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Abstract: To reduce the dependence on fossil fuels to fulfill energy needs and give rural areas better
access to energy, biomethane generation technology (BG-TECH) can help in these situations. However,
several crucial factors might influence BG-TECH’s acceptance by households. In order to eradicate the
barriers to and strengthen the driving forces of BG-TECH acceptance, it becomes inevitable to explore
those crucial factors. Therefore, the core objective of this research is to analyze the factors impacting
BG-TECH acceptance by households in rural Pakistan. This research will enrich the existing literature
by comprehensively analyzing factors driving or impeding BG-TECH acceptance. To collect relevant
data, a questionnaire was developed and distributed in four districts of Pakistan. In this respect,
150 users and 150 non-users of biomethane were selected through stratified random sampling. To
analyze the factors affecting the acceptance of BG-TECH, a logistic regression model was utilized. As
per our empirical results, age, ownership of cattle, aftersales service, education, household income,
and loan accessibility were revealed to be the driving forces of BG-TECH. However, small farmers’
age and household size impeded the acceptance of BG-TECH. However, occupation, ownership of
land, and working experience did not influence the acceptance of BG-TECH. Thus, for BG-TECH
approval, it is recommended that governments bring about a change in approaches as well as the
development of aftersales services, improved promotions, the qualification of adults, and better
loan facilities. On the one hand, our theoretical implications would prove powerful tools for the
follow-up studies to dig deeper into the crucial factors of BG-TECH acceptance and transcribe those
implications for other green energy technologies. On the other hand, our practical implications would
empower policymakers and practitioners to guide improved policy implementation to realize the
green energy revolution.

Keywords: biomethane digester; crucial factors; driving forces; barriers; logistic regression model;
Pakistan

1. Introduction

To realize the sustainable development goals (SDGs) of the United Nations, extensive
research into the accessibility of renewable energy sources is initiated because they can
be an alternative to fossil fuels [1,2]. The literature provides proof that renewable energy
sources have not only helped some countries overcome the shortage of energy [3] but have
also remained an effective player in emissions reduction [4]. Renewables (e.g., wind, solar,
hydro, geothermal, and biomass) and non-renewables (e.g., fossil-based energy) are the
various energy sources from which Pakistan is gifted. Such sources are classified into vari-
ous categories, including (i) traditional energy, (ii) commercial energy, and (iii) substitute
energy [5,6]. The first category is based on firewood, kerosene oil, and agriculture-based
residues utilized by households. After that, petroleum products and electricity come under
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commercial sources, whereas renewable energy technologies such as biomethane (also
known as biogas) generation technology (BG-TECH) come under substitute energy sources.
On the one hand, biomethane is used for households’ cooking and heating purposes [7].
On the other hand, it can be a source of electricity as it is renewable energy. In order to
lower coal consumption, greenhouse gases (GHGs), and electricity coverage and to meet
the need for growing energy demand, various renewable energy plans, and initiatives
have been carried out by the Pakistani government. The governmental authorities have
identified that renewables have the potential to transform and evolve the energy industry.
The government believes renewables will positively promote green human resource-based
employment opportunities across the country and provide access to modern energy ser-
vices [8,9]. In rural areas, providing energy for daily chores such as cooking and heating is
difficult, increasing the energy gap between rural and urban areas, which could be lessened
using biomethane digesters [10].

Enhanced access to energy not only reduces poverty but also improves the standard
of living of people in an economy. As it has been debated that the reliance on energy to
fulfill daily tasks is increasing day by day, renewable energy is considered a good substitute
for catering to energy-related needs. Pakistan is regarded as a net importer of petroleum
and crude oil [11]. Despite huge energy generation potential, the country is still facing
a shortage of energy due to its increased population. In this regard, the power shortfall
recorded as of 2021 was 9000 Megawatt, causing 8–12 h of power blackouts in urban
areas, while villages face around 12–18 h of daily load shedding [12]. The advantage
of BG-TECH is that it provides green energy as a substitute for conventional energy
sources and reduces GHGs along with the generation of bio-slurry (used as a bio-fertilizer).
Methane is the prime component formed through the anaerobic fermentation method of
biomethane generation. By and large, biomethane is composed of methane (40–75%), CO2
emissions (25–40%), traces of other gases (oxygen, ammonia, nitrogen, and hydrogen), and
water [13,14]. Biomethane is a green energy source for meeting household demands, such
as cooking. If handled using proper management practices, it can improve the quality of the
environment and crop yield [15]. The most influential sources of biomethane production
include animal dung, municipal wastes, and both categories (i.e., primary and secondary)
of agricultural residue [16]. Animal dung is composed of organic matter, ashes, and water.
In Pakistan, cattle, goats, buffalo, poultry, and sheep are the prime contributors to animal
dung [17]. As biomethane does not create harmful wastes such as carbon monoxide,
nitrogen dioxide, and sulfur dioxide, it can easily be stored and produced when needed, so
it is better than many other renewable energy sources [18]. If a household owns four cattle,
then 4000 kg of cow dung will be produced, which is enough to produce around 2000 cubic
meters of biomethane annually [19].

