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Abstract 
As climate change becomes an ever-bigger issue for countries in the south-Himalayan region, policy 

makers become more aware of the problems associated with increasing temperatures. As countries 

consume more energy extracted from fossil fuels the climate becomes warmer, affecting ecosystems 

and increasing the risk of natural disasters. Nepal is one of the countries seeing the effects of global 

warming from close range and the country is now seriously aiming to develop its energy sector 

through the implementation of sustainable energies. One of the more successful stories of the Nepali 

energy sector is the implementation of biogas technology. As of today, more than 350 000 small scale 

biogas systems for single household use are operating all over Nepal. The Alternative Energy 

Promotion Centre (AEPC), the focal governmental agency for the promotion of sustainable and clean 

energy, is now aiming to develop the large-scale biogas sector. This would increase the amount of 

domestic sustainable energy as well as the country’s energy security. 

 
The Shree Krishna Gau Sewa Sadan (SKGSS) is a Hindu trust located in south-eastern Nepal with the 

purpose of taking in and serving cows. It now aims to become economically self-sufficient by selling 

biogas and slurry produced from a newly constructed large-scale biogas plant to the nearby 

community households. The biogas will be produced from cow dung collected on the property and 

distributed to the households through a gas grid that is yet to be designed and built. The purpose of 

study was to investigate the opportunities for the trust to successfully operate the biogas plant and was 

focused on two areas of interest to the AEPC, which is the key sponsor of the community biogas 

project. The first was to primarily calculate the energy cooking demand of the nearby households, their 

current cost of cooking and their attitude towards a switch to biogas usage which would assist the 

planning of the future gas grid. The second was to localize and identify potential areas of 

improvements within the biogas system and based on that offer suggestions of improvements focused 

on technical aspects that would help the SKGSS to successfully operate the biogas plant. 

The study was conducted using a literature study, semi-constructed interviews, household surveys and 

on-site inspections of the biogas plant. 

 
The household survey showed that the nearby households’ interest in switching to biogas is high. Most 

of the households also showed to be willing to pay extra money to be connected to the biogas grid. 

The positive attitude towards biogas partly stems from a raised awareness about climate issues as well 

as increased security in energy security. The survey also showed that the nearby urban and semi-urban 

community is not a viable market for the produced slurry. However, Nepal is a big and growing 

market for organic high value fertilizer so the potential of a successful sale of slurry is still high. The 

primary calculations show that with the feedstock available, the community biogas plant cannot 

suffice more than 50 households’ energy demand for cooking. When designing the gas grid, proper 

calculations based on actual measurements of the biogas system need to be done. This study also 

recommends various improvements of the biogas system that will help the SKGSS biogas plant to 

operate successfully.  

 

  



 

Sammanfattning 
De klimatförändringar som idag orsakar allt större problem för länder i Himalayaregionen har ökat 

beslutsfattares medvetenhet kring konsekvenserna som de ökande temperaturerna för med sig. När 

människor konsumerar energi från fossila bränslekällor ökar koncentrationen av bland annat koldioxid 

i atmosfären vilket bidrar till den växthuseffekt som sakta värmer upp jordens klimat. Detta påverkar 

ekosystem och ökar risken för naturkatastrofer. Nepal är ett av länderna som ser konsekvenserna av 

den globala uppvärmningen från nära håll och landet satsar därför på att utveckla energisektorn genom 

implementeringen av fossilfria energislag. En av de mest framgångsrika satsningarna är användandet 

av biogasteknologi. Idag har över 350 000 småskaliga biogasanläggningar installerats över hela landet. 

Alternative Energy Promotion Centre (AEPC), den verkställande myndighetsorganisationen för 

främjande av ren och hållbar energi satsar nu på att utveckla den storskaliga biogassektorn för att öka 

landets inhemska och hållbara energiutvinning. 

 

Shree Krishna Gau Sewa Sadan (SKGSS) är en hinduisk stiftelse belägen i byn Jatuwa i sydöstra 

Nepal vars syfte är att ta hand om och betjäna kor, djur som inom hinduism är betraktade som heliga. 

Stiftelsen siktar nu på att bli ekonomiskt självförsörjande genom att sälja biogas och rötslam från en 

nyligen byggd biogasanläggning till närliggande hushåll. Gasen ska produceras från dynga insamlat 

från stiftelsens kor och distribueras genom ett gasnät som ännu inte är byggt. Syftet med denna studie 

var att utreda möjligheterna för SKGSS att framgångsrikt driva biogasanläggningen och fokuserade på 

två områden som var av intresse för AEPC, projektets huvudsponsor. Det första var att primärt 

beräkna hushållens energibehov för matlagning, deras nuvarande energikostnader för matlagning och 

deras inställning att byta till biogas som matlagningsbränsle för att assistera planeringen av det 

framtida gasnätet. Det andra var att lokalisera och identifiera potentiella förbättringsområden inom 

biogassystemet och baserat på detta ge förslag på huvudsakligen tekniska förbättringar som kan hjälpa 

SKGSS att framgångsrikt driva biogasanläggningen. Studien genomfördes med hjälp av en 

litteraturstudie, semi-konstruerade intervjuer, enkätundersökning av hushållen och en inspektion av 

biogasanläggningen. 

  

Enkätundersökningen visade att hushållens intresse att byta till biogas är stort. De flesta var dessutom 

villiga att betala för att anslutas till gasnätet. Den positiva inställningen till biogas härrör möjligen 

delvis från en ökad medvetenhet kring klimatfrågor samt energisäkerhet. Undersökningen visade även 

att det närliggande området inte är en trolig marknad för försäljning av rötslam. Dock är Nepal en 

växande marknad för organiskt och högkvalitativ gödsel så möjligheterna för en lyckad försäljning av 

rötslam är ändå stora. De primära beräkningarna visade att anläggningen med dess idag tillgängliga 

mängd organiskt material inte kan förse mer än 50 hushåll med biogas. Vid planläggningen av 

gasnätet måste dock beräkningar baserade på faktiska mätningar av biogassystemet göras. Denna 

studie rekommenderar även ett antal förbättringar av biogassystemet som skulle kunna hjälpa 

stiftelsens biogasanläggning att fungera bättre. 
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1. Introduction 
Energy demand in the world is increasing rapidly because of countries aiming to develop its 

economies and societies. A sufficient energy supply is vital to a country’s economic growth and is 

needed to terminate poverty and increase living standards. However, the majority of the energy used 

today is sourced from fossil fuels such as coal and oil. When utilizing the energy in such fuels, carbon 

dioxide among other emissions are released into the atmosphere, reinforcing the greenhouse effect. 

The results of global warming can be seen all over the world but one of the most affected countries is 

Nepal, stretching from the Himalayan peaks in the north to the Indo-Gangetic plains in south. 

Documented observations show positive temperature trends in the southern pre-Himalayan areas since 

1970. Direct consequences of this climate change include faster melting of glaciers and disturbance in 

the monsoon circulation that can lead to floods, landslides and droughts, all of which are challenges 

facing Nepal today and, in the future, (Bellochi, Diodato and Tartari 2011). But other challenges are 

also to be addressed. 40% of the almost 30 million Nepali inhabitants do for example not have access 

to electricity (Surendra et al. 2011). However, in recent years Nepal has made great strides in its 

socioeconomic development. It now aims to become a middle-income country as well as completing 

UN’s Sustainable Development Goals by 2030 (Asian Development Bank 2016). In order to make this 

a reality one of Nepal's goals is to substantially increase and diversify its energy system (WECS 2013, 

Xii). 

 
 

In 2008 Nepal’s energy consumption consisted of 87% traditional sources of energy, mainly including 

firewood, animal dung and crop residues. The remaining shares consisted of petroleum and coal which 

together held a 12% share and renewables which made up 1% (WECS 2010, 82). As Nepal has no 

domestic supply of petroleum the country imports all such products from its main trade partner and 

southern neighbour India. This constitutes around 8% of the countries primary energy consumption 

but due to rising prices in the international oil market fossil fuels such as Liquefied Petroleum Gas 

(LPG), a popular cooking fuel, have become financially ineffective. Nepal’s 2050 Energy Plan 

outlines the principle of developing the sustainable energy sector. Biogas is one of the targeted 

technologies in the Energy Plan and has already proven itself to be a viable alternative to the today 

widespread use of firewood and LPG (WECS 2013, X-45).  
 

 

The first attempts of implementing biogas technology in Nepal started as early as 1955. The early 

experimental projects showed the feasibility of the technology in the country and that a substantial part 

of many rural household energy needs could be met with biogas produced from locally collected 

organic waste (Bajgain, Shakya 2005). In order to promote the dissemination of the technology the 

Nepalese government in 1992 launched the Biogas Support Program (BSP) assisted by the 

government of the Netherlands and the investment has been proven successful with over 350 000 

small sized biogas systems (SSBS) successfully operating all over Nepal (Araldsen, Peder 2016, 6). 

