
 
 

 

 

 

 

 

 

Sustainability Assessment of Small 

Scale Biogas Production Using 

Livestock Manures in Yogyakarta 

Province, Indonesia 

 

Dintani Yudhitya Noorzakiah Naimah 

 
 

 

 

 

 

Master of Science Thesis 

KTH School of Industrial Engineering and Management 

Energy Technology EGI-2017-0067-MSC  

Division of Energy and Climate Studies 

SE-100 44 STOCKHOLM 



2 
 

 

 

 

 

 Master of Science Thesis EGI 2017:  

EGI-2017-0067-MSC 

 

Sustainability Assessment for Small Scale 

Biogas in Yogyakarta Province, Indonesia 

   

  Dintani Yudhitya Noorzakiah Naimah 

 

Approved 

 

Examiner 

Semida Silveira 

Supervisors 

Dilip Khatiwada 

Fumi Harahap 

 Commissioner 

 

Contact person 

 

Abstract 

The study evaluates sustainability aspects of small scale biogas production in Yogyakarta Province of Indonesia. 

Growing number of livestock (i.e. cows, sheep, chicken, pigs, and other domestic animals) in the region brings 

opportunity to produce biogas from livestock manure, leading to improve energy security especially in 

household, while contributing to renewable energy target which is 31% from Total Primary Energy Demand 

(TPES) in all sectors by 2050. Biogas potential from cattle, horse, buffalo, pig, sheep, goat, chicken and duck 

which own by household in all regencies within the province of Yogyakarta (i.e. Bantul, Gunung Kidul, Kulon 

Progo, Sleman, and City of Yogyakarta) are calculated. Biogas digesters types and options for biogas utilization 

are evaluated by set of indicators in terms of technical, economic and environmental dimensions. Performance 

of the four types of digesters (i.e. fixed dome, floating drum, polyethylene tubular and concrete tubular digester) 

are examined based on the dimensions. For digester assessment, the dimensions are divided into several 

indicators, such as the lifetime, process efficiency, capital cost, operation and maintenance cost, feed-to-water 

ratio. The assessment would ensure that installation of biogas have optimum technical performance, attractive 

investment for the owner, and does not exploit too much natural resources. Equal weighted sum method is 

used to compare the digesters performance. The second assessment is to evaluate options for off-grid electricity 

use and cooking based on several indicators which are levelized cost of energy (LCOE), Net Present Value 

(NPV), Internal Rate of Return (IRR), Benefit-to-Cost Ratio (BCR), Payback period and emissions saving. The 

production of biofertilizer, which is not part of the current system, is taken into account for additional income 

for biodigester’s user. The study estimates 1,211.35 TJ/year of biogas energy can be produced from livestock 

manure or equals to 44.72% of the total energy consumption in the household sector in Yogyakarta province 

in 2013. Gunung Kidul Regency has the most potential biogas from livestock, followed by Kulon Progo, 

Sleman, Bantul, then City of Yogyakarta. Utilization of biogas for household cooking could reduce greenhouse 

gas emissions in the province up to 1,260.66 MtCO2e per year while biogas for electricity reduce 1,562.144 
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MtCO2e annually. The fixed dome digester obtains the highest score in the most of indicators assessed. For 

biogas utilization, biogas for cooking shows better performance in economic and environmental aspects. Biogas 

for cooking requires lower capital cost (US$ 850 less) and get higher NPV (US$ 2,000 more) than biogas for 

electricity. Yet, biogas for electricity save 301.48 MtCO2e more GHG emission than biogas for cooking. From 

digester and biogas utilization assessments, household biogas in Yogyakarta has been used the sustainable 

option for digester, which is fixed dome digester, and biogas utilization, which is biogas for cooking. 

Furthermore, sensitivity analysis is done to know parameters that affect NPV for biogas for cooking and biogas 

for electricity. Biogas yields, fertilizer price, and LPG price are shown as the top three parameters that affect 

NPV for biogas for cooking utilization. While for biogas for electricity, the affecting parameter are electricity 

price, biogas yields, fertilizer price, and generator efficiency. From the sensitivity analysis, several 

recommendations were developed to maximize the current project. The recommendations are improvement of 

biogas stove efficiency, recommendation for biogas installation system, creating market demand for biogas by 

diminishing LPG subsidy, suggestion for progress monitoring and institutional recommendation for the 

program. Ministry of Energy and Mineral Resource done several monitoring to check whether the digester is 

still operating. However, there is no follow-up action for digester that is not operating anymore. On the other 

hand, Yayasan Rumah Energi (YRE), the main provider of biogas installation and service in Yogyakarta 

Province, conduct annual user survey. This survey focuses on satisfaction level of digester’s user after 

installation. Investigation regarding the impact of biogas project, such as energy shift from LPG to biogas and 

digestate utilization, is missing. Besides biogas for cooking, there are opportunity to develop biogas for 

electricity since several regencies in Yogyakarta does not have 100% electrification ratio, such as Gunung Kidul 

(82%) and City of Yogyakarta (69%). Due to available biogas potential, development of biogas for electricity in 

Gunung Kidul is more promising than in City of Yogyakarta. Additionally, research of biogas in Indonesia 

should be integrated with industries and private sector. For instance, by mass production of low cost generator 

which had been developed by Indonesian Institute for Sciences (LIPI) and by developing mini grid installation 

for biogas. 

Keywords: household biogas, multi criteria analysis, emission savings, environment benefit, biofertilizer 
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1 Introduction 

1.1 Background 

Livestock population in Indonesia is keep increasing, despite the declining of agriculture share in national Gross 

Domestic Product (GDP) (Badan Pusat Statistik, 2013; World Bank, 2017a). Livestock waste has potential to 

spread disease, cause odor discomfort and groundwater pollution (Food and Agriculture Organization of the 

United Nations, 2009). Ministry of Environment in Indonesia controlled waste management of farms’ livestock 

through Regulation No 5/2014. The regulation implies that livestock waste should be treated before it is 

disposed to the environment (Ministry of Environment Indonesia, 2014). Thus, increasing livestock population 

produces more waste than before, which requires to be treated before disposal. 

Some methods to treat manure waste are composting and anaerobic digestion. Composting is decomposition 

of organic materials in the presence of oxygen (El-Haggar, 2007). Composting process requires aeration to 

recharge oxygen supply for microorganism. On contrary, anaerobic digestion is decomposition of organic waste 

in the absence of oxygen. It produces biogas, which can be harnessed as alternative fuel, and digestate as 

biofertilizer. Anaerobic digestion is implemented in various countries to tackle many issues, such as to process 

livestock waste, reduce water and odor pollution in China (Gerber et al., 2010), provide cleaner cooking practice 

and replace traditional biomass in Nepal (Somanathan and Bluffstone, 2015), provide substitute fuel in energy 

crisis and reduce greenhouse gas emission in agriculture practice (Abbasi et al., 2012). While in Indonesia, biogas 

production using fixed dome digester had been introduced in Indonesia since 1980s. Yet, high capital cost and 

complicated construction limit deployment of digester (Ratnawati and Trihadiningrum, 2014).  

Yogyakarta Province, which located in southern area of Java Island, Indonesia, does not have any energy 

resources except renewable energy. By 2005, total energy demand in the province was still supplied from fossil 

fuel, like oil (74.71%) and LPG (7.32%), which is distributed from other provinces (Regional CAREPI 

Technical Team, 2009). Energy demand specifically in household sector accounts for 32.24 % of total energy 

consumption, while 66% of it came from cooking. By 2014, there are 40% of village in Yogyakarta that still 

using wood for cooking, while the rest were using LPG (Statistics of Indonesia, 2014). Using biogas as cooking 

fuel provide cleaner cooking practice than wood, while reducing fossil fuel dependency.  

