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A B S T R A C T   

Many countries have realised that biogas as a source of energy is an important component for sustainability 
transition. However, the total production volume of biogas is still relatively low. Such slow development raises a 
fundamental question—what are the current barriers hindering the wider uptake of biogas as a source of energy? 
In order to answer the question, a systematic state-of-the-art review of the barriers was conducted based on the 
Scopus database. The results of the review were summarised by country and were divided into two broad cat-
egories: developed and developing economies. Each group was analysed separately according to six types of 
barriers: (1) technical, (2) economic, (3) market, (4) institutional, (5) socio-cultural, and (6) environmental 
barriers. By analysing the barriers through different contexts, the most frequent and crucial constraints the 
biogas industry currently faces were identified and integrated into a systematic classification. In addition, 
possible solutions on how to overcome the most critical barriers were added.   

1. Introduction 

Environmental protection is becoming a huge and urgent problem 
for modern industry. Although the growth in population and the sci-
entific and technical developments in society have contributed to well- 
being, the development and implementation of new technologies along 
with a rise in material consumption have also led to an increase in en-
ergy consumption and the volume of generated waste. 

Global warming issues and the reduction of greenhouse gas (GHG) 
emissions are high on many political agendas, and many scientists urged 
immediate changes to existing energy systems. In addition to carbon 
dioxide (CO2), methane (CH4), nitrous oxide (N2O), and fluorinated 
gases are important GHGs. Methane is approximately 25 times as 
powerful as CO2 as a GHG [1]. Methane is generated in nature as a result 
of the decay of plant and animal matter, but there are also natural sinks, 
which remove excess methane [2]. However, extra methane is emitted 
because of anthropogenic activities, and this amounts to almost 50% of 
the total global CH4 emissions (Fig. 1). Human activities are estimated to 
have already caused approximately 1 �C of global warming above 
pre-industrial levels [3]. Furthermore, large quantities of methane 
destroy ozone, which reduces Earth’s protection against ultraviolet 

radiation from the Sun. Anthropogenic methane is emitted from waste 
(e.g. landfill gas, municipal wastewater, and solid waste), agriculture (e. 
g. livestock) and industry (e.g. fossil fuel production). The methane 
produced from these sources can be used for biogas production, thus 
reducing GHG emissions and, at the same time, saving energy and ma-
terial resources. Biogas has a high calorific value; it can replace coal, oil, 
and natural gas, which can also help to reduce GHG emissions. Biogas 
energy production can transform a ‘costly problem’ into a profitable 
solution [4]. 

Biogas can be used for the same purposes as natural gas, including 
heating, electricity generation and, after being upgraded, as a fuel for 
vehicles. As well as having similar traits to natural gas, biogas has a 
lower impact on the environment. Upgraded biogas (biomethane) can be 
injected into natural gas pipelines. Furthermore, biogas sludge can be 
used for the production of biofertiliser for farms as it has a high level of 
phosphorus and is expected to reduce the use of chemical fertilisers and 
pesticides. 

The largest underutilised resources for biogas production are in the 
agricultural sector [6]. Animal husbandry is the main source of envi-
ronmental pollution in rural areas. The predominant sources of pollution 
from this industry are unorganised emissions from collection-ponds and 
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manure storage facilities, which release harmful substances [7]. 
Anaerobic treatment of livestock waste in biogas plants has several 
benefits, including: a sharp reduction in environmental contamination 
and pathogens; the elimination of odours associated with livestock 
production; and the reduction of harmful emissions into the atmosphere. 
Biogas is formed in the process of anaerobic fermentation, which 
simultaneously disinfects the waste. Utilising anaerobic fermentation of 
animal wastes could fully or partially meet the energy needs of hus-
bandry industries, whilst at the same time producing valuable organic 
fertilisers that can significantly reduce the operating costs of biogas 
plants. Unlike biodiesel and bioethanol, biogas is mainly produced from 
organic waste and does not cause problems such as food shortage or loss 
of biodiversity. This makes biogas a more ethical option for use in energy 
production. 

It is equally important that rising greenhouse gas emissions, 
increased consumption, pollution of water, declining land fertility, 
inefficient waste management, and deforestation are the results of 
inefficient use of natural resources around the world. Biogas as a source 
of energy is an important component in the chain of measures to combat 
these problems. However, realisation of the full potential of biogas is 
slow, and uptake is occurring at different rates depending on the 
available sources. As a result, the biogas energy supply is generally very 

low compared to other sources of bioenergy (see Table 1 and Fig. 2). 
Consequently, it is important to understand the main barriers that 

currently hinder the wider uptake of biogas as a source of energy. While 
there have been some studies focusing on barriers to renewable energy 
as a whole (e.g. Refs. [10–13]), and on biogas in specific regions (e.g. 
Refs. [14–19]), there is no recent, comprehensive assessment of the 
barriers to the wider uptake of biogas. In order to fill this gap, this paper 
aims to provide a complex and detailed state-of-the-art review. 
State-of-the-art review implies to consider the most current research in 
analysed field or topic, summarize emerging trends, offer new per-
spectives and/or needs for further research. Thus, research articles of the 

Fig. 1. Global methane emissions (data information from Ref. [5]).  

Table 1 
Total primary energy supply of biomass (values in exajoule (EJ)) [8].   

Total Municipal 
Waste 

Industrial 
Waste 

Solid 
biomass 

Biogas Liquid 
Biofuel 

2000 42.8 0.74 0.47 40.9 0.28 0.42 
2005 45.9 0.94 0.40 43.2 0.50 0.85 
2010 50.8 1.15 0.68 45.7 0.84 2.45 
2015 55.4 1.37 0.80 48.7 1.30 3.26 
2016 56.5 1.43 1.03 49.1 1.31 3.59  
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barriers to the wider uptake of biogas, which were written in the last five 
years (between 2014 and 2018), were taken for the state-of-the-art 
review. 

