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Abstract 

Given the rising expectations for the substitution of fossil fuels with renewable 

energy as one of the main solutions to cope with climate change, sustainable energy sources 

are therefore prerequisite for the sustainable development. Anaerobic digestion is considered 

as a significant technology in improving environment; as it solves waste management 

problems, produces biogas, as a main product, and as a by-product digestate, which can also 

be used as yield and soil improver.       

 The major objective of this study was to find out environmental aspects and impacts 

of small-scale biogas plants (BGPs) in central Vietnam. Current problems with BGPs in the 

target area were analysed and possible solutions were outlined in line with local conditions 

using problem analysis approach to identify and describe major problems and potential risks, 

intending to adopt some relative improvements and prevent failures. The study revealed 29% 

problem rate with biogas technology. Failures were recognized in all six main subsystems: 

anaerobic digestion processes and biogas utilization (37.2 %), biogas utilization equipment 

(25.2 %), digestate disposal system (17.1 %), knowledge related problems (9.1 %), piping 

system (6.2 %) and structural components (5.0 %). Also, current manure management 

practices were deeply investigated, analysed and described with all its aspects. Further so, 

motivating factors and current benefits were revealed. In target area types of BGPs KT1 and 

KT2 are predominant with average size of 7.45 m3 (±2.23).  Most common source of 

information about biogas technology are commune staff and local facilitators (77 %), than 

neighbours (13 %) and public media (10 %). An average farm have 2.2 working people and 

size of 2,821 m2 for farm with BGP and disposes by 13-14 piglets and 2-3 sows. A biogas 

potential per household is 2.32 m3/ day. However, if recalculated with actual usage of manure 

in BGPs, biogas outcome per household is 1.09 m3/day. Showing two time higher biogas 

potential, if manure used appropriately.        

 In conclusion, this study analysed the current situation surrounding problems with 

biogas plants and manure management in target area. Investigating of such a topic is within 

continuing concern about environmental issues connected with small-scale biogas plants and 

manure management in rural areas of developing countries.  

Keywords: small-scale biogas technology, anaerobic digestion, environmental aspects, 

technology difficulties, manure management practices 
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Abstrakt 

 Vzhledem k rostoucím očekáváním pro nahrazování fosilních paliv se energie 

z obnovitelných zdrojů stává jedním z hlavních řešení pro boj se změnou klimatu. Udržitelné 

zdroje energie jsou proto nezbytným předpokladem pro udržitelný rozvoj. Využití anaerobní 

digesce je považováno za vhodnou technologii pro zlepšení životního prostředí; protože řeší 

problémy nakládání s odpady, jako hlavní produkt vyrábí energii ve formě bioplynu a jako 

vedlejší produkt digestát, který má využití jako zlepšovatel zemědělských výnosů a půdních 

vlastností.           

 Hlavním cílem studie bylo zjistit dopady rodinných bioplynových stanic (BPS) na 

životní prostřední ve středním Vietnamu. Byly analyzovány současné problémy s BPS a byla 

vypracována možné řešení v souladu s místními podmínkami za využití analytického 

přístupu identifikujícího hlavní problémy a potenciální rizika s přihlédnutím k prevenci 

dalších poruch. Studie zjistila problémovost u 29 % BPS. Problémy byly zjištěny ve všech 

šesti hlavních subsystémech: anaerobní procesy a využití bioplynu (37,2 %), zařízení na 

využití bioplynu (25,2 %), výtok digestátu (17,1 %), problémy spojené se znalostmi (9,1 %), 

potrubní systém (6,2 %) a konstrukční prvky (5,0 %). Také praktiky nakládání s hnojem byly 

analyzovány a popsány. Dále byly prozkoumány motivační faktory a aktuální benefity dle 

respondentů. V cílové oblasti převažují typy BPS KT1 a KT2 s průměrnou velikostí 7,45 m3 

(±2,23). Nejčastějším zdrojem informací o BPS jsou místní facilitátoři a zastupitelé 

v komunách (77 %), sousedi (13 %) a veřejná média (10 %). Na průměrné farmě o velikosti 

2,821 m2 pracuje 2,2 lidí a mají 13-14 selat a 2-3 prasnice. Potenciál bioplynu na domácnost 

je 2,32 m3/den. Aktuální využité je však 1,09 m3/den. To poukazuje na dvojnásobný 

potenciál v množství vyprodukovaného bioplynu, pokud je vhodně nakládáno s exkrementy. 

 Závěrem, tato studie analyzuje současnou situaci kolem problematiky rodinných 

bioplynových stanic a nakládání s hnojem v oblasti středního Vietnamu. Problematika spadá 

do širšího kontextu v rámci pokračujících obav o environmentální problematiku spojenou 

s rodinnými bioplynovými stanicemi v rozvojových zemích.  

 

Klíčová slova: technologie malých bioplynových stanic, anaerobní digesce, 

environmentální aspekty, problémy s technologií, praktiky nakládání s hnojem  
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1. Introduction 

 

The consumption of fossil fuels produces serious pollution and global warming. 

Reducing the dependency on fossil fuels through the development of sustainable energy 

sources is therefore a prerequisite for the sustainable development (Jiang et al., 2011). The 

resource limitations of fossil fuels and problems arising from their combustion have led to 

the widespread utilization of renewable energy resources. Energy and environmental issues 

have become one of the most important problems of common concern and one of the first 

problems needing to be solved by mankind to further sustainable development (Zhou et al., 

2011). Ensuring modern household energy services is a key focus for national governments 

of many developing countries in case of support sustainable development efforts (Tigabu et 

al., 2015a; Nguyen, 2006). In developing countries still over two and half billion people do 

not have access to adequate energy services (Tigabu et al., 2015a; Tahama et al., 2011). And 

lack of access to modern energy services is a daunting development challenge in developing 

world (Tigabu et al., 2015b). Among the measures, promotion of renewable energy has often 

been considered as one of the desirable and practicable options (Qurashi and Hussain, 2005; 

Chaurey et al., 2004), which is considered by development partners and government 

organisations as one way of meeting the development challenge (Tigabu et al., 2015b). 

Coming from outcome of conclusion that sustainable modern energy can and should be 

generated from locally-accessible and –affordable natural resources through the use of 

renewable energy technologies (Tigabu et al., 2015a; REN21, 2010). One of such an option 

is application of small-scale biogas plants with anaerobic digestion. 

Anaerobic digestion (AD) is considered as a significant technology in improving the 

environment; as it solves waste management problems, produces biogas, as a main product, 

and as a by-product digestate, which can also be used as fertilizer (Muller, 2007; Molino et 

al., 2012; Adu-Gyamfí et al., 2012). A biogas plant is a piece of technological equipment 

using an AD process for biodegradable waste treatment.  Utilization of AD can be an 

appropriate solution to health, hygiene and environmental problems (Katakiza, et al., 2012; 

Jha et al., 2011; Jingura and Matengaifa, 2007). Production of biogas through the process of 

anaerobic digestion shows significant advantages against other forms of renewable energies 

(Lu Shu-Guang et al., 2006). It has been evaluated as one of the most energy-efficient and 
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environmentally friendly forms of energy and of technologies for renewable energy 

production (Raposo et al., 2011; Weiland, 2010). It can also significantly decrease negative 

health effects of indoor air pollution and improve environmental sustainability (Tigabu et 

al., 2015b; Arthur et al., 2011).  

Economic prosperity and quality of life in rural areas are closely linked to the level of 

their per capita energy consumption and the strategy adopted is to use energy as a 

fundamental tool to achieve the same (Singh and Sooch, 2004; Aggarangsi et al., 2013). Also 

energy demand required to meet economic growth is high and growing every year 

(Aggarangsi et al., 2013; Nguyen, 2006). Economic growth and improvement of people´s 

living standard are all directly or indirectly related to the increasing utilization of energy 

(Nguyen, 2006).  

The energy consumption in the rural areas of central Vietnam can be covered by use of 

household-sized biogas plants and can point to a healthier and more sustainable way of 

living. One can expect that a higher number of biogas plants (BGPs) in developing countries 

will also bring a significant number of various problems and complications regarding their 

operation. It is important to notice, that a significant number of problems can fundamentally 

reduce the benefits of using this technology. The aim of this paper is to analyse current 

problems with BGPs in the target area and outline possible solutions in line with local 

conditions and easily applicable to the target area. This paper will also have value for fellow 

developing countries in the region. 
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2. Literature review 

 

In the following section the comprehensive review is presented. It offers insight into the 

fundamental facts about small-scale biogas technology and its aspects.  

 

2.1. Biogas plants in developing countries: History and future 

prospects 

 

There are suggestions that biogas was used already in Assyria in 10th century B.C. and that 

AD of solid waste has been applied in ancient China (He, 2010). In any event, well 

documented attempts of AD of biomass by humans are dated into middle of 19th century in 

New Zeeland, India (Meynell, 1976) and UK (McCabe and Eckenfelder, 1958). Then 

development of microbiology as a science has led to the identification of anaerobic bacteria 

and further conditions that promotes methane production during the AD process (Buswell 

and Hatfield, 1936). In Germany AD was firstly used in 1920 with the gas supply into the 

public network and first large scale BGP started to operate in 1950 (Ni and Nyns, 1996). In 

China AD was firstly commercially used on household level in 1921 by Guorui Luo (He, 

2010). The break point of biogas technology came in 1970s with high oil prices, which 

motivated research for further alternative energy sources (Bond and Templeton, 2011). It 

brought exponential growth of number of medium- and large-scale BGPs and interest into 

technology in USA (Hashimoto and Varried, 1979; Chen et al., 1978) and Europe (Smith et 

al., 1979) and the fast growth of small-scale biogas technology in Asian, Latin American and 

African countries.  

