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Abstract

In a developing country such as Pakistan, adopting biogas technology is a complicated process. The government has taken
several steps to address energy issues by increasing biogas facilities. This research seeks to identify the major barriers to
the deployment of biogas plants. Respondents were selected using the snowball sampling method. As a result, 79 adopters
of biogas plants participated. Utilizing a structured questionnaire, primary data were collected. Hypotheses were evaluated
using partial least squares structural equation modeling (PLS-SEM). Study results demonstrate that all influencing factors
are favorably associated with implementing biogas technology, minimizing energy crises, and achieving cost-cutting objec-
tives. In addition, the findings show that properly reducing economic and governmental barriers, encourage farmers to use
biogas plants productively and substantially. To build biogas facilities, the government should adopt an economic strategy,
owner training, day-to-day operations, and professional technical assistance.
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Introduction

Climate change, depletion of natural resources, increasing
air and water pollution, and a reduction in biodiversity are
effects of rising material consumption on environmental
quality. Like the rest of the developing world, Pakistan needs
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extensive energy to sustain its people and businesses (Irfan
et al. 2021). Decades of uncontrolled electricity demand and
supply gaps have plagued the country. During the summer,
this vacuum is obvious. 16 to 18 h per day in rural regions
and 10 to 12 h per day in metropolitan cities are without
electricity in Pakistan. About 51 million people in Pakistan
lack access to electricity, and 50% of the population lacks
access to clean cooking facilities (IRENA 2020). Paki-
stan’s installed power generating capacity reached 34,501
megawatts in May 2021 (MW). It is anticipated to grow by
53,315 MW by 2030. The renewable energy contribution to
energy needs is about 0.5%, which is insignificant (NEPRA
2021). Pakistan’s national energy mix for the fiscal year
2019-2020is 121,691 Gigawatt hours (GWh) by the end of
May 2021, with thermal plants accounting for 57% of power
output, hydroelectric plants for 32%, renewable energy for
3%, and nuclear plants for 8% (NEPRA 2021).

Pakistan’s geographical location offers significant
potential (about 81 million tonnes per year) for all types
of renewable energy, including solar energy, wind energy,
and bio-energy. Utilizing combustion, trans-esterification,
gasification, and pyrolysis, the USA has enormous potential
for producing biomass bio-energy. The impact of modern
technology on the nation’s sustainable economic growth is
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enormous. Solar isolation (5.5Wh m_Zd_l) and annual mean
sunlight duration of 8—10"~! are a boon in Pakistan. In the
coastal areas of Sindh and Baluchistan, wind speeds range
from 5 to 7 m per second, and the wind energy potential
reaches 20,000 MW. Eighty percent area of Sindh, South
Punjab and 65% area of Baluchistan’s daily average solar
radioactivity force array from 1600 to 2750 W'™ during
10 h. Monthly energy output per 100 m? in Pakistan must
range between 45 and 83 MW (Ali et al. 2021).

This research model investigates the moderating influ-
ence of technical knowledge via social media on Paki-
stanis’ propensity to embrace biogas technology. We have
addressed with farmers the major obstacles to implementing
biogas plants in this nation. In this research, respondents
were selected using a systematic sampling technique. Using
quantitative data collection techniques, questionnaires were
utilized to obtain the information required to achieve the
study goals. PLS-SEM was utilized to evaluate the collected
data. The findings show that Pakistan’s thorough elimination
of economic and governmental barriers stimulates farmers
to build biogas systems greatly and favorably. The report
suggests that the government draught an economic strat-
egy, raise awareness via social media, teach owners, and
eliminate maintenance hurdles with skilled technicians to
promote biogas facilities. The regulatory authorities must
prioritize the usage of biogas plants and attract investment.
This research investigated the technical obstacles and impor-
tant sociocultural factors preventing Pakistan from adopting
biogas-powered plants. Existing social practices are related
to individual behavior, which is the source of social niche.
The reasons of plant users acquire biogas plants are outlined
in Table 1.

Table 1 demonstrates why biogas plant building is of
relevance to farmers. Consequently, several obstacles and
important issues hinder the nation’s adoption of biogas tech-
nology. This research aims to identify the key barriers and

Table 1 Motivation to attract farmers on different factors

Explanations Circumstances Response (%) Frequency
(%)

Social reputation 33 13 21

Energy-saving 39 16 18

Time-saving benefits 31 13 19

Health advantages 18 7 12

Environmental advantages 20 8 11

Unavailability of alterna- 25 11 17
tive fuels

Subsidy 46 16 24

Motivation by existing 44 17 25
plants

Motivation by construc- 36 14 19
tion body

causes why farmers abandon biogas technology. Despite its
economic benefits, scientific viability, and environmental
advantages, biogas technology is still not widely accepted in
Pakistan. Existing research has shown a considerable knowl-
edge gap about the most important contributory factors of
dependence, including the selection of market, institutional,
and home fuel sources. Adopting biogas has negative impli-
cations on collection time and fuel wood prices but large
favorable benefits on agricultural income and revenue (GoP
2020).

All previous research on the energy sector in Pakistan
(Al et al. 2022b) focused on energy gap based on demand
and supply, (ii) source of energy production, (iii) upcoming
of energy division, (iv) the valuation of the whole energy
area in Pakistan, and (v) the renewable energy combination.
Investors and all kinds of investments are discouraged by
the absence of an examination of technical obstacles and
critical social considerations related to adopting biogas-
installed plants; and (iii) planned expenditures to realize
the economic advantages of biogas-installed facilities. We
analyses the key obstacles and crucial variables of biogas-
installed plants in the country that impede the sustain-
able development of biogas technology; (ii) we emphasize
installation and maintenance hurdles for the elimination of
these obstacles to attracting biogas plant investors for the
growth of biogas energy on a sustainable basis; and (iii)
we practically evaluate the moderation of biogas plant size.
The conclusions of this research study will aid government
institutions, competent authorities, and non-governmental
groups in simplifying the wasteful procedure. Biogas plants
are meant to deliver renewable energy at an affordable price
to reduce rural farmers’ greenhouse smoke discharges via
biogas and effective leftover controlling. In addition, the
present study seeks to educate farmers on the benefits of
adopting biogas plants, enhance their abilities, and urge
them to extend their installations owing to the low initial
share and long-standing profits. This research work aims
to decrease economic threats, eliminate barriers to farmer
biogas plant investment, provide free energy for farmer self-
consumption through small-scale biogas plants, and improve
biogas plant competence. In addition, the objective of this
study is to enhance collaboration between knowledge institu-
tions, government organizations, and municipalities in the
biogas business.

Consequently, the key aim of this research was to identify
and explain the most significant obstacles that deter agrar-
ians to adopt modern biogas machinery. This study dem-
onstrates Pakistan’s biogas potential to persuade financiers
to spend in biogas technology sector for the justifiable for
biogas energy expansion. This article explores the important
characteristics of biogas-installed plants in Pakistan to pro-
mote the long-term expansion of modern biogas machinery.
The subsequent sector examines the literature assessment,

@ Springer



11840

Environmental Science and Pollution Research (2023) 30:11838-11860

research methodology, study design, and formulation of
hypotheses. The discussion focuses on the findings, impli-
cations, conclusion, and important research limitations.

Literature review

The production of energy from fossil fuels is a global con-
cern (Curtin et al. 2019; Gani 2021). Without a sustained
global energy supply, the current standard of living and eco-
nomic growth are unattainable (Azam et al. 2019; Gielen
et al. 2019; Hoang et al. 2021; Lowe and Drummond 2022).
Consistent energy supply is essential for contemporary life
(Gabr et al. 2018; Grunewald and Diakonova 2018; Popp
et al. 2021). The nation’s economic growth and prosper-
ity rely heavily on efficient energy resources (Bhattacharya
et al. 2020; Usman et al. 2020). Improving a country’s or
nation’s level of living and economic growth requires energy
(Roy and Dalei 2020; Sueyoshi and Yuan 2018). Energy
was vital to emerging countries’ economic and social growth
(Saito et al. 2019; Wang et al. 2021). It keeps around USD
214,406 (PRs 46,290) million on runny fuel gas, firewood,
paraffin oil, and bio fertilizer every month (Arshad et al.
2018). Biogas is a crucial inexpensive drive basis for the
maintainable growth of any country. Utilizing modern tech-
nologies, energy production is now a challenging endeavor.
The country’s high energy consumption is due to its grow-
ing population and economy. The disparity between energy
demand and supply causes issues in almost every aspect of
national life, plus supportable growth, affluence, the expan-
sion of supplementary productions houses, and commercial
progress. These type of barriers harm anthropological fit-
ness, liquid supplies, agrarian output, and environmental
actions (Amir et al. 2019; Murad et al. 2019).

Multiple investigation studies demonstrate that biogas
offers energy to pastoral regions and fulfills several eco-
nomic demands, such as reducing poverty, providing local
jobs, and improving local health (Bates et al. 2019; Mikhail
et al. 2020; Ozturk 2016). Biogas production provides sev-
eral environmental benefits, including producing electricity
and renewable energy, treating waste, and using bio-slurry
as biological nourishment to recover crop resilience. In
rural regions of low- and middle-income countries, other
reasons for deforestation are investigated, including energy
shortages, slow economic development, and a lack of biogas
production. In rural places, women are thus responsible for
cooking and heating using fire and wood (Jayarathne et al.
2018; Liu et al. 2021). Biogas enabled the generation of
biogas and the collection of bio-slurry for soil enrichment
(Ashraf et al. 2019). Importing petroleum and natural gas
throws rising countries under severe economic strain. Adop-
tion of biogas is economically and environmentally feasible
(Sun et al. 2021). Pakistan derives the bulk of its energy
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from fossil fuels. These energy sources are pricey and
have variable environmental consequences. To overcome
the grave energy problem, the government of Pakistan has
decided to use an alternative, cost-effective, and ecologi-
cally friendly energy sources. Modern RE plans to account
for environmental limits and provide practical answers to
all energy concerns (Morgunova et al. 2020; Nasirov et al.
2018; Wu et al. 2020a). Despite this, the government of
Pakistan has pledged to boost the RE share by 5% by 2030,
and biomass energy will be essential to achieving this goal
(Yasmin and Grundmann 2019). Pakistan spends a large
percentage of its national budget on gas and oil imports to
compensate for a temporary energy deficit. Pakistan saved
$8-$9 billion on energy imports in 2019-2020 (Aziz et al.
2018; Roussel et al. 2021).

Biogas may be a viable and efficient alternative energy
source for addressing the nation’s energy deficit. As the
sixth-largest livestock-based economy in the world, Paki-
stan has considerable potential for biogas energy production
(Khan et al. 2021b; Yasmin and Grundmann 2019). Of Paki-
stan’s energy demands, 28.12% are met by imported oil and
gas (Rafique and Rehman 2017; Yaqoo et al. 2021). Over
the last two decades, commercial contractors, (global private
organizations), (local governmental organizations), and the
government sector have erected biogas facilities. Pakistan
has a large animal population and can produce biogas from
animal waste (Awan et al. 2022). The biogas plant is cost-
effective and excellent for lowering ophthalmic and lung
pollutants due to its cheap installation cost. Animal dung
may create an average of 12-804 m® biogases per day in
rural Pakistan (Sun et al. 2021). The Pakistani government
began biogas project 4109 in 1974 using biogas technology
for societal gain. In rural areas, 4137 biogas plants were
constructed by 1987. The daily biogas plant capacity for
cooking and lighting varied from 3000 to 5000 Free Triiodo-
thyronine Feet (biogas measurement unit) (Kamran 2018).
Agriculture is Pakistan’s major sector, providing 18.5% of
its gross domestic product (GDP) and employing 38.5% of
the population (Afridi and Qammar 2020).

Daily animal dung production in the nation is 650 million
kilograms. In addition, it can provide clients with 16.25 mil-
lion m*/day if 50% of animal waste is collected and handled
domestically. More than 8 million families produce animal
products directly, accounting for 35-40% of their entire
output (Jabeen et al. 2020; Ullah et al. 2021). The govern-
ment devoted fewer resources to the agricultural subsector
of forestry, which was judged inferior to others (Mir et al.
2021). Pakistani literature suggests that many research types
focus on biogas technology (Igbal et al. 2018). However,
this study’s major objective was to adopt biogas technol-
ogy. No one has investigated why farmers abandoned biogas
technology and the fundamental barriers they encountered.
Adopting biogas technology will provide Pakistani farmers
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with a prosperous future and alleviate the country’s energy
issue (Wang et al. 2020c). In 2008-2009, Pakistan began
its home biogas project program to offer biogas plants and
replace conventional fuels such as residual crops, liquefied
petroleum gas, wood, and animal dung cake with biogas
(Jan 2021). EKN-RSPN (embassy of the Netherlands-rural
support programs network) reported that Pakistan had built
the maximum number of biogas plants authorized for phase
one of the domestic biogas program (PDBP) in Punjab:
ten biogas plants. This program’s primary objective was to
establish 12,000 biogas plants. Unfortunately, only around
3000 biogas plants were networked, and the intended results
were not achieved. The project offered subsidies as incen-
tives to encourage and support rural residents’ social and
technical adaptation. However, biogas technology accept-
ability has not yet reached an adequate level (Gelani et al.
2022; Lei et al. 2021).

As the world’s fourth most significant energy source,
biogas provides more than 14% of primary energy (Khan
et al. 2021a; Yaqoo et al. 2021; Yasar et al. 2017a). Numer-
ous countries, especially those with low-to-middle incomes,
have exploited energy sources like hydro, biomass, and solar
thermal, to provide dependable, local, and inexpensive
power (Mohsin et al. 2022; Saghir et al. 2019; Tareen et al.
2018). Reputation and time savings are two more driving
factors that account for 33.5% each. Technical advancement
and social acceptability are strongly correlated in low- and
middle-income nations. In Pakistan, the installation and
construction of biogas plants are largely driven by energy,
time savings, and subsidies. Of the most significant motivat-
ing and subsidizing aspects, 42.5% were support, taxation,
and finance for using cleaner fuels (Puzzolo et al. 2016).
However, this depends on adoption awareness (Mohsin et al.
2022; Pilloni et al. 2020). Biogas production from biological
leftover has recognized as a renewable energy cause (Afridi
et al. 2019). There are several productive biogas plants in
South Asian nations, including India, Bangladesh, China,
and Nepal (Wang et al. 2020b).

