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ABSTRACT

In Bangladesh, despite available feedstock for producing biogas, the development of biogas pro-
duction has been very slow. The objective of this research was to study the drivers for and barriers
to biogas technology implementation in the country. As the research involved different types of
stakeholders related to biogas production, the outcome provides clarity about the factors influenc-
ing the profusion of biogas production in Bangladesh. The outcome of the study identifies poor
research and development, lack of coordination among stakeholders, an immature biogas market,
lack of awareness and no feed-in tariff policy as the main barriers. In the case of drivers, the motiv-
ation of producing biogas as an efficient way of using waste, the availability of local experts, the
attractiveness of a growing renewable energy market and the contribution of biogas technology in
adaptation to climate change were found to be the most important factors. The study’s outcomes
are found to be similar to other studies from developing countries with similar socio-economic sta-
tus. In accordance with the important drivers and barriers identified in this study, recommendations
for increasing the diffusion of biogas in Bangladesh are also presented at the end of the article.
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1. Introduction process. Different types of organic substrates can be used
as raw materials, such as: sludge from wastewater treat-
ment plants, manure, food waste, plant material, and pro-
cess waters from food industries [8]. It consists of 60-70%
methane (CH,;) and 30-40% carbon dioxide (CO,), with the
remainder being hydrogen sulphide (H,S) and other trace

gases [9, 10]. Biogas production is more flexible than that

Energy is considered to be the most significant factor in
socio-economic growth and is strongly correlated with the
holistic development of a country [1]. In many developing
countries, there are governmental plans for economic
development and coping with the increasing demands for

energy, but there is also a desire to improve the energy
supply and security and to reduce the environmental
(mainly climate) impact of fossil-fuel-based energy produc-
tion [2]. Bangladesh as a developing country has been
experiencing an upward trend of economic growth in
recent decades [3]. Due to the rapid growth of industrial-
isation, the need for energy is increasing as well
Bangladesh is relying mainly on fossil fuels to meet the
energy demands [4]. Natural gas is the main energy source,
supplying 57% of total primary energy demand, followed
by oil [5]. Considering the problems associated with global
warming and climate change, many countries are moving
towards increased renewable energy adoption in their
energy systems. Bangladesh is also taking steps to increase
the share of renewable energy in energy supply. The use
of renewable energy has been increasing gradually for the
last few years in Bangladesh, especially in the biogas sector
and small-scale solar power systems [6, 7].

Biogas is produced via the anaerobic digestion of
organic material, and microorganisms are essential in the

of other biofuels, because it can be produced from hydro-
carbons, proteins or fats, including wet and secondary
materials [11]. Biogas is one of the renewable energy sour-
ces that can provide a sustainable solution to increasing
energy demand. Globally, in comparison with other renew-
able energy sources, such as wind and solar, the share of
biogas production has been meagre [12], although over
the last two decades, the stakeholders have become more
motivated to produce biogas from waste and this trend is
increasing globally. The highest energy-using countries, like
the USA and China, have been expanding their biogas pro-
ductions rapidly over the last few years [13]. The world’s
biogas production experienced a 3.5-fold increase from the
year 2000 to 2011, which made it one of the fastest grow-
ing renewable energy resources in the twenty-first cen-
tury [14].

There are many advantages of biogas, which include
not only the generation of biogas to meet energy demand
and bio-fertiliser, but also other socio-economic and envir-
onmental benefits [15]. It has the potential to contribute to
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Table 1. Animal manure production in Bangladesh [30].

Generation ratio Waste Waste

(kg dry matter per generation recovery
Animal manure type capita per day) (kt/y) (kt/y)
Cattle 2.90 24,180 14,887
Buffalo 2.52 1196 717
Goats 0.60 4680 2700
Sheep 0.45 39 214
Poultry droppings 0.04 1921 960

mitigating greenhouse gas emissions and improving the
utilisation of crop nutrients. The integration of waste man-
agement systems to include biogas production can address
many environmental issues, and such methods have been
adopted in many countries [16]. One of the important fac-
tors is that biogas can be produced from a wide range of
raw materials and thus can be customised for different
geographical locations and economies. Bangladesh is to a
high degree an agriculture-based economy and thus has a
decent amount of local resources available to produce bio-
gas on a large scale [13]. However, progress has been lack-
lustre for biogas production in the country given that there
are plenty of suitable resources available for producing it
[17, 18]. This inconsistency between amply available
resource and paltry biogas production raises questions
regarding the barriers to and drivers for biogas production
in Bangladesh.

The aim of this paper is to study the barriers to and
drivers for the implementation of the biogas solution in
Bangladesh. The study is analysed in six major aspects of
biogas production in the country:

Technical

Economic
Social/Awareness/Behavioural
Government/Policy
Organizational and competency
Market

Similar studies have been conducted in other countries;
for example, studies in the United Kingdom, India and
Ethiopia [19-22]. Also, there have been studies on biogas
that accumulate results from a few different European and
other countries [23-25].

However, to the authors’ knowledge, there have not
been any previous studies regarding the drivers for and
barriers to biogas solutions in Bangladesh. From the avail-
able scientific literature, little is known about the factors
influencing biogas production in Bangladesh. Despite of
being an agriculturally based country, where plenty of bio-
mass are available including the amount of generated
municipal waste, it is significant to explore the barriers and
drivers towards biogas diffusion. In addition, many other
countries where plenty of biomass are available for biogas
production can extract the lessons from this study. Thus,
the objective of this research is to fill this gap. This will
help to acquire a better understanding of the biogas scen-
ario in Bangladesh. It will help stakeholders in the biogas
industry to increase biogas production by reducing the bar-
riers and reinforcing the drivers of biogas production. At
the end of the paper, recommendations are discussed on
how to increase diffusion of biogas in Bangladesh.

2, Biogas status in Bangladesh

Bangladesh is located in the North-Eastern part of South
Asia, the total land area is 147,570 km? [26]. Among the
major landscapes, floodplains occupy nearly 80% of the
land area with hilly areas occupying almost 12%, and terra-
ces the remaining 8% [13]. The flat part of this country is
delta shaped. The hilly areas are mainly occupied by abori-
ginal people. The floodplain creates fertile land for cultiva-
tion and is the key reason behind Bangladesh’s agriculture-
based economy which has abundant resources to produce
biogas [17].

