDL models, positive shocks to non-renewable and renewable energy sources
boost life expectancy in Nigeria; applying cleaner technologies to non-renewable
sources and promoting renewables can improve health. Using a two-step system,
GMVV, fixed effects and FMOLS models, Ibrahim et al. (2021) show that non-renewable
energy reduces life expectancy and the human development index, while increasing
the infant mortality rate in Sub-Saharan Africa. They recommend policies that will help
to stop the increase in the use of non-renewable energy and raise people’s incomes,
thereby improving their quality of life.

Ibrahim et al. (2022) use a nonlinear two-step system GMM model to find that
non-renewable energy has a negative impact on the human development index, life
expectancy and income, while having a positive impact on education. They suggest
that future studies should focus on the impact of renewable energy consumption on
quality of life. Dam et al. (2023) conclude that renewable energy and economic growth
increase life expectancy in BRICS-T countries using a panel quantile regression model;
policymakers therefore should promote renewable energy in order to extend life
expectancy. Moreso, Wang et al. (2023) find that increased consumption of renewable
energy boosts life expectancy in a panel of 121 countries, as determined by a fixed
effects model and a non-linear panel threshold model. They recommend integrating
health and renewable energy policies to maximize the health benefits of renewable
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energy. Warsame (2023) uses kernel-regularized least squares and Granger models
to show that renewable energy, urbanization and economic growth increase life
expectancy, citing an increase in renewable energy investment as a way to improve
health outcomes without compromising economic growth or life expectancy in
Somalia. Segbefia et al. (2023), utilising CS-ARDL and the Granger causality model,
find that renewable energy, human capital, technological innovation and economic
growth increase life expectancy in NAFTA economies; therefore, stakeholders and
policymakers should collaborate to reduce air pollution and transition to cleaner
energy sources in order to increase life expectancy.

With the Toda—Yamamoto Granger causality model, Yilmaz and Sensoy (2023)
found no evidence of causality from renewable energy to life expectancy in Turkey.
However, they did find that life expectancy caused an increase in renewable energy.
They argue that policymakers should prioritise public health outcomes and promote
sustainable energy in their energy policies. Using a CS-ARDL and Driscoll and Kraay
standard error model, Dai et al. (2024) show that sustainable economic growth, human
capital and renewable energy increase life expectancy in Nordic countries, whereas
CO, emissions have a negative effect. The government should therefore adopt a
comprehensive and balanced approach to economic growth, sustainable development
and public health. Karimi-Alavijeh et al. (2024) use a method of moments quantile
regression to demonstrate that, in G7 countries, renewable energy consumption, health
expenditure and urbanisation increase life expectancy, while CO, emissions decrease
it. The potential of renewable energy sources should be recognized; this will lead to
the introduction of policies, such as tax-related regulations, to encourage green energy
investment.

Somoye ef al. (2024) using ARDL and NARDL models conclude that renewable
energy consumption improves life expectancy in Nigeria and recommend the
continuous support of renewable energy. Nica et al. (2023) show that increased
renewable energy consumption, health expenditure, and institutional quality index
improve life expectancy in Eastern European countries, using CS-ARDL and Quantile
regression models on data spanning from 1990 to 2021. They suggest that the countries
in Eastern Europe should transition from fossil fuels to renewable energy. Using a CS-
ARDL model on data spanning from 1997 to 2019, Polcyn et al. (2023) found that a
higher rate of energy use and health expenditure improved life expectancy in 46 Asian
countries. The authors recommend using renewable energy and increasing health
expenditure to reduce CO, emissions and improve life expectancy.

Using GMM, IV and BOLS models on data spanning from 2005 to 2015, Azam
and Adeleye (2024) found that renewable energy consumption, per capita income and
health expenditure improved life expectancy in 36 selected Asian and Pacific countries,
which means that these regions need policies aimed at reducing CO, emissions
and increasing health expenditure to improve life expectancy. According to rather
controversial results obtained by Fahlevi ef al. (2023) using panel quantile regression on
data spanning from 2000 to 2018, hydropower, economic growth, and CO2 emissions
negatively affect life expectancy in Asia. Future studies should therefore consider
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second-generation models when analyzing the relationship between renewable energy
and life expectancy rather than the quantile regression. Using an ARDL model on data
spanning from 1988 to 2018, Hendrawaty et al. (2022) found that, in Asian countries,
renewable energy consumption positively influenced life expectancy, while economic
growth had the opposite effect, so economic growth must be environmentally friendly
and reduce energy consumption through a transition to renewable energy sources, in
order to improve life expectancy.

The findings by Ebhota et al. (2023) who used a DSK approach also show that
renewable energy consumption has a positive impact life expectancy in MINT
countries. To boost life expectancy, these countries need to improve renewable energy
consumption, economic growth, and human capital. Using panel quantile regression
on data spanning from 2000 to 2018, Salehnia et al. (2022) found that hydropower
negatively impacted life expectancy in a sample of 100 countries. This suggests the need
for increased investment in renewable energy generation. The authors recommend
that future studies consider using non-linear and dynamic econometric models to
gain new insights. Osei-Kusi et al. (2024) employed a fixed-effects logit (FGLC) and
propensity score matching (PCSE) model with panel data from 84 countries in sub-
Saharan Africa (SSA), the Middle East and North Africa (MENA) and Eastern Europe
and Central Asia (ECA) from 1990 to 2020, revealing a positive correlation between
energy consumption, carbon production and life expectancy. This indicates the need
for policies that promote renewable energy sources, improve energy efficiency and
reward the use of green technologies, thus encouraging environmentally friendly
behaviour.

Furthermore, Guo et al. (2024) used a moment quantile regression model to
demonstrate that renewable energy, gross domestic product, urbanisation and
industrialisation increase life expectancy, whereas CO, emissions have the opposite
effect. They recommend that governments and policymakers prioritise renewable
energy and sustainable urbanisation in order to mitigate the adverse effects of CO,
emissions from non-renewable energy sources on health. The results of Guo et al. (2024)
also show that renewable energy, urbanisation, GDP and industrialisation reduce the
infant mortality rate, while CO, emissions increase it in the short and long term. Kur
(2024) examined a panel of 45 Sub-Saharan African (SSA) countries using GMM and
PMG models on data from 2000 to 2019. They found that increased renewable energy
consumption was associated with higher life expectancy in these countries, and they
recommended adopting an appropriate energy mix to reduce non-renewable energy
consumption.