In Indonesia, national program for deployment of anaerobic digester had been initiated since 2009 to promote 

clean cooking in rural area. Along with Netherlands Development Organization (SNV), Government of 

Indonesia (GoI) develop Domestic Biogas Program, called BIRU (Biogas Rumah). BIRU Program targeting to 

construct 8,000 digesters until 2013. The program was success to build 8,700 digesters by 2012. SNV then 

established Yayasan Rumah Energi (YRE), which is organization to continue deployment of household biogas 

in Indonesia. YRE educate local company to build fixed dome digester, while monitor the quality and 

operational of existing digester. YRE and their construction partners keep using BIRU as name of their brand. 

By 2015, more than 16,000 digesters has been built through YRE (“BIRU Programme - Rumah Energi,” 2016). 

Other than BIRU, biogas initiative last in shorter period and unsustainable. 

Implementation of biogas in Yogyakarta Province faces several sustainability challenges (Budiarto et al., 2013; 

Wahyudi et al., 2015). Budiarto et. al. (2013) evaluated sustainability of biogas projects in Yogyakarta by field 

study. It shows that performance of biogas digester in Yogyakarta, both technical and economic aspect, was 

below the expectation in feasibility study. Low technical performance of digester was caused by no procedure 

for mixing the input before put feedstock into the digester, monitoring the quality of feedstock, and regular 

maintenance of digester. Meanwhile, Wahyudi et. al (2015) done literature study to assess sustainability 

indicators of biogas in local context. The study indicated improvement of sustainability in social and 

environment aspect, but the sustainability in technical, economic and institutional dimensions were lagging. 

The factors that limit sustainability of biogas project were lack development of industries to support biogas; 



12 
 

water scarcity in several areas; lack promotion of government subsidy for biogas construction; reduction of 

household expense is different from one household to another, and construction of digester highly depends on 

local government policy. Nevertheless, this degree project would evaluate sustainability of biogas project in 

Yogyakarta Province with quantification of data using Multi Criteria Analysis (MCA) which has not been done 

in previous studies. 

To quantify the assessment, this thesis utilized Multi Criteria Analysis (MCA). MCA itself can be broken down 

into many methods of calculation, for example equal weighted sum, Analytical Hierarchy Process (AHP), and 

many more. Equal weighted sum method distributed the weight for each dimension equally. This represent the 

same importance of each dimension towards sustainability. While other methods of MCA, like AHP, gives 

different weight to each dimension. Different weighting method demands intensive data collection and 

interviews to experts of the technology to assure fairness and objectivity of research (Mainali and Silveira, 2015). 

There are three dimensions of sustainability that would evaluate in this thesis, i.e. technical, economic and 

environment dimension, from four options of digesters and two options of biogas and digestate utilization. 

Indicators from each dimension is quantified from 0 to 100; with 100 represents best performance towards 

sustainability among all options. The final score for each option is summed using equal weighted sum method. 

The four types of digester are fixed dome, floating drum, plastic tubular and concrete tubular digester. While 

two other options of utilization are biogas for cooking and digestate as biofertilizer, and biogas for electricity 

and digestate as biofertilizer.  

Technical and environmental data for the assessment are gathered from literature review, while economic data 

is collected from interview and observation during field visit in Yogyakarta Province. Data for livestock 

population is taken from Agricultural Statistics 2013, which is the latest version published by GoI. The next 

Agricultural Statistics should be done in 2017, yet it is not published by the time this thesis started. 

In economic analysis, we evaluated feasibility of fixed dome, floating drum, PE tubular and concrete tubular 

digesters. The volume of evaluated digesters ranges from 2 m3 until 12 m3. Scenario 1 is developed according 

to current condition of biogas project in Indonesia, where biogas use for cooking, but fertilizer is not used. In 

Scenario 2, biogas use for cooking and digestate is sold to the market as biofertilizer, so it creates additional 

income for the user. Scenario 3 is similar to Scenario 2, where digestate is utilized, but biogas is used for 

electricity generation. 

By doing the assessment, decision maker could ensure whether the current biogas program in Yogyakarta 

Province has been conducted in sustainable way in technical, economic, and environment aspect. Similar 

assessment had previously done by Nzila et al. (2012) and Rao et al. (2014), which both analyzed sustainability 

performance of various digesters. Additionally, by doing the assessment, impacts of the project towards 

sustainability can be monitor. In the end of this thesis, recommendations will be developed according to the 

result of the assessment.   

 

1.2 Research Objectives and Research Questions 

The general objective of this study is to evaluate sustainability performance of digester and biogas-digestate 

utilization technology, in technical, economy and environment aspect. The main research question in this thesis 

is “How biogas potential should be utilized for households, considering sustainability dimensions, i.e. 

technical, economic and environment aspect?”. To answer the main question, three research questions are 

formulated, as follows: 

1. What is the biogas potential from livestock manure? 

2. What is technology options for biogas digester that fulfill the most sustainability indicators? 
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3. What is technology options for biogas and digestate utilization that fulfill the most sustainability 

indicators? 

Main research objective and research questions are illustrated in Figure 1. Potential of biogas from livestock 

manure in Yogyakarta Province will be analyzed first to see how much energy that can be harnessed. Then, 

Multi Criteria Analysis will be used to choose among digester and biogas-digestate utilization options. Criteria 

and indicators for assessment are presented in Table 9. More detail on method will be described in Chapter 4. 

 

 

Figure 1. Research Questions and Proposed Method  

 

1.3 Scope of Study 

This study will assess sustainability of household scale biogas digester in Yogyakarta Province. Nowadays, 

amount of biogas users in Yogyakarta keep increasing. Instead of using communal/medium scale digester, 

biogas user develops household scale digester in their backyard. Therefore, this thesis is limited on household 

scale digester in Yogyakarta. The size of digester that being analyzed starts from 2 until 12 m3. We consider 

four types of digester, i.e. fixed dome, floating drum, polyethylene (PE) tubular, and concrete tubular digester.  

Purnomo, et al (2016) proposed novel tubular digester from PVC. However, the largest PVC diameter in 

Indonesia is 0.3 m which will leads to long dimension of digester for 12 m3, which does not fit in the backyard. 

Tubular digester from concrete is a new household digester that will be analyzed in this thesis.  

For technology selection, we will use biogas stove and small gas engine generator for electricity. We use 

technical data of biogas stove which utilized in BIRU Program. While for gas generator, we use data from PT. 
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Cipta Visi Sinar Kencana, which is company that provide biogas generator in Indonesia. To get this data, 

interview and site is done during field trip. Collected economy data is the regional price in Yogyakarta Province. 

 

1.4 Structure of Thesis 

Report for Sustainability Assessment for Small Scale Biogas in Yogyakarta Province, Indonesia is divided into 

seven chapters, which illustrated in Figure 2. Chapter 1, Introduction, described motivations of the study, along 

with formulation of research objectives, research questions, proposed methodology and thesis structure. In the 

second chapter, literature review regarding anaerobic digestion, biogas digester, and multi criteria analysis were 

explained. The policy framework and development of domestic biogas project in Yogyakarta Province are 

presented in Chapter 3. After that, Chapter 4 contained methodology to conduct the research, which is multi 

criteria analysis (MCA), biogas calculation, economy calculation method, and environment benefits of domestic 

biogas program. List of data that need to be collected are explained in Chapter 4 as well. After that, result from 

all calculations will be present in Chapter 5, begins with potential of biogas from livestock manure in the 

province. Then it followed by economic analysis of the study, considering four types of digester and two options 

for biogas utilization, and emission saving from biogas-digestate utilization. Chapter 5 is closed with result of 

Multi Criteria Analysis study. Then Chapter 6 will conclude and summarize findings in this study. While 

recommendations for domestic biogas development in Yogyakarta will be presented in Chapter 7.  