The rest of the paper is structured as follows: Section 2 outlines the 
methodology; Section 3 presents the results and discusses the main 
findings according to each barrier category (technical, economic, mar-
ket, institutional, socio-cultural, and environmental); and Section 4 
presents the conclusions. 

2. Methodology 

An overall evaluation, comparison, and synthesis of the barriers 
identified in existing literature is vital for a comprehensive under-
standing of the future of biogas uptake. Analysis of literature, extraction 
of relevant cases and its re-interpretation can provide valuable knowl-
edge on different theoretical and practical perspectives. Our review 
covers the following steps (see Table 2):  

1. The extraction of relevant publications was done using the Scopus 
database. Keywords searches were carried out using the following 
word combinations: barrier þ biogas; challenge þ biogas; obstacle þ
biogas; bottleneck þ biogas; and constraint þ biogas. This extraction 
gave a more complete picture of biogas barriers, because some au-
thors used the word ‘barriers’ as well as its synonyms. The keywords 
were searched for in the title, abstract and keywords of each publi-
cation. The evaluated publications were all published between 2014 
and 2018. The document types of retrieved publications are ‘article’, 
‘review’ and ‘article in press’. The first step is resulted in 667 articles.  

2. In order to gain insight into the current problems for wider uptake, 
more than 667 articles dealing with the barriers, challenges, 

obstacles, bottlenecks, and constraints for biogas were analysed. In 
this step, each publication was evaluated through its title and ab-
stract, as well as skimmed entirely after the searchword ‘biogas’ in 
order to not miss any relevant publications. The selection process 
resulted in 200 publications.  

3. In the third step, full texts were analysed in order to answer the 
research question in the paper. As our goal is to systematize current 
barriers to the wider uptake of biogas for developed and developing 
economies into classification and to compare the barriers of these 
two categories, we only included publications that focused on spe-
cific developed or developing countries. Therefore, this step led to 
the inclusion of 103 publications for the next step.  

4. Each of the 103 selected publications focused on one of 32 countries. 
Table 3 summarises all publications by country and divides them into 
one of two broad categories: (1) developed economies and (2) 
developing economies, as defined by the World Economic Situation 
and Prospects [20]. The search for the categorisation of barriers was 
done in accordance to a thematic analysis approach [21], where six 
types of barriers were inductively derived from the data. Each group 
was analysed separately according to six types of barriers: (1) tech-
nical, (2) economic, (3) market, (4) institutional, (5) socio-cultural, 
and (6) environmental. The uptake of biogas is a complex process 
where many factors are interrelated. Therefore, these barrier cate-
gories are also connected to each other, and their systematisation 
was not completely rigid. The analysis of results is presented in 
Section 3. Each barrier is divided into sub-barriers with examples in 
order to provide a more complete assessment in each case. 

There are some methodological limitations in this paper. Firstly, the 
literature review is limited to journals articles. However, journal articles 

Fig. 2. Shares of world renewable energy supply in 2016 (data information from Ref. [9]).  

Table 2 
The research process.  

Step 1. Identification of keywords (period of time 2014–2018) 
Barrier þ Biogas Challenge þ Biogas Obstacle þ Biogas Bottleneck þ Biogas Constraint þ Biogas 
104 publications 385 publications 38 publications 43 publications 97 publications 
Step 2. Evaluation of publications for its relevance (title and abstract review þ text’s skimming) 
47 publications 110 publications 7 publications 10 publications 26 publications 
Step 3. Evaluation of full texts (focus on developed and developing economies) 
103 publications 
Step 4. Complex analysis of barriers  
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represent the high content of scholarly literature and address a wider 
scientific audience [see e.g., [22,23]]. Secondly, the analysed publica-
tions were retrieved from the Scopus database instead of other data-
bases. We are aware of advantages and limitations of different databases 
[24–28]. The Scopus database was chosen for the extraction of publi-
cations as it covers a more expanded amount of journals than Web of 
Science [29]. Another popular database such as Google Scholar is crit-
icized because of lack of screening for journals’ quality. Thirdly, the 
combinations of keywords that we used for the extraction of publica-
tions, such as ‘barrier’, ‘challenge’, ‘obstacle’, ‘bottleneck’, and 
‘constraint’, could be our limitation as there is a possibility that we may 
have missed relevant articles just because the authors do not use these 
keywords. Overall, these limitations also appear in other literature re-
views [e.g. [23,30,31]]. 

3. Results and discussion 

3.1. Technical barriers 

One of the crucial technical barriers is infrastructural challenges. In 
developed countries, this primarily affects the transport sector, i.e. 
limited access to refuelling stations and to vehicle gas makes it difficult 
to use biogas vehicles, creating a bad reputation for biogas as a feasible 
fuel for vehicles, thus hindering its expansion [49]. In Sweden, wide-
spread implementation of biogas refuelling infrastructure is significantly 
more expensive than for liquid fuels [42]. In Denmark, fuel stations for 
CH4 are limited because of higher technical requirements for CH4 than 
for diesel, for example. This creates uncertainty regarding fuel storage 

and the infrastructure available for CH4 delivery and distribution [33]. 
The lack of underground pipelines and connections to the national grid, 
as well as other technical challenges such as appropriate waste segre-
gation, waste collection, and waste allocation and storage, create diffi-
culties to distribute and utilise biogas [102]. 