Considering the provided literature, most studies used CS-ARDL and quantile
regression models, but their results contradict each other. There are few studies
focusing on the impact of renewable energy on health issues in the BRICS countries.
The study by Dam et al. (2023) is the only one to focus on the impact of renewable
energy on health using a quantile regression model in BRICS-T rather than BRICS
only. Salehnia et al. (2022), and Fahlevi et al. (2023) highlight the need to use second-
generation nonlinear and dynamic models for future research on the relationship
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between renewable energy and life expectancy. Contrary to the mainstream view
in literature that renewable energy improves life expectancy, some studies, such
as those by Salehnia et al. (2022) and Fahlevi et al. (2023), suggest that hydropower
has a negative impact on life expectancy. Existing research aggregates renewable
energy sources, overlooking the unique impact of each of them on life expectancy in
the BRICS countries. These sources include solar, wind and hydro power, as well as
other renewables. This study will deepen our understanding of the health benefits
of renewable energy and thus support the health and sustainability of the BRICS
nations and contribute to the achievement of the Sustainable Development Goals. It
will also inform renewable energy policy and public health strategies, guide healthcare
planning and resource allocation, and help climate change mitigation.

This study addresses the following questions based on the gaps identified in the
literature: What impact does renewable energy have on life expectancy in the BRICS
countries? Which renewable energy source has the greatest impact on life expectancy
in BRICS countries? Is the impact of disaggregated renewable energy on life expectancy
consistent across different quartiles? What role does economic growth play in life
expectancy of the BRICS nations? Are there non-linear relationships between renewable
energy and life expectancy in the BRICS countries? What are the policy implications
of disaggregated renewable energy for life expectancy in the BRICS countries? This
study uses a quantile non-linear autoregressive distributed lag (QPNARDL) model
to examine the non-linear relationships between the variables, a PNARDL model for
comparative analysis within each BRICS nation, the panel-corrected standard error
(PCSE) and a simultaneous quantile regression model to check robustness.

The QPNARDL model is particularly useful for identifying nonlinear relationships
between variables that differ across quantiles. It is also flexible enough to handle
quantile-specific analysis and panel data, enabling analysis of multiple cross-sectional
units over time. Furthermore, it incorporates both autoregressive and distributed
lag components, which makes it possible to capture short-term and long-term
relationships between variables. By contrast, the PNARDL model recognises nonlinear
relationships between variables, offering short-term dynamic analysis specific to each
country and long-term homogeneity analysis. The SQR model is be used to check the
robustness of the results from the QPNARDL and PNARDL models. It offers quantile-
specific analysis and estimates simultaneous equations on multiple quantiles. It can
also accommodate various distributions and error structures, making them flexible
enough for modelling complex relationships. Finally, the PCSE model can correct for
standard errors that account for heteroskedasticity, autocorrelation and cross-sectional
dependence. It can also perform robustness checks on the results from the QPNARDL
and PNARDL models, account for panel-specific effects and improve estimation
efficiency. These models provide a methodological innovation that enables researchers
to comprehensively and robustly examine the impact of disaggregated renewable
energy sources on life expectancy, offering a novel contribution to existing literature
which typically focuses on economic or environmental outcomes in developed
countries.
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3. Data collection and variable definitions

This section discusses data collection, as well as the description and sources of the
variables. The study follows a quantitative research methodology, and the variables
were collected from reputable online statistical sources as shown in Table 1 below.
Variables for the five BRICS countries (Brazil, Russia, India, China and South
Africa) were collected from 1990 to 2023. The study uses of EViews and Statal8 for
computations.

Table I. Data collection and sources

Variables Description Unit Source
LE Life expectancy at birth, total (years)  Years World Bank
Hydro Electricity generation from Terawatt-hours ~ Our World in Data
hydropower powered by Oxford
Wind Electricity generation from wind Terawatt-hours ~ Our World in Data
power powered by Oxford
Nuclear Electricity generation from nuclear Terawatt-hours ~ Our World in Data
powered by Oxford
Other-RE Electricity generation from other Terawatt-hours ~ Our World in Data
renewables, including bioenergy powered by Oxford
Economic Growth (LEG) GDP per capita growth (annual %) % World Bank

Source: Author’s compilation

Dependent variable:

Life expectancy — Life expectancy at birth indicates the number of years a
newborn infant would live if the patterns of mortality prevailing at the time of
its birth were to stay the same throughout its life. This variable has been used
as a dependent variable in the studies by Beyene and Kotosz (2021), Fahlevi et
al. (2023), Hendrawaty et al. (2022), Liu and Zhong (2022), Ibrahim et al. (2021),
Ibrahim et al. (2022), Selhenia ef al. (2022), Polcyn et al. (2023), Kur (2024), and
Osei-Kusi et al. (2024).

Independent variables:

Hydro refers to hydropower as a source of renewable energy. It is measured in
terawatt-hours of the total electricity generated by hydropower. This variable
was used in the studies by Fahlevi et al. (2023) and Salehnia et al. (2022).

Wind refers to wind power as a source of renewable energy. It is measured in
terawatt-hours of the total electricity generated by wind power.

Nuclear refers to nuclear power as a source of renewable energy. It is measured
in terawatt-hours of the total electricity generated by nuclear power.

Other renewables refer to other sources of renewable power including
bioenergy. It is measured in terawatt-hours of the total electricity generated by
other renewable sources including bioenergy power.
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Control variables:

e Economic growth - Annual percentage growth rate of GDP per capita based
on constant local currency. GDP per capita is gross domestic product divided
by midyear population. GDP at purchaser's prices is the sum of gross value
added by all resident producers in the economy plus any product taxes and
minus any subsidies not included in the value of the products. It is calculated
without making deductions for the depreciation of fabricated assets or for the
depletion and degradation of natural resources. This variable was used in the
studies by Majeed et al. (2021), Salehnia et al. (2022), Osei-Kusi et al. (2024),
Beyene and Kotosz (2021), Hendrawaty ef al. (2022), and Fahlevi et al. (2023).

4. Methodology and data analysis:

4.1. Theory and model

The basis for estimating the variables in this study stems from the health production
function of Grossman (2017) which analyses the relationship between health outcomes
and various inputs, such as medical care, lifestyle, and environment. Smith and
Dunt (1992) emphasize that in this context, human capital, created through various
foundations, can be viewed as a crucial aspect of human well-being. In this study, life
expectancy is the dependent variable that represents health outcomes. Most studies,
including those by Dam et al. (2023), Polcyn et al. (2023) and Segbefia et al. (2023),
use life expectancy as a proxy for health in the modified health production function
of Smith and Dunt (1992), in which they hypothesized the relationship between
combinations of medical and non-medical inputs and the resulting output. The health
production function proposed by Smith and Dunt (1992) is therefore represented as

HO =f(M.E) @)