The program has further been helped by the establishment of the Alternative Energy Promotion Centre 

(AEPC) in 1996. The organisation’s objective was set to promote the dissemination of renewable 

energy technology with the purpose of improving the lives of the rural people of Nepal. Since then, 

biogas has become a popular and reliable source of clean energy in Nepal and has replaced firewood 

as cooking fuel in many parts of the rural area (Motherland Energy Group 2012). The country has 

great ambitions regarding the dissemination of biogas technology. It is for example stated in Nepal´s 

Energy vision for 2050 every household in the southern region of Nepal known as the Terai will have 

a biogas plant installed (WECS 2013,104). 
 

 

Primary biogas plant designs focus on a fixed dome concept called GGC 2047, made by the Gobar gas 

company (BSP-Nepal, 2009). The dissemination of SSBS has so far been a successful story with over 
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94% of the 350 000 plants being operational and 87% of the plants fulfilling the everyday total energy 

demand of the users (Motherland Energy Group 2012,17). 
Apart from the SSBS for single households, the AEPC promotes and provides technical and monetary 

support for the dissemination of large scale biogas. This category includes community, commercial 

and institutional biogas. Community biogas systems are established by a community of households 

that share the benefits, costs and work related to a biogas system. Usually the plant is installed at the 

hub of the households and connects them by a common gas grid. The produced biogas is most 

commonly used for cooking and lightning. (AEPC 2018a) This type of arrangement is mainly meant 

for households who cannot afford the upfront investments that single household plants require and 

thus receives the most subsidies from the government (Amatya, 2018c). Institutional biogas includes 

the biogas systems owned and managed by public institutions such as schools, hospitals, police 

departments etc. The produced biogas is usually used for the institution’s self-sustainability by using 

the gas for cooking and electrification of the property (AEPC 2018b). Commercial biogas includes 

biogas systems owned and managed by private companies such as farms, dairies, restaurants and 

industries. These plants normally have a higher capacity than other categories and are usually focused 

on making an economic revenue selling the gas and slurry produced by the system (Lamichhane, 

2018). 

 

1.1 Aim  
The aim of this study is to investigate the opportunities for the Shree Krishna Gau Sewa Sadan 

(SKGSS) trust to successfully operate a biogas plant in the Jatuwa community. As the previously 

conducted Detailed Jatuwa Field Study (DJFS) had covered much of this, two sub-areas were of 

interest to the AEPC which is the key supporter for the community biogas plant project. The first was 

to primarily calculate the biogas demand of the nearby households, their current cost of cooking and 

their attitude towards a switch to biogas in order to assist the planning of the future gas grid. The 

second was to localize and identify potential areas of improvements of the biogas plant and based on 

that offer suggestions of improvements focused on technical aspects. 

 

1.2 Scope and limitations 
The scope of this study was to assist the SKGSS project by: 

● Primarily calculate the number of households that could be sufficed with biogas 

● Primarily calculate the household’s current energy cost for cooking 

● Investigate the nearby community households’ interest in switching to biogas 

● Investigate the fertilizer usage of the nearby households 

● Suggest improvements that could enhance the biogas system’s potential of operating 

successfully  

Being a not yet operational biogas plant, various limitations constrained parts of the study. Because of 

limited access to equipment to measure gas flow, pressure etc, the plant capacity used in the study’s 

calculations have been drawn from the DJFS. The biogas produced in the SKGSS community biogas 

plant is meant for cooking purposes which is why this study has not been taking other uses of biogas 

such as lightning, heating and electrification into consideration. Economical aspects of the study are 

also limited since the lack of information about costs related to the biogas plant made it impossible to 

calculate exact revenue streams and costs. 
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2.Methodology 
  

The study was carried out through a combination of: 

● Literature review 

● Interview study 

● Household survey 

● On-site Inspection 

 

2.1 Literature review 
To gain a comprehensive understanding of the technical and social aspects of the Nepali biogas sector 

a literature review of the field was conducted. Studying other’s work and experiences of the biogas 

sector gave a deeper understanding regarding the different kinds of problems that previously occurred 

and where in the system they appeared. The literature reviewed in this study were identified by Primo 

(KTHB) and Google and were chosen based on credibility and relevance.  

 

2.2 Interview study 
The major actors in the Nepali biogas sector were identified by the contact person Sushim Man 

Amatya, a senior program officer at the” Waste to Energy and Large Biogas Sub-component” of the 

AEPC. He identified them as AEPC, BSP and the National Biogas Promotion Association (Amatya, 

2018c). Prakash Lamichhane, the president of BSP was interviewed from BSP and Sushim Man 

Amatya was interviewed from the AEPC. The interviews were conducted in a semi-constructed format 

and were centred around getting an insider's view of the biogas sector as well as confirming important 

facts taken from the literature review. As all the participants in the interview study were fluent in 

English no translator was needed. The interviews can be found in appendices III and IV. 

 

For the interview study a semi-constructed format was chosen as it allows for supplementary 

information to be gained through an open dialog while a key set of structured questions are answered. 

This format also allows the respondent to showcase their thought process and for the interviewer to 

explain their own questions in greater detail to increase the respondents understanding behind the 

question (Barriball, 1994).  

 

2.3 Household survey 

The questionnaire used in the survey, which can be found in Appendix I, was designed to estimate the 

households’: 

● Energy demand for cooking 

● Biogas interest 

● Current cooking fuel 

● Cooking costs 

● Willingness to pay for the gas grid 

● Interest in segregating kitchen waste  

● Current fertilizer usage 

● Fertilizer types  

● Interest in the organic fertilizer produced by the SKGSS 
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The study used a survey method because of its capability of describing the characteristics of a large 

population. To get a valid response rate, face-to-face interviews with the households were chosen. 

Face-to-face interviews is a flexible data collection method which lets the interviewers use many 

forms of communication in order to transmit the necessary information (EAM 2008, 122). If the 

questionnaire is not designed correctly, a face-to-face interview can lead to respondents not being 

honest which creates data errors. To limit such errors, the questionnaire was constructed to avoid 

sensitive and culturally taboo questions (EAM 2008, 132). Before conducting the survey, the 

questionnaire was reviewed and approved by Mr. Sushim Man Amatya and Mr. Ravi Chettri, an 

independent expert on biogas technology, to make sure that the questions would be appropriate for 

completing the survey’s aims and to ensure that it was adjusted to the local and cultural context of the 

community. The conduction of the survey was assisted by two Nepali translators named Dipendra 

Yadav and Sachin Thakur. Both were local residents of the Jatuwa community which helped 

overcoming social barriers when interviewing the households.  

 

The chosen area for biogas distribution was pointed out by Mr. Jeeban Shrestha, the person in charge 

of constructing the biogas plant as well as the managing director at the Luniva Green Energy 

Development and Research Centre. The chosen area can be found in figure 5. The methodology on 

which the questionnaire was based was influenced by IRENA (IRENA, 2016). The questionnaire was 

however adapted to more aptly align with the aim of the study and the local conditions. Questionnaire 

and replies can be found in appendices I and II. 

 

2.4 On-site inspection 
An on-site inspection of the SKGSS biogas plant was carried out accompanied by two biogas experts 

and the plant operator. The experts were Mr. Shrestha and Mr. Chettri whereas Mr. Mukesh Shah was 

the operator of the plant. The inspection included observations of the system’s technical parts as well 

as discussions with the three regarding their thoughts of how the biogas plant should be operated. 

Observations were documented with photographs and written notes. The inspection was carried out to 

confirm information taken from the DJFS regarding the plant’s technical specifications and to 

understand the plant’s operation practises. 

 

2.5 Field study 
 

2.5.1 Biratnagar 

Biratnagar is located in the Morang district in the south-eastern part of the Terai region of Nepal as 

can be seen in figure 1. The Terai region includes the southern part of the country and share its long 

southern border with India. Along with its fertile soil and a sub-tropical climate, the region is rich in 

agriculture and produces the majority of Nepal’s agricultural products even though it only makes up 

16% of the country’s total area. Terai is also the most densely populated region of Nepal with over 

70% of Nepal’s population (Department of Forest Research and Survey 2014, 2). Biratnagar is 

classified as a metropolitan city and has a population of 182 000 people which makes it the fourth 

largest city in Nepal (World Population Review 2017). 
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Figure 1. Biratnagar on a map of Nepal 

Biratnagar on a map of Nepal (Google Maps, 2018). 
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2.5.2 Shree Krishna Gau Sewa Sadan 

The SKGSS is a Hindu non-profit trust established in 1985, owned and managed by religious Hindu 

people of the Marwari community located in the village of Jatuwa, south of Biratnagar. In Hinduism, 

the major religion of Nepal, cows are considered sacred and pure. The main purpose of the trust is 

therefore to take care of and serve cows that are found abandoned on the streets or donated to the 

SKGSS. The property includes a 2 044 m2 vermicompost area where vermicompost is produced from 

cow dung. Apart from selling vermicompost and surplus milk, the trust relies on donations and grants 

from the Marwari community and the Government of Nepal to feed and take care of their 186 cows 

(Smart consult 2017,5). 