Although biomethane has several benefits, Pakistan is still struggling to promote
BG-TECh acceptance. Therefore, it is crucial to research the factors determining BG-TECH’s
acceptance. There are studies in different underdeveloped countries that focus on the
potential of biomethane and issues related to its acceptance. In this regard, Mittal et al. [20]
in India, Lohani et al. [21] in Nepal, Nasiruddin et al. [22] in Bangladesh, and Bekchanov
et al. [23] in Sri Lanka, among others, revealed that BG-TECH could be used in these
countries as a substitute for fossil fuels to fulfill the needs of energy utilization. Mwirigi
et al. [24] and Silaen et al. [25] conducted research to assess the impact of biomethane di-
gesters on the environment. They found a positive contribution from accepting biomethane
digesters to environmental quality. Several studies focused on the cost-benefit investigation
of biomethane, such as those by Jan and Akram [13], who performed research on district-
level digesters in Pakistan. Moreover, Chowdhury et al. [26] performed a cost-benefit
inspection for Bangladesh. However, the majority of those studies only focused on the
financial benefits of BG-TECH. Yet, the financial benefits of BG-TECH, along with crucial
influence factors for its acceptance in Pakistan, have been scarcely investigated.

In their most recent work, Yaqoob et al. [27] studied the factors prompting biomethane
digesters in Pakistan and found that education level, the shortfall of electricity, and its
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consequential influence on women’s menial labor and the education of children were the
factors that influenced the acceptance of BG-TECH. However, the key elements in the accep-
tance of biomethane digesters included institutional, social, environmental, demographic,
economic, and technical aspects. These factors vary across settings based on their social,
environmental, and economic situations [26]. Aside from socio-economic factors, in the
process of adopting technology, households take various other concerns into consideration.
Literature also supported the idea that institutional, economic, personality traits, social, and
physical factors could play an essential role in determining the acceptance of biomethane
digesters [28]. Furthermore, Wassie and Adaramola [29] examined and revealed that social
and economic barriers impeded the acceptance of biomethane digesters by Kenyan house-
holds. Another study uncovered that farmers’ choices regarding technology acceptance
were influenced by socio-economic standing [30]. In Uganda, it was found that cattle
ownership, household size, households’ earnings, and the cost of conventional biomass
fuels were the influential factors impacting the acceptance of BG-TECH [31]. A different
work by Luo et al. [32] revealed that socio-economic status and technological awareness
influenced biomethane development in Pakistan. In Bangladesh, the household head’s
sex, education, cattle ownership, and annual income acted as determining factors in the
acceptance of renewable energy technology [22]. In the same vein, Ferrer–Marti et al. [33]
argued that the acceptance of new technology was influenced by households’ income,
household head’s age, and household size.

In the past, very few researchers performed research on biomethane digesters’ accep-
tance on household and commercial scales [34,35]. Furthermore, the majority of studies
focus on the financial profitability of the technology, which increases the need for financial
analysis in light of the substitution benefits of the technology [36,37]. Similar to other
technologies, the acceptance of BG-TECH is also influenced by technological, financial,
and social factors [38–40]. Therefore, research on the factors that influence the decision
to accept technology is crucial, and many researchers have worked on this hotly debated
topic. Some studies focus on the acceptance of biomethane technology at various scales
in different countries [41–43]. Rasimphi and Tinarwo [44] studied the role of social and
financial barriers that Limpopo (Africa) faced in the acceptance and development of BG-
TECH. In a different study focusing on household-size digesters, it was found that the
increase in household earnings, the number of cattle owned, household size, and the cost of
biomass fuel were the factors that affected the acceptance of technology in Bangladesh [45].
In developing countries, the factors found to influence the acceptance decision of BG-TECH
were the type of occupation, age, knowledge, number of family members, income, level of
education, and gender of the household head [46–48].