 

Figure 2. Thesis Structure 
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2 Biogas Production Systems and Sustainability Aspects – 

a review  

Chapter 2 consists of literature review on how biogas produce from livestock manure, starts from collection 

system, digestion process, and utilization of digestion process. Then, typical biogas digester for household scale 

system is described in Section 2.4, which include explanation of fixed dome, floating drum, polyethylene tubular 

and concrete tubular digester. In the last section, review on sustainability assessment will be presented. 

 

2.1 Manure Collection System 

In Yogyakarta Province particularly, livestock population is always fluctuating. Number of large livestock (cattle, 

buffalo, and horse) decreased by 7% and 24% respectively in 2012 and 2013; but it is increased by 10% in 2014 

(Statistics of DI Yogyakarta, 2016). Number of poultry also decreased by 3% in 2013 but increased by 12% in 

2014. However, number of small livestock (goat, sheep, and pig) has constantly increased approximately by 4% 

every year during 2011 until 2014. Nevertheless, average growth rate for all livestock population from 2013 to 

2014 was 10.41% (Statistics of DI Yogyakarta, 2015).  

With its high population, waste from livestock potentially cause odor discomfort, groundwater pollution and 

even spread diseases if it is not treated correctly (Food and Agriculture Organization of the United Nations, 

2009). Roubik et al (2017) reported that most of the farmers in North Sumatra were composting or sun drying 

the manure and only small number of farmers that discharge livestock waste to the environment. Manure from 

small and large livestock are easily collected if the floor of the housing is water tight. Manure is removed while 

cleaning the shed and place the manure behind the shed; this method usually called deep bedding. In 26oC, 

71% of methane production is emitted to the environment (Dong et al., 2006). Poultry, on the other hand, is 

kept free in surrounding of the household or backyard. Poultry dropping is not collected at all.  

Ndambi and De Vries (2017) reported that 84% of dairy farmers in West Java disposed livestock waste directly 

to the environment. Additionally, Haryanto et al. (2017) assumed that 50% of manure in Lampung that could 

be collected for feedstock since the livestock usually grazing during the day so manure in daytime is left in the 

field. However, there are no literature mentioning any common practice of manure management in Yogyakarta 

Province. It is assumed that farmers in Yogyakarta Province using the same method as in Roubik et al. (2017) 

and Haryanto et al. (2017), which is deep bedding.  
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Figure 3. Deep Bedding of Manure (left-hand side) Before Manure Enter the Digester 
Photo Credit: Dintani Naimah, 2017 

Using digester is one of manure management method that better than deep bedding. Methane emission from 

digester ranged from 0-100%, depend on amount of biogas recovery, methane leakage and storage after 

digestion (Dong et al., 2006). Furthermore, anaerobic digester could produce biogas as energy source and 

fertilizer. Decomposition of organic matter using digester, its product and utilization will be described in the 

following section. 

 

2.2 Biogas Production 

Biogas is produced by bacterial decomposition of biomass under anaerobic process. According to its sources, 

biomass as biogas feedstock can be divided into three categories, which is substrate from farm waste, such as 

manure; municipal and household waste; and industrial by-product (Da Costa Gomez, 2013). Anaerobic 

process breaks complex biodegradable organics in four stage process, as shown in Figure 4.  
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Figure 4. Steps of Anaerobic Digestion  (Da Costa Gomez, 2013) 

The first step is hydrolysis when large protein macromolecules, fats and carbohydrates polymers are converted 

into amino acids, long chain fatty acids, and sugars. Then, it turns into volatile fatty acids through acidogenesis 

process. The next process is acetogenesis where volatile fatty acids change into acetic acid, carbon dioxide, and 

hydrogen. These products consume by bacteria to form methane through methanogenesis. In methanogenesis, 

there are three chemical pathways, which is: 

1. Acetotrophic pathway (4CH3COOH  4CO2 + 4CH4) 

2. Hydrogenotrophic pathway (CO2 + 4H2  CH4 + 2H2O) 

3. Methylotrophic pathway (4CH3OH + 6H2  3CH4 + 2H2O) 

Methane (CH4) is main component in biogas which is flammable and determine the energy content. Methane 

content in biogas varies between 50 - 75% (Da Costa Gomez, 2013). Typical feature of biogas is presented in 

Table 1. Other components are impurities which usually are eliminated through upgrading process after 

digester. Each of impurities, like carbon dioxide, hydrogen sulfide, and water vapor, have different effect on 

biogas characteristics (Table 2). Developed countries have different standard of biogas contents for grid 

injection and utilization as vehicle fuel (Petersson and WeLLInGer, 2009).  

Table 1. General Feature of Biogas  

Biogas Composition 55-70% methane 

30-45% carbon dioxide 

Other gases 

Energy content 21.6 MJ/m3 biogas  

Ignition temperature 650-750oC 

Critical pressure 75-89 bar 
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Critical temperature -82.5oC 

Normal density 1.2 kg/m3 

Molar mass 10.043 kg/kmol 

Source: (Batzias et al., 2005; Deublein and Steinhauser, 2011) 

 

Table 2. Typical Impurities in Biogas and Its Effect  

Component Content Effect 

CO2 25-50% by volume Decreases calorific value 

Causes corrosion 

H2S 0-0.5% by volume Increases stress corrosion on equipment and piping 

systems 

Forms SO2 emission after combustion 

NH3 0-0.05% by volume Increases anti-knock properties of engines 

NO2 emission after combustion 

Water vapor 1-5% by volume Causes corrosion 

Possibility to freeze piping and nozzles 

Dust >5microm Block nozzles 

N2 0-5% by volume Decreases calorific value 

Increases anti-knock properties of engines 

Siloxanes 0-50 mg N/m3 Abrasive and damages the engines 

Source: (Deublein and Steinhauser, 2011) 

 

2.3 Utilization of Products 

Anaerobic digestion creates two products, i.e. biogas and digestate. Biogas contains of methane which is 

flammable, like natural gas. Kranert et al. (2012) explained wide possible utilization of biogas, such as: 

a. Direct use for cooking and lighting.  

 Using biogas for direct cooking and lighting is suitable for small scale anaerobic digestion plant, usually 

in household. Burning biogas also emits less pollution than other biomass burning, so indoor air quality 

in household can be reduce.  

b. Electricity and heat generation 

 Biogas typically has 50% until 70% calorific value of natural gas (El Bassam and Maegaard, 2004). 
Thus, burning biogas into gas engine generator or gas boiler can produce electricity and heat. If biogas 

is not upgraded, the gas engine need to be modified to meet biogas characteristics.  

c. Vehicle fuels 

d. Feeding into natural gas grid 
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 Feeding biogas into natural gas grid will decrease usage of fossil fuel. However, biogas upgrading need 

to be done so that the biogas has the same quality as natural gas. Injection of biogas into gas grid allows 

biogas transported into long distance and utilized for various type of energy conversion mentioned 

above. 