 

With an expected growth in the number of cows, the trust committee has decided to become self-

sufficient by building a biogas plant with support from the AEPC and using cow dung to produce 

biogas. The trust’s property and biogas construction site can be found in figure 2. This could supply 

the trust’s energy demand as well as create revenue streams by selling the surplus energy and slurry 

by-product from the biogas process. The slurry is an effective fertilizer for farming and has a higher 

market price than the vermicompost being sold today (Smart Consult 2017, 5). According to the DJFS, 

the SKGSS holds 186 cows, which would according to the Biogas Calculation tool (AEPC 2018) used 

in the DJFS produce 1725 kg cow dung/day. This amount of feedstock would produce 69 m3 of 

biogas/day and 360 dry compost/day (Smart Consult 2017, 2). The amount water required to dilute the 

feedstock is estimated at 1,8 m3/day and will be supplied from a local well. Being a part of the Ganges 

basin, the Terai region is in a good position with regards to groundwater, which is recharged by 

meltwater from the Himalayas as well as the monsoon rains and serves as the main source of drinking 

water for the region (Smart Consult 2017, 50). An overview of the plants biogas production capacity 

based on the available feedstock can be found in table 1. 

 

When the DJFS for the large-scale biogas plant was written it was thought that a biogas generator 

would turn biogas into electricity and sell it to a nearby plastic factory which would create a revenue 

stream of 4 300 EUR annually (Smart Consult 2017, 31). But as the previously frequent load-shedding 

have ended and the price of electricity has decreased, the plastic factory redrew its request which left 

the SKGSS with excess biogas. To handle this new situation, it was decided that the produced biogas 

will be distributed and sold to the nearby households through a gas grid that has yet to be designed and 

built. Preliminary, 20 households were suggested to be connected and as the project develops this 

number is supposed to increase (Amatya 2018a). Primary calculations have shown that a gas grid 

would outweigh the cost of the biogas generator which is why the trust wants to investigate the 

households attitude towards a switch to biogas and their willingness to pay money to get access to the 

grid (Amatya 2018a). The community around the trust was classified as urban to semi-urban. The 

households in the area also have the financial resources to afford a switch back to their old fuel if the 

biogas plant would not supply enough fuel to cover their daily needs (Amatya 2018b). 
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Figure 2. SKGSS property and biogas construction site 

The SKGSS property and biogas plant construction site (Smart Consult 2017, 46). 

 

Table 1. Shows the calculated biogas yield based on the available feedstock (Smart Consult 2017, 2) 

Size of cow Cow dung  

(kg/hd/day) 

Nr of animals Dung production 

(kg/day) 

Gas production 

(m3/day) 

Big 15 35 525 21 

Middle 10 58 580 23,2 

Small 83 62 496 19,84 

Calf 4 31 124 4,96 

Total  186 1725 69 

 

2.5.3 Process design and technology 

The biogas plant at SKGSS has a total volume of 190 m3, with a digester volume of 165 m3 and a 25 

m3 gas storage dome. The model used is of the type Continuously Stirred Tank Reactor (CSTR) which 

has similarities with the commonly used Fixed Dome model but is equipped with an internal stirring 

system inside the digester. Continuous stirring of the digestate prevents scum from forming and helps 

to maintain the desired mesophilic temperature. This stabilizes the anaerobic process and therefore 

enhances the biogas production (Smart Consult 2017, 18). An illustration of the system's technical 

parts can be found in figure 3 below, while the plant itself can be found in figure 6.  
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Figure 3. A schematic figure of the biogas plant at SKGSS 

A schematic figure of the biogas plant at SKGSS. The organic substrate is mixed with water to retain 

the desired slurry dilution (1). This is fed through an inlet pipe into the digester (2) where an 

anaerobic process during continuous stirring produce biogas consisting of methane gas (60-65%), 

carbon dioxide (35-40%) and small amounts various gases. The biogas is collected in the upper dome 

(3) where it pressurizes and hydraulically pushes slurry into the slurry outlet tank (4). The biogas is 

let out from the chamber by a valve (5) to a gas storage tank and later distributed through the gas grid 

(Smart Consult 2017, 18).   
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3. Background 
 

3.1 Biogas technology 
The process of biogas production depends on anaerobic digestion of organic material where bacteria 

break down biomass into two main components: methane gas and carbon dioxide. Methane is the the 

energy carrier of the two components and therefore the sought-after product. The exact composition of 

methane and carbon dioxide varies with certain operational conditions such as temperature, pH-levels 

and characteristics of the organic material fed into the digester. The methane content usually ranges 

from 50-75% of the biogas, leaving carbon dioxide with 25-45% along with small quantities of water 

vapor, nitrogen, ammonia and hydrogen (Stoddard 2010, 27). 

 

3.2 Biochemical process 
The biogas production process can be divided into three biochemical reaction stages which all run 

parallel to each other in the digester tank. In hydrolysis stage, macro nutrients are being degraded 

respectively; Carbohydrates into sugars, fats into fatty acids and proteins into amino acids. In the 

acidification stage, the soluble chemicals created by the hydrolysis are turned into volatile fatty acids 

along with alcohols under anaerobic fermentation. In methanogenesis, which is the last and critical 

step, methanogenic microbes process the volatile fatty acids from the previous stage into methane and 

carbon dioxide (Al Seadi et al 2008, 21-23). 

 

3.3 Important parameters 
 

3.3.1 Feedstock properties 

Different types of organic materials contain different compositions. Due to this the amount of biogas 

produced within a given timeframe will depend on the added material. This mainly comes down to 

two specific variables of the material: total solid content (TS) and volatile solid content (VT). VT is 

the part of the solid material that can be digested by the bacteria in the digester. It is measured as the 

weight of the VT divided by the TS. This parameter is seldomly measured in the field as is the case for 

this study where literature was used. TS is the matter of dry matter in the studied material. It is defined 

through dividing the dry solid weight by the total weight (IRENA 2016, 5) 

 

Studies have shown that the biogas production can be enhanced by mixing different types of 

substrates, a process known as co-digestion. The reason for this is that a more diverse mix of organic 

material results in a higher microbial diversity that create a synergistic effect on the anaerobic 

digestion (Zamanzadeh et al 2017,9). A study made in 2010, where anaerobic digestion of different 

ratios of dairy cow manure and kitchen waste showed that the methane yield per unit feedstock 

maximized when the digester was fed with 60% kitchen waste and 40% cow manure (El-Mashad, 

Zhang 2010). 
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3.3.2 Feedstock retention time 

When the digester is fed continuously, the average amount of time that the substrate stays in the 

digester before it is hydraulically pushed out into the slurry outlet is called retention time (RT). An 

often-valid approximation used to define RT is simply to divide the digester volume by the total 

feedstock volume/day (IRENA 2016, 5). RT often varies between 40-60 days depending on factors 

such as temperature and feedstock properties. As the substrate stays in the digester, more biogas from 

each unit of substrate will be produced until the process reaches a production maximum and then start 

to decline as nutrients are being consumed by the bacteria (Stoddard 2010, 24).  

 

3.3.3 Temperature 

Temperature is one of the most influential parameters on the process. It decides which types of 

bacteria that can be involved in the anaerobic digestion and the speed in which they operate. The 

process is usually divided into three temperature ranges: psychrophilic (< 20 degrees Celsius), 

mesophilic (30-42 degrees Celsius) and thermophilic (43-55 degrees Celsius). Most conventional 

biogas plants operate in the mesophilic or the thermophilic range which is also the most desirable 

because of the higher digestion speed. However, if the digester temperature reaches over 70 degrees 

the active bacteria risk getting killed which interrupts the process. The process of anaerobic digestion 

itself generates very little heat because most of the energy is utilized in the production of methane. So, 

in order to reach the desirable mesophilic and thermophilic conditions, an external heat supply source 

in form of a heat exchanger is sometimes added (Al Seadi et al 2008, 23). 

 

3.4 Applications 
The high caloric value of biogas makes it a flexible and effective energy carrier viable for several 

applications. The most common and simplest way of using biogas in developing countries like Nepal 

is for cooking purposes. Today, the majority of Nepali households rely on traditional fuels such as 

firewood, dried cow dung and charcoal as their main cooking fuels. Replacing these fuels with biogas 

has a tremendously positive impact on both health and environment. Also, the thermal efficiency of 

biogas is superior to traditional fuels meaning that less heat is lost in the cooking process. These 

factors along with its high combustion temperature makes it a very viable cooking fuel (Araldsen, 

Peder 2016, 8-9). 