Infrastructural challenge, such as the availability of feedstock, can also 
be an issue. Rural households could lack the required numbers of cattle 
or poultry to generate enough animal dung for production of sufficient 
amounts of biogas in order to meet the needs of a household [18]; 
approximately eight cattle per household would be needed to provide 
safe drinking water, electricity, and cooking gas [108]. Non-controlled 
systems of accumulation of liquid effluents from agro-industrial com-
plex lead to contamination of drinking water sources and soil. As in the 
case of rural areas in Bangladesh, there is a problem of arsenic 
contamination in drinking water [108]. A small scale biogas based on a 
polygeneration system can provide both clean energy and drinking 
water. A polygeneration system consists of a gas engine and a cooking 
stove integrated with a digester, where waste heat from the engine 
operates a thermally-driven water purifier (a so-called membrane 
distillation unit) [108]. In the case of rural China, the connection of 
toilets to biogas plants prevent the contamination of drinking water and 
the occurrence of infectious diseases by human and animal faecal matter 
[88]. In addition, the decomposition of organic waste in forms of the 
leachate also releases toxic liquid that gets into soil, groundwater, and 
through them to rivers and sea. Biogas plants can recycle organic waste 
thus eliminate these contaminations. The availability of resources in 
quantities large enough to sustain the production of adequate amounts 
of biogas is the hurdle for large African families [80]. In Singapore, it is 
not possible to produce a sufficient amount of electricity because of a 
shortage of biodegradable waste [105]. Therefore, biogas adopters 
might not receive sufficient energy from the biogas digesters. In the best 
case, they might complement energy from biogas with additional energy 
sources like firewood, dung or charcoal [68]. In worst way, they might 
abandon or refuse the use of biogas technologies. The type of feedstock in 
use for biogas production can be an issue. In Austria, as well as in 
Germany, the biogas production comes mostly from energy crops. These 
crops were primarily cultivated for food and fodder production. Thus, 
the use of energy crops for energy production received a bad reputation 
in public opinions and governments as it created a negative impact on 
food security, increased food prices, and made inefficient usage of land 
for crops production. 

Poor collection, improper segregation, a lack of vehicles and inadequate 
waste transportation increase the risk of supply chain disruption and 
create a barrier for utilising waste in biogas production [113]. In Latin 
America, household digesters depend on organic waste and local ma-
terials. However, due to long or difficult transportation routes, the 
collection of substrates, construction materials and diffusion of digestate 
are not always possible in rural and remote areas [61,127]. Hence, the 
need to have suitable land for installation of the equipment and a suffi-
cient number of animals to supply the waste are constraining factors for 
the very poorest communities. 

Unavailability of local biogas technologies can be a challenge to the 
deployment of biogas as a source of energy. In Ethiopia, there is a 
dependence on non-local materials, which increases investment costs 
and maintenance problems [65]. Due to unavailability of local tech-
nology in Malaysia, anaerobic digester (AD) technologies are imported 
from other countries such as Germany [101,103,104]. This fact also 
creates high equipment costs and dependency on imports. 

The productivity of biogas plants depends on the operator experience, 
skilled staff, and well-trained personnel. A low number of specialised 
companies, qualified specialists, construction businesses, and technol-
ogists specialising in designing, constructing, and exploiting agricultural 
biogas plants is a challenging task for the adoption of biogas technolo-
gies [81,89,91,101,106,109,115]. In addition, insufficient knowledge of 
the use and fertilising value of digestate among farmers hampers suc-
cessful production of biogas and biofertiliser. Farmers should therefore 

Table 3 
Overview of 103 publications by country.  

Category Location Country Reference 

Developed 
economies 

Europe Austria [32] 
Denmark [13,33–37] 
Germany [32,38–41] 
Sweden [42–50] 
France [32,51] 
Netherlands [52] 
Spain [53] 
Hungary [54] 
Poland [32,55–57] 
Switzerland [13] 

North America United States [14,58,59] 
EU in general [60,61] 
Developed world in general [62] 
Developing 

economies 
Africa Botswana [63] 

Ethiopia [64–68] 
Ghana [64] 
Kenya [69,70] 
Rwanda [70] 
Zambia [71,72] 
Nigeria [73,74] 
Mauritius [75] 
The whole/parts of 
Africa 

[76–85] 

Asia China [16, 
86–100] 

Malaysia [101–104] 
Singapore [105] 
Indonesia [106] 
Thailand [107] 
Bangladesh [18, 

108–110] 
India [111–117] 
Vietnam [36] 
Pakistan [118–121] 

Latin America and 
Caribbean 

Brazil [122,123] 
Peru [124] 
Bolivia [125] 
Uruguay [126] 
The whole location [127,128] 

Developing world in general [17]  
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be educated in the proper use of, for example, animal manure for pro-
ducing biogas and biofertiliser [118]. In India, a lack of training and 
education for householders—especially women—is an important barrier 
in relation to the maintenance of digesters, feedstock suitability, and the 
environmental and potential livelihood benefits of digestate [112]. 
Training in the use of digesters as well as their maintenance is important 
for ensuring efficient delivery of energy to households. It is considered to 
be a necessary means of informing users about biogas benefits, its cor-
rect operation, and the maintenance, limitations, and safety of biogas 
plants [127]. 

Many authors outline frequent need for repair and lack of attention paid 
to maintenance of biogas plants as barriers to its uptake [14,17,69]. In 
developing countries, inadequate expertise for the construction and 
maintenance of biogas plants create additional constraints to its use 
[17]. As explained by Ghafoor et al. [121], a lack of technical knowledge 
during installation and operation led to failed biogas plants, which had a 
problem with longevity. In Pakistan, biogas plants have failed after one 
year in the absence of proper maintenance [119]. The same problem is 
seen in rural China, where some biogas projects were liquidated due to 
lagging follow-up service and management [88,97]. Inappropriate man-
agement and a lack of technical knowledge led to failures in biogas 
programmes which in turn created a negative image of biogas [17,62,71, 
116,121,127]. Trust is a function that persuades clients to adopt and 
invest in new technologies [129]. Consumers consider various issues 
when making decisions of whether to adopt or reject a modern energy 
technology [64]. Technical failures and failed biogas projects can cause 
this trust to be lost. Previous biogas programs that used particular de-
signs and “failed” have created a negative perception in many countries 
[67,69,81,113]. Households are therefore reluctant to adopt biogas 
technology, due to the spillover effect of failed digesters [67]. 