Agricultural residue, animal manure and the organic
portion of municipal waste are considered good sources
for producing the biogas [27]. Agricultural residue is mainly
collected from crops such as rice, wheat, sugarcane, maize
and vegetables, 46% of the total bioenergy used in
Bangladesh comes from rice husks, rice straw, sugarcane
bagasse and jute sticks [28]. Animal manure is a mixture of
organic material, moisture, and ash. Cattle, buffalo, goats
and sheep are the main sources of animal manure in
Bangladesh [29]. Table 1 shows the animal manure gener-

ation ratio, waste generation and waste recovery
in Bangladesh.
Biogas is mainly used for cooking purposes in

Bangladesh [31]. There are also examples of generating
electricity by using biogas on a small scale [5]. Many devel-
oped countries are using biogas not only for power gener-
ation but also as biofuel for transportation [24]. Linkoping,
a city in Sweden, uses biogas as a mainstream fuel in the
transportation sector [32]. The first biogas plant in
Bangladesh was established in 1972 at the Bangladesh
Agricultural University, Mymensingh, for demonstration
purposes [31]. Table 2 shows the biogas scenario in
Bangladesh. Domestic waste and manure are considered to
be major feedstock for the domestic biogas plants. The
domestic biogas potential in Bangladesh has been esti-
mated to be 8.6 million m* [33]. Although there is potential
for both biomass gasification power plants and biogas
power plants, achievement in these sectors has fallen short
of the potential [13]. Currently in Bangladesh, biomass and
biogas power plants are generating about 2 MW of electri-
city [5].

IDCOL (a company established by the Government of
Bangladesh), has invested 2.8 million USD in biomass-based
technologies, which include biogas power plants, biomass
power plants and biomass gasification plants. Up until
December 2018, IDCOL had financed the construction of
over 49,150 biogas plants all over the country [35]. It
mainly finances two types of plants, brick and cement
based, and fibreglass bio-digester based plants, with a daily
gas production capacity of 1.2m?> to 25.0m>. This initiative
saves 46,400 tonnes of firewood with a reduction of
185,000 tonnes of CO, emissions per annum. According to
IDCOL's future plans, it aims to install 100,000 biogas plants
in Bangladesh. Grameen Shakti is one of the prominent
non-governmental organisations (NGOs) in the local biogas
sector. They have installed 13,500 biogas plants so far [36].
There are many more NGOs (e.g. RSF, BRAC, BBF, GIZ, etc.)
that are also working on biogas-related projects in
Bangladesh [37].

Governmental policy plays a significant role in imple-
menting any technology in a country [38]. The Ministry of
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Technology Potential Target Achievement Remark

Domestic biogas system 9 million m* 100,000 biogas plants Ongoing project Most plants are wet
fermentation based

Biogas power plants 380 MW 5MW Less than 1 MW Wet fermentation based

Power, Energy, and Mineral Resources of Bangladesh final-
ised a policy in 2008 on overall renewable energy, which
included biogas technology as a renewable energy technol-
ogy, but at this moment there is no specific approved pol-
icy for biogas diffusion in Bangladesh [13].

3. Methodology

The study is exploratory and employing grounded theory.
A qualitative and systemic method is designed to identify
the barriers and drivers. In context, the study is conducted
in five steps. At first, an intensive literature review and
practical cases were studied to prepare a questionnaire in
seven knowledge areas such as technical, economical, gov-
ernment/policy, social/awareness/behavioural, organiza-
tional & competency and market. Then, the questionnaire
was sent to stakeholders working in the biogas sector
mainly categorized as biogas feedstock suppliers, biogas
process plant developers/owners, government/policy
organizations and the academicians. A total of 55 respond-
ents’ feedback have been analysed and data reliability was
check by the Cronbach’s alpha test. Finally, the most
important barriers and drivers were identified and ranked.
The detail methods are discussed below and presented in
Figure 1.

3.1. Intensive literature study

Literature studies have been used to understand the
energy system of Bangladesh, biogas production, present
biogas status in Bangladesh. The search items were ‘biogas
and drivers’, ‘biogas and barriers’, ‘biogas status in
Bangladesh’ and ‘energy system in Bangladesh’. The scien-
tific databases such as Web of Science and Scopus were
used to search the relevant papers. Initially, a wide search
of scientific articles and other relevant sources were done,
and literature was categorized and prioritized in the later
phase as per relevancy. A total of 100 scientific papers and
10 practical cases are studied for this research project.
However, while integrating the scientific papers at this
research, few exclusion criteria were maintained. Table 3
presents the expulsion criteria of the research:

3.2. Preparation of questionnaire

A questionnaire was prepared based on the literature
review and real cases in Bangladesh. The questions were
derived from the literature review of 100 scientific papers
and analysis of 10 real cases of biogas projects. We visited
multiple biogas projects implemented in different areas in
Bangladesh in an attempt to understand the challenges
these projects faced. Our literature study focused on similar
studies in other countries. Based on the literature review
and multiple intensive discussions with the participants
(e.g. academician, biogas plant developer, policy makers
and NGOs), the potential barriers and drivers addressing a

Bangladesh context were formulated. A similar case study
was conducted to find out the drivers and barriers in the
field of bioenergy diffusion in the United Kingdom [20].
Notably to mention that the study of United Kingdom [20]
inspired up-to some extent to design and initial formuliza-
tion of the questions.

A total of 40 questions addressing potential barriers and
27 questions addressing potential drivers to biogas tech-
nology implementation in Bangladesh in technical, eco-
nomic, social and policy areas were formulated. The
questions were asked in a hierarchical manner. In the ques-
tionnaire, drivers and barriers are divided into seven sec-
tions: Technical, Economic, Social/Awareness/Behavioural,
Government/Policy, Organizational and competency and
Market. The barriers and drivers in the questionnaire are
reproduced in Table 4.

3.3. Selection of stakeholders for survey

The questionnaire was sent to 80 different stakeholders.
They were selected based on three criteria such as working
experience in biogas sector, proficiency in technical know-
ledge and working as a government or biogas/renewable
policy development organization. In this survey, the stake-
holders working experience was considered as minimum of
10years except for the government policy organizations.
For example, Sustainable Renewable Energy Development
Authority (SREDA) - principle government renewable
energy policy development organization in Bangladesh was
formed in 2013 but currently plays a significant role in
renewable energy development in Bangladesh. In addition,
survey data is collected from Infrastructure Development
Company of Bangladesh (IDCOL) - a specialized govern-
ment owned company in Bangladesh which is not only
responsible for financing renewable development projects
but also peer to peer management among field level
organizations to international development organizations.
IDCOL built around 48,300 biogas plant, LGED developed
1142 projects, Bangladesh Council of Scientific and
Industrial research (BCSIR) completed 22,000 projects.
These projects are implemented mainly for cooking in rural
houses and plant size was small.