Formulation of hypotheses
with the theoretical background

Maintenance barriers of biogas plants

The development of biogas technology in rural areas of Paki-
stan establishes its dominance over energy decisions to alle-
viate the economic problems caused by energy inefficiency.
Analyzing the durables dominating energy efficiency and the
consequences of biogas technologies requires dominance.
Biogas energy has huge potential and is a promising form
of renewable energy for satisfying the nation’s energy and
financial requirements. There are 15 million potential biogas

power plants in Pakistan, which might greatly influence the
country's economic growth (Kamran 2018). Biogas facilities
require qualified technicians nationwide. The government
has abundant biogas supplies, such as agricultural wastes,
fuel wood, municipal solid waste, and animal manure. Forty-
eight percent of the country’s energy needs are met by burn-
ing wood, while animal byproducts and crops meet 32%.
Pakistan’s potential energy output of 4800 to 5600 MW
from animal waste. The biochemical and thermochemical
potential for generating power from municipal solid waste is
220 kWh/t and 560 kWh/t, respectively (Afridi and Qammar
2020). Due to its agricultural character, Pakistan possesses
many animal-based biogas resources. In rural locations, the
successful deployment of these biogas resources might offer
positive outcomes. Using manure and straw biogas prop-
erly can reduce emissions and increase economic benefits
(Nevzorova and Kutcherov 2019). The biogas plants pro-
vide electricity, reduce greenhouse gas emissions, stimu-
late economic expansion by improving earnings, and their
upgrading can enhance environmental performance (Igbal
et al. 2018; Iram et al. 2020). Adopting biogas technology
in rural regions can substantially help the nation’s economic
growth. Its parallel situation correctly depicts sites’ biogas
uptake and economic growth projections. Based on these
findings, we offered the following initial hypothesis:

Hypothesis 1 (H1): There is a correlation between the
maintenance difficulties of biogas plants and the desire
to embrace biogas technology in Pakistan.

Economic and policy barriers

Approximately 63% of the population of Pakistan lives in
rural regions and requires business and household energy
sources. Existing portable biogas plants are desirable owing
to their high methane gas output, low price, open policy, and
portability. This biogas factory may aid rural communities in
increasing and meeting their domestic requirements (Wang
et al. 2020b). There is a correlation between the deploy-
ment of biogas plants and the prosperity of rural areas. Com-
ponents of biogas development include household biogas
digesters, biomethane plants, biogas grid plants for electric-
ity generation, large-scale biogas plants, and micro biogas
digesters in rocky locations (Baloch et al. 2020; Igbal et al.
2018). These findings fit with Pakistan’s goal to construct
biogas facilities. This sign highlights the relevance of biogas
for private share and this one connection to economic devel-
opment. Utilizing biogas plants efficiently in rural areas may
provide financial development that exceeds the limitations of
biogas adoption. Biogas is, from the perspective of a profes-
sional management unit, the finest renewable energy choice
for the development and prosperity of the area. In addition
to its social, economic, and environmental advantages,
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commercial biogas is seen as the future of rural communi-
ties (Haile et al. 2019). This study’s conceptual approach
overcomes the issues of Pakistan’s solar biogas plant and
rural prosperity in general. These factors lead to the forma-
tion of the following next supposition:

Hypothesis 2 (H2): There is a correlation between eco-
nomic and policy barriers and adoption intentions for
biogas technology.

Owner satisfaction with biogas plant

Biogas has recently been used to generate power. The feed-
stock substantial is a supportable renewable energy (RE)
basis (Luyer et al. 2021). Using biogas to generate energy
might minimize power outages, enhance feedstock material
management, and alleviate Pakistan’s environmental prob-
lems. Agricultural, plant, and nutrition excess are the most
efficient drive causes and crucial elements of a supportable
evolution. Enhanced use of these resources for energy pro-
duction may reduce the nation’s CO, emissions. The overall
biogas production potential in Pakistan is 226.8 Mm? d1,
whereas the predicted power generation for 2018 is 59,536
GWh ! (Sun et al. 2020; Wu et al. 2020b; Yaqoo et al.
2021). The use of biogas may create 280 MWh of electric-
ity per day from chicken dung (Gebreegziabher et al. 2018).
It enhances people’s living level and may also affect their
lives favorably. The utilization of Pakistan’s biogas poten-
tial is essential for its economic growth. In all rural regions
of the country, the biogas support program (BSP) must be
implemented (Jan and Akram 2018). Due to the fixed instal-
lation cost of the biogas plant, the advantages achieved in
later years exceed those of the first year. Affording to a cost-
energy benefit study, by rice peapod and chicken manure to
produce a biogas modern technology in Pakistan, is possible.
The third hypothesis was formulated based on the following
findings:

Hypothesis 3 (H3): There is a correlation between owner
satisfaction with biogas plants and the intention to adopt
biogas technology in Pakistan.

Financial support for biogas plants

The biogas business in Pakistan has enormous unrealized
potential, which must be achieved by disseminating relevant
information to local farmers. If the Pakistani government
offers operational and maintenance assistance to biogas
plant customers, foreign investors may aid in addressing
the sector’s issues. Operating and maintenance expendi-
tures vary based on the magnitude of the installation. For
similar projects, the technical and operational design of the
chosen biogas plant should be evaluated. The government
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may significantly promote the biogas industry in the USA
by providing grants, enticements, and existing plans that
entice investors and financiers (Jarrar et al. 2020). Perma-
nent cupola biogas unit offer excellent economic enact-
ment due to cheap investment expenditures (fixing and
response), reduced operating and maintenance budgets, and
a short reimbursement period (Wu et al. 2020c; Yasar et al.
2017b). The thermal energy supplied by biogas has a favora-
ble effect on evaluation outcomes. If the policy is updated
to permit independent renewable plug-in projects, the RE
policy incentives may attract biogas investors and improve
the economic sustainability of biogas facilities (Govender
et al. 2019). Pakistan’s economic position may help the
biogas power plant. These variables are potential outcomes
of certain parts of operation and maintenance, and they have
an immediate impact on the growth of biogas power plants.
In light of these reasons, the following idea was proposed:

Hypothesis 4 (H4): Financial assistance for biogas plants
correlates positively with the desire to embrace biogas
technology in Pakistan.

The moderating role of awareness through social
media between maintenance barriers of biogas
plants and the intention to adopt biogas technology
in Pakistan

Positive and considerable economic feedback is related to
rural farmers’ exposure to biogas technology through social
media. Adaptation to climate change is contingent upon the
contribution, availability of local specialists, and attractive-
ness of the expanding biogas technology RE market (Hasan
et al. 2020). Biogas technology may improve biogas output
in developing nations such as Pakistan, as has been con-
vincingly proved. Fifty percent of productive biogas systems
fail after 2 years of contracting owing to technological and
logical obstacles. Due to poor digester feed eminence and a
nonexistence of facility expertise, biogas production could
not be maintained. Local technical expertise in replacing
replacements is inadequate to maintain biogas production
in the case of a lack of primary feedstock (Tumusiime et al.
2019). The evaluation is based on biogas plant knowledge
and comprehension, encompassing a broader geographical
perspective. These parameters have a close relationship with
the installation and production of biogas. Certain circum-
stances contributed to the postponement of certain biogas
plants, although developing nations view biogas plants and
their services favorably. Recognizing responsibility, cus-
tomer effectiveness, environmental concern, and repercus-
sions knowledge have a substantial and lasting influence on
the farmer’s standards. Therefore, human variables impact
Pakistani farmers’ propensity to employ biogas technology
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(Hao et al. 2020; Wang et al. 2020). Considering these fac-
tors, the following hypothesis was formulated:

Hypothesis 5 (HS): The project’s awareness through
social media positively moderates the association between
biogas plant maintenance barriers and the intention to
adopt biogas technology in Pakistan.

Hypothesis 6 (H6): The project’s awareness through
social media positively moderates the association between
financial support for biogas plants and the intention to
adopt biogas technology in Pakistan.

Hypothesis 7 (H7): The project’s awareness through
social media positively moderates the association between
economic and policy barriers and the intention to adopt
biogas technology in Pakistan.

Hypothesis 8 (H8): The project’s awareness through
social media positively moderates the association between
Owner satisfaction with biogas plants and the intention to
adopt biogas technology in Pakistan.

Hypothesis 9 (H9): There is a relationship between the
awareness through social media and the intention to adopt
biogas technology in Pakistan.

The theory backs the energy selection hypothesis in this
paper. This research applies the concept of energy choice to
a particular issue. Depending on the availability of gas con-
nections in areas where it is viable to connect to a Sui fume
nationwide, biogas from agricultural leftover, or additional
substitute energy, the study will be done. Each household
can choose a certain fuel according to the energy ladder
paradigm. This linear process allows for the transformation
of several fuel kinds. Depending on the median household
income in Pakistan, old-fashioned energies corresponding
slurry cube, plants, and fuel are utilized less often than con-
temporary gases alike electrical cooktops and methane gas.
This strategy emphasizes the specific cost of each energy
option (Gautam et al. 2020). For many countries study-
ing new RE sources, meeting the clean energy demands of
their people with conventional energy sources is a problem.
This notion consists of two essential elements: economics
and wealth (Ozoh et al. 2018; Wu et al. 2021). This study
was conducted in Pakistan using a theoretical framework to
investigate the variables influencing the adoption of biogas
energy plants. It cannot be ruled out that environmental,
social, and technological aspects are responsible for the fail-
ure or success of biogas energy plants with customers or
society. The mental paradigm shown in Fig. 1 may influence
a customer’s selection of a living energy source. The con-
ceptual model depicts the predictable association between
the self-determining variable (IV) and reliant variable (DV)
(DV). In addition, the suggested model illustrates the esti-
mated moderation between the independent and dependent
variable.

—

Maintenance barriers of
biogas plants

-
)

Financial support for
biogas plants

—
)

Economic and policy
barriers

-
)

Owner satisfaction with
biogas plants

|

Awareness through
social media

Intention to adopt biogas
technology

Fig. 1 Conceptual model

Research methodology

This study assessed the potential of biogas using non-ran-
dom sampling (snowball) sample surveys and transportable
presentations to enhance the present biogas technology in
Pakistan. The non-random sampling technique is used for
exploratory research, pilot studies, and qualitative research.
Existing biogas plants were selected for research to enhance
their service and quality. Using the snowball sampling
approach, a representative sample of biogas plants from
around the country was gathered, beginning with particu-
lar biogas plants. To do this, researchers conducted a poll
between March and September 2021; when the fourth wave
of the delta mutant coronavirus (COVID-19) peaked in
Pakistan, there was a considerable risk of addressing appli-
cable defendants (biogas plant financers). Moreover, each
delegate has a unique grasp of biogas technology and demo-
graphic measurements (see Tables 9 and 10 in Appendix).
In addition, this study used snowball sampling to choose
Pakistani respondents (owners of biogas facilities) exhibit-
ing varied performances. Snowball selection is insufficient
for hypothetical oversimplification, especially in the absence
of randomization and when participants are linked to one
another (Ozoh et al. 2018). This research aims to examine
the benefits and drawbacks of biogas technology and assess
the financial performance of biogas plants whose owners
are satisfied. Awareness and comprehension are moderating
influences on biogas plant adoption is one of the satisfaction
nexus’ moderating elements and removes barriers. Follow-
ing a quantitative research approach, questionnaires were
utilized to obtain quantitative data from respondents in this
study (biogas plant financer).

Our study used structural equation modeling (SEM) to
examine facts (Ali et al. 2022a). Because it is a component-
centered technique, it was utilized to investigate the relation-
ship dimensions (Urbach and Ahlemann 2010). Widespread
adoption of PLS-SEM in succeeding research is proof of
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its validity; the author of this work also used it (Ying et al.
2020). Conventional statistical analysis methods lag behind
structural equation modeling (SEM). It is useful for statisti-
cally assessing a product’s effectiveness, convenience, and
precision (Franziska et al. 2016). SEM addresses the issues
inherent to first-generation analysis while being a technol-
ogy of the second generation. SEM is a multivariate analysis
method that may be used to examine numerous variables
concurrently. SEM is prevalent in business research due to
its potential to concurrently handle complicated and many
interactions (Chin and Newsted 1999). Variance-based SEM
(VB-SEM), partial least square (PLS)-SEM, and covariance-
based SEM (CB) are well-known SEM techniques (Henseler
et al. 2009). Utilizing improper analytical procedures may
result in erroneous findings.

For commercial and social science research, however,
a reliable statistical approach is of utmost importance
(Ramayah et al. 2010). PLS-measurement structural equa-
tion models and structural models are dual phase analytical
procedures consisting of measurement outcomes (Osborne
et al. 2010). Measurement investigation revealed convergent
validity based on the average variance extracted (AVE), inte-
rior constancy dependability based on composite reliability
(C.R.), and item reliability based on external loading. The
measurement assessment model includes the evaluation
of reliability and validity as well as the inner model. The
structural assessment model includes evaluation of external
models and testing of hypotheses/relationships. This study
examined the associations between the relevant variables
by analyzing primary data using PLS 3.0 software. Moreo-
ver, smart-PLS for VB-SEM use PLS-SEM route modeling
to assess the association between variables (Solangi et al.
2019). Smart-PLS is designed to test hypotheses, and com-
plex model research has changed accordingly. Smart-PLS
utilizes two methodologies: measurement evaluation and
structural model-based analysis. The evaluation measure-
ment model includes convergent and discriminant validity
tests for the dependability and validity of the constructs.