In 1984 more than 7 million BGPs were already in the world, mostly in Asian 

countries (Steiner and Kandler, 1984). Currently millions of BGPs can be found in 

developing countries; the most common is so-called Chinese type (Maithel, 2009). There is 

no sign of slowing in current expansion of biogas technology, which is showing us 

importance of this topic and further research. There is still enormous potential for more 

biogas plants implementation in the world (Ravindranath and Hall, 1995; Hossain, 2003; 

Dimpl, 2010; Singh and Maharjan, 2003; Chen et al., 2010). It suggests us considerable 
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scope for continued expansion based mainly on existing designs and government support 

only with specific adjustments. 

Currently, millions of BGPs can be found in developing countries. The most common 

BGP type is the so-called Chinese type (Maithel, 2009). In China one can find around 38 

million BGPs (Chen et al., 2012), in India more than 3.7 million (Rao et al., 2010), in 

Vietnam over 100,000 BGPs (Ghmire, 2013), in Bangladesh 60,000 and an increasing 

number in Peru and African countries (Thu et al., 2012).  

However, the increasing number of BGPs in developing countries also means an 

increasing number of problems and complications connected with them (Aburas et al., 

1995). Generally, there are many advantages of biogas production, but also many 

disadvantages. If these cons outweigh the pros, small-scale farmers leave BGPs abandoned; 

as is the case in China (Zhou et al., 2011). One of the most important problems hindering 

any biogas technology in developing countries is cost, which can create difficulties for the 

installation of such plants, together with sourcing spare parts (An et al., 2006). It has been 

widely reported that the development of BGPs came in speedily because of substantial 

support from governments, development projects and aid agencies (Mwokaje, 2008; 

Kristoferson and Bokhalders, 1991), but afterwards, when the subsidies were reduced, the 

number of BGPs built each year fell dramatically (Desai, 1992). Technical and operational 

problems are common in the case of small-scale biogas plants, but suitable solutions are 

often produced (Aburas et al., 1995). Further political measures may be needed to encourage 

adoption, including training and capacity building programmes, flexible financing 

mechanisms and dissemination strategies (Karekezi, 2002; Greben and Oelofse, 2009; Zhou 

et al., 2011). System failures of small-scale biogas plants can be divided into six main 

subsystems, as adopted from Cheng et al. (2014a): structural components, biogas utilization 

equipment, piping systems, biogas production, digestate disposal systems, and knowledge 

related problems. Problems with structural components were found in studies conducted by 

Chang et al. (2011) in Inner Mongolia and by Lam and Heegde (2012) in Asia and Africa. 

Problems with biogas utilization equipment such as biogas cookers or biogas lamps are 

described by Pipatmanomai et al. (2009), Piechota et al., (2013) and Thu et al. (2012) in 

Vietnam. With piping systems, problems such as leakages or blockages in the system were 

found in the case of Piechota et al. (2013) and problems with biogas production, such as 

leakage in biogas digesters were found in the studies of Chang et al. (2011) and Thu et al. 
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(2012). Solid digestate incrustation floating in the main tank prevents biogas from escaping 

as in studies from China done by Chen et al. (2012, 2010) and Chen et al. (2010). Digestate 

disposal systems are important for the sustainability of BGPs, because without appropriate 

disposal and operating procedures there can be no long-term sustainability (Alburquerque et 

al., 2012). There is a need for quality supervision, inspection, maintenance, quality controls, 

effectiveness evaluations and technical guidance (Chen et al., 2012). And to ensure that 

BGPs continue to function properly there is a need for improvements in the knowledge 

(Cheng et al., 2014a; Thu et al., 2012; Vu et al., 2007), which should be transferred from the 

local facilitators to small-scale biogas owners (Jha et al., 2011; Maithel, 2009). However, 

technology transfer in developing countries is often problematic (Klintenberg et al., 2014). 

Common challenges are insufficient resources for operation and unsatisfactory maintenance 

after project implementation (Klintenberg et al., 2014; Schillenbeeckx et al., 2012). 

 

2.2. Process of Anaerobic Digestion  

 

The process of AD is process of microbial conversion of organic matter without air 

access and by assistance of mixed cultures of microorganisms and formation of biogas and 

stabilized biomass called digestate (Molino et al., 2012; Yu et al., 2008). The AD processes 

occurs also spontaneously in nature without human intervention (in swamps, marshes, sea 

bottoms, waterlogged soils, mammalian gut, sediments etc.), but also it occurs in controlled 

technological processes such as in biogas plants. The production of biogas through AD offers 

significant advantages among other forms of waste treatment (Lu Shu-Guang et al., 2006), 

for example: it is successful in treating wet wastes (Mata-Alvarez, 2002), as well as organic 

solid wastes (Mata-Alvarez et al., 2000), less biomass sludge is produced in comparison to 

aerobic digestion (Ward et al., 2008), more effective pathogen removal (Sahlstrom, 2003), 

less odour emissions decomposed during combustion (Smet et al., 1999), produced digestate 

is and improving fertilizer (Alburqueque et al., 2012) and it is a source of carbon neutral 

energy in form of biogas (Ward et al., 2008). AD has several other synonyms that are 

completely or partially overlapping: anaerobic fermentation, methane fermentation, manure 

fermentation, manure digestion, bio-methanization and others. For our reasons anaerobic 

digestion is the most suitable concept. Similar conceptual fragmentation is also in the case 



 
6 

 

of digestate, which can be called as well: bio-slurry, fermented matter, stabilized biomass, 

digested slurry and biogas waste. 

 

2.2.1. Product of Anaerobic Digestion: Biogas  

 

Biogas and its production has undergone an extensive research, which results in a 

multitude of research papers dealing with such a topic from different point of view 

(Havukainen et al., 2014), such as: biogas production (Banks et al., 2011; Prade et al., 2012), 

improvement of biogas production (Ward et al., 2008) and different process configurations 

(Poeschl et al., 2012). Biogas consists of mixture of gases and contains 50-75% of methane 

(Bond and Templeton, 2011), 23-43% of carbon dioxide with the variable component of 

water vapour (Prade et al., 2012). Other substances are oxygen, sulphur and nitrogenous 

compounds, which may be the source of odour; further problematic compounds are chlorine 

and fluorine (combustion of these compounds produces aggressive products such as: SO2, 

SO3, HCl or HF and consequentially it can have negative effects on the equipment and 

fittings). At present, the calorific value of biogas is in general considered of 25MJ/m3 with 

content of 60% methane (Váňa, 2010); however, in the countries of global South, thanks to 

different input materials and technical imperfections is calorific value between 21 and 24 

MJ/m3 (Bond and Templeton, 2011; Pipatmanomai et al., 2009). 

 

2.2.1. By-product of Anaerobic Digestion: Digestate 

 

With growing number of biogas plants, quantities of digestate are gradually increasing. 

As a result, in recent years, researchers have started to focus on this issue, mainly how 

digestate positively influence yields (Shi et al., 2001; Kouřimská et al., 2012), enhances 

resistance against abiotic stresses (Mahmoud et al., 2009), effects on photosynthetic 

characteristics (Zhang et al., 2010), its advantages in comparison with manure (Massé et al, 

2007; Lansing et al., 2010; Thy et al., 2003), and its soil physical and chemical improvement 

influences (Mahmoud et al., 2009; Li et al., 2006). Many studies also focus on comparative 

studies of digestate, mineral fertilizers and other fertilizers and their influences on plant 



 
7 

 

growth, soil quality and fertility and yields improvements (Alburquerque et al., 2012; Del 

Amor, 2007; Garfí et al., 2011; Li et al., 2006). By previous studies it was verified that 

digestate can be used to replace chemical fertilizers (Liu et al., 2008) and contribute to 

reduction of use of non-renewable energy sources used for chemical fertilizers production 

(Li et al., 2012). 

 

2.3. Merits of Anaerobic Digestion 

 

There are number of advantages using AD for waste management on farms, including 

savings on firewood or fossil fuels, reductions in odour and greenhouse gas emissions 

(Bruun et al., 2014). It also creates jobs, produce less indoor smoke than other fuel types 

used in DCs (Chen et al., 2010; Huboyo et al., 2014). Furthermore, biogas can be used in 

HHs for cooking, heating and lightning, and can contribute towards farmers´ livelihoods (Vu 

et al., 2015). AD of organic wastes in simple BGPs, is recommended as a way of managing 

on small-holders farms (Islam et al., 2008; Vu et al., 2015).   

 

2.3.1. Environmental benefits of biogas technology 

 

Anaerobic digestion utilization is an appropriate solution to environmental problems and 

can play fundamental role in conditions improvement (Katakiza, et al., 2012; Jha et al., 

2011). The extensive use of firewood for energy purposes, especially in DCs, has 

fundamental effects on local forests (Surendra et al., 2014). Fuelwood accounts for 54 % of 

deforestation in DCs (Osei, 1994) and worldwide is deforestation responsible for up to 25 % 

of all anthropogenic GHG emissions (Strassburg et al., 2009). Also, deforestation has impact 

on soil erosion and land degradation (Gautam et al., 2009).  In Nepalese study done by 

Katuwal and Bohara (2009) it was estimated that annually a small-scale BGP spares the 

direct burning of 3 metric tons of firewood and 576 kg of dung; subsequently, eliminating 

around 4.5 metric tons of CO2 emissions to the atmosphere. Therefore, a significant 

reduction in deforestation, especially in DCs, can be achieved by replacing firewood with 

BGPs (Surendra et al., 2014). 
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2.3.2. Health benefits of biogas technology 

 

AD of waste provides sanitation by reducing pathogenic content of substrate materials 

(Bond and Templeton, 2011). Hence, BGP installation can dramatically improve the health 

of users. In addition, installation of biogas technology often requires to construct toilet 

(construction of toilet is mandatory by most of the subsidy programs promoting HH BGPs 

in developing countries), the actual issue of open defecation which is largely responsible for 

cholera, typhoid and other water borne disease is minimized (Surendra et al., 2014).  

