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Abstract
Management of organic waste addresses the issue of cleanliness and sanitation in developing nations such as Pakistan, where 
improper waste management usually leads to significant health problems and early mortality. The control of  organic waste in 
rural regions of Pakistan and other developing nations needs to be undertaken using effective solutions. This study contrib-
utes to satisfying local needs such as cooking, lighting, and maintaining a comfortable temperature in anaerobic locations 
and works as a guideline for converting to biogas. This research aims to ascertain households’ most substantial challenges 
concerning biogas production using domestic organic waste and locally sourced materials. The analysis is conducted on data 
from 81 respondents gathered using a comprehensive questionnaire assessment. Respondents were carefully chosen with the 
purposive sampling process. Primary data were collected from a structured questionnaire and partial least squares structural 
equation modeling (PLS-SEM) to evaluate the formulated assumptions. The results indicate that managing organic waste 
positively influences the sustainable improvement of biogas using human organic waste and locally resourced materials. 
The selected variables and their moderating effect significantly and favorably influence this conceptual model. Furthermore, 
all manipulating influences are constructively connected with implementing biogas technology using organic waste and 
locally resourced material, minimizing household energy expenses, and satisfying local needs. This study concludes that 
the government’s green energy policy and economic incentives encourage households to use biogas energy produced from 
organic waste and locally resourced material. The government should use modern technology, resident training, and expert 
methodological assistance to induce households into biogas production using domestic organic waste and locally resourced 
material. Finally, the study’s limitations and suggestions for further research are also addressed.
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Introduction

Biogas can be produced from a wide variety of organic 
wastes. Managing garbage in developing regions is quite 
tricky. The deterioration of the environment, the rising 
need for power, and the dearth of continuous energy plants 
have compelled governments worldwide to switch from 
conventional to renewable energy sources (Yasmin et al. 
2022). Renewable energy options mitigate environmental 
issues and provide lasting solutions to such energy issues 
(Ahmar et al. 2022). The growth in material consump-
tion has repercussions on ecological quality in the form 
of environment variation, exhaustion of expected posses-
sions, increased air and water contamination, and decline 
in bio-assortment. The world’s population is growing, and 
quality of life is improving, increasing energy consump-
tion. An imbalance between energy demand and supply 
hinders economic development, prosperity, and sustainable 
growth and seriously affects a country’s water resources, 
environment, human health, and agricultural output (Jha 
and Schmidt 2021). In the southern part of the globe, 250 
million people still rely on traditional energy sources for 
heating, cooling, lighting, and other daily requirements 
(Silva et  al. 2022a). Pakistan, among the developing 
nations, requires enormous energy to support its popu-
lation and industries. For several years, the country has 
faced an unregulated electrical deficit between demand 
and supply (Fang et al. 2022). Although the imperative is 
to lower the resident’s power shortfall, Pakistan has not yet 
produced electrical energy from biogas through organic 
waste. Previous biogas programs advocated biogas as a 
substitute for conservative wood power for residential bak-
ing and cooking. This research collects data on the mam-
mal inhabitants, chicken waste, domestic waste, and sugar 
cane bagasse (Hussain et al. 2019).

Biogas could eliminate the energy imbalance and offer 
additional energy in the coming years. Biogas offers 
numerous benefits in areas such as energy, gas, bioferti-
lizer production, socioeconomic development, and envi-
ronmental preservation (Situmorang et al. 2020). Pakistan 
has the most severe power shortage, with 16 to 18 hours of 
daylight in rural areas and 10 to 12 hours of day in large 
metropolises. This energy gap is evident during the sum-
mer. Pakistan is the sixth-most populous country in the 
world, with 215 million residents and an annual populace 
expansion rate of 2.5% (Ilyas et al. 2021). In Pakistan, 
approximately 51 billion people do not have energy, and 
approximately half of the inhabitants have sanitary cook-
ing areas (IRENA 2020). In May 2021, Pakistan’s linked 
energy production lengths were 34,501 Megawatt (MW). 
By 2030, it is planned to increase to 53,315 MW. It is 
irrelevant that renewable energy contributes just 0.5% of 

energy needs (NEPRA 2021). Fortunately, Pakistan’s ter-
restrial region offers significant potential (nearly 81 mil-
lion tonnes per year) for renewable energy sources, such 
as wind, solar, and bioenergy (Amir et al. 2019). In May 
2021, Pakistan’s national energy combination for the mon-
etary year 2019–20 was 121,691 Gigawatt hours (GWh), 
with thermal vegetation accountable for 57% of energy 
generation, hydroelectric vegetation for 32%, and nuclear 
plants for 8% (NEPRA 2021).

The nation possesses a vast potential for biomass genera-
tion to produce bioenergy by utilizing combustion, trans-
esterification, gasification, and pyrolysis. Modern technol-
ogy can significantly affect the nation’s sustainable economic 
development (Bates et al. 2019). Pakistan’s monthly energy 
potential must be between 45 MW and 83 MW per 100 
m2 (Nicholas and Buckley 2018). Most (96%) rural Paki-
stani households rely on traditional biofuels for energy and 
cooking using animal manure and woody versus non-woody 
reserves such as timber, harvest shells, grasses, and foli-
age (Amir et al. 2019). Employing a substantial amount of 
wood fuel influences ecological hazards, for instance, brush 
deterioration, desertification, flooding, land deterioration, 
and dryness. Moreover, smoke in poorly ventilated build-
ings substantially negatively impacts human health (Jabeen 
et al. 2020). Biogas technology can produce 9.8 billion 
cubic meters of gas annually, and roughly $17.5 billion is 
paid annually from animal dung and other organic waste. In 
addition, bagasse, a byproduct of sugarcane and sorghum 
processing, may produce 5800 GWh of energy annually, 
or 6.6% of Pakistan’s current electrical output (de Almeida 
and Colombo 2021). Rural agrarians may benefit from these 
biogas power resources because biogas is environmentally 
friendly and may generate electricity, gas, and bio-nutrients. 
Pakistan can create more than 21 tonnes of bio-nutrients a 
year if natural gas and power production rise (Yaqoo et al. 
2021). However, biogas equipment’s societal and ecologi-
cal payback in Pakistan is not frequently embraced (Yasmin 
et al. 2022). Consequently, it is crucial to comprehend the 
various factors that encourage the use of biogas technol-
ogy, particularly in a developing nation such as Pakistan 
(Ahmar et al. 2022). Egocentric and philanthropic compo-
nents influence households’ acceptance of biogas machin-
ery; the effects and ecological costs must also be measured 
in adding to equipment expenses. Conversely, the rational 
biogas hypothesis contains both egoistic and generous objec-
tives. In the former inquiry, the personality of self-sacrifice 
(pro-conservational) on biogas appreciation was absent or 
focused on only temporarily (Trypolska et al. 2021).

Because the research was lacking, we examined a sup-
plementary variable as an administrator to increase pro-
ecological conduct. Applying social media-based alertness 
as a moderating variable, we investigate the prognostic 
influence of the connection between a person’s estimates 
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and more suitable activities. Experiment research indicates 
that social media-grounded knowledge is becoming pro-
gressively advanced for eco-sensible conduct (Simeone and 
Scarpato 2020). Cyber space, as a social meeting place, and 
mobile phone technology have established fundamental and 
favorable international communication instruments. Previ-
ous investigations have explored the implication of social 
media for a variation of communal subjects, for instance, a 
more maintainable technique of spending, a wish to repro-
cess, a promise for ecological accountability, and a decrease 
in poor dietary habits (Amit Kumar 2021). In Pakistan, there 
are roughly 72 million internet users. Mass media and social 
media can help raise awareness about biogas plants, the 
organic waste collection process, use of modern technol-
ogy, local public training, government green energy policy 
and economic incentives, and the financial benefits of biogas 
production through household organic waste and locally 
sourced materials (Segreto et al. 2020).

At this point, the author will assess Pakistan’s power 
situation and the possibilities of biogas technology. After 
analyzing the scenario, previous research-based hypotheses 
were applied. Individual quality of life, employment oppor-
tunities, and efficient progress depend on energy availability 
and obtainability (Wu 2019).

A trustworthy power supply is crucial for living (Popp 
et al. 2021). Deprived of a stable worldwide energy stream, 
the current way of life and economic expansion cannot 
be maintained (Hoang et al. 2021; Lowe and Drummond 
2022). The country’s efficient development and achieve-
ment depend on adequate energy funds (Yaqoo et al. 2021). 
While necessities are comparable in most circumstances, 
living conditions differ based on complex social, economic, 
political, and behavioral interactions. These environmental 
aspects must be considered while designing construction 
materials, layouts, services, and infrastructures (Kumar and 
Samadder 2022). In times of emergency and the absence of 
contemporary and advanced infrastructure, garbage collec-
tion and correct disposal are among the most vital but some-
times neglected issues. The focus is removing unprocessed 
garbage from residential areas to avoid health and safety 
issues. After that, an integrated, intelligent, and planned 
waste management strategy is required (Li et al. 2021). Lit-
erature and contemporary practice indicate elements of con-
sideration, recommendations, and dangers while addressing 
this topic (Núñez et al. 2022). Organic waste (OW) treat-
ment is essential due to its environmental, social, and safety 
implications (Jeon et al. 2022). To supply its power needs, 
Pakistan imports fossil fuels at over $1.4 billion, which hin-
ders the inhabitant’s economic progress due to the fuel price 
of $530 per million (Yaqoo et al. 2021). Biogas production 
has numerous environmental benefits, including generating 
power and renewable energy, waste treatment, and bio-slurry 
as organic fertilizer to restore harvest flexibility. Women in 

rural areas are answerable for cooking and heating systems 
by fire and firewood (Liu et al. 2021). In recent decades, san-
itation has been used to refer to environmental circumstances 
that affect the health of a population (Bako et al. 2021).

If individuals use insufficient latrines, such as mine 
latrines or simple commodes that assemble waste in a pit, 
or if they expel the waste, bacterial pollution from human 
waste leaks into groundwater, boreholes, tributaries, and the 
ocean, initiating conservational hazards (Scott et al. 2021). 
In such situations, the population continues employing con-
ventional defecation habits wherever possible. Otherwise, 
individuals adapt coping methods, resulting in insufficient 
and hazardous activities for themselves and the environment 
(Li et al. 2021). Biogas digesters could effectively address 
sanitation issues without constraining or compelling lifestyle 
changes while preventing the black market in fossil fuels. 
Anaerobic digestion is the biological process of convert-
ing organic matter into methane-rich biogas (Situmeang and 
Mazancov 2022). Anaerobic digestion is a well-established 
method for treating the organic part of various types of 
garbage (Golovko et al. 2022; Herrera et al. 2022). Biogas 
technology is one of the most energy-efficient and ecologi-
cally benign bioenergy production methods (Rahman et al. 
2021). Furthermore, anaerobic treatment reduces the sur-
vivability of pathogens in OW, which is essential for safely 
using digested waste as fertilizer (Gustafsson and Anderberg 
2022). In developing regions, bio-digesters are not unique 
solutions and positively affect measures of bare subsistence 
and rural economic growth (Williams et al. 2022). Gov-
ernment institutions are currently participating in subsidy 
programs, planning, designing, building, operating, and 
maintaining such systems (Situmeang and Mazancov 2022). 
Several Asian and African nations, including China, India, 
Nepal, Bangladesh, Cambodia, Vietnam, Kenya, Rwanda, 
and Tanzania, have launched significant biogas technology 
promotion initiatives (Sawyerr et al. 2019).

In developing nations, there are a few primary varie-
ties of residential bio-digesters: the lump stream digester, 
sausage-bag or tube-shaped/malleable digester, the fixed-
dome digester or Chinese digester, and the detached barrel 
digester, also known as the magnifying digester or the Hindu 
digester. Although the mechanism and strategy of the gas 
collection are dissimilar, the digestive process remains the 
same (Haghanimanesh et al. 2022; Situmeang and Mazan-
cov 2022). Lacking a stable resource of power on a uni-
versal scale, the current way of life and economic growth 
is impossible (Lowe and Drummond 2022). The composi-
tion of biogas changes based on feedstock (anaerobic diges-
tion with methanogen or anaerobic organisms, municipal 
waste, and green waste or food waste) and digester operating 
parameters (toxic substances, carbon and nutrients availabil-
ity, organic loading rate (OLR), and product concentrations) 
(Woon et al. 2021). Pakistan can manufacture biogas from 
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its significant livestock population, organic waste, and other 
available materials (Awan et al. 2022). Importing petroleum 
and natural gas strains the economies of developing nations 
significantly. Adopting biogas is ecologically viable (Sun 
et al. 2021b). In rural Pakistan, mammal dung may generate 
an average of 12–804 m3 of biogas daily (Sun et al. 2021a). 
Pakistan has initiated its domestic biogas project to offer 
biogas plants for OW and locally resourced material and to 
exchange conventional gasses, for example, harvest remains, 
liquid firewood gas, firewood, and organic waste with biogas 
(Johansson 2021). The project provided subsidies to promote 
using OW and locally sourced materials and facilitate rural 
inhabitants’ communal and procedural adaptation. Con-
versely, acceptance of biogas machinery has not, to date, 
been extended a sufficient equal (Lei et al. 2021; Gelani 
et al. 2022). Biogas derived from organic waste and other 
local resources is Pakistan’s fifth most crucial energy source, 
supplying about 14% of total energy and power (Yasmin 
et al. 2022). Biogas produced from organic waste and local 
resources is an excellent alternative to firewood, biomass, 
bulk waste, and organic waste. It is frequently utilized for 
energy and cooking in rural areas. Biomass resources are 
crucial in developing nations such as Pakistan because of 
their numerous benefits, including affordable cost energy 
construction, low principal outlay, and, most significantly, 
their abundant and widely available raw resources (Ilyas 
et al. 2021). In addition, bagasse, chicken manure, meat 
industry waste, residential organic waste, locally sourced 
materials, and street litter can generate biogas power nation-
wide. It is expected that 14.25 106 m3 of biogas energy will 
be developed to meet the everyday power demands of Paki-
stan’s 112 million rural residents (Bates et al. 2019).