Biogas has specific characteristics, which could influence its produc-
tion. The calorific value of biogas is dependent on the composition of 
biogas and remains one of the most important issues for its utilisation. 
The composition of biogas can be changed if the operating parameters 
are varied. Factors such as temperature, retention time, rate of input to 
the digester, composition of feedstock etc. affect the efficiency of biogas 
production and play a substantial role in the final composition of biogas. 
Therefore, the calorific value depends on many operating parameters. In 
addition, the complex composition of biogas accompanied by unfav-
ourable impurities such as nitrogen gas (N2), oxygen (O2), hydrogen gas 
(H2), hydrogen sulphide (H2S), carbon monoxide (CO) and ammonia 
(NH3) can also cause problems such as corrosion, toxicity, and reduction 
of the heating value [58,103,114]. Huang et al. [99] thoroughly studied 
hazards of feeding biogas into the natural gas pipe-network. The authors 
identified impurities types such as CO2 (reduces volumetric heating 
value), dust (blocks the pipes and the gas facilities), liquid water (blocks 
pipe and damages equipment as it freezes at low temperatures), and 
solid sol (blocks the valves, compressors and other facilities) [99]. 

During winter the biogas production rate can decrease and may not 
be sufficient for the needs of the people living on farms [e.g. [80, 81]]. 
The main operational limiting factor is the reduction of gas supply 
during winter season [117]. This happens because low temperatures 
affect the biogas fermentation process by increasing the viscosity of the 
liquids in the reaction, which in turn reduces the activity of microor-
ganisms and the methane output. In addition, farmers have a greater 
need for energy during this period. Specifically, cold mountainous re-
gions of some developing countries like China, Nepal, and northern 
India are unsuitable for biogas production [17,83]. In the northern re-
gions of rural China, where there are very cold winters, the operational 
temperature for the promotion of biogas is restricted, especially for 
family-scale projects [81]. 

3.2. Economic barriers 

Economic considerations play a major role in the choice of energy 
source. Biogas installations require high investment costs [e.g. [75]]. This 

includes the cost of construction of biogas plant [117], procurement of 
equipment, hiring technical staff, introduction of technology [89], etc. 
In the case of biogas digester, even though the feedstock is free the 
treatment and transportation costs of feedstock, especially over long 
distances, are negatively affect the economics of biogas power plant 
[113]. Equally important is the case of biomethane, where the instal-
lation of a purification unit and a gas-conditioning unit requires higher 
investment costs [58,102], which performs as an obstacle for bio-
methane to expand gas grid injection. The building biogas powerplants 
is becoming more complicated due to unavailability of bank loans with 
preferential terms [see e.g. [41,77]]. Furthermore, the area of agricultural 
land can affect the possibility of building biogas plants. In Germany, 
higher competition in the land market leads to increasing land prices; 
this affects biogas farms, which may not achieve higher profitability due 
to increased rental prices [38]. The high cost of managing and maintaining 
biogas plants further affects farmers’ commitment to using biogas [16]. 
Even in Germany, which is significantly the most progressive European 
country in terms of biogas production, a levelized cost of electricity 
(LCOE) for biogas technologies is relatively high (Table 4) [130]. The 
LCOE gives an opportunity to compare technologies with different life 
spans, capital costs, project sizes etc. and shows how much it costs to 
generate 1 kWh of electricity. 

High investment costs together with widespread poverty are critical 
economic barriers in developing countries. A key feature of biogas 
technologies is that almost all expenses are upfront, while, operating 
expenses are very low. This fact creates problems to potential users with 
a low capital base. The cost can be considered as a critical factor 
affecting consumer decisions and implementation of biogas projects [e. 
g. [53,74,86]]. In Pakistan, poor households usually hesitate to choose 
biogas as there is no apparent direct cash generation from a biogas plant 
relative to the high investment costs [119]. In rural areas of Latin 
America, costs and financing are significant barriers to the wider uptake 
of household anaerobic digesters [127]. The majority of digesters 
currently in use in Africa are immobile fixed-dome and floating-drum 
types, which are not expedient if the land where the digester is 
installed is not owned by the user—due to high investment costs [77]. In 
Ethiopia [65] and in Nigeria [73], widespread poverty leads to insuffi-
cient purchasing power to invest in biogas plants. The endemic and 
widespread nature of poverty in Kenya also makes it difficult for users to 
afford the upfront cost of these systems [69]. However, in some cases 
there are possible solutions to construct small scale biogas plants with 
low initial investment costs. For example, in a project for the reduction 
of deforestation and support of climate change mitigation in Malawi, an 
inexpensive biogas plant system using three tubular polyethylene biogas 
digesters (TPBD) was constructed [131]. Thick tubular polyethylene 
material was used for the construction instead of concrete and brick 
masonry. The efficiency of this type of system is equal to traditional 
designs such as fixed dome digesters [131]. Such method of the biogas 
plant construction is already implemented in other African countries 
such as Kenya, Tanzania, Rwanda and Zimbabwe. 

A lack of subsidies, financial support programmes, and soft loans are 
influential economic barriers which reduce the attractiveness of biogas 

Table 4 
Levelized cost of electricity (LCOE) of energy technologies in Germany in 2018 
[130].  

Type of energy technologies Range of LCOE [€cent/kWh] 

PV rooftop small 950–1300 GHI in kWh/(m2a) 7.23–11.54 
PV rooftop large 950–1300 GHI in kWh/(m2a) 4.95–8.46 
PV utility-scale 950–1300 GHI in kWh/(m2a) 3.71–6.77 
Wind Onshore 1800–3200 FLH in h/a 3.99–8.23 
Wind Offshore 3200–4500 FLH in h/a 7.49–13.79 
Biogas 5000–7000 FLH in h/a 10.14–14.74 
Brown coal 6450–7450 FLH in h/a 4.59–7.98 
Hard coal 5350–6350 FLH in h/a 6.27–9.86 
Gas 500–2000 FLH in h/a 11.03–21.94  
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projects to the investors [89]. The lack of government incentives con-
tributes to the low adoption rate of biogas technologies [36,77,125]. 
Cong et al. [33] point out that in Denmark, the government needs to 
consider policy instruments such as subsidising the investment of biogas 
plants with new technologies, or subsidising the purchase of gas-driven 
vehicles. 