Sample and procedure

We were able to reach 91 pertinent responders (biogas plant
owners). Eighty-six (86) of these individuals consented
to participate in the poll. After receiving permission from
respondents (owners of biogas plants), the researchers dis-
tributed open- and closed-ended questionnaires to every
responder (biogas plant financer) through what’s App and
LinkedIn. The total number of completed questionnaires
received for the questionnaire survey was 79. The response
rate was 86.81%; however, the researchers eliminated 5
surveys because of unmatched and inadequate responses.
The sample yielded 79 valid respondents (owners of biogas
plants) for study analysis. The respondents collected their
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personal information based on the visit of researchers and
friends in the study area. The conclusion is based on an
accurate depiction of the sample. The demographic char-
acteristics of the respondents, which include age, experi-
ence, education, and gender, also demonstrate the various
backgrounds of the respondents who supplied the correct
response in this study (see Appendix Table 9). The first
half of the questionnaire pertains to the respondents’ per-
sonal information, while the second piece is concerned
with the characteristics of biogas plants. Using non-prob-
ability (snowball) sample surveys and mobile applications,
this study assessed the potential of biogas in Pakistan and
enhanced existing biogas plants. This sampling technique
is utilized for specialized demographic features, pilot stud-
ies, qualitative research, and exploratory research; it does
not give every population member an equal chance to par-
ticipate. Existing biogas facilities were chosen for study to
improve their service and quality. Due to the unique nature
of biogas plants, the snowball sampling method was used to
create a nationally representative sample of biogas plants.
To do this, researchers conducted a poll between March
and September 2021; when the fourth wave of the delta
mutant coronavirus (COVID-19) peaked in Pakistan, there
was a considerable risk of addressing appropriate defend-
ants (biogas plant financer). Moreover, each delegate has a
wealth of knowledge about biogas plants and demographic
measurements (see Tables 9 and 10 in Appendix). In addi-
tion, this study used snowball sampling to choose Pakistani
respondents (owners of biogas plants) with different habits.
Snowball sampling is inadequate for theoretical generaliza-
tion, especially in the absence of randomization and when
participants are linked to one another (Ozoh et al. 2018).
This research aims to investigate the pros and cons of install-
ing biogas technology and assess the financial performance
of biogas plants whose owners are satisfied. The moderat-
ing influence of awareness and understanding on adopting
biogas plants is part of the satisfaction nexus and decreases
hurdles. This study used questionnaires to obtain respond-
ents’ information per a quantitative data collection strategy
(biogas plant financer).

Our study combined structural equation modeling with
data analysis (SEM). Because it is a component-centered
method, this approach was used to explore the relationship
factors (Urbach and Ahlemann 2010). The widespread use of
PLS-SEM in subsequent research is proof of its validity; the
author of this work also employed it (Ying et al. 2020). SEM
is better than standard statistical approaches for modeling. It
is beneficial for the statistical analysis of efficiency, comfort,
and accuracy (Schlegel et al. 2016). As a second-generation
technique, SEM overcomes the problems inherent to first-gen-
eration analysis. SEM is a multivariate analytic technique that
may be used to investigate many variables simultaneously.
SEM is common in business research owing to its ability to
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manage complex simultaneously and many interactions (Chin
and Newsted 1999). Variance-based SEM (VB-SEM)), partial
least square (PLS)-SEM, and covariance-based SEM (CB) are
established SEM methods (Henseler et al. 2009). If analytical
processes are used poorly, erroneous conclusions are gener-
ated for commercial and social scientific research.

However, a trustworthy statistical methodology is highly
significant (Ramayah et al. 2010). PLS-measurement struc-
tural equation models and structural models are two-stage
analytical procedures comprised of measurement outcomes
(Osborne 2010). Measurement analysis was used to assess
the convergent validity of the extracted average variance
(AVE), inner stability dependability regarding composite
reliability (C.R.), and element consistency regarding outer
loading. The measurement assessment model includes the
evaluation of reliability and validity as well as the inner
model, and the structural assessment model tests hypotheses/
relationships and evaluates the outer model. This study evalu-
ated the associations between the researched variables using
PLS 3.0 software to analyze primary data. In addition, smart-
PLS for VB-SEM use PLS-SEM route modeling to exam-
ine the relationship between variables (Solangi et al. 2019).
Cronbach’s alpha, composite reliability, and item loading
were used to assess the link between the items” convergent
validity. Despite this, discriminant validity depends on the
correlation between variables as assessed by Fornell Larker,
cross-loading, and the ratio of heterotraits to monotraits. In
addition, the evaluation of the measurement model includes
testing hypotheses using route analysis, as mentioned in the
section describing the study’s findings. Path analysis has
shown interdependencies between variables.

Instrument and variables measurement

In this study, the researchers have included all elements from
earlier works. The investigation led to the construction of
items depending on maintenance barriers of biogas plants
(Jan 2017). The financial support for biogas plants aspects
of government assistance was taken from the research (Shah
and Sahito 2017). Assumed were items associated with
the economic and policy barriers (Ozoh et al. 2018). The
construction of objects is connected to owner satisfaction
with biogas plants (Chin and Newsted 1999). Adopted were
components of awareness through social media (Wang et al.
2020c). Finally, this research embraced elements linked to
adopting biogas technology (Hair et al. 2014).

Data analysis and results

The following tables detail the confirmed validity and reli-
ability of this measuring approach. Figure 2 of the meas-
urement assessment model shows the variable influence

loadings. All factor loading levels are more than 0.5, and
all items’ convergent validity in the measurement assess-
ment model is valid. According to the findings of the route
analysis performed to test the hypotheses, MBBP, ATSM,
and FSFBP are all true. In contrast, MBBP is detrimen-
tal to ITABT but acceptable to MBBP, ATSM, EPB, and
OSWBP. ATSM moderates the associations between MBBP,
FSFBP, EPB, OSWBP, and ITABT and accepts MBBP,
FSFBP, OSWBP, and EPB. This section investigates con-
vergent validity, which demonstrates the connection between
things. Table 2 shows the loadings and AVE values above
0.50, while the alpha and composite reliability (C.R) values
exceed 0.70. These results indicate that convergent valid-
ity is a substantial and valid relationship between the com-
ponents. AVE levels exceed 0.50, but composite reliability
(C.R) standards surpass 0.70. These numbers imply a sig-
nificant level of item correlation and convergent validity.

Measurement assessment model

The measurement model evaluates the constructs’ depend-
ability and cogency and the item influence loadings (Hair
et al. 2019). Consistent is the paradigm for testing validity
and reliability (convergent and discriminant validity, respec-
tively) (Hair et al. 2011). All item loadings exceed the 0.5
thresholds (Hair et al. 2014) (Table 2). Each average factor
loading was above 0.50, and every reflection subsidized to
the generated adjustable, as determined by the study’s anal-
ysis (Arbuckle 2011). AVE larger than the recommended
criterion of 0.5. Each standard’s composite dependability
rating is more than 0.70, indicating the accuracy of the
measurements (Anderson and Gerbing 1988). From 0.913
(implementation of biogas technology) to 0.979 (economic
and transparent policies), C.R. scores range (low-cost and
clear policy). All additional loadings have values between
0.5 and 0.946%.

The study results also analyze the discriminant valid-
ity of the relationship between variables. To examine the
discriminant validity, cross-loading was performed. These
results support discriminant validity and show a low correla-
tion between variables. In addition, Table 3 of the findings
section illustrates the discriminant validity using Fornell-
Larcker for the variable relationships. Table 4’s italicized
numbers show that the components have a high correlation,
while the remaining elements have a poor correlation. The
discriminant validity is examined by comparing the bold
values of the cross-loadings with other components in each
column. The variable’s values show that those indicating a
link through the inconstant are larger than folks indicating
a connection through extra inconstant. These findings indi-
cated that discriminant validity is a genuine, tenuous rela-
tionship between variables. All factor loading levels above
0.5 and the convergent cogency of all items are valid.
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Fig.2 Measurement model assessment

Numerous studies have critiqued the Fornell-Larcker
criterion; hence, the heterotrait—-monotrait ratio of correla-
tions (HTMT) is regarded as a suitable discriminant validity
measure (Akbar et al. 2019). It is confirmed if the discri-
minant validity value is less than 0.85 or 0.90 (Ali et al.
2022b). Each number in Table 5 is below 0.90. The results
section also presents the discriminant validity of the vari-
able’ nexus. The values of the variable indicate that values
suggesting a relationship with the variable are greater than
those indicating a connection with other variables. This
study also assessed the interaction between factors using
the HTMT ratio. According to HTMT statistics, the values
are less than 0.85.

Structural assessment model

The measuring model was evaluated first, followed by
the structural assessment model, which examined the link
among exogenous and endogenous components. The struc-
tural model is evaluated using many statistical measures,
including effect size (fz), t values, predictive relevance (QZ),
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ITABTS
ITABT6
ITASTT

ITABTS

coefficient of determination (R?), and path coefficient (val-
ues). Using PLS-SEM literature criteria, this research analy-
ses hypotheses and estimates the significance of path coef-
ficients. To determine the significance of the hypotheses, the
bootstrapping method was utilized using 5000 subsamples
and a significance level of 5% (one-tailed). The results reveal
that all hypotheses except H2 and H3 are accepted. MBBP
($=0.238, t=4.251>1.64, p 0.05), maintenance barri-
ers of biogas plants relationship (moderator), (f=0.026,
t=0.045<1.64, p 0.281), FSFBP (=0.107, t=2.148>),
1.64, p 0.05), financial support for biogas plants relation-
ship (moderator), (8=0.176, r=2.342>1.64, p 0.05), EPB
(#=0.010, r=0.212 < 1.64, p 0.05), economic and policy
barriers relationship (moderator) (6=0.371,r=4.861>1.64,
p 0.05), OSWBP (#=0.091, t=1.650>1.64, p 0.05), owner
satisfaction with biogas plant relationship (moderator),
($#=0.087, t=1.729>1.64, p 0.05), ATSM ($=0.144,
t=2.016>1.64, p 0.05), and intention to adopt biogas tech-
nology affect significantly and positively. All biogas plants
have positive significance results for the intention to adopt
biogas technology.
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Tab|e2. Convergent validity Constructs Items Loadings C.B Alpha CR AVE
analysis
Maintenance barriers of biogas plants MBBPI 0.789 0.929 0.937 0.598
MBBP2 0.857
MBBP3 0.794
MBBP4 0.733
MBBP5 0.84
MBBP6 0.72
MBBP7 0.735
MBBPS 0.798
MBBP9 0.716
MBBP10 0.738
Financial support for biogas plants FSFBPI 0.849 0.969 0.972 0.643
FSFBP2 0.788
FSFBP3 0.765
FSFBP4 0.828
FSFBP5 0.792
FSFBP6 0.835
FSFBP7 0.815
FSFBP8 0.806
FSFBP9 0.709
FSFBP10 0.783
FSFBP11 0.822
FSFBP12 0.767
FSFBP13 0.789
FSFBP14 0.852
FSFBP15 0.84
FSFBP16 0.828
FSFBP17 0.835
FSFBP18 0.808
FSFBP19 0.708
Economic and policy barriers EBP1 0.887 0.978 0.981 0.865
EBP2 0.910
EBP3 0.821
EBP4 0.840
EBP5 0.773
EBP6 0.890
EBP7 0.897
EBP8 0.894
EBP9 0.811
EBP10 0.839
EBP11 0.775
EBP12 0.898
EBP13 0.823
EBP14 0.901
Owner satisfaction with biogas plant OSWBP1 0.922 0.978 0.981 0.865
OSWBP2 0.930
OSWBP3 0.932
OSWBP4 0.939
OSWBP5 0.925
OSWBP6 0.929
OSWBP7 0.942
OSWBP8 0.924
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Table 2 (continued)

Constructs Items Loadings C.B Alpha CR AVE
Awareness through social media ATSM1 0.849 0.936 0.948 0.722
ATSM2 0.858
ATSM3 0.853
ATSM4 0.865
ATSMS5 0.869
ATSM6 0.853
ATSM7 0.799
Intention to adopt biogas technology ITABTI 0.786 0.917 0.933 0.667
ITABT2 0.805
ITABT3 0.830
ITABT4 0.815
ITABTS 0.838
ITABT6 0.836
ITABT7 0.806
N=179; SFL, standard factor loading; AVE, average variance extracted; CR, composite reliability
Table 3 Fornell-Larcker Variables ATSM EBP FSFBP ITABT MBBP OSWBP
ATSM 0.850
EBP 0.168 0.855
FSFBP 0.447 0.165 0.802
ITABT 0.427 0.163 0.518 0.817
MBBP 0.106 0.017 0.054 0.149 0.774
OSWBP 0.428 0.338 0.492 0.432 0.136 0.830

N=79; MBBP, maintenance barriers of biogas plants; FSFBP, financial support for biogas plants; EPB,
economic and policy barriers; OSWBP, owner satisfaction with biogas plant; ATSM, awareness through
social media; ITABT, intention to adopt biogas technology

The R? value for maintenance hurdles of biogas plants is
0.462, showing that the model has substantial explanatory
power for adopting biogas technology in Pakistan. However,
aiding a model based on its R score is not a practical and
successful technique. The model’s Q7 projected relevance
measurement is hence the most accurate. Showing that
the value of Q2 exceeds zero, the latent exogenous norms
have excessive predictive importance, indicating that Q is
greater than zero. The findings suggest that the value of Q>
is 0.231, indicating that social media may increase the desire
to embrace biogas technology, confirming the model’s excel-
lent predictive validity. These are the typical values of 2,
containing 0.02, 0.15, and 0.35, representing modest, moder-
ate, and major effects, respectively, across three categories.
Consequently, f* assumed the impact magnitude fluctuated
between mild and big (see Table 6). Table 6 contains a
variety of statistical methods. Figure 3’s structural evalu-
ation model suggests a substantial connection between the
variables since the T-values are greater than zero (1.64). All
hypotheses except H2 and H3 are approved. All moderated
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variable values in the structural assessment model for biogas
technology adoption in Pakistan are positive and exhibit a
substantial association.