Digestate or effluent from anaerobic digestion can be use as fertilizer. It can minimize odor pollution and 

mitigate parasitic disease. Digestate consist of 60-80% of nitrogen in form of ammonia. Using digestate as 

fertilizer will reduce ammonia leaching losses. Digestate also contains phosphorus, which is a finite and 

diminishing resources (Sapp et al., 2015). Thus, using digestate will lower usage of chemical fertilizer. Snapp et 

al (2015) also reported that using less inorganic fertilizer lead to increase of microbial diversity and richness in 

the soil. Additionally, using digestate will increase amount of product to be harvest. Increase harvest of napa 

cabbage and cauliflower was reported after implementation of digestate for fertilizer (Jian, 2009). 

However, nutrients content in digestate is fixed and unaltered (Kranert et al., 2012). Once soil is saturated with 

a nutrient, ammonia for example, no more the nutrient should be applied. Therefore, monitored agriculture 

system should be implemented, by combining digestate and other fertilizers. 

 

2.4 Development of Small Scale Biogas Digester 

Decaying of organic material has been known to produce combustible gas since the seventeenth century. 

During 1804-1808, John Dalton and Humphrey Davy found that this flammable gas is methane (Abbasi et al., 

2012). In 1859, a hospital in Mumbai, India, built waste water treatment plant equipped with biogas to supply 

energy needs for lighting in case of emergency (Deublein and Steinhauser, 2011). Later in 1920, Sanzou Guorui 

Biogas Lamp Company in China built 8 m3 digester in 1920. Floating drum digester was developed by Jashu B. 

J. Patel in 1962 then distributed world-wide by Khadi and Village Industries Commission (KVIC).   

Nowadays, there are many types of biogas digester being developed around the world. Li and Khanal (2016) 
divided household digester into three types, which is fixed dome (Chinese type) digester, floating drum (Indian 

type) digester, and Polyethylene (PE) tubular digester (Figure 5). The following section will be described types 

of digester that will be compared further in this thesis. 

 

Figure 5. Common Classification of Household Digester (Li and Khanal, 2016) 
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2.4.1 Fixed-dome Digester 
Typical fixed-dome digester is illustrated in Figure 6, which is similar with floating drum digester. Feedstock is 

fed into the digestive chamber through slurry inlet. The slurry will stay inside the digestive chamber during 

hydraulic retention time (HRT). Biogas that has been produced stay at the top of the dome. Slurry that have 

stayed along the HRT will be lighter than the fresh manure and become the upper layer of slurry. This differs 

fixed dome design with floating drum digester, where the old manure layer stays at the bottom of digestive 

chamber. The old manure layer then go directly to the overflow tank. This old manure, or digestate, can be 

utilized as fertilizer.  

 

Figure 6. Conceptual Fixed-dome Digester (Abbasi et al., 2012) 

Construction of fixed-dome digester is underground, so the temperature inside the chamber is not quickly 

fluctuated. In addition, underground construction saves more space. Fixed dome digester does not require 

internal mixer inside digestive chamber since adding new manure will automatically stir the slurry. Thus, 

sedimentation of slurry inside the digestive chamber is quite slow. Sedimentation of solid should be removed 

2-3 times a year (Al Seadi et al., 2008).  

However, one of the drawback of fixed dome digester is its complex construction (Garfi et al., 2016). Gas 

pressure in fixed dome digester is fluctuates depend on the volume of stored biogas. Therefore, small crack on 

the dome construction will leads to heavy losses of biogas (Abbasi et al., 2012). This made construction of fixed 

dome digester complicated and requires skilled labours and masons. 

 

2.4.2 Floating Drum Digester 
Floating drum digester consist of two parts; cylindrical or dome shape digester usually made from bricks or 

concrete, while the gas storage is made from steel. The digester is constructed underground and the gas storage 

is floating on the fermenting slurry or in a water jacket (Error! Reference source not found.). Construction 

of floating drum is easier than fixed domr digester. If there any construction error in floating drum, the digester 

still able to work without any major problems (Vögeli et al., 2014). 
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Figure 7. Construction of Floating Drum Digester (Vögeli et al. 2014) 

The floating of gas storage indicates amount of biogas produce by the digester. So, it is easier for digester user 

to monitor their biogas production. Since the gas storage of floating drum is flexible, pressure inside the digester 

is constant. Thus, lifetime of the gas storage is shorter than digester lifetime. Gas storage only last for 5 years 

in floating drum installation, while the underground digester can last up to 15 years (Nzila et al., 2012). 

Despite its advantages, the gas storage is expensive and requires intense maintenance (Vögeli et al., 2014). Gas 

storage in floatng drum digester need to be covered with oil paints to prevent corrosion. The paint cover should 

carried out annually. Additionally, scum in floating drum digester also need to be removed. Otherwise, the gas 

storage possibly stuck in the resultant of floating scum. 

 

2.4.3 Tubular Digester 
Tubular digester is long shape bioreactor with air tight covers where manure flows in at one end and flows out 

at the other. Tubular digester is suitable for manure with solid content up to 15% (ENEA Consulting, 2013). 

In tubular digester, fresh manure is fed from the inlet. Fresh manure works as a “plug” that push the old manure 

to the outlet. This enable microorganism segmentation of each process anaerobic digestion.  

Typical ratio of width and length of tubular digester is 1:5 (Lusk and Wiselogel, 1998). It usually need additional 

gas storage to keep the biogas. It is sometimes placed on fixed rectangular cement to protect digester from 

animal intrusion. Life span of tubular digester varies up to 5 years (Nzila et al., 2012). The life span of tubular 

digester from PE and PVC pipe might be different due to durability of material.  

Tubular digester is lightweight and easy to transport (Cheng et al., 2014). It does not require skilled labour to 

install. Among all type of digester, tubular digester is the easiest to operate (Kinyua et al., 2016). The digester is 

able to operate at variety temperature, from 0oC until more than 20oC (tropical temperature) (GTZ / EnDev, 

2010; Kinyua et al., 2016). 

Tubular digester can be made from various material, such as polyethylene (PE), and polyvinyl chloride (PVC) 

(Cheng et al., 2014). Several PE digesters were built in Piyungan, Bantul. However, the users were stop to use 
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the digester due to low durability and unpleasant look (Purnomo et al., 2008). Purnomo et al (2008) proposed 

tubular digester made from PVC Pipe (Figure 8).  

PVC digester was tested in Piyungan, Bantul. The digester built by using two PVC pipes with 12-inch diameter 

and 4 m length. The PVC digester only operates for one year because fast development of sediment over time 

(Usack et al., 2014). Solid sediment inside the digester will reduce biogas production and interrupt the overall 

operation of biogas plant.  

 

Figure 8. Plug Flow Digester in Piyungan, Sleman Regency, DI Yogyakarta Province made of PVC pipe 
Source: Usack et al., 2014 

PVC Pipe, as the main part for tubular digester, only available in small diameter. The biggest diameter of PVC 

Pipe is 12-inch. This made PVC digester hard to upscale. For instance, 12 m3 tubular digester from PVC Pipe 

required almost 170-meter length. The smaller digester, the faster sedimentation is formed in the bottom of 

digester.  

To solve sedimentation and durability problem in tubular digester, Wiratni and her team in Universitas Gadjah 

Mada were developing digester from precast tubular concrete. Precast concrete was chosen because it cheap 

and solid material. The maximum size of the concrete is 1,5-meter diameter and 0.5-meter length. To make the 

digester, the concretes need to be arranged serially. It requires 14 of prefabricated concretes to build 12 m3 

digester.  