3.4. Data collection, analysis, reliability check

In this research a total of fifty-five stakeholder’s responded
among the 80 different stakeholders that the questionnaire
was submitted to. The number of feedstock supplier and
field level biogas plant operator responders was thirty and
those are closely affiliated with IDCOL. The local organiza-
tions that replied to this questionnaire after having several
group discussions with its members and, hence one single
feedstock supplier sample reflects multiple peoples
thought which made this evaluation stronger. A total of fif-
teen international and local NGOs including Deutsche
Gesellschaft fur Internationale Zusammenarbeit (GlZ),
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[ Methodology Flow Chart
\J
Intensive literature study {00cntilieinaners
e 10 practical cases )
4
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Ranking Potentials drivers & barriers are ranked
J

Figure 1. Chronological steps of the methodology of this research.

Table 3. Exclusion criteria of the literature.

Exclusion criterion Remark

Criterion 1 The article uses ‘biogas’ term only in title and

does not incorporate drivers and barriers

to implementation
Criterion 2 The article uses ‘biogas’ only as a part of the

future research direction or future perspective
Criterion 3 Articles deals only with biogas production technology
Criterion 4 Availability of full texts

Practical Action, Grameen Shakti and BRAC feedback have
been added considering their contribution as the major bio-
gas plant developers in rural Bangladesh. Five government
organizations such as SREDA, IDCOL, Local Government
Engineering Department (LGED), Bangladesh Bank (regula-
tory authority of green financing) and Bangladesh Council of
Scientific and Industrial Research (BCSIR) participated in this
survey. Finally, five senior academician and researchers par-
ticipated in the survey. The number of participants from aca-
demia is not quite high in this research. We have contacted
more than ten researchers but got response from five
researchers only. Notably to mention that few of the acade-
micians are working on biogas in Bangladesh. However, in
our study the participated academicians have versatile
record to work in the field of biogas.

The data is collected by sending questionnaire by e-mail.
The respondents were initially contacted via phone calls,
emails were sent later on with the details of the research and
the questionnaire and physical meeting was also needed
especially for rural organizations to explain the research
objective. Respondents were requested to assess each of the

barriers and drivers on a five-point Likert scale: ‘unimportant’,
‘somewhat important’, ‘important’, ‘very important’ and
‘extremely important’. The options were rated from 1 for
‘unimportant’ to 5 for ‘extremely important’. Thinking about
the broad experience of the respondents, legitimacy of the
view of them can be considered as significant. However, the
collected data was validated over telephone. Furthermore,
the collected data was analysed and reliability of the data
was checked by Cronbach’s alpha test. In this study, the value
of Cronbach’s alpha is 0.805 which reflects adequate internal
coherence of the data series

3.5. Ranking of barriers and drivers

The influential issues on biogas barrier and drivers are
ranked and presented in results. The arithmetic means
have been taken consideration only on the responses of
the numbered Likert scale. However, the discrepancies in
perceptions have not been considered in this study. The
results were normalized in the later phase that ranges from
0to 1.

4, Barriers to a biogas solution
4.1. Technical barriers

The results show that the most important technical barriers to
biogas technology implementation were ‘Lack of waste treat-
ment and storage facilities’, ‘Lack of feedstock supply’ and
‘Planning and installation issues’. These barriers were marked
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Figure 2. Technical barriers to biogas implementation, where respondents were asked to rank the perceived barriers from ‘1: Unimportant’ to ‘5:
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Figure 3. Economic barriers to biogas implementation, where respondents were asked to rank the perceived barriers from ‘1: Unimportant’ to ‘5:

Extremely important’.

by 42 participants out of 55. The other identified barriers were
‘Uncertainty in production of feedstock’, ‘Physical resources limi-
tation (land availability) and ‘Variations in feedstock'. It was
found that the two lowest ranked barriers were ‘Water unavail-
ability’ and ‘Poor quality of feedstock’, which were rated by only
one respondent as important. Figure 2 shows detailed
responses from the study.

4.2. Economic barriers

‘High initial investment was identified as the most import-
ant barrier, followed by ‘Uncertainties about receiving finan-
cial support’ and ‘Lack of investment incentives’. These
barriers were marked as top barriers by 28 participants out
of 55. The other important barriers were ‘Uncertain develop-
ment and operational costs’ and ‘Uncertain return on invest-
ment’, followed by ‘Competition with other investments'. The
lowest ranked barrier was ‘Competition with other renewable
energy options'. Figure 3 presents the different economic
barriers for biogas implementation in Bangladesh.

4.3. Social barriers

The results show that the most important social barriers
were ‘Lack of awareness about the policies, technology

and its benefits' and ‘Political unwillingness’, followed by
‘Resistance to change'. These barriers were marked as top
barriers by 37 participants out of 55. The lowest-ranked
social barrier was ‘Perceived negative environmental impacts
of feedstock'. Figure 4 shows the detailed responses from
the study.

4.4. Policy barriers

‘No feed-in tariff policy’ was identified as the most import-
ant policy barrier to biogas implementation in Bangladesh.
Eighteen participants identified this as the most significant
policy barrier. The other important policy barriers were
‘Lack of concrete biogas policy’ and ‘Insufficient attention
from government’, followed by ‘Lack of financial policy’. The
lower ranked policy barriers were ‘Bureaucratic complexity’
and ‘Unclear and complex legislative issues’. Figure 5
presents the detailed responses for the study.

4.5. Market barriers

‘Immature biogas market'’ was identified as the highest
ranked market barrier from twenty participants for biogas
implementation in Bangladeshi market. The others
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Figure 4. Social barriers to biogas implementation, where respondents were asked to rank the perceived barriers from ‘1: Unimportant’ to ‘5:

Extremely important’.
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Figure 5. Policy barriers to biogas implementation, where respondents were asked to rank the perceived barriers from ‘1: Unimportant’ to ‘5:

Extremely important’.
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Figure 6. Market barriers to biogas implementation, where respondents were asked to rank the perceived barriers from ‘1: Unimportant’ to ‘5:

Extremely important’.

significant barriers are identified as ‘lack of participation in
global carbon market' and ‘unsettled energy market'. 'Low
primary- end-user demand’ and ‘Competition with fossil fuels’
are found as less important in Bangladesh biogas market.
Figure 6 presents detailed responses for the study.

4.6. Competency and organizational barriers

‘Poor research and policy’ was identified as the highest
ranked market from twenty participants to biogas imple-
mentation in Bangladeshi market. The others significant
barriers are identified as ‘lack of coordination in biogas proj-
ects’ and ‘lack of technical experts/services'. ‘No unique plat-
form for biogas stakeholder' is found as less important in
Bangladesh biogas market. Figure 7 presents detailed
responses for the study

5. Drivers for biogas solutions
5.1. Technical drivers

The results show that the most important technical drivers
were ‘Efficient form of waste utilisation’ followed by ‘Variety
of feedstock for bioenergy (resource diversification)'. These
drivers were marked as top drivers by 41 participants out
of 55. The lowest-ranked technical drivers were ‘Specific
application based’ and ‘Customised technologies suitable for
processing local feedstock'. Figure 8 shows the detailed
responses from the study.