The current research model investigates the effect of tech-
nological awareness via social media on the country’s desire 
to approve biogas equipment. We have examined the organic 
waste collection procedure, the employment of contemporary 
technology, local public training, government green energy 
policy, and economic incentives to eliminate the biogas tech-
nology industry’s most pressing problems for homes. In the 
present investigation, respondents were nominated utilizing a 
purposeful selection method. Surveys continued to obtain the 
necessary data to achieve the research objectives, using meas-
urable statistics collection methods. PLS-SEM was employed 
to assess the constituent numbers. The results reveal that the 
Pakistani government has launched a green energy strategy 
and economic incentives to encourage households to install 
biogas (organic waste) infrastructure significantly and posi-
tively. The report advises expanding biogas (organic waste) 
expertise; the administration should establish an organic waste 
collection method, use current technology, social media-based 
awareness, local public training, and green energy policy and 
economic incentives. The regulatory body prioritizes the appli-
cation of biogas technology and encourages expenditure. The 

current study examined the practical difficulties and signifi-
cant environmental impacts a nation can avoid by investing in 
biogas technology.

Prior studies on Pakistan’s energy area (Shahzad et al. 
2020; Sun et al. 2022) focused on the supply and demand-
based energy gap: the causes of energy production, the fol-
lowing energy section, an evaluation of the energy industry, 
and the energy mix. There is a need to identify the following: 
(i) the nonexistence of practical and communal information on 
biogas (organic waste) discourages stakeholders and specula-
tion on biogas knowledge, and (ii) an economic preparation for 
recognizing the financial paybacks of biogas through organic 
waste. The present study will investigate the subsequent 
research inquiries to adjacent prevailing study openings: (i) We 
scrutinize the critical rudiments of biogas-associated knowl-
edge through organic waste for the long-term development of 
biogas infrastructure in Pakistan; (ii) We highlight the essen-
tials for administrations to be conscious of the responsibility 
of launching, funding, and upholding biogas through organic 
waste to attract stakeholders for the long-term development 
of biogas energy; (iii) We empirically evaluate the effective-
ness of biogas-connected technology through organic waste 
and the findings of this research will assist non-administrative 
organizations, capable establishments, and administration 
establishments in streamlining the inefficient process. Biogas, 
through organic waste, aims to offer rural households alterna-
tive energy for ecological defense and minimize their green-
house gas production. Therefore, the fundamental objective 
of this study is to explore and describe the elementary factors 
that hinder agrarians from spending on biogas produced from 
organic waste. By exposing Pakistan’s biogas perspective, this 
research intends to urge stakeholders to fund biogas develop-
ment to ensure the biogas initiative’s continued success. In 
addition, this study explores the country’s substantial biogas 
through organic waste features to encourage the sustainable 
development of biogas machinery.

The remaining structure of this study is as follows: Sec-
tion "Research methods" provides research methods. Sec-
tion "Formulation of Hypotheses" addresses the formulation 
of hypotheses. Section "Analytical framework and results" 
develops the analytical framework and results. Section 
"Discussion and Recommendations" reports discussion and 
recommendations. Section "Future Work" specifies future 
work. Finally, Section "Conclusions" provides conclusions 
and recommendations.

Research methods

Theoretical background

The sociotechnical theory (STT) is predicated on 
the notion that the design and performance of any 
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organizational system can only be comprehended and 
enhanced if “social” and “technical” aspects are brought 
together and regarded as interdependent components of a 
complex system (Jasanoff 2016). When a business desires 
to establish a relationship between technology’s compre-
hensive, interconnected contributions and the human sys-
tems that operate and interact with it, it is referred to as a 
“holistic approach.” The theory can be applied to renew-
able energy projects (Cooper 2017). It is simpler for busi-
nesses to expand and adapt to change when they prioritize 
controlling the sociotechnical system over managing their 
operations separately. Sociotechnical systems are a power-
ful tool for integrating people and technology, reducing 
risks, and enhancing the usability of current technologies 
(Hess and Sovacool 2020). By doing so, sociotechnical 
systems theory businesses can recognize the intercon-
nected, holistic contribution of technology and the human 
systems that operate and interact with it. Together, humans 
and technology form a system that adds complexity and 
is greater than the sum of its parts. Sociotechnical theory 
focuses on resolving some of conventional organization 
structures’ most significant issues. In response to increas-
ingly complex business environments, numerous organi-
zations have become so complicated that this added com-
plexity has impeded productivity and efficacy (Cherp et al. 
2018).

Businesses quickly realized that the social aspect of 
sociotechnical systems contributes significantly to their 
success in adopting renewable energy projects. By design-
ing and administering energy organization with adaptable, 
socially savvy principles, a business prepares to work more 
effectively during times of uncertainty and change (Porac 
et al. 2004). Sociotechnical systems emphasize adaptabil-
ity. Sociotechnical theory favors renewable energy organi-
zational structures that are highly adaptable to change 
and flexible even when managing uncertainty. Combining 
functional technical and social techniques, sociotechni-
cal systems may be the most advantageous for renewable 
energy initiatives. It recognizes the complexity created 
by human interaction with technology, reducing the risk 
of energy projects missing complexity or overlooking a 
system layer. For renewable energy project adoption, busi-
nesses can apply social technical theory for the system’s 
capability to manage human relationships, permit organiza-
tions to respond more effectively, and present public rela-
tions difficulties. Companies can create affordable costs by 
adopting low-cost renewable energy projects with the help 
of sociotechnical theory. Furthermore, the sociotechnical 
approach can be applied in every organization; individuals 
with capabilities work toward goals, adhere to processes, 
employ renewable energy technology, operate within a 
physical infrastructure, and adhere to certain cultural 
assumptions and norms (Sony and Naik 2020).

Additionally, businesses can apply sociotechnical theory 
for adopting renewable energy projects to minimize product 
costs due to low-cost energy. With the help of this theory, 
more companies can adopt renewable energy projects for 
production purposes and achieve inexpensive energy goals. 
Sociotechnical systems theory is not limited to designing 
more accommodating products for disabled or segregated 
social groups. Renewable energy technology necessitates an 
understanding of the complex factors that influence people 
to adopt this low-cost energy and how they affect the perfor-
mance of small businesses. It is a never-ending process that 
changes and evolves, so companies can improve their perfor-
mance by adopting it (Carbajo and Cabeza 2022). Therefore, 
the advantage of applying sociotechnical systems theory 
to understanding the characteristics of renewable energy 
projects is that it considers both the social environment of 
renewable energy and the interaction between businesses. 
Using a sociotechnical approach, individuals can utilize 
technology to benefit society and advance organizational 
objectives. Taking a broader view of reenabling energy 
projects in small businesses and incorporating an energy 
component can help us develop more efficient companies 
and enhance the business experience at a low cost (Malatji 
et al. 2019).

According to the sociotechnical theory, if businesses can 
adopt renewable energy projects in production, their eco-
nomic performance will increase due to low-cost energy sup-
ply. Empirical studies have been conducted on the effective-
ness of renewable energy projects in increasing small-scale 
business performance and attracting new businesses to adopt 
renewable energy projects. According to a survey conducted 
by Pueyo and Demartino (2018), business performance can 
be improved through renewable energy projects. According 
to findings from a study by Abbas et al. (2021), sociotechni-
cal systems enable individuals to utilize technology in ways 
that benefit society and advance organizational objectives. 
There is a greater possibility that business will increase their 
economic performance by adopting renewable energy pro-
jects for energy supply for small-scale enterprises.

Formulation of hypotheses

Organic waste collection process (OWCP)

The global demand for energy resources has evolved 
into a worldwide issue. Due to the price of hydrocar-
bon resources, energy crises are rapidly escalating and 
damaging Pakistan’s economy. For example, embracing 
biogas machinery in developing nations such as Pakistan 
is challenging. The government has engaged early steps 
to resolve the energy crisis and expand biogas production. 
Embracing biogas machinery in rural areas can contribute 
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to the nation’s financial prosperity. The biogas plants pro-
vide electricity, reduce greenhouse gas emissions, stimu-
late economic expansion by improving earnings, and their 
upgrading can enhance environmental performance (Iqbal 
et al. 2018). The acquired data indicate the prospective 
challenges of high-solid treatment (HST) of food waste 
and the management options available to address process 
imbalance and restore process function (Westerholm et al. 
2020). Anaerobic digestion (AD) of organic waste has gar-
nered global attention for its ability to reduce greenhouse 
gas emissions, decrease fossil fuel burning, and facilitate 
a sustainable renewable energy supply. Biogas is mainly 
composed of methane (CH4), carbon dioxide (CO2), hydro-
gen sulfones (H2S), hydrogen (H2), and ammonia (NH3), 
with traces of oxygen (O2) and nitrogen (N2) also present. 
Methane can replace fossil fuels in numerous applications, 
including generating heat and electricity and in the trans-
portation industry. The breakdown of organic waste by 
an AD process has numerous benefits, including reduc-
ing pathogens and controlling aroma release (Atelge et al. 
2018). Attributable to its rural atmosphere, Pakistan keeps 
considerable organic-related biogas resources. In rural 
areas, the fruitful placement of these biogas resources 
might spur optimistic consequences.

With compost and stubble, biogas can decrease dis-
charges and upsurge monetary paybacks (Nevzorova and 
Kutcherov 2019). Recycling garbage has recently become 
an important topic and has been examined in this study. 
Adopting biogas technology is challenging in developing 
nation-states, such as Pakistan. Modern technology can 
play an essential role in sustainable economic growth in 
the country (Breitenmoser et al. 2019). Biogas conveni-
ences entail competent mechanics nationwide. The govern-
ment has ample biogas resources, including rural wastes, 
firewood timber, community waste, and organic waste; 
48% of the nation’s energy demands are fulfilled by burn-
ing wood and 32% by organic waste and harvests—Paki-
stan has a prospective energy productivity of 4800 to 5600 
MW from organic waste. Correspondingly, the biological 
and thermochemical potential for producing power from 
community waste are 220 kWh/t and 560 kWh/t (Afridi 
and Qammar 2020). Biogas is the favored solution since 
food waste is viewed as an environmental and economic 
issue and a waste problem. There is no conflict between 
food waste donation and anaerobic digestion. While edible 
food waste can be donated, inedible food waste can be 
recycled (Johansson 2021). Based on these discoveries, 
we presented the subsequent first supposition:

Hypothesis 1 (H1)  There is a progressive relationship 
between the OWCP and the financial benefits of biogas 
production through household organic waste and locally 
sourced materials (FBBP-HOWLSM).

Use of modern technology (UOMT) and FBBP‑HOWLSM

Utilizing biogas technology, organic waste is converted 
into electricity. Using energy and manure can result in 
socioeconomic gains and a greener environment and con-
tribute to sustainable development. There are currently 
a variety of treatment procedures for the management 
of organic waste, with some being more technologically 
advanced than others and others being more established in 
countries where legislation and policy encourage specific 
environmental aims. Four waste management technolo-
gies are currently used: landfilling, aerobic composting, 
incineration, and anaerobic digestion (AD). Anaerobic 
digestion of organic waste is the most desirable option 
for waste management. Solid organic wastes (SOWs) are 
a plentiful resource that can be converted into biofuels. 
Because of the construction of methane-rich biogas and 
the reprocessing of nutrients, anaerobic digestion (AD) is 
among the most promising conversion methods for manag-
ing SOWs. The current status of AD of SOWs to energy 
is summarized, and numerous future development oppor-
tunities for biogas production enhancement methodolo-
gies are underlined (Zhang et al. 2018). The production 
of biogas from organic leftovers and wastes and its use 
as a renewable energy source for electricity generation 
could contribute to an energy supply that is more environ-
mentally friendly. The methodological approach includes 
a bottom-up, resource-focused technique with spatial and 
statistical analysis for specific organic waste sources. The 
methodological strategy leads to plausible results. Biogas 
produced from organic waste has significant potential as 
a sustainable energy source for electricity generation in 
Mexico (Rios and Kaltschmitt 2016). The most recent 
developments and trends in biogas production technology 
include probable feedstock. Recently, garbage recycling 
has become a significant problem that has been investi-
gated. The anaerobic digestion of organic solid waste is a 
sustainable development method that permits the proper 
disposal of solid waste and the energy exploitation of 
biogas (Atelge et al. 2018).

China has a long history of employing biogas technology 
for waste treatment and energy generation. Depending on 
the type of waste treated, biogas plants utilize a variety of 
processes. Biogas from municipal waste is treated using the 
wholly stirred tank reactor (CSTR). Following the CSTR 
and the anaerobic contact (AC) process, the up-flow anaero-
bic sludge blanket (UASB) is the most prevalent technol-
ogy for the anaerobic treatment of industrial wastewater. 
Newer biogas plants use advanced anaerobic methods such 
as CSTR and UASB, up-flow solids reactors (USR), and 
up-flow blanket filter (UBF) reactors to treat agricultural 
waste. Based on the scale of biogas production and digester 
volume, biogas plants for agrarian waste are classified as 
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small, medium, large, or super-large (Deng et al. 2017). 
These outcomes are consistent with the enhancement of 
biogas generation in Pakistan by utilizing locally sourced 
materials and domestic organic waste. An implementation 
framework must be developed to aid practitioners and deci-
sion-makers in establishing a sustainable biogas facility for 
municipal organic waste. Biogas technology is one of the 
most effective methods for treating organic waste since it 
recovers organic waste material and energy (Pandyaswargo 
et al. 2019). The second hypothesis we proposed considering 
these observations is as follows:

Hypothesis 2 (H2)  There is a progressive relationship 
between UOMT and FBBP-HOWLSM.