t-values are more significant than p-values; the struc-
tural assessment model depicts the relationship between
the variables (1.64). Adopting biogas technology benefits
and considering the maintenance barriers of biogas plants
in Pakistan. All moderated variable values are indicative
of favorable outcomes. The structural evaluation approach
for deploying biogas technology in Pakistan to attract green
FDI demonstrates a substantial correlation. We conducted
semi-structured interviews with illiterate biogas plant own-
ers (those unable to fill out the questionnaires) to acquire
insight into the genuine problems of biogas plant owners
and practical information about the maintenance difficulties.
Aspects include the economic and policy barriers, main-
tenance barriers of biogas plants, the original installation
and investment cost, and knowledge of new technology. We
have interviewed 37 rural Pakistani biogas plant proprietors.
Tables 7 and 8 provide the examined criteria intended for
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Table 4 Cross-loading

Items ATSM EBP FSFBP ITABT MBBP OSWBP
ATSM1 0.849 0.127 0.324 0.344 —-0.104 0.351
ATSM2 0.858 0.134 0.398 0.348 —-0.091 0.354
ATSM3 0.853 0.140 0.370 0.329 -0.119 0.345
ATSM4 0.865 0.185 0.394 0.322 —0.100 0.368
ATSMS5 0.869 0.129 0.415 0.390 —0.088 0.376
ATSM6 0.853 0.132 0.406 0.422 —-0.075 0.392
ATSM7 0.799 0.157 0.346 0.359 —0.061 0.351
EBPI 0.161 0.887 0.141 0.179 0.007 0.31
EBP2 0.153 0.910 0.153 0.127 -0.029 0.290
EBP3 0.120 0.821 0.064 0.094 —-0.035 0.297
EBP4 0.114 0.840 0.110 0.076 —-0.021 0.271
EBP5 0.121 0.773 0.139 0.079 0.038 0.208
EBP6 0.156 0.890 0.134 0.184 0.008 0.307
EBP7 0.159 0.897 0.182 0.20 —-0.011 0.314
EBPS 0.141 0.894 0.146 0.122 —0.042 0.287
EBP9 0.130 0.811 0.068 0.083 -0.029 0.290
EBP10 0.109 0.839 0.121 0.094 —0.042 0.283
EBP11 0.117 0.775 0.135 0.089 0.033 0.212
EBP12 0.151 0.898 0.152 0.126 —0.04 0.292
EBP14 0.118 0.823 0.123 0.097 —0.052 0.286
EBP15 0.186 0.901 0.204 0.200 -0.013 0.332
EBP16 0.161 0.887 0.141 0.179 0.007 0.310
FSFBPI 0.371 0.118 0.849 0.470 -0.079 0.405
FSFBP2 0.347 0.126 0.788 0.389 0.002 0.393
FSFBP3 0.34 0.181 0.765 0.400 —0.105 0.386
FSFBP4 0.384 0.096 0.828 0.401 -0.014 0.353
FSFBP5 0.350 0.068 0.792 0.315 —0.045 0.324
FSFBP6 0.350 0.187 0.835 0.469 —-0.052 0.452
FSFBP7 0.370 0.137 0.815 0.471 —-0.001 0.435
FSFBPS 0.366 0.125 0.806 0.449 -0.012 0.451
FSFBP9 0.345 0.102 0.709 0.338 —-0.091 0.315
FSFBP10 0.355 0.121 0.783 0.393 —-0.009 0.398
FSFBP11 0.387 0.096 0.822 0.399 -0.016 0.351
FSFBP12 0.341 0.177 0.767 0.397 —-0.107 0.379
FSFBP13 0.358 0.061 0.789 0.308 —-0.053 0.326
FSFBP14 0.370 0.126 0.852 0.456 —0.068 0.395
FSFBP15 0.371 0.148 0.840 0.449 —-0.029 0.425
FSFBP16 0.358 0.147 0.828 0.449 -0.023 0.415
FSFBP17 0.348 0.204 0.835 0.471 —0.048 0.442
FSFBP18 0.377 0.126 0.808 0.443 -0.013 0.456
FSFBP19 0.342 0.108 0.708 0.325 —-0.086 0.313
FSFBP20 0.371 0.118 0.849 0.470 —-0.079 0.405
ITABT1 0.368 0.108 0.478 0.786 -0.167 0.430
ITABT2 0.365 0.169 0.431 0.805 —-0.107 0.345
ITABT4 0.306 0.129 0.381 0.83 —0.067 0.306
ITABTS 0.366 0.099 0.386 0.815 -0.14 0.322
ITABT6 0.356 0.14 0.418 0.838 -0.152 0.332
ITABT7 0.324 0.145 0.377 0.836 -0.127 0.307
ITABT8 0.340 0.139 0.467 0.806 —0.085 0.398
ITABT9 0.368 0.108 0.478 0.786 -0.167 0.430
MBBP1 —0.118 0.012 -0.073 —0.168 0.789 —-0.107
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Table 4 (continued)

Table 5 Heterotrait-monotrait
ratio (HTMT) for discriminant
validity

Table 6 Structural model results (hypotheses testing)

Items ATSM EBP FSFBP ITABT MBBP OSWBP
MBBP2 —-0.038 -0.024 —0.064 -0.137 0.857 -0.124
MBBP3 —0.065 —-0.041 0.023 -0.077 0.794 —-0.067
MBBP4 —-0.067 —-0.033 0.042 —-0.035 0.733 —-0.087
MBBP5 —-0.037 —0.005 -0.079 -0.141 0.84 -0.121
MBBP6 -0.129 —-0.053 —-0.051 —-0.105 0.72 —-0.084
MBBP7 -0.077 0.012 —-0.024 —-0.083 0.735 —-0.097
MBBPS —-0.075 —-0.028 0.020 —-0.083 0.798 -0.075
MBBP9 -0.130 0.001 —-0.062 -0.118 0.716 —-0.158
MBBP10 —0.055 —-0.003 0.061 -0.02 0.738 —-0.069
OSWBP1 0.402 0.332 0.458 0.392 —-0.165 0.922
OSWBP2 0.426 0.307 0.464 0.379 -0.119 0.930
OSWBP3 0.397 0.331 0.466 0.397 -0.16 0.932
OSWBP4 0.412 0.321 0.458 0.408 -0.114 0.939
OSWBP5 0.371 0.292 0.448 0.419 —-0.088 0.925
OSWBP6 0.396 0.316 0.461 0.396 -0.159 0.929
OSWBP7 0.416 0.318 0.461 0.402 -0.122 0.942
OSWBP8 0.369 0.299 0.446 0.417 —-0.091 0.924
OSWBP9 0.402 0.332 0.458 0.392 —-0.165 0.922
OSWBP10 0.426 0.307 0.464 0.379 -0.119 0.930

N=79; MBBP, maintenance barriers of biogas plants; FSFBP, financial support for biogas plants; EPB,
economic and policy barriers; OSWBP, owner satisfaction with biogas plant; ATSM, awareness through
social media; /TABT, intention to adopt biogas technology

Variables ATSM EBP FSFBP ITABT MBBP OSWBP
ATSM

EBP 0.17

FSFBP 0.469 0.158

ITABT 0.454 0.154 0.537

MBBP 0.11 0.048 0.081 0.138

OSWBP 0.446 0.339 0.5 0.45 0.133 -

N=79; MBBP, maintenance barriers of biogas plants; FSFBP, financial support for biogas plants; EPB,
economic and policy barriers; OSWBP, owner satisfaction with biogas plant; ATSM, awareness through
social media; /TABT, intention to adopt biogas technology

Hypothesis B-values S.D T-values P-values Supported R? 0’ Ve
HI MBBP - >1TABT 0.238 0.056 4.251 0.000 Yes 0.462 0.231 0.081
H2 MBBP*ATSM — >ITABT 0.026 0.045 0.583 0.281 No 0.158 0.026
H3 EPB — >ITABT -0.010 0.046 0.212 0.416 No 0.101
H4 EPB*ATSM — >ITABT 0.371 0.076 4.861 0.000 Yes 0.013
H5 OSWBP — >ITABT 0.091 0.055 1.650 0.0510 Yes 0.014
H6 OSWBP*ATSM — >ITABT —0.087 0.051 1.729 0.043 Yes 0.011
H7 FSFBP — >ITABT 0.107 0.050 2.148 0.017 Yes 0.012
HS8 FSFBP*ATSM — >ITABT 0.176 0.075 2.342 0.011 Yes 0.014
H9 ATSM - >ITABT 0.144 0.071 2.016 0.023 Yes 0.477 0.009

N=79; MBBP, maintenance barriers of biogas plants; FSFBP, financial support for biogas plants; EPB, economic and policy barriers; OSWBP,
owner satisfaction with biogas plant; ATSM, awareness through social media; /TABT, intention to adopt biogas technology

(*), the moderating relationship indicated by the asterisk among the variables
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Fig.3 Structural model assessment

biogas technology and the responses (%) from biogas plant
financer. All percentages reflect responses from (illiterate)
proprietors of biogas plants. The viewpoints and degrees of
satisfaction of Pakistani respondents (biogas plant financer)
to their biogas technology are shown in Table 7. The key
factors are the ease of biogas plant operation, the availabil-
ity of engineers and experts, the economic policy benefits,
the suitable collection of gas for kitchen use, the use of gas
for illumination, and the positive social reputation. Coun-
tries in South Asia, including India, Nepal, and Bangladesh,
have a sufficient supply of technical services to stimulate the
expansion of social projects in general (Breitenmoser et al.
2019). Fifty-nine percent of respondents (biogas-plant finan-
ciers) indicated that customer satisfaction with a Pakistani
biogas plant is necessary for adopting biogas technology.
About 23% of respondents (biogas plant professionals) said
biogas technology needs a cheaper price and simpler policy.
In addition, 16% of respondents recognized that customer
happiness and plant quality are vital. Additionally, 50% of
biogas plant customers (financiers of biogas plants) said that
their facilities are operational and functional.

ATSM1 ATSM2 ATSM3

ATSMS

A

85156 51511 32408

ATSM6

ITAST6

ITABTT

TASTS

Table 7 Views and satisfaction of biogas plant owners

ATSM7

Explanation Circum- Response (%) Frequency
stances
(%)
Environmental advantages 11.9 5.2 4.9
Health advantages 7.7 5.1 4.2
Availability of technicians 22.6 11.8 9.10
Lighting and food preparation 14.7 8.5 8
(sufficient gas)
Easy operation of biogas plant 13.4 8.2 7.1
Made easy cooking 72 5.1 4.9
Reduction of workload 8.9 53 5
Advantages of economics 13.8 8.2 6.9
Preparation of appliances 3.8 43 1.2
Reputation in society 12.7 7.2 5.8
Improve food taste using 11.9 73 5.9
biogas
Others 11.9 6.4 8
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Inspiring factors and important barriers

A variety of problems hinder the partial adaptation of biogas
plants. Unavailability of experts and fully trained techni-
cians was the greatest response at 17.5%, followed by fre-
quent operational problems at 14% and insufficient biogas
pressure at 5.5%. The biogas facilities confront various
operating issues, including rusting of the steel components,
roof and wall cracking, and gas pressure leaks (Haile et al.
2019; Scheutz and Fredenslund 2019). The lowest pressure
reported for biogas was 5.8%, which poses a serious problem
for cooking meals adequately. The key cause aimed at squat
heaviness or biogas secret the device is inadequate mixing
of the feed. Twenty-one biogas facilities must have the right

Table 8 Barriers and challenging factors

stirring mechanism to increase gas burden aimed at ulti-
mate — user convenience (Nsair et al. 2019). Regular techni-
cal troubles have delayed the biogas plant's functioning, as
23% of the owners have complained. The controlled biogas
plan used 16% of the globe, 13.5% of gas was lost, and cus-
tomers of biogas got no technical help. Due to these factors,
biogas plant customers endure failure and disillusionment,
and the regulatory framework of the project is blamed for
the technicians’ poor acceptability. Without a background
framework and technical assistance, the profitability of a
biogas plant project is severely compromised (Pandyaswargo
et al. 2019). The barriers and problems faced by Pakistan’s
biogas consumers are outlined in Table 8.