5.2. Economic drivers

‘Ensuring business value from biogas project’ was identi-
fied as the most important driver to implementing the
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Figure 7. Organization and competency barriers to biogas implementation, where respondents were asked to rank the perceived barriers from ‘1:

Unimportant’ to ‘5: Extremely important'.

Efficient methods of waste utilisation | I

Variety of feedstock use for bioenergy | NN
Specific application-based NN

Customised technologies suitable for processing
local feedstock

0

Figure 8. Technical drivers to biogas implementation, where respondents
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Figure 9. Economic drivers to biogas implementation, where respondents
Extremely important’.
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Figure 10. Social drivers to biogas implementation, where respondents
Extremely important'.

biogas solution in Bangladesh. Twenty-nine participants
out of fifty-five, identified this driver as the most signifi-
cant. The other significant economic drivers were
‘Profitable return on investment' and ‘Third party financ-
ing’, followed by ‘Availability of financial support'.
The lower-ranked economic drivers were ‘Possibility of
saving cost of energy’ and ‘Availability of cheap feedstock'.
Figure 9 presents the detailed study of economic drivers
from this study.

were asked to rank the perceived barriers from ‘1: Unimportant’ to ‘5:

5.3. Social drivers

The results show that the significant social drivers were
‘Attractiveness of growing renewable energy market' and
‘Political willingness to embrace green energy’, followed by
‘Increased bioenergy interest from end-users’. These drivers
were marked as top drivers by 22 participants out of 55. It
was found that the lowest-ranked social driver was ‘Possible
reduction in carbon emissions’. Figure 10 shows the detailed
responses from the study.
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Figure 12. Market drivers to biogas implementation, where respondents were asked to rank the perceived barriers from
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Figure 13. Market drivers to biogas implementation, where respondents were asked to rank the perceived barriers from ‘1: Unimportant’ to ‘5: Extremely important’.

Table 5. Top ranked barriers and drivers to biogas technology in Bangladesh.

Top ranked barriers and drivers

Category Barriers Drivers
Technical Lack of waste treatment and storage facilities Efficient form of waste utilisation
Economic High initial investment Ensuring business value from biogas project

Social/ Awareness/ Behavioural
technology and its benefits’

No feed-in tariff policy

Poor research and policy

Immature biogas market

Government/Policy
Organizational and Competence
Market

Lack of awareness about the policies,

Attractiveness of growing renewable energy market

Adaptation to climate change
People with real ambition
Threat of rising natural gas price

5.4. Policy drivers

‘Adaptation to climate change’ was ranked as the most sig-
nificant policy driver to biogas solution implementation in
Bangladesh. Thirty-eight participants ranked this as the
most significant policy driver. The lower-ranked policy
driver was ‘Meeting governmental renewable energy target'.
Figure 11 presents the policy drivers for biogas solutions
in Bangladesh.

5.5. Market drivers

‘Threat of rising natural gas price’ was ranked as the most
significant policy driver to biogas solution implementation
in Bangladesh. Thirty-eight participants ranked this as the
most significant policy driver. The lower-ranked policy driv-
ers were ‘Market diversification opportunity’ and ‘bioenergy
use versatility'. Figure 12 presents the policy drivers for bio-
gas solutions in Bangladesh.

5.6. Competency and organizational drivers

‘People with real ambition’ was ranked as the most signifi-
cant policy driver to biogas solution implementation in
Bangladesh. Thirty-eight participants ranked this as the
most significant policy driver. The lower-ranked policy driv-
ers were ‘availability of technical experts' and ‘Environmental
certification system’. Figure 13 presents the policy drivers
for biogas solutions in Bangladesh

6. Discussion

Biogas production is an important part of sustainability
goals in developing countries. A recent review concerning
biogas development in Europe shows that it has seen sig-
nificant growth in recent years which has mainly been
driven by favourable support schemes [24, 39, 40]. These
support schemes are missing in Bangladesh, and our study
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Figure 14. Government initiatives for the diffusion of renewable energy
technologies (inspired by Ref. [13]).

shows that this constitutes a main barrier. The critical find-
ings of our study are presented at Table 5.

If the outcome of this study is compared with similar
research in other developing countries, similarities are
found. In the United Kingdom, the most critical barriers are
all related to economic considerations and the most
important driver is reducing carbon emissions [20]. A
review article on the diffusion of biogas in several develop-
ing countries found high installation and maintenance
costs to be the major barrier [41]. Another review on bar-
riers to biogas dissemination in India was found, and this
research shows that high initial investment, lack of aware-
ness about the policies, technology and its benefits and
lack of coordination between different stakeholders are
important barriers [19, 42]. The outcome of this study also
found these barriers in the case of Bangladesh. In Nigeria,
a lack of support from government in areas of policy, the
provision of subsidies, soft loans and tax incentives are the
major barriers to biogas diffusion [11]. The high up-front
cost of bio-digester has been the major barrier for biogas
diffusion in Senegal [43]. It was observed that in develop-
ing countries economic concerns are the major barriers
[44-46]. These similarities can be attributed to the similar
socio-economic structure of developing countries.

6.1. Recommendation to diffuse biogas in Bangladesh

The dissemination of renewable energy technologies such
as biogas requires several actors to be engaged from the
beginning; this incorporates government, future proprietors
and individuals. These are the principal actors needed to
actualise and maintain the innovation [47]. Adequate local
information and skills ought to be likewise accessible for
execution, support and future repair work [48]. The legisla-
ture is an imperative performer for the dissemination of
ecological advances in a nation [49]. The other imperative
actors are: public and private associations, NGOs, the media
and so forth. Governmental initiatives can impact upon
and actualise the implementation of a sustainable technol-
ogy [48]. Figure 14 demonstrates the governmental

initiatives that incorporate legislation and policy, financial
help, instruction and training, exchange portability, related
projects and so forth.

Legislation and policy play critical roles in the dispersion
of renewable energy technologies [50, 51]. Bangladesh
published its renewable energy policy in December 2008
and this policy incorporates modalities and systems, finan-
cial and other incentives and tariff regulations [13]. In the
policy, it has been stated that the share of biogas will be
expanded, but it is difficult to get clear guidelines about
the biogas feedstock supply and utilisation.