Family-sized biogas plants are still costly for poor households, who 
are also excluded from the benefit of subsidies. The absence of direct 
government subsidies in Uruguay to improve old waste treatment plants 
creates an incremental cost to companies, and this is the main barrier for 
development of anaerobic technology [126]. In the case of sub-Saharan 
Africa [76,79], installation costs for conventional biogas systems are 
unaffordable for many potential users because of insufficient credit 
schemes and other financial support. In Bangladesh, some initiatives to 
promote community-based biogas are unable to gain traction because no 
financial support programmes exist [108]. 

There is no level playing field for new biogas technologies competing 
with conventional fossil fuel technologies, especially when the economic 
structure in many developing countries favours fossil fuels over 
renewable fuels [17,103]. For instance, in Malaysia, biogas is generally 
considered an expensive energy source due to high investment costs 
compared to heavily subsidised fossil fuel [102]. Another case is pre-
sented in Poland, where many politicians support the development of 
renewable technologies, but also favour the construction of nuclear 
power plants at the same time [57]. The national government in Bolivia 
subsidies fossil fuels justifying it as a way to promote economic devel-
opment [125]. However, when the government tried to cancel subsidies 
for fossil fuels, it met strong social resistance [125]. 

A lack of research and development (R&D) funding is seen as an 
important obstacle among developing countries. There are problems 
with inadequate R&D and a lack of suitably qualified researchers due to 
insufficient funding [71]. In order to improve technology innovation, 
more funds should be invested in R&D [97]. Institutional networking for 
R&D and coordinated efforts in solving R&D problems should be created 
in order to enhance biogas processes, reduce the cost of biogas tech-
nologies and make it affordable for poorer households to invest in it, and 
to create more training-, consultation- and educational programs for 
biogas adopters. Furthermore, energy technologies and their imple-
mentation are not taught in detail in most engineering and technical 
courses at universities and colleges in developing countries [17]. 

3.3. Market barriers 

Lower prices of fossil fuels and a high price of biogas are critical market 
barriers. Biogas is more expensive than natural gas, and this fact con-
cerns end-consumers as it creates a risk for them to pay more than ‘usual’ 
[52]. The price of biogas must be competitive to other available fuels in 
order for it to reach the public sector [43]. 

Several studies provide a complex analysis of biogas in relation to 
natural gas [45,49]. In the first case, natural gas is seen as an important 
enabler and backup solution but, at the same time, authors underline 
that the proportion of biogas should be kept high [49]. In the latter case, 
the authors assume that there is no need to keep natural gas as a backup 
fuel, seeing this as a barrier to the future development of an upgraded 
biogas supply chain [45]. On the other hand, upgraded biogas can be 
injected into the natural gas grid, which is a manageable integration, 
and which has some important advantages. These include a greater 
coverage of new customers in more densely populated areas—and in 
some remote areas where there is no gas distribution— and improve-
ments to the security of local supplies. This is important because many 
countries consume more gas than they produce. Biomethane injection 
into the natural gas grid is an efficient delivery system, since conversion 
losses are avoided, meaning that upgraded biogas can act as a substitute 
for natural gas with significant environmental benefits. On the other 
hand, biogas can increase the import of natural gas. For example, vehicle 
gas is a combination of upgraded biogas and natural gas. A supply of 

100% upgraded biogas is not attractive due to its significant cost, but an 
admixture of natural gas and biogas makes this fuel more attractive to 
consumers [45]. However, this fact creates a “domino effect” whereby 
any decrease of biogas production may increase natural gas imports into 
a region [45]. 

Competition between biogas, bio-ethanol, and electric vehicles could 
further prevent biogas uptake. For instance, Ammenberg et al. linked 
biogas expansion to the success of electric vehicles. In the case of the 
Stockholm region, the future role of biogas will partly be decided by how 
the electric bus and car market develops [49]. According to the results of 
interviews from the study [49], electric vehicles are seen as a good so-
lution for city centres, whereas biogas vehicles such as long-distance 
buses, heavy-duty vehicles, and working machines are considered to 
be better suited in surrounding areas and urban fringes. The reasons why 
municipalities prefer electric vehicles over biogas vehicles are a lack of 
biogas fuelling stations, and an internal scepticism and fear of accidents, 
which is connected to a low level of knowledge [49]. In developing 
countries, traditional solid biomass, cow dung and firewood are also 
competitors to biogas as these alternatives are cheaper and easily 
available in rural areas [113]. Manufacturers of digestate-based prod-
ucts have difficulties in competing with existing soil and organic fertil-
iser manufacturers, as retailers and garden centres prefer suppliers that 
have a range of products and that can deliver large quantities [62]. Thus, 
market barriers could lead to a lack of participation from biogas plant 
developers [101]. 

3.4. Institutional barriers 

The literature review found that governmental involvement remains 
essential. In many cases, there is a lack of political support and specific 
programs to promote biogas technologies [see e.g., [57,84,123]]. The 
energy sector has not received significant attention in policy debates 
within developing countries [17]. Kamp and Forn [65] point out that an 
incomplete network of actors and the highly centralised and hierarchical 
nature of programmes hinder the contribution of the private sector. 
Bureaucratic issues are still need to overcome in order to receive 
financing for biogas enterprises [56,123]. Too many formal re-
quirements, complex administrative and legal procedures create diffi-
culties and slow down the process of installing biogas plants [32,88]. In 
Austria, despite of high legal and technical requirements, the adminis-
tration process of approving the realisation of biogas projects lasts at 
least 3 months [32]. In the case of rural China, the development process 
of the biogas Clean Development Mechanism project lasted 12–18 
months from the beginning to registration, and for other two registered 
biogas projects, the average registration time was 383 days [88]. 