Variables Description Circum- Response (%) Frequency
stances
(%)
Specific reasons through which investors are part- Prepared food (not pleasant) 8 9 12.8
ily satisfied with biogas plant Biogas plant operational difficulty 4 4.7 59

Technical problems encounter frequently 8 10 9
Through extra workload 5 6.3 8.8
Unavailability of technicians 10 12.8 15.6
Insufficient gas for lighting and to prepare food 8 10 11
Others 5 6.3 8.9

Biogas plant accepting barriers Malfunctioning of stove 6 6.2 7.8
Difficulty in gas leakage 8 9 10.8
Food has less taste with biogas 7 7.4 11.4
Extra workload 9 7.5 12.3
Delay to solve technical problems 10.5 124 18.9
Issues in availability of technicians 10 8.4 15.6
Insufficient gas for lighting and food 9 9.5 13.6
Occasionally completely no working 8 7.54 11.7
Others 10 8.6 15.5

Core issues of a biogas plants, failure in operation Pipeline blockage through compressed water 11 9.5 17.4
Pipeline bio-slurry obstruction 13 7.2 21.6
Natural misadventure 11 8.5 17.6
Poor and unbalanced operations for water and dung 21 14.4 41.4
Biogas plant skilled operator issues 14 11 225
Empowerment issues due to local gas distribution 9 7.2 13.6

authority

Malfunctioning of stove 5 5.3 8.7
Spare parts availability issues 11 8.4 20.7
dissatisfactory maintenance 13 11.4 254
Day-by-day increasing workload increasing 9 4.3 13.6
Bio-slurry improper management 5 4.3 5.8
Attachment toilet un —sacred 5 4.5 6.7
Ancient procedure and outdated design 9 6.4 15.4
Poor service quality during installation 6 4.3 7.5
Poor construction material used 10.2 5.8 16.4
Others 17 18.8 31.4
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Discussions and implications

This study has together hypothetical and practical conse-
quences. The present important fictional effort underwrites
to the literature on bio-technology and socioeconomics. The
current research examines the impact of four influences,
including the MBBP, FSFBP, EPB, OSWBP, ATSM, and
ITABT, on the adoption of biogas plants by Pakistani farm-
ers and the growth of biogas technology over the long term.
This research study suggested government sector executives,
private, non-governmental organizations (NGOs), policy-
makers, and advice for encouraging farmers to adopt biogas
plants and develop biogas technology. This study empha-
sizes the critical need for politicians, economists, and energy
sector authorities to eliminate key hurdles and provide finan-
cial aid to farmers who embrace biogas technology plants.
Superior planning may limit the impact of a biogas plant's
essential components and hurdles, advancing biogas-related
knowledge. Biogas technology may reduce the energy prob-
lem and improve farmers’ financial conditions.
Nonetheless, government assistance may enhance
biogas plant adoption in rural regions and investor excite-
ment among new investors. The findings imply that biogas
plant maintenance and economic and legislative constraints
must be addressed to attract investment. Social media and
open policies significantly influence the adoption of biogas
plants and attract fresh financiers outstanding to cost savings
and fulfillment with the machine. Removing economic and
governmental hurdles with care encourages farmers to use
biogas plants and improves rural living conditions. Similar
results are supported by prior research (Garfi et al. 2019).
This research also demonstrates that social media knowledge
is not an ideal moderator of the link between the mainte-
nance barriers of biogas plants and the desire to embrace
biogas technology. According to the research, the adoption
potential of biogas technology in rural Pakistan is affected by
the awareness of biogas plants via social media. The given
results correlate to the findings of this research (Luo et al.
2021). A prior study reveals that social media knowledge of
biogas plants affects installation parameters and the uptake
of biogas technology. This research also shows that social
media knowledge of biogas plants is a key mediator of the
relationship between financial support for biogas plants and
the desire to use biogas technology. Consistent with a previ-
ous study’s results (Havrysh et al. 2020), the findings show
that social media knowledge of biogas technology influences
government economic policies and encourages rural farmers
to use biogas plants and save money (Wang et al. 2020c).
According to this study, eliminating maintenance obsta-
cles and the availability of professionals validates the choice
to adopt biogas plants and provides social and economic
benefits for rural farmers. Farmers and new investors are

drawn to biogas facilities by the advantageous economic
policies, low price, and maintenance assistance. The
research also reveals a strong correlation between govern-
ment funding, the appeal of biogas plants to consumers,
and their socioeconomic worth. Investor’s fulfillment and
plant eminence are inventive ways to persuade agrarians and
original financiers to use biogas technology, minimizing the
global energy disaster and stimulating the home economy.
Purchaser fulfillment and plant eminence may show a cru-
cial part in enticing home — grown agrarians, commercial
and non-governmental organizations, and fresh financiers to
Pakistan’s biogas technology and reaping commercial and
societal advantages. These findings provide policymakers,
experts, institutional bodies, regulators, the ministry of water
power, and the upper management of the alternative energy
development board (AEDB) with guidelines for adopting
these factors in order to achieve a high level of former sat-
isfaction, thereby attracting rural farmers of certain regions
to the sustainable development of biogas technology. The
relevant institutional authorities must investigate the MBBP,
FSFBP, EPB, and OSWBP in order to save farmers time,
decrease costs and energy crises, and improve the living
conditions of rural farmers who provide inexpensive biogas
energy systems.

Based on respondents’ comments, this study also evalu-
ates the financial benefits of biogas technology. Fifty-six
percent of respondents (financiers of biogas plants) feel that
biogas plants have decreased fuel prices, while 41% disa-
gree. A recent study indicates a drop in gas prices (Negri
et al. 2020). In addition, 36% of respondents (financiers of
biogas plants) said their family’s financial status improved
after constructing a biogas plant. Fifty-four percent of
respondents (financiers of biogas plants) said their financial
status had not changed. This difference is due to the number
of family members and related expenses. In rural Pakistan,
joint families save less, but nuclear households benefit more
from equivalent contributions. Fifty-one percent of families
could not retain their money owing to the causes above. The
results of the present investigation are comparable to those
of prior studies (Akter et al. 2021). In addition, the results of
this research suggest that the availability of specialists and
the elimination of maintenance barriers for biogas plants
evaluating the adoption of biogas plants have a significant
and favorable relationship with the development of support-
able biogas technology. Current research verifies the results
of a prior study stressing the importance of biogas plant
technicians on farmers’ intent to employ biogas technol-
ogy (Getachew et al. 2016). The current study reveals that
technology for biogas plant components promotes biogas
plant adoption and enhances biogas plant management
by reducing installation barriers. In addition, the research
results indicate that maintenance and financial government
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assistance substantially impact the adoption and motivation
of biogas plants among farmers. This research reveals that
government support for biogas plant maintenance has large
societal and financial paybacks. These consequences confirm
the conclusions of earlier investigation (Wang et al. 2020a).
This research demonstrates that management assistance
for the operation and maintenance of biogas technology
increases the likelihood that new farmers will embrace this
technology and the demand for biogas plants.

After establishing a biogas plant, the customers’ expen-
ditures have fallen considerably. Cost reduction is the most
important adaptive element for partly pleased consumers at
a given period. This variable implies that biogas plants may
enhance the financial status of a family. After the construc-
tion of biogas plants, the environment is enhanced in several
ways, including cleanliness and safety, a large reduction in
fire incidents, and reduced smoke generation due to better
health and cleaner kitchens. Thirty-five percent of respond-
ents (financiers of biogas plants) reported a significant
decrease in fire incidences. Seventeen percent of respondents
claimed to be free of disease, which was connected with the
absence of black filth in the kitchen and house, and 11% of
respondents opted to reduce their regular expenditures on
fitness. However, the key benefits of biogas plants are clean-
liness and wellness. Forty-three percent of the interviewees
did not reply to the questions.

Our research findings give vital information to rural Paki-
stanis and government/NGO staff. The study demonstrates
that biogas facilities are well suited for rural areas of Pun-
jab, Pakistan, reducing expenses and boosting economic
growth and prosperity. Government and non-governmental
organizations (NGOs) should commence the simultaneous
deployment of biogas plants with comprehensive material
on the fixing procedure to aid pastoral individuals and eco-
nomic development. Adopting biogas plants positively and
strongly correlates with technician availability and plant
owner satisfaction in Pakistan. The owners of biogas plants
must comply with biogas plant maintenance regulations to
reduce production costs. In addition, the study reveals that
knowledgeable and educated owners enjoy more financial
and upkeep benefits than incompetent and uneducated own-
ers. In addition, the research indicated that biogas facilities
are more advantageous when both specialized knowledge
and necessary equipment are readily available. Moreover,
we recommend that the government of Pakistan INGOs and
NGOs provide supports for biogas technology and financial
expansion for native agrarians. Assume that one member of
the biogas plant’s family is trained and capable of managing
maintenance difficulties. In such a case, most problems may
be resolved, and the family’s day-to-day expenses may drop.
Instead of Faisalabad, the report recommended expanding
biogas facilities to other regions of Punjab with government
and NGO participation.

@ Springer

Conclusions and policy implications

Biogas is generally recognized as an effective energy source.
The greatest barrier to installing modern biogas technology
in Pakistan and additional small revenue nations is the growth
rate of biogas plants. Although Pakistan’s government and
many prominent INGOs and NGOs are attempting to make
this technology acceptable by sponsoring biogas systems for
home farmers, the acceptance rate among rural and village
residents remains abysmally low. The main determination
of this investigation is to assess the significant problems and
maintenance obstacles Pakistani farmers encounter while
establishing biogas systems. This study seeks to analyze
the key features of biogas —installed plants in Pakistan to
encourage biogas technology’s long-term growth. This report
highlights Pakistan’s potential to attract investment in biogas
technology for the supportable expansion of biogas drive.
The energy choice theory indicates that the locals of this
research region were more interested in using biogas in tra-
ditional farming practices than modern methods. Contrarily,
the most challenging feature of biogas plants was their main-
tenance obstacles. Installation and building of biogas plants
are generally driven by structure-based incentives, social sub-
sidy benefits, present biogas plant owners as examples, and
energy conservation. Although an increase in workload, gas
leaks from connections, inadequate gas for cooking and light-
ing, complicated biogas plant operations, technical problems,
and a shortage of easily accessible specialists are the most
common reasons, they are not the only ones.

In conclusion, the current research reveals that all inde-
pendent variables are important and favorably associated
with rural Pakistan’s adoption of biogas technology, alle-
viating the energy crisis, and achieving cost-saving goals.
Before installing biogas plants in rural areas of Pakistan, it
is preferable and more pertinent to eliminate specific obsta-
cles, according to the findings of this study. These obstacles
include financial management, cost-effectiveness, capital
investment return, and fixed component evaluation. The
research findings will also demonstrate to the government
the urgency with which it must share information about
adopting biogas technology and initiate its future develop-
ment initiatives. Table 6’s R? value for MBBP is 0.462, indi-
cating that the current conceptual model has a high explana-
tory capacity for encouraging farmers in rural Pakistan to
employ biogas plants. Q? yields a score of 0.231, indicating
that the theoretical outline consumes strong and optimis-
tic extrapolative value and proposing that the highlighted
restrictions be resolved to enhance the possibility that biogas
facilities would be constructed in rural Pakistan. Figure 1 of
the model depicts the significant relationship between the
selected variables and an EPB; the standards of the t meas-
urement are outcome-oriented and greater than (1.64), indi-
cating that the EPB has a positive and statistically significant
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impact on encouraging farmers in rural Pakistan to install
biogas plants. The relevance of the moderated variable gives
positive signals in the structural evaluation model, suggest-
ing the existence of a substantial relationship.

Moreover, the current research demonstrated that the cho-
sen criteria and their moderation in this conceptual model
had a substantial and positive effect on the structural assess-
ment model for developing biogas plants in rural Pakistan. In
conclusion, customers did not assist the after-sales services
offered by construction and installation businesses and bod-
ies. The following suggestions are offered to the govern-
ment of Pakistan about developing and promoting biogas
technology in rural Pakistan. To encourage biogas plants,
the government should develop an economic strategy for the
maintenance barriers of renewable energy projects, capac-
ity-building sessions, financial and technical assistance, and
media complaints about maintenance. Biogas technology
has the potential to reduce household energy shortages in
rural Pakistan. Therefore, the appropriate NGO/INGO and

Appendix

the Pakistani government should conduct certain training
measures to guarantee the sustainable development, main-
tenance, and social media awareness of rural biogas plants.
Therefore, Pakistani government institutions and relevant
INGO/NGOs should develop technical centers operated by
trained professionals and provide after-sales services for the
construction of biogas plants. Other elements that impact the
adoption of biogas plants, like deficiency, biogas technol-
ogy investors learning, the number of animals, the needed
acreage, and other social and economic factors, have been
largely ignored. Consequently, interested academics must
determine the remaining components of biogas plant accept-
ance while reviewing the outcomes of this research. The
researchers decided to establish a biogas technology in the
pastoral zones of Pakistan, a growing nation. Therefore, the
conclusions of the present research do not apply equally to
industrialized and underdeveloped countries. Therefore, the
authors must investigate the incentives for farmers in devel-
oped countries to use biogas plants in the future.