Against the backdrop of the survey of previous studies, we rarely encountered any
comprehensive study investigating the factors influencing BG-TECH acceptance. To de-
velop a policy regarding technology, it is crucial to find the dominant factors acting as a
barrier to the acceptance of BG-TECH, as a country’s social and financial situation is not
constant. The previous studies remained silent on the following aspects, as framed by our
current study: From the consumer standpoint, none of the past research has been identified
to evaluate BG-TECH compared to conventional energy fuels comprehensively. Moreover,
no research work has been noted to deal with the multidimensional influence factors of
BG-TECH, with a particular focus on rural Pakistan. In addition, the previous studies rarely
provided a detailed policy analysis in terms of theoretical and practical BG-TECH policies.
Herein, we aim to fill this research void in the current study.

The purpose of this research is to delve into the crucial factors influencing BG-TECH’s
contribution to a green future. To achieve this objective, we collect primary data from rural
households belonging to Pakistan’s Punjab province. A logistic regression is employed
to estimate the crucial driving forces and barriers to BG-TECH adoption. We specifically
contribute by exploring the influence factors of BG-TECH acceptance. Furthermore, we
present a detailed household survey-based comparative analysis of the multidimensional
factors to highlight the distinguishing features of BG-TECH compared to traditional fuels.
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Finally, we extend the understanding of researchers, policymakers, and practitioners by
putting forward theoretical as well as practical policy insights. These contributions are
of critical importance since technology such as biomethane is needed to provide rural
areas with a better energy source and strengthen the economy. Thus, this study unveils
the factors that encourage or discourage the acceptance of BG-TECH in Pakistan’s rural
settings. This study would be helpful for policymakers, manufacturers of BG-TECH, and
scholars working in the same research domain.

2. Research Data and Methods
2.1. Research Site and Compilation of Data

Figure 1 presents the data and methodological steps. Primarily, a questionnaire was
conducted through multi-stage stratified random sampling. In this process, questionnaires
were distributed to the households in person, and a time period of one month was given
to fill out those questionnaires. After a month, the questionnaires were collected from the
households, followed by validation of the questionnaires. During the validation process,
only questionnaires that were completed in all respects and free from mistakes were
included in the analytical procedure. Then, data screening was done to prepare the data
for the final estimations. After that, estimations were carried out using logistic regression
analysis. Finally, the estimated results were interpreted, and the implications were drawn.
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To begin with the data collection for this study, a survey was executed in September
and October 2022 in four districts of Pakistan’s Punjab province. The districts used for data
collection are named Khushab, Layyah, Khanewal, and Muzaffar Garh, on the grounds
that biomethane digesters were present in those districts in abundance. Figure 2 shows the
map of the research site.
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A structured questionnaire was distributed in 23 villages for quantitative and qual-
itative analysis. The sample of 300 individuals was selected using multi-stage stratified
random sampling, of which 150 were users of biomethane and the remaining 150 were
non-users (see Table 1). The number of users and non-users of biomethane digesters in
each district is also documented in Table 1. The sampled biomethane users were found
using digesters of different sizes, involving 2, 4, 6, 8, 10, and 50 cubic meters, respectively.
The sample of our questionnaire is provided in Table A1 (see Appendix A).

Table 1. Description of the research sample.

Research Site (Districts) Surveyed Villages Size of Sample Users * Non-Users *

Layyah 7 112 57 55
Muzaffar Garh 6 78 37 41

Khanewal 5 69 36 33
Khushab 5 41 20 21

Cumulative 23 300 150 150
Note: * indicates users and non-users of biomethane digesters in each district.

2.2. Information Acquisition Channels of BG-TECH

Figure 3 presents the channels of BG-TECH information that could potentially influ-
ence people’s attitudes toward making a choice and using new technology. Those channels
were determined while conducting the survey. To this end, the respondents were asked
about their BG-TECH information channels, and their responses were recorded as pro-
vided in Figure 3. The BG-TECH information was sourced through the following main
channels: (i) Peer groups (39.38%) included co-workers, neighbors, and friends that are the
source of positive/negative word of mouth regarding the new technology. (ii) Biomethane
users (22.18%) appeared in a direct and dependable channel as they could share their
real-time experiences of using the new technology. (iii) Social media (19.52%) was the third
main channel contributing to the dissemination of BG-TECH information. Social media
comprised television, Facebook, and other social platforms that could efficiently transmit
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information and form people’s attitudes toward new technology. (iv) Biomethane digester
companies (15.01%) also played a role in the spread of BG-TECH information. They were a
reliable source, as they could directly communicate the features of the new technology to
the people. (v) Finally, the rural leaders (3.91%) were also among the transmission channels
of BG-TECH information. They have access to rural households, and their suggestions
influence the attitude of the people. Overall, peer groups and BG-TECH users were the
main players in information transmission, facilitating BG-TECH acceptance among the
representative households.
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2.3. Empirical Strategy

Though linear probability modeling or ordinary least squares regression is appropriate
for a dichotomous variable, this model has some limitations, such as the fact that the values
of fitted probabilities can be less than 0 or more than 1, and the effect of regressors remains
constant [49]. So, it is better to use a logistic regression model that is more predictable,
appropriate, and meaningful [46].