The policy landscape is very dynamic and uncertain, which is perceived 
as problematic in itself [32,49]. Biogas producers would like to have 
clear policies and support for the industry [43]. Several studies 
mentioned that the future of taxes, incentives, and governmental sup-
port for biogas is generally unclear [43,48]. In Sweden, Ammenberg 
et al. [49] note that important actors are awaiting the “rules of the 
game” due to their unpredictability and many of the biogas producers 
have mentioned that there are many uncertain factors in the market 
[43]. In the study of L€onnqvist et al. [50], the respondents have 
accentuated that the predictability of the support is even more impor-
tant than the exact design of the policy instruments. Another essential 
point, which L€onnqvist et al. [50] highlight, is that the Swedish gov-
ernment cannot design policy instruments without any consideration to 
the EU framework. One example of this issue is when the government 
changed the energy tax on biofuels in order to avoid overcompensation 
due to the EU regulation [50]. Subsequently, insufficient information 
about the development of energy policy can perform as a relevant bar-
rier for investment in biogas plants [39]. 

The government strategy and effective supporting schemes play a 
critical role in biogas uptake. However, such way of support could 
further become a vicious cycle for the biogas sector. Some cases already 
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launched this phenomenon, as for example in Germany [35,39,40], the 
reduction of feed-in tariffs (2012 and 2014) and the cancellation of tax 
exemption for biomethane (2016) slowed down the growth of biogas 
production. 

Political instability also prevents the uptake of biogas as a source of 
energy. As in the case of Ethiopia, there are internal and external con-
sequences of political instability [65]. From an internal prospect, this 
fact hinders entrepreneurial activities and suspend private sector in-
vestments. From an external prospect, Ethiopia faces significant 
geopolitical risks due to its latent border conflicts with Eritrea and So-
malia, as well as wars in its neighbouring countries (e.g. Sudan and 
South Sudan, and Somalia) [65]. 

Several authors defined a lack of private sector participation and poor 
coordination between the public and the private sectors as challenging fac-
tors to biogas uptake [63,113,125]. This is an essential point because 
private sector plays a key role in promoting biogas energy to the market 
and making it commercially stable [84]. 

3.5. Socio-cultural barriers 

A lack of public participation and consumer interest is the most critical 
socio-cultural barrier. For instance, in Ghana, unfamiliarity with the 
technology is a barrier to biogas uptake [64]. In Malaysia, social 
awareness and acceptance about the importance of waste segregation, 
and of green and sustainable development, is missing as Malaysians 
often prefer cheaper options [102]. Relatively lagging rural economy in 
China causes a limited awareness of environmental protection, economy 
of resources, and health improvement among rural households [89]. 
Even though farming households are involved in the introduction of 
these new technologies, they do not feel any responsibility for its use and 
maintenance nor for its ecological and economic improvements that 
biogas utilisation brings [see e.g., [88]]. 

Society specific factors, such as stigmatisation, have an impact on 
biogas dissemination. Some biogas projects failed because they were 
incompatible with local beliefs [109]. Family-sized biogas plants are 
disregarded due to usage of dung for cooking. Local populations cannot 
accept the use of biogas because of their traditional beliefs, as it is 
produced from manure, dung, or some other kind of faecal matter [71, 
74,81]. Gebreegziabher et al. [78] point out that some religions in 
sub-Saharan Africa have very strict rules with respect to cleanliness, to a 
large extent in connection with humans but also with animal excrement. 
In Zambia, women could not collect cow dung as it was against their 
traditions [71]. In Kenya, some households expressed doubts over the 
“cleanliness” of biogas coming from some types of waste [69]. This 
could also lead to problems regarding the management of feedstock and 
slurry, as many users are not willing to do the daily dung mixing 
required, considering it a dirty job [108]. In the same way unhygienic 
conditions in the surrounding of house create a social unacceptability for 
use of human excrements in biogas plants [117]. In rural society of 
India, women, which are primarily responsible for cooking, have a very 
low status and can’t make a choice for clean fuels [113]. Stigmatisation 
has also an impact on export to other countries. As Dahlin et al. [62] 
demonstrated that products derived from digestate containing pig slurry 
cannot be marketed to Islamic countries. 

Some authors point to a low level of knowledge of the general popu-
lation [see e.g., [52,82]]. For example, potential customers do not 
necessarily know the difference between natural gas and biogas [49]. 
Some of them had not even heard about biogas or biomethane before 
[51]. In Pakistan, an immense shortage of knowledge is highlighted as a 
reason for hesitation among farmers [119]. The reason can be a lack of 
educational and guiding materials for selection and economic feasibility 
evaluation of biodigestion technology, which can lead to a lack of 
awareness and low level of knowledge [51,81,97]. Absence of informa-
tion and limited interaction with potential adopters could be another 
reason for the low level of knowledge among people. Roopnarain and 
Adeleke [77] outline that limited communication with farmers is the key 

problem for uptake of biogas technology in Africa. In Uganda, Clemens 
et al. [80] found out that biogas constructors do not properly explain 
how to use bioslurry and how to proper feed the biodigesters. Thus, a 
lack of knowledge can contribute to mistrust and scepticism towards the 
positive effects that biogas technologies can help to achieve [51]. 

In sub-Saharan Africa, low literacy levels make adoption of biogas 
technologies more difficult [79]. In Ethiopia, the low literacy rate is 
exacerbated by the fact that there are more than 80 different native 
languages [65]. 