Also, in rural areas of DCs, still about three billion people rely on biomass such as 

fuelwood, crop residues and animal dung and charcoal to meet their energy needs 

(UNDP/WHO, 2009). The smoke from indoor open fires, which are widely used by farmers, 

exposes families to harmful levels of gases, particles and dangerous compounds, such as 

carbon monoxide, benzene and formaldehyde coming from combustion. There are many 

diseases connected with indoor air pollution like lung cancer, respiratory diseases and 

pneumonia problems, or other diseases such as asthma, bronchitis, tuberculosis, low birth 

weight, heart diseases and other (Pope et al., 2010; Lohani, 2011; McCracken et al., 2007; 

Slama et al., 2010; Surendra et al., 2013; Huboyo et al., 2014; Chowdhury et al., 2013). 

Majority of victims of exposure to the indoor air pollution are women and children, mainly 

from low-income homes in rural areas (Lohani, 2011; WHO, 2002; Surendara et al., 2014). 

Globally, in 2010, nearly three and half million deaths were attributed to household air 

pollution from solid fuel use (Lim et al., 2012). 

 

2.3.3. Social / Gender benefits of biogas technology 

 

Gender equality is an important issue in many spheres of development (Potrafke and 

Ursprung, 2012). That is the reason why “gender consideration” has become obligatory in 

almost all development assistance programmes of past decades (Scott and Chuyen, 2007) 

and is highly examined factor (Roubik et al., 2014). Gender issue is an important social 

category; which can affect adolescent´s lives in multiple ways (Daniels and Leapers, 2011). 
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As discussed, in the majority of DCs, women and children are still responsible for 

firewood and dung collection, which are both exhausting and time consuming activities 

(Surendara et al., 2014). Based on a case study from Nepal, small-scale BGP can save 

approximately two hours per day of woman´s and child´s time (Kutuwal and Bohara, 2009). 

Time can be used for various recreational activities, social work, income-generating 

activities and further education (Surendara et al., 2014; Li, 2009). Thus, the installation of 

BGP at the HH level can directly provide better opportunities for gender equality in rural 

areas of developing countries and provide long-term social benefits (Surendara et al., 2014; 

Roubik et al., 2014; Thu et al., 2012). 

 

2.4. Small-scale Biogas Plants in DCs and their Advantages and 

Disadvantages 

 

Implementing efficient technologies is especially challenging in remote areas of DCs 

(Thu et al., 2012). And efficient utilization of human and animal waste provides an 

opportunity to produce renewable energy and also reduce GHG emissions (Pham et al., 

2014). Other of significant factors for BGP purchase is the factor of construction costs. While 

the construction costs of BGPs vary between different countries, they are often high relative 

to the income of HH owners and other potential users. For example, in studies from China 

done by Li (2009), and from Thailand by Limmeechokhai and Chawana (2007), as well as 

in the study from Kenya by Mwirigi et al. (2009) the investment cost were identified as a 

major barrier to technology uptake. Further, in the study from seven African and Asian 

countries, almost 95 % of farmers who adopted biogas technology fit into categories of 

medium or high income (Ni and Nyns, 1996). In Kenya, more than half of farmers received 

subsidy covering over 25 % of construction cost, otherwise they would not be able to finance 

construction of BGP (Mwirigi et al., 2009). 

Sanitation and environmental improvements play major role in factors motivating 

farmers to build BGP. Traditional animal farms in Thailand normally manage their livestock 

wastes by dumping them into a pond or series of ponds (Thiengburanathum, 2006; Prasertsan 

and Sajjakulnukit, 2006). This waste can leak or discharge into a natural stream, groundwater 

or impoundment, leading to depleting of oxygen into a surface water and increasing amounts 
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of nitrogen and phosphorus as well as chance of disease transmission (Aggarangsi et al., 

2013).  

Farms also produce severe odour emissions which plague their neighbours, leading to 

social problems and reducing the property value of neighbouring areas (Huong et al., 2014; 

Aggarangsi et al., 2013). In fact, in some studies farmers perceived bad strong odours and 

air to be a direct cause of human disease, e.g. through airborne transmission of pathogens 

(Huong et al., 2014; Rheinlander et al., 2013). Nearly all farmers interviewed in the study 

by Huong et al. (2014) reported that installation of the biogas system reduced the problems 

with bad smells and flies and that these benefits were the main reasons for building a biogas 

plant. Further major advantages and disadvantages are presented in Table 1. 
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Table 1: Advantages and disadvantages of biogas technology* 

Advantages Disadvantages 

Less demand for fossil fuels Construction costs 

-lower pollution 

 

-high construction costs in comparison to 

income of target groups 

-lower effects on global warming Limited lifespan 

Less demand for alternative fuels ~20 years lifespan for majority of BGPs 

-conservation of woodland Laborious operation and maintenance 

-less soil conservation Unsuitability into arid regions 

-time saved by wood collecting Dependence on stabile feed source 

Reduced emissions Requires reliable outlet for digestate 

-carbon dioxide 
Poor hygiene of digestate from mesophilic 

digestion 

-nitrous oxide  

-greenhouse gases  

Improved indoor air quality Dependence on key players 

Improved sanitation 

Dependence on governmental / non-

governmental key actors 

-reduced pathogens  

-reduced disease transmission Technology adoption 

Low cost energy source 

-negative perception where low functionality 

of existing plants 

-cooking Low recycling of nutrients  

-lightning  

-electricity generation  

Improved crop yields  

-low cost fertilizer  

Improved living conditions  

-socio-economic improvements  
*Advantages and disadvantages based on Vu et al. (2015), Thu et al. (2012), Lam and Heegde (2012), Bond 

and Templeton (2011), Remais et al. (2009), Mwirigi et al. (2009), Li (2009), Oenema et al. (2005), Hossain 

(2003), de Alwis (2002), ISAT/GTZ (1999a), ISAT/GTZ (1999b), ISAT/GTZ (1999c), ISAT/GTZ (1999d) 
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2.4.1. Experience with Small-scale Biogas Plants in Asia 

 

Generally, effective and widespread implementation of small-scale BGPs has occurred 

in countries, where governments have been involved in the subsidy, planning, design, 

construction, operation and maintenance of technology. Such experiences are especially 

from China, India, and Vietnam, where massive campaigns have been run to popularize the 

technology. Surveys in various regions are giving various proportions of problem rates. 

Studies from India have found problem rate from 40 % up to 81 % (Bhat et al., 2001; Dutta 

et al., 1997). To reverse this phenomenon, system of advisory centres is needed. Each 

country has it set in slightly different way. However, mostly local, provincial and national 

levels are set up as it is in China (Li et al., 2015), India (Singh and Sooch, 2004) or Vietnam 

(Roubik and Mazancova, 2014). If BGPs do not work properly, they reduce BGP owner’s 

enthusiasm and the use of technology is generally decreasing (Li et al., 2015). In China, 

seven millions of HH BGPs were built in 1970s; however in 1980 around half were already 

abandoned from various reasons (He, 2010). Main reasons cited were technical issues (gas 

leakages, insufficient feedstock, blockages) and lack of maintenance (He, 2010). Currently, 

around 60 % of BGPs in China is believed to be in operation (Chen et al., 2010). 

Maintenance, which lack is often main reason for failure, should not be underestimated. 

Qualified technical supports are needed (He, 2010). Such trends reflect an emphasis on BGP 

construction rather than operation, maintenance or reconstruction (Chen et al., 2010). 

Further factors constraining successful implementation of small-scale biogas technology in 

DCs is presented in Table 2.  
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Table 2: Factors constraining successful implementation of biogas technology* 

Excluding factors Critical factors 

Climate High building costs 

-too cold -low income of target group 

-too dry Unfavourable macro and micro economics 

Gas demand Lack of gas appliances 

-irregular Good energy supply throughout the year 

-low Low qualifications 

Lack of input -of masons 

-under 20 kg dung/day available -of facilitators 

-under 1000 kg of live weight per HH or 2000 kg 

in night stabling  

No stabling or large pens Limited access to target group 

Lack of building material  

Lack of water Lack of interest 

Adoption of technology -government 

-Impossible incorporation of technology into -

farm/HH routines -key actors 

-cultural disagreements  

Missing institution  

-suitable institution for dissemination  

  
*Advantages and disadvantages based on Bond and Templeton (2011), Thu et al. (2012), Lam and Heegde 

(2012) Remais et al. (2009), Mwirigi et al. (2009), Oenema et al. (2005), Hossain (2003), de Alwis (2002), 

ISAT/GTZ (1999a), ISAT/GTZ (1999b), ISAT/GTZ (1999c), ISAT/GTZ (1999d) 

 

2.5. Current situation with BGPs in Vietnam 

 

Since 2003, Vietnam has implemented a national program for the use of biogas in the 

animal sector – The Biogas Programme for the Animal Husbandry Sector in Vietnam 

(BPAHS). The BPAHS is put into practice by the Biogas Project Division of the Ministry of 

Agriculture and Rural Development in collaboration with the Dutch development 

organization SNV. Since 2003, more than 100,000 household biogas plants have been built 

under this programme, including 2,900 family biogas plants in the Thua Thien Hue province, 

central Vietnam. In addition, builders and facilitators, and technical teams to control the 

quality and viability of BGPs and provide training to users have been trained. Currently 

running program sets up goal to build further 200,000 household biogas plants from 2013 to 

2018 (Thu et al., 2012). The country Biogas Program has won an international recognition 
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as a winner of the 2006 Energy Globe Award, the 2010 Ashden Award for sustainable energy, 

and the 2012 World Energy Award (Cheng et al., 2014b). 
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3. Aims and objectives 

 

The major objective of this thesis it to find out environmental aspects and impacts of 

small-scale biogas plants in central Vietnam. For this reason, several specific objectives were 

established.  

First specific objective is to analyse current problems with BGPs in the target area and 

outline possible solutions in line with local conditions and easily applicable to the target 

area. Second specific objective is to investigate and to determine current manure 

management practices in central Vietnam with all its aspects (Environmental, Economic, 

Technological, and Social). Thus, contribute so to uncovering manure management practices 

in order to contribute to the current discussion related organic waste recover consequences 

within the long-term sustainability and natural resources management, because inappropriate 

practices can lead to the environmental and health risks. 

This thesis intends to provide in-depth understanding about the issue with taking into 

accounts possible risks. Investigating of such a topic is within continuing concern about 

environmental issues connected with small-scale biogas plants and manure management in 

rural areas of developing countries.  