Here, HO refers to health outcome, M to medical resources, and E to non-medical
resources. Smith and Dunt (1992), Dam et al. (2023), Polcyn et al. (2023), and Fahlevi et
al. (2023) emphasize that the health production function comprises health production,
health system, resource input, and socioeconomic, financial, and physical factors
contributing to overall health. Barro (2001) stated that health outcomes could be
evaluated based on social, economic and physical factors. This suggests that we can use
renewable energy as a control variable in this study. Decisions relating to health, such
as drinking alcohol, smoking cigarettes, and dietary choices, suggest that individuals
can influence their health outcomes through various factors. This study's empirical
model is shaped by the theoretical framework developed by Dam et al. (2023), Fahlevi
et al. (2023), Segbefia et al. (2023) and Polcyn et al. (2023). It can be represented by the
equation
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LE = f(Hydro,,, Wind,,, Nuclear,,, Other_RE,,, LEG,,) (2)

where LE is life expectancy, wind is wind energy, hydro is hydropower, nuclear is
nuclear power, Other_RE is other renewable energy sources including bioenergy,
and LEG refers to economic growth. This study uses these variables to investigate
the impact of disaggregated renewable energy sources on life expectancy in the
BRICS nations, in line with the study’s objective. GDP that reflects government health
spending is a proxy for economic growth, as suggested by Wang et al. (2023).

4.2. Panel Unit root

The study also performs the Breitung (2000), Breitung and Das (2005) unit root test
to make sure that the variables do not contain a unit root. Breitung (2000) proposed a
t-ratio test statistic for testing panel unit root. Suppose that panel data vy, is generated
by the following model:
=W tREtx, ®)
Where the unobserved error term x,,
X, =p,x,  tE, (4)

The null hypothesis, which tests for the presence of a unit root in all cross-sectional
units, is specified as

Hy:p,=1foralli. ®)

If the probability value of the computed statistic is less than the probability value
at any level of significance (1%, 5%, and 10%) the null hypothesis is rejected in favor of
the alternate hypothesis implying that there is no unit in the variable. The IPS unit root
test of Im, Pesaran, and Shin (2003) relaxes the assumption of first-order AR coefficients
and allows for heterogeneity in the alternate hypothesis. It involves the Fisher-ADF
and Fisher-PP test with two combined p, test statistics. The null hypothesis is that there
is a unit root. The ADF-Fisher and ADF-Choi equations are specified as

N
ADF - Fisher x> =2 "log(p,) — x*(2N) (6)

ADF - Chozz-—Zer )— N(0,1) @)

Where, ' represents the reciprocal of the cumulative function of standard
normal distribution. If the probability value of the computed statistic is less than the
probability value at any level of significance (1%, 5%, and 10%) the null hypothesis
is rejected in favor of the alternative hypothesis implying that there is no unit in the
variable.
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4.3. Panel cointegration

The study performs cointegration tests to check for the presence of long-run
relationships between the variables. Considering the following panel regression model:

Y = xftB +zZyy +e, )

Where y, and x, are I(1) and non-cointegrated. For z, = {e<, }, Kao (1999) proposed
Dickey-Fuller (DF) and Augmented Dickey-Fuller (ADF) type unit root tests for e, as a
test for the null of no cointegration. The DF and ADF types can be calculated from the
fixed residuals as follows:

ézr - péiffl + 0, )

P
& =pe;_, + ZﬁjAéir—j T Vi (10)
j=1
Where &, =7, —#%,f and §, =y, —7,To test for the null hypothesis of no
cointegration, the null hypothesis can be specified as follows:

H,:p=1. (11)

If the probability value of the computed statistic is less than the probability
value at any level of significance (1%, 5%, and 10%) the null hypothesis is rejected in
favor of the alternative hypothesis implying that there is co-integration among the
variables. The study will also perform the Pedroni (2001) test for the null hypothesis
of no cointegration in a panel data model that allows for considerable heterogeneity.
The first test of Pedroni (2001) involves averaging test statistics for cointegration in
the time series across cross-sections. The second involves averaging in pieces so that
the limiting distributions are based on limits of pairwise numerator and denominator
terms. The first set of statistics includes a form of the average of Phillips and Ouliaris
(1990) statistic as

7 :zN:Zt ( “TlAe X, ) (12)
i=1 Z 1€lt 1)

If the probability value of the computed statistic is less than the probability value
at any level of significance (1%, 5%, and 10%) the null hypothesis is rejected in favor
of the alternative hypothesis implying that there is co-integration among the variables.
The study will also perform Westerlund (2006, 2008) test under the null hypothesis of
cointegration that allows for the possibility of multiple structural breaks in both level
and trend cointegrated panels. This test is general enough to allow for endogenous
regressors, serial correlation, and an unknown number of breaks that may be located
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at different dates for different cross-sections. Considering the multidimensional time-
series variable y, which is observable fori=1, ... ... , N cross-sectional and t=1, ..., T
time-series observations. The following equations are specified for data generating
process:

Yy = Zi¥y + xB; +e, (13)
€ =1yt (14)
Te=Tea Y O, (15)

Where x, = x, | + v, is a K-dimensional vector of regressors and z, is a vector of
deterministic components. The null hypothesis that all individuals in the panel are
cointegrated can be stated as

H,:¢,=0foralli=1,..,N (16)

If the probability value of the calculated statistic is lower than the probability value
at any significance level (1%, 5%, and 10%) the null hypothesis is rejected. This will
indicate the presence of heterogeneous co-integration among the variables in favor of
the alternate hypothesis.

4.4. Panel Regression Methods

Investigating the impact of the transition to renewable energy on life expectancy in
BRICS nations, the study uses a quantile non-linear autoregressive distributed lags
(QNARDL) model, as proposed by Cho et al. (2020), to estimate the relationships
between the variables, enabling a comparative study of each BRICS country. The
QPNARDL model can capture nonlinear relationships across different quantiles. This
allows for quantile-specific analysis and the handling of panel data from multiple
cross-sectional units over time. The model can also capture short-run country-specific
analysis and long-run homogeneity relationships. It is also robust to outliers and
non-normality. The quantile nonlinear autoregressive distributed lags model for each
& € (0,1) used in this study can be specified as follows following Cho et al. (2020):

A =1 () 30, )y, + 300 10,8 x|+ ®) )

Where y, is the dependent variable, x, = x;; + x;, is the independent variables and
the quantile coefficients (y.(&),0,;(€),---,9,;(&),05.(8)-,0,-(E),05.(8) - -05.(E)')
can be used to explore quantile variation in the asymmetric relationship embodied by
the QNARDL process (Cho ef al., 2020). Quantile regression estimates the relationship
between independent and dependent variables and a specific quantile of the dependent
variable, regardless of the conditional distribution assumption. It therefore represents
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the quantiles, rather than the average as in traditional regressions. Quantile regression
is more accurate than traditional models when the requirements for mean regression
are not met, or when the focus is on the outer regions of the conditional distribution.
This is why it was selected for the study. The Simultaneous Quantile Regression (SQR)
model provides a flexible modeling of conditional quantiles, enabling simultaneous
estimation of multiple quantiles, and robustness to outliers and non-normality. The
study employs the panel-corrected standard error (PCSE) model introduced by Beck
and Katz (1995) and the Simultaneous quantile regression test introduced by Bassett
and Koenker (2017) for robustness checks and reliability of the results. The PCSE
model can be specified as

Vo, =x,B+5,i=1,.. N;t=1,..T (18)

Where x,, is a vector of one or more (k) exogenous variables and observations
indexed by both unit (i) and time (). The matrix of independent variables for all
observations is denoted by X and the vector of observations on the dependent variable
as Y. The advantage of using the PCSE model over the dynamic panel generalized
method of moments (GMM) and OLS lies in solving the cross-sectional dependence,
cross-panel correlation, autocorrelation, and heteroskedasticity control. This technique
is robust to non-spherical errors and consists of long panels.