Logistic regression and probit models are used if the research contains a dichotomous
regressand variable [50,51]. The decision of whether to use a logistic regression or probit
model is affected by sustainability and convention. The logistic regression model has been
used as a standard model for many years if the regressand variable is distinct and binary.
The maximum likelihood method is applied after changing the regressand variable into
logistic regression variables [52]. Probit is thought of as a substitute for logistic regression.
The probit model and logistic regression model differ in that the latter makes assumptions
about the distribution of variables. Realistically, unless the model includes extreme values
across different observations, there are no substantial variations. The logistic regression
model is less complex and easier to understand than the probit model, according to Latkin
et al. [53]. The logistic regression model has been employed in the quantitative analysis
performed in this study. In the event that a household decides to adopt a BG-TECH, the
value will be 1, or else it will be 0 as the regressand variable is dichotomous.

As the logistic regression model can evaluate the odds in the procedures of BG-
TECH acceptance, that is why it is called the odds ratio. In the logistic regression model,
the technique of maximum likelihood is applied, and then the transformed version of
a regressand variable is created by taking a logarithm [54]. To find the odds ratio of all
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regressand variables used in a model, a logistic regression model can be used. This study
has used a multivariate logistic regression model to examine the possibility of acceptance
of biomethane digesters of different sizes. A binary logistic regression model is presented
as Equation (2):

P(Y) = ϕ0 + ϕ1X1 + ϕ2X2 + ϕ3X3 + ϕ4X4 + ϕ5X5 + ϕ6X6 + ϕ7X7 + ϕ8X8 + ϕ9X9 + ϕ10X10 (1)

In Equation (1), the logistic regression model parameters determined the odds ratios
for each regressor.

In
{

p(x)
1− (p(x))

}
= A0 + A1X1 + A2X2 + . . . + A10X10 + ε (2)

In Equation (2), p depicts the acceptance probability of BG-TECH (1 = acceptance,
0 = non-acceptance), A0 denote the constant term, X1 indicates small farm holder’s age, X2
denotes ownership of cattle, X3 is indicative of aftersales services, X4 denotes occupation,
X5 qualification, X6 is household size, X7 is monthly family income, X8 denotes ownership
of land, X9 represents working experience, and X10 denotes loan accessibility. However,
A1 to A10 indicate the parametrization of the respective regressor, while ε is the stochastic
residual term.

3. Results and Discussion
3.1. Statistical Summary

A statistical summary of different variables is shown in Table 2. It is concluded from
the table that the majority of individuals are middle-aged. On average, households own
seven cattle, which can produce enough cow dung to operate a biomethane digester. Most
small farm owners own small-scale farms and have around nine years of schooling, which
gives them enough knowledge of new technologies and makes it easy to persuade them to
adopt new technology such as BG-TECH. Herein, owning more land means having more
savings available to invest in new technology, and being qualified means having more
knowledge of the positive effects of BG-TECH. The average household size was found to be
six individuals. More individuals in a family can encourage the acceptance of technology
as they have more people to operate and maintain the biomethane digester, but they can
also discourage it as having more family members means enhanced household spending,
leading to fewer savings. The average monthly income was around twenty thousand
PKR. The influence of income on the acceptance of technology is expected to be positive,
as more earnings mean the family is capable of bearing the cost of digester installation
and maintenance. Aftersales services and loan accessibility are expected to influence the
acceptance of technology positively, as these increase individuals’ knowledge of technology
and their ability to accept new technology.

Table 2. Statistical summary of research variables.

Symbols Variables Measurement Average STD Hypothesize Links

X1 Small farm holder’s age Years 42.291 9.384 P/N
X2 Ownership of cattle No. of cattle 7.480 1.972 P
X3 Aftersales services Yes = 1, Otherwise = 0 0.613 0.304 P

X4 Occupation Agriculture = 1,
Otherwise = 0 0.805 0.296 P

X5 Qualification Schooling years 9.578 2.009 P
X6 Household size Number of individuals 5.916 1.774 P/N
X7 Household income PKR/per month 19,725.263 8632.170 P
X8 Ownership of land Acres 2.891 2.083 P
X9 Working experience Years 7.416 3.592 P