 

  



 
16 

 

4. Methodology 

4.1. Target area 

 

The survey was conducted in the province of Thua Thien Hue in central Vietnam (Figure 

1). Its population consists of 1,045,134 inhabitants (Thua Thien Hue, 2000) which represent 

1.13 % of the population of Vietnam. One third of this population lives in and around Hue 

City. Population density is lower compared to the national average (219 and 265 persons per 

km2 respectively) and varies across the province (General statistics of Vietnam, 2013). Our 

survey took part in the districts of Huong Tra and Phong Dien. The climate in the region is 

tropical humid (Cong Vinh, 2007), the average temperature is about 25°C and the amount of 

rainfall is in the range of 1,600 - 4,000 mm per year (Thi Mui, 2006). These rains can be 

very sudden and heavy, causing not only possible decreases in agricultural activity and 

school attendance, but also losses in property, environment and human lives. These 

limitations (floods, storms, drought and coastal erosion) need to be taken into consideration. 

For example, coastal erosion is widely represented and causes loss of life, prevents socio-

economic development (Ngoc Ca et al., 2005) and leads to economic weaknesses in the area. 

 

Figure 1: Map of target area (MPA, 2007; adjusted by author) 
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4.2. Data collection 

 

The survey was carried out from June to September 2012 at the level of owners of BGPs 

(n=141) randomly selected, small-scale farmers (n=50) randomly selected, local authorities 

and facilitators (n=9) in the area of the districts Huong Tra and Phong Dien (Figure 1). 

Methods of data collection included focus group discussions (n=41), semi-structured 

personal interviews and a questionnaire survey (n=150) and observation. As follows, the 

survey was carried out in 2013 from July to September at the level of randomly selected 

owners of BGPs (n=100) and local authorities and facilitators (n=9). In table 3 basic division 

of researched area, names of villages and characteristics of surveyed districts is shown. 

 

Table 3: Basic division of research area 

District Commune Village Number of 

respondents 

Basic characteristics of the district 

Huong Tra    

 

Approximately 20,000 inhabitants. 

There are 19 villages. Main activity in 

the district is agriculture connected with 

rice. Also there is noodle factory in the 

district. Farmers are also often focused 

on noodle or rice wine production. 

  

  

  

  

  

  

  

  

  

Huong 

Toan 

Huong Toan 12 

 Duong San 20 

 Duong Son 28 

 An Van 28 

 Huong Chu 19 

Huong An Huong An 12 

 Dong Tram 11 

 Binh Thanh (Tam 

Hiep) 

12 

 Xuan Dai 16 

Phong Dien    

Approximately 17,000 inhabitants. 13 

villages. Main activities are agriculture, 

livestock, partly forestry. 

  

  

  

Phong Son Ca Bi 3 17 

 Ca Bi 10 14 

 Hien Si 11 

∑ 12 200 
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BGP owners and facilitators were interviewed via a semi-structured interview; each 

interview took around one hour. To increase the range of study four focused discussion 

groups were conducted with farmers. The results of these participatory methods were 

compared with the results of observation of the target groups. The questionnaire was 

designed to map the reality of the current situation about the issue. The questionnaire 

included different types of questions such as open, closed, semi-open, evaluation and 

multiple choice questions. It included two main categories: a socio-economical part and a 

part related to biogas technology (Table 4). The questionnaire went through pilot testing, and 

was afterwards adjusted and approved by experts from the Agricultural Forestry Fishery 

Extension Centre (AFFEC) before final distribution. 

 

Table 4:  Main categories of the questionnaire  

Category Focus of the questions 

Socio-economical part District, villages, sex, role in household, size of 

family, amount of members living in farm, 

education, occupation, income, farm size, 

crops, equipment in household 

 

Biogas technology and manure management 

related part 

Motivation, technology related costs, main 

benefits of using BGP, saved money related to 

using BGP, manure management practices, use 

of human excreta to BGP, time for fuel wood 

picking, satisfaction with technology, trainings 

about BGP, problems with biogas technology, 

attitude to the technology, currently used 

solutions to the difficulties, knowledge about 

related topics 

 

 

4.3. Data analysis 

 

Collected data were categorized, coded and analysed using the statistical program 

package Statistica 10.  

Differences in the manure management practices of small-scale biogas owners and 

small-scale farmers were determined based on Chi-square tests in cross tabulations. F-test 

was used to determine independent variances between farm sizes and yields of BGP owners 
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and non-BGP farms. Data on the minimal biogas yield and biogas potential per household 

were calculated using method according to Adeoti et al. (2014). Disparity (D) between 

motivating factors and current benefits were calculated as follows:  

D=AMF-ACB  [1] 

Where: AMF stands for average among motivating factors for technology adoption, ACB 

stands for average among current benefits recognized by BGP owners.  An analogous 

formula was used for finding out time and money disparity before and after BGP 

construction. 

 

4.4. Conceptual framework of problem analysis 

 

This paper uses a problem analysis (PA) approach to identify and describe major 

problems and potential risks, intending to adopt some relative improvements and prevent 

failures. PA is structured according to several chief problematic subsystems (Table 5) which 

are as follows: structural components, piping systems, equipment utilizing biogas, digestate 

disposal systems, AD processes and biogas utilization, and knowledge related problems. 

This results in subsystems and failure criteria description and recommendation output. 

Subsystems and a description of their failure criteria and relevant recommendations were 

assembled with respect to problematic subsystems and based on technical problems 

recognized during the field research and based on further secondary data from various 

studies. The six subsystems together cover the entire small-scale biogas system and all main 

aspects essential for it to function properly. When a failure happens, it is usually due to events 

occurring in one or more of these subsystems. The average occurrence of all problems for 

each subsystem is individually calculated in these problematic subsystems. 
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Table 5: Main problematic subsystems categories 

Main subsystems  

AD process and biogas production  

Biogas utilization equipment  

Digestate disposal system  

Knowledge related problems  

Piping system  

Structural components  

 

 

4.5. Methodology for calculating Payback Period (PB) 

 

The equation [2] was used to calculate PB, where D is payback time [years], I is biogas 

installation costs [USD], Pr annual benefits [USD] and Npr annual operating costs [USD]. 

Installation costs of a BGP represent the total construction expenses that owners paid. It was 

calculated both with and without subsidies. Data collected from the respondents on savings 

through the use of BGPs was used to determine annual economic benefits. To determine the 

annual operating costs, the figure of 5% of the costs of BGPs was used, as the value given 

for the average cost of repairs and operation. For BGPs where problems arose, an amount of 

23.5 USD was included (= the modus of the most common amount paid for its repair in the 

case of any given complication). 

 

      [2] 
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5. Results and Discussion 

 

5.1. Socioeconomic characterization of biogas plant owners in the 

target area 

 

The average size of a rural family in central Vietnam is four to five people which 

correspond with the findings of Thu et al. (2012); with actively working 2.2 people on 

average. These numbers are comparable with the official population statistics in Vietnam 

with 3.9 people per family in rural areas of central Vietnam (General Statistics Office of 

Vietnam, 2009). However, respondents report their families to be of five- to six-members. 

This means there are on average two members of each family who do not reside on the farm, 

but who are mostly studying or working in another city, in our case in DaNang or Ho Chi 

Minh City. The education of respondents, taken by the highest educational attainment in a 

household were tertiary (34%), secondary (55%), primary (10%) and without education 

(1%). There is an expectation that the greater the education, the greater the ease of adaptation 

to new possibilities (Behrman and King, 1999), which can in turn be connected to the better 

maintenance of BGPs and better digestate management. It must be said, that in terms of 

education and accessibility to education, Vietnam has displayed noticeable achievements 

(Ahn et al., 1995), mainly due to long-term government policy. The ratio of education in 

Vietnam is high, as evidenced also in the study Bélanger and Lui (2004). Respondents (BGP 

owners) in our survey attended training (related to BGPs) in 79% of cases and on average 

they attended 1.9 training sessions with reported satisfaction in 61 cases (48.2%). The 

importance of focusing on this topic is linked to the view that education is one of the 

principal routes for poverty alleviation in developing countries (Glewwe and Jacoby, 2004) 

and with greater education the ease of transfer to new possibilities increases (Behrman and 

King, 2001). Based on this, we assume a connection between training and satisfaction with 

training and the management of technology and attitude of BGP owners. 
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5.2. Socioeconomic characterization of local farms 

 

An average farm size with BGP involves 2821 m2 with almost 2000 m2 attributed for 

rice production. Average size of farms without BGP covers 3332 m2 with almost 3000 m2 

attributed on rice production. We assume difference between farms with and without BGP is 

caused by focusing of farmers without BGP more on crop production contrast to farmers 

with BGP must also focused on livestock, to be able to provide sufficient amounts of organic 

matter for BGP. However, there is statistically significant difference between farm size of 

farmers with and without BGPs due to the F-test statistics (0.298; p < 0.05) finding out 

differences between variances. In addition, this data shows larger size of farms against the 

state average. This can be caused by lower density in area. Regarding the number of larger 

farms (defined by selling its products for 1800 USD per year), their amount is increasing 

annually; in 2001 there were 149 larger than small-scale farms, in 2005 already 489 and in 

2010 591 and are constantly increasing (General Statistics of Vietnam, 2010).  

Respondents reported their occupation as farmers in 90% of cases. For 72 % of these 

respondents farming is the main source of income. 28% make their living also from non-

farming activities, such as trade (7.2 %), rice noodle production (5.6 %) and rice wine 

production (4.0 %). Our respondents reported total income less than 92 USD per household 

in 49 % of cases, less than 46 USD per household per month in 24% of cases, then less than 

184 USD per month per household in 16% of cases. Both farmers with BGP as well as those 

without BGP produce rice as a main commodity; however there are some slight differences 

between crop productions between them. Even so, for rice their variance differences are not 

statistically significant according to F-test: (0.862; p > 0.05 and F=0.812 > Fcritical=1.584). 