Local public training (LPT)

Training is required to realize biogas technology’s economic 
and social benefits for energy recovery waste treatment as 
a solution to climate change and food security and promote 
biogas technology’s relevance, applicability, and adaptabil-
ity. To raise awareness of the biogas technology’s applica-
tion and adaptability, local public training must identify the 
collaborative biogas technology research and development 
in the area. A farmer’s education level is one of the most 
critical factors that positively affect the installation of biogas 
digesters. A farmer’s more extensive farming experience can 
also significantly promote the building of biogas digesters. 
Finally, the farther a farm is from a town or urban center, 
the more likely the farmer will install biogas digesters (Li 
et al. 2022). Women Environment Protection Committee 
(WEPCO) demonstrated that converting garbage to biogas 
is an innovative method for decreasing waste and produc-
ing energy. This community-based activity has offered both 
environmental and socioeconomic benefits: awareness-rais-
ing and training, particularly for youth, and income produc-
tion, thereby enhancing the standard of living of community 
members (UNCC 2009). Food waste (FW) is a global issue 
affecting most nations.

Once FW is combined with other wastes, it becomes 
contaminated and may not be valued into commodi-
ties with added value. However, public engagement and 
training can be tedious and time-consuming to maintain 
adequate segregation. A simple waste segregation proce-
dure that requires minimal behavioral change is neces-
sary to persuade the public to perform FW segregation 
at the source. The most ecologically friendly method of 
converting FW to energy is anaerobic digestion, which 
affects ecosystem features and human health daily. Con-
verting 80% of daily FW into electricity reduces total car-
bon emissions by 0.4% and contributes 1.1% to total power 
use (Woon et al. 2021). Small-scale rural biogas digesters 
can produce environmental, health, and social advantages 

with a net positive effect on energy access in rural areas. 
Small inputs of the methane produced by anaerobic diges-
tion led to a remarkable rise in living conditions; nonethe-
less, obstacles connected with a lack of technical skills, 
knowledge, and education continue to impede biogas’ 
full potential in rural regions, particularly in developing 
nations (Pilloni and Hamed 2021). The benefits of residen-
tial biogas digesters are now more apparent. However, its 
application has not yet been widespread in the developing 
world. The obstacles to the sustainable development of 
household biogas include a lack of raw materials, ineffi-
cient straw fermentation technology, and inadequate after-
care services. The straw will replace animal manure as the 
primary raw material for biogas; managers and farmers 
require training in biogas digester operation and manage-
ment, and establishing rural biogas service stations is nec-
essary to provide follow-up services (Chen et al. 2017). 
These justifications lead us to the following formulation 
of the third hypothesis:

Hypothesis 3 (H3)  There is a progressive relationship 
between LPT and FBBP-HOWLSM.

Government green energy policy and economic incentives 
(GGEPEI)

The biogas industry in Pakistan has a massive unrealized 
potential, which is essentially accomplished by publiciz-
ing pertinent evidence to indigenous agronomists. With 
the assistance of international investors, the biogas sec-
tor’s challenges can be remedied if the Pakistani govern-
ment modifies its policies and offers economic incentives 
to biogas plant customers. The adopted biogas plant’s 
technical and operational design should be considered 
for similar projects. Biogas significantly influences two 
policy domains: renewable energy and bio-economy (Ali 
et al. 2022c). This study aims to determine how biogas can 
contribute to both policy domains by examining the rela-
tionship between present biogas practices. The widespread 
integration of biogas between sectors is advantageous in 
reducing greenhouse gases. However, there is a negative 
coherence between greenhouse gas reduction and eco-
nomic profitability at various levels of sector integration. 
A slight increase in financial incentives is required to make 
bio-methane profitable for transportation. Environmental 
impacts and economic profit are the four configurations of 
the biogas value chain that generate the most beneficial and 
economically advantageous scenario (Lyng et al. 2018). 
Transporting input materials results in diseconomies of 
scale. The new regulation supports upgraded biogas fed 
into the natural gas grid, facilitating economies of scale. 
However, to keep transport costs low, biogas plants must 
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allow the use and combination of as many co-substrates 
as possible while adhering to the sustainability criteria of 
energy crops legislation (Skovsgaard and Jacobsen 2017).

Biogas has developed as a viable renewable method for 
converting agricultural, animal, industrial, and munici-
pal waste into energy. Integrating biogas production 
with measures to enhance sanitation and reduce indoor 
air pollution and greenhouse gases is possible. Due to 
the difference in technology maturity, feedstock avail-
ability and quality, supply chain, awareness level, and 
policy support, it was determined that rural and urban 
biogas systems face different types of hurdles (Ali et al. 
2022b; Mittal et al. 2018). The European Union’s (EU) 
biogas production has expanded due to renewable energy 
policies and economic, environmental, and climate ben-
efits to 18 billion m3 of methane, which represents half of 
the global biogas production. The European Union is the 
world leader in biogas electricity production, with more 
than 10 GW installed and 17,400 biogas plants, compared 
to the global biogas capacity of 15 GW. The EU is also 
the largest producer of bio-methane for use as a vehicle 
fuel or injection into the natural gas grid, with 459 plants 
producing 1.2 billion m3 and 340 plants feeding into the 
gas grid with a capacity of 1.5 million m3. In 2015, about 
697 bio-methane filling stations facilitated using 160 mil-
lion m3 of bio-methane as a transportation fuel (Scarlat 
et al. 2018). We presented the fourth hypothesis consider-
ing these findings as follows:

Hypothesis 4 (H4):  There is a progressive relationship 
between GGEPEI and FBBP-OWLSM.

The moderating role of social media‑based awareness 
(SMBA) between OWCP and FBBP‑HOWLSM

Biogas production is a promising renewable energy technol-
ogy with the potential to generate economic, environmental, 
and social value that is sustainable over time. The network 
concept helps develop sustainable business models (BM). 
Collaborative business modeling for creating network-level 
BMs that solve environmental and social problems for and 
with stakeholders can be a successful method for increas-
ing long-term financial profit and fostering the growth of a 
company, a network, or an industry (Karlsson et al. 2019). 
The estimate is based on knowledge and facts about biogas 
and revolves around a thorough geographical impression. 
These constraints have an adjacent affiliation with the fit-
ting and construction of biogas. Convinced governments 
subsidized the creation of biogas technology, while devel-
oping countries’ opinion of them and their amenities were 
favorable. Differentiating between accountability, client effi-
cacy, ecological concern, and consequence awareness has 

a substantial and enduring effect on the criteria utilized by 
agronomists.

Thus, human factors impact the propensity of Pakistani 
producers to utilize biogas technology (Wang et al. 2020). 
A social media discussion forum is used in a specific con-
text. A Facebook group was created to discuss Finland’s 
national energy policy reform. The discussion networks 
(about biogas) may be conducive to broad participation 
and the assimilation of new ideas and may also comprise 
subgroups that promote learning. Despite the group’s orig-
inal intent to stimulate forward-looking debates on energy 
policy, the conversations are firmly centered around a 
small number of active participants and focused on the 
current situation, drawing on specific local and national 
experiences and technical details (Rantala et al. 2020). 
Biogas machinery may progress biogas productivity in 
developing countries, for instance, Pakistan, as has been 
persuasively evidenced. Fifty percent of industrious biogas 
classifications miscarry after 2 years of constricting due 
to technical and rational difficulties. Outstanding the poor 
quality of digester feedstuff and a lack of understanding of 
the facilities, it was unworkable to continue biogas produc-
tion. In the episode of a shortage of foremost feedstock, 
limited expert learning involving alternatives is lacking to 
maintain biogas invention (Tumusiime et al. 2019). Novel 
empirical findings suggest a relationship between social 
networks and the uptake of renewable energy technology. 
Two principal transmission mechanisms may facilitate 
the manipulation of social networks on the acceptance of 
renewable energy machinery: knowledge dissemination 
and social impact. Both methods are active, using mainly 
acquired data on biogas use in rural China. In addition, 
information spreads through trusted network members, 
such as friends and family, whereas government officials 
exert the majority of social influence (He et al. 2022). 
Considering these influences, we suggested the subsequent 
hypotheses as follows:

Hypothesis 5 (H5)  SMBA positively moderates the associa-
tion between OWCP and FBBP-HOWLSM.

Hypothesis 6 (H6):  SMBA positively moderates the associa-
tion between UOMT and FBBP-HOWLSM.

Hypothesis 7 (H7):  SMBA positively moderates the associa-
tion between LPT and FBBP-HOWLSM.

Hypothesis 8 (H8):  SMBA positively moderates the associa-
tion between GGEPI and FBBP-HOWLSM.

Hypothesis 9 (H9):  There is an association between SMBA 
and FBBP-HOWLSM.
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Methodology

This study utilized non-probability (purposive) sampling 
to determine the financial benefits of biogas generation 
in Pakistan using human organic waste and locally avail-
able components. In this study, the sampling technique 
did not offer an approximate prospect for all inhabitants 
participants. The goal-directed random sample approach is 
employed for precise inhabitants’ topographies and experi-
mental, qualitative, and empirical studies. When the entire 
population is available for analysis, systematic sampling 
is essential for generalizing theories (Hull et al. 2019). 
Non-probability sampling techniques include quota sam-
pling, snowball sampling, purposive sampling, voluntary 
response sampling, and convenience sampling. We have 
selected human organic waste and locally sourced materi-
als as a part of this study on biogas production’s financial 
benefits. Based on a scholarly foundation, this research 
was conducted in Pakistan to determine the factors that 
influence the application of biogas energy technology 
using OW and locally resourced material. The alleged 
environmental, sociological, and technical aspects are 
accountable for the disaster, yet biogas energy technol-
ogy’s success with residents or humanity cannot be ruled 
out. Figure 1 depicts a conceptual paradigm that allows 
residents’ perceptions to impact the selection of an exist-
ing energy base. The conceptual framework illustrates 
the predicted relationship between independent variables 
(IV) and dependent variables (DV). The current frame-
work reveals the expected moderation between the IV and 
DV in accumulation. This study surveys the influence of 
biogas production from human organic waste and locally 
resourced materials on the inhabitants’ financial benefits 

and the moderating influence of social media-grounded 
understanding between the IV and DV in Pakistan.

Sample and procedure

We reached 119 relevant responders (operating biogas plant 
managers, local plant investors, stakeholders of biogas 
plants, and residents of organic waste providers in the 
research area). Respondents were chosen using a method 
known as purposive random sampling. The existing study 
employed the typical 5-group scale, where one (1) represents 
always, and five (5) represents never. As a general guideline, 
a sample size of one to five (1–5) is recommended (Hair 
Jr et al. 2021). The authors surveyed from June to August 
2022 to complete the research. Obtaining information from 
related respondents was challenging due to different areas 
and situations. Fifty present (50%) of surveys were distrib-
uted via live sessions. Therefore, we used 50% of cell phone 
presentations (e.g., WhatsApp and LinkedIn) to send the 
opinion poll. Ninety-eight (98) of these respondents agreed 
to participate in the evaluation. After acquiring consent from 
respondents, the investigators supplied 50% of closed-ended 
and open-ended questions via WhatsApp and LinkedIn to 
each respondent. There was a total of 87 questionnaires 
returned for the questionnaire survey. The response per-
centage was 88.78%, but six surveys were discarded due to 
matchless and insufficient answers. The sample produced 
81 legitimate respondents for the analysis of the study. 
Respondents afforded their evidence in reaction to the occur-
rence of researchers and friends in the study area. A precise 
explanation of the sample maintains the finding. Respond-
ents were chosen based on the following criteria: operating 

Fig. 1   Conceptual model
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biogas plant managers, local plant investors, biogas plant 
stakeholders, and organic waste providers for residents in 
the research area. Additionally, respondents were required 
to have a minimum of one to three years of proficiency in the 
alternative power sector. Respondents do not have the lowest 
requirement. The demographic characteristics of respond-
ents are listed in Appendix, Table 6. In addition, purposive 
sampling was used to pick respondents to access the entire 
population and fit theoretical generalization (Lemaire 2018). 
This study was conducted in three major cities (Faisalabad, 
Lahore, and Gujranwala) and the rural areas around them 
in Pakistan, including respondents with various cultures 
and behaviors. According to the recruitment criteria, the 
demographic features of the respondents, for example, age, 
capability, learning, and masculinity, also reveal the diverse 
backgrounds of those who provided the correct response in 
this study. The first section of the questionnaire concerns the 
respondent’s personal information, while the second section 
focuses on the characteristics of biogas production from OW 
and local resources.

This study intends to explore the advantages of install-
ing biogas technology for OW and locally sourced mate-
rial management and the economic benefits of biogas gen-
eration. The moderating impact of social media-grounded 
understanding of biogas technology is a component of the 
consummation interconnection. Current research explores 
the financial benefits of biogas production through human 
organic waste and locally sourced materials. This investiga-
tion’s additional principal aim is to investigate the moderat-
ing effect of social media-based awareness, the links of the 
organic waste collection process, the use of modern tech-
nology, local public training, and government green energy 
policy and economic incentives. The research developed 
measurable data-gathering techniques and collected the data 
employing surveys. The current research has taken four pre-
dictors, such as organic waste collection process (OWCP) 
with five items, use of modern technology (UOMT) with 
five items, local public training (LPT) with four items, and 
government green energy policy and economic incentives 
(GGEPEI) with three things. In addition, the financial ben-
efits of biogas production through human organic waste and 
locally sourced materials (FBOBP-HOWLSM) are a depend-
ent variable with four items. Social media-based awareness 
(SMBA) has taken four items as moderators.