Financial incentives act as an effective programme for
the implementation of renewable energy technologies [1].
The Government of Bangladesh can give financial support
to promote renewable energy technologies from multiple
points of view to people and organisations. This budgetary
assistance can take the form of a subsidy, a loan, tax
exemption and so on. Sometimes, the capital and oper-
ational expenditures become high for renewable energy
technologies. Financial help can tackle this issue and motiv-
ate the stakeholders to move forward with environmental
technology implementation and building of infrastructure
such as tank stations, pipelines etc.

Our study shows that lack of awareness about policies
and technology are an important barrier. Educating the
people is a vital part of the dissemination of renewable
energy technologies [52]. The people ought to be educated
and instructed about the multiple advantages and benefits
of biogas solutions. Despite having a good amount of feed-
stock for biogas production, numerous individuals in
Bangladesh are unaware of the bio-fertiliser which is a by-
product of the biogas production process. This bio-fertiliser
is an excellent source of plant supplements. The govern-
ment should involve local NGOs and the media to inform
people about the numerous benefits of biogas solutions
and to motivate them to utilise it. Public interest and co-
operation are also very significant in the diffusion of envir-
onmental technologies into a community [48]. It has been
observed that, without public support and co-operation,
numerous environmental diffusion projects have failed in
many countries.

Creating a market is another critical aspect of the diffu-
sion of renewable energy technologies [49]. It is essential
for organisations to have favourable market circumstances
so that companies can sustain their businesses in the
energy and environmental sector. Trade mobility plays a
significant role in this regard. The government should cre-
ate an environment for companies in which they can bring
their new ideas and technologies to market and continue
their business. It is a challenging task for a government to
diffuse environmental technologies like biogas unless it can
engage and encourage commercial companies to become
involved in this sector [47].

There are many examples for successful biogas diffusion
and lessons can be learnt. Sweden is becoming an exem-
plary model for biogas diffusion by integrating their waste
management system for biofuel production [53, 541
Germany has been successful for a long time to implement
biogas based transportation system and power generation
in many regions [55]. The governmental subsidy was the
main driver to disseminate the biogas sector in Thailand
[56]. India and Pakistan, two south Asian neighbouring



countries of Bangladesh are focusing on community based
waste management system for biogas production [42, 57].
Financial subsidies scheme and proper waste management
system have been the prime reasons for successful biogas
diffusion in many regions of China [58]. In Ghana, govern-
ment is focusing on pilot scale projects at the biogas sector
[38]. Proper waste management system, increase of institu-
tional capacity and policy are the actors to spread the bio-
gas technology at Bolivia in a larger scale [59]. The
researchers identified many actors for successful biogas dif-
fusion, though special focus was given to policy instrument.

7. Conclusion

Bangladesh is lagging in the biogas sector despite having
adequate resources to produce and utilize biogas on a
large scale. This paper aimed to study barriers to and driv-
ers for biogas development in Bangladesh. The preliminary
study is novel as to the author’'s awareness, no previous
study has been published revolving around this theme
from Bangladesh’s perspective. Despite its novel character,
the authors would like to draw attention to the fact that
the results emanate from 55 respondents.

To summarise the responses of the participants, the six
major areas of concern mentioned in the introduction
regarding biogas production in Bangladesh can be used.
From a technical perspective, the respondents identified
lack of waste treatment and waste storage facilities as the
main barriers, while the motivation of producing biogas as
an efficient way of using waste was found to be the
important drivers for biogas production. On the economic
side, the high initial investment is the major barrier, and
the drivers portray the expectations of the stakeholders
about mitigating these barriers; for example, ensuring a
return on investment from biogas projects. From a social/
awareness/behavioural perspective, the main barrier is the
lack of awareness about the policies, technologies and the
benefits of biogas production and the main driver are the
attractiveness of a growing renewable energy market. In
policy-related matters, the lack of a feed-in tariff policy for
biogas production is the main barrier, whilst the contribu-
tion of biogas technology to the adaptation to climate
change is the most important driver. However, in the com-
petency and organizational perspective, poor research and
policy is the top-ranked barrier. In contrast, people with
real ambition towards biogas technology implementation
has been found as the most significant driver in this cat-
egory. Immature biogas market is identified as the topmost
barrier in the market area, whilst the threat of rising natural
gas price is marked as the most significant driver at this
category. The outcome of the survey shows that the most
important barriers to biogas production in Bangladesh
revolve around the lack of a structured policy and eco-
nomic uncertainties, while the drivers are mainly related to
sustainability and reducing carbon emissions.

There have been no other studies regarding identifying
the drivers and barriers to the implementation of biogas
technology in Bangladesh. Our study becomes even more
critical while the Government of Bangladesh is planning to
increase the share of renewable energy in the coming
days. Notably, the biogas sector has the potential to be
one of the major renewable energy sources in Bangladesh.
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Our work is the first step in understanding the underlying
causes behind lack of development in the sector despite
plenty of material resources, this also identified gaps in
research and can work as a guide to future works in this
domain. As the barriers are identified in this work, future
research in this sector may include an analysis of how dif-
ferent barriers can be removed. For example, as the high
initial investment is one of the major barriers, an investiga-
tion regarding reducing the initial cost by using cheap and
locally available technologies and material can be con-
ducted. Besides, analysis can be conducted regarding the
possible success of public-private partnership investments
in biogas sector with the rising natural gas price. It requires
several actors to be involved in the successful implementa-
tion of biogas. As the government is considered as the pri-
mary stakeholder to diffuse biogas in any region, the
proper focus must be maintained from the Government of
Bangladesh in regards of policy, financial framework, waste
management system and incorporation of other institutions
in this field. Therefore, the future research scope should
encompass the policy framework integrating multidimen-
sional stakeholders, precisely the technical and financial
modalities. Furthermore, it will certainly be interesting to
explore the biogas value chain system keeping the focus
on the circular economy and beyond.

Disclosure statement

The authors declare no conflict of interest.

ORCID

A. S. M. Monjurul Hasan http://orcid.org/0000-0003-0333-1449
Maria T. Johansson http://orcid.org/0000-0003-0360-6019
Patrik Thollander http://orcid.org/0000-0002-4823-9905

References

[11  Barnes DF, Khandker SR, Samad HA. Energy poverty in rural
Bangladesh. Energy Policy. 2011;39(2):894-904. doi:10.1016/j.
enpol.2010.11.014.

[21  Ammenberg J, Sundin E. Products in environmental manage-
ment systems: drivers, barriers and experiences. J Clean Prod.
2005;13(4):405-415. doi:10.1016/j.jclepro.2003.12.005.

[31 Hasan ASMM, Rokonuzzaman M, Tuhin RA, et al. Drivers and bar-
riers to industrial energy efficiency in textile industries of
Bangladesh. Energies. 2019;12(9):1775. doi:10.3390/en12091775.

