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This study investigates the relationship between economic growth, oil price,

and circular economy through biomass energy consumption in South Asian

countries, examining the possibility of biomass consumption by enhancing

economic growth and decreasing oil price. Energy is the backbone of economic

growth, while biomass energy resources being the best renewable energy

resource alternative considering the production cost. There are no studies in

the literature with regard to the influence of biomass consumption on

economic growth and oil price; our study has been designed to fill this

gap. For this, we used data for the period 2010–2020 and ARDL and

Granger causality. The findings show that all elasticities are statistically

significant in the short term for Pakistan, India, Bangladesh, and Sri Lanka. In

the long term, coefficients of oil price for Pakistan and Sri Lanka are positively

associated with significant elasticities, whereas biomass energy consumption is

negatively associated with oil price in India and Bangladesh. Biomass energy

consumption significantly impacts the economic growth of Pakistan and

Bangladesh in the long term, whereas in the case of India and Bangladesh,

an association between biomass energy consumption and GDP is shown. As a

policy implication, governments can create and adjust policies in order to

reduce costs in the energy system and protect the environment from

pollution with the adoption of a biomass energy system because fossil oil

and coal energy systems are unfavorable to economic growth, especially across

South Asian countries.
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1 Introduction

Energy is the backbone of economic growth and is

considered to be vital for the generation of assets for a

country. Energy resources are as important as food, clothes,

and shelter all over the world. Fossil fuels are the primary source

of carbon dioxide emissions and cause environmental issues.

Correspondingly, countries are being encouraged to move

toward alternative renewable energy resources (Cong and

Shen, 2013). Moreover, fossil fuel is associated with carbon

dioxide emissions (Bilgili, 2012), mold, and nonrenewable

energy resources, such as oil and gas. There are inadequate

reserves of oil and gas, and they present environmental

threats. Khan et al. (2020) stated the relationship between

energy consumption and economic growth. Oil consumption

does not affect the economic growth of the resource-rich

countries but causes it to retrogress in the resource-poor

countries (Adekoya, 2021).

Oil crises in 1970s forced developed countries to focus on a

long-term shift from fossil energy resources to inexhaustible and

sustainable energy sources. To increase living standards and

indigenous communal welfare, a circular economy is

mandatory, requiring clean and renewable energy.

Inexhaustible energy, especially biomass energy is a key

element for steady global development (Bildirici and Ozaksoy,

2013; Vasa et al., 2018) and has a significant influence in a

circular economy, both in terms of material products and the

provision of energy (Czikkely et al., 2018; Magda et al., 2019;

Sherwood, 2020). Policymakers in many countries are

recommended to adopt and promote renewable energy

sources that will help meet the increased demand for energy

by replacing old traditional energy sources such as coal, gas, and

oil. Renewable energy sources are reusable and can reduce CO2

emissions and also ensure sustainable economic development

(Khan et al., 2020).

Biomass energy resources (BERs) are the best renewable

energy resource alternative at a reasonable production cost

(Nunes et al., 2020). Herbaceous crops grown for energy

generation, planting of trees, agricultural residues, forest

production, wood wastes, water powers, specialized wood,

and residues for paper production are included in BER

(Aslan, 2016). Biomass is solitary inexhaustible carbon

energy, and with its rectitude of skimpy sulfur, skimpy ash,

almost zero-net emission of carbon dioxide, and sufficient

sources, economies are progressively considering and

embracing its growth and utilization (Zhang et al., 2011).

Biomass is highly significant in a circular economy in terms of

material products and the provision of energy (Sherwood,

2020). Biomass consumption (BMC) is an incentive for GDP

and leads to a decline in poverty in developing countries

because full-time energy demands in all parts of the world

can be met through it without costly transmogrification

instruments (Bildirici et al., 2012).

Environmental pollution, rapid increase in global population,

and economic pressure all prompt the world to move toward

renewable energy resources and the use of biomass energy as an

appropriate alternative to expensive energy resources (Bildirici

and Ersin, 2015). Many South Asian countries are also affected by

environmental pollution and economic burdens. Developing

countries are struggling more to achieve sustainable economic

growth (Mehmood, 2021). Therefore, revisiting renewable

energy for economic gains could be an appropriate strategy

for both environmental and economic sustainability.