Table 9 The level of questions
and how respondents (owners

Part A: Demographic characteristic of respondents (biogas plant owners)

of biogas plants) contradicted Variables Features Frequency %
the semi-structured interview.
Part A: Demographic features Gender Male 68 79.06
of respondents (biogas plant Female 11 12.79
owners) Age Less than 26 7 8.86
25-31 17 21.51
31-45 21 26.58
45-53 11 13.92
57-65 15 18.98
65 and above 8 10.12
Education of biogas plant users Under metric 18 22.78
Metric 19 24.05
Faculty of Arts 17 21.51
Bachelor 14 17.72
Master 11 13.92
Experience of biogas plant users 1-4 years 18 22.78
4-6 years 11 13.92
6-8 years 16 20.25
8-10 years 15 18.98
10-12 years 12 15.18
12- and above 7 8.86
Brand names of biogas plants Fixed drum
Chinese fixed —dome plant 18 22.78
Janata model 17 21.51
Deenbandhu 14 17.72
Camartec model 11 13.92
Floating drum
A mild-steel gas storage drum 13 16.45
Inverted over the slurry 6 7.59
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Table 10 Adoption of sustainable upgrading measures for biogas plants

Variables Items Interrogations %
Maintenance barriers of biogas plants MBBP1  The availability of technicians is a factor in favor of biogas plant adoption 11.5
MBBP2  The technician's availability can increase biogas plant owners' sense of confidence 18.3
MBBP3  Due to the ready availability of trained technicians, biogas plant operators can save 15.2
time by hiring one
MBBP4  The skilled technicians of a biogas plant can contribute more to economic growth 14.5
MBBPS5  The availability of technicians might mitigate the concern of adopting a biogas plant  18.3
MBBP6  The maintenance capacity of a biogas plant can increase its sales potential 7.5
MBBP7  Biogas plant maintenance security can cause the buyer to disregard cost 13.7
MBBP8  The regular visits of technicians to the biogas plant are an attractive feature for the 6.4
plant owners
Financial support for biogas plants FSFBP1  Operational and maintenance government support can enhance biogas plant adapt- 214
ability
FSFBP2  villagers can adopt biogas plants with confidence through operational and mainte- 18.9
nance government support
FSFBP3  The sale turnover of a biogas plant can be increased through operational and mainte- 16.6
nance government support
FSFBP4  Operational and maintenance expenditure paid by the government for biogas plants ~ 22.8
can attract farmers to adopt
FSFBPS5  There is a need to encourage rural areas to adopt biogas plants by giving them an 22.8
incentive and operational support
Economic and policy barriers EPBI1 The government must create a low-cost and transparent strategy to attract biogas 274
plant users
EPB2 A clear and low-cost policy for biogas plants can lower the grid-connected energy 13.5
load caused by adopting biogas plants
EPB3 Over sixty percent of the population resides in rural areas, and we must encourage 14.3
them to embrace biogas plants
EPB4 A clear and low-cost strategy for biogas plants is enticing for off-grid communities 11.2
and farmers
EPB5 Renewable energy can significantly eradicate energy problems if a clear policy and 16.4
low-cost biogas plant are implemented
EPB6 A cost-effective strategy for renewable energy can motivate biogas plant users 9.6
EPB7 The government must adjust its renewable energy policy to encourage off — grid 8.3
farmers to employ biogas plants
Owner satisfaction with biogas plant ~ OSWBP1  User satisfaction and quality are key in luring new biogas plant consumers 24.5
OSWBP2 Plant quality improves the satisfaction of biogas plants now in use 22.7
OSWBP3  Studying the performance of existing biogas plants makes it possible to entice new 19.8
consumers with the quality of biogas plants
OSWBP4 The happiness of current biogas plant customers is crucial for attracting new users 15.6
and investors
OSWBPS5 Biogas plant quality and existing user satisfaction can play a significant part in alle-  16.5
viating Pakistan’s energy issue
Awareness through social media ATSM1 Biogas technology awareness through social media is a key issue 30.5
ATSM2  Rural farmers must be made aware of the benefits of biogas plants 18.5
ATSM3 Villagers should be provided with information and education on renewable energy by 15.7
government agencies
ATSM4  The biogas plant’s awareness enables the production of cost — effective energy 14.7
ATSMS5 A better understanding of biogas plants can increase the degree of consumer satisfac- 8.9
tion
ATSM6  There is a shortage of knowledge and comprehension regarding the operation of 14.6

biogas facilities, their benefits, and the amount of energy they produce
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Table 10 (continued)
Variables Items Interrogations %
Intention to Adopt biogas technology ~ ITABT1  The rural investor and common farmers have reservations about embracing biogas 234
technology
ITABT2  The government can approve the biogas dealer and information service, provider 22.5
ITABT3 A biogas plant is ideal for farmers looking to lower their energy expenditures and 14.3
energy scarcity
ITABT4 By using biogas technology, farmers can conveniently and affordably execute their 18.8
duties
ITABTS5  Farmers in rural areas must embrace biogas technology to utilize animal poo cake 9.5
ITABT6  In rural areas, there is a shortage of information about biogas technology to accept 11.3

and enjoy its benefits

Author contribution S.A: conceptualization, writing—original draft,
formal analysis, data handling, variable construction, and methodology.
Q.Y: supervision, funding acquisition. A. Razzaq: writing—review and
editing. I. Khan: writing—review and editing. M. Irfan: conceptualiza-
tion, writing—review and editing. All authors have read and agreed to
the published version of the manuscript.

Data availability The data supporting to findings of this study are avail-
able from the first author upon reasonable request.

Declarations

Ethical approval This research study was conducted according to the
Declaration of Helsinki guidelines. The Institutional Review Board of
Superior University has proved Pakistan (protocol code 815-5 on 27
November 2021).

Consent to participate Informed consent was obtained from all
respondents belonging to this research study.

Competing interest The authors declare no competing interests.

References

Afridi ZUR, Jing W, Younas H (2019) Biogas production and funda-
mental mass transfer mechanism in anaerobic granular sludge.
Sustainability 11(6):4443. https://doi.org/10.3390/sul1164443

Afridi ZUR, Qammar NW (2020) Technical challenges and optimi-
zation of biogas plants. ChemBioEng Reviews 7(4):119-129.
https://doi.org/10.1002/cben.202000005

Akbar A, Ali S, Ahmad MA, Akbar M, Danish M (2019) Understand-
ing the antecedents of organic food consumption in Pakistan:
moderating role of food neophobia. Int J Environ Res Public
Health 16(20):4043. https://doi.org/10.3390/ijerph16204043

Akter S, Kabir H, Akhter S, Hasan MM (2021) Assessment of environ-
mental impact and economic viability of domestic biogas plant
technology in Bangladesh. J Sustain Dev 14(5):44. https://doi.
org/10.5539/jsd.v14n5p44

Ali S, Yan Q, Hussain MS, Irfan M, Ahmad M, Razzaq A, Dagar
V, Cem I (2021) Evaluating green technology strategies for the
sustainable development of solar power projects : evidence from
Pakistan. Sustainability 13:12997. https://doi.org/10.3390/sul32
312997

Ali S, Yan Q, Irfan M, Ameer W, Atchike DW (2022a) Green invest-
ment for sustainable business development : the influence of
policy instruments on solar technology adoption. Front Energy
Res 10:874824. https://doi.org/10.3389/fenrg.2022.874824

Ali S, Yan Q, Irfan M, Chen Z (2022) Evaluating barriers on biogas
technology adoption in China: the moderating role of awareness
and technology understanding. Front Environ Sci-Environ Econ
Manag. https://doi.org/10.3389/fenvs.2022.887084

Amir SM, Liu Y, Shah AA, Khayyam U, Mahmood Z (2019) Empiri-
cal study on influencing factors of biogas technology adoption
in Khyber. Energy Environ 31(2):308-329. https://doi.org/10.
1177/0958305X19865536

Anderson JC, Gerbing DW (1988) Structural equation modeling in
practice : a review and recommended two-step approach. Psychol
Bull 103(3):411-423

Arbuckle JL (2011) IBM SPSS Amos 20 user’s guide. Amos develop-
ment corporation, SPSS Inc, pp 226-229

Arshad M, Bano I, Khan N, Imran M, Younus M (2018) Electric-
ity generation from biogas of poultry waste : an assessment of
potential and feasibility in Pakistan. Renew Sustain Energy Rev
81:1241-1246. https://doi.org/10.1016/j.rser.2017.09.007

Ashraf S, Lugman M, Yousaf Z, Yaqoob A (2019) Determinants of
biogas technology adoption in Pakistan. Pak J Sci Ind Res A:
Phys Sci 62(2):113-123

Awan MI, Raza S, Farooq A, Nawaz A, Aziz T (2022) Drivers of
increased nitrogen use in Pakistan. Nitrogen Assessment,
53-71. https://doi.org/10.1016/b978-0-12-824417-3.00004-—6

Azam M, Khan AQ, Ozturk I (2019) The effects of energy on invest-
ment, human health, environment and economic growth:
empirical evidence from China. Environ Sci Pollut Res
26(11):10816-10825

Aziz MA, Khan AH, Adnan M, Ullah H (2018) Traditional uses of
medicinal plants used by Indigenous communities for veterinary
practices at Bajaur Agency, Pakistan. J Ethnobiol Ethnomedicine
14(1):1-18. https://doi.org/10.1186/s13002-—018--0212-—-0

Baloch ZA, Tan Q, Igbal N, Mohsin M, Abbas Q, Igbal W, Chaudhry
IS (2020) Trilemma assessment of energy intensity, efficiency,
and environmental index: evidence from BRICS countries. Envi-
ron Sci Pollut Res 27(27):34337-34347. https://doi.org/10.1007/
s11356-020-09578-3

Bates MN, Pope K, Ram T, Pokhrel AK, Pillarisetti A, Lam NL, Verma
SC (2019) Household fuel use and pulmonary tuberculosis in
western Nepal : a case- control study. Environ Res 168(Septem-
ber 2018):193-205. https://doi.org/10.1016/j.envres.2018.09.036

Bhattacharya M, Paramati SR, Ozturk I, Bhattacharya S (2020) The
effect of renewable energy consumption on economic growth:

@ Springer


https://doi.org/10.3390/su11164443
https://doi.org/10.1002/cben.202000005
https://doi.org/10.3390/ijerph16204043
https://doi.org/10.5539/jsd.v14n5p44
https://doi.org/10.5539/jsd.v14n5p44
https://doi.org/10.3390/su132312997
https://doi.org/10.3390/su132312997
https://doi.org/10.3389/fenrg.2022.874824
https://doi.org/10.3389/fenvs.2022.887084
https://doi.org/10.1177/0958305X19865536
https://doi.org/10.1177/0958305X19865536
https://doi.org/10.1016/j.rser.2017.09.007
https://doi.org/10.1016/b978-0-12-824417-3.00004-−6
https://doi.org/10.1186/s13002-−018-−0212-−0
https://doi.org/10.1007/s11356-020-09578-3
https://doi.org/10.1007/s11356-020-09578-3
https://doi.org/10.1016/j.envres.2018.09.036

11858

Environmental Science and Pollution Research (2023) 30:11838-11860

Evidence from the renewable energy country attractive index.
Energy, 207. https://doi.org/10.1016/j.energy.2020.118162

Breitenmoser L, Gross T, Huesch R, Rau J, Dhar H, Kumar S, Hugi C,
Wintgens T (2019) Anaerobic digestion of biowastes in India:
opportunities, challenges and research needs. J Environ Manage
236:396—412. https://doi.org/10.1016/j.jenvman.2018.12.014

Chin W, Newsted PR (1999) Structural equation modeling analysis
with small samples using partial least squares. Stat Strat Small
Sample Res 1(1):307-341

Curtin J, Mclnerney C, Gallachéir B(), Hickey C, Deane P, Deeney
P (2019) Quantifying stranding risk for fossil fuel assets and
implications for renewable energy investment: a review of the
literature. Renew Sustain Energy Rev 116:109402. https://doi.
org/10.1016/j.rser.2019.109402

Franziska RN, Carrion GC, Roldan JL, Ringle CM (2016) European
management research using partial least squares structural equa-

tion modeling (PLS-SEM). Eur Manag J 34(6):589-597

Gabr RE, El-Sharkawy AMM, Schir M, Panjrath GS, Gerstenblith G,
Weiss RG, Bottomley PA (2018) Cardiac work is related to creatine
kinase energy supply in human heart failure: a cardiovascular
magnetic resonance spectroscopy study. J Cardiovasc Magn
Resonance 20(1):1-11. https://doi.org/10.1186/512968-018-0491-6

Gani A (2021) Fossil fuel energy and environmental performance in
an extended STIRPAT model. J Clean Prod 297:126526. https://
doi.org/10.1016/j.jclepro.2021.126526

Garfi M, Castro L, Montero N, Escalante H, Ferrer I (2019) Evaluat-
ing environmental benefits of low-cost biogas digesters in small-
scale farms in Colombia: a life cycle assessment. Biores Technol
274:541-548. https://doi.org/10.1016/j.biortech.2018.12.007

Gautam NP, Chhetri BBK, Raut NK, Tigabu M, Raut N, Rashid MHU,
Ma X, Wu P (2020) Do earthquakes change the timber and fire-
wood use pattern of the forest dependent households? Evidence
from rural hills in Nepal. For Policy Econ 119. https://doi.org/
10.1016/j.forpol.2020.102283

Gebreegziabher Z, Beyene AD, Bluffstone R, Martinsson P, Mekon-
nen A, Toman MA (2018) Fuel savings, cooking time and
user satisfaction with improved biomass cookstoves: evidence
from controlled cooking tests in Ethiopia. Resour Energy Econ
52:173-185. https://doi.org/10.1016/j.reseneeco.2018.01.006

Gelani HE, Dastgeer F, Idrees Z, Amjad K, Javed N (2022) Barriers
in the progress of domestic biogas plants in rural Pakistan. Int
J Sustain Energ 41(6):713-729. https://doi.org/10.1080/14786
451.2021.1976179

Getachew M, Simane B, Eshete G (2016) The environmental bene-
fits of domestic biogas technology in rural. Biomass Bioenerg
90:131-138. https://doi.org/10.1016/j.biombioe.2016.04.002

Gielen D, Boshell F, Saygin D, Bazilian MD, Wagner N, Gorini R
(2019) The role of renewable energy in the global energy trans-
formation. Energ Strat Rev 24:38-50. https://doi.org/10.1016/j.
es1.2019.01.006

GoP (2020) Energy year book edited by HDIP. Economic survey of
Pakistan. In Finance Division (ed) Government of Pakistan,
Islamabad, Pakistan

Govender I, Thopil GA, Inglesi-Lotz., R. (2019) Financial and eco-
nomic appraisal of a biogas to electricity project. J Clean Prod
214:154-165. https://doi.org/10.1016/j.jclepro.2018.12.290

Grunewald P, Diakonova M (2018) Flexibility, dynamism and diversity
in energy supply and demand: A critical review. Energy Res Soc
Sci 38:58-66. https://doi.org/10.1016/j.erss.2018.01.014

Haile K, Emil T, Termansen M (2019) Impact of biogas plants on rural
residential property values and implications for local acceptance.
Energy Policy 129:1121-1131. https://doi.org/10.1016/j.enpol.
2019.03.008

Hair JF, Sarstedt M, Ringle CM (2019) Rethinking some of the rethink-
ing of partial least squares. Eur J Mark 53(4):566—584. https://
doi.org/10.1108/EJM-10-2018-0665

@ Springer

Hair JF, Ringle CM, Sarstedt M (2011) PLS-SEM: indeed a silver bul-
let. J Mark Theor Pract 19(2):139-152. https://doi.org/10.2753/
MTP1069-6679190202