 

2.5 Sustainability Assessment 

Sustainability is a complex concept. Apparently, the most quoted definition for sustainable development is that 

“sustainable development is development that meets the needs of the present without compromising the ability 

of future generations to meet their own needs” (Brundtland, 2008). Sustainability develops from various 

intersecting pillars. There is no absolute number of pillars that should be consider in the assessment despite 

growing number of it in the studies (Liu, 2014). The most common pillars to analyze is three basic line (TBL) 

of economic, environment and social aspect (Cinelli et al., 2014). Then, it grows into five pillars; ecological, 

economic, political, social, and cultural (Gibson, 2006). An organization called Mining, Minerals and Sustainable 

Development North America developed seven aspects to assess sustainability. While for electric energy 

production, it should be fulfilled 3A; Accessibility, Availability, and Acceptability (Onat and Bayar, 2010). The 

3A Principle can be breakdown into seven indicators, which are unit price of energy; Greenhouse Gas (GHG) 

emission; availability of power plant; production efficiency; land use per unit of energy; water consumption, 

and social impact. 
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Sustainability is a process instead of a goal. Thus, sustainable assessment emerges as a tool to monitor 

sustainability progress of a project with integrating all sustainability pillars so that risk can be minimized and 

precautions can be developed (Bond et al., 2012). Sustainability assessment also can be a method to support 

decision making and policy (Sala et al., 2015). Selection of dimensions and indicators to be assessed determined 

individually case-by-case, depend on the context. Each reference in Table 3 was aiming different objective and 

using different dimensions and indicators for sustainability assessment. For example, Nzila, et. al (2012) and 

Rao et al. (2014) used the assessment to choose biogas digester, while Onat and Bayar (2010) and Evans et al. 

(2009) used the assessment to choose renewable-based power plant.  

 

Table 3. Previous Study Regarding Sustainability Assessment using Multi Criteria Analysis  

  Purpose of Study Criteria and Indicators 
Multi Criteria 
Analysis 
Method 

Nzila, et al 
(2012) 

Evaluate 
sustainability 
performance of 
biogas digesters 
(fixed dome, 
floating drum, and 
tubular digester) 

Environment 

Exergy equivalent 
MJ/Nm3 
biogas 

Life Cycle 
Sustainability 
Assessment 

GHG Saving 
kgCO2eq/Nm3 
biogas 

Energy demand 
MJ/Nm3 
biogas 

Technical 

Energy balance Mjout/Mjin 

Energy payback 
period 

months 

Reliability % 

Economic 

Total investment 
$cents/Nm3 
biogas 

Reduction of fossil 
fuel usage 

$cents/Nm3 
biogas 

Direct labour cost 
$cents/Nm3 
biogas 

Rao, et al 
(2014) 

Evaluate 
sustainability 
performance of 6 
type of biogas 
digesters 

Economic 

Capital cost Rupee 

Analytical 
Hierarchy 
Process 
(AHP) 

Maintenance Cost Rupee/year 

Payback period years 

Social 

Number of skilled 
labour required 

person 

Number of 
unskilled labour 
required 

Person 

Suitable Location City/Village 

Skill requirement to 
operate the digester 

N/A 

Technical Time to set up Days 
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Lifetime Years 

Energy 
consumption 

kWh/day 

Construction 
materials 

N/A 

CH4 content in 
biogas 

% 

Sturdiness N/A 

Accessories 
requirement 

N/A 

Operation type 
Manually or 
mechanized 

Environmental 

Feed-to-water ratio ratio 

Type of 
transportation 

  

Evans et al 
(2009); Onat 
and Bayar 
(2010) 

Ranking renewable 
based power plant 
in Australia 
according to its 
sustainability 

Economy 
Price of electricity 
generation 

US $/kWh 

Evans et al: 
Equal weight 
method; 
Onat and 
Bayar:  

Technical 
Efficiency of 
energy generation 

% 

Environmental 

Land use change km2 

Water 
consumption 

kg/kWh 

Social 
Social impact of 
renewable energy 
installation 

major/minor 

 

Many methods have been used in sustainability assessment, such as Environmental Impact Analysis (EIA), 

cost-benefit analysis (CBA), multi-criteria analysis (MCA), Strategic Environmental Analysis (SEA), and many 

more (Poveda and Lipsett, 2011). In this study, quantification will conduct using Multi Criteria Analysis (MCA). 

MCA has been used to support decision making, make groups ranking or individuals, and comparing 

alternatives.  

MCA methods can be grouped according to the concepts that underlying it, i.e. utility function, outranking 

relation, and sets of decision rules (Cinelli et al., 2014). Method based on utility function integrates performance 

of the alternatives in a set of parameters. Example of method with utility function basis are Analytical Hierarchy 

Process (AHP) and Weighted Sum Method. While outranking relation method compares alternative a with 

another alternative to determine alternative with better performances. For instance, elimination and choice 

expressing the reality (ELECTRE) and preference ranking organization method for enrichment of evaluations 

(PROMETHEE). Last, method based on set of decision rules develops preference model according to use of 

classification or comparison of decision examples, such as dominance based rough set approach (DRSA). In 

this study, data will be calculated using Equal Weighted Sum Method due to its practicality. Further detail 

regarding the Equal Weighted Sum Method will be presented in Chapter 4. 
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3 Current Condition of Energy and Biogas Development in 

Indonesia 

This chapter will describe about current condition in Indonesia, especially in Yogyakarta Province. The first 

section will explain about current household energy landscape. Then current policy that enforced development 

renewable energy and waste management will be presented in the next section. Last, development of biogas 

project will be explained, along with findings during the field trip.  

 

3.1 Household Energy Landscape 

Household is the sector that consumed most of energy in Indonesia by 2013, with 62.7 MTOE or 38.6% of 

total energy consumption (International Energy Agency, 2014). Biomass supplied 77% of energy consumption 

in household, while electricity and oil products contributed about 6% and 16%, respectively. 

Unlike Indonesia Energy Outlook which published annually, it is hard to find regional energy data or statistics 

for Yogyakarta Province. Energy outlook from Regional CAREPI Team is published in 2009, yet it was using 

data from 2005. Energy outlook by Badruzzaman, et. al. (2014) using empirical data, national government 

publication in 2008, and regional electricity data from Government Power Company (PLN) in 2011. The annual 

statistics publication by Provincial Government (Yogyakarta Province in Figures) only include electricity and 

water supply in its energy section. None of energy supply or energy consumption data is presented either in the 

website of Statistics Agency and Regional MEMR of Yogyakarta Province. 

In Yogyakarta Province, energy demand in household sector accounts for 32.24% of total energy consumption 

in 2005, which is the second largest demand after transportation sector. 66% of energy in household is spent 

for cooking, which 68% of it supplied by kerosene and the rest is LPG. By 2014, there are 40% of village in 

Yogyakarta that its households still using wood for cooking, while the rest were using LPG (Statistics of 

Indonesia, 2014). However, there are no particular reports or statistical data mentioning number of households 

which is still using wood for cooking. 

Table 4. Household Energy Consumption in Yogyakarta Province in 2015 

Fuel type 

Household energy 

consumption 

(thousand BOE) 

Kerosene 731.95 

Electricity 546.9 

LPG 344.36 

Firewood 3.27 

Natural gas 0 

Coal Briquette 2.64 

TOTAL 1,629.12 

Source: (Regional CAREPI Technical Team, 2009) 

Additionally, the province does not have their own energy source, except renewable energy. Oil fuel, LPG, and 

electricity supply are distributed from nearby province, such as Central and East Java (Regional CAREPI 

Technical Team, 2009). Table 5 summarized final energy consumption in 2005 and 2011. By 2005, energy 

demand still dominated by fossil fuel, like oil (74.71%) and LPG (7.32%). The province is connected to Jawa-
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Bali grid, which is the biggest electricity connection in Indonesia. Electricity in Jawa-Bali is generated by Mrica 

Hydropower, Dieng Geothermal, Cilacap Coal Power Plant and Tambak Lorok Gas Power Plant 

(Badruzzaman et al., 2014). Total electricity consumption by 2005 is 1,469.34 GWh or 900.64 million BOE. 