5. Empirical results and discussions

5.1. Descriptive Statistics

Table 2. Descriptive statistics

Variable LE Hydro Wind Nuclear Other-RE LEG
Mean 67.883 246.91 36.582 64.030 15.719 3.0292
Median 68.289 168.04 0.4850 15.705 1.8775 3.0080
Maximum 78.587 1321.7 885.87 434.72 198.13 13.636
Minimum 53.980 0.1460 0.0000 0.0000 0.0000 -14.614
Std. Dev. 5.7641 292.60 119.32 88.597 31.316 4.6659
Skewness -0.3165 2.2517 4.9866 2.0267 3.4693 -0.6177
Kurtosis 2.5501 7.9073 29.887 7.1904 17.177 4.0867
JB-Stat 42712 314.24 5825.0 240.76 1764.6 19.175
Probability 0.1182 0.0000 0.0000 0.0000 0.0000 0.0000
Observation 170 170 170 170 170 170

Source: Author’s compilation
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From the data shown in Table 2 above, life expectancy and economic growth are
negatively skewed, whereas hydro, wind, nuclear, and other renewables are positively
skewed. The kurtosis values are greater than 2 and -2 for all the variables, indicating
that the data may not be normally distributed, as it is leptokurtic. This can be seen
from the significant Jarque-Bera probability at 1%. This does not threaten the study,
since it assumes that the residuals from the estimated model are normally distributed.
The study continues with the correlation analysis shown in Section 5.2 below.

5.2. Correlation Analysis

Table 3. Correlation Analysis

Correlation LE Hydro Wind Nuclear Other-RE LEG
LE 1.000000
Hydro 0.755010 1.000000
Wind 0.444231 0.788185 1.000000
Nuclear 0.437977 0.635948 0.701013 1.000000
Other-RE 0.586786 0.824971 0.930804 0.576873 1.000000
LEG 0.214183 0.240607 0.130217 0.053206 0.104448 1.000000

Source: Author’s compilation

The correlation analysis displayed in Table 3 above reveals a positive correlation
between hydro, nuclear, wind, and other renewables, economic growth, and life
expectancy. The correlation statistics are below 0.8, which suggests that the linear
relationship between the explanatory variables and life expectancy in BRICS is weaker.
This justifies the application of the nonlinear QPNARDL and PNARDL models. As
shown in Section 5.3 below, the study conducted unit root tests to establish the order of
integration of the variables and prevent spurious regressions.

5.3. Panel Unit Root and Stationarity Tests

The study performed second-generation panel unit root tests by Breitung (2005) and
Im-Pesaran-Shin (2003) to prevent spurious regressions and ascertain the variables’
integration level, assessing the model’s adequacy for the study. The data in Table
4 indicates that economic growth is stationary at order zero (I (0)), whereas hydro,
nuclear, wind, other renewables, and life expectancy are stationary at order one (I (1)).
These findings support the deployment of the nonlinear QPNARDL model in this
study to analyze how the power sector transition to renewable energy impacts the life
expectancy of the BRICS countries at a more detailed level. As demonstrated in Section
5.4 below, the research determines the most suitable lags to use in the model.



190 Nyiko Worship Hlongwane, Hlalefang Khobai

Table 4. Panel Unit Root Test

Breitung-Das (2005) Im-Pesaran-Shin (2003)
Variables Without Trend Trend Without Trend Trend
Level A Level A Level A Level A
LE 3.3226 -4.7311 5.3917 7.2603 -1.3984 -2.7290 -1.1363 -2.9685
(0.9996) (0.0000) (1.0000) (1.0000) (0.6175) (0.0034) (0.8270) (0.0018)
Hydro 2.3109 -7.9963 -0.7553 -4.8320 -1.5261 -6.5374 -2.8527 -6.4748
(0.9896) (0.0000) (0.2250) (0.0000) (0.5979) (0.0000) (0.0010) (0.0000)
Wind 8.5135 -3.4442 7.9055 0.5905 5.0143 -2.6355 1.7821 -4.0815
(1.0000) (0.0003) (1.0000) (0.7226) (1.0000) (0.0061) (1.0000) (0.0000)
Nuclear 4.3758 -5.6001 2.6751 -5.6721 0.2338 -5.0561 -1.7333 -5.3346
(1.0000) (0.0000) (0.9963) (0.0000) (1.0000) (0.0000) (0.3067) (0.0000)
Other-RE 5.5184 -4.0898 4.1953 -4.3572 1.9913 -4.3955 -0.5899 -4.8355
(1.0000) (0.0000) (1.0000) (0.0000) (1.0000) (0.0000) (0.9088) (0.0000)
LEG -3.1346 -5.8634 -3.2339 -6.3387 -4.0118 -8.3168 -4.3186 -8.2178
(0.0009) (0.0000) (0.0006) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Source: Author’s computation (0.01), (0.05), (0.1) significance at 1%, 5%, and 10% respectively
5.4. Optimal Lag Selection Criterion
Table 5. Optimal Lag Length Selection
VAR Lag Order Selection Criteria
Sample: 1990 - 2023
Lag LogL LR FPE AIC sC HQ
0 -2447.056 N/A 4.470009 39.24890 39.38466 39.30405
1 -2266.985 339.9746 4.470008 36.94376 37.89408* 37.32982

Source: Author’s computation (***), (**), (*) significance at 1%, 5% and 10% respectively

As indicated in Table 5 above, the VAR optimal lags selection criterion was used
in the study to identify the best lags for the model. The SC criterion suggests that
only 1 lag can be used in the model. This research uses a single lag selected by the
SC criterion, which is more effective than the AIC criterion as shown by Wang and
Liu (2006), Acquah (2010), and Vrieze (2012). The study conducted cointegration
tests to examine long-term relationships in the model, as demonstrated in Section

5.5 below.
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5.5. Panel Cointegration Test for long run relationships