Hair JF, Sarstedt M, Hopkins L, Kuppelwieser VG (2014) Partial least
squares structural equation modeling (PLS-SEM): an emerging
tool in business research. Eur Bus Rev 26(2):106—121. https://
doi.org/10.1108/EBR-10-2013-0128

Hao Y, Guo Y, Guo Y, Wu H, Ren S (2020) Does outward foreign
direct investment (OFDI) affect the home country’s environmen-
tal quality? The case of China. Struct Chang Econ Dyn 52:109-
119. https://doi.org/10.1016/j.strueco.2019.08.012

Hasan ASMM, Kabir A, Hoq T, Johansson MT, Thollander P (2020)
Drivers and barriers to the implementation of biogas technolo-
gies in Bangladesh. Biofuels 0(0):1-13. https://doi.org/10.1080/
17597269.2020.1841362

Havrysh V, Kalinichenko A, Mentel G, Olejarz T (2020) Commercial
biogas plants : lessons for Ukraine. Energies 13(10). https://doi.
0rg/10.3390/en13102668

Henseler J, Ringle CM, Sinkovics RR (2009) The use of partial least
squares path modeling in international marketing. Adv Int Mark
20:277-319. https://doi.org/10.1108/S1474-7979(2009)00000
20014

Hoang AT, NiZeti¢ S, Olcer Al, Ong HC, Chen W-H, Chong CT,
Thomas S, Bandh SA, Nguyen XP (2021) Impacts of COVID-19
pandemic on the global energy system and the shift progress to
renewable energy: opportunities, challenges, and policy implica-
tions. Energy Policy 154:112322

Igbal T, Dong CQ, Lu Q, Ali Z, Khan I, Hussain Z, Abbas A (2018).
Sketching Pakistan’s energy dynamics: prospects of biomass
energy. J Renew Sustain Energy 10(2). https://doi.org/10.1063/1.
5010393

Iram R, Zhang J, Erdogan S, Abbas Q, Mohsin M (2020) Economics
of energy and environmental efficiency: evidence from OECD
countries. Environ Sci Pollut Res 27(4):3858-3870. https://doi.
0rg/10.1007/s11356-019-07020-x

IRENA (2020) Statistical Review of World Energy International
Renewable Energy Agency (IRENA). Abu Dhabi

Irfan M, Zhao ZY, Rehman A, Ozturk I, Li H (2021) Consumers’
intention—based influence factors of renewable energy adop-
tion in Pakistan: a structural equation modeling approach.
Environ Sci Pollut Res 28(1):432—-445. https://doi.org/10.1007/
s11356-020-10504-w

Jabeen S, Haq S, Jameel A, Hussain A, Asif M, Hwang J, Jabeen A
(2020) Impacts of rural women’s traditional economic activi-
ties on household economy: changing economic contributions
through empowered women in rural Pakistan. Sustainability
(switzerland) 12(7):1-23. https://doi.org/10.3390/sul12072731

Jan I (2021) Socio-economic characteristics influencing farmers’ will-
ingness—to—adopt domestic biogas technology in rural Pakistan.
Environ Sci Pollut Res 28(16):20690-20699. https://doi.org/10.
1007/s11356-020-12042-x

Jan I, Akram W (2018) Willingness of rural communities to adopt
biogas systems in Pakistan: critical factors and policy implica-
tions. Renew Sustain Snergy Rev 81(2):3178-3185. https://doi.
org/10.1016/j.rser.2017.03.141

Jan MI (2017) Adoption of biogas: a story from rural Pakistan: In 2017
Agricultural & Applied Economics Association Annual Meeting,
Chicago, Illinois, July 30—August 1

Jarrar L, Ayadi O, Al Asfar J (2020) Techno-economic aspects of elec-
tricity generation from a farm based biogas plant. J Sustain Dev
Energy Water Environ Syst 8(3):476—492. https://doi.org/10.
13044/j.sdewes.d7.0302

Jayarathne T, Stockwell CE, Christian TJ, Bhave PV, Praveen PS,
Panday AK, Adhikari S, Maharjan R, Goetz JD, DeCarlo PF,
Saikawa E, Yokelson RJ, Stone EA (2018) Nepal ambient


https://doi.org/10.1016/j.energy.2020.118162
https://doi.org/10.1016/j.jenvman.2018.12.014
https://doi.org/10.1016/j.rser.2019.109402
https://doi.org/10.1016/j.rser.2019.109402
https://doi.org/10.1186/s12968-018-0491-6
https://doi.org/10.1016/j.jclepro.2021.126526
https://doi.org/10.1016/j.jclepro.2021.126526
https://doi.org/10.1016/j.biortech.2018.12.007
https://doi.org/10.1016/j.forpol.2020.102283
https://doi.org/10.1016/j.forpol.2020.102283
https://doi.org/10.1016/j.reseneeco.2018.01.006
https://doi.org/10.1080/14786451.2021.1976179
https://doi.org/10.1080/14786451.2021.1976179
https://doi.org/10.1016/j.biombioe.2016.04.002
https://doi.org/10.1016/j.esr.2019.01.006
https://doi.org/10.1016/j.esr.2019.01.006
https://doi.org/10.1016/j.jclepro.2018.12.290
https://doi.org/10.1016/j.erss.2018.01.014
https://doi.org/10.1016/j.enpol.2019.03.008
https://doi.org/10.1016/j.enpol.2019.03.008
https://doi.org/10.1108/EJM-10-2018-0665
https://doi.org/10.1108/EJM-10-2018-0665
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1108/EBR-10-2013-0128
https://doi.org/10.1108/EBR-10-2013-0128
https://doi.org/10.1016/j.strueco.2019.08.012
https://doi.org/10.1080/17597269.2020.1841362
https://doi.org/10.1080/17597269.2020.1841362
https://doi.org/10.3390/en13102668
https://doi.org/10.3390/en13102668
https://doi.org/10.1108/S1474-7979(2009)0000020014
https://doi.org/10.1108/S1474-7979(2009)0000020014
https://doi.org/10.1063/1.5010393
https://doi.org/10.1063/1.5010393
https://doi.org/10.1007/s11356-019-07020-x
https://doi.org/10.1007/s11356-019-07020-x
https://doi.org/10.1007/s11356-020-10504-w
https://doi.org/10.1007/s11356-020-10504-w
https://doi.org/10.3390/su12072731
https://doi.org/10.1007/s11356-020-12042-x
https://doi.org/10.1007/s11356-020-12042-x
https://doi.org/10.1016/j.rser.2017.03.141
https://doi.org/10.1016/j.rser.2017.03.141
https://doi.org/10.13044/j.sdewes.d7.0302
https://doi.org/10.13044/j.sdewes.d7.0302

Environmental Science and Pollution Research (2023) 30:11838-11860

11859

monitoring and source testing experiment (NAMaSTE): emis-
sions of particulate matter from wood and dung cooking fires,
brick kilns, generators, trash and crop residue burning, brick
kilns, and other sources. Submitted 18(13):2259-2286. https://
doi.org/10.5194/acp-18-2259-2018

Kamran M (2018) Current status and future success of renewable
energy in Pakistan. Renew Sustain Energy Rev 82(November
2016):609-617. https://doi.org/10.1016/j.rser.2017.09.049

Khan MU, Ahmad M, Sultan M, Sohoo I, Ghimire PC, Zahid A, Sar-
war A, Farooq M, Sajjad U, Abdeshahian P, Yousaf M (2021a)
Biogas production potential from livestock manure in Pakistan.
Sustainability (switzerland) 13(12):1-17. https://doi.org/10.
3390/sul3126751

Khan SAR, Godil DI, Jabbour CJC, Shujaat S, Razzaq A, Yu Z (2021b)
Green data analytics, blockchain technology for sustainable
development, and sustainable supply chain practices: evidence
from small and medium enterprises. Ann Oper Res 1-25

Lei W, Ozturk I, Muhammad H, Ullah S (2021) On the asymmetric
effects of financial deepening on renewable and non-renewable
energy consumption: insights from China. Econ Res-Ekonomska
Istrazivanja 0(0):1-18. https://doi.org/10.1080/1331677X.2021.
2007413

Liu Z, Hystad P, Zhang Y, Rangarajan S, Yin L, Wang Y, Hu B, Lu
F, Zhou Y, Li Y, Bangdiwala SI, Yusuf S, Li W, Tse LA (2021)
Associations of household solid fuel for heating and cooking
with hypertension in Chinese adults. ] Hypertens 39(4):667-676.
https://doi.org/10.1097/HJH.0000000000002689

Lowe RJ, Drummond P (2022) Solar, wind and logistic substitution in
global energy supply to 2050 — barriers and implications. Renew
Sustain Energy Rev 153:111720. https://doi.org/10.1016/j.rser.
2021.111720

Luo Y, Salman M, Lu Z (2021) Heterogeneous impacts of environmen-
tal regulations and foreign direct investment on green innovation
across different regions in China. Sci Total Environ 759:143744.
https://doi.org/10.1016/j.scitotenv.2020.143744

Luyer SL, Quienne B, Bouzaid M, Guégan P, Caillol S, Illy N,
Luyer SL, Quienne B, Bouzaid M, Guégan P, Caillol S (2021)
Bio—based poly ( ester-alt-thioether ) s synthesized by organo-
catalyzed ring—opening copolymerizations of eugenol-based
epoxides and N-acetyl homocysteine thiolactone. Green Chem
23(19):7743-7750

Mikhail J, Gallego-schmid A, Stamford L, Azapagic A (2020) Science
of the total environment environmental sustainability of cook-
ing fuels in remote communities : life cycle and local impacts.
Sci Total Environ 713. https://doi.org/10.1016/j.scitotenv.2019.
136445

Mir KA, Park C, Purohit P, Kim S (2021) Comparative analysis of
greenhouse gas emission inventory for Pakistan: Part II agri-
culture, forestry and other land use and waste. Adv Clim Chang
Res 12(1):132-144. https://doi.org/10.1016/j.accre.2021.01.003

Mohsin M, Taghizadeh—Hesary F, Igbal N, Saydaliev HB (2022) The
role of technological progress and renewable energy deployment
in green economic growth. Renew Energy 190:777-787. https://
doi.org/10.1016/j.renene.2022.03.076

Morgunova MO, Solovyev DA, Nefedova LV, Gabderakhmanova
TS (2020) Renewable energy in the Russian Arctic: environ-
mental challenges, opportunities and risks. J Phys: Conf Ser
1565(1). https://doi.org/10.1088/1742—6596/1565/1/012086

Murad MW, Alam MM, Noman AHM, Ozturk I (2019) Dynamics
of technological innovation, energy consumption, energy price
and economic growth in Denmark. Environ Prog Sustain Energy
38(2):1-15. https://doi.org/10.1002/ep.12905

Nasirov S, Agostini C, Silva C, Caceres G (2018) Renewable energy
transition: a market-driven solution for the energy and environ-
mental concerns in Chile. Clean Technol Environ Policy 20(1):3—
12. https://doi.org/10.1007/s10098—-017—-1434—x

Negri C, Ricci M, Zilio M, D’Imporzano G, Qiao W, Dong R, Adani
F (2020) Anaerobic digestion of food waste for bio-energy pro-
duction in China and Southeast Asia: a review. Renew Sustain
Energy Rev 133. https://doi.org/10.1016/j.rser.2020.110138

NEPRA (2021) Indicative generation capacity expansion plan IGCEP
2021-30. Islamabad

Nevzorova T, Kutcherov V (2019) Barriers to the wider implementa-
tion of biogas as a source of energy : a state-of-the-art review.
Energ Strat Rev 26:100414. https://doi.org/10.1016/j.esr.2019.
100414

Nsair A, Onen Cinar S, Abu Qdais H, Kuchta K (2019) Optimizing the
performance of a large scale biogas plant by controlling stirring
process: a case study. Energy Convers Manag 198. https://doi.
org/10.1016/j.enconman.2019.111931

Osborne J (2010) Improving your data transformations: applying the
Box-Cox transformation. Pract Assess Res Evaluation 15(1):12

Improving your data transformations: Applying the Box-Cox transfor-
mation. Pract Assess Res Evaluation 15(1):12

Ozoh OB, Okwor TJ, Adetona O, Akinkugbe AO, Amadi CE, Esezo-
bor C, Adeyeye OO, Ojo O, Nwude VN, Mortimer K (2018)
Cooking fuels in lagos, Nigeria: factors associated with house-
hold choice of kerosene or liquefied petroleum gas (LPG). Int J
Environ Res Public Health 15(4):1-13. https://doi.org/10.3390/
ijerph15040641

Ozturk I (2016) Biofuel, indicators’ nexus in the pansustainability, and
forest el generalized method of moments estimation: evidence
from 12 developed and developing countries Ilhan. Biofuels, Bio-
prod Biorefin 10(2):150-163. https://doi.org/10.1002/bbb.1628

Pandyaswargo AH, Gamaralalage PJD, Liu C, Knaus M, Onoda H,
Mabhichi F, Guo Y (2019) Challenges and an implementation
framework for sustainable municipal organic waste management
using biogas technology in emerging Asian countries. Sustaina-
bility (Switzerland), 11(22). https://doi.org/10.3390/sul11226331

Pilloni M, Hamed TA, Joyce S (2020) Assessing the success and failure
of biogas units in Israel: social niches, practices, and transitions
among Bedouin villages. Energy Res Soc Sci 61. https://doi.org/
10.1016/j.erss.2019.101328

Popp J, Kovécs S, Olah J, Divéki Z, Balazs E (2021) Bioeconomy:
biomass and biomass-based energy supply and demand. New
Biotechnol 60:76—84. https://doi.org/10.1016/j.nbt.2020.10.004

Puzzolo E, Pope D, Stanistreet D, Rehfuess EA, Bruce NG (2016)
Clean fuels for resource—poor settings: a systematic review of
barriers and enablers to adoption and sustained use. Environ Res
146:218-234. https://doi.org/10.1016/j.envres.2016.01.002