Table 5. Final Energy Consumption in Yogyakarta 

Fuel type 

Final Energy Consumption 

(thousand BOE) 

2005 20111 

Oil fuel 3777.09 3355.7 

Electricity 900.64 1157.6 

LPG 370.19 979.8 

Biomass 3.27 3.6 

Coal 0 2.5 

Coal Briquette 4.17 2.9 

Total 5055.36 5502.1 

Source: (Badruzzaman et al., 2014; Regional CAREPI Technical Team, 2009) 

 

3.2 Current Policy Framework 

Indonesia is an archipelago country with more than 17,000 islands. There are 250 million inhabitants living in 

6,000 islands while other are unpopulated. However, 50% of population is located in Java island. To govern 

the archipelago, Indonesia is divided into 34 provinces and 410 regencies. However, each region has substantial 

autonomy over budget and policy since 2001. This add to complexity in governance of policy because there are 

82,330 local government that have rights and responsibilities to control energy and policy (International Energy 

Agency, 2015). 

Waste management of animal husbandry is controlled by Ministry of Environment through Regulation No 

5/2014. The regulation only mentions waste management from pig and cattle husbandry, yet no other type of 

husbandry is included. Regulation No 5/2014 imposed that waste from pig and cattle husbandry can be 

disposed into water body if it below limits in Table 6.  

Table 6. Quality Control for Waste from Pig and Cattle Husbandry 

Indicator 

Maximum 

contain in liquid 

(mg/L) 

Maximum Effluents Load 

(gram/head/day) 

Swine/Pig Cattle 

BOD 100 4 20 

COD 200 8 40 

Total Dissolved Solid (TDS) 2000 80 400 

Total Suspended Solid (TSS) 100 4 20 

                                                      
1 The value here is projection from 2008 data in Badruzzaman, et al. paper. The 2008 data is not presented in the paper. 
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Sulfide 0.1 0.004 0.02 

Ammonia 5 0.2 1 

pH 6.0 - 9.0 

Maximum waste (L/head/day) 
 

40 200 

Source: Regulation 5/2014 

Untreated animal manure has typical Chemical Oxygen Demand (COD) and Biological Oxygen Demand 

(BOD) range from 25,000 mg/L to 260,000 mg/L and 24,000 mg/L to 33,000 mg/L, respectively (Spellman 

and Whiting, 2007). Value of COD and BOD of animal differs, depend on dietary feeding, type of animal, and 

weight of animal, etc. American Society for Agricultural Engineers (ASAE) set COD and BOD value of cattle 

range from 2.3 until 6.2 kg/day/head and 0.52 until 1.4 kg/day/animal. While for pig, the COD are 0.27 

kg/day/head and the BOD value are 0.13 – 0.38 kg/day/head (American Society of Agricultural Engineers, 

2005). Regulation No 5/2014 from Ministry of Environment implies that animal husbandry should not 

disposed their waste directly without any treatment. Through the same regulation, the owner of animal 

husbandry should hand three-months-report to the government which contains their waste volume, effluents 

load, quality control data of the waste equipped with all indicators in Table 6. However, whether this regulation 

applies for household farming is still vague. Penalty for the husbandry that break the regulation is not mentioned 

as well. 

On the other hand, national energy policy in Indonesia is developed by National Energy Council (NEC). NEC 

put together seven different ministries, including MEMR as head of the council, Ministry of Environment, 

Ministry of Forestry, Ministry of Transport, Ministry of National Development Planning, Ministry of Finance, 

and Ministry of Industry. NEC also consist of eight representatives of stake holders who represent consumers, 

industry, academics, environment and technology expert.  

Basic energy management in Indonesia is contained in Energy Law No 30 2007. The Energy Law No 30 2007 

enclose the main objective of energy management in Indonesia is to bring nation into prosperity. The Law 

contains institutional structure of energy management and power distribution between Parliament, central, 

regional, and local government. National Energy Policy (NEP) which is developed by NEC need to be 

approved by Parliament. On the other hand, Regional and local government is responsible to build regional 

energy master plan and energy regulation that should in-line with the NEP. Including in Regional master plan 

and energy regulation is supervision for renewable energy utilization. 

Current National Energy Policy in Indonesia is Government Regulation No 79 2014. In the policy, Government 

will aim 100% of electrification by 2020. With increase of energy consumption, National Energy Policy 2014 

stipulates that government will provide energy by minimizing dependence on oil and diverse energy supply. By 

2025, Indonesia energy mix should consist of 23% oil, 25% natural gas, 30% coal, and 22% renewable energy. 

As shown in Figure 9, target of renewable energy share will be increase until 31% by 2050. 
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Figure 9. National Energy Mix Plan 2014 
Source: Dewan Energi Nasional, 2015; Government of Indonesia (2014) 

Besides formulating national energy policy, NEC is responsible to establish National Energy General Plan 

(RUEN), measure response to energy crisis and emergency, and supervise implementation of energy policy. 

National Energy Planning then breakdown into measurable policy planning which is called the National Energy 

General Plan (RUEN). RUEN consists of multi-sectoral strategies and programs to reach NEP goals. RUEN 

becomes basis for energy planning and energy investment by government at national, regional, and local level. 

RUEN is a top-down regulation. After it is published, regional government in each province should develop 

their Regional General Energy Plan (RUED). RUED should optimize potential in each regional to achieve the 

goals that mentioned in RUEN.  

The newest RUEN is Presidential Decree No 22 2017. Government of Indonesia (GoI) pledge to change 

energy paradigm, which once use energy as export commodity but now manage energy as asset for national 

development. This follows with four main guiding policies along with six other supporting policies. The main 

guiding policies stipulate diversification of energy supply by optimizing exploration of fossil-based fuel while 

increasing share of new and renewable energy. It also imposed reduction of imported energy, cut of energy 

subsidies, acceleration of energy infrastructure to give 100% of energy access in Indonesia. The other six 

additional policies are guidance of search for energy technology, energy pricing, subsidy and incentive 

guidelines, support scheme for energy research and development, and institutional framework for energy 

management. 

Household sector in Indonesia used to utilize kerosene as cooking fuel. In 2007, GoI established Presidential 

Decree No 104 2007, which promoted conversion program from kerosene to Liquified Petroleum Gas (LPG) 

for households. During promotion of conversion, GoI distributed a free package of 3-kilogram-LPG bottle 

and a LPG stove to households, mostly in Java and Bali. Conversion program was designed for six years, yet it 

was succeeded only in the third year of the program (World Bank, 2013). Nowadays, LPG contributes to 47% 

of final energy consumption in household sector (excluding biomass) (Agency for Assessment and Application 

of Technology (BPPT), 2016). The change of energy supply for households is shown in Figure 10. 
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Figure 10. Energy Consumption in Household Sector by Fuel Type (2006-2014)  
Source: Agency for Assessment and Application of Technology (BPPT) 2016; Statistics of Indonesia 

(2016, 2011) 

Despite the conversion program from kerosene to LPG, it creates another dependence on fossil fuel. It also 

adds burden on country finance since 3-kilogram-LPG is subsidized. Demand for LPG is estimated to be 11.33 

million TOE by 2050 (Agency for Assessment and Application of Technology (BPPT), 2016). In 2014, 41% of 

LPG supply is imported. GoI planned to add six new refineries during 2014 until 2050 to cover the demand. 