Measurement variables

In the present investigation, corresponding items specified 
in prior literature were utilized. The organic waste collection 
process (OWCP) concept was evaluated using five variables. 
These items were chosen and revised in light of the research 
(Franchitti et al. 2020). Five factors were used to measure 

modern technology (UOMT), modified from previous 
research (Jabeen et al. 2020). Five elements were utilized to 
evaluate practical local public training (LPT), which were 
changed and adapted from an earlier study (Ioannou-ttofa 
et al. 2021). Government green energy policy and economic 
incentives (GGEPEI) have three items altered and modified 
from previous studies (Yang et al. 2021). Social media-based 
awareness (SMBA) was evaluated as a moderating variable 
using five modified and extracted research questions (Ali 
et al. 2022c). The financial benefits of biogas production 
from human organic waste and locally sourced materials 
(FBBP-HOWLSM) were determined by four parameters. 
These items were adopted and revised based on the findings 
of the previous survey (Regattieri et al. 2018). Each topic 
was graded on a five-point Likert scale, with one represent-
ing strongly disagree and five representing strongly agree.

Analytical framework and results

Our research employed structural equation modeling (SEM) 
for data analysis (Ali et al. 2022a). This method was used 
to assess relationship dimensions since it is a component-
centered approach (Saleem et al. 2021; Schuberth et al. 
2022). PLS-SEM has a high frequency of use and applica-
tion, which is why the researcher chose it for this study; 
the evidence was provided by subsequent research (Chin 
et al. 2020; Rönkkö and Cho 2022). SEM is better than other 
standard statistical analysis methods. It facilitates statistical 
analysis regarding effectiveness, simplicity, and accuracy 
(Henseler et al. 2015; Hair Jr et al. 2016). Despite being a 
second-generation technique, SEM overcomes the problems 
of first-generation analysis. Because SEM is a multivariate 
analysis tool, it can facilitate the simultaneous exploration 
of multiple variables. SEM continues to gain application in 
business research due to its ability to simultaneously manage 
complex and varied interactions.

Administration and social science research must employ 
a reliable statistical methodology (Ramayah et al. 2010). 
Utilizing analytical processes inappropriately may result in 
erroneous conclusions. Two phases of measurement data 
are represented by two-stage PLS-SEM analytic methods, 
measurements, and structural models (Peterson 2021). 
This study’s measurement assessment model for a subset 
of biogas production through human organic waste and 
locally sourced materials included consistency and ration-
ality tests or inner prototype estimation. Tests of assump-
tions and interactions, or the calculation of the prototype 
surface, served as the foundation for a model of structural 
assessment for selected solar projects. This study utilized 
PLS 3.0 software for the primary statistical analysis and 
investigated the associations between the adaptable under 
discussion. In addition, partial least square path modeling 
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provides stronger arithmetic influence than covariance-based 
structural equation modeling. PLS-SEM is superior for 
detecting variable connections. In addition, smart-PLS for 
variance-based structural equation modeling applies partial 
least squares route modeling to examine the interdepend-
ence of variables (Abdul et al. 2022). Smart-PLS attempts 
to test theories in the study, so thorough model research 
has evolved. The smart PLS comprises two methodolo-
gies for this research study: measurement and a structural 
model. The Cronbach alpha item correlation, the composite 
reliability, and the item loading define the validity. How-
ever, discriminant fact pertains to the relationship between 
variables assessed with Fornell–Larcker, cross-loading, and 
Heterotrait–Monotrait ratio. In addition, the measurement 
model incorporates the examination of hypotheses via route 
analysis and the research analysis described in the section 
on outcomes.

Path analysis has highlighted the linkages between the 
components under investigation in this study. Thus, Hypoth-
eses 1, 2, 3, and 5 were confirmed. In addition, the results 
suggested that the relationship between the use of mod-
ern technology and local public training was considerably 
affected by social media-based awareness, and hypotheses 
H7, H8, and H9 were also accepted. The findings section 
of the measurement model first established the convergent 
validity of the study elements’ connection. Loadings and 
extracted average variance (AVE) values are statistically sig-
nificant above 0.50, but alpha and CR values are statistically 
substantial above 0.70. These data imply convergent validity 
is the association between solid and reliable items. In addi-
tion to evaluating the link between objects, also known as 
convergent validity, the research results assess the associa-
tion between entities. The graphs revealed that factor load-
ings are more significant than 0.50, alpha values are greater 
than 0.70, AVE values are more powerful than 0.50, and CR 
values are more critical than 0.70. These figures indicate a 
high degree of item correlation and convergent validity.

Measurement assessment model

Reliability analysis

It was necessary to examine the measuring model used in 
this investigation to carry out validity and reliability assess-
ments for every construct provided. In addition to establish-
ing the dependability and factor loadings of the constructs, 
the measuring model verifies their reliability and validity 
(Collier 2020). The approach to assessing measurement reli-
ability and validity (convergent and discriminant validity) 
is consistent (Hair et al. 2011). This study evaluated con-
vergent validity with the average variance extracted (AVE), 
internal consistency reliability with composite reliability 
(CR), and item reliability with outer loading. The results 

are summarized in Table 1; whole item loadings exceed 
the criteria value of 0.5 (Collier 2020). Each factor load-
ing average was more than 0.50, and each reflection was 
subsidized to the produced variable. AVE surpasses the 
suggested threshold of 0.5 (Arbuckle 2011). Each stand-
ard’s overall reliability is more than 0.70, indicating precise 
measurements (Anderson and Gerbing 1988). The results 
of the biogas production through human organic waste and 
locally sourced materials suggest that all the values of AVE 
are between 0.623 (use of modern technology) and 0.991 
(social media-based awareness). CR values are between 
0.884 (organic waste collection process) and 0.998 (social 
media-based understanding). The values of all additional 
loadings are between 0.5 and 0.997. Table 2 shows discrimi-
nant validity through Fornell–Larcker, and Table 3 provides 
cross-loading values. All validated fact and reliability values 
for this measurement model are shown in Tables 1, 2, 3 and 
4. All factor loading values are more than 0.50; hence, the 
convergent validity of all items in the measurement assess-
ment model is valid.

Measurement model validation

The Heterotrait–Monotrait ratio of correlations (HTMT) 
is more suited than Fornell–Larcker’s criteria (Akbar et al. 
2019) as several experts have criticized Fornell–Larcker’s 
criteria. It is confirmed if the discriminant validity value is 
less than 0.85 (Cohen 1988) or 0.90 (Ali et al. 2022a). In 
Table 4, completely standard values are less than 0.90. The 
sector findings have also revealed the discriminant valid-
ity of the factor’s relationships. Cross-loadings and For-
nell–Larcker are initially applied to ascertain discriminant 
validity. The figures show that the relationship values for the 
variable are more significant than those for other variables. 
These values revealed that discriminant validity is a valid but 
weak relationship between variables. Second, discriminant 
validity has been analyzed with cutting-edge techniques such 
as the HTMT ratio. The data indicates that the HTMT ratio 
is less than 0.85. These findings suggest a weak relationship 
between factors and discriminant validity (see Table 4 and 
Fig. 2).

Structural assessment model

The measurement model is the first stage of the smart PLS, 
and the structural assessment model is the second. In this 
phase, the relationship between exogenous and endog-
enous variables was investigated. Numerous forms of sta-
tistical outcomes, such as effect size (f2), t values, predic-
tive relevance (Q2), coefficient of determination (R2), and 
path coefficient, are provided by the structural assessment 
model (values). Literature on PLS-SEM offers criteria for 
evaluating hypotheses and establishing the significance of 
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path coefficients. To assess the significance of hypotheses, 
5000 subsamples were subjected to a bootstrapping proce-
dure with a significance level of 5% (one-tailed) (Hair et al. 
2011). The results indicate that H4 and H6 are unacceptable. 
Analysis of organic waste collection process (β = 0.152, t 
= 1.992 > 1.64, p < 0.05), OWCP connection (moderator), 
(β = 0.289, t = 4.347 > 1.64, p < 0.05), use of modern 
technology (β = 0.089, t = 2.145 > 1.64, p < 0.05), UOMT 
relationship (moderator) (β = 0.048, t = 1.148 > 1.64, p < 

0.05), local public training (β = 0.223, t = 2.733 > 1.64, 
p < 0.05), LPT relationship (moderator) (β = 0.078, t = 
1.166 < 1.64, p > 0.05), government green energy policy 
and economic incentives (β = 0.206, t = 3.267 > 1.64, p 
< 0.05), GGEPEI relationship (moderator) (β = 0.121, t = 
2.127 > 1.64, p < 0.05), and social media based-awareness, 
(β = 0.136, t = 2.118 > 1.64, p < 0.05), have a positive and 
significant effect on financial benefits of biogas production 
through human organic waste and local sourced materials.

Table 1   Convergent validity analysis

Note: N = 81; SFL, standard factor loading; α, Cronbach’s alpha; CR, composite reliability; AVE, average variance extracted

Constructs Items SLF α C.R AVE

Organic waste collection process OWCP1 0.971 0.826 0.884 0.657
OWCP2 0.958
OWCP3 0.967
OWCP4 0.942
OWCP5 0.941

Use of modern technology UOMT1 0.773 0.852 0.892 0.623
UOMT2 0.774
UOMT3 0.781
UOMT4 0.804
UOMT5 0.814

Local public training LPT1 0.864 0.895 0.927 0.760
LPT2 0.882
LPT3 0.862
LPT4 0.880

Government green energy policy and economic incentives GGEPEI1 0.887 0.874 0.922 0.798
GGEPEI2 0.886
GGEPEI3 0.906

Social media-based awareness SMBA1 0.997 0.997 0.998 0.991
SMBA2 0.996
SMBA3 0.994
SMBA4 0.995

Financial benefits of biogas production through human organic 
waste and local sourced materials

FBBP-HOWLSM1 0.837 0.826 0.884 0.657
FBBP-HOWLSM2 0.856
FBBP-HOWLSM3 0.829
FBBP-HOWLSM4 0.711

Table 2   Discriminant validity 
through Fornell–Larcker

Notes 1: N = 81; OWCP, organic waste collection process; UOMT, use of modern technology; LPT, Local 
public training; GGEPEI, government green energy policy and economic incentives; SMBW, social media-
based awareness; FBOBP-HOWLSM, financial benefits of biogas production through human organic waste 
and locally sourced materials

Variables FBBP-HOWLSM GGEPEI LPT OWCP SMBA UOMT

FBBP-HOWLSM 0.811
GGEPEI 0.389 0.893
LPT 0.489 0.406 0.872
OWCP 0.481 0.399 0.465 0.956
SMBA 0.456 0.331 0.754 0.448 0.996
UOMT 0.152 0.117 0.070 0.121 0.020 0.789
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The R2 value for OWCP → FBBP-HOWLSM is 0.453, 
indicating that the model can significantly increase the 
financial benefits of biogas production through human 
organic waste and locally sourced materials. In contrast, 
the R2 value is insufficient to qualify as a suitable and 
successful model assistance technique (Hair et al. 2014). 
Consequently, the analytical significance dimension Q2 of 
the prototype is an appropriate method. Q2 is more signifi-
cant than zero, as demonstrated by the inactive exogenous 
values with disproportionate predictive relevance (Akbar 
et al. 2019). Q2 precedes a value of 0.251, suggesting that 
the model is highly predictive of the financial benefits of 
biogas production through human organic waste and locally 
sourced materials. Typical values for f2 are 0.02, 0.15, and 

0.35, suggesting modest, moderate, and most significant 
effects, respectively (Cohen 1988). Therefore, the value of 
f2 assumed that the effect size varied between moderate 
and large (see Table 5). Numerous statistical procedures 
are enumerated in Table 5. The structural assessment model 
is depicted in Fig. 3. There is a substantial link between 
the variables in the model since the t-values are more than 
1.64, and the effect of UOMT and LPT have not positively 
moderating on the financial benefits of biogas production 
through human organic waste and local sourced materials. 
The values of moderated variables in the structural assess-
ment model for biogas production through human organic 
waste and local sourced materials in Pakistan are favorable 
signs and have a significant association.