Developed and BRICS countries consume more natural

resources due to higher economic development, as a result of

environmental concern (Wu et al., 2017).While Asian economies

can be developed at the same time as preserving the environment

through more robust regional environmental policies and

renewable energy resources (Mohsin et al., 2021), it is

important to discuss the relationship between GDP and BMC

inmore detail, particularly for developing countries like Pakistan,

India, Bangladesh, and Sri Lanka.

In this context, biomass energy systems can reduce energy

costs and limit environmental pollution. Correspondingly,

academics and researchers suggest that there is a need to pay

more attention to the adoption of this energy system. Thus, the

present research analyzes the relationship between BMC, oil

price, and economic growth, filling the gap in the literature.

To the best of our knowledge, there are no studies in the literature

regarding the relation to the influence of BMC on economic

growth and oil price. Ultimately, this research examines the

possibility of BMC enhancing economic growth and

decreasing the oil price across South Asian countries.

The rest of the study is structured as follows: Section 2 briefly

discusses the literature and theoretical background; Section 3

discusses the data and methodology used in the research study;

Section 4 documents the major results; and Section 5 concludes

the study.

2 Literature review

Biomass energy consumption is influenced by GDP and oil

prices (Hung, 2022). Aslan (201̂) investigated the relationship

between biomass energy and GDP and suggested that biomass

energy positively impacts GDP of the United States, both in the

short and long run. A positive relationship between GDP and

BMC is also found in BRICS countries for the medium and long

term and for the short term in the United States and the

United Kingdom (Hung, 2022). As can be seen, the impact on

the economy is different in terms of period and countries.

For developing countries, a biogas unit is much more cost-

efficient than conventional fuels spent in Pakistan. Biomass

energy generation systems are nowadays in demand, and over

the time their number is registered as steadily increasing.

Biomass energy involves low costs compared to other
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production systems, as it can be established with a small

investment. It is argued that a biomass energy system should

be applied in developing countries for many reasons. These

include the low costs of biomass energy systems compared to

other applied energy systems, the fact that in developing

countries 70% of people are normally resident in rural areas

and that the establishment of a biomass energy system creates

another opportunity in the form of gas bottles.

Energy requirements play a vital role, especially in a rapidly

growing economy (Kumar et al., 2010; Apostu et al., 2022; Panait

et al., 2022; Panait et al., 2022). Energy requirements have

steadily increased over the last 2 decades because of high

consumption in growing economies like India. These

requirements are expected to increase in the future by leaps

and bounds. This is an alarming situation in India, and the

government needs to pay attention to renewable energy to meet

future demand and combat the risk of an energy crisis.

Comparing the Indian economy to other South Asian

countries, India’s policy has resulted in a better performance.

In this context, India is adopting biomass energy techniques

(Kumar and Lu., 2010).

In Sri Lanka, Perera et al. (2005) analyzed biomass energy

consumption and calculated the energy resources in the period

from 1997 to 2010. This research found that the Sri Lankan

government produces only 8%TWh–10%TWh efficiency, and in

fact, they can produce 25% efficiency. This is an alarming

situation for the Sri Lankan government, with adverse

implications for their GDP. Furthermore, the annual demand

for energy in Sri Lanka is higher than their supply. So, the Sri

Lankan government, policymakers, and energy departments

need to consider an alternative energy system. A biomass

energy system would also be helpful for their economy, and

they can meet future energy requirements by adopting it in Sri

Lanka. In the case of Bangladesh, Mozumder et al. (2011) found

that energy consumption had a significant impact on GDP.

Academics suggest that energy consumption can not only

increase the GDP but also decrease the GDP in the case of

Bangladesh. The magnitude of the economic impact depends on

how the budgetary savings from the removal of electricity subsidy

and the increased revenue due to the removal of indirect

subsidies to natural gas are reallocated to the economy

(Timilsina & Pargal, 2020). Moreover, there are shortages of

energy that might precipitate an energy crisis in the future in

Bangladesh. Additionally, the oil price has also changed due to

energy consumption. Hence, the focus should be on low energy

production and biomass adoption which would be favorable for

the economy.