Table 6. Panel Cointegration Test

Test Statistic Probability
Kao (1999) Modified Dickey-Fuller t -18.9659 0.0000%**
Dickey-Fuller t -4.8232 0.0000%**
Augmented Dickey-Fuller t -3.2977 0.0005***
Unadjusted modified Dickey-Fuller t -18.0384 0.0000***
Unadjusted Dickey-Fuller t -4.7714 0.0000%**
Pedroni (2001) Modified Phillips-Perron t 1.5855 0.0564*
Phillips-Perron t -0.0963 0.4616
Augmented Dickey-Fuller t -0.9204 0.1787
Westerlund (2008)  Variance ratio 1.9839 0.0239**

Source: Author’s computation (***), (**), (*) significance at 1%, 5% and 10% respectively

The study includes cointegration tests by Kao (1999), Pedroni (2001), and
Westerlund (2008) as described in Table 6 above. Based on the results, we reject
the notion that there is an absence of cointegration between panels in favor of the
alternative hypothesis of cointegration. These findings indicate the existence of
long-run connections between the variables in the model. The study assesses the
relationships between the variables in the model in both the short and long term.
Using a disaggregated approach with the panel nonlinear autoregressive distributed
lags model suggested by Cho et al. (2020) in Section 5.6 below, the study analyses the
effects of the transition to renewable energy on life expectancy in BRICS countries.

5.6. Long-run relationships between renewable energy
and life expectancy in BRICS

The study performed the QPNARDL model to assess the relationship between the
power sector transition to renewable energy and life expectancy in the BRICS nations
across different quartiles as presented in Table 7 above. The results reveal that positive
and negative shocks to hydroelectric power have positive and negative impacts on life
expectancy in BRICS nations, from the first to the sixth quartiles. Assuming all other
factors remain equal, a 1% increase in positive or negative shocks to hydropower
results in life expectancy rising or falling by between 0.08% and 0.06%, or between
0.55% and 1.68% respectively. These results imply that positive shocks to hydropower
are good for life expectancy while negative shocks to hydropower are detrimental to
life expectancy in the BRICS nations. These results suggest the need for policies that
would have a positive impact on hydropower in order to improve life expectancy in
these nations. They are consistent with those of Selhenia et al. (2022) and Fahlevi et
al. (2023), who found a negative impact of hydropower on life expectancy in Asian
countries.
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Table 7. Quantile Panel Nonlinear Autoregressive Distributed Lags (QPNARDL) Model

Quartiles

Variable 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Hydro+ 00783 00683 00731 00638 00652 00644 00334 00205  0.0806
(0.0008) (0.0056) (0.0050) (0.0130) (0.0208) (0.0473) (0.3660) (0.5315)  (0.2750)

Hydro- 07589 07476 05493 07796 10868 12065 11688 13193  1.6816
(0.0000)  (0.0005) (0.0294) (0.0024) (0.0003) (0.0003) (0.0012) (0.0003) (0.0103)

Wind+ 0.0984  -0.002 01281 01497 01229 01517 0.1275 01732 04372
(05697) (0.9864) (0.4322) (0.1412) (0.2225) (0.1358) (0.1703) (0.0477) (0.7079)

Wind- 11940 12249 15382 18268 20794  -1909 04258 51852  -12.41
(0.0134) (0.0152) (0.0032) (0.0024) (0.0073) (0.8807) (0.9707) (0.6309) (0.9077)

Nuclear+ -02095 -0.132  -0287  -0285  -0335  -0.38  -0.194  -0.123  -0.533
(0.0806) (0.3058) (0.1029) (0.0803) (0.0593) (0.0448) (0.5038) (0.6739) (0.7246)

Nuclear-  0.0800 01052 07289  1.6977 20407 23188 40899 5353 29161
(0.9570)  (0.9289) (0.5207) (0.1028) (0.0638) (0.0513) (0.0027) (0.0000) (0.0230)

Oth-RE+  -0.1196 02041  -0137  -0.093 02342 01997  -0.093  -0440  -0.819
(0.8817) (0.7412) (0.8340) (0.8458) (0.6189) (0.6862) (0.8942) (0.5545) (0.5292)

Oth-RE-  -10713  -9.625 9019  -9205 9643  -6582  -4599  -4100  -0.561
(0.0026)  (0.0045) (0.0000) (0.0001) (0.0003) (0.0342) (0.1076) (0.0981) (0.9677)

LEG+ 28928 34859 44186 52223 58325 58584 65196  6.8240  6.8678
(0.1276)  (0.0164) (0.0006) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

LEG- 04359 11036  1.6091 13130 11287 05085  -0287  -1.600  -2.303
(0.7396) (0.3330) (0.1579) (0.1955) (0.2931) (0.6453) (0.8104) (0.2283) (0.2483)

Source: Author’s computation (0.01), (0.05), (0.1) significance at 1%, 5%, and 10% respectively

Furthermore, there is a positive statistically significant relationship between
positive shocks to wind power and life expectancy at the eighth quantile and a negative
statistically significant relationship between negative shocks to wind power and life
expectancy from the first to fifth quantile in BRICS nations. A 1% increase in positive or
negative shocks to wind power results in life expectancy rising or falling by 0.17% or
between 11.84% and 20.79%, respectively, ceteris paribus. This suggests that positive
shocks to wind power have a weaker positive effect on life expectancy than negative
shocks. Put simply, negative shocks to wind power have a negative influence on life
expectancy in the BRICS nations.

The results show that positive and negative shocks to nuclear power result in
negative effects on life expectancy at lower and higher quartiles respectively. A 1%
increase in positive and negative shocks to nuclear power results in life expectancy
falling between 0.29 to 0.39% from the fourth to sixth quantiles and between 2.04 to
2.92% from the fifth to ninth quantiles respectively, ceteris paribus. These results
suggest that nuclear energy has a negative impact on life expectancy in the BRICS
nations, highlighting the need for a policy review to improve life expectancy.
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The results further show that there is a positive statistically significant relationship
between negative shocks to other renewable energy and life expectancy in the
BRICS nations. A 1% increase in negative shocks to other renewable energy sources
significantly results in life expectancy increasing by 10.71 to 6.58% from the first
quantile to the sixth quantile respectively, ceteris paribus. These results show that
negative shocks to other renewable energy are good for life expectancy in the BRICS
nations. The relationship becomes insignificant after the sixth quantile.

Lastly, the results reveal that positive shocks to economic growth have a positive
statistically significant relationship with life expectancy in the BRICS nations. A 1%
increase in positive shocks to economic growth significantly results in life expectancy
rising by between 3.48 to 6.86% between the second to the ninth quantile respectively,
ceteris paribus. These results imply that an increase in economic growth is good for
improving life expectancy in the BRICS nations. These results are inconsistent with
those of Selhenia et al. (2022), but consistent with the findings of Osei-Kusi et al. (2024),
Beyene and Kotosz (2021), Hendrawaty et al. (2022) and Majeed et al. (2021), who all
found that economic growth has a positive impact on life expectancy. In Section 5.7
below, the paper presents the results of comparative analysis for each of the BRICS
nations.