Table 3   Cross-loading Variables FBBP-HOWLSM GGEPEI LPT OWCP SMBA UOMT

FBBP-HOWLSM1 0.837 0.326 0.44 0.376 0.471 -0.071
FBBP-HOWLSM2 0.856 0.361 0.431 0.425 0.413 -0.153
FBBP-HOWLSM3 0.829 0.318 0.430 0.409 0.335 -0.151
FBBP-HOWLSM4 0.711 0.241 0.252 0.350 0.226 -0.118
GGEPEI1 0.332 0.887 0.363 0.354 0.298 -0.101
GGEPEI2 0.314 0.886 0.345 0.337 0.262 -0.112
GGEPEI3 0.388 0.906 0.379 0.376 0.321 -0.102
LPT1 0.411 0.349 0.864 0.369 0.634 -0.101
LPT2 0.441 0.355 0.882 0.440 0.688 -0.023
LPT3 0.411 0.350 0.862 0.364 0.632 -0.103
LPT4 0.442 0.363 0.880 0.445 0.673 -0.022
OWCP1 0.452 0.399 0.450 0.971 0.419 -0.128
OWCP2 0.435 0.412 0.454 0.958 0.413 -0.126
OWCP3 0.454 0.398 0.450 0.967 0.424 -0.122
OWCP4 0.479 0.352 0.437 0.942 0.443 -0.100
OWCP5 0.476 0.349 0.433 0.941 0.439 -0.104
SMBA1 0.459 0.329 0.750 0.447 0.997 0.020
SMBA2 0.461 0.330 0.746 0.449 0.996 0.021
SMBA3 0.448 0.332 0.756 0.446 0.994 0.019
SMBA4 0.450 0.328 0.751 0.443 0.995 0.022
UOMT1 –0.094 –0.122 –0.100 –0.060 0.002 0.773
UOMT2 –0.071 –0.086 –0.036 –0.086 0.020 0.774
UOMT3 –0.112 –0.088 –0.009 –0.041 0.052 0.781
UOMT4 –0.143 –0.135 –0.055 –0.149 –0.013 0.804
UOMT5 –0.145 –0.039 –0.07 –0.114 0.024 0.814

Table 4   Discriminant validity 
through Heterotrait–Monotrait 
ratio (HTMT)

Variables FBBP-HOWLSM GGEPEI LPT OWCP SMBA UOMT

FBBP-HOWLSM
GGEPEI 0.449
LPT 0.557 0.458
OWCP 0.535 0.431 0.497
SMBA 0.491 0.352 0.797 0.454
UOMT 0.171 0.139 0.088 0.125 0.031 –
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Discussion and recommendations

This study has both theoretical and practical implications. 
The present work contributes to biotechnology and socio-
economics literature. The current research examines the 
effect of four influences, including the OWCP, UOMT, 
LPT, and GGEPEI, as well as the moderator SMBA, on 
the adoption of biogas production through human organic 

waste and locally sourced materials by Pakistani house-
holds and rural residents for the long-term development 
of biogas technology. This study advised government 
sector executives and policymakers to encourage families 
and rural inhabitants to manufacture biogas from human 
organic waste and locally produced materials to advance 
biogas technology. This study highlights the vital need for 
government energy-related organizations, economists, and 

Fig. 2   Measurement assessment model

Table 5   Results using a structural model with hypotheses testing

Hypothesis B- values S.D. T-values P-values Supported R2 Q2 f2

H1 OWCP -> FBBP-HOWLSM 0.152 0.077 1.992 0.025 Yes 0.453 0.251 0.057
H2 OWCP*SMBA -> FBBP-HOWLSM -0.289 0.066 4.347 0.000 Yes 0.149 0.010
H3 UOMT -> FBBP-HOWLSM -0.098 0.046 2.145 0.017 Yes 0.019
H4 UOMT*SMBA -> FBBP-HOWLSM 0.048 0.042 1.148 0.127 No 0.022
H5 LPT -> FBBP-HOWLSM 0.223 0.082 2.733 0.004 Yes 0.021
H6 LPT*SMBA -> FBBP-HOWLSM 0.078 0.067 1.166 0.123 No 0.011
H7 GGEPEI -> FBBP-HOWLSM 0.206 0.063 3.267 0.001 Yes 0.008
H8 GGEPEI*SMBA -> FBBP-HOWLSM 0.121 0.057 2.127 0.018 Yes 0.013
H9 SMBA -> FBBP-HOWLSM 0.136 0.064 2.118 0.018 Yes 0.468 0.009RETRACTED A
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energy sector authorities to assist households and rural 
residents to manage OW and locally produced material 
to manufacture biogas from OW and give technical train-
ing. Superior planning to control OW and using locally 
produced materials for biogas generation can cut light-
ing, heating, and cooking costs for households in the three 
large cities and rural areas chosen for this study. Biogas 
generation from OW and locally obtained materials can 
minimize energy, financial, and poverty challenges by 
improving the economic conditions of communities.

However, government assistance may enhance biogas 
production through OW and locally sourced material in rural 
regions for households and new residents in the selected 
research area. The findings imply that biogas generation 
from OW, locally obtained materials, and legislative con-
straints must be addressed to attract households and rural 
residents. Social media-based awareness, government green 
energy policy, and economic incentives significantly influ-
ence biogas production through OW and locally sourced 
materials to attract new households and rural residents to 
reduce domestic expenses. With biogas production through 
OW, active government green energy policy and economic 
incentives can change the lives of families and rural resi-
dents by improving their financial situation. Similar results 

are supported by prior research (Ahmar et al. 2022; Ali et al. 
2023a). This research also demonstrates that social media-
based awareness is an ideal moderator of the link between 
the organic waste collection process and biogas production 
through OW and locally sourced material in rural regions. 
According to the research, biogas production through OW 
in the rural areas of Pakistan is affected by social media-
based awareness. The given results correlate to the findings 
of this study (Ali et al. 2022c). A prior study reveals that 
social media knowledge of biogas plants affects installa-
tion parameters and the uptake of biogas technology. This 
research also shows that social media-based awareness of 
biogas production through OW and locally sourced mate-
rial has a critical relationship between the use of modern 
technology and the desire to manage OW. Li et al. (2022) 
also show that social media awareness of biogas production 
through OW and locally sourced material influences govern-
ment economic policies, encourages households and rural 
residents to use domestic biogas plants, and saves household 
expenses. These findings guide policymakers, competent 
authorities, institutional bodies, and regulators to focus on 
biogas production through OW and locally sourced mate-
rial (Silva et al. 2022a). The Ministry of Water & Power 
and the Alternative Energy Development Board (AEDB) 

Fig. 3   Structural model assessment
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must adopt these factors to achieve high household and rural 
residents’ satisfaction, thereby attracting rural residents for 
biogas production through OW and locally sourced materi-
als. The relevant institutional authorities must investigate the 
OWCP, UOMT, LPT, and GGEPEI to save households light-
ing, heating, and cooking expenses and improve the living 
conditions of rural residents with biogas production through 
OW and locally sourced materials.

The research findings will also demonstrate to the gov-
ernment the urgency to provide awareness about adopt-
ing domestic biogas production through OW and locally 
sourced material and new members of its future develop-
ment inventiveness. The R2 value for OWCP in Table 6 is 
0.453, showing that the current conceptual model has an 
excellent explanatory ability to encourage households and 
rural Pakistan residents to utilize OW and locally sourced 
materials for home biogas production. Q2 accepts a score 
of 0.251, indicating that the theoretical outline has a solid 
and optimistic analytical value and recommending that the 
emphasized constraints be resolved to increase the likeli-
hood of biogas production through OW and locally sourced 
material in Pakistani households and rural areas. Figure 1 
of the model depicts the significant relationship between 
the selected variables and the GGEPEI; the t measurement 
standards are outcome-oriented and more excellent than 
1.64, indicating that the GGEPEI has a positive and statis-
tically significant impact on encouraging households and 
rural residents of Pakistan to produce biogas from OW and 
locally sourced material. In the structural evaluation model, 
the significance of the moderated variable (social media-
based awareness) indicates a substantial association.

Based on respondents’ remarks, this study also examines 
the financial benefits of biogas production using OW and 
locally obtained resources. In addition, the findings of this 
study indicate that the availability of specialists and local 
public training for evaluating the adoption of residential 
biogas plants to control OW have a significant and posi-
tive link with the development of viable biogas technology. 
Current research confirms the findings of a previous study 
emphasizing the significance of producing household biogas 
from OW and locally obtained materials on the intention 
of rural residents to employ biogas technology (Silva et al. 
2022b). In addition, the research findings reveal that gov-
ernment green energy policies and economic incentives 
significantly impact rural inhabitants’ adoption and motiva-
tion to manufacture biogas from OW and local materials. 
This study demonstrates that a government strategy that 
encourages the development of biogas from OW and other 
locally available materials has substantial financial benefits. 
These results validate the findings of a previous investiga-
tion (Ali et al. 2023b). This study suggests that manage-
rial assistance for OW and using locally produced mate-
rials for biogas production might improve the possibility 

that new rural residents will adopt this technology and raise 
the demand for household biogas plants. The householder 
and rural residents’ expenditures will decrease considerably 
after establishing domestic biogas production through OW 
and locally sourced materials. Household expense reduction 
is the most critical adaptive element for biogas production 
through OW and locally sourced materials in selected big 
cities and rural areas. This adaptability implies that domestic 
biogas production through OW may enhance the financial 
status of households and rural residents (Tian et al. 2021). 
After constructing domestic biogas production through 
OW and locally sourced materials, the environment can be 
saved in several ways, as well as saving households’ energy 
expenditures on lighting, heating, and cooking. Environmen-
tal safety from biogas production through OW and locally 
sourced materials includes reducing smoke from the air, a 
significant reduction in fire incidents, and it also provides 
health safety with cleaner kitchens. However, the key ben-
efits of biogas production through OW and locally sourced 
materials are cleanliness and wellness and saving household 
expenditures by providing low-cost energy for lighting, heat-
ing, and cooking.

Our research findings give rural Pakistanis and govern-
ment staff vital information to produce biogas through OW 
and locally sourced materials. The study demonstrates that 
biogas production using OW and other available materials 
is well suited for rural residents of Punjab, Pakistan, reduc-
ing household energy expenses and boosting economic 
growth and prosperity. Government organizations should 
revise green energy policy for biogas production through 
OW and locally sourced material to aid households and rural 
individuals for economic development. Adopting domestic 
biogas production through OW and locally sourced mate-
rial positively and strongly correlates with the organic waste 
collection process, government green energy policy, and 
economic incentives in Pakistan. The households and rural 
residents producing biogas through OW and local materials 
must train for domestic biogas production plant and main-
tenance guidelines to reduce production costs. In addition, 
the study reveals that qualified households and rural resi-
dents enjoy more financial benefits than incompetent and 
untrained households. In addition, the research indicated that 
biogas production through OW and locally sourced material 
is more advantageous when households and rural residents 
are trained to operate domestic biogas plants and the neces-
sary technology is readily available.

Moreover, we recommend that Pakistan’s government 
support biogas production through OW and locally sourced 
materials for economic incentives to households and rural 
residents. Assume that one household member is trained 
for biogas production through OW and locally sourced 
material and capable of managing OW to produce biogas 
maintenance of domestic biogas plant complications. In 
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such a case, most energy-related issues (lighting, heating, 
and cooking) can be resolved, and the household’s and 
rural residents’ per-day energy expenses may be reduced. 
Instead of only three major cities (Faisalabad, Lahore, and 
Gujranwala) and the rural areas around them, the report 
recommended expanding domestic biogas production 
through OW and locally sourced materials to other regions 
of Punjab with government green energy policy and eco-
nomic incentives participation.

Future work

Moreover, the current research indicated that the selected 
criteria and their moderation in this conceptual model sig-
nificantly and favorably affected the structural evaluation 
model for developing biogas production using OW and 
local resources in rural Pakistan. However, home and rural 
resident biogas plant proprietors refrained from utilizing 
the post-purchase services provided by construction and 
installation firms and organizations. The subsequent sug-
gestions are put forth to the Pakistani government regard-
ing the advancement and encouragement of biogas genera-
tion in rural areas of the country through the utilization of 
locally sourced materials and OW. To encourage domestic 
biogas production from OW and local sources, the gov-
ernment should develop a green energy policy and eco-
nomic incentives for the organic waste collection process, 
training sessions, technical and awareness assistance, and 
social media outreach regarding OW management training 
at domestic biogas plants. In Pakistan, the manufacture 
of biogas from OW and other locally produced materials 
can alleviate the energy needs of households and rural 
residents. To ensure the sustained growth, maintenance, 
and social media-based awareness of biogas production 
through OW and locally generated materials in rural 
Pakistan, the government of Pakistan should implement 
specific training initiatives. Therefore, government institu-
tions in Pakistan should build technical centers staffed by 
trained personnel and provide after-sales services for the 
development of biogas production using OW and locally 
obtained materials. Therefore, interested academics must 
determine the remaining elements of biogas generation 
through the adoption of OW and locally acquired resources 
while examining the results of this study. The researchers 
decided to construct biogas production in Pakistan’s rural 
areas using OW and local materials. Pakistan is a develop-
ing nation. Consequently, the findings of this study do not 
apply equally to industrialized and developing countries. 
In the future, the authors must study the incentives for 
homes and rural inhabitants in industrialized nations to 

employ biogas produced from organic waste and locally 
sourced materials.

Conclusions

Biogas production through OW and locally sourced mate-
rial is generally considered a practical energy source for 
households and rural residents. The most significant bar-
rier to producing biogas through OW and locally sourced 
material in Pakistan and additional low-income nations 
is domestic biogas plant awareness and acceptance due 
to untrained households and rural residents. Although 
Pakistan’s government and many prominent competent 
authorities are attempting to make biogas production 
through OW and locally sourced material acceptable by 
sponsoring domestic biogas production for households and 
rural residents, the acceptance rate of domestic biogas pro-
duction through OW and locally sourced material among 
households and village residents remains dreadfully low. 
This investigation’s primary determination is to assess 
the financial benefits of biogas production through human 
organic waste and locally sourced materials from three 
major cities (Faisalabad, Lahore, and Gujranwala) and 
the rural areas around them and realize the importance 
of biogas technology and to manage the household OW. 
This study seeks to analyze the key features of domes-
tic biogas production through OW and locally sourced 
material in Pakistan and encourage domestic biogas pro-
duction’s long-term growth. This report highlights Paki-
stan’s OW and locally sourced material potential to pro-
duce biogas production and attract households and rural 
residents to adopt domestic biogas production plants to 
reduce energy expenses (lighting, heating, and cooking) 
and support the expansion of domestic biogas production. 
The energy choice theory indicates that the households 
and rural residents of this research region (Faisalabad, 
Lahore, and Gujranwala) and the rural areas around them 
were more interested in using biogas in traditional farm-
ing practices than biogas production using OW and locally 
sourced materials as modern methods. Contrarily, the most 
challenging feature of biogas plants was their maintenance 
obstacles. Installation and building of domestic biogas 
production through OW and locally sourced material are 
generally driven by structure-based economic incentives, 
financial subsidy benefits, domestic biogas producers and 
rural residents, and energy protection. Although there are 
some common issues mentioned for the acceptability of 
biogas production using OW and locally sourced material, 
managing OW and locally sourced materials, awareness 
for domestic biogas plant technology, complicated domes-
tic OW biogas plant operations, untrained members of 
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households and rural residents, inadequate gas for lighting, 
heating, and cooking, technical difficulties for domestic 
biogas production using OW, and shortage of availability 
of domestic biogas plant technical experts are the most 
collective explanations. In conclusion, the current research 
reveals that all independent variables (OWCP, UOMT, 
LPT, and GGEPEI) are essential and favorably associated 
with household and rural residents in Pakistan’s adoption 
of domestic biogas production through OW and locally 
sourced material, improving the energy crisis (lighting, 
heating, and cooking), and achieving financial benefits and 
saving on household energy expenses. According to the 
current study’s findings, eradicating specific hindrances 
for adopting domestic biogas production through OW and 
locally sourced material in Pakistan’s households and rural 
resident areas is desirable. These complications include 
financial resource management, saving household energy 
expenses, appropriate training on biogas production using 
OW, and energy policy and economic incentives.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11356-​023-​31543-z.