A recent literature on the relationship between biomass

energy consumption and GDP suggests that, as BMC

increases, there is a significant and positive impact on GDP

(Solarin et al., 2018; Gao & Zhang, 2021). Effective energy

policies to improve the infrastructure of biomass energy

supply lead to economic growth (Bilgili & Ozturk, 2015). A

major source of energy in poorer countries like sub-Saharan

countries is woody biomass energy. Woody biomass energy is a

renewable resource in that area and directly impacts the

economic growth of these countries (Bildirici and Ozaksoy,

2016). Biomass energy is renewable energy (Bildirici and

Ersin, 2015), and higher consumption of renewable energy

boosts energy efficiency, thus developing technology which

generates economic growth (Naseri et al., 2016; Oláh et al., 2021).

Previous studies adopt various techniques, for instance, fully

modified OLS (FMOLS), panel co-integration tests, and panel

unit root tests, to explore the relationship between BMC and

economical factors (Gao & Zhang, 2021). Bildirici et al. (2012)

examined the relationship between GDP and biomass energy

consumption for seven countries using vector error-correction

models , the bound testing method to check co-integration, and

the ARDL approach. A unidirectional relationship between BMC

and GDP and a co-integration between BE and GDP were

identified in the case of five countries (Brazil, Colombia,

Guatemala, Chile, and Bolivia), and no co-integration between

BMC and GDP was identified in two countries (Jamaica and

Argentina). Bildirici and Ozaksoy, (2013) investigated the

relationship between biomass energy consumption and GDP

in 10 European countries. The results indicated that there is a

unidirectional causality from GDP to biomass energy

consumption for Austria and Turkey and from biomass

energy consumption to GDP for Hungary and Poland.

Bidirectional causality was found in Spain, France, and

Sweden. Strong and long-run causalities showed bidirectional

causalities for all countries.

GDP growth can be predicted by nominal oil prices (Narayan

et al., 2014). Thus, oil prices were used as an independent

variable. GDP growth was not influenced by a continuous

increase in oil prices, and a rise in oil prices tend to increase

the production of goods and services, generating greater wealth

for the economy (Idrisov et al., 2015). If an economy is not able to

achieve significant demand elasticity, a change in the annual real

oil price can be reached by 12%, and in the following year,

production moves toward its peak. The long-term real oil prices

are expected to be negative due to fundamental demand and

supply until the production level is reached. Haugom et al. (2016)

demonstrated that the oil price plays amajor role in the rise or fall

in domestic production which leads to economic growth.

Du et al. (2010) revealed that the crude oil price is co-

integrated with global economic activity. These results also

suggest that fluctuation in oil prices influences GDP growth.

GDP growth is significantly affected by biomass energy

consumption and population, reducing energy consumption

which negatively affects GDP growth (Ozturk and Bilgili,

2015). Higher biomass energy consumption positively impacts

GDP growth, and oil price variation also affects the economic

growth rate. Payne (2011) and Bildirici (2014) used the ARDL

method to investigate the relationship between biomass energy

consumption and GDP growth.
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The causal relationship between biomass energy

consumption and GDP growth can be synthesized into four

hypotheses which need to be tested for developing countries.

First is the GDP growth hypothesis: biomass energy

consumption has a significant impact on GDP growth (Bilgili

and Ozturk, 2015). Second is the conservation hypothesis: there

is a unidirectional causality from GDP growth to biomass energy

consumption (Bildirici and Ozaksoy, 2016). Third is the feedback

hypothesis: this hypothesis highlights the interdependent

relationship between biomass energy consumption and GDP

growth (Bildirici and Ersin, 2015). Fourth is the neutrality

hypothesis: this hypothesis is supported by the absence of

causality between biomass energy consumption and GDP

growth (Bildirici and Ozaksoy, 2013).

In order to analyze the relationship between biomass energy

consumption, GDP growth, and oil prices in South Asia, the

present study represents the first attempt in the literature to use

the co-integration technique. The demand function of biomass

energy consumption is explained as follows:

BMC � f(Y,OP).

Variables are denoted as BMC, real GDP (Y), and crude oil

prices. In the following sections, econometric attributes are used

to explain the relationship 1) in a long-linear form.

3 Data and methodology

The study aims to analyze the long-run and short-term

relationship between BMC, GDP growth, and oil prices in

countries, namely, Pakistan, India, Bangladesh, and Sri Lanka.

Therefore, data were provided by the data stream for the period

2010–2020, and the causality was investigated by the ARDL co-

integration technique of Pesaran et al. (2001) and the Granger

causality test.