 

3.5 Benefits 

3.5.1 High value fertilizer 

The digested by-product from the anaerobic process is a very suitable organic fertilizer for farm land. 

The slurry is rich in minerals and nutrients such as nitrogen, phosphorus and potassium which are all 

vital for agriculture. If the slurry is reused as a fertilizer these nutrients will return to the soil, closing 

the nutrient cycle. This makes it possible for farmers to run a more sustainable form of agriculture as 

they no longer need to use chemical fertilizers (Mang, Li 2010, 11). Because digested slurry is a more 

effective fertilizer than vermicompost and pure cow dung, alternatives often used in countries like 

Nepal, it also holds a higher market value. This makes it possible for investors in biogas systems to 

make a revenue selling the slurry. Having for a long time been dependent on imports of inorganic 

fertilizer, Nepal is today a growing market for domestically produced organic fertilizer much because 

of raised awareness of ecological issues related to chemical fertilizing (Amatya 2018a). 
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3.5.2 Environmental impacts 

The environmental impacts of replacing firewood with biogas are both local and global. From a local 

perspective, the use of biogas can help reduce the deforestation that today is a significant problem for 

many communities. Biogas technology can also contribute to a sustainable agriculture in the way that 

the leftover nutritious slurry mentioned above is returned to the fields, which reduces the depletion of 

the land’s soil nutrients. This cycle of nutrients makes it possible for farmers to keep their fields fertile 

and not have clear more land for agriculture which also contributes to deforestation (Bajgain, Shakya 

2005). The consequences of deforestation are many but the one of most impactful for Nepal is the soil 

erosion which increases the risk of landslides and floods. Being a country already struggling with such 

problems, using the necessary tools to prevent deforestation is taken seriously by policy makers. 

However, according to Sushim Man Amatya (2018a), the main cause of deforestation cannot be solely 

attributed to the small-scale farmers of Nepal but to the timber industry. In his opinion, the Nepali 

government unjustifiable blames the farmers for this problem.  

 
From a global perspective biogas technology contributes in reducing emissions of greenhouse gases 

when replacing energy extracted by burning fossil fuels. Biogas is a renewable source of energy that 

does not emit any excess carbon in the atmosphere. All the emitted carbon when burning biogas comes 

from the organic material used to produce methane and is therefore part of the natural carbon cycle 

(Bajgain, Shakya 2005). 

 

3.6 Sanitation and waste management 
Biogas technology does not only serve as a provider of clean energy, it also serves a sanitary purpose. 

Animal manure, human faeces and food waste are the main types of organic material fed to the 

digester, all of which can bring sanitary problems if not handled correctly. When the substrate is 

digested, harmful pathogens are inactivated to a certain degree, mainly regulated by temperature and 

concentration of ammonia inside the digester. Studies have however shown that pathogens such as E. 

coli are not completely eliminated under mesophilic conditions which is why some countries have 

regulations that require pre-treatment of the feedstock to avoid proliferation of harmful bacteria 

(Mang, Li 2010,12).  This is however not the case in Nepal, but bacteria inactivating post-treatments 

such as composting or drying of the substrate are recommended before using the slurry as fertilizer 

(Amatya 2018d).  

 
Nepal is today facing serious problems with waste management. The increasing population growth and 

urbanization to the major cities along with poor waste management directly lead to environmental and 

sanitary problems for people and the local environment. Lacking proper waste management, piles of 

trash are often disposed and burned inside and outside urban areas. The fertile soil of southern Nepal 

produces big quantities of agricultural product, which in urban and semi-urban areas often are 

disposed as any other waste category. This leads to over 70% of Nepal’s total solid waste consisting of 

organic material. This is today a problem for Nepal but could also be seen as an opportunity. With 

proper waste management the organic waste could be used as feedstock in biogas plants, which would 

recycle the energy, reduce foul odors from laying around waste, produce high value fertilizer and solve 

the sanitary problems having to do with poor waste management (Pokhrel, Viraraghavan 2005). 

 

3.7 Community biogas 

The increased usage of SSBS produced biogas has generated a positive impact on people's lives and 

the local environment but has not been able to benefit the poorer parts of the Nepali population. 

Families without the financial resources or the required amount of livestock to produce enough 

manure for a SSBS are hence left out of the biogas development. For this reason, the AEPC has in 

recent years started to promote the dissemination of community biogas plants, which are scaled up 
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versions of the SSBS. This way of producing biogas is more economical because the construction 

costs are shared by many families which reduces the cost of each family (Araldsen, Peder 2016, 3). 

Community biogas systems enable families without the sufficient amount of livestock required for a 

SSBS to produce biogas by collectively feeding the digester with whatever organic waste accessible. 

However, community owned and managed biogas systems have faced several problems. Even though 

the technical requirements are fulfilled in terms of substrate availability and proper technology, 

community biogas often struggle with management of the plants. Social issues such as unequal effort 

in feeding the digester as well as unequal amount of gas usage tend to arise. Maintenance of the 

community systems have also shown to be problematic, due to the tragedy of the commons 

(Lamichhane 2018). 

 
The biogas plant at Jatuwa is a recent form of community biogas in terms of management and 

operation. SKGSS is a trust owned by the community in the nearby village so even though the plant 

will be operated by the trust’s employees, the community will ultimately have ownership. With the 

purpose of gaining economic self-sufficiency, the trust intends to sell the gas to households of the 

community (Amatya 2018b). 
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4.Results 
4.1 Biogas system model 
The created model represents a schematic overview of the biogas system and visualizes how the 

biogas system’s technical parts integrate along with the expected revenue streams from selling biogas 

and slurry. Key system parts were identified at on-site observations through a combination of the 

authors’ viewpoints and the observations made by Ravi Chettri (Chettri 2018). As a result, figure 4 

illustrates the authors’ opinion regarding the most important parts of the system in terms of operation 

and in terms of potential improvements.   

 

 

Figure 4. A schematic model of the SKGSS community biogas system 

The figure is showing the schematic model of the SKGSS community biogas system which is delimited 

(thick line) to the SKGSS property. The feedstock is domestically produced by the SKGSS own cows. It 

is there after mixed with water and fed into the digester where it is anaerobically digested. A heat 

exchanger controls the temperature inside the digester to maintain mesophilic conditions. The 

produced biogas is led to a gas container and later distributed through a gas grid. The slurry is 

hydraulically pushed into a slurry outlet tank which is later emptied for the slurry to be dried into dry 

compost. Selling of dry compost and biogas creates revenue streams for the SKGSS. 

 

4.2 Survey 
The community of Jatuwa, which is the main market scope for biogas distribution, can be regarded as 

urban to semi-urban. The questionnaire which can be found in appendix I was directed towards the 

financial head of the household. Many households have small farms and animals such as cows and 

goats, producing crops, milk and meat for mostly domestic use. In the survey, all households used 

LPG as a cooking fuel. One household complemented biogas from a SSBS with LPG and two 

households combined LPG with firewood. When asked about organic waste segregation, 7 out of 10 

answered that they did not segregate kitchen waste from other waste. 6 out of these 7 households 

answered that they were interested in segregating kitchen waste in the future. The households that 

segregate kitchen waste used it to produce compost for domestic use. The overall result of the survey 

can be seen in table 2 and the data used for the table in appendix II.  
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4.2.1 Willingness to switch to biogas  

The survey showed that the attitude of the households towards a switch to biogas was generally 

positive. 7 out of 10 answered that they would like to switch to biogas if the price was the same as for 

their current fuel and all households were willing to switch to biogas if it was cheaper. 8 households 

were also interested in paying money to help finance the biogas grid if they were to be connected to it.  

 

4.2.2 Current usage of fertilizer 

As not all households were involved in farming 7 of the 10 interviewed households used some form of 

fertilizer while 5 of the households purchased artificial fertilizer. However, being small farms for 

domestic use, the amount of purchased fertilizer did not exceed 10 kg per household annually. The 

purchased fertilizer consisted mostly of the inorganic fertilizer Urea and was bought from the local 

market, approximately 2 km away from the community.    
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Figure 5. Households surveyed overview 

The map shows the households that participated in the survey. Numbers show the order in which they 

were interviewed. 
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Table 2. Results from the household survey 

Willingness to: Yes  No  

Pay more for biogas than current fuel 3 7 

Pay same price for biogas than current fuel 7 3 

Pay less for biogas than current fuel 10 0 

Pay extra for gas grid 8 2 

Segregate kitchen waste 6 1 

Pay more for less transportation of fertilizer 0 10 

Pay more for organic fertilizer 4 6 

Results from the survey can be found in appendix II 

 

4.2.3 Energy demand 

Table 3. Energy demand and cost based on household survey 

Energy demand  

LPG usage (kWh/household/day) 6,35 

Biogas demand (kWh/household/day) 8,46 

Plant capacity (kWh/day) 425,53 

Households the plant can suffice 50,27 

People the plant can suffice 321,75 

Price and revenue  

Current cooking energy cost 

(NRs/household/day) 

52,94 

Current cooking energy cost 

(EUR/household/day) 

0,42 

Scenario 1  

Biogas price (NRs/kWh)  6,26 

Biogas price (EUR/kWh)  0,049 

SKGSS revenue (NRs/year)  971 546, 47 

SKGSS revenue (EUR/year)  7592,73 

Scenario 2  

Biogas price (NRs/kWh)  4,17 

Biogas price (EUR/kWh) 0,0033 

SKGSS revenue (NRs/year)  647 697,64 

SKGSS revenue (EUR/year)  5061,82 

 

The table shows a summarization of the key results from the calculations, based on the survey. A key 

result was defined due to its ability to aid the study in its aim of calculating the targeted areas energy 

demand and current cost of cooking. The calculations can be found in appendix V 
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4.3 On-site inspection  
Following pictures were taken during the on-site inspection and visualize the biogas system’s parts 

represented in the system model in figure 4. The pictures were meant to provide context and substance 

to the system model and to better illustrate its state during the field study.    