Authors’ contribution  Shahid Ali: contributed to the study in con-
ceptualization, writing—original draft, formal analysis, data handling, 
variable construction, and methodology. Qingyou Yan contributed to 
the study as a supervisor and funding acquisition. Huaping Sun con-
tributed to the study by writing, reviewing, and editing. Muhammad 
Irfan contributed to the study by writing, reviewing, and editing. All 
authors read and approved the final manuscript.

Funding  No funding was received for conducting this study.

Data availability  The datasets used and analyzed during the current 
study are available from the first author on reasonable request.

Declarations 

Ethical approval  The present investigation adhered to the guidelines set 
in the Helsinki Declaration. The Authorized Valuation Board of North 
China Electric Power University has established Pakistan (protocol 
1091–10 on 05 September 2022).

Consent to participate  All participants gave informed consent to par-
ticipate in this investigation.

Consent for publication  All participants agreed after being adequately 
informed about the study.

Competing interest  The authors declare that they have no competing 
interests.

References

Abbas R, Pitt J, Michael K (2021) Socio-Technical design for public 
interest technology. IEEE Trans Technol Soc 2:55–61. https://​
doi.​org/​10.​1109/​tts.​2021.​30862​60

Abdul D, Wenqi J, Tanveer A (2022) Prioritization of renewable 
energy source for electricity generation through AHP-VIKOR 
integrated methodology. Renew Energy 184:1018–1032. 
https://​doi.​org/​10.​1016/j.​renene.​2021.​10.​082

Afridi ZUR, Qammar NW (2020) Technical challenges and optimi-
zation of biogas plants. ChemBioEng Rev 7:119–129. https://​
doi.​org/​10.​1002/​cben.​20200​0005

Ahmar M, Ali F, Jiang Y et al (2022) Households’ energy choices 
in rural Pakistan. Energies 15:3149. https://​doi.​org/​10.​3390/​
en150​93149

Akbar A, Ali S, Ahmad MA et al (2019) Understanding the anteced-
ents of organic food consumption in pakistan: Moderating role 
of food neophobia. Int J Environ Res Public Health 16:4043. 
https://​doi.​org/​10.​3390/​ijerp​h1620​4043

Ali S, Yan Q, Irfan M et al (2022) Green investment 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 (2022b) 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

Ali S, Yan Q, Razzaq A, et al (2022c) Modeling factors of biogas 
technology adoption: a roadmap towards environmental sus-
tainability and green revolution. Environ Sci Pollut Res 1–23. 
https://​doi.​org/​10.​1007/​s11356-​022-​22894-0

Ali S, Yan Q, Hu J, et al (2023a) Can bioenergy act as an entre-
preneurial opportunity for the sustainable economic devel-
opment of an developing economy ? A socio ‑ technical 
approach. Environ Sci Pollut Res. https://​doi.​org/​10.​1007/​
s11356-​023-​29211-3

Ali S, Yan Q, Irfan M, et al (2023b) Does biogas energy influence the 
sustainable development of entrepreneurial business ? An appli-
cation of the extended theory of planned behavior. Environ Sci 
Pollut Res. https://​doi.​org/​10.​1007/​s11356-​023-​30352-8

Amir SM, Liu Y, Shah AA et al (2019) Empirical study on influencing 
factors of biogas technology adoption in Khyber. Energy Environ 
31:308–329. https://​doi.​org/​10.​1177/​09583​05X19​865536

Amit Kumar G (2021) Framing a model for green buying behavior 
of Indian consumers: from the lenses of the theory of planned 
behavior. J Clean Prod 295:126487. https://​doi.​org/​10.​1016/j.​
jclep​ro.​2021.​126487

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

Arbuckle JL (2011) IBM SPSS Amos 20 user’s guide. Amos develop-
ment corporation, SPSS Inc. 226–229. https://​www.​ibm.​com/​
docs/​SSLVMB_​26.0.​0/​pdf/​amos/​IBM_​SPSS_​Amos_​User_​
Guide.​pdf. Accessed 10 Mar 2023

Atelge MR, Krisa D, Kumar G et al (2018) Biogas production from 
organic waste : recent progress and perspectives. Waste Bio-
mass Valorization 11:1019–1040. https://​doi.​org/​10.​1007/​
s12649-​018-​00546-0

Awan MI, Raza S, Farooq A, et al (2022) Drivers of increased nitrogen 
use in Pakistan. Nitrogen Assess 53–71. https://​doi.​org/​10.​1016/​
b978-0-​12-​824417-​3.​00004-6

Bako Z, Barakagira A, Nabukonde A (2021) Towards attaining 
the recommended Humanitarian Sphere Standards of sani-
tation in Bidibidi refugee camp found in Yumbe District , 
Uganda. J Int Humanit Action 8. https://​doi.​org/​10.​1186/​
s41018-​021-​00105-8

Bates MN, Pope K, Ram T et al (2019) Household fuel use and pulmo-
nary tuberculosis in western Nepal: a case- control study. Environ 
Res 168:193–205. https://​doi.​org/​10.​1016/j.​envres.​2018.​09.​036

Breitenmoser L, Gross T, Huesch R et al (2019) Anaerobic digestion of 
biowastes in India: opportunities, challenges and research needs. 

RETRACTED A
RTIC

LE

https://doi.org/10.1007/s11356-023-31543-z
https://doi.org/10.1109/tts.2021.3086260
https://doi.org/10.1109/tts.2021.3086260
https://doi.org/10.1016/j.renene.2021.10.082
https://doi.org/10.1002/cben.202000005
https://doi.org/10.1002/cben.202000005
https://doi.org/10.3390/en15093149
https://doi.org/10.3390/en15093149
https://doi.org/10.3390/ijerph16204043
https://doi.org/10.3389/fenrg.2022.874824
https://doi.org/10.3389/fenvs.2022.887084
https://doi.org/10.1007/s11356-022-22894-0
https://doi.org/10.1007/s11356-023-29211-3
https://doi.org/10.1007/s11356-023-29211-3
https://doi.org/10.1007/s11356-023-30352-8
https://doi.org/10.1177/0958305X19865536
https://doi.org/10.1016/j.jclepro.2021.126487
https://doi.org/10.1016/j.jclepro.2021.126487
https://www.ibm.com/docs/SSLVMB_26.0.0/pdf/amos/IBM_SPSS_Amos_User_Guide.pdf
https://www.ibm.com/docs/SSLVMB_26.0.0/pdf/amos/IBM_SPSS_Amos_User_Guide.pdf
https://www.ibm.com/docs/SSLVMB_26.0.0/pdf/amos/IBM_SPSS_Amos_User_Guide.pdf
https://doi.org/10.1007/s12649-018-00546-0
https://doi.org/10.1007/s12649-018-00546-0
https://doi.org/10.1016/b978-0-12-824417-3.00004-6
https://doi.org/10.1016/b978-0-12-824417-3.00004-6
https://doi.org/10.1186/s41018-021-00105-8
https://doi.org/10.1186/s41018-021-00105-8
https://doi.org/10.1016/j.envres.2018.09.036


6478	 Environmental Science and Pollution Research (2024) 31:6460–6480

1 3

J Environ Manage 236:396–412. https://​doi.​org/​10.​1016/j.​jenvm​
an.​2018.​12.​014

Carbajo R, Cabeza LF (2022) Researchers’ perspective within respon-
sible implementation with socio-technical approaches. An exam-
ple from solar energy research centre in Chile. Renew Sustain 
Energy Rev 158:112132. https://​doi.​org/​10.​1016/j.​rser.​2022.​
112132

Chen Y, Hu W, Chen P, Ruan R (2017) Household biogas CDM project 
development in rural China. Renew Sustain Energy Rev 67:184–
191. https://​doi.​org/​10.​1016/j.​rser.​2016.​09.​052

Cherp A, Vinichenko V, Jewell J et al (2018) Integrating techno-eco-
nomic, socio-technical and political perspectives on national 
energy transitions: a meta-theoretical framework. Energy Res 
Soc Sci 37:175–190. https://​doi.​org/​10.​1016/j.​erss.​2017.​09.​
015

Chin W, Cheah J-H, Liu Y et al (2020) Demystifying the role of causal-
predictive modeling using partial least squares structural equation 
modeling in information systems research. Ind Manag Data Syst 
120:2161–2209. https://​doi.​org/​10.​1108/​IMDS-​10-​2019-​0529

Cohen J (1988) Statistical power analysis for the behavioral sciences 
New York. NY Acad

Collier JE (2020) Applied Structural Equation Modeling Using AMOS. 
Routledge, Nepal

de Almeida MA, Colombo R (2021) Production chain of first-gen-
eration sugarcane bioethanol: characterization and value-added 
application of wastes. BioEnergy Res 1–16. https://​doi.​org/​10.​
1007/​s12155-​021-​10301-4

de Castro e Silva HL, Luisa H, HuamánCórdova ME et al (2022) Lab-
scale and economic analysis of biogas production from swine 
manure. Renew Energy 186:350–365. https://​doi.​org/​10.​1016/j.​
renene.​2021.​12.​114

Decrey L, Kohn T (2017) Virus inactivation in stored human urine, 
sludge and animal manure under typical conditions of storage or 
mesophilic anaerobic digestion. Environ Sci Water Res Technol 
3:492–501. https://​doi.​org/​10.​1039/​c6ew0​0311g

Deng L, Liu Y, Zheng D et al (2017) Application and development of 
biogas technology for the treatment of waste in China. Renew 
Sustain Energy Rev 70:845–851. https://​doi.​org/​10.​1016/j.​rser.​
2016.​11.​265

Di Leo S, Caramuta P, Curci P, Cosmi C (2020) Regression analysis for 
energy demand projection: an application to TIMES-Basilicata 
and TIMES-Italy energy models. Energy 196:117058. https://​
doi.​org/​10.​1016/j.​energy.​2020.​117058

Fang Z, Razzaq A, Mohsin M, Irfan M (2022) Spatial spillovers and 
threshold effects of internet development and entrepreneurship 
on green innovation efficiency in China. Technol Soc 68:101844. 
https://​doi.​org/​10.​1016/j.​techs​oc.​2021.​101844

Franchitti E, Pascale E, Fea E, et al (2020) Methods for bioaerosol 
characterization: limits and perspectives for human health risk 
assessment in organic waste treatment. Atmosphere (Basel) 11. 
https://​doi.​org/​10.​3390/​atmos​11050​452

Gelani HE, Dastgeer F, Idrees Z et al (2022) Barriers in the pro-
gress of domestic biogas plants in rural Pakistan. Int J Sustain 
Energy 41:713–729. https://​doi.​org/​10.​1080/​14786​451.​2021.​
19761​79

Golovko O, Ahrens L, Schelin J, et al (2022) Organic micropollutants , 
heavy metals and pathogens in anaerobic digestate based on food 
waste. J Environ Manage 313. https://​doi.​org/​10.​1016/j.​jenvm​
an.​2022.​114997

Gustafsson M, Anderberg S (2022) Biogas policies and production 
development in Europe : a comparative analysis of eight coun-
tries. Biofuels 1–14. https://​doi.​org/​10.​1080/​17597​269.​2022.​
20343​80

Maedeh Haghanimanesh, Baniasadi E, Kerdabadi J, Yu X (2022) Exer-
goeconomic analysis of a novel trigeneration cycle based on steel 
slag heat recovery and biogas production in steelmaking plants. 