Rafique MM, Rehman S (2017) National energy scenario of Pakistan
— current status, future alternatives, and institutional infrastruc-
ture : an overview. Renew Sustain Energy Rev 69:156-167.
https://doi.org/10.1016/j.rser.2016.11.057

Ramayah T, Ahmad NH, Halim HA, Rohaida S, Zainal M, Lo M (2010)
Discriminant analysis: an illustrated example. Afr J Bus Manage
4(9):1654-1667. https://doi.org/10.5897/AJBM.9000211

Roussel Y, Ali A, Audi M (2021) Measuring the money demand in
Pakistan: a time series analysis. Bull Bus Econ (BBE) 10(1):27—
41. https://doi.org/de/106629/1/MPRA

Roy H, Dalei NN (2020) Empirical relation between energy use and
human development: evidence from BRICS nations. In Energy,
Environment and Globalization. Springer Singapore. https://doi.
0rg/10.1007/978-981-13-9310-5

Saghir M, Zafar S, Tahir A, Ouadi M, Siddique B, Hornung A (2019)
Unlocking the potential of biomass energy in Pakistan. Front
Energy Res 7(MAR):1-18. https://doi.org/10.3389/fenrg.2019.
00024

Saito Y, Kolobov AV, Fons P, Mitrofanov KV, Makino K, Tominaga
J, Robertson J (2019) Origin of resistivity contrast in interfacial
phase—change memory: the crucial role of Ge/Sb intermixing.
Appl Phys Lett 114(13). https://doi.org/10.1063/1.5088068

@ Springer


https://doi.org/10.5194/acp-18-2259-2018
https://doi.org/10.5194/acp-18-2259-2018
https://doi.org/10.1016/j.rser.2017.09.049
https://doi.org/10.3390/su13126751
https://doi.org/10.3390/su13126751
https://doi.org/10.1080/1331677X.2021.2007413
https://doi.org/10.1080/1331677X.2021.2007413
https://doi.org/10.1097/HJH.0000000000002689
https://doi.org/10.1016/j.rser.2021.111720
https://doi.org/10.1016/j.rser.2021.111720
https://doi.org/10.1016/j.scitotenv.2020.143744
https://doi.org/10.1016/j.scitotenv.2019.136445
https://doi.org/10.1016/j.scitotenv.2019.136445
https://doi.org/10.1016/j.accre.2021.01.003
https://doi.org/10.1016/j.renene.2022.03.076
https://doi.org/10.1016/j.renene.2022.03.076
https://doi.org/10.1088/1742−6596/1565/1/012086
https://doi.org/10.1002/ep.12905
https://doi.org/10.1007/s10098−017−1434−x
https://doi.org/10.1016/j.rser.2020.110138
https://doi.org/10.1016/j.esr.2019.100414
https://doi.org/10.1016/j.esr.2019.100414
https://doi.org/10.1016/j.enconman.2019.111931
https://doi.org/10.1016/j.enconman.2019.111931
https://doi.org/10.3390/ijerph15040641
https://doi.org/10.3390/ijerph15040641
https://doi.org/10.1002/bbb.1628
https://doi.org/10.3390/su11226331
https://doi.org/10.1016/j.erss.2019.101328
https://doi.org/10.1016/j.erss.2019.101328
https://doi.org/10.1016/j.nbt.2020.10.004
https://doi.org/10.1016/j.envres.2016.01.002
https://doi.org/10.1016/j.rser.2016.11.057
https://doi.org/10.5897/AJBM.9000211
https://doi.org/de/106629/1/MPRA
https://doi.org/10.1007/978-981-13-9310-5
https://doi.org/10.1007/978-981-13-9310-5
https://doi.org/10.3389/fenrg.2019.00024
https://doi.org/10.3389/fenrg.2019.00024
https://doi.org/10.1063/1.5088068

11860

Environmental Science and Pollution Research (2023) 30:11838-11860

Scheutz C, Fredenslund AM (2019) Total methane emission rates and
losses from 23 biogas plants. Waste Manage 97:38—46. https://
doi.org/10.1016/j.wasman.2019.07.029

Schlegel D, Frank F, Britzelmaier B (2016) Investment decisions and
capital budgeting practices in German manufacturing companies.
Int J Bus Glob 16(1):66-78. https://doi.org/10.1504/1JBG.2016.
073626

Shah AA, Sahito AR (2017) Appraisal of biogas potential of biogas
from animal dung in Saeedabad, Pakistan. Mehran Univ Res J
Eng Technol 36(3):707-718

Solangi YA, Shah SAA, Zameer H, Ikram M, Saracoglu BO (2019)
Assessing the solar PV power project site selection in Paki-
stan : based on AHP-fuzzy vikor approach. Environ Sci Pol-
lIut Res 26(29):30286-30302. https://doi.org/10.1007/s1135
6—-019-06172-0

Sueyoshi T, Yuan Y (2018) Measuring energy usage and sustain-
ability development in Asian nations by DEA intermediate
approach. J Econ Struct 7(1):1-18. https://doi.org/10.1186/
s40008-017-0100-0

Sun H, Kofi B, Kwaku A, Asumadu S (2021) Technological forecast-
ing & social change energy efficiency : the role of technologi-
cal innovation and knowledge spillover. Technol Forecast Soc
Change 167. https://doi.org/10.1016/j.techfore.2021.120659

Sun L, Qin L, Taghizadeh—-Hesary F, Zhang J, Mohsin M, Chaudhry
IS (2020) Analyzing carbon emission transfer network struc-
ture among provinces in China: new evidence from social net-
work analysis. Environ Sci Pollut Res. https://doi.org/10.1007/
s11356-020-08911-0

Tareen WUK, Anjum Z, Yasin N, Siddiqui L, Farhat I, Malik SA,
Mekhilef S, Seyedmahmoudian M, Horan B, Darwish M, Aamir
M, Chek LW (2018) The prospective non-conventional alternate
and renewable energy sources in Pakistan - a focus on biomass
energy for power generation, transportation, and industrial fuel.
Energies 11(9). https://doi.org/10.3390/en11092431

Tumusiime E, Kirabira JB, Musinguzi WB (2019) Long-life perfor-
mance of biogas systems for productive applications : the role
of R & D and policy. Energy Rep 5:579-583. https://doi.org/10.
1016/j.egyr.2019.05.002

Ullah S, Noor RS, Abid A, Kashinda RM, Waqas MM, Shah AN, Tian
G (2021) Socio-economic impacts of livelihood from fuelwood
and timber consumption on the sustainability of forest environ-
ment: evidence from basho valley, Baltistan, Pakistan. Agricul-
ture (Switzerland) 11(7). https://doi.org/10.3390/agriculture1107
0596

Urbach N, Ahlemann F (2010) Structural equation modeling in infor-
mation systems research using partial least squares. J Inform
Technol Theor Appl 11(2):5-40

Usman M, Kousar R, Yaseen MR, Makhdum MSA (2020) An empirical
nexus between economic growth, energy utilization, trade policy,
and ecological footprint: a continent-wise comparison in upper-
middle-income countries. Environ Sci Pollut Res 27(31):38995—
39018. https://doi.org/10.1007/s11356-020-09772-3

Wang F, Cai W, Elahi E (2021) Do green finance and environmental
regulation play a crucial role in the reduction of CO2 emissions?
An empirical analysis of 126 Chinese cities. Sustainability (Swit-
zerland) 13(23). https://doi.org/10.3390/su132313014

Wang X, Yan R, Zhao Y, Cheng S, Han Y, Yang S, Cai D, Mang HP,
Li Z (2020a) Biogas standard system in China. Renew Energy
157:1265-1273. https://doi.org/10.1016/j.renene.2020.05.064

@ Springer

Wang Y, Xu L, Solangi YA (2020b) Strategic renewable energy
resources selection for Pakistan: based on SWOT-Fuzzy AHP
approach. Sustain Cities Soc 52. https://doi.org/10.1016/j.scs.
2019.101861

Wang Z, Ali S, Akbar A, Rasool F (2020c) Determining the influencing
factors of biogas technology adoption intention in Pakistan: the
moderating role of social media. Int J Environ Res Public Health
17(7):2311. https://doi.org/10.3390/ijerph17072311

Wang Z-Y, Guo R, Shi X, Liu X, Qin H, Liu Y (2020) The superior
performance of CoMnO x catalyst with ball— fl owerlike structure
for low—temperature selective catalytic reduction of NO x by NH
3. Chem Eng J 381. https://doi.org/10.1016/j.cej.2019.122753

Wu H, BaN, Ren S, Xu L, Chai J, Irfan M (2021) The impact of inter-
net development on the health of Chinese residents: transmission
mechanisms and empirical tests. Socioecon Plann Sci. https://doi.
org/10.1016/j.seps.2021.101178

Wu H, Hao Y, Ren S (2020a) How do environmental regulation and
environmental decentralization affect green total factor energy
efficiency: evidence from China. Energy Econ 91. https://doi.
org/10.1016/j.eneco.2020.104880

WuH, Li Y, Hao Y, Ren S, Zhang P (2020b) Environmental decentrali-
zation, local government competition, and regional green devel-
opment: evidence from China. Sci Total Environ 708:135085.
https://doi.org/10.1016/j.scitotenv.2019.135085

WuH, XuL, Ren S, Hao Y, Yan G (2020c) How do energy consump-
tion and environmental regulation affect carbon emissions in
China? New evidence from a dynamic threshold panel model.
Resour Policy 67(April):101678. https://doi.org/10.1016/j.resou
rpol.2020.101678

Yaqoo H, Teoh YH, Din ZU, Sabah NU, Jamil MA, Mujtaba MA, Abid
A (2021) The potential of sustainable biogas production from
biomass waste for power generation in Pakistan. J Clean Prod
307. https://doi.org/10.1016/j.jclepro.2021.127250

Yasar A, Nazir S, Rasheed R, Tabinda AB, Nazar M (2017a) Economic
review of different designs of biogas plants at household level
in Pakistan. Renew Sustain Energy Rev 74:221-229. https://doi.
org/10.1016/j.rser.2017.01.128

Yasar A, Nazir S, Tabinda AB, Nazar M, Rasheed R, Afzaal M (2017b)
Socio-economic, health and agriculture benefits of rural house-
hold biogas plants in energy scarce developing countries: a case
study from Pakistan. Renew Energy 108:19-25. https://doi.org/
10.1016/j.renene.2017.02.044

Yasmin N, Grundmann P (2019) Adoption and diffusion of renewable
energy — the case of biogas as alternative fuel for cooking in
Pakistan. Renew Sustain Energy Rev 101:255-264. https://doi.
org/10.1016/j.rser.2018.10.011

Ying M, Faraz NA, Ahmed F, Raza A (2020) How does servant leader-
ship foster employees’ voluntary green behavior? A sequential
mediation model. Int J Environ Res Public Health 17(5). https://
doi.org/10.3390/ijerph17051792

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.


https://doi.org/10.1016/j.wasman.2019.07.029
https://doi.org/10.1016/j.wasman.2019.07.029
https://doi.org/10.1504/IJBG.2016.073626
https://doi.org/10.1504/IJBG.2016.073626
https://doi.org/10.1007/s11356−019−06172−0
https://doi.org/10.1007/s11356−019−06172−0
https://doi.org/10.1186/s40008-017-0100-0
https://doi.org/10.1186/s40008-017-0100-0
https://doi.org/10.1016/j.techfore.2021.120659
https://doi.org/10.1007/s11356-020-08911-0
https://doi.org/10.1007/s11356-020-08911-0
https://doi.org/10.3390/en11092431
https://doi.org/10.1016/j.egyr.2019.05.002
https://doi.org/10.1016/j.egyr.2019.05.002
https://doi.org/10.3390/agriculture11070596
https://doi.org/10.3390/agriculture11070596
https://doi.org/10.1007/s11356-020-09772-3
https://doi.org/10.3390/su132313014
https://doi.org/10.1016/j.renene.2020.05.064
https://doi.org/10.1016/j.scs.2019.101861
https://doi.org/10.1016/j.scs.2019.101861
https://doi.org/10.3390/ijerph17072311
https://doi.org/10.1016/j.cej.2019.122753
https://doi.org/10.1016/j.seps.2021.101178
https://doi.org/10.1016/j.seps.2021.101178
https://doi.org/10.1016/j.eneco.2020.104880
https://doi.org/10.1016/j.eneco.2020.104880
https://doi.org/10.1016/j.scitotenv.2019.135085
https://doi.org/10.1016/j.resourpol.2020.101678
https://doi.org/10.1016/j.resourpol.2020.101678
https://doi.org/10.1016/j.jclepro.2021.127250
https://doi.org/10.1016/j.rser.2017.01.128
https://doi.org/10.1016/j.rser.2017.01.128
https://doi.org/10.1016/j.renene.2017.02.044
https://doi.org/10.1016/j.renene.2017.02.044
https://doi.org/10.1016/j.rser.2018.10.011
https://doi.org/10.1016/j.rser.2018.10.011
https://doi.org/10.3390/ijerph17051792
https://doi.org/10.3390/ijerph17051792

	Modeling factors of biogas technology adoption: a roadmap towards environmental sustainability and green revolution
	Abstract
	Introduction
	Literature review
	Formulation of hypotheses with the theoretical background
	Maintenance barriers of biogas plants
	Economic and policy barriers
	Owner satisfaction with biogas plant
	Financial support for biogas plants
	The moderating role of awareness through social media between maintenance barriers of biogas plants and the intention to adopt biogas technology in Pakistan

	Research methodology
	Sample and procedure
	Instrument and variables measurement

	Data analysis and results
	Measurement assessment model
	Structural assessment model
	Inspiring factors and important barriers

	Discussions and implications
	Conclusions and policy implications
	References