 

5.3. Biogas plants in the target area 

 

Types KT1 and KT2 are predominant in the target area. That is corresponding with 

results from studies by Thu et al. (2012), Huong et al. (2014a) and Huong et al. (2014b). 

KT1 is an appropriate type for a quality of substrate with a good soil structure, where it is 

easy to excavate soil. KT2 is used in places where it is harder to dig into the soil or where 

there is significant groundwater (BPAHS, 2013). The most common volumes are 6 m3 

(49%), 9 m3 (16%), 8 m3 (15%), 12 m3 (7%) and 7 m3 (6%). Average size is 7.45 m3 (±2.23).  
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Most BGPs are 2 years old (54%), then 1 or 3 years (9%), 8 years (6%), 6 and 10 years (5%), 

4 and 12 years (3%), 5 and 9 and 11 years (2%). 

Farmers with BGP reported as a main source of information about biogas technology 

mainly commune staff and local facilitators (77%), than neighbours (13 %) and public media 

(10%). Even if the role of public media is important for further propagation, especially on 

national level, in central Vietnam was proved a major influence within the community level 

with facilitators. This was confirmed also in study by Thu et al. (2012) from Vietnam and 

similar results by Qu et al. (2013) from China.  

 

 

5.4. Animal production and biogas potential 

 

Pigs manure is a main source of organic matter for BGP in Vietnam. An average farm 

disposes by 13-14 piglets and 2-3 sows. Other animals are hens, ducks, buffalo and cattle. 

As shown in table 6, average weight of piglets is over 35 kg (± 19.98), respectively almost 

100kg for sows (± 25.24). Pigs were fed mostly with a commercial high protein and 

carbohydrate feeding, with a local feeding or with a mixture of both. Local feeding was 

usually consisted of agricultural residue, such as rice and rice bran mixed with kitchen waste 

residue (used by all households), sweet potatoes, banana tree parts, water hyacinth, soybean 

or cassava leaves and others. This finding was confirmed also in the study by Thu et al. 

(2012). As energy sources for preparation of pig feeding biogas or firewood are used 

depending on the amount of accessible biogas. The ratios are different and highly variable 

with time; mostly depending on current conditions and feed resources availability, resulting 

so in a high variability volumes and outlet composition of manure.  

Table 6 also presents amount of excrements created per household and its minimal biogas 

yield. Minimum biogas yield per household was estimated for 2.32 m3/day. However, if 

recalculated together with actual usage of manure in BGPs, biogas potential per household 

is estimated to 1.09 m3/day; showing us more than two times higher biogas potential than it 

is used.  

Farmers mostly prefer a mix feeding as it is less finance demanding and the growth rate 

is still acceptable. Some interviewed farmers (18%) also used antimicrobials or antibiotics 

as feed additives in the last year. Such a practice can lead to an increase risk for development 
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of antimicrobial- or antibiotic-resistant bacteria potentially affecting the environment 

subsequently (Huong et al., 2014; Vu et al., 2007). Feed composition differences lead to 

different qualities and quantities of gas produced in BGP. Therefore there is a need of further 

research and assessment of biogas potential from household livestock systems (Tuan et al., 

2006). Also it is important to realize that livestock manure contains many microorganisms, 

protozoa and viruses that may pose a risk to human and animal health such as food-borne 

diseases (Vu et al., 2007; De et al., 2003). In pigs feed besides nutrients like phosphorus or 

nitrogen can be found growth hormones, antibiotics and heavy metals according to studies 

by Thu et al. (2012) and Ribaudo et al. (2003). These substances if over-applied may cause 

water quality degradation. Therefore high contents of N, P, heavy metals and 

pharmaceuticals in pigs feed should be more observed. It is an obvious need for further focus 

on feeding practices in relation to manure management (Gollehon et al., 2001) if there is an 

effort of environmentally friendly manure management practices achievement. 

 

Table 6:  Animal production at BGP farms (N=141) 

 No. 

of 

heads 

Average 

weight 

(kg) 

 Excrements 

per HH (kg) 

Minimum 

biogas yield 

from manure 

(m3) 

Usage 

for 

BGP 

(%) 

Biogas 

potential 

per HH 

(m3) 

Piglets 13.5 35.1 36.74 0.80 96.0 0.76 

Hens 6.7 1.8 1.21 1.21 16.0 0.19 

Sows 2.3 99.8 9.81 0.14 97.0 0.13 

Ducks 1.6 - 0.20 0.04 2.0 0.001 

Cattles 0.5 60 4 0.14 1.0 0.0014 

   ∑ 2.32  1.09 

 

 

 

5.5. Pigpen housing system 

 

All surveyed households housed their pigs in concrete pigpens with natural 

ventilation, a concrete floor and mostly a corrugated iron roof. Pigpen walls are made of 

concrete or bricks. These solid floors are usually connected to the BGP inlet and ease 
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watering manure into the tank. It is important to mention, that some of households have 

improved their pigpens because of BGP installation (26%) through reconstruction and 

renovation. Pigpens are usually cleaned (watered) twice a day in summer and once a day in 

winter time. Watering in summer serves also for cooling pigs. Per pig farmers use 

approximately 20-30 litres/pig/day in summer time, which is corresponding with the study 

by Vu et al. (2007).  

 

5.6. Manure management practices 

 

Surveyed farms reported following forms of manure: slurry, liquid manure and solid 

manure. Solid manure consists mainly of excrements, liquid manure mainly of urine and 

faeces remaining after watering, and slurry is a mixture of faeces, urine and water. Manure 

management is affected by the presence or absence of BGP. The current practice of manure 

management in central Vietnam can be divided in to the following categories: feed for BGP, 

composting, storage without treatment, storage with subsequent treatment and no treatment 

with direct disposal. However, firstly it is important to focus on manure and excreta practices 

on BGP and non-BGP farms. Manure and digestate management reported during the 

questionnaire survey, FGD and observations in the households is summarized in Table 7. 

Utilisation only with manure was reported on 54% of BGP farms, respectively on 86% of 

non-BGP farms. Pig slurry together with human excreta is treated in 41% of BGP farms, but 

in none of non-BGP farms; do not treat human excreta at all. The common practice in 

households without BGP is to leave human excreta in the reservoirs under the house or toilet 

where it soaks into the ground. Such a manure management can lead to the environmental 

consequences and further problems. Such an environmental risk is in accordance with study 

of authors Chai et al. (2009) from Southeast Asia. Difference in the use of human excreta is 

caused by possibility of connection toilets to the biogas plant and transforms this kind of 

waste into the clean energy (Bond and Templeton, 2011). 16% of BGP farms use for biogas 

production pig manure, human excreta and excrements from other animals, such as chickens, 

ducks, or cattle. 45% of BGP owners breed hens or chickens, but only 16% of them add their 

manure into the BGP. This practice is mainly caused by persistent concerns about avian 

fluenza, to the similar conclusion get research by Vu et al. (2007). In every BGP household 
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surveyed the pigpen is connected with a digester and in 35% cases with a toilet outflow; 

however, there are no connections between chicken sheds and digesters. So, this manure 

must be transferred to the inlet tank manually, making inconvenient manure management to 

the BGP users.  

 

Table 7: Manure and digestate management 

   BGP Owners1 

(%) 

Non-BGP Owners1 

(%) 

P 

value3 

 Manure and excreta use    

  Pig 54 86 ** 

  Pig & Human excreta 41  0 NS 

  Pig, Human & others 5  14 * 

 Manure treatment    

  Feed for BGP 100  0 NS 

  Composting 0 10 NS 

  Storage and treatment 0 14 NS 

  Storage without treatment 0 8 NS 

  Direct disposal (no treatment) 0 68 NS 

 Digestate management / Treated manure    

  Pre-treatment 5 0 NS 

  Crop fertilizer 33 12 ** 

  Vegetable & home-garden fertilizer 25 20 ** 

  Feed for fish 1 0 NS 

  Discharge to environment 10 68 * 

  No treatment 26 0 NS 

1BGP Owners N=100, Non-BGP Owners N=50 
2In case of Non-BGP farms composted or treated manure is considered 
3In calculations *means that p-value is less than a 0.05, **means that p-value is less than 0.01, NS 

means not significant 
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Manure represents a valuable energy and nutrition resource, if used appropriately. All 

respondents with BGP use manure as a feed for biogas plant and none of them use any other 

forms of manure treatment. Similar results are in study by Thu et al. (2012). This leads us to 

the assumption that all farmers with BGP adapted the technology and left over the ineffective 

methods. On the other hand farmers without BGP are using different methods, such as; 

composting (10%), storage and treatment (14%), storage without treatment (8%) and the 

most common direct disposal (68%). Both direct disposal and storage without treatment 

consequently lead to the environmental threats, air and water pollution, risks to human and 

animal health through spread of pathogens (Ribaudo et al., 2003; Tigabu et al. 2015b; Burton 

and Turner, 2003; Vu et al., 2007; De et al., 2003). Another challenge is uncovered storage 

of manure, as a source of unpleasant odour and ammonia emissions (Martinez et al., 2003; 

Vu et al., 2007). 

Digestate management is also one of the current concerns in developing countries. We 

found out that pre-treatment was done in 5.0 % of cases, this involves mainly sun-drying in 

front of house to ensure easier transportation of digestate to the rice field. However, 

important is that 33.0 % of farmers use digestate as a crop fertilizer. This involves mainly 

rice fertilizing; common practice is to use mainly solid parts of the digestate. Further use is 

limited partly by long distance between BGP and field (1031 m in average). Farmers see 

labour input into transportation and lack of transport vehicles/devices as the main barriers. 

These findings are in agreement with studies from Vietnam (Thu et al., 2013) and Tanzania 

(Jackson and Mtengeti, 2005). In 25% of cases, farmers use digestate as a fertilizer for 

vegetable and home-garden. This is a very popular way of digestate management, because it 

is quite simple for the farmers, but on the other hand it has very often similar effects as 

discharge to the environment, because farmers do not reflect needs of vegetable and just let 

flow digestate out constantly. This was also confirmed in the study from Uganda (Bos and 

Kombe, 2009). 