 

 

Figure 6. Overview of the biogas dome, outlet and inlet  

Viewed from right: Mixing inlet tank, digester dome, slurry outlet tank. 

 

Figure 7. Gas container 

Gas container of 50 m3 where the gas is stored after being transferred from the digester dome. No 

pressure reading equipment present.  
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Figure 8. Heat exchanger 

Biogas is lead out of the digester dome into the gas burner. Water would then be heated and lead 

through pipes around the inside walls of the digester to raise the temperature when needed. The burner 

is turned on and off manually. 
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Figure 9. Transportation from digester dome to slurry tank 

The outlet pipe from digester goes directly into the outlet tank, which fills up and needs to be emptied 

manually. Wood pipe close to outlet tank had no function. 

 

Figure 10. Inlet tank after rainfall 

After a night of rain, the inlet was covered with rain, this would be emptied manually before operating 

the plant.  
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4.3.1 Management structure 

The biogas plant will be operated by the trust which today has 20 people employed. The physical 

labour will mainly include collecting feedstock, feeding the digester and emptying the slurry tank. The 

plant operator, Mr. Shah will alone oversee the management and technical supervision of the biogas 

system. He is normally aided by two extra co-workers to complete tasks such as collecting cow dung 

for the inlet and emptying the slurry tank. He is also the only employee educated in how to operate the 

biogas plant. 
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5.Discussion 
 

5.1 Energy demand and calculations 

The calculations were primarily based upon two sources of data. The first source contains numbers 

taken from surveying the households where the biogas grid is supposed to be built. This data suffers 

from the fact that as of writing it was not possible to know exactly how many households that were 

going to be connected as it was not yet decided. However, the senior program officer of the AEPC, 

Sushim Amatya had stated the intention of connecting 20 households primarily. Half of the 20 

households have been surveyed due to time limitations within the field study.  Other complications 

arose from delayed access to the field site and time constraints for our initial translator Mr. Shrestha. 

As a result, two local men, Dipendra Yadav and Sachin Thakur were used to do the translations. The 

fact that they had lived in the targeted area and knew all the interviewees improved the translation as 

they also bridged the social barriers that otherwise might have stopped people from speaking freely. 

Some complications that arose during the interviews themselves did however cause imperfect data. 

The main effect of the complications is that the calculated energy demand for each household ignores 

the energy supplied by the burning of firewood as the survey failed to take into account how much 

firewood was being burnt. From the context of the interviews it did however become apparent that 

LPG was still the main energy source when firewood was present. But the fact that this occurred in 

20% of the surveyed cases causes problems in the data. As such the calculated energy demand per 

person and household ought to be higher than what is implied in this report. In turn this means that the 

calculated cost per day of a household could be lower as calculation 10 in appendix V uses the 

duration of a cylinder. The true average duration of a cylinder itself could be lower than what has been 

suggested in this report as firewood supplements extra energy to the households, which is not taken 

into consideration. If the duration of a cylinder is increased in calculation 10 it would mean that the 

resulting cost per day decreases as a result.  

 

The second source of data was taken from the official DJFS and the biogas calculation tools user’s 

guide. The calculation tool is designed to estimate the potential production capacity of a biogas plant 

given factors such as available amount of feedstock, type of feedstock and temperature in the area. It 

does however not consider all possible factors and therefore gives a best-case approximation of 69 m3 

of biogas per day. If measuring equipment such as gas flow and pressure meters for the digester and 

the gas container shown in figure 7 were put in place proper calculations could have been done. 

However, in the current state the energy calculations are at best approximations. Therefore, the 

number of households that the biogas plant could sustain should be lower than 50 and this figure is to 

give a preliminary overview of the situation. 

 

5.2 Biogas grid  
As of writing the SKGSS, AEPC and different construction companies were still in talks over the 

details of the biogas grid’s extension, cost and design. The gas grid will however have a higher cost of 

implementation than the previously planned selling of electricity. As there was no available data on 

the exact numbers the authors state that the success of the grid heavily relies on the willingness of the 

SKGSS and possibly end users’ interest in financing the extra costs associated with the gas grid. As 

mentioned in the 5.1 section there was a lack of equipment to properly measure the exact amount of 

biogas being produced from the plant. Due to this, it was not possible to calculate precisely how many 

households the biogas can suffice. During the field study it was clear that no pressure flow 

calculations had taken been undertaken. Whether this was planned to do in the future was not made 

clear. It is however recommended to properly include such calculations when the biogas grid is to be 

designed in order to attain the most effective setup for the future grid. As the functions of pressure 
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flow and gas grids lies outside this study’s scope, no suggestion for how the grid should be designed 

has been made. 

 

5.3 Survey construction 
Even though the survey was constructed with the assistance from Mr. Amatya from the AEPC and Mr. 

Chettri, there were some issues with gleaning data from the questionnaire that were not apparent until 

testing in the field. Questions like “For how long is the stove turned on during each cooking session” 

turned into “for how long do you cook”. This question was meant to assist in calculating the areas 

energy demand. The problem was later solved by using the data on how long an LPG cylinder lasted 

to make energy calculations. Another important factor was that the survey did not include an 

appropriate question for how much wood was used in households where both firewood and LPG were 

used for cooking purposes. To avoid such issues, the authors should have tested the questions in a real 

setting beforehand and thereafter made appropriate changes to the questionnaire. Another factor that 

might have influenced the results is that the interviewed people made estimations to answer the survey 

questions. This kind of error could have been mitigated by using more precise methods. Overall it is 

quite likely that the inexperience from the authors of this study affected the survey results.  

 

5.4 Potential waste assessment 
Three of the ten households that participated in the survey already segregate kitchen waste to produce 

compost for domestic use. However, 6 of the 7 households that did not segregate kitchen waste 

answered that they would be willing to do it in the future. This could be an opportunity for the 

community to improve the local waste management as well as the performance of the biogas plant. By 

co-digesting different types of organic material, the microbial mix becomes more diverse which has a 

synergistic effect on the digestion. Kitchen waste, which is already a rich blend different types of 

nutrients and therefore has a high biogas yield, would serve as a viable complement to the manure 

produced from the trust’s cows. One way for the SKGSS to take advantage of this untapped resource 

is to promote organic waste segregation and cooperate with the nearby community households. 

Kitchen waste from the households could thereafter be collected and used as feedstock in the biogas 

plant. If this cooperation proved to be successful, it could very well lead an example of how to manage 

organic waste in future municipal solid-waste biogas plants. 

 

5.5 Opportunities of selling biogas 
The survey showed that the households’ interest in switching their current cooking fuel to biogas is 

high. 7 out of 10 households answered that they wanted to switch to biogas even though they had to 

pay the same price as their current fuel. If biogas could be sold at cheaper price, all households 

answered that would switch to biogas. This is possibly a result of the raised awareness regarding clean 

and sustainable energy that has been promoted by the Nepali government through the AEPC. In the 

case that all produced biogas would be sold at the price used in scenario 2 and assuming no efficiency 

losses in the system it would create a revenue stream of 5 000 EUR/year as can be seen in table 3. This 

is comparable to the 4 300 EUR/year that would be made from selling electricity generated from 

biogas which was the initial business idea. For scenario 2 a biogas price at 0,0033 EUR/kWh, 33% 

lower than the LPG price was an estimation made in this study based on Mr. Shrestha’s statement that 

the biogas would be sold at a lower price than that of LPG, which is as of writing unspecified.  

 

The availability of LPG in Nepal is also heavily dependent on the country’s trade relation with India, 

from where all LPG is imported. Locally produced biogas is therefore an attractive option for many 

households because of the higher supply reliability from locally produced fuel and its sustainability. 
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As the households around the SKGSS have enough financial resources to return to their old fuels, it is 

essential to assure that the biogas distribution operates properly as the cost is not a given decisive 

factor. 