3.1 ARDL

The ARDL approach of co-integration, developed by Pesaran

(1997) and Pesaran et al. (1999), is used to investigate the

causality between BMC, GDP growth, and oil prices in

countries, namely, Pakistan, India, Bangladesh, and Sri Lanka.

The relationship of co-integration of Johansen (1988), Engle and

Granger, (1987), and Johansen and Juselius, (1990) is associated

with problems, which led to choosing ARDL for the current

study. ARDL presents a number of advantages over other models.

First, ARDL is used in the case when repressors are 1 (0) or 1 (1)

which means unit root pretesting is not required, but all variables

must be in equal sequence of integration for the application of the

Johansen co-integration approach. Second, a large data sample is

required for the Johansen co-integration approach for validity; in

case, the data sample is small, ARDL is more effective for

investigating a co-integration relationship. Third, different

optimal lags of the variables are allowed by ARDL. Finally, to

estimate a long-term relationship, ARDL uses a solitary

minimized equation form, whereas other approaches use

system equations.

Srinivasan et al. (2012) explained two steps of the ARDL

method for co-integration for predicting a long-run

relationship. The first step is to estimate the long-term

relationship among all variables using the following equation:

ΔBMC � λ0 +∑
m

i�1
αiΔBMCt−i +∑

m

i�0
ϑiΔOPt−i + φ1BMCt−1

+ φ2yt−1 + φ3OPt−1 + εt.

In the present research, the Akaike information criterion has

been used for the selection of lag terms. Furthermore, bound

testing has also been used on the joint F-statistic to evaluate the

null hypothesis of no-integration. In the second step, if co-

integration is established, the conditional ARDL long-run

model for BMC can be estimated as follows:

BMC � λ0 +∑
m

i�1
αiBMCt−i +∑

n

i�0
jiγt−i +∑

k

i�0
δiOPt−i+∪t.

3.2 Granger causality

Granger causality analysis (Granger, 1969) is used to

determine the causality between BMC, GDP growth, and oil

price (OP) because ARDL is not a specific tool to determine

causality. To investigate the causal relationship among variables

vector error-correction (VEC) model is used:

ΔBMC � λ0 +∑
m

i�1
αiΔBMCt−i +∑

n

i�1
ϑiΔyt−i +∑

k

i�1
δiΔoOPt−i

+ ECMt−1 + ε1t,

Δy � β0 +∑
m

i�1
θiΔopt−i +∑

n

i�1
γiΔBMCt−i +∑

k

i�1
λiΔOPt−i + ECM

+ ε2t,

ΔOP � v0 +∑
m

i�1
μiΔOPt−i +∑

m

i�1
μiΔBMCt−i +∑

k

i�1
kiΔyt−i + ECM

+ ε3t,

where residuals εt are normally distributed with constant

variance and ECMt-1 is the error-correction term resulting

from the long-run equilibrium relationship.

4 Empirical results

In the present research, a unit root test is used to determine

the long-run relationship among the variables on the basis of the
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following tests: 1) the traditional ADF unit root test; and 2)

Philips–Perron test.

According to Table 1, the ADF unit root test results suggested

that BMC and Y series are I (1) processes, being stationary after

the first difference for all countries analyzed. Furthermore, the

Philips–Perron unit root test confirmed the results of the

traditional ADF test.

In order to evaluate the result of ARDL bound tests,

dummy variables have been used to determine the

breakpoint (Table 2).

The F-statistics critical upper bound of Pesaran indicated

strong evidence to reject the null hypothesis of no-co-integration

in favor of co-integration at a 5% significance level.

The results confirmed the presence of a unique co-integration

vector. For Pakistan, India, Bangladesh, and Sri Lanka, the F tests

suggested one co-integrating vector, the biomass consumption,

being considered the dependent variable for these countries.

Thus, the results in Table 2 suggested the existence of a unique

ARDL long-run relationship among variables. Table 3 indicates the

long-term and short-term elasticity of the ARDL model.

TABLE 1 Unit root test.