X10 Loans accessibility Yes = 1, Otherwise = 0 0.910 0.385 P

Note: 1 USD ≈ 262 PKR (i.e., Pakistani Rupee, the local currency unit), STD: standard deviation, P: positive,
N: negative.
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3.2. Outcomes of Logistic Regression Model and Discussion

For the evaluation of regressand variables, the logistic regression model is used.
A multivariate logistic regression model is applied to analyze the factors that impact
a household’s decision regarding the acceptance of BG-TECH. Equation (3) reports the
parametric estimates as follows:

ln{P/(1− P)} = 3.721− 0.139X1 + 0.612X2 + 1.159X3 + 0.778X4 + 0.687X5–0.695X6 + 0.011X7
+0.760X8 + 0.767X9 + 0.498X1O + εi

(3)

Cox-Snell-based R squared and Nagelkerke-based R squared are ideal for use in
evaluating the logistic regression model’s quality of fit. The R-squared and the R squared of
the linear regression are related, according to the coefficient of determination. The latter is
the fluctuation in the percentage of the regressand variable. The coefficient of determination
remains close to the value of the Cox-Snell-based R square, while Nagelkerke’s R-squared
value remains between zero and one. If the R square value is the highest, the model is
regarded as being fit. In multiple regression, the sum of squared distances is less, whereas it
is mostly occupied by the least squares method. The possibility that an incident will happen
is increased by logistic regression. The maximum likelihood method is more suitable in
a situation where the value of the sum of the squares is used in multiple regression. The
analysis of variables in the logistic regression model is presented in Table 3.

Table 3. Logistic regression analysis results.

Crucial Factors Parametric Score of ϕ Wald Stat. Level of Significance

Small farm holder’s age −0.276 10.837 0.000 ***
Ownership of cattle 0.749 9.462 0.000 ***
Aftersales services 1.296 5.356 0.042 **

Occupation 0.915 0.583 0.210
Qualification 0.824 12.694 0.000 ***

Household size −0.832 15.272 0.000 ***
Income 0.148 11.367 0.000 ***

Ownership of land 0.897 1.201 0.308
Working experience 0.904 1.003 0.245
Loans accessibility 0.635 14.970 0.000 ***

Constant term 4.695 13.504 0.017 ***
Note: *** p < 0.01, ** p < 0.05, Cox-Snell based R square = 0.620, Nagelkerke-base R square = 0.716.

3.2.1. Small Farm Holder’s Age

The estimated parametric score of the small farmer age is negative 0.276, showing
high statistical significance in this study. This indicates that if the age of a small farm holder
has increased by one year, the possibility that he will adopt the biomethane digester will
decrease by 0.276. It signifies that if a person is in his old age, he will be reluctant to adopt
BG-TECH. The practice of using old ways of gathering firewood as fuel can also lead to the
unwillingness of older people to adopt advanced technology. This outcome supports the
findings of Ahmad and Wu [45], whereas Nalunga et al. [55] found that the age of small
farm holders does not impact the decision to accept BG-TECH.

3.2.2. Ownership of Cattle

In Pakistan, cow dung is the main source of input to operate biomethane digesters.
If a family owns four cattle, then it can have enough dung to function as a biomethane
digester to fulfill their energy demands. The beta coefficient for animal possession is found
to be positive. 0.749, with high significance. This reveals that if a household’s ownership of
cattle increases, then the possibility of that household accepting a biomethane digester will
also increase by 0.749. This result supports the outcomes of different studies from various
countries [56–58]. A study conducted in Nepal revealed that household animal holding
was supportive of biogas adoption in the country, which validated our findings.
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3.2.3. Aftersales Service

In the area of biomethane research, there is a dummy variable recently introduced
called the Aftersales service. The coefficient for the availability of extension is positive
(1.296). As the value of extension has high significance, if aftersales service increases by
one unit, the possibility that a household may accept BG-TECH will increase by 1.296.
Aftersales service is one of the important factors enhancing the development of BG-TECH
in rural parts of the country. If people have appropriate training to use BG-TECH and
accurate knowledge of the benefits of this technology both environmentally and financially,
then the acceptance rate of technology will also increase. This outcome supports the results
of Ahmed et al. [38]. It has been theoretically argued that aftersales services for innovative
technologies aided the confidence of households in new technology, guiding them to opt
for such technology [59].

3.2.4. Qualification

The level of education plays an important part in the acceptance of any technology.
In this study, qualification is a continuous variable with high significance. The coefficient
for this variable is found to be positive (0.824), revealing that an increase in qualification
increases the chance that a small farm owner will adopt BG-TECH. Education in rural
areas of the country increases people’s understanding of new technology and confidence
in BG-TECH. Similar to this finding, Fava and Romanelli [60] found that more qualified
users were more likely to support Brazilian biogas development. However, knowledge
enhancement has been known to induce households to become more likely to accept
innovative technologies [61].