Home-garden crops are shown in table 8; mainly banana, pommel, cassava, peanut, 

sweet potatoes are cultivated. These crops are fertilized with digestate in 25% of cases on 

farms with BGP and in 20% in non-BGP farms using composted or otherwise treated 

manure. Only 1% of questioned farmers use digestate as feeding for fish.  Thu et al., (2012) 

reported higher frequency of such usage, especially in areas around Hanoi where according 

to their study better conditions for establishment of fish ponds exist. But even in central 

Vietnam has pond access for fish raising around 20% of farmers. Showing twenty times 
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higher possibility to use digestate as feeding compared to the current situation. This is caused 

mainly by peoples´ disbelieve about the safety of using treated manure as feeding for fish. 

Feed for fish, which appears to be quite satisfactory method was already confirmed by 

research from Vietnam (Vu et al., 2007) and Cambodia (Sophin and Preston, 2001). 

However, for preventing of pathogen spread it is recommended to keep hydraulic retention 

time at least 45 days (Hong et al., 2011).  

 

 

Table 8: Comparison of crop production 

Farms with BGP  Farms without BGP 

n=100 n=50 

Crop Percentage (%) Yields 

t/ha 

Crop Percentage 

(%) 

Yields 

t/ha 

rice 87 5.58* rice 74 5.03* 

banana 34  - banana 60 - 

pomelo 24  - pomelo 58 - 

cassava 28 14.89 jackfruit 32 - 

peanut 22 4.3 bamboo 30 - 

sweet potatoes 18  - mango 20 - 

jack-fruit 13  - lemon 18 - 

grapefruit 11  - grapefruit 18 - 

*means differences significant on the level of 0.05 

 

 

However, there was observed in Vietnam (Thu et al., 2012) that with large dosing of 

digestate into ponds, fish can die. Therefore, it is essential to focus more on knowledge 

transmission from implementers to facilitators, consequently on BGP owners. 10% of 

households discharge digestate to the environment, basically it means discharge to canals, 

lakes, rivers, ditches or into soil and same case it is with no treatment (26%). Problems with 

the digestate management arise as a fundamental issue calling for an immediate solution. 
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Similar opinion can be found in the study by Zhou et al. (2011) where lack of knowledge 

was identified as a main cause, or in study from China done by Chen et al. (2010).  

Table 7 also shows that more than one third of digestate volume stay without appropriate 

utilization. Proving that the situation about digestate management in the area is quite 

unsatisfactory. One of the reasons for deficient use of digestate is lack of organic matter, 

caused by usage of too high water: manure ratios and it causes lack of nutrients decreasing 

so added value of digestate, which can be used as efficient fertilizer (Li et al., 2012).  

There are used an excessive amounts of washing water in the pigpens. This was found 

out both in BGP farms and Non-BGP farms. Such practices are causing problems for BGPs. 

It is common for farmers to use as much cleaning water as needed to spray all the manure 

out of the pigpen until the pigpen is clean; however,  this usually leads to the high 

water/manure ratios in BGPs. Respondents answered that they were not aware of any rules 

connected with use of appropriate amount of water. This should be in competence of local 

facilitators and it should be more discussed during workshops. Average ratio of washing 

water/manure was 15/1 in summer and 12/1 in winter at BGP farms and smaller ratios were 

found in Non-BGP farms. It was 12/1 in summer, respectively 10/1 in winter. Probably 

caused by an effort of owners of renovated pigpens, to maintain pigpens cleaner. But, such 

volumes of water are causing low contents of solid parts in final digestate and making any 

further management considerably more difficult. For optional operation of BGP and its 

performance, according to the SNV recommendations, the ratio should be around 1-3/1. This 

can be achieved by use of less water, or increase use of manure; in some cases (35 % of BGP 

has a potential of easily connected toilet) connection with toilet can be done for increase of 

BGP input. In case of Cambodia specific trainings for quantity of water to be added were 

provided and it leads to better quality of the digestate coming out from the digester and to 

the improvement of using this valuable by-product and appreciation of its properties 

(Schmidt and Jordan, 2008).  

Currently there are many system possibilities for digestate treatment and management 

such as: composting, conventional digestate management, use of belt dryer or drum dryer, 

thermal concentration, physical-chemical treatment or solar drying (Rehl and Muller, 2011), 

but not all of them are applicable for small-scale farmers. Therefore, there is need to set up 

appropriate digestate treatment and management methods in accordance with local 

conditions and abilities. 
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5.7. Biogas technology adoption 

 

Farmers’ attitude to the biogas technology is also an important factor for technology 

adoption. In recent years large number of BGPs has been installed in Vietnam. Main increase 

came with the introduction of financial compensation. According to farmers at Non-BGP 

farms odour and hygienic problems connected with manure were recognized as main 

problems. As mentioned in study by Thu et al. (2012) reducing odour is an important purpose 

of using biogas.  

Reasons for adopting biogas technology at BGP farms in general can be divided as 

follows: Environmental, Economic, Technological and Social. These factors are taken into 

account from micro-level perspective, referring to the household, however most of them are 

influencing society and can be considered as macro-level factors. The most important factor 

for biogas technology adoption was clean environment (70.0 %), saving money (57.0 %) 

and gas for cooking (48.0 %), further factors are save time (15.0 %), solution to waste 

problems (14.0 %), gas for lightning (12.0 %), cooking for pigs (7.0 %), manure 

management (2.0 %) and subsidy from organization (1.0 %). If we compare it with current 

benefits of using biogas for farmers, we can see as main benefits saving money (79.0 %) and 

clean environment (70%), higher calorific value than wood (39%) for further benefits see 

table 9. This is shows us opinion consistency in relationship with environment and large 

inclination for considering economic benefits.  

 

Table 9: Current benefits recognized by BGP owners (N=141) 

Current benefits recognized by BGP owners % 

saving money 79 

clean environment 70 

higher caloric value than wood 39 

free time for other activities 35 

getting rid of smoke (respiration problems etc.) 26 

energy 10 

simple regulation of fire 7 

using biogas for lightning 7 

good fertilizer 6 

generating of electricity 1 
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Factors distribution into Environmental, Economic, Technological and Social factors 

provides us more complex view on motivating factors and current benefits with its disparity 

(Table 10). There is a positive disparity in Environmental and Economic factors and negative 

in Technological factor. It could be mostly influenced by complications with technology and 

equipment. However, also should be mentioned more recognized technological factors in 

current benefits, showing us valuation of the technology in new ways. This can be compared 

with results from Cambodia, where main recognized benefits were “time-saving” (from 

cooking) and healthier environment (Phanthavongs and Saikia, 2013) and results from 

Nepal, where main benefit was also “time-saving” (Singh and Maharjan, 2003). 

 

Table 10: Motivating factors and current benefits (N=141) 

Factors 

Motivating 

factors for 

adopting biogas 

technology (%) 

Average 

frequency (%) 

Current benefits 

recognized in using 

biogas technology (%) 

Average 

frequenc

y (%) 

Dispar

ity 

Environmental 

clean 

environment (70), 

waste problems 

(14), manure 

management (2) 

28.7  

clean environment (70), 

healthy improvement 

(26), soil fertility (6) 

34.0 5.3 

Economic 

save money (57), 

save time (15), 

support from 

organization (1) 

24.3  
economic benefit (79), 

save time (35) 
57.0 32.7 

Technological 

gas for cooking 

(48), cooking for 

pigs (7), gas for 

lightning (12) 

22.3  

higher calorific value 

than firewood (39), 

energy (10), regulation 

of fire (7), use for 

lightning (7), electricity 

generation(1) 

10.7 11.6 

Social 

local facilitators 

(77), neighbours 

(13), public media 

(10) 

33.3  0 0 33.3 
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5.8. Financing of Biogas Technology and Decision Making Process 

of Technology Acquisition 

 

Only 6% of households fully financed BGP construction with own savings. Subsidy 

from the Biogas Program was used by 88.0 % of households. And only 32.0 % stated that 

they would consider building BGP without the subsidy. For construction the loan was very 

common as well, it was used in 44.0 % of cases with average amount of 154 USD (± 91.5). 

These loans were coming from different sources such as from bank (38.6 %), relatives (54.6 

%) or other sources (6.8 %).   

There was a high degree of participation of family members in the process of 

deciding on building a BGP; however, in the final decision male role, as a head of household, 

was dominant. The head of the household was dominant in Decision Making Process (DMP) 

in 72% of cases, followed by wife in 18% of cases and by family consensus in 10% of cases 

(Figure 2). This can be compared with involvement in DMP, where the husband was involved 

in 96% of cases, wife in 90% of cases, followed by son(s) in 50% and daughter(s) in 46% of 

cases. Then there was family consensus in 10% of cases (in families with family consensus 

about DMP was also consensus in the dominant final DMP) and in 2% there was involvement 

of someone else, mainly local facilitators and promoters as advisers. However, local 

facilitators and their importance were proven in the study by Roubik and Mazancova (2014), 

showing their influence on further biogas technology maintenance as essential. Similar 

conclusions about DMP were done in Cambodia by Schmidt and Jordan (2008), only with 

slightly higher involvement and dominance of male in the final DMP. 
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Figure 2: Decision making process 

 

 

 

5.9. Problem analysis of biogas technology in the target area 

 

The survey revealed that 29% of BGP owners have experienced a problem with biogas 

technology. The two populations of the districts were considered statistically directly 

comparable. Failures were recognized in all six main subsystems with the highest average 

occurrence of problems in AD process and biogas production subsystems, biogas utilization 

of equipment subsystems and digestate disposal systems (further information on the average 

occurrence of problems and descriptions of their failure criteria and relevant 

recommendations are shown in Table 11 and Table 12, respectively). Table 12 is presenting 

six subsystems (and further non-technical problems) and their failure description, which is 

essential for problem recognition. It presents also further studies describing similar problems 

and countries of origin. For each failure, recommendation and possible solutions with notes 

are presented. Specific chief failures and their frequency are then presented in Table 13. 
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Table 11: Main problematic subsystems 

Main subsystems Average diameter 

of problems (%) 

AD process and biogas production 37.2 

Biogas utilization equipment 25.2 

Digestate disposal system 17.1 

Knowledge related problems 9.1 

Piping system 6.2 

Structural components 5.0 

 

 

5.9.1. Problem analysis: Structural components 

 

The most frequent problems with structural components were with the inlet pipe (6 

cases), the inconvenient location of BGP components (3 cases) and instability of the BGP in 

the rainy season (1 case). In this category the most serious fault identified lay in problems 

with the inlet pipe; similar results were found in Nepal in the study by Cheng et al. (2014a). 