[4] Hasan ASMM, Hossain R, Tuhin RA, et al. Empirical investigation
of barriers and driving forces for efficient energy management
practices in non-energy-intensive manufacturing industries of
Bangladesh.  Sustainability. 2019;11(9):2671.  doi:10.3390/
su11092671.

[5] Bangladesh Power Development Board. Bangladesh Power
Development Board. 2020. Available from: https://www.bpdb.
gov.bd/bpdb_new/index.php/site/area_wise_demand [cited
2020 May 14].

[6] Hossain S, Chowdhury H, Chowdhury T, et al. Energy, exergy and
sustainability analyses of Bangladesh’s power generation sector.
Energy Rep. 2020;6:868-878. doi:10.1016/j.egyr.2020.04.010.

[71  Uddin MN, Rahman MA, Mofijur M, et al. Renewable energy in
Bangladesh: status and prospects. Energy Proc. 2019;160:
655-661. doi:10.1016/j.egypro.2019.02.218.

[8] Lastella G, Testa C, Cornacchia G, et al. Anaerobic digestion of
semi-solid organic waste: biogas production and its purifica-
tion. Energy Convers Manag. 2002;43(1):63-75. doi:10.1016/
S0196-8904(01)00011-5.


https://doi.org/10.1016/j.enpol.2010.11.014
https://doi.org/10.1016/j.enpol.2010.11.014
https://doi.org/10.1016/j.jclepro.2003.12.005
https://doi.org/10.3390/en12091775
https://doi.org/10.3390/su11092671
https://doi.org/10.3390/su11092671
https://www.bpdb.gov.bd/bpdb_new/index.php/site/area_wise_demand
https://www.bpdb.gov.bd/bpdb_new/index.php/site/area_wise_demand
https://doi.org/10.1016/j.egyr.2020.04.010
https://doi.org/10.1016/j.egypro.2019.02.218
https://doi.org/10.1016/S0196-8904(01)00011-5
https://doi.org/10.1016/S0196-8904(01)00011-5

654 A. S. M. M. HASAN ET AL.

[91

(10l

(11

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Lindkvist E, Karlsson M. Biogas production plants; existing clas-
sifications and proposed categories. J Clean Prod. 2018;174:
1588-1597. doi:10.1016/j.jclepro.2017.10.317.

Barua VB, Goud VV, Kalamdhad AS. Microbial pretreatment of
water hyacinth for enhanced hydrolysis followed by biogas

production. Renew Energy. 2018;126:21-29. doi:10.1016/j.
renene.2018.03.028.
Akinbomi J, Brandberg T, Sanni SA, Taherzadeh MJ.

Development and dissemination strategies for accelerating bio-
gas production in Nigeria. BioResources. 2014;9(3):5707-5737.
Huda ASN, Mekhilef S, Ahsan A. Biomass energy in Bangladesh:
current status and prospects. Renew Sustain Energy Rev. 2014;
30:504-517. doi:10.1016/j.rser.2013.10.028.

Hasan ASMM, Ammenberg J. Biogas potential from municipal
and agricultural residual biomass for power generation in
Hazaribagh, Bangladesh - a strategy to improve the energy
system. Renew. Energy Focus. 2019;29:14-23. doi:10.1016/j.ref.
2019.02.001.

World Bioenergy Association. Global bioenergy statistics -
Worldbioenergy. [Online] [cited 2020 Sep 08]. Available from:
https://worldbioenergy.org/global-bioenergy-statistics.

Shane A, Gheewala SH. Missed environmental benefits of bio-
gas production in Zambia. J Clean Prod. 2017;142:1200-1209.
doi:10.1016/j.jclepro.2016.07.060.

Florkowski WJ, Us A, Klepacka AM. Food waste in rural house-
holds support for local biogas production in Lubelskie
Voivodship (Poland). Resour Conserv Recycl. 2018;136:46-52.
doi:10.1016/j.resconrec.2018.03.022.

Sarker SA, Wang S, Adnan KMM, et al. Economic feasibility and
determinants of biogas technology adoption: evidence from
Bangladesh. Renew Sustain Energy Rev. 2020;123:109766. doi:
10.1016/j.rser.2020.109766.

Chowdhury T, Chowdhury H, Hossain N, et al. Latest advance-
ments on livestock waste management and biogas production:
Bangladesh’s perspective. J Cleaner Prod. 2020;272:122818. doi:
10.1016/j.jclepro.2020.122818.

Mittal S, Ahlgren EO, Shukla PR. Barriers to biogas dissemin-
ation in India: a review. Energy Policy. 2018;112:361-370. doi:
10.1016/j.enpol.2017.10.027.

Adams PW, Hammond GP, McManus MC, et al. Barriers to and
drivers for UK bioenergy development. Renew Sustain Energy
Rev. 2011;15(2):1217-1227. doi:10.1016/j.rser.2010.09.039.
Kelebe HE, Ayimut KM, Berhe GH, et al. Determinants for adop-
tion decision of small scale biogas technology by rural house-
holds in Tigray, Ethiopia. Energy Econ. 2017;66:272-278. doi:10.
1016/j.eneco.2017.06.022.

Surendra KC, Takara D, Hashimoto AG, et al. Biogas as a sus-
tainable energy source for developing countries: opportunities
and challenges. Renew Sustain Energy Rev. 2014;31:846-859.
doi:10.1016/j.rser.2013.12.015.

Ammenberg J, Anderberg S, Lonnqvist T, et al. Biogas in the
transport sector—actor and policy analysis focusing on the
demand side in the Stockholm region. Resour Conserv Recycl.
2018;129:70-80. doi:10.1016/j.resconrec.2017.10.010.

Scarlat N, Dallemand JF, Fahl F. Biogas: developments and per-
spectives in Europe. Renew Energy. 2018;129:457-472. doi:10.
1016/j.renene.2018.03.006.

Dahlgren S, Kanda W, Anderberg S. Drivers for and barriers to
biogas use in manufacturing, road transport and shipping: a
demand-side perspective. Biofuels. 2019;1-12. doi:10.1080/
17597269.2019.1657661.

Bangladesh overview. [Online] [cited 2020 Jul 06]. Available from:
https://www.worldbank.org/en/country/bangladesh/overview.
Indrawan N, Thapa S, Wijaya ME, et al. The biogas development
in the Indonesian power generation sector. Environ Dev. 2018;
25:85-99. doi:10.1016/j.envdev.2017.10.003.