3.2.5. Household Size

The acceptance of BG-TECH is both positively and negatively influenced by the
number of members a family comprises. The estimated parametric score of household
size in this study was found to be negative (0.832). It indicates that if members of a family
increase, the likelihood of a family accepting biomethane digesters decreases by 0.832.
In rural areas, most households have large sizes, which leads to fewer savings to invest
in any new technology as more people are dependent on the income of the household,
and expenses also increase with the increase in household size. A household with more
members is keen to use wood or cow dung cake for fuel requirements, as they have more
people to cut and collect wood. This result is in line with the findings of He et al. [62], but
it does not support the research outcomes of Chowdhury et al. [26].

3.2.6. Household Income

Household income is integral to that family’s decision regarding acceptance of BG-
TECH. It is believed that increased income motivates a family to use new technology. The
parametric score of income is revealed to be positive, 0.148, with high significance. This
indicates that if the increase in income of a family is by one unit, then the increase in
the likelihood of that family accepting a biomethane digester increases by 0.148. While
studying small-scale biodigesters in India, Singh and Kalamdhad [63] observed that income
was a primary factor in enhancing the acceptance of biodigesters in their study sample.

3.2.7. Loan Accessibility

In Pakistan, most small farm holders do not have sufficient assets under their family
name and have less income, which leads to insufficient savings [64]. Thus, a loan from
the bank or any other credit provider is needed if a family wants to adopt technology
but has insufficient savings. The value of an estimated parameter for loan accessibility
is positive (0.635). This shows that if a small farmer family has easy loan accessibility,
then the possibility of him accepting this technology will increase by 0.635. Easy loan
accessibility for investment in the biomethane digester motivates people in rural areas to
use BG-TECH. This result is similar to that of Yasmin and Grundmann [47]. Primary data
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research by Ang’u et al. [65] estimated that credit availability effectively played a role in
biogas technology acceptance in Keyna’s Vihiga county.

3.2.8. Insignificant Variables

The working experience of small farm holders regarding the use of biomethane di-
gesters has a positive parameter estimated to be 0.904, but it is not significant. The pa-
rameter estimate for occupations other than farming is 0.915, and for ownership of lands
it is 0.897. Both have positive values but are also insignificant. This means that all three
variables do not affect the acceptance decision regarding the biomethane digester in the
context of the under-analyzed study sample.

4. Evaluation of Biomethane Digester and Policies
4.1. Survey-Based Evaluation of Biomethane Digesters

The surveyed households evaluated the BG-TECh based on six dimensions involving
behavioral, social, environmental, commercial, economic, and technical dimensions, as
shown in Figure 4. Households rated BG-TECH better than traditional energy devices in
terms of the tidiness of cooking utensils and the taste of the cooked food on biomethane
stoves. However, households thought that biomethane performed poorly when it came to
ease of use, elegance of devices, variety of cooking facilities, and inspiration to purchase
the new technology. Moreover, households thought BG-TECH was a better choice in terms
of employment opportunity creation and the less menial work required by adopters of
this technology. Aligned with this observation, Robinson et al. [66] posited that biogas
technology helped create green jobs for the Kenyan people. However, training and stove
upgrade requirements were argued to be hurdles to accepting BG-TECH.

Concerning environmental dimensions, households assessed that BG-TECH was
better than traditional energy sources since it was helpful in preventing forest loss and
environmental emissions. This finding is consistent with Ahmad et al. [67], who found that
users opted for biogas technology in Pakistan due to its environmental benefits. Another
piece of research also highlighted that the environmental advantages of biogas technology
complemented the economic payoffs of the said technology in Poland. Additionally, the
operational and repair costs and fixed capital costs of BG-TECH were evaluated as the
features that make this technology inferior to traditional devices. In the end, on technical
grounds, the impediments in the continuity of use across seasons were evaluated as a
hurdle, and thus households thought BG-TECH performed poorly compared to other
energy generation devices. On the contrary, households thought that BG-TECH was better
than other devices in terms of cooking time and fuel utilization. This dimension was also
emphasized by Kriechbaum et al. [68], as they argued that on technical grounds, Austrian
biodigesters were superior to traditional energy technologies.

4.2. Theoretical Recommendations

Based on our empirical results, we presented the following policy recommendations:
First of all, individuals intend to adopt biomethane digesters; however, the dearth of
support from the government for this technology’s acceptance is acting as a barrier to
attaining the desired results. The government should provide financial support to the
potential user of the technology, as biomethane benefits the economy and the environment.
The support from the government can also be in the form of loans or subsidies to decrease
the financial burden on the expected users of technology. This is also a method used by the
majority of underdeveloped countries, such as Pakistan [69].