However, it is predicted that Indonesia still need to import 50% of LPG by 2022.  

The total energy consumption in household sector also predicted to rise by 2.27% during 2014 until 2050 

(Agency for Assessment and Application of Technology (BPPT), 2016). However, this outlook was excluding 

biomass into calculation. If we use the trendline from 2006 until 2014, demand for fuel wood will increase 

annually, as presented in the dashed line in Figure 10. This is the task for the government to shift wood to other 

fuel, such as LPG, natural gas, or biogas.  

By 2014, however, there are 175 sub-districts in Yogyakarta province which most of households use traditional 

biomass for cooking (Statistics of Indonesia, 2014). Most of these households stay using firewood as cooking 

fuel due to the low price, even they are able to collect it for free. On the other hand, some households in Central 

Java and Yogyakarta Province use more than one cooking fuel. When LPG supply is scarce, households are 

switching cooking fuel into firewood or kerosene. Yet, there is no data recorded on how many households that 

using more than one cooking fuel. 

Although the small share of it in energy mix, bioenergy is planned to be source for several sectors, e.g. electricity, 

transport, and household. In the recent year, GoI strongly foster utilization of biofuel in transportation since 

Presidential Decree No 5 2006 which targeting 5% blending mandate for biofuel by 2025. Through MEMR 

Regulation No 20 2014, blending mandate is increased to be 20% by 2016 and 30% by 2030. For electricity, 

GoI focuses, but not limited, to palm oil waste and municipal solid waste as source of biomass. On the other 

hand, RUEN 2017 set target to provide 47,4 mmscfd (58,862.11 m³/hr) of biogas for household sector. The 

government also pledge to build biogas digester for 1,7 million household by 2025. These biogas digesters 

should follow provincial roadmap. This is the first time that biogas for household is regulated on national 

regulation. More guidance of search for biogas technology in household sector is not published yet. 
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3.3 Biogas Development Program in Indonesia  

In 2009, Indonesia was involved in a program to prevent energy crisis in Asia by optimizing energy alternatives 

for rural communities. To support this goal, Indonesia Domestic Biogas Program (IDBP) is initiated. This 

program also well-known as Biogas Rumah (BIRU). IDBP is a collaboration program between MEMR and 

Netherlands Development Organization (SNV). It aimed to provide energy for rural households by building 

8000 unit of biogas installation from 2009 until 2013. IDBP is funded by ENDEV for biogas projects in Java 

and Norway Government for biogas project in 5 provinces outside Java (Bali, Lampung, West Nusa Tenggara, 

East Nusa Tenggara, and East Java). All funding and projects under IDBP was managed by Humanist Institute 

for Development Cooperation (HIVOS).  

At the end of 2012, HIVOS established local organization called Yayasan Rumah Energi (YRE). YRE is 

responsible for the rest of IDBP since January 2013. YRE build partnership with local contractors by giving 

training regarding biogas technology and installation. Local contractors are the one that responsible for 

construction and maintenance service of biogas plants. Local contractors must follow standard operational and 

procedure (SOP) from YRE, which has been registered as Indonesia National Standard (SNI) No 7826/2012. 

YRE also actively monitor their local contractors. Penalty, like contract termination, will be given to local 

construction that violate the SOP. 

Figure 11 illustrates biogas installation for BIRU Program. The main components of installation are manual 

inlet mixer, a fixed dome digester, outlet/overflow tank, water-drain, biogas stove and biogas lamp. Expected 

lifetime of this installation is 30 years. Each of installation gets 2 million rupiahs subsidy from HIVOS (Biogas 

Rumah, 2010). In Yogyakarta, most of household biogas is funded by the government, so the user gets biogas 

installation for free.   

 

Figure 11. Biogas Installation for BIRU Source: Tim BIRU, (2010) 
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By 2015, YRE has built more than 16,000 unit of biogas in Indonesia (“Rumah Energi - IDBP,” 2015). YRE 

develop biogas digester from various feedstock, such as animal manure, water hyacinth and tofu waste. In 

Yogyakarta Province, there are 1426 biogas plants, ranged from 4 m3 until 20 m3. 67% of digester in Yogyakarta 

is 6 m3 digester, while only one 20 m3 digester. According to the location, Gunung Kidul has the most BIRU 

Users among other regencies. It is followed by Bantul, Sleman, and Kulon Progo, as shown in Figure 13. 

Yogyakarta City has the lowest number of digester with only two built in 2014.  

 

Figure 12. Biogas Rumah (BIRU) Users According to Volume of Digester 

 

 

Figure 13. BIRU Users Divided by Regency 

In the province, all digesters owned by household is funded by the government. It shows that high capital cost 

of digester hinders deployment of biogas technology. Every year, regional MEMR has their list of target villages 

as location to build biodigester, which then published to the farmers community. The farmers should register 

in order to get the funding. Some of the farmers are never heard of biogas and digester before they got the 

funding. Thus, biogas program increases knowledge and awareness of local communities about renewable 

energy, health, and sanitation.  
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On the other hand, digester which self-funded is built by a farm. A farm usually wants to build a digester 

because they eager to have better manure management and better sanitation. In a dairy farm, they usually doing 

pasteurization by boils the milk before it is sold. Due to vulnerability of LPG supply and price, dairy farms use 

biogas as LPG substitution.  

Farmers and farm owners have different motivation to build digester. Farm owners, who need biogas and better 

sanitation, are more patient in maintaining digester. Some of farmers in Yogyakarta are stop using digester 

because they were not patient enough to maintain digester especially at start up period when the digester was 

not producing biogas yet. Others are using cows and buffalo as an investment, so they sell their livestock when 

they need money. Therefore, the feedstock supply is missing, and digester is stop operating as well. In addition, 

there is no inspection from the government after years of construction to check whether the farmers still using 

biogas or not. Additionally, LPG is now more accessible for people in villages. The price of 3 kg LPG bottle is 

also subsidized. This leads farmers to keep using LPG, instead of optimizing their biogas.  

Regional MEMR also built 20 communal digesters during 2011-2013 for farmers community, mostly in Bantul. 

However, none of the communal digester is still operating. Yunan Fakhrurazi, the Head of Energy Division in 

Regional MEMR of Yogyakarta, claimed that complex management of communal digester is the main cause of 

failure. With communal digester, MEMR needs to establish organization to maintain the digester, such as 

scheduling manure feeding into the digester, make sure the distribution of biogas is equal between all users, and 

to pay the operators. Therefore, the Regional MEMR of Yogyakarta is now focus on building 6 m3 digester for 

households. 

 

Figure 14. Communal Digester in Bambanglipuro, Bantul, Yogyakarta 
Photo credit: Dintani Naimah (2017) 

Other by-product from digester, bio-fertilizer, is not commonly used by some farmers in Yogyakarta. Bio-

fertilizer is work well for fruits and vegetables plantation, while it is hard to apply it on rice paddy field. 

Therefore, not many biogas users adopt digestate as bio-fertilizer. To sell the fertilizer in the market is also 

though because farmers are not familiar with biofertilizer. In fact, demand for compost or biofertilizer is lower 

compared to chemical fertilizer. To face this problem, YRE launched Gading Program in 2017, which guide 

biogas users to use and commercialize their fertilizer. Yet, this program is not available in all regencies and still 

in early stage.  
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4 Methods and Data 

Chapter 4 summarized methods and data collection that conduct in this study. The first section will explain 

calculation method to determine potential biogas production from livestock manure. Indicators of sustainability 

assessment for digester and biogas technology options will be evaluated using multi criteria analysis (MCA), 

which will describe in Section 4.2. Method for MCA is divided into various method. In this study, we will use 

the equal weight sum method. Next, Section 4.3 will explain about sustainability indicators and calculation 

method of the indicators. 