Energy Convers Manag 263. https://​doi.​org/​10.​1016/j.​encon​man.​
2022.​115688

Hair JF, Ringle CM, Sarstedt M (2011) PLS-SEM: Indeed a silver bul-
let. J Mark Theory Pract 19:139–152. https://​doi.​org/​10.​2753/​
MTP10​69-​66791​90202

Hair JF, Sarstedt M, Hopkins L, Kuppelwieser VG (2014) Partial 
least squares structural equation modeling (PLS-SEM): An 
developing tool in business research. Eur Bus Rev 26:106–121. 
https://​doi.​org/​10.​1108/​EBR-​10-​2013-​0128

Hair JF Jr, Sarstedt M, Matthews LM, Ringle CM (2016) Identify-
ing and treating unobserved heterogeneity with FIMIX-PLS: 
part I–method. Eur Bus Rev. 28(1):63–76

Hair Jr JF, Hult GTM, Ringle CM, et  al (2021) Partial least 
squares structural equation modeling (PLS-SEM) using R: 
A workbook

He P, Lovo S, Veronesi M (2022) Social networks and renewable 
energy technology adoption : empirical evidence from biogas 
adoption in China. Energy Econ 106. https://​doi.​org/​10.​1016/j.​
eneco.​2021.​105789

Henseler J, Ringle CM, Sarstedt M (2015) A new criterion for assess-
ing discriminant validity in variance-based structural equa-
tion modeling. J Acad Mark Sci 43:115–135. https://​doi.​org/​
10.​1007/​s11747-​014-​0403-8

Herrera A, Imporzano GD, Zilio M et al (2022) Environmental per-
formance in the production and use of recovered fertilizers 
from organic wastes treated by anaerobic digestion vs syn-
thetic mineral fertilizers. ACS Sustain Chem Eng 10:986–997. 
https://​doi.​org/​10.​1021/​acssu​schem​eng.​1c070​28

Hess DJ, Sovacool BK (2020) Sociotechnical matters: reviewing and 
integrating science and technology studies with energy social 
science. Energy Res Soc Sci 65:101462. https://​doi.​org/​10.​
1016/j.​erss.​2020.​101462

Hoang AT, Nižetić S, Olcer AI et al (2021) Impacts of COVID-19 
pandemic on the global energy system and the shift progress to 
renewable energy: opportunities, challenges, and policy impli-
cations. Energy Policy 154:112322

Hull L, Goulding L, Khadjesari Z et al (2019) Designing high-
quality implementation research: development, applica-
tion, feasibility and preliminary evaluation of the imple-
mentation science research development (ImpRes) tool 
and guide. Implement Sci 14:20. https://​doi.​org/​10.​1186/​
s13012-​019-​0897-z

Hussain M, Tahir S, Ishak D et al (2019) Hybrid energy sources 
status of Pakistan: an optimal technical proposal to solve the 
power crises issues. Energy Strateg Rev 24:132–153. https://​
doi.​org/​10.​1016/j.​esr.​2019.​02.​001

Ilyas SZ, Hassan A, Mufti H (2021) Review of the renewable energy 
status and prospects in Pakistan. Int J Smart Grid 5. https://​doi.​
org/​10.​20508/​ijsma​rtgrid.​v5i4.​220.​g174

Ioannou-ttofa L, Foteinis S, Seifelnasr A et al (2021) Life cycle 
assessment of household biogas production in Egypt : In fl 
uence of digester volume, biogas leakages, and digestate val-
orization as biofertilizer. J Clean Prod 286:125468. https://​doi.​
org/​10.​1016/j.​jclep​ro.​2020.​125468

Iqbal T, Dong CQ, Lu Q, et al (2018) Sketching Pakistan’s energy 
dynamics: prospects of biomass energy. J Renew Sustain 
Energy 10. https://​doi.​org/​10.​1063/1.​50103​93

IRENA (2020) Statistical review of world energy international 
renewable energy agency (IRENA). https://​www.​irena.​org/​
publi​catio​ns/​2020/​Jul/​Renew​able-​energy-​stati​stics-​2020. 
Accessed 12 Apr 2023

Jabeen G, Yan Q, Ahmad M et al (2020) Household-based critical 
influence factors of biogas generation technology utilization: A 
case of Punjab province of Pakistan. Renew Energy 154:650–
660. https://​doi.​org/​10.​1016/j.​renene.​2020.​03.​049

RETRACTED A
RTIC

LE

https://doi.org/10.1016/j.jenvman.2018.12.014
https://doi.org/10.1016/j.jenvman.2018.12.014
https://doi.org/10.1016/j.rser.2022.112132
https://doi.org/10.1016/j.rser.2022.112132
https://doi.org/10.1016/j.rser.2016.09.052
https://doi.org/10.1016/j.erss.2017.09.015
https://doi.org/10.1016/j.erss.2017.09.015
https://doi.org/10.1108/IMDS-10-2019-0529
https://doi.org/10.1007/s12155-021-10301-4
https://doi.org/10.1007/s12155-021-10301-4
https://doi.org/10.1016/j.renene.2021.12.114
https://doi.org/10.1016/j.renene.2021.12.114
https://doi.org/10.1039/c6ew00311g
https://doi.org/10.1016/j.rser.2016.11.265
https://doi.org/10.1016/j.rser.2016.11.265
https://doi.org/10.1016/j.energy.2020.117058
https://doi.org/10.1016/j.energy.2020.117058
https://doi.org/10.1016/j.techsoc.2021.101844
https://doi.org/10.3390/atmos11050452
https://doi.org/10.1080/14786451.2021.1976179
https://doi.org/10.1080/14786451.2021.1976179
https://doi.org/10.1016/j.jenvman.2022.114997
https://doi.org/10.1016/j.jenvman.2022.114997
https://doi.org/10.1080/17597269.2022.2034380
https://doi.org/10.1080/17597269.2022.2034380
https://doi.org/10.1016/j.enconman.2022.115688
https://doi.org/10.1016/j.enconman.2022.115688
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/10.1016/j.eneco.2021.105789
https://doi.org/10.1016/j.eneco.2021.105789
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1021/acssuschemeng.1c07028
https://doi.org/10.1016/j.erss.2020.101462
https://doi.org/10.1016/j.erss.2020.101462
https://doi.org/10.1186/s13012-019-0897-z
https://doi.org/10.1186/s13012-019-0897-z
https://doi.org/10.1016/j.esr.2019.02.001
https://doi.org/10.1016/j.esr.2019.02.001
https://doi.org/10.20508/ijsmartgrid.v5i4.220.g174
https://doi.org/10.20508/ijsmartgrid.v5i4.220.g174
https://doi.org/10.1016/j.jclepro.2020.125468
https://doi.org/10.1016/j.jclepro.2020.125468
https://doi.org/10.1063/1.5010393
https://www.irena.org/publications/2020/Jul/Renewable-energy-statistics-2020
https://www.irena.org/publications/2020/Jul/Renewable-energy-statistics-2020
https://doi.org/10.1016/j.renene.2020.03.049


6479Environmental Science and Pollution Research (2024) 31:6460–6480	

1 3

Jasanoff S (2016) The floating ampersand: STS Past and STS to 
Come. Engag Sci Technol Soc 2:227–237. https://​doi.​org/​10.​
17351/​ests2​016.​78

Jeon I, Ryberg EC, Alvarez PJJ, Kim J (2022) Technology assessment 
of solar disinfection for drinking water treatment. Nat Sustain 
5:801–808. https://​doi.​org/​10.​1038/​s41893-​022-​00915-7

Jha P, Schmidt S (2021) State of biofuel development in sub-Saha-
ran Africa: How far sustainable? Renew Sustain Energy Rev 
150:111432. https://​doi.​org/​10.​1016/j.​rser.​2021.​111432

Johansson N (2021) Why is biogas production and not food donation 
the Swedish political priority for food waste management ? 
Environ Sci Policy 126:60–64. https://​doi.​org/​10.​1016/j.​envsci.​
2021.​09.​020

Karlsson NPE, Hoveskog M, Halila F, Mattsson M (2019) Business 
modelling in farm-based biogas production: towards network-
level business models and stakeholder business cases for sus-
tainability. Sustain Sci 14:1071–1090. https://​doi.​org/​10.​1007/​
s11625-​018-​0584-z

Kumar A, Samadder SR (2022) Assessment of energy recovery 
potential and analysis of environmental impacts of waste to 
energy options using life cycle assessment. J Clean Prod 365. 
https://​doi.​org/​10.​1016/j.​jclep​ro.​2022.​132854

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 Istraz 0:1–
18. https://​doi.​org/​10.​1080/​13316​77X.​2021.​20074​13

Lemaire X (2018) Solar home systems and solar lanterns in rural 
areas of the Global South: What impact ? Wiley Interdiscip 
Rev Energy Environ 7. https://​doi.​org/​10.​1002/​wene.​301

Li Y, Sun T, Ye Q et al (2021) Application of an energy-e ffi cient 
process with reactive coupling pressure-swing distillation for 
recycling organic materials from wastewater. Ind Eng Chem 
Res 60:10338–10353. https://​doi.​org/​10.​1021/​acs.​iecr.​1c017​65

Li Q, Wang J, Wang X, Wang Y (2022) The impact of training on 
beef cattle farmers’ installation of biogas digesters. Energies 
Artic 15:1–14. https://​doi.​org/​10.​3390/​en150​93039

Liu Z, Xu J, Wei Y, et al (2021) Nexus between green financing , 
renewable energy generation , and energy efficiency : empirical 
insights through DEA technique. Environ Sci Pollut Reshttps://​
doi.​org/​10.​1007/​s11356-​021-​17092-3

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

Lyng K, Elstad A, Jørgen O (2018) Relation between greenhouse gas 
emissions and economic pro fi t for different con fi gurations 
of biogas value chains : a case study on different levels of sec-
tor integration. J Clean Prod 182:737–745. https://​doi.​org/​10.​
1016/j.​jclep​ro.​2018.​02.​126

Malatji M, Von Solms S, Marnewick A (2019) Socio-technical sys-
tems cybersecurity framework. Inf Comput Secur 27:233–272. 
https://​doi.​org/​10.​1108/​ICS-​03-​2018-​0031

Cooper AC (2017) Building a socio-technical energy research com-
munity: theory, practice and impact. Energy research & social 
science 26:115–120

Mittal S, Ahlgren EO, Shukla PR (2018) Barriers to biogas dissemi-
nation in India: a review. Energy Policy 112:361–370. https://​
doi.​org/​10.​1016/j.​enpol.​2017.​10.​027

Mudasar R, Kim M (2017) Experimental study of power generation 
utilizing human excreta. Energy Convers Manag 147:86–99. 
https://​doi.​org/​10.​1016/j.​encon​man.​2017.​05.​052

NEPRA (2021) Indicative Generation Capacity Expansion Plan 
IGCEP 2021–30. https://​nepra.​org.​pk/​Admis​sion%​20Not​ices/​
2021/​06%​20June/​IGCEP%​202021.​pdf. Accessed 09 Mar 2023

Nevzorova T, Kutcherov V (2019) Barriers to the wider implementa-
tion of biogas as a source of energy: a state-of-the-art review. 

Energy Strateg Rev 26:100414. https://​doi.​org/​10.​1016/j.​esr.​
2019.​100414

Nicholas S, Buckley T (2018) Pakistan’s power future: renewable 
energy provides a more diverse, secure and cost-effective alter-
native. Institute for Energy Economics and Financial Analysis 
(IEEFA), Islamabad. https://​ieefa.​org/​resou​rces/​pakis​tans-​
power-​future-​renew​able-​energy-​provi​des-​more-​diver​se-​secure-​
and-​cost-​effec​tive. Accessed 15 Feb 2023

Núñez F, Fernando L, Fernández L et al (2022) Effect of the mix-
ing ratio on the composting of OFMSW digestate : assess-
ment of compost quality total Kjeldahl nitrogen. J Mater 
Cycles Waste Manag 24:1818–1831. https://​doi.​org/​10.​1007/​
s10163-​022-​01438-1

Pandyaswargo AH, Gamaralalage PJD, Liu C et al (2019) Challenges 
and an implementation framework for sustainable municipal 
organic waste management using biogas technology in devel-
oping Asian countries. Sustain 11(22):6331. https://​doi.​org/​10.​
3390/​su112​26331

Peterson Ryan A (2021) Finding Optimal Normalizing Transforma-
tions via best Normalize. R J 13:310. https://​doi.​org/​10.​32614/​
RJ-​2021-​041

Pilloni M, Hamed TA (2021) Small-size biogas technology applica-
tions for rural areas in the context of developing countries. 
Anaerob Dig Built Environ https://​doi.​org/​10.​5772/​intec​hopen.​
96857

Popp J, Kovács S, Oláh J et al (2021) Bioeconomy: biomass and bio-
mass-based energy supply and demand. N Biotechnol 60:76–84. 
https://​doi.​org/​10.​1016/j.​nbt.​2020.​10.​004

Porac JF, Wade JB, Fischer HM et al (2004) Human capital heteroge-
neity, collaborative relationships, and publication patterns in a 
multidisciplinary scientific alliance: a comparative case study of 
two scientific teams. Res Policy 33:661–678. https://​doi.​org/​10.​
1016/j.​respol.​2004.​01.​007

Pueyo A, Demartino S (2018) The impact of solar mini-grids on Ken-
ya’s rural enterprises. Energy Sustain Dev 45:28–37. https://​doi.​
org/​10.​1016/j.​esd.​2018.​04.​002

Rahman MS, Majumder MK, Sujanr MHK (2021) Adoption deter-
minants of biogas and its impact on poverty in Bangladesh. 
Energy Rep 7:5026–5033. https://​doi.​org/​10.​1016/j.​egyr.​2021.​
08.​027

Ramayah T, Ahmad NH, Halim HA et al (2010) Discriminant analysis: 
an illustrated example. Afr J Bus Manag 4:1654–1667. https://​
doi.​org/​10.​5897/​AJBM.​90002​11

Rantala S, Toikka A, Pulkka A, Lyytimäki J (2020) Energy research 
& social science energetic voices on social media ? Strategic 
Niche Management and Finnish Facebook debate on biogas and 
heat pumps. Energy Res Soc Sci 62:. https://​doi.​org/​10.​1016/j.​
erss.​2019.​101362

Regattieri A, ID MB, Ferrari E, et al (2018) Biogas micro-production 
from human organic waste — a research proposal. Sustainability 
10:. https://​doi.​org/​10.​3390/​su100​20330

Rios M, Kaltschmitt M (2016) Electricity generation potential from 
biogas produced from organic waste in Mexico. Renew Sustain 
Energy Rev 54:384–395. https://​doi.​org/​10.​1016/j.​rser.​2015.​10.​
033

Rönkkö M, Cho E (2022) An updated guideline for assessing discri-
minant validity. Organ Res Methods 25:6–14. https://​doi.​org/​10.​
1177/​10944​28120​968614

Saleem M, Qadeer F, Mahmood F et al (2021) Inculcation of green 
behavior in employees: a multilevel moderated mediation 
approach. Int J Environ Res Public Health 18:331. https://​doi.​
org/​10.​3390/​ijerp​h1801​0331

Sawyerr N, Trois C, Workneh TS, Okudoh VI (2019) An overview 
of biogas production: fundamentals, applications and future 
research. Int J Energy Econ Policy 9:. https://​doi.​org/​10.​32479/​
ijeep.​7375