 

5.6 Opportunities of selling slurry 
From the household survey it was clear that the nearby community is not a big enough market for the 

SKGSS as no household buys more than 10 kg of fertilizer annually. Even though many households in 

the local area practice farming, the farms are usually small and for personal supply only. Cattle such as 

cows and goats are common which makes free organic compost available for the villagers and reduces 

the need of purchasing fertilizer. However, the national demand for high value organic fertilizer in 

Nepal is big and growing every year. A raised awareness of the downsides of inorganic fertilizer as 

well as Nepal’s dependence of imported fertilizer have resulted in a huge potential market of the type 

of organic fertilizer produced by the SKGSS community biogas plant. However, being an important 

revenue stream for the SKGSS, a proper market study needs to be conducted to ensure that the slurry 

can be transported sold. 

 

5.7 On-site inspection 
 

5.7.1 Slurry management 

The slurry is currently directly led from the digester to the outlet slurry tank. To empty the slurry tank, 

workers must manually shovel the diluted slurry while standing on a ladder which can be seen in 

figure 9. This could prove troublesome with the estimated 3 450 kg of slurry produced each day. For 

the plant to be operated successfully, a suggestion is to automatically feed the slurry to a large 

overflow tank where it can be stored and dried. The trust has as of today a 2 044 m2 vermicompost 

area where organic compost is prepared to later be sold. The slurry from the biogas plant is a more 

effective fertilizer than the vermicompost and therefore it has a higher market price which is why it 

could be profitable to use parts of the vermicompost area to dry the slurry instead.  

 

5.7.2 Heat exchanger 

The biogas plant is equipped with a heat exchanger which can be found in figure 8. The heat 

exchanger can help regulate the temperature inside the digester to the requested mesophilic 

temperature at around 35 degrees Celsius. The heat exchanger consists of a gas burner that is fed with 

biogas directly from the biogas valve, see figure 4. When biogas is burned, water is heated up and then 

circulated through pipes inside the digester. The gas burner must be turned on manually which could 

pose a potential problem. The area usually has high temperatures during daytime but during night-

time, when the temperature drops, no one is around to adjust the heat exchanger possibly leading to 

the temperature dropping out of the mesophilic range. A suggestion to improve the device to is to 

install a thermostat which automatically ignites the burner and regulates the temperature inside the 

digester. This would also prevent the potential hazard of someone forgetting to turn off the gas burner, 

resulting in the temperature inside the digester reaching 70 degrees Celsius which in turn would kill 

the active bacteria in the digestion process.   
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5.7.3 Mixing tank and slurry outlet tank 

When inspecting the mixing tank and the slurry outlet, none of the tanks were equipped with any form 

of cover. One night during the field study, a heavy rain fell, which ended up filling the tanks with 

water as can be seen in figure 10. This is a serious issue because it disturbs the requested TS to water 

ratio, which in turn slows down the digestion process. Additionally, in order to sell the slurry, it needs 

to be dried but without cover on the slurry outlet tank, rainfall dilutes the produced slurry which 

interrupts the drying process. In this part of the country, the monsoon season brings large amounts of 

water which makes this issue even more relevant to address. A suggestion for improvement is to 

install waterproof covers on both tanks.  

 

5.7.4 Management structure 

Community biogas plants tend to suffer from being improperly managed due to a combination of 

factors, involving mainly the tragedy of the commons and ineffective collaboration within the 

community. These factors often manifest in an over consumption of biogas and the digester being 

improperly fed. As the Jatuwa community runs the plant through the SKGSS it adapts more to the 

commercial plant management structure with permanent employees operating the plant which 

mitigates the potential issues often associated with community biogas.  As of writing Mr.Mukesh is 

responsible for operating the plant with two other employees from the trust aiding him in the manual 

labour. Since Mr. Mukesh is the only employee of the SKGSS trust who is educated in how to perform 

the various tasks associated with operating the plant, it is recommended to pro-actively teach 

additional employees of the trust, in order to prevent situations such as if Mr.Mukesh would suffer 

from injury, sickness or ending his employment at the SKGSS. 

 

 

5.8 Sustainability analysis 
The SKGSS biogas plant in Jatuwa is a part of the Nepali government’s ambition of making the 

country’s energy sector more sustainable through the implementation of clean energy. Biogas 

technology has great potential of utilizing energy and nutrients from organic waste. If the studied plant 

operates successfully it will have a positive impact on both the global and local environment. Since 

biogas does not emit any excess carbon dioxide when burned, replacing fossil fuels such as LPG will 

decrease the greenhouse gas emissions that cause global warming and is the source of many climate-

related issues today. On a local scale, the SKGSS biogas plant can help improve the organic waste 

management in the community. Firstly, using cow dung as a feedstock for the plant will help keep the 

local environment clean as the anaerobic process in the digester inactivates harmful pathogens and 

reduces foul odours. Secondly, if the SKGSS seizes the opportunity of using kitchen waste from the 

nearby households it not only recycles more waste but could also serve as an example for municipal 

solid-waste management. If the slurry can be sold and used as fertilizer on farms, nutrients will return 

to the soil, helping farmers practice a more sustainable way of agriculture. From an economical 

perspective the plant can have a positive impact on both the trust and the end-users. The price of 

biogas is supposed to be sold at a lower price than that of LPG, making it cheaper for the households 

to cook. As the biogas will be produced from domestic collected feedstock, the sale of biogas and 

slurry will create revenue streams for the trust, helping it to become more economically self-sufficient.  

 

There are however potential negative impacts that need to be addressed as well. To keep the plant 

operational, large amounts of water are required every day which will be extracted from a local well. 
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Even though the trust is located in a good position with regards to groundwater, irresponsible use of it 

could eventually cause groundwater depletion which would have great negative impact on the area. 

The sustainability of the plant is also heavily dependent on management and maintenance. Being a 

highly flammable fuel, biogas leakage from pipes or gas container could cause explosion hazards. 

Summed up, the SKGSS biogas plant will most likely contribute to make the environment as well as 

the energy sector more sustainable. The potential negative impacts mainly stem from poor 

management and maintenance and can therefore be avoided. If operated correctly, the plant will also 

demonstrate how to utilize clean energy, organic fertilizer and economical revenue from waste, 

leading an example for others to follow.   

 

5.9 Sensitivity analysis 

This study suffers from a range of uncertainties. Firstly, the simplifications made regarding the 

calculations of the energy demand, which can be found in appendix V, create an artificially lower 

energy demand for each household. These simplifications mostly have to do with the fact that LPG 

was used as the sole energy supply in the calculations where in reality firewood and biogas were also 

present. Due to negligence in how the survey was constructed, no quantifiable data was reported for 

other sources of energy besides LPG and its contribution to the energy calculations was therefore 

neglected creating the artificially lower cooking energy demand per household presented in this report. 

Secondly the report suffers from not gathering data on the plant capacity due to lack of measuring 

equipment on site. Therefore, this study used the previously conducted DJFS which used the AEPC 

biogas calculation tool to conduct an approximation of how much biogas the plant could produce 

based on the available feedstock. This is however still an approximation and, it is quite possible that 

the plant will produce less biogas than what is suggested in the DJFS due to various efficiency losses 

within the system. It is also difficult to ensure that the figures in table 3 are statistically accurate for 

the targeted area as they are based on ten households and the final number of connected households 

was as of writing not yet decided. Overall it is suggested to conduct more proper calculations as a 

continuation of this study when details such as the number of connected households has been decided 

and proper measuring of the plant’s production capacity have been installed. 
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6. Conclusions 
The overall potential for the SKGSS to successfully operate the biogas plant in Jatuwa is high if the 

future gas grid is properly implemented and financed. The nearby households which are the targeted 

end-users of the produced biogas have today a very positive attitude towards a switch to biogas. 

Primary calculations show that the average daily household cooking energy demand is 8,46 kWh 

which results in a daily cost of 0,42 EUR. Using these numbers and considering the available 

feedstock, the biogas plant cannot supply more than 50 households’ energy requirements for cooking. 

Most of the households are also willing to pay money to be connected to the gas grid which is yet to 

be designed and built.  

 

The opportunities for the SKGSS to sell the slurry in the form of dry organic fertilizer to the nearby 

community are not good due to the low usage. However, due to a raised awareness of sustainable 

agriculture, Nepal is a growing market for high value organic fertilizer. To take advantage of this 

potential the SKGSS needs to conduct a proper market study to localize and identify buyers. 

 

The success of the biogas plant is highly dependent on its reliability to fulfil its customers’ needs at all 

times. To achieve this, improvements regarding technical components and management structure are 

recommended such as; installing waterproof covers for the mixing and slurry outlet tanks, automating 

the heat exchanger, automating the slurry outlet and teaching more employees of the trust how to 

properly operate the plant. However, to properly build a functioning biogas grid a more 

comprehensive study with proper calculations based on real measurements is recommended, as a 

continuation of this study. 
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Appendix I 
Survey questionnaire used on the households in Biratnagar, Jatuwa 

 

Household number  

Date  

Latitude  

Longitude  

 

 

How many 

people are in your 

household? 