BMC GDP

ADF PP ADF PP

Level First
difference

Level First
difference

Level First
difference

Level First
difference

Pakistan 0.9913 −4.4331 0.5077 −8.2415 1.00 −3.1572 1.00 −3.1539

Sri Lanka 0.7485 −7.5945 0.5605 −9.5997 0.9999 −3.2869 0.9998 −3.2625

Bangladesh 0.9827 −3.7785 0.9778 −3.7644 1.00 −5.5765 1.00 −8.1863

India 0.967 −4.8344 0.6112 −12.819 0.9988 −4.0262 0.9987 −4.0399

The significance level at 5% is denoted with *.

TABLE 2 Bound testing for co-integration.

Fy (y|bmc, op) Fbmc (bmc|y, op) Fop (op|bmc, y)

Pakistan 0.909197 4.022441 * 1.279062

Sri Lanka 2.286167 27.875221* 4.981722

Bangladesh 1.30086 5.961736* 2.772536

India 3.849474 5.522954* 3.38009

Critical values are considered from Pesaran et al. (2001).

TABLE 3 Short- and long-run coefficients for ARDL.

Short-run coefficient Long-run coefficient

BMC OP GDP BMC OP GDP EMC

Pakistan — −0.008 −0.010 — 0.270 −0.055 2.318

— 0.057 −0.354 — 1.278 −2.383 2.590

Sri Lanka — 0.020 0.029 — 0.015 −0.012 1.528

— 0.078 0.682 — 0.022 −0.683 1.648

Bangladesh — 1.324 −1.902 — 1.917 2.439 9.034

— 0.029 −0.028 — −0.012 0.127 3.361

India — 0.106 −0.0002 — −0.052 0.008 −2.900

— 0.959 −0.015 — −0.873 1.491 3.340
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Based on the aforementioned results, there is strong evidence

according to which a long-term relationship is found for the

coefficient estimates. The elasticities are interpreted as usual, for

instance, a 1% increase on international oil prices leads to a

0.008% decrease on the consumption of biomass energy in

Pakistan. For Pakistan, India, Bangladesh, and Sri Lanka, all

elasticities are statistically insignificant on the short run at a 5%

level. For Pakistan, the coefficient of OP is negative, whereas

BMC positively impacts oil prices in all remaining countries. The

coefficient of GDP is positive for Sri Lanka, but the association

between BMC and GDP is negative for Pakistan, Bangladesh, and

India. Moreover, the growth hypothesis is not accepted in the

short run for all South Asian countries.

In the long term, the coefficients of oil price for Pakistan and

Sri Lanka are positive, whereas BMC is negatively associated with

oil prices in India and Bangladesh. Elasticities of oil prices are

insignificant in the long run for all the countries. India and

Bangladesh show a positive association between GDP and BMC,

but this association is negative for Pakistan and Sri Lanka. BMC

significantly impacts GDP of Pakistan and Bangladesh in the

long run, indicating that the growth hypothesis is accepted, but

the elasticity of GDP is insignificant for India and Sri Lanka,

rejecting the growth hypothesis.

The autoregressive distributed lag model did not determine

the direction of causality, although on the basis of the present

research on oil prices, biomass energy consumption, and

economic growth register a long-term relationship. Table 4

shows the results of the causality relationship among variables.

The Granger causality test results indicated that the

conservation hypothesis has been accepted in Pakistan and

Bangladesh. Based on the present research, we found that energy

conservation policies have no significant impact on Y. The growth

hypothesis was accepted for Pakistan and Bangladesh. This shows

that an increase in BMC significantly increases GDP growth,

confirming the third hypothesis. As for Sri Lanka, our research

found that there is an opposite movement regarding the oil price to

GDP growth and oil price to BMC. Thus, the fourth hypothesis was

accepted only in the case of Pakistan.

Our results are similar to what we found in the literature.

Regarding the growth hypothesis, Aydin (2019) found a positive

and significant relationship between economic growth and

biomass energy consumption in the case of BRICS countries.

The same results were encountered by Shahbaz et al. (2016) in

BRICS countries and Aslan (2016) in the United States. In the

case of OECD countries, Güney and Kantar, (2020)

demonstrated that the use of biomass energy sources

generates sustainable development. Also, Konuk et al. (2021)

indicated a significant relationship between economic growth

and biomass consumption, but a negative relationship has been

considered for Next-11 countries (except for Vietnam). In the

case of European countries, this relationship was confirmed by

Apostu et al. (2022).

The conservation hypothesis was also confirmed in the case

of the countries in our sample, similar to the extant literature.