Some potential customers resist change and desire to maintain the 
status quo. The reluctance to change from free, traditional technology to 
a stove that has upfront costs, and the prioritisation of other needs, are 
seen as important socio-cultural problems. Due to the deeply rooted 
practice of injera (flatbread) cooking in Ethiopia, the transition towards 
biogas technologies is not currently possible [65]. Another reason can be 
that some private customers prefer established brands to new ones, 
mostly because it is difficult for them to assess the quality of a new 
product [62]. 

Migration from the countryside to cities and the optimisation of the 
structure of the agricultural industry leads to fewer households in rural 
areas of China [16,91], as more educated and qualified people are 
interested to earn higher salaries in cities [92]. This fact undoubtedly 
affects the uptake of biogas. 

3.6. Environmental barriers 

Despite several significant environmental benefits of biogas, few 
authors note the potential negative environmental aspects such as noise 
pollution [32,69], odour complaints [14,32,58], and the needs for 
abundant water resources for biogas digesters [64,65,67,71,113]. 
Anaerobic digestion requires abundant water resources, with a propor-
tion equal to 1:1 of the amount of water and manure to be loaded into 
the digester [67]. For that reason, biogas production may not be a 
problem in the wet seasons, but may be a problem in dry seasons, 
especially where the distance to water supply is large [83] and in regions 
with limited water availability [67,84]. Specifically, some African 
countries such as Zambia, with a growing population, may face a water 
shortage [71]. 

Broken digester caps and gas valves that are not airtight can cause 
significant environmental problems, such as gas escaping into the at-
mosphere and increasing GHG emissions. Due to the negligence, failed 
and abandoned biogas projects can pollute groundwater, nearby lakes 
and rivers, and generate unpleasant odour [97]. Biogas leakage (a 
mixture of methane, carbon dioxide, and hydrogen sulphide) is one 
contributor to atmospheric pollution and global warming. Hence, 
leak-proof storage areas for feedstock and digesters to protect ground-
water, labelled hazard points (e.g. rotating machine elements and 
compressed gas lines), and outlets for unused gas are necessary safety 
considerations. 

3.7. The comparison of barriers for developed and developing economies 

Table 5 presents the overview of all barriers and sub-barriers for 
developed and developing countries which were extracted from the 
literature review. Sub-barriers were evaluated by counting the number 
of times they were referred to in the reviewed publications in reference 
to each barrier category. After counting all references for each category 
of developed and developing countries, every sub-barrier was converted 
and expressed in a percentage format. The amount of references for 
developed and developing economies is different and the references are 
therefore expressed as a percentage, in order to see the most accurate 
proportion of references and provide a complete picture of the most 
influential barriers for each group. The results of this approach are 
shown in Table 5. The emboldened numbers under ‘proportion of ref-
erences (%)’ in Table 5 are considered to be crucial for the barrier 
category. 
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According to the results, the technical barriers such as infrastructural 
challenges are seen as critical for both developed and developing 
countries. In developed countries, the largest infrastructural barrier is 
the limited number of gas filling stations and gas vehicles which make it 
difficult to use biogas vehicles. In developing countries, infrastructural 
barriers consist of inadequate resource availability, insufficient water 
and manure, and a lack of required numbers of cattle or poultry to 
sustain the production of adequate amounts of biogas in order to meet 
the needs of a household. A shortage of competent and skilled local 
personnel to manage, operate, and maintain biogas plants, together with 
a lack of technical training and knowledge, are the second most influ-
ential technical barrier for developing countries. R&D and knowledge 
development are prerequisites within any innovation system. In order to 
improve technology innovation, more funds should be invested in R&D 
[97]. Institutional networking for R&D and coordinated efforts in solv-
ing R&D problems should be created in order to enhance biogas pro-
cesses, reduce the cost of biogas technologies and make it affordable for 
poorer households to invest in it, as well as to create more training-, 
consultation- and educational programs for biogas adopters. Innovations 
in the biogas industry usually require a network of actors where effective 
collaboration is an essential segment in a partnership project. Interna-
tional biogas projects can help countries to share knowledge, create new 
technologies and realize the potential for biogas and biomethane 
development. 

Among economic barriers, high investments together with low in-
comes and widespread poverty are important hurdles for both groups of 
countries. The level of the economic development is an important factor 
affecting the decision of whether or not to adopt new technology. The 
most common reason for not installing biogas plants is a lack of money. 
High investment costs, and a shortage of subsidies, financial support 
programmes, and soft loans are influential economic barriers, which are 
perceived as high among developing countries. The solution for these 
barriers can be the creation of a group of biogas experts who can 
recommend the most appropriate variants for a specific situation and/or 
project and create handbooks for potential biogas producers in order to 
use them as a guideline. 

In developed countries, biogas producers emphasise an absence of 
political support and stress the need for clear policies and support for the 
industry. Concerns are also raised about unpredictable policy landscape 
and an uncertain future demand for biogas. High level of bureaucracy 
with many formal requirements and legal procedures create problems 
and decelerate the process of biogas plants’ installations. These barriers 
are perceived as problematic and hinder contributions from the private 
sector. Challenges such as climate change, waste management and en-
ergy security are often addressed by policy instruments at different 
levels (e.g., region, country or union) as well as for different interrelated 
sectors (e.g., energy, agriculture and transport). Certainly, the policy 
instruments need to be designed coherently in order to drive the 
development of biogas technologies. In order to solve these barrier, 
different cooperation platforms can be created, which will assemble 
policymakers, biogas producers, businesses and stakeholders together, 
and help them to interact with each other. 

Absence of national ambition, effective strategies for sustainable 
development, political instability, and inefficient networks between all 
actors are significant institutional obstacles in developing countries. 
Political implications have a big impact on biogas uptake. Much of the 
support for biogas production comes from policy decision making, and 
the choice of direction for renewable energy development depends 
mostly on policymakers. In order to solve these problems, policymakers 
and practitioners in developing countries can learn from experiences of 
developed countries with more mature biogas markets and get inspired 
to develop measures (e.g., new policies or business strategies) to 
enhance the diffusion of biogas technologies in their countries. For 
example, in Sweden, many municipalities installed co-digestion plants 
in order to fuel their public transportation (e.g. buses, taxis, cars, and 
waste collection truck). It created a local solution to climate change and 

Table 5 
Impact of main sub-barriers in developed and developing countries.  