  

How many times 

a day do you 

cook? 

  Approximately how long is the 

stove turned on? 

What do you use 

for cooking? 

Wood Kerosene Biogas LPG Other (please specify) 

(If LPG) How 

many days does 

a cylinder/unit 

last? 

 

Would you 

switch to biogas 

if it costed more 

than your current 

fuel? 

  

 

Would you 

switch to biogas 

if it costed the 

same as your 

current fuel? 
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Would you 

switch to biogas 

if it costed less 

than your current 

fuel? 

 

How much would 

you pay to have 

access to the 

biogas grid 

 

Would you be 

interested in 

segregating your 

food waste? If no, 

please specify 

  

Do you currently 

use fertilizers? (If 

yes, please 

specify what 

kind) 

  

How much 

fertilizer do you 

buy in a year? 

 

Where do you 

buy your 

fertilizer? 

 

Would you be 

willing to pay 

more for fertilizer 

if it was closer?  

(Only ask if previous question was further away than the biogas plant) 

Would you be 

willing to pay 

more for organic 

fertilizers? 

(Only ask if not using organic fertilizers?) 
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Appendix II 
Results from the household survey in Biratnagar, Jatuwa 

 

 

n/a stands for no answer  
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Appendix III 
Semi constructed interview with Sushim Amatya, senior program officer at the AEPC. 

Location: Nepal, Khatmandu, AEPC offices 

Date: 26th of March, 2018 

 

 

- How many community biogas plants currently exist in Nepal and how many are operational? 

 

About 10 to 12 (He seemd to have answered the later question) 

 

- How are the community biogas plants being financed (where does the money come from) and 

does this differ from the small scale biogas plants? 

 

Community biogas plants receive more subsidies from the government because it is seen as a way of 

helping the poorer communities. The plants are however mostly financed by the community 

themselves. The business model varies. In some cases the community members just pay the managing 

actor for the gas they use and in some cases it is totally owned and maintained by the members. 

 

- Who are in your opinion the most important actors in the biogas sector? 

 

NBPA (Nepal biogas Promotion Association): 

BSP: Quality control 

AEPC: Subsidies, feasibility studies etc. 

Renewable world (brittish NGO): works with community biogas 

 

 

- Are you satisfied with how the community biogas has been promoted? 

 

The comminal biogas sector is difficult, mostly from a socioeconomic perspective. Projects often lack 

financing and available land on which to construct the plant (the land is used for 30 years). Sometimes 

the collecting of feedstock is neglected which ruins the process. Since the pressure is highest at the 

house closest to the plant, the distribution of biogas is often unequal as well. 

 

- Has the technology improved since community biogas started to be promoted and if yes, how? 

 

Yes, nowadays more sophisticated technologies are also being. For example the CSTR model. 

 

 

- Are there economical profits to be made by the community (for example in terms of selling 

the digestate) 

 

Often times this is not the case as the farmers often have to use the slurry for their own agricultural 

reasons and can therefore not sell it.  
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- Would you say deforestation a consequence of people using firewood as cooking fuel?  

 

No, the deforestation is a cause by the timber industry but policy makers in the government find it 

easier to blame the local farmers for this.  

 

- Why are you primarily focusing on small scale biogas, currently there is  almost no mention of 

community biogas in their 2050 energy vision 

 

As often is the case it comes down to funding. These people can rarely afford to build the community 

biogas even with subsidies from the government and in the cases where they can afford it making the 

whole community cooperate to properly run the plant is often difficult.  

 

- What are limitations for the dissemination for community biogas today (and in the future?) (Is 

urbanisation as issue?) 

 

The main issue here in the financing of the systems. The communities need to commit economically for 

this to work. Even though there are subsidies the main cost is still on the community members. 

Management is also as mentioned a common problem for these arrangements which directly influence 

the performance of the biogas plant. Land use is also sometimes an issue. The biogas system occupies 

the designated land for over 30 years so it needs to be clear that no one will claim or use the land for 

a long time.  
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Appendix IV 
Interview with Prakash Lamichhane, president of BSP Nepal 

Location: Nepal, Khatmandu, AEPC offices 

Date: 29th of March, 2018  

- Who are the most important actors in the Nepali biogas sector in you opinion? 

 

The governmental agencies such as the AEPC, NGO:s, INGO:s and the construction companies. 

 

- Does the promotion of commercial, community and household scale biogas differ from each 

other? 

 

Yes. Community and household biogas are mainly implemented for cooking purposes and to promote 

these kinds of biogas plants one has to show self-sustainability regarding energy needs. Commercial 

biogas one the other hand has the main purpose to make economic profit. In these cases one needs to 

do a more detailed revenue calculation. 

 

- What in your opinion are the most important improvements that have been made in the Nepali 

biogas sector? 

 

Definitely the institutional improvements. When we first started, BSP was the only actor promoting 

biogas technology. Nowadays, there are governmental institutions such as the AEPC supporting the 

biogas sector. Today it is much simpler to build a biogas plant thanks to easier regulation and more 

experience within the field. 

 

- What are the main parameters hindering the dissemination of community biogas? 

 

Community biogas face several problems. The problem aren’t usually technical, but social. The 

digester needs to be fed continuously every day and in community biogas feeding is sometimes 

neglected due to various factors. This is not only bad for the biogas process, it also creates tension 

within the community. Another problem is the distribution of gas. The gas is usually only available 

during certain hours of the day so the firsts households to cook get the highest pressure in the pipes 

and the gas is sometimes not enough for the last houses.  

 

- Is there anything stopping the expansion of commercial biogas? 

 

Today, people are generally afraid of the big financial investment required to build a large biogas 

plant. And the start of commercial biogas in Nepal is fairly recent so people still wait to see results 

from others’ investments. We simply need more time. 

 

- What are the main factors at play when a commercial biogas plant fails to operate 

successfully? 

 

We haven’t seen any failure in operation at a commercial biogas plant yet. 

 

 

- How successful is the selling of the slurry in large biogas plants? 
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Today, Nepal imports most of our fertilizer from India and China. These usually contain various 

environment harming chemicals. But we are now seeing an increased awareness of this in Nepal. 

Therefore the market for organic and high value compost is huge. Selling the slurry shouldn't be a 

problem but of course one needs to do a market study. 
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Appendix V 
 

Energy calculations. The energy demand was calculated to take the different stove efficiencies into 

account. The studied households’ primary energy source was LPG except in one case, where biogas 

from a SSBS was used. The following calculations were based on LPG being the communities only 

cooking fuel 

 

255 𝐷𝑎𝑦𝑠

9 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠
= 28,33 

𝐷𝑎𝑦𝑠

ℎ𝑜𝑢𝑠𝑒
 

Calculation 1. Duration for one LPG cylinder 

The LPG cylinder durations for various households were summed up to 255 and divided by the total 

households creating an average duration per household. As one household’s main cooking fuel was 

biogas they were omitted from the calculation. 

 

12,67 
𝑘𝑊ℎ

𝐾𝐺
∗ 14,2 

𝐾𝐺

𝐿𝑃𝐺 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟
= 179,87

𝑘𝑊ℎ

𝐿𝑃𝐺 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟
  

Calculation 2. Calculation of the total energy content in an LPG cylinder  

Energy data taken from Garcia (2014, 35). 

 

 

179,87 𝑘𝑊ℎ
𝐿𝑃𝐺 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟

28,333 𝐷𝑎𝑦𝑠
𝐿𝑃𝐺 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟

= 6,35 
𝑘𝑊ℎ

𝐷𝑎𝑦
 

Calculation 3. Average amount of energy used by one household to cook their food 

Energy content for one cylinder was divided by the average amount of days for the cylinder to expire 

using an LPG stove. This resulted in an estimation of how much energy that was used each day for one 

household.  

 

6,35 
𝑘𝑊ℎ

𝐷𝑎𝑦
∗ 60% = 3,80 

𝑘𝑊ℎ

𝐷𝑎𝑦
 

Calculation 4. Actual energy needed for cooking 

Taking the LPG stove efficiency of 60% into consideration to better estimate the actual energy needed 

for cooking for one household per day (Garcia 2014, 35). 

 

3,80 𝑘𝑊ℎ
𝐷𝑎𝑦

45%
= 8,46 

𝑘𝑊ℎ

𝐷𝑎𝑦
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Calculation 5. Energy needed to cook with a biogas stove 

The 45% stove efficiency from a biogas stove was used to estimate the daily energy need for one 

household using biogas (Garcia 2014, 35). 