RETRACTED A
RTIC

LE

https://doi.org/10.17351/ests2016.78
https://doi.org/10.17351/ests2016.78
https://doi.org/10.1038/s41893-022-00915-7
https://doi.org/10.1016/j.rser.2021.111432
https://doi.org/10.1016/j.envsci.2021.09.020
https://doi.org/10.1016/j.envsci.2021.09.020
https://doi.org/10.1007/s11625-018-0584-z
https://doi.org/10.1007/s11625-018-0584-z
https://doi.org/10.1016/j.jclepro.2022.132854
https://doi.org/10.1080/1331677X.2021.2007413
https://doi.org/10.1002/wene.301
https://doi.org/10.1021/acs.iecr.1c01765
https://doi.org/10.3390/en15093039
https://doi.org/10.1007/s11356-021-17092-3
https://doi.org/10.1007/s11356-021-17092-3
https://doi.org/10.1016/j.rser.2021.111720
https://doi.org/10.1016/j.rser.2021.111720
https://doi.org/10.1016/j.jclepro.2018.02.126
https://doi.org/10.1016/j.jclepro.2018.02.126
https://doi.org/10.1108/ICS-03-2018-0031
https://doi.org/10.1016/j.enpol.2017.10.027
https://doi.org/10.1016/j.enpol.2017.10.027
https://doi.org/10.1016/j.enconman.2017.05.052
https://nepra.org.pk/Admission%20Notices/2021/06%20June/IGCEP%202021.pdf
https://nepra.org.pk/Admission%20Notices/2021/06%20June/IGCEP%202021.pdf
https://doi.org/10.1016/j.esr.2019.100414
https://doi.org/10.1016/j.esr.2019.100414
https://ieefa.org/resources/pakistans-power-future-renewable-energy-provides-more-diverse-secure-and-cost-effective
https://ieefa.org/resources/pakistans-power-future-renewable-energy-provides-more-diverse-secure-and-cost-effective
https://ieefa.org/resources/pakistans-power-future-renewable-energy-provides-more-diverse-secure-and-cost-effective
https://doi.org/10.1007/s10163-022-01438-1
https://doi.org/10.1007/s10163-022-01438-1
https://doi.org/10.3390/su11226331
https://doi.org/10.3390/su11226331
https://doi.org/10.32614/RJ-2021-041
https://doi.org/10.32614/RJ-2021-041
https://doi.org/10.5772/intechopen.96857
https://doi.org/10.5772/intechopen.96857
https://doi.org/10.1016/j.nbt.2020.10.004
https://doi.org/10.1016/j.respol.2004.01.007
https://doi.org/10.1016/j.respol.2004.01.007
https://doi.org/10.1016/j.esd.2018.04.002
https://doi.org/10.1016/j.esd.2018.04.002
https://doi.org/10.1016/j.egyr.2021.08.027
https://doi.org/10.1016/j.egyr.2021.08.027
https://doi.org/10.5897/AJBM.9000211
https://doi.org/10.5897/AJBM.9000211
https://doi.org/10.1016/j.erss.2019.101362
https://doi.org/10.1016/j.erss.2019.101362
https://doi.org/10.3390/su10020330
https://doi.org/10.1016/j.rser.2015.10.033
https://doi.org/10.1016/j.rser.2015.10.033
https://doi.org/10.1177/1094428120968614
https://doi.org/10.1177/1094428120968614
https://doi.org/10.3390/ijerph18010331
https://doi.org/10.3390/ijerph18010331
https://doi.org/10.32479/ijeep.7375
https://doi.org/10.32479/ijeep.7375


6480	 Environmental Science and Pollution Research (2024) 31:6460–6480

1 3

Scarlat N, Dallemand JF, Fahl F (2018) Biogas: developments and 
perspectives in Europe. Renew Energy 129:457–472. https://​doi.​
org/​10.​1016/j.​renene.​2018.​03.​006

Schuberth F, Rademaker ME, Henseler J (2022) Assessing the 
overall fit of composite models estimated by partial least 
squares path modeling. Eur J Mark.https://​doi.​org/​10.​1108/​
EJM-​08-​2020-​0586

Scott CR, Evans BE, Barrington DJ (2021) CHILD-SAN : a new dis-
ability-inclusive framework for emergency sanitation for chil-
dren aged five to 11, based on a systematic review of existing 
guidance. J Int Humanit Action 6:1–14. https://​doi.​org/​10.​1186/​
s41018-​021-​00107-6

Segreto M, Principe L, Desormeaux A, et al (2020) Trends in social 
acceptance of renewable energy across Europe — a literature 
review. Int J Environ Res Public Health 17:. https://​doi.​org/​10.​
3390/​ijerp​h1724​9161

Shahzad HU, Mustafa MF, Afridi ZU (2020) Challenges and potential 
to adopt biogas technology: a case study of Faisalabad, Pakistan. 
Int J Agric Ext 8:207–217. https://​doi.​org/​10.​33687/​ijae.​008.​03.​
3391

Silva HL, Córdova ME, Barros RM et al (2022) Lab-scale and eco-
nomic analysis of biogas production from swine manure. Renew 
Energy 186:350–365

Simeone M, Scarpato D (2020) Sustainable consumption: how does 
social media affect food choices? J Clean Prod 277:124036. 
https://​doi.​org/​10.​1016/j.​jclep​ro.​2020.​124036

Situmeang R, Mazancov J (2022) technological, economic, social and 
environmental barriers to adoption of small-scale biogas plants: 
case of Indonesia. Energies. https://​doi.​org/​10.​3390/​en151​45105

Situmorang YA, Zhao Z, Yoshida A et al (2020) Small-scale biomass 
gasification systems for power generation (<200 kW class): a 
review. Renew Sustain Energy Rev 117:109486. https://​doi.​org/​
10.​1016/j.​rser.​2019.​109486

Skovsgaard L, Jacobsen HK (2017) Economies of scale in biogas pro-
duction and the significance of flexible regulation. Energy Policy 
J 101:77–89. https://​doi.​org/​10.​1016/j.​enpol.​2016.​11.​021

Sony M, Naik S (2020) Industry 4.0 integration with socio-technical 
systems theory: a systematic review and proposed theoretical 
model. Technol Soc 61:101248. https://​doi.​org/​10.​1016/j.​techs​
oc.​2020.​101248

Sun Y, Ates O, Razzaq A, Sorin M (2021) The asymmetric effect eco-
innovation and tourism towards carbon neutrality target in Turkey 
The asymmetric effect eco-innovation and tourism towards car-
bon neutrality target in Turkey. J Environ Manage 299:113653. 
https://​doi.​org/​10.​1016/j.​jenvm​an.​2021.​113653

Sun Y, Anwar A, Razzaq A et al (2022) Asymmetric role of renewable 
energy, green innovation, and globalization in deriving environ-
mental sustainability: evidence from top-10 polluted countries. 
Renew Energy 185:280–290. https://​doi.​org/​10.​1016/j.​renene.​
2021.​12.​038

Sun H, Kofi B, Kwaku A, Asumadu S (2021a) Technological forecast-
ing & social change energy efficiency: the role of technological 
innovation and knowledge spillover. Technol Forecast Soc Chang 
167:. https://​doi.​org/​10.​1016/j.​techf​ore.​2021.​120659

Tian H, Wang X, Lim EY et al (2021) Life cycle assessment of food 
waste to energy and resources: centralized and decentralized 
anaerobic digestion with different downstream biogas utiliza-
tion. Renew Sustain Energy Rev 150:111489. https://​doi.​org/​10.​
1016/j.​rser.​2021.​111489

Trypolska G, Kyryziuk S, Krupin V et al (2021) Economic feasibility 
of agricultural biogas production by farms in Ukraine. Energies 
15:87. https://​doi.​org/​10.​3390/​en150​10087

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

UNCC (2009) Recycling municipal waste through biogas production 
and composting project. In: United Nations Clim Chang. https://​
unfccc.​int/​clima​te-​action/​momen​tum-​for-​change/​activ​ity-​datab​
ase/​momen​tum-​for-​change-​recyc​ling-​munic​ipal-​waste-​throu​
gh-​biogas-​produ​ction-​and-​compo​sting-​proje​ct. Accessed 17 
Jan 2023

Wang Z, Ali S, Akbar A, Rasool F (2020) Determining the influencing 
factors of biogas technology adoption intention in Pakistan: the 
moderating role of social media. Int J Environ Res Public Health 
17:2311. https://​doi.​org/​10.​3390/​ijerp​h1707​2311

Westerholm M, Liu T, Schnürer A (2020) Bioresource technology com-
parative study of industrial-scale high-solid biogas production 
from food waste: process operation and microbiology. Bioresour 
Technol 304:. https://​doi.​org/​10.​1016/j.​biort​ech.​2020.​122981

Williams NB, Quilliam RS, Campbell B et al (2022) Challenging per-
ceptions of socio-cultural rejection of a taboo technology: Nar-
ratives of imagined transitions to domestic toilet-linked biogas in 
India. Energy Res Soc Sci 92:102802. https://​doi.​org/​10.​1016/j.​
erss.​2022.​102802

Woon KS, Phuang ZX, Lin Z, Lee CT (2021) A novel food waste 
management framework combining optical sorting system and 
anaerobic digestion: a case study in Malaysia. Energy 232:. 
https://​doi.​org/​10.​1016/j.​energy.​2021.​121094

Wu S (2019) The evolution of rural energy policies in China: a review. 
Renew Sustain Energy Rev. https://​doi.​org/​10.​1016/j.​rser.​2019.​
109584

Yang X, Liu Y, Thrän D et al (2021) Effects of the German renew-
able energy sources act and environmental, social and eco-
nomic factors on biogas plant adoption and agricultural land use 
change. Energy Sustain Soc 11:1–22. https://​doi.​org/​10.​1186/​
s13705-​021-​00282-9

Yaqoo H, Teoh YH, Din ZU, et al (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.​jclep​ro.​
2021.​127250

Yasmin I, Akram W, Adeel S, Chandio AA (2022) Non-adoption 
decision of biogas in rural Pakistan: use of multinomial logit 
model. Environ Sci Pollut Res 1–22. https://​doi.​org/​10.​1007/​
s11356-​022-​19539-7

Zhang L, Loh K, Zhang J (2018) Enhanced biogas production from 
anaerobic digestion of solid organic wastes: current status and 
prospects. Bioresour Technol Rep 5:280–296. https://​doi.​org/​10.​
1016/j.​biteb.​2018.​07.​005

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

Springer Nature or its licensor (e.g. a society or other partner) 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.

RETRACTED A
RTIC

LE

https://doi.org/10.1016/j.renene.2018.03.006
https://doi.org/10.1016/j.renene.2018.03.006
https://doi.org/10.1108/EJM-08-2020-0586
https://doi.org/10.1108/EJM-08-2020-0586
https://doi.org/10.1186/s41018-021-00107-6
https://doi.org/10.1186/s41018-021-00107-6
https://doi.org/10.3390/ijerph17249161
https://doi.org/10.3390/ijerph17249161
https://doi.org/10.33687/ijae.008.03.3391
https://doi.org/10.33687/ijae.008.03.3391
https://doi.org/10.1016/j.jclepro.2020.124036
https://doi.org/10.3390/en15145105
https://doi.org/10.1016/j.rser.2019.109486
https://doi.org/10.1016/j.rser.2019.109486
https://doi.org/10.1016/j.enpol.2016.11.021
https://doi.org/10.1016/j.techsoc.2020.101248
https://doi.org/10.1016/j.techsoc.2020.101248
https://doi.org/10.1016/j.jenvman.2021.113653
https://doi.org/10.1016/j.renene.2021.12.038
https://doi.org/10.1016/j.renene.2021.12.038
https://doi.org/10.1016/j.techfore.2021.120659
https://doi.org/10.1016/j.rser.2021.111489
https://doi.org/10.1016/j.rser.2021.111489
https://doi.org/10.3390/en15010087
https://doi.org/10.1016/j.egyr.2019.05.002
https://doi.org/10.1016/j.egyr.2019.05.002
https://unfccc.int/climate-action/momentum-for-change/activity-database/momentum-for-change-recycling-municipal-waste-through-biogas-production-and-composting-project
https://unfccc.int/climate-action/momentum-for-change/activity-database/momentum-for-change-recycling-municipal-waste-through-biogas-production-and-composting-project
https://unfccc.int/climate-action/momentum-for-change/activity-database/momentum-for-change-recycling-municipal-waste-through-biogas-production-and-composting-project
https://unfccc.int/climate-action/momentum-for-change/activity-database/momentum-for-change-recycling-municipal-waste-through-biogas-production-and-composting-project
https://doi.org/10.3390/ijerph17072311
https://doi.org/10.1016/j.biortech.2020.122981
https://doi.org/10.1016/j.erss.2022.102802
https://doi.org/10.1016/j.erss.2022.102802
https://doi.org/10.1016/j.energy.2021.121094
https://doi.org/10.1016/j.rser.2019.109584
https://doi.org/10.1016/j.rser.2019.109584
https://doi.org/10.1186/s13705-021-00282-9
https://doi.org/10.1186/s13705-021-00282-9
https://doi.org/10.1016/j.jclepro.2021.127250
https://doi.org/10.1016/j.jclepro.2021.127250
https://doi.org/10.1007/s11356-022-19539-7
https://doi.org/10.1007/s11356-022-19539-7
https://doi.org/10.1016/j.biteb.2018.07.005
https://doi.org/10.1016/j.biteb.2018.07.005

	Techno-economic analysis of biogas production from domestic organic wastes and locally sourced material: the moderating role of social media based-awareness
	Abstract
	Introduction
	Research methods
	Theoretical background

	Formulation of hypotheses
	Organic waste collection process (OWCP)
	Use of modern technology (UOMT) and FBBP-HOWLSM
	Local public training (LPT)
	Government green energy policy and economic incentives (GGEPEI)
	The moderating role of social media-based awareness (SMBA) between OWCP and FBBP-HOWLSM


	Methodology
	Sample and procedure
	Measurement variables
	Analytical framework and results
	Measurement assessment model
	Reliability analysis
	Measurement model validation

	Structural assessment model

	Discussion and recommendations
	Future work
	Conclusions
	References