Barrier Sub-barriers Developed 
countries 

Developing 
countries 

Proportion of references (%) 

Technical Infrastructural challenges (e.g. 
plant size, lack of resource 
availability, limited number of 
gas filling stations) 

8.74 9.01 

Technical failures and 
problems, and negative image 
cause by failed biogas plants 

0.97 4.66 

Need for specialised technical 
staff and expertise (incl. a lack 
of technical training and 
knowledge) 

1.94 8.70 

Poor collection, improper 
segregation, a lack of vehicles 
and adequate waste 
transportation 

2.91 2.80 

Insufficient follow-up services 2.91 4.66 
Specific characteristics of 
biogas 

5.83 5.59 

Dependency on imported 
materials 

1.94 3.11 

Economic High investments/lack of 
available capital (low incomes 
and widespread poverty) 

7.77 11.49 

Lack of subsidies and financial 
support programmes (incl. 
fossil fuel subsidization) 

1.94 6.21 

High cost of biogas production, 
transportation, clean-up, and 
upgrading 

5.83 2.17 

Unavailability of bank loans 
(incl. with preferential terms) 

2.91 0.31 

Lack of R&D funding 0.97 3.42 
Market Lower prices of fossil fuels 4.85 1.86 

High price of biogas/ 
biomethane 

2.91 0.62 

Competition with other fuels/ 
Easy availability of fuelwood at 
zero private cost 

0.97 1.24 

Uncertainties related to 
injection of biogas into the grid 

3.88 0.31 

Institutional Lack of political support/ 
legislation 

1.94 6.21 

Uncertain policy landscape 
(incl. political instability) 

11.65 1.86 

Lack of private sector 
participation and poor 
coordination between the 
public and the private sectors 

2.91 3.11 

High level of bureaucracy (e.g. 
complex administrative and 
legal procedures) 

8.74 0.93 

Socio-cultural Lack of public participation 
and consumer interest 

4.85 6.52 

Desire to maintain the status 
quo/Resistance to change 

0.00 1.24 

Low level of knowledge 3.88 1.24 
Lack of information and 
information sharing 

0.00 2.17 

Lack of literacy rate/Low level 
of education 

0.00 1.24 

Cultural and religious outlook 
including stigmatisation 

0.00 3.11 

Migration 0.00 0.62 
Environmental Odour complaints 4.85 0.62 

Noise complaints 1.94 0.00 
Need for abundant water 
resources for biogas digesters/ 
Lack of access to adequate 
water 

0.00 4.35 

Pollution 1.94 0.62 
Total 100 100  
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air pollution [43], as well as providing at least one secure market that is 
increasing as demand grows [36]. Such public procurement does not 
only build an early market but also provide an opportunity to test and 
demonstrate alternative fuels and vehicles [31]. 

Among socio-cultural barriers, a lack of public participation, con-
sumer interest, and acceptance are all substantial. In some developed 
economies, scepticism among potential customers is also an affecting 
socio-cultural obstacle. Stigmatisation may also have an impact on 
market relations and exports between countries. Dahlin et al. [62] 
provide a good example of this phenomenon, whereby products derived 
from digestate containing pig slurry cannot be marketed to Islamic 
countries. In order to solve the underlined socio-cultural barriers, we 
suggest that media and public and/or professional organisations should 
provide more information on urgent needs to eliminate environmental 
problems and the multi-functionality of biogas, its positive features such 
as improved waste management, self-provision of clean energy etc. 

4. Conclusion 

In this study, we aimed to analyse the current barriers to the wider 
implementation of biogas as a source of energy. Based on a detailed 
literature review of 103 articles from 2014 to 2018, this review has 
synthesised understanding of the barriers to the wider uptake of biogas 
including their subsequent potential impact on the energy industry as a 
whole. The results generally point to six interrelated groups of barriers 
in both developed and developing economies: (1) technical, (2) eco-
nomic, (3) market, (4) institutional, (5) socio-cultural, and (6) envi-
ronmental barriers. The uptake of biogas is a complex process where 
many factors are interrelated. Therefore, these barrier categories are 
connected to each other, and their systematisation was not completely 
rigid. 

The distinguishing feature between research in developed and 
developing economies with respect to the implementation of biogas is 
that the former focus mostly on the transport sector [e.g. [13,43–46]] 
while the latter mainly focus on domestic and agricultural biogas plants 
[e.g. [18,65,73,94,127]]. Currently, developing countries have more 
barriers for biogas uptake. 

The findings show the importance of involvement of all stakeholders, 
especially of the private sector (in order to promote biogas energy to the 
market and make it commercially stable), governments (in order to 
introduce support programmes and form a clear policy landscape), 
financial institutions (in order to provide bank loans with preferential 
terms), R&D institutions (in order to improve technology innovation and 
enhance biogas processes), lobby groups, the media, and local commu-
nities (in order to provide a necessary information about energy uti-
lisation and environmental impacts of biogas, as well as to inform the 
public of the necessity of waste management, maintaining sustainable 
development etc.). Environmental protection is an urgent and common 
problem which should be resolved by all parts in society. Without proper 
collaboration, spread of knowledge and resources through and inside 
national borders, it will not be easy to overcome the barriers. 

As far as research implications are concerned, this study provides a 
novel contribution to the literature by integrating the existing barriers to 
the wider uptake of biogas as a source of energy into a systematic 
classification. By analysing barriers from different contexts, the most 
frequent and crucial constraints of biogas uptake were identified. 
Although every country has its own development factors, the experience 
from one country can be useful for others. 
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