According to Bildirici and Özaksoy, (2013), there is a

unidirectional causality from GDP to biomass energy

consumption in the case of Austria and Turkey, but there is

also a unidirectional causality from biomass energy consumption

to GDP for Hungary and Poland, whereas for Spain, Sweden, and

France, the causality is bidirectional. A short-run unidirectional

causality from GDP to biomass energy consumption was also

detected for developing countries in Asia, determining the GDP

role in the adjustment process (Gao and Zhang, 2021). The same

results were indicated by Kim et al. (2020) in the case of the

United States, being necessary to stimulate an increase of biomass

production in order to reduce CO2 emissions and increase

economic growth.

The interdependent relationship between biomass energy

consumption and GDP growth was accepted in the case of the

countries in our sample. Considering the United States, Payne

(2011) indicated a unidirectional causality from biomass energy

consumption to real output. Apergis and Payne, (2011) found a

bidirectional causality between renewable energy consumption

and economic growth in both short run and long run in Central

America. Also, Bowden and Payne, (2010) provided evidence of

unidirectional causality from residential renewable energy

TABLE 4 Granger causality.

GDP→ BMC BMC→ GDP OP→ BMC BMC→ OP OP→ GDP GDP→ OP

Pakistan 2.2931* 2.27503* 0.30315 4.51954* 5.68425* 0.27131

0.1297 0.1316 0.7422 0.0257 0.0122 0.7654

Sri Lanka 0.30225 0.27536 0.20856 4.75477* 10.3033* 0.093

0.7428 0.7624 0.8137 0.022 0.001 0.9116

Bangladesh 2.8952* 0.62904 0.349 4.71208* 0.46637 1.95218

0.0813 0.5444 0.7101 0.0226 0.6346 0.1709

India 0.57148 2.13806* 0.77649 8.31054* 0.84503 1.67186

0.1469 0.5746 0.4748 0.0028 0.4459 0.2158

t-values are given below the coefficients.
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consumption to real output. Thus, our results are in good

agreement with the results in the literature.

The neutrality hypothesis reflects the absence of causality

between biomass energy consumption and GDP growth, being

accepted in our study only in the case of Pakistan. Apergis and

Danuletiu, (2014) analyzed 80 countries and detected that the

interdependence between renewable energy consumption and

economic growth was not applied, indicating that renewable

energy is important for economic growth. Considering OECD

countries, the long-term relationship between the variables is

present, being mandatory to improve the biomass energy

infrastructure as an important source of renewable energy to

promote economic growth (Ajmi and Inglesi-Lotz., 2020).

5 Conclusion

The present research study concluded that the growth

hypothesis has no support in the context of BMC with oil

prices and GDP growth in the four countries taken as samples

in South Asia. In contrast, in the case of the long-term context,

the growth hypothesis was supported in Pakistan and

Bangladesh. Moreover, as for the conservation hypothesis,

strong evidence was found from long-run perspectives in

India and Bangladesh. On the basis of these results, the

research study suggests that the policy of BMC can be applied

in such countries, suggesting no adverse movement in GDP

growth.

Additionally, bidirectional causality was found only in

Pakistan, and there was evidence to support the bidirectional

causality for all the other countries. Based on these results, it is

evident that BMC and GDP growth are complementary to each

other, and an increase in energy consumption stimulates GDP

growth and vice versa. In conclusion, the feedback hypothesis has

been supported only in Sri Lanka.

Therefore, the present research study provides a clear picture of

the relationship among BMC, oil prices, andGDP growth, providing

useful insights for policymakers, government, decision-makers, and

energy sectors to consolidate the energy system in South Asian

countries. As a policy implication, the present research study

suggests that South Asian countries should pay attention to

biomass energy infrastructure to enhance the energy system and

to avoid unfavorable movement in oil prices and GDP growth.

The current research study suggests that governments should

consider the adoption of a biomass energy system for their

economic growth and control over oil prices. Hence, there are

two main benefits. The first one is the fact that governments can

save costs and use more of their budgets on health and education.

Second, governments can limit environmental pollution through

the adoption of a biomass energy system because this system

actually has a significant control over carbon dioxide emissions.

Future research could extend the work of this study to other

countries. Biomass energy studies should be explored in other

developing countries because nowadays many countries face

similar crises.
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