5.7. Comparative analysis of the short-run country-specific relationships
between renewable energy and life expectancy in BRICS nations

The results of the short-run, country-by-country analysis of the impact of a
disaggregated renewable energy transition on life expectancy in the BRICS nations are
presented in Table 8. The error correction terms are negatively statistically significant
for Brazil, China, Russia and South Africa, but positively significant for India. A
negative error correction term suggests negative adjustments in the short term towards
long-term equilibrium, whereas in India, there is positive adjustment towards long-
term equilibrium.

A negative, significant relationship between positive hydropower shocks and life
expectancy is evident in Brazil, China and Russia, whereas in India, the relationship
is positive and significant. A 1% increase in positive hydropower shocks results in a
decline in life expectancy of 0.008%, 0.002% and 0.03% in Brazil, China and Russia
respectively, whereas in India it rises by 0.005%. Conversely, negative shocks in
hydropower result in an increase in life expectancy of 0.02%, 0.05% and 0.06% in
Brazil, India and Russia respectively. For China, however, life expectancy declines
by 0.02% under the same conditions. Comparing these coefficients reveals that
negative shocks to hydropower have a greater impact on life expectancy, meaning
hydropower has a positive impact on life expectancy in Brazil, India and Russia, but
anegative impact in China. These results contradict those of Selhenia et al. (2022) and
Fahlevi et al. (2023), who found that hydropower negatively impacted life expectancy
and suggested the need for policies that boost hydropower in order to improve life
expectancy in Brazil.
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Table 8. Comparative Short-Run Relationships

PNARDL Short Run Relationships

Variables Brazil China India Russia South Africa
ECT -0.007553 -0.000509 0.000998 -0.009404 -0.016816
(0.0021) (0.0000) (0.0000) (0.0037) (0.0137)
AHydro+ -0.007623 -0.001909 0.004656 -0.030059 -0.268969
(0.0000) (0.0000) (0.0000) (0.0000) (0.1194)
AHydro- -0.018285 0.016846 -0.051492 -0.061566 -0.180614
(0.0000) (0.0000) (0.0000) (0.0000) (0.1701)
AWind+ 0.092686 0.001254 -0.000198 -0.155949 -0.197767
(0.0000) (0.0000) (0.8331) (0.3525) (0.1724)
AWind- -8.987838 0.348197 0.185241 13.02167 -0.371495
(0.9985) (0.9326) (0.0129) (0.0010) (0.9056)
ANuclear+ -0.096052 0.000408 0.034253 -0.090220 -0.437646
(0.0000) (0.0001) (0.0001) (0.0000) (0.0068)
ANuclear- 0.248637 -0.005858 -0.004963 0.045980 0.343497
(0.0001) (0.5189) (0.4901) (0.0000) (0.0094)
AOther-RE+ -0.016268 0.004564 -0.103301 -2.169464 -3.230266
(0.0004) (0.0001) (0.0000) (0.6803) (0.7707)
AOther-RE- 1.504357 0.002355 0.012947 -6.841382 9.299353
(0.0000) (0.9964) (0.0820) (0.9237) (0.8313)
ALEG+ 0.028814 0.013700 -0.205315 -0.035149 -0.182006
(0.0000) (0.0006) (0.0000) (0.0003) (0.0002)
ALEG- 0.021824 -0.028391 0.105582 -0.025188 0.074501
(0.0005) (0.0001) (0.0000) (0.0013) (0.0276)

Source: Author’s computation (0.01), (0.05), (0.1) significance at 1%, 5% and 10% respectively

There is a significant positive relationship between positive wind power shocks
and life expectancy in Brazil and China. Assuming all other factors remain equal,
a 1% increase in positive wind power shocks would lead to a 0.09% increase in life
expectancy in Brazil and a 0.001% increase in China. Negative shocks to wind power
can significantly decrease life expectancy by 0.18% and 13.02% in India and Russia,
respectively, all other things being equal. This suggests that wind power has a positive
impact on life expectancy in Brazil and China, but a negative impact in India and
Russia, meaning that policies promoting wind power should be implemented in Brazil
and China, but not in India and Russia.

There are significant positive and negative relationships between positive nuclear
energy shocks and life expectancy in the BRICS nations. A 1% increase in positive
shocks to nuclear energy results in life expectancy increasing by 0.0004% and 0.03% in
China and India, respectively, while it decreases by 0.10%, 0.09% and 0.44% in Brazil,
Russia and South Africa, respectively, ceteris paribus. Conversely, a 1% increase in
negative shocks to nuclear energy results in a significant decrease in life expectancy of
0.25%, 0.05% and 0.34% in Brazil, Russia and South Africa, respectively. These results



Renewable Energy Transition and Life Expectancy in the BRICS Countries 195

suggest that nuclear energy does not contribute to life expectancy in Brazil, Russia and
South Africa, but could be promoted in China and India as it is beneficial there. In light
of these findings, nuclear energy policies in the BRICS countries should be revised to
enhance life expectancy.

Considering other renewable energy sources, a significant negative relationship
exists in Brazil and India, whereas in China it is positive. A 1% increase in positive
shocks to other renewable energies, including bioenergy, results in a 0.02% decrease in
life expectancy in Brazil and a 0.10% decrease in India, while it increases by 0.005% in
China, ceteris paribus. Moreover, a 1% increase in negative shocks to other renewable
energy sources results in a decline in life expectancy of 1.50% and 0.01% in Brazil and
India, respectively, all other things being equal. In light of these findings, it can be
concluded that other renewable energy sources, including bioenergy, have a negative
impact on life expectancy in Brazil and India. Consequently, policies relating to these
sources must be revised to enhance life expectancy.

The relationships between economic growth and life expectancy in the BRICS
countries also appear to be rather different. According to Table 8, a 1% increase in
positive economic growth shocks results in a 0.03% increase in life expectancy in Brazil
and a 0.01% increase in China, but decreases by 0.21%, 0.04% and 0.18% in India,
Russia and South Africa respectively, all other things being equal. A 1% increase in
negative economic shocks would lead to a 0.03% increase in life expectancy in China
and Russia, and a 0.02%, 0.11% and 0.07% decrease in Brazil, India and South Africa
respectively, ceteris paribus. These results show that economic growth does not
improve life expectancy in Brazil, Russia, South Africa and India, but does in China.
They are inconsistent with those obtained by Osei-Kusi et al. (2024), Beyene and Kotosz
(2021), Hendrawaty et al. (2022), and Majeed et al. (2021) who found a positive impact
of economic growth on life expectancy. Section 5.8 below presents the results of the
diagnostics tests.