Masud MH, Nuruzzaman M, Ahamed R, et al. Renewable energy
in Bangladesh: current situation and future prospect. Int J Sustain
Energy. 2020;39(2):132-175. doi:10.1080/14786451.2019.1659270.
Abrar MH, Hasan ASMM. Power generation from waste in
Chittagong City, Bangladesh - a sustainable approach to miti-
gate the energy crisis. In 1st International Conference on
Robotics, Electrical and Signal Processing Techniques, ICREST
2019; American International University of Bangladesh, Dhaka,
Bangladesh, 2019. p. 237-241.

[31]

[50]

Bangladesh Bureau of Statistics. Yearbook of Agricultural
Statistics, 2019. [Online] [cited 2020 Sep 08]. Available from:
http://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.
bd/page/1b1eb817_9325_4354_a756_3d18412203e2/2020-07-
27-16-12-576736ef1b5e3f93c8397bcd08b2a273.pdf.

Khan EU, Mainali B, Martin A, et al. Techno-economic analysis
of small scale biogas based polygeneration systems:
Bangladesh case study. Sustain Energy Technol Assessments.
2014;7:68-78. doi:10.1016/j.seta.2014.03.004.

Technical works — Technical works. [Online] [cited 2020 Aug
22]. Available from: https://www.tekniskaverken.se/.

Islam MT, Shahir SA, Uddin TMI, et al. Current energy scenario
and future prospect of renewable energy in Bangladesh.
Renew Sustain Energy Rev. 2014;39:1074-1088. doi:10.1016/j.
rser.2014.07.149.

Sustainable & Renewable Energy Development Authority
(SREDA). [Online] [cited 2020 May 14]. Available from: http://
www.sreda.gov.bd/index.php/site/page/82ea-5f0f-bc13-4c81-
3875-61c7-1a3d-abe5-7b58-5ac2.

Infrastructure Development Company Limited (IDCOL). [Online]
[cited 2020 Aug 22]. Available from: http://idcol.org/home/dbiogas.
Halder PK, Paul N, Beg MRA. Assessment of biomass energy
resources and related technologies practice in Bangladesh.
Renew Sustain Energy Rev. 2014;39:444-460. doi:10.1016/j.rser.
2014.07.071.

Uddin MN, Taweekun J, Techato K, et al. Sustainable biomass as
an alternative energy source: Bangladesh perspective. Energy
Proc. 2019;160:648-654. doi:10.1016/j.egypro.2019.02.217.

Fenton P, Kanda W. Barriers to the diffusion of renewable
energy: studies of biogas for transport in two European cities. J
Environ Plan Manag. 2017;60(4):725-742. doi:10.1080/09640568.
2016.1176557.

Tumusiime E, Kirabira JB, Musinguzi WB. Long-life performance
of biogas systems for productive applications: the role of R&D
and policy. Energy Rep. 2019;5:579-583. doi:10.1016/j.egyr.
2019.05.002.

Banja M, Jégard M, Motola V, et al. Support for biogas in the EU elec-
tricity sector — a comparative analysis. Biomass Bioenergy. 2019;128:
105313. doi:10.1016/j.biombioe.2019.105313.

Roopnarain A, Adeleke R. Current status, hurdles and future pros-
pects of biogas digestion technology in Africa. Renew Sustain
Energy Rev. 2017;67:1162-1179. doi:10.1016/j.rser.2016.09.087.
Mittal S, Ahlgren EO, Shukla PR. Future biogas resource poten-
tial in India: a bottom-up analysis. Renew Energy. 2019;141:
379-389. doi:10.1016/j.renene.2019.03.133.

Diouf B, Miezan E. The biogas initiative in developing countries,
from technical potential to failure: the case study of Senegal.
Renew Sustain Energy Rev. 2019;101:248-254. doi:10.1016/j.rser.
2018.11.011.

Patinvoh RJ, Taherzadeh MJ. Challenges of biogas implementa-
tion in developing countries. Curr Opin Environ Sci Health.
2019;12:30-37. doi:10.1016/j.coesh.2019.09.006.

Surroop D, Bundhoo ZMA, Raghoo P. Waste to energy through
biogas to improve energy security and to transform Africa’s
energy landscape. Curr Opin Green Sustain Chem. 2019;18:
79-83. doi:10.1016/j.cogsc.2019.02.010.

Rupf GV, Bahri PA, Boer KD, et al. Barriers and opportunities of
biogas dissemination in Sub-Saharan Africa and lessons learned
from Rwanda, Tanzania, China, India, and Nepal. Renew Sustain
Energy Rev. 2015;52:468-476. doi:10.1016/j.rser.2015.07.107.
Yaqoot M, Diwan P, Kandpal TC. Review of barriers to the dissemin-
ation of decentralized renewable energy systems. Renew Sustain
Energy Rev. 2016;58:477-490. doi:10.1016/j.rser.2015.12.224.

Urmee T, Md A. Social, cultural and political dimensions of off-grid
renewable energy programs in developing countries. Renew
Energy. 2016;93:159-167. doi:10.1016/j.renene.2016.02.040.

Kanda W, Mejia-Dugand S, Hjelm O. Governmental export promo-
tion initiatives: awareness, participation, and perceived effectiveness
among Swedish environmental technology firms. J Clean Prod.
2015;98:222-228. doi:10.1016/j.jclepro.2013.11.013.

Wang Q, Li S, Pisarenko Z. Heterogeneous effects of energy
efficiency, oil price, environmental pressure, R&D investment,
and policy on renewable energy - evidence from the G20
countries. Energy. 2020;209:118322. doi:10.1016/j.energy.2020.
118322.