Secondly, the acceptance rate of new technology can be decelerated by financial and
social barriers. To overcome these restrictions, it is crucial to make efforts to give proper
education to all. It is concluded from this study that biomethane acceptance is positively
affected by appropriate facilities for extension and improving the status of education in
the area, so it is recommended that the government provide opportunities for people
to get education and occupational training in technology. If extension workers and the
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people who have already adopted the biomethane digesters provide information related to
the benefits of technology, then acceptance can also be accelerated. Promoting BG-TECH
through media programs, social media, and flyers can also result in motivating people to
adopt biomethane digesters.
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The increased number of cattle owned by a family increases the chance that the
family may adopt biomethane digesters. In addition, more cattle means more biomethane
production, as more cow dung will be available for biomethane digesters. Therefore, the
Government should focus on increasing the production of cattle, which can be done by
improving the health of animals. The Government can also introduce programs to teach
herders how to take better care of their animals and create a favorable environment for them.
Commercial dairy, poultry, and beef farms should also be introduced to fulfill demand in
rural areas.

Higher earnings per month also impact the acceptance of BG-TECH positively. If
agricultural products are directly marketed, then it can increase the household’s income in
rural areas. The initial investment required to install biomethane digesters can be a burden
for some households, so credit from the government or NGOs can decrease the financial
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burden. For generating income, the government can also introduce retail stores to engage
small farm holders in off-farm income diversification.

The institutional framework of Pakistan is flimsy in supporting the development of
BG-TECH. There is a need for infrastructural development at the grass-roots level in order
to overcome the barriers related to the economy and society. It is also observed that once the
biomethane digester is installed, government workers rarely visit, which leads to mainte-
nance problems for biomethane digesters, and at last, people abandon those digesters. This
abandonment of biomethane digesters due to the lack of maintenance workers’ availability
led to the demotivation of acceptance of biomethane digesters. Therefore, it is also required
that the government focus on providing maintenance facilities in the areas where it has
installed biomethane digesters for the smooth operation of these digesters.

4.3. Practical Recommendations

Implications for future research related to BG-TECH are revealed in this study. In some
scenarios, acceptance and utilization of biomethane digesters face barriers and restrictions.
Due to the low maintenance of biomethane digesters, the number of digesters in households
is decreasing. Furthermore, other types of energy are available as an alternative, and there
is no subsistence farming in many households, which is the cause of low acceptance. The
lack of technical assistance in the area is also one of the factors behind the underuse of
digesters, in addition to the lack of technological awareness. Currently, the standards
and policies used for the construction of medium- or large-scale biomethane digesters are
lacking, so there is a need to improve the policies and standards. There is also a lack of
technical assistance, which is discouraging households from accepting and utilizing the
BG-TECH because of substandard design, construction, and maintenance of digesters. For
biomethane fermentation, a normal temperature is required, but the digester does not have
any feature that can raise the temperature or maintain it according to the temperature
needed for such fermentation. Low temperatures lead to low production of biomethane
gas, which usually happens due to low conversion and low efficiency of the feedstock in
the digesters. The increase in temperature leads to an increase in gas production, whereas
the decrease in temperature in the winter or on a cloudy day leads to a decrease in gas
production. Lack of knowledge related to technology benefits, lack of proper rules and
regulations, and poor infrastructure in the province in regards to education are some of the
other barriers to the transmission of technology.

Appropriate approaches and policies are required to guide the smooth distribution of
BG-TECH. The rules and regulations introduced for commercial-size biomethane digesters
are far behind the standards of the manufacturing industry. The establishment of more
industries is decreasing the land for farming and the production of cattle. A decrease in
cattle production means less input to operate biomethane digesters. So, it is crucial to
develop strategies that can encourage the acceptance of BG-TECH across the country. A
lack of education facilities and aftersales services results in a barrier to the acceptance and
utilization of BG-TECH.