5.8. Diagnostics Tests

32
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Figure 2. Residuals histogram normality test. Source: Author's computation



196 Nyiko Worship Hlongwane, Hlalefang Khobai

40 -
30 | I
20

104

A0

=20

-30 4

-40 L L L L L L
25 50 75 100 125 150

—— CUSUM ——--- 5% Significance

Figure 3. CUSUM model stability test. Source: Author’s computation

The study performed nonlinear CUSUM and residual histogram normality
tests, as shown in Figures 2 and 3 above. The results of the histogram normality test
show a Jarque-Bera statistic of 2.01 and a probability of 0.36, indicating that the null
hypothesis that the residuals from the model are normally distributed cannot be
rejected. We can therefore conclude that the residuals from the model are normally
distributed and that the results are reliable for formulating policies and making
recommendations. Furthermore, the CUSUM test results show that the model is
stable, as the trend line is within the 5% critical bounds according to Ploberger and
Kramer (1992). The study continues with the robustness check, as outlined in Section
5.9 below.

5.9. Robustness Check

The study performed Simultaneous Quantile Regression, as shown in Table 9 above, to
check the robustness of the results obtained in Sections 5.6 and 5.7. The values of the
pseudo R? increase from 0.47 to 0.56 between the first and ninth quantiles, indicating
that the results at the higher quantiles are more reliable than those at the lower
quantiles. The results suggest a significant positive correlation between hydropower
and life expectancy in the BRICS countries across the quantile range. A 1% increase in
hydropower results in a 0.02% increase in life expectancy between the first and eighth
quantiles, and a 0.11% increase between the first and eighth quantiles, ceteris paribus.
These findings contradict those of Selhenia et al. (2022) and Fahlevi et al. (2023), who
found a negative impact of hydropower on life expectancy. Taking these results into
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account, one could argue that hydropower has a positive impact on life expectancy
in BRICS nations, and therefore policies that increase hydropower must be promoted.
However, it should be noted that the impact of hydropower on life expectancy varies
across different quantiles.

Table 9. Simultaneous Quantile Regression Model

Simultaneous Quantile Regression

Quartiles
Variables
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Hydro 0.0215 0.0187 0.0160 0.0162 0.0145 0.0139 0.0105 0.114 0.0094
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Wind -0.102 -0.079 -0.065 -0.061 -0.058 -0.059 -0.045 -0.044 -0.041

(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

Nuclear 00321 00166 00107 00118 0018 00212 00199  0.0219  0.0194
0.027)  (0.017) (0272)  (0.119)  (0.005  (0.000)  (0.000)  (0.000)  (0.000)

Oth-RE 02107 01826 01727 01565 01590 01559 01394 01332  0.1299
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

LEG 20.028 00033 00757 00503 00544 01101 01706 0.1991  0.2322
(0.843)  (0967) (0.138)  (0.304) (0.336)  (0.111)  (0.000)  (0.000)  (0.000)

PseudoR2 04717 04789 04817 04964 05058  0.5105  0.5240  0.5448  0.5615

Observ. 170 170 170 170 170 170 170 170 170

Source: Author’s computation (***), (**), (*) significance at 1%, 5% and 10% respectively

There is a significant negative relationship between wind power and life
expectancy in the BRICS countries. The impact is stronger at lower quantiles and
weaker at higher ones, since a 1% rise in wind power results in a 0.10% to 0.04%
decrease in life expectancy in the first and ninth quantiles respectively, all other
things being equal. These results suggest that wind power does not contribute to
increased life expectancy in the BRICS nations, and that policies on wind power must
be revised to improve life expectancy. The results are consistent with those in Tables 7
and 8 and are reliable for policy formulation and recommendations. This calls for the
current wind power policies in these countries to be revised so that they can boost life
expectancy.

Other renewable energy sources, including bioenergy, have a significant positive
impact on life expectancy in the BRICS nations. These impacts appear stronger at
lower quantiles and weaker at higher quantiles, since a 1% increase in other renewable
energy sources results in an increase of between 0.21% and 0.13% at the first and ninth
quantiles, respectively, ceteris paribus. However, these results are inconsistent with
those presented in Table 7, which show stronger negative effects at lower quantiles
and weaker effects at higher quantiles. They imply that other renewable energy
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sources, such as bioenergy, are beneficial to life expectancy in BRICS nations and
should be promoted. Nuclear energy was also found to have a significantly positive
impact at lower and higher quantiles, but an insignificant impact between the third
and fourth quantiles. These results contradict those presented in Table 7, which show
significantly stronger negative impacts at higher quantiles. In terms of economic
growth, there is only a positive and stronger significance from the seventh to the ninth
quantile. These results suggest that caution should be exercised when attempting
to boost life expectancy through economic growth in the BRICS countries. Table 10
below, presents the results of robustness checks using the panel-corrected standard
error model.

Table 10. Panel Corrected Standard Error (PCSE) Model

Linear Regression, Correlated Panels Corrected Standard Errors (PCSEs)
Panels: Correlated (balanced)
Number of Observations: 170
Number of groups: 5
Autocorrelation: No autocorrelation

Variables Coefficient Standard Error z P>z
Hydro 0.0093955 0.0028957 6.96 0.000%**
Wind -0.0405674 0.0108358 -11.88 0.000%**
Nuclear 0.0193625 0.0027059 5.00 0.000%**
Other-RE 0.1299125 0.0477585 10.50 0.000%**
LEG 0.2321529 0.6068558 1.85 0.064*
Estimated covariances: 15 R-Squared: 0.7128
Estimated autocorrelations: 0 Wald chi2(5): 391.01
Estimated coefficients: 6 Prob > chi2: 0.0000

Source: Author’s computation (***), (**), (*) significance at 1%, 5% and 10% respectively

The study performed a robustness check using the panel-corrected standard error
model shown in Table 10 above. The R-squared value of 0.7128 indicates a good fit,
meaning that the model explains 71.28% of the variation in life expectancy results.
The results reveal that, ceteris paribus, a 1% increase in hydropower leads to a 0.01%
increase in life expectancy in BRICS nations. These results imply that hydropower has
a positive impact on life expectancy in the BRICS nations and should be promoted for
this reason. These findings are consistent with those in Tables 9 and 7, but inconsistent
with the studies of Selhenia et al. (2022) and Fahlevi et al. (2023), who found a negative
impact of hydropower on life expectancy. Conversely, wind power negatively affects
life expectancy in the BRICS nations since a 1% increase in wind energy significantly
decreases life expectancy by 0.04%, ceteris paribus. These results indicate that wind
energy is not good for life expectancy in the BRICS nations and the current policies on
wind energy must be revised to boost their life expectancy. The results are consistent
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with those presented in Tables 7, 8 and 9, which show that wind energy has a negative
impact on life expectancy in the BRICS nations.