This problem is mainly connected with an inappropriate angle of the inlet pipe leading to 

problems with organic matter getting into the digester. Any blockage of the inlet pipe can be 

usually fixed by a stream of water or with a long stick. The next problem identified was with 

inconvenient location of the BGP such as distance from pig sheds or toilets or from the farm, 

resulting in poor accessibility and more difficulties in the operation of the BGP and in its 

maintenance. The third problem described centred on the unstable construction of BGPs, 

especially in rainy season. This problem can be connected with low-quality workmanship. It 

is important to realize that skilled builders are a prerequisite for avoiding failures connected 

with improperly conducted construction. 
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Table 12:  Subsystems and failure criteria description and recommendation 

Subsystem Failure description Further studies describing similar 

problems and country of study 

Recommendation, possible solutions and notes 

Structural components    

 Problems with the inlet pipe Cheng et al. (2014) Nepal Clean the inlet pipe with stream of water or with a long stick. 

 Unstable BGP in rainy 

season 

N/A Appropriately selected BGP and skills of masons. 

 Inconvenient position of 

BGP components 

Cheng et al. (2014) Nepal BGP is too far from animal shed, inlet pipe has inappropriate slope, and outlet tank is 

too remote to be reached. It is in competence of skilled masons and facilitators. 

Piping system    

 Leakage in piping system Vu et al. (2015) Vietnam, Piechota et 

al. (2013) Poland, Cheng et al. (2014) 

Nepal 

When pipe is not connected adequately. The connections between the valve and the pipe 

or between pipe and nipple are not working properly. The gas pipe is corroded. When 

necessary, the pipe line should be replaced or repaired by facilitators/masons. 

 Blockage of piping system Cheng et al. (2014) Nepal When pipe line is overhanging for long time, and if no water filter is available, the water 

may be condensed within the pipe. Involvement of water filter and regular use. 

Biogas utilization equipment    

 Malfunction of biogas 

cooker 

Pipatmanomai et al. (2009) Thailand, 

Thu et al. (2012) Vietnam, Cheng et 

al. (2014) Nepal, Piechota et al. 

(2013) Poland 

Malfunctions of biogas cooker are diverse such as corrosion, broken gas tap, broken 

flame pedestal, blocked air injection hole. Corrosion can be reduced with H2S filter, 

other problems with appropriate use of fire and more quality cookers, which should be 

recommended by facilitators. 

 Malfunction of biogas lamp Cheng et al. (2014) Nepal The biogas lamps are rarely used due to the low price of electricity and its accessibility. 

Digestate disposal system     

 Poorly accessible reservoir 

for digestate 

N/A When reservoir is inappropriately located, it creates difficulties with further digestate 

management. It is responsibility of masons and facilitators think it through. 

 Lack of organic matter in 

digestate 

Vu et al. (2015) Vietnam, Thu et al. 

(2012) Vietnam 

High water: manure ratios are causing lack of OM in digestate. Ratio should be around 

3-6:1. Knowledge should be transformed through local facilitators. 

 

AD process and biogas 

production 

   

 Leakage in reactor Vu et al. (2015) Vietnam, Chang et al. 

(2011) China, Lam and Heegde 

(2012) Asia and Africa, Bruun et al. 

(2014) developing world 

When the digester is not made properly, the pressure from inside the digester is pushing 

the gas out. It can lead to stopping the functionality of BGP. Masons must be skilled to 

avoid problems with digester. In case of significant leakages, BGP must be fully 

repaired. 
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 Solid digestate incrustation 

floating in the main tank 

Cheng et al. (2014) Nepal, Shu-

guang et al. (2007) Japan 

Scum layer on the surface is preventing biogas to go through. BGP must be opened and 

cleaned. 

 Lack of biogas Thu et al. (2012) Vietnam Can be caused by poor quality of biogas (small concentration of methane), or by lack of 

organic matter. Also can be caused by some process breakdowns. BGP owners should 

be sufficiently informed by facilitators. 

 Poor quality of biogas Piechota et al. (2009) Poland, 

Pipatmanomai et al. (2009) Thailand 

Quality of biogas depends on individual components and methane concentration. It is 

affected by temperature, oxygen presence, feedstock, hydraulic retention time etc. 

 Smell of biogas Pipatmanomai et al. (2009) Thailand, 

Thu et al. (2012) Vietnam 

Bad smell of biogas can be removed by use of H2S absorbent. In case of simple carbon 

filter, it must be cleaned every two months. 

 Lack of feedstock/Over-size 

of BGP 

Singh and Sooch (2004) India, Chen 

et al. (2012) China, Thu et al. (2012) 

Vietnam, Cheng et al. (2014) Nepal 

When farmers reduce number of animals, there are no longer appropriate amounts of 

manure, animals are not feed regularly and manure is not moved to the inlet tank. Also 

over-size of BGP is a problem, partly due to the reasons mentioned above (also can be 

cause of under-dimension of BGP leading to oversupply of biogas. facilitators and 

masons should be aware of importance of proper BGP dimension. 

 Breakdown of AD process Thu et al. (2012) Vietnam, Cheng et 

al. (2014) Nepal, Chang et al. (2011) 

China, Ribaudo et al. (2003) U.S. 

There are many parameters affecting AD process, such as: inappropriate pH, unbalanced 

C:N ratio, low temperature and large temperature fluctuations, and existence of 

inhibitors. Inhibitors can originate from inappropriate cleaning chemicals in pigpens, 

feeding additives like growth hormones, antibiotics, heavy metals. There is need to be 

considered all of the aspects’ and BGP owners must receive sufficient information. 

 Oversupply of biogas Limmeechokchai and Chawana 

(2007) Thailand 

Consequences are because of farmers releasing biogas to atmosphere: contribution to 

the GHG by methane presence.  

Knowledge related problems    

 Lack of knowledge by 

respondents 

Zhou et al. (2011) China, Zurbrugg et 

al. (2012) Indonesia, Uddin et al. 

(2012) Banghladesh, Amjid et al. 

(2011) Pakistan, Agyenim and Gupta 

(2012) Ghana 

There is need for function transmission of information from large-scale level through 

local facilitators to the target group of BGP owners. 

 Unsatisfactory knowledge 

of masons 

 Unsatisfactory knowledge 

of facilitators 

Further non-technical 

problems 

   

 Proliferation of mosquitoes 

(Anopheles sp.) on the outer 

surface of BGP 

N/A Solution can be to cover the surface of BGP, even if we lose direct contact to surface 

and possible leakages. 

 Lack of finance Singh et al. (1996) Himachal 

Pradesh, Chen et al. (2012) China, 

Zhou et al. (2008) China, Zhou et al. 

(2011) China, Thu et al. (2012) 

Solving non-technical problems should be in competence of local facilitators, local 

authorities and national level authorities. 
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5.9.2. Problem analysis: Piping systems 

 

The average occurrence of problems in the subsystem of piping system was 6%. The two 

problems described in this subsystem were leakages in the piping system and its blockage. 

Leakages in the piping system (6 cases) were described in the study by Cheng et al. (2014a). 

The second problem described, which was also mentioned in a study from Nepal, was 

blockage of the piping system (3 cases). This problem occurs when the pipe line is left 

unused for a long time and if no water filter is available. It can result in a build-up of water 

within the pipe line. Therefore constant use of the BGP and use of a water filter is 

recommended. 

 

5.9.3. Problem analysis:  Equipment Utilizing Biogas 

 

The second highest average occurrence of problems was reported in the biogas utilization 

equipment subsystem (25%). The main failure in this subsystem was a failure of biogas 

cookers to function correctly (22 cases), which was also second most common failure in our 

survey (Table 13). Malfunctions of biogas cookers are diverse in nature, such as 

consequences from corrosion, a broken gas tap, a broken flame pedestal or blocked air 

injection hole. Corrosion can be reduced with the use of H2S filter (desulfurizer). Some other 

problems can be prevented by appropriate treatment (use of a suitable level of fire and better 

maintenance of the cooker), or through the use of better quality cookers. Similar conclusions 

and problems were found in other studies from Thailand, Vietnam and Nepal (Pipatmanomai 

et al., 2009; Thu et al., 2012; Cheng et al., 2014a). The second problem mentioned by the 

respondents was linked to malfunctions in biogas lamps (7 cases). However, it is important 

to say that the use of biogas lamps is on the decline due to the very favourable price and 

accessibility of electricity in rural areas. 
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5.9.4. Problem analysis: Digestate disposal systems 

 

The average occurrence of problems with the digestate disposal system was 17 %. This 

system encounters problems connected with the lack of organic matter (OM) in the digestate 

and with poorly accessible reservoirs. These problems occurred in 14 and 6 cases, 

respectively. A lack of organic matter in digestate is usually caused by use of overly high 

water/manure ratios. Knowledge about the use of adequate amounts of water during watering 

should be conveyed to BGP owners through local facilitators. A lack of OM and lack of 

nutrients decreases the added value of the digestate which can be used as an efficient 

fertilizer (Li et al., 2012). When used as a fertilizer, digestate can improve soil fertility 

(Alburquerque et al., 2012), show advantages in comparison with raw manure (Thy et al., 

2003) and when used instead of chemical fertilizer can save non-renewable energy and 

reduce carbon dioxide emissions (Li et al., 2012). Secondly, poorly accessible reservoirs 

contribute to the underuse of digestate. This happens when a reservoir is inappropriately 

located and results in further complications with digestate management. 