In Pakistan, rural areas need a policy framework to deal with the energy crisis, which
is affecting households’ daily lives. This study can be helpful in prompting that framework.
Practical policies must be worked upon by the government or other organizations to deal
with Pakistan’s energy crisis. In order to tackle the energy crisis, the government can
either provide loans or subsidies for the installation of biomethane digesters or provide
free digesters to the potential users of BG-TECH. Otherwise, the government can provide
materials for building biomethane digesters. In addition, the government must encourage
households to raise cattle or poultry and use the waste for operating biomethane digesters,
as well as protect the environment from the release of hazardous gases and use the slurry
obtained from digesters as fertilizer to reduce fertilizer costs. In Pakistan, appropriate
training, the availability of off-farm income, a high level of education, and easy loan
accessibility can encourage people to use BG-TECH, which will resolve the energy shortage.
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5. Conclusions

While underdeveloped countries are facing an energy crisis, Pakistan is also badly
affected by the crisis, increasing the importance of using new resources as an alternative
to fill the energy gap. Biomethane is considered one of the important renewable energy
sources that can overcome the energy crisis in Pakistan and its rural parts. Although
biomethane can help Pakistan deal with the shortage of energy, its distribution is not
effective and is in the preliminary stages.

A logistic regression model was employed to find the factors that could impact the
decision to accept BG-TECH. Given our findings, we concluded that age, ownership of
cattle, aftersales service, education, household income, and loan accessibility promoted BG-
TECH acceptance. At the same time, the age of the household head and the household size
influenced the BG-TECH’s acceptance negatively. Finally, we concluded that occupation,
ownership of land, and working experience did not influence the acceptance of BG-TECH.

Despite presenting significant research contributions, some limitations might have
affected the outcomes of this research, which need due attention in future research in the
same arena. Since there are significant heterogeneities across the provinces of Pakistan,
the sample from Punjab province may not have empirical outcomes with sufficient gen-
eralizability and implications for the whole country. Therefore, we suggest the follow-up
studies carefully consider this perspective by selecting a more representative sample for
generalizable policy adherence implications. Additionally, future researchers should also
work on finding people’s real needs and what type of biomethane digester can meet them.
Additionally, prospective scholars should focus on potential users’ social conditions to sug-
gest a biomethane digester. Furthermore, research by government agencies is also required
to design a biomethane digester that can operate in the weather conditions of Pakistan.
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Appendix A

Table A1. Sample of structured questionnaire.

Questions Response Categories

Are you the head of your family? If “Yes,” please proceed with
filling in the questionnaire (Otherwise, please abort).

Gender (optional) Male 2 Female 2
Are you a user of the biomethane digester? User 2 Non-user 2

What is the size of your biomethane digester? _____________Cubic meters

Where did you get information about BG-TECH?
Peer groups 2 BG-TECH users 2

Social media 2
BG-TECH
companies 2

Rural leaders 2
Are you willing to accept a biomethane digester in the future? Acceptance 2 Non-acceptance 2
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Table A1. Cont.

Questions Response Categories

How old are you? _____________Years
How many cattle * does your family own? _______(No. of cattle)

Do you receive aftersales services for biomethane digesters? Yes 2 Otherwise 2
What is your occupation? Agriculture 2 Otherwise 2

What is your qualification in terms of schooling years? _____________Years
How many members are there in your family (including

yourself)? _______(No. of individuals)

How much monthly income does your family earn? _____________PKR/month
How much land your family owns in total? _____________Acres

How long have you been working? _____________Years
Do you have access to some type of loan? Yes 2 Otherwise 2

Evaluation of BG-TECH against other cooking devices
It requires auxiliary (i.e., additional) cooking tools. BG-TECH 2 Others ** 2

It can be used to cook a variety of dishes. BG-TECH 2 Others 2
It is user-friendly. BG-TECH 2 Others 2

It keeps the cooking utensils tidy. BG-TECH 2 Others 2
It gives a better taste of cooked food. BG-TECH 2 Others 2

It inspires individuals to make its purchase. BG-TECH 2 Others 2
It is elegant. BG-TECH 2 Others 2

Its associated energy sector creates better job opportunities. BG-TECH 2 Others 2
It involves menial labor. BG-TECH 2 Others 2

It requires training and stove upgradation. BG-TECH 2 Others 2
It involves forest loss and self-decay. BG-TECH 2 Others 2

It involves more environmental emissions. BG-TECH 2 Others 2
After-sales customer support is available for this energy mode. BG-TECH 2 Others 2

It involves high operational, repair, and maintenance costs. BG-TECH 2 Others 2
It involves high fixed costs. BG-TECH 2 Others 2

It has a variety of sizes and is continuously used across the
seasons. BG-TECH 2 Others 2

It takes more cooking time and fuel utilization. BG-TECH 2 Others 2

Notes: * Large mammals known as ruminants that are raised for their meat, milk, or use as bearers of burden.
These animals have horns and cloven hooves. For example, cows, buffaloes, etc. Where PKR is Pakistani Rupee,
the local currency unit. ** It includes firewood, coal, liquefied petroleum gas (LPG) stoves, and electric heaters.
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