 

 

8,46 𝑘𝑊ℎ
𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑

6,4 
𝑃𝑒𝑜𝑝𝑙𝑒

𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑

= 1,32 
𝑘𝑊ℎ

𝑃𝑒𝑟𝑠𝑜𝑛
 

Calculation 6. Energy needed per person using biogas 

The average energy needed for one household is divided by the average people residing in one 

household. This estimates how much needed energy to satisfy one person’s cooking needs using 

biogas. 

 

69𝑚3 ∗ 6,17 
𝑘𝑊ℎ

𝑚3 = 425,53 𝑘𝑊ℎ 

 

Calculation 7. Energy produced by the biogas plant 

Using the numbers taken from the DJFS we can see that the plant could possibly produce 69 m3 in a 

day (Smart Consult 2017, 2). This combined with the energy content of one m3 biogas gives the total 

daily energy the plant can produce (Garcia 2014, 35). 

 

425,53 𝑘𝑊ℎ

8,46 𝑘𝑊ℎ
𝐷𝑎𝑦

= 50,27 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 

Calculation 8. Households sustained by biogas plant 

Dividing the total available energy with the average amount needed for one household gives an 

approximation to the total amount of households that the plan can sustain. 

 

 

50,27 𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 ∗ 6,4 
𝑃𝑒𝑜𝑝𝑙𝑒

𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
= 321,72 𝑃𝑒𝑜𝑝𝑙𝑒 

Calculation 9. Amount of peoples energy demand covered by the biogas plant 
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Biogas price and income approximations 

Scenario1. LPG and biogas share the same end cost to cook food 

 

1500 𝑁𝑅𝑠
𝐿𝑃𝐺 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟

28,33 𝐷𝑎𝑦𝑠
𝐿𝑃𝐺 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟

= 52,94 
𝑁𝑅𝑠

𝐷𝑎𝑦
 

Calculation 10. Daily NRs spent on cooking per household 

The price for one cylinder is divided by the amount of days that it lasts in order to estimate how much 

one household spends on biogas each day. The cost of a cylinder is taken from Garcia (2014, 35).  

 

52,94 
𝑁𝑅𝑠

𝐷𝑎𝑦
∗ 0,0078 

𝐸𝑈𝑅

𝑁𝑅𝑠
= 0,42 

𝐸𝑈𝑅

𝐷𝑎𝑦
 

Calculation 11. Conversion from NRs into EUR  

1 NRs was equal to 0,00778151 EUR (XE 2018). 

 

52,94 𝑁𝑅𝑠
𝐷𝑎𝑦

8,46  𝑘𝑊ℎ
𝐷𝑎𝑦

=   6,26 
𝑁𝑅𝑠

𝑘𝑊ℎ
 

Calculation 12. Price per kWh using biogas  

Previously estimated energy needed to cook on a biogas stove was used to take stove efficiencies into 

consideration.  

 

6,26 
𝑁𝑅𝑠

𝑘𝑊ℎ
∗ 0,0078 

𝐸𝑈𝑅

𝑁𝑅𝑠
= 0,049 

𝐸𝑈𝑅

𝑘𝑊ℎ
  

Calculation 13. Conversion from NRs into EUR 

 

6,26 
𝑁𝑅𝑠

𝑘𝑊ℎ
∗ 425,53 

𝑘𝑊ℎ

𝐷𝑎𝑦
= 2661,77 

𝑁𝑅𝑠

𝐷𝑎𝑦
 

Calculation 14. Income from biogas in a day 

Total kWh produced from the biogas plant multiplied by the average cost per kWh to gain a daily 

income approximation.  

 

2661,77 
𝑁𝑅𝑠

𝐷𝑎𝑦
∗ 0,0078 

𝐸𝑈𝑅

𝑁𝑅𝑠
= 20,81 

𝐸𝑈𝑅

𝐷𝑎𝑦
 

Caculation 15. Conversion from NRs into EUR  

 

2661 
𝑁𝑅𝑠

𝐷𝑎𝑦
∗ 365 

𝐷𝑎𝑦𝑠

𝑌𝑒𝑎𝑟
= 971 546,47 

𝑁𝑅𝑠

𝑌𝑒𝑎𝑟
  

Calculation 16. Income from biogas in a year 
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971 546,47 
𝑁𝑅𝑠

𝑌𝑒𝑎𝑟
∗ 0,0078 

𝐸𝑈𝑅

𝑁𝑅𝑆
= 7592,73 

𝐸𝑈𝑅

𝑌𝑒𝑎𝑟
 

Calculation 17. Conversion from NRs into EUR  

 

Scenario 2. Price of Biogas is 33% lower than that of LPG 

 

6,26 
𝑁𝑅𝑠

𝑘𝑊ℎ
∗

2

3
= 4,17 

𝑁𝑅𝑠

𝑘𝑊ℎ
 

Calculation 18. Alternative price per kWh using biogas  

 

4,17 
𝑁𝑅𝑠

𝑘𝑊ℎ
∗ 0,0078 

𝐸𝑈𝑅

𝑁𝑅𝑠
= 0,0033 

𝐸𝑈𝑅

𝑘𝑊ℎ
 

Calculation 19. Conversion from NRs into EUR 

 

4,17 
𝑁𝑅𝑠

𝑘𝑊ℎ
∗ 425,50 

𝑘𝑊ℎ

𝐷𝑎𝑦
= 1774,51 

𝑁𝑅𝑠

𝐷𝑎𝑦
 

Calculation 20. Alternative daily income from selling biogas 

 

1774,51
𝑁𝑅𝑠

𝐷𝑎𝑦
∗ 0,0078 

𝐸𝑈𝑅

𝑁𝑅𝑠
= 13,87 

𝐸𝑈𝑅

𝐷𝑎𝑦
 

Calculation 21. Conversion from NRs into EUR 

 

1774,51 
𝑁𝑅𝑠

𝐷𝑎𝑦
∗ 365 

𝐷𝑎𝑦𝑠

𝑌𝑒𝑎𝑟
= 647 697,64 

𝑁𝑅𝑠

𝑌𝑒𝑎𝑟
 

Calculation 22. Alternative yearly income from selling biogas 

 

647 697,64 
𝑁𝑅𝑠

𝑌𝑒𝑎𝑟
∗ 0,0078 

𝐸𝑈𝑅

𝑁𝑅𝑠
= 5061,82 

𝐸𝑈𝑅

𝑌𝑒𝑎𝑟
 

Calculation 23. Conversion from NRs into EUR 
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Appendix VI 
Lessons learned 

During our two and a half months stay in Nepal we faced a number of challenges. Firstly, it became 

quite apparent that conducting a proper survey in a new cultural and social context with limited time 

was rather difficult. This was compounded by the fact that it was our first time ever conducting a 

survey as well as a field study. In short, the whole experience was, however pleasant, rather new to 

both of us.  

 
One major factor of disruption to the success of this study stems from it being a project which in large 

was driven and constructed by us as authors. The study had a frequently changing aim that had to 

evolve with the situations that arose. This could be result of our lack of experience in designing project 

that are possible to implement but at the same time useful for everyone involved. The initial project 

plan had to be completely altered. After arriving in Nepal and meeting with the AEPC members, we 

realised their current situation and goals. Because of this as well as the field study being postponed to 

align with the AEPC members schedules the field study itself suffered from a time shortage. 

 
We had not foreseen the possibility that once we arrived at our field site that there would be many 

various unforeseen challenges and time constraints which also arose for the SKGSS and AEPC 

resulting in there not being adequate resources to aid us in our household survey.  This issue was later 

solved by using two local men from the area to interpret for us, something which in retrospect 

probably was for the better as the results seemed to be more truthful as the interviewees were being 

asked questions from someone they trusted and knew. As this alternative solution took some time 

however, it led to the field study suffering from a time shortage. It also did not seem reasonable for us 

to simply rely on the goodwill of Dipendra Yadav and Sachin Thakur to be available and willing to 

translate for future work. This caused great stress in conducting the household survey as we felt that 

we only had one chance to conduct it and could thus not make proper changes to the survey to better 

get our point across. These changes became apparent to us when actually testing the survey in the 

field. 

 
Nevertheless, due to all the different challenges that arose from carrying out this study we have both 

gained invaluable knowledge and experiences. Our time in Nepal has been nothing short of incredible 

with a multitude of encounters with the most fascinating and heart-warming people. Our newfound 

knowledge stretches from just conducting field studies, writing scientific reports and creating proper 

projects to key insights within the developing world and the challenges within Nepal itself. On top of 

all the personal growth and key personal insights that we experienced as a part of this study we are 

also very happy that it was a project from our volition. We feel that working out our own project, 

overcoming its difficulties and making it a reality is a vital experience for our future as engineers, 

leaving us with the feeling that any problem can be solved if there is enough of a will to make it so. In 

short, we will always carry this experience with us and we are forever grateful for being granted this 

incredible opportunity.  
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