 

5.9.5. Problem analysis: AD processes and biogas production 

 

The AD process and biogas production subsystem is the chief problematic subsystem 

with the highest average occurrence of problems (37%). This subsystem is linked to the main 

goal of BGPs - to produce biogas. The production of biogas depends on a series of factors, 

which must be adhered to, such as: temperature, pH, nutrients, microorganism concentration, 

and the absence of oxygen and process inhibitors, otherwise the process and its effectiveness 

is threatened. In this category we find leakages in the reactor, which was the most common 

problem with small-scale biogas systems. This problem occurs in 49 cases surveyed. 

Leakage in a reactor can be the result of several causes: e.g. unskilled builders and poor 

construction, high pressures in the digester and the use of inappropriate materials. Problems 

with leakage in reactors was found in other studies from China (Chang et al., 2011), Nepal 

(Cheng et al., 2014a) and Asia and Africa (Laam and Heegde, 2012). Further problem occurs 

with solid digestate incrustation floating in the main tank (19 cases) which is the third most 

common problem associated with small-scale BGPs (Table 13). This happens when a solid 

scum layer forms on the surface, to prevent biogas from passing through, leading the system 

to stop functioning. When such a problem occurs, the BGP must be opened and the solid 
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surface removed. A further problem was with collapse of the AD process (19 cases) this 

could be divided into various sub-problems in the subsystem where the cause was known. 

Another problem described was the lack of feedstock (connected with an over-sized BGP), 

this was reported in 16 cases surveyed.  This usually happens when farmers reduce the 

number of animals on the farm and they are no longer able to provide sufficient amounts of 

organic manure for the BGP. It can also happen when animals are not fed regularly leading 

to irregular excretion. This is closely connected with the over-sizing of BGPs (or under-

dimensioning of BGPs). Similar problems were found in India, China, Nepal and Vietnam 

(Singh and Sooh, 2004; Chen et al., 2012; Cheng et al., 2014a; Thu et al., 2012). The under-

dimensioning of BGPs is connected with an oversupply of biogas, which can also be 

considered a problem. A common practice when there is oversupply of biogas is to release 

some of the biogas into atmosphere, but methane is a fundamental greenhouse gas which 

contributes to global warming. Similar conclusions were reached in a study from Thailand 

(Limmeechokchai and Chawana, 2007). Facilitators and builders should be highly familiar 

with the current situation of prospective BGP owners and be able to calculate a suitable size 

of BGP for their needs. Another problem mentioned was with the smell of the biogas (13 

cases), which was identified in households without a desulfurization unit or without the 

proper maintenance of a unit. This problem was described also in Thailand and Vietnam 

(Pipatmanomai et al., 2009; Thu et al., 2012). The simple solution is to use a desulfurization 

unit and maintain it properly. Knowledge about this should be transmitted through 

facilitators. The last problem found in the target area was with the insufficient biogas 

production (11 cases), which can be linked with the poor quality of biogas (low concentration 

of methane), or with the lack of the OM inserted, or with process collapse. The quality of 

biogas relies on several factors and is affected by temperature, the presence of oxygen, 

feedstock, and hydraulic retention time. 
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Table 13:  Main failures in central Vietnam associated with small-scale BGPs 

Main failures at BGPs Frequency of 

appearance 

(N=141) 

Leakage in a reactor 49 

Malfunction of a biogas cooker 22 

Solid digestate incrustation in the main tank 19 

Breakdown of anaerobic digestion process 19 

Lack of feedstock/Over-size of BGP 16 

Lack of organic matter in digestate 

Smell of biogas 

Lack of biogas 

Lack of knowledge of the owner of BGP 

Malfunction of biogas lamp 

Leakage in piping system 

Poorly accessible reservoir for digestate 

Problems with the inlet pipe 

Blockage of the outlet pipe 

Inconvenient position of BGP components 

Unsatisfactory skills of masons 

Unstable BGP construction in rainy season 

Blockage of piping system 

Unsatisfactory knowledge of facilitators 

14 

13 

11 

11 

7 

6 

6 

6 

3 

3 

3 

1 

1 

1 

 

 

 

5.9.6. Problem analysis: Further non-technical problems 

 

Further non-technical problems are not included in the chief subsystems as listed, but 

naturally they must be brought into our analysis as and when they appear. One of the 

problems is the proliferation of mosquitoes (Anopheles sp.) on the outer surface of BGPs. 
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Respondents reported their fears of the possibility of a higher risk of malaria transmission. 

Other problems were diverse in nature and stemmed from a variety of sources: lack of 

finance for maintenance and repair of BGPs, cultural and social obstacles (use of human 

excreta as feedstock for BGPs), and certain political restrictions. Non-technical problems 

with small-scale biogas plants were mentioned in other studies from different countries like 

India, China and Vietnam (Singh et al., 1996; Chen et al., 2012; Zhou et al., 2008; Thu et 

al., 2012). The ability to solve non-technical problems should feature among the 

competences of local facilitators, local authorities, and authorities at a national level. 

 

5.9.7. Problem analysis: Knowledge related problems 

 

The importance of proper and adequate knowledge was mentioned several times above 

and it is an essential part of any technology implementation. The average occurrence of 

problems in this subsystem was 9.1%, but there is a substantial overlap with other 

subsystems. The most common occurrence was a lack of knowledge of the BGP owners (11 

cases), followed by the unsatisfactory state of skills of builders according to BGP owners (3 

cases) and the unsatisfactory state of knowledge of facilitators according to BGP owners (1 

case); more relationships and consequences are shown in chapter below (5.13. Relationships 

across small-scale biogas technology). Problems with a lack of knowledge were recognized 

and described in other studies - from China, Indonesia, Bangladesh, Pakistan, Vietnam and 

Ghana (Zhou et al., 2011; Zurbrugg et al., 2012; Amjid et al., 2011; Roubik and Mazancova, 

2014; Agyenim and Gupta, 2012). These studies also highlight the importance of knowledge 

and its transmission. There is an essential need for the efficient transmission of information 

from the large-scale (national) level \via local facilitators to the target group of BGP owners. 

A properly working information flow is an essential key to the proper functioning of the 

system and its long-term sustainability. 

 

5.10. Payback Period (PB) of Small-scale Biogas Plant 

 

Based on information from respondents the payback period was calculated using a PB 

formula (1).  An average installation cost of a BGP was 336.2 (± 94.1) USD, average 

donation from the BPAHS programme was 163.6 (± 94.9) USD and average financial 
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contribution by the BGP-owners was 175.1 (± 99.2) USD. The average PB for a BGP with 

a subsidy was 2.25 (± 2.04) years; alternatively 4.46 (± 3.22) years without any subsidy. That 

indicates 2.26-year change in PB caused by the programme subsidy. This funding is essential 

to the rapid development of the technology, because the main increase in take-up always 

comes with the introduction of financial compensation. Large variances are returned in cases 

where BGP provides minimal benefits due to inappropriate maintenance of BGPs, collapses 

in the functioning of BGPs or due to the decision of the BGP owners to reduce use of this 

technology (Table 14). 

 

 

Table 14: Payback Period (PB) 

PB [comparison between payback time (D) with subsidy and without subsidy] in years 

 Mean Standard 

deviation 

Minimum Maximum 

D with subsidy (n=98) 2.25 2.03 0.26 15.43 

D without subsidy  (n=98) 4.46 3.22 0.53 17.14 
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6. Conclusion  

 

This study extends our knowledge about the environmental aspects and impacts among 

small-scale farmers in central Vietnam. It provides an in-depth understanding about the issue 

with taking into account all relevant aspects. 

Small-scale biogas plants can play a vital role in farming systems and add value to 

agricultural waste and livestock excreta. This technology offers significant advantages; 

especially in regard to energy, the environmental and economic development. It can also be 

a very useful manure management tool and may help reduce global warming impacts if used 

appropriately.  

In order to allow a more in-depth examination, small-scale biogas technology was 

divided into six chief subsystems, namely: structural components, equipment utilizing 

biogas, piping systems, biogas production, digestate disposal systems, and knowledge 

related problems. There was created subsystems and failure criteria description with 

adequate recommendations. The survey revealed that 29% of BGP owners surveyed had 

experienced problem with this technology, mainly with biogas production process and 

biogas utilization subsystems. The programme also allows decrease in payback period by 

2.26 years in comparison with the payback period with no subsidy.  

We found out that small-scale farms have 2.2 working people on average, out of whom 

79 % attended some training. Average farm size is 2,821 m2 for farm with BGP, respectively 

3,332 m2 for Non-BGP farm. Almost half of the HHs (49 %) have income less than 49 USD 

per month with the main source of income from rice farming.  

A biogas potential per household was also calculated and estimated for 2.32 m3/day. 

However, if recalculated together with actual usage of manure in BGPs, actual biogas 

outcome per household was estimated to 1.09 m3/day. This shows more than two times 

higher biogas potential, if manure used appropriately.  

Reasons for adopting biogas technology were divided into Environmental, Economic, 

Technical and Social. This provides us complex view on motivating factors and also view 

on currently valuated benefits by BGP owners. It is important to highlight that only small 

quantity of BGP owners fully financed their BGP. Also phenomena of high degree of family 

members participation in DMP is interesting and higher compared to other fellow countries. 

Also participation of family members in is interesting high degree of DMP. Generally, 
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knowledge about biogas technology among farmers is quite high (exception is lack of 

knowledge about digestate management); however, lack of finance is the main barrier in 

wider dissemination of this technology.   

In conclusion, this study analysed the current situation surrounding problems with biogas 

plants and manure management in Thua Thien Hue province in central Vietnam. It showed 

the need for further research on the eradication of problems with this technology and with 

manure management practices. There is also a need for more studies to shed light on the 

health-threatening components of the use of BGPs, not least because, with further 

enhancements, we will be able to promote alternative ways of using BGPs in developing 

countries. It is important to facilitate and make this technology more effective for end users. 

The final findings with appropriate recommendations will be provided to local 

authorities, especially to facilitators at the local level. Systematic empirical studies of this 

topic are a high priority for further research activities. 
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