Concerning other renewable energy sources, such as bioenergy, it can be seen that
a 1% increase in bioenergy leads to a 0.21% increase in life expectancy, all other things
being equal. These results suggest that bioenergy is beneficial for life expectancy in
BRICS countries and should be promoted to increase it. These results are consistent
with those presented in Tables 7 and 9 above, which show that other renewable
energy sources also boost life expectancy. To increase life expectancy, these countries’
governments must design policies that promote the generation and consumption of
bioenergy. As shown in Table 10 above, nuclear energy and economic growth also
significantly contribute to increasing life expectancy. These results are consistent with
those of Osei-Kusi et al. (2024), Beyene and Kotosz (2021), Hendrawaty et al. (2022)
and Majeed et al. (2021), who also found a positive impact of economic growth on life
expectancy. In Section 6 below, the study continues with the conclusions and policy
recommendations.

6. Summary and Implications

This study investigated how the transition to renewable energy impacted life
expectancy in the BRICS countries between 1990 and 2023. The theoretical foundation
was firmly based on a modified health production function, which was used to
answer the study’s question of which renewable energy source contributes the most
to life expectancy in BRICS nations. The study employed four estimation methods:
the QPNARDL model for nonlinear relationships; the PNARDL model for short-run,
country-specific comparisons; the Simultaneous Quantile Regression model to check
the robustness of the QPNARDL model; and the PCSE model to check the robustness
of the panel results overall, with no autocorrelations. The study was conducted at a
time when all countries were legally bound to comply with the Paris Agreement on
climate change.

The empirical results from these panel models revealed that the impact of
disaggregated renewable energy in BRICS nations varies and cannot be generalized.
Contrary to mainstream literature suggesting that renewable energy boosts life
expectancy, the results showed that wind energy had a negative impact, while
hydropower and other renewable energy sources, including bioenergy, had a
positive impact, based on the results from the QPNARDL, SQR and PCSE models.
The comparative results of the PNARDL model on a cross-country basis reveal the
following: wind energy has a positive impact in Brazil and China, but a negative impact
in India and Russia. Hydropower has a positive impact on India and a negative impact
on China, while its impact is mixed in Brazil and Russia, where positive shocks do not
contribute to life expectancy while negative shocks boost it. Other renewables have a
negative impact in Brazil and India, and a positive impact in China. The study found
no evidence that renewable energy sources boost life expectancy in South Africa, as
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the results were insignificant. These results imply the need to revise renewable energy
transition policies, especially in South Africa, to boost life expectancy.

The policy implications depend on the impact of disaggregated renewable energy
on life expectancy in the BRICS nations, a topic that was thoroughly investigated in
this study. Firstly, the QPNARDL model indicates that hydropower has a significant
negative effect on life expectancy. The PNARDL model produces mixed results for
different countries, whereas Simultaneous Quantile Regression and PCSE indicate
that hydropower increases life expectancy. Based on these models, it is recommended
that hydropower is promoted in all the BRICS countries to increase life expectancy.
This can be achieved by increasing investment in hydropower infrastructure to
boost generation and consumption. Brazil, India and Russia, which have favourable
hydrological conditions, could build more dams to generate hydroelectricity and boost
life expectancy.

Secondly, the results from the QPNARDL, SQR and PCSE models show that wind
energy has a positive effect on life expectancy in Brazil and China, but a negative
effect in India and Russia. This suggests that BRICS governments need to revise their
current policies on wind energy to boost life expectancy. This could be achieved by
increasing funding for wind energy research and development. Thirdly, the results of
the QPNARDL and PNARDL models show that other renewable energy sources, such
as bioenergy, have a negative impact on life expectancy, whereas the robustness results
of the SQR and PCSE models show that they have a positive impact. The PNARDL
model shows that bioenergy negatively affects life expectancy in Brazil and India.
Based on the robust results from the SQR and PCSE models, it can be inferred that the
promotion of bioenergy must be prioritized within the BRICS group, with Brazil and
India revising their policies to boost life expectancy.

Fourthly, rigorous policies must be implemented to address the impact of nuclear
energy on life expectancy in the BRICS countries. According to the PNARDL findings,
life expectancy is significantly lower in South Africa, Russia and Brazil. However,
the robustness results of the SQR and PCSE models indicate an increase in life
expectancy. Taking both findings into account, the study suggests promoting nuclear
energy because it helps reduce air pollution and greenhouse gas emissions, which
are significant health concerns. Although economic growth has a positive influence
on life expectancy, further improvement requires it to be directed through a green
economy.

This research project involves analyzing cross-country panel data to compare the
short-term impact of different renewable energy sources on life expectancy in each
of the BRICS nations. The primary aim of the study was to explore the impact of
the transition to renewable energy on life expectancy in the BRICS countries, using
various panel data and nonparametric models. Based on the study’s empirical results,
hydropower and renewable energy sources such as bioenergy are the most effective
ways to enhance life expectancy in the BRICS nations, and should therefore be pri-
oritized in order to boost life expectancy and mitigate the adverse effects of climate
change.
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7. Conclusion

This study investigated the impact of the disaggregated renewable energy transition on
life expectancy in the BRICS nations from 1990 to 2023. The empirical results from the
QPNARDL, PNARDL, SQR, and PCSE models reveal that the impact of disaggregated
renewable energy sources on life expectancy varies across countries and models. The
key findings of the study can be summarised as follows: Firstly, hydropower has a
positive impact on life expectancy in the BRICS nations, particularly in India. Secondly,
the impact of wind energy is mixed, with a positive effect in Brazil and China, but a
negative effect in India and Russia. Thirdly, other renewable energy sources, including
bioenergy, have a positive impact on life expectancy, except in Brazil and India.

Based on the empirical results, this study recommends promoting hydropower
generation and consumption in the BRICS countries to increase life expectancy. Wind
energy policies should be revised to boost life expectancy, particularly in India and
Russia. Bioenergy promotion should be prioritised in Russia, China and South Africa,
while policies in Brazil and India should be revised. The study also recommends to
promote nuclear energy, considering its advantages in reducing air pollution and
greenhouse gas emissions. The study acknowledges the limitation of excluding the
impact of solar power on life expectancy. Future studies should consider using non-
stationary models to explore the novel impact of disaggregated renewable energies,
including solar power, on life expectancy. In conclusion, this study provides new
insights into the impact of the transition to renewable energy on life expectancy in
the BRICS nations. The findings emphasise the need for policies tailored to specific
renewable energy sources to improve life expectancy and mitigate the negative impacts
of climate change.

Data availability statement: The data underpinning the analysis reported in this
paper are available on reasonable request from the corresponding author.
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