https://doi.org/10.1016/j.jclepro.2017.10.317
https://doi.org/10.1016/j.renene.2018.03.028
https://doi.org/10.1016/j.renene.2018.03.028
https://doi.org/10.1016/j.rser.2013.10.028
https://doi.org/10.1016/j.ref.2019.02.001
https://doi.org/10.1016/j.ref.2019.02.001
https://worldbioenergy.org/global-bioenergy-statistics
https://doi.org/10.1016/j.jclepro.2016.07.060
https://doi.org/10.1016/j.resconrec.2018.03.022
https://doi.org/10.1016/j.rser.2020.109766
https://doi.org/10.1016/j.jclepro.2020.122818
https://doi.org/10.1016/j.enpol.2017.10.027
https://doi.org/10.1016/j.rser.2010.09.039
https://doi.org/10.1016/j.eneco.2017.06.022
https://doi.org/10.1016/j.eneco.2017.06.022
https://doi.org/10.1016/j.rser.2013.12.015
https://doi.org/10.1016/j.resconrec.2017.10.010
https://doi.org/10.1016/j.renene.2018.03.006
https://doi.org/10.1016/j.renene.2018.03.006
https://doi.org/10.1080/17597269.2019.1657661
https://doi.org/10.1080/17597269.2019.1657661
https://www.worldbank.org/en/country/bangladesh/overview
https://doi.org/10.1016/j.envdev.2017.10.003
https://doi.org/10.1080/14786451.2019.1659270
http://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/1b1eb817_9325_4354_a756_3d18412203e2/2020-07-27-16-12-576736ef1b5e3f93c8397bcd08b2a273.pdf
http://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/1b1eb817_9325_4354_a756_3d18412203e2/2020-07-27-16-12-576736ef1b5e3f93c8397bcd08b2a273.pdf
http://bbs.portal.gov.bd/sites/default/files/files/bbs.portal.gov.bd/page/1b1eb817_9325_4354_a756_3d18412203e2/2020-07-27-16-12-576736ef1b5e3f93c8397bcd08b2a273.pdf
https://doi.org/10.1016/j.seta.2014.03.004
https://www.tekniskaverken.se/
https://doi.org/10.1016/j.rser.2014.07.149
https://doi.org/10.1016/j.rser.2014.07.149
http://www.sreda.gov.bd/index.php/site/page/82ea-5f0f-bc13-4c81-3875-61c7-1a3d-abe5-7b58-5ac2
http://www.sreda.gov.bd/index.php/site/page/82ea-5f0f-bc13-4c81-3875-61c7-1a3d-abe5-7b58-5ac2
http://www.sreda.gov.bd/index.php/site/page/82ea-5f0f-bc13-4c81-3875-61c7-1a3d-abe5-7b58-5ac2
http://idcol.org/home/dbiogas
https://doi.org/10.1016/j.rser.2014.07.071
https://doi.org/10.1016/j.rser.2014.07.071
https://doi.org/10.1016/j.egypro.2019.02.217
https://doi.org/10.1080/09640568.2016.1176557
https://doi.org/10.1080/09640568.2016.1176557
https://doi.org/10.1016/j.egyr.2019.05.002
https://doi.org/10.1016/j.egyr.2019.05.002
https://doi.org/10.1016/j.biombioe.2019.105313
https://doi.org/10.1016/j.rser.2016.09.087
https://doi.org/10.1016/j.renene.2019.03.133
https://doi.org/10.1016/j.rser.2018.11.011
https://doi.org/10.1016/j.rser.2018.11.011
https://doi.org/10.1016/j.coesh.2019.09.006
https://doi.org/10.1016/j.cogsc.2019.02.010
https://doi.org/10.1016/j.rser.2015.07.107
https://doi.org/10.1016/j.rser.2015.12.224
https://doi.org/10.1016/j.renene.2016.02.040
https://doi.org/10.1016/j.jclepro.2013.11.013
https://doi.org/10.1016/j.energy.2020.118322
https://doi.org/10.1016/j.energy.2020.118322

[51]

[52]

[53]

[54]

[55]

Miiller F, Claar S, Neumann M, et al. Is green a Pan-African col-
our? Mapping African renewable energy policies and transitions
in 34 countries. Energy Res Soc Sci. 2020;68:101551. doi:10.
1016/j.erss.2020.101551.

Sinha SK, Subramanian KA, Singh HM, et al. Progressive trends
in bio-fuel policies in India: targets and implementation strat-
egy. Biofuels. 2019;10(1):155-166. doi:10.1080/17597269.2018.
1522483.

Lonngqvist T, Anderberg S, Ammenberg J, et al. Stimulating bio-
gas in the transport sector in a Swedish region — an actor and
policy analysis with supply side focus. Renew Sustain Energy
Rev. 2019;113:109269. doi:10.1016/j.rser.2019.109269.

Lindfors A, Gustafsson M, Anderberg S, et al. Developing biogas
systems in Norrkoping, Sweden: an industrial symbiosis inter-
vention. J Clean Prod. 2020;277:122822. doi:10.1016/j.jclepro.
2020.122822.

Balussou D, McKenna R, Most D, et al. A model-based analysis
of the future capacity expansion for German biogas plants

BIOFUELS ‘ 655

under different legal frameworks. Renew Sustain Energy Rev.
2018;96:119-131. doi:10.1016/j.rser.2018.07.041.

Aggarangsi P, Tippayawong N, Moran JC, et al. Overview of
livestock biogas technology development and implementation
in Thailand. Energy Sustain Dev. 2013;17(4):371-377. doi:10.
1016/j.esd.2013.03.004.

Yasmin N, Grundmann P. Adoption and diffusion of renewable
energy — the case of biogas as alternative fuel for cooking in
Pakistan. Renew Sustain Energy Rev. 2019;101:255-264. doi:10.
1016/j.rser.2018.10.011.

Gao M, Wang D, Wang H, et al. Biogas potential, utilization and
countermeasures in agricultural provinces: a case study of bio-
gas development in Henan Province, China. Renew Sustain
Energy Rev. 2019;99:191-200. doi:10.1016/j.rser.2018.10.005.
Lonngvist T, Sandberg T, Birbuet JC, et al. Large-scale biogas
generation in Bolivia - a stepwise reconfiguration. J Clean
Prod. 2018;180:494-504. doi:10.1016/j.jclepro.2018.01.174.


https://doi.org/10.1016/j.erss.2020.101551
https://doi.org/10.1016/j.erss.2020.101551
https://doi.org/10.1080/17597269.2018.1522483
https://doi.org/10.1080/17597269.2018.1522483
https://doi.org/10.1016/j.rser.2019.109269
https://doi.org/10.1016/j.jclepro.2020.122822
https://doi.org/10.1016/j.jclepro.2020.122822
https://doi.org/10.1016/j.rser.2018.07.041
https://doi.org/10.1016/j.esd.2013.03.004
https://doi.org/10.1016/j.esd.2013.03.004
https://doi.org/10.1016/j.rser.2018.10.011
https://doi.org/10.1016/j.rser.2018.10.011
https://doi.org/10.1016/j.rser.2018.10.005
https://doi.org/10.1016/j.jclepro.2018.01.174

	Abstract
	Introduction
	Biogas status in Bangladesh
	Methodology
	Intensive literature study
	Preparation of questionnaire
	Selection of stakeholders for survey
	Data collection, analysis, reliability check
	Ranking of barriers and drivers

	Barriers to a biogas solution
	Technical barriers
	Economic barriers
	Social barriers
	Policy barriers
	Market barriers
	Competency and organizational barriers

	Drivers for biogas solutions
	Technical drivers
	Economic drivers
	Social drivers
	Policy drivers
	Market drivers
	Competency and organizational drivers

	Discussion
	Recommendation to diffuse biogas in Bangladesh

	Conclusion
	Disclosure statement
	Orcid
	References