 

4.1 Biogas Production from Livestock Manure 

Biogas is produced from the decomposition of organic matter in the absence of oxygen. It consists of methane 

and carbon dioxide. The process of biogas production is well known as anaerobic digestion. Biogas is 

commonly used as alternative fuel for power generation, lighting, cooking, and transportation. There are many 

types of feedstock for biogas production, which has different characteristic for biogas production. 

Characteristic of livestock manure is shown in Table 7. 

Table 7. Feedstock Characteristics by Livestock Type 

Substrate 

Daily Manure 
(m) 

Dry Matter 
(DM) 

Organic Dry Matter 
(ODM) 

Biogas yield 

(�̇�𝒃𝒊𝒐) 
 

kg/day/animal % daily manure % DM m3/kg oDM  
Cattle 8 25-30 80 0.2-0.8 

Chicken 0.08 10-29 67-77 0.3-0.8 

Pig 2 15-25 75-80 0.27-0.45 

Buffalo 15 15-20 n/a 0.04a 

Goat/Sheep 2 18-25 80-85 0.3-0.5 

Horse 15 28 75 0.4-0.6 

Duck 0.15 20-30 n/a 0.008a 
a) Units for biogas yield is m3/kg of daily manure 

Source: (Bond and Templeton, 2011; Deublein and Steinhauser, 2011; Khoiyangbam et al., 2011) 

Potential biogas production (�̇�𝑏𝑖𝑜𝑔𝑎𝑠) can be calculated as follows: 

�̇�𝑏𝑖𝑜𝑔𝑎𝑠 = m ×  𝐷𝑀 ×  O𝐷𝑀 × �̇�𝑏𝑖𝑜 (Eq 1) 

Source: Deublein and Steinhauser, 2011  

with 𝑚 is total mass of feedstock; �̇�𝑏𝑖𝑜 is biogas yield per kg of feedstock (m3 biogas/kg, 𝐷𝑀 is dry matter, and 

oDM is organic dry matter (Deublein and Steinhauser, 2011). For biogas from buffalo and duck, it calculated 

by multiplying biogas yield �̇�𝑏𝑖𝑜 with daily manure DM (Khoiyangbam et al., 2011). Then the total energy 

yields from livestock manure and from agriculture waste is calculated: 

𝐸 =  �̇�𝑏𝑖𝑜𝑔𝑎𝑠  × 𝐸𝑓 (Eq 2) 

Source: Deublein and Steinhauser, 2011  
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With 𝐸𝑓 is energy value of biogas, which equals to 21.6 MJ/m3 (Batzias et al., 2005). 

To calculate biogas potential in Yogyakarta Province, livestock data is collected from Agricultural Statistics 

2013. Table 8 presents number of livestock in the Province divided by area and type of livestock. Gunung Kidul 

is the district with most number of livestock while the City of Yogyakarta is the least. Cattle is the fourth largest 

population of livestock after chicken, goat and sheep, and duck. However, cattle produce more manure than 

chicken, goat and sheep, and duck. 

Table 8. Livestock Population in Yogyakarta Province Owned by Households 

Name of District 

Livestock Population Owned by Households (head) 

Cattle Chicken Pig Buffalo 
Goat and 

Sheep 
Horse Duck 

Bantul  50,562   6,143,529   5,330   259   70,354   268   89,254  

Gunung Kidul  138,075   14,053,852   155   38   243,751   6   174,597  

Kota Yogyakarta  264   145,582   278   -     449   10   36,732  

Kulon Progo  45,242   10,150,543   906   118   87,641   7   127,201  

Sleman  41,809   9,667,684   5,471   531   53,404   81   4,009  

TOTAL  275,952   40,161,190   12,140   946   455,599   372   431,793  

 

4.2 Indicators in Sustainability Assessment 

In this thesis, we aim to evaluate the performance of four different biogas digester type and two options of 

biogas and digestate utilization. There are three dimensions of sustainability that being assessed for digester 

selection, which are technical, economic and environment aspect. While for biogas and digestate utilization, 

this study only evaluated economic and environment aspect. Indicators are selected from the previous studies 

regarding sustainability assessment. Detail about the indicators of assessment in this thesis are shown in Table 

9.  

Table 9. Sustainability Indicator to be Assessed 

Objective Criteria Indicators Units References 

Selection of 
digester according 
to its performance 

Technical 

Lifetime Years 
Rao et al (2014); Varun 
et al (2009) 

Digester efficiency 
m3 biogas / kg 
Volatile Slurry 

Garfi et al (2016) 

Economic 
Capital Cost USD/m3 Rao et al (2014) 

O/M Cost USD/m3 Rao et al (2014) 
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Environment Feed-to-water ratio 
Non-
dimensional 

(Rao et al., 2014) 

Selection of 
biogas-digestate 
utilization option 
according to its 

performance 

Economic 

Levelized Cost of 
Energy (LCOE) 

USD/kWh 
Evans et al (2009); 
Onat and Bayar (2010) 

Net Present Value 
(NPV) 

USD/m3   

Internal Rate of 
Return (IRR) 

%   

Benefit to Cost Ratio 
(BCR) 

non-
dimensional 

Abbas et al (2017) 

Payback Period Year Rao et al (2014) 

Environment Emission saving MtCO2e/year 
Evans et al (2009); 
Onat and Bayar (2010); 
Nzila et al (2012) 

 

Lifetime and digester efficiency are important technical factor that affect selection of digester by user or decision 

maker. Data for lifetime and digester efficiency are collected from literature review. In the scoring of lifetime, 

the longer lifetime of digester, the higher score will be given. On the other hand, digester efficiency represents 

optimum biogas production per unit mass of organic content in the feedstock (m3 biogas/kg Volatile Slurry) 

(Garfi et al., 2016). To ensure comparison done apple-to-apple, data that considered is the one using cow 

manure as feedstock and the digester works in tropical climate without additional heater.  

Economic analysis in this thesis is done by evaluating the whole supply chain of biogas utilization, from manure 

collection of manure until utilization of biogas and digestate. For domestic biogas program, the digester owners 

usually have their own livestock whose manure can be the feedstock for biogas. The digester owners put the 

manure inside the digester by themselves. Thus, the feedstock and operation cost for domestic biogas program 

in Yogyakarta is zero. The maintenance cost consists of piping, stove, biogas generator and gas storage 

maintenance, if applicable. 

The volume of evaluated digesters in economic analysis ranges from 2 m3 until 12 m3, which is the range of 

digester that is built in Yogyakarta Province. From all variation of digester type and volume, there are three 

scenarios that developed to do the economic analysis. First, there are Scenario 1 which is developed according 

to current condition of biogas project in Indonesia, where biogas use for cooking, but fertilizer is not used. In 

Scenario 2, biogas use for cooking and digestate is sold to the market as biofertilizer, so it creates additional 

income for the user. Scenario 3 is similar to Scenario 2, where digestate is utilized, but biogas is used for 

electricity generation. 
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In economic aspect, construction, maintenance and operation cost are determining factor for user or decision 

maker to choose type of digester. While other economic parameter, like unit energy price, internal rate of return 

(IRR); net present value (NPV); benefit to cost ratio (BCR), and payback period, are used to choosing between 

biogas and digestate utilization. Levelized cost of energy represents cost of one unit energy so that the project 

will be break even in the end of its lifetime (Bruckner et al., 2011). Furthermore, scenarios are developed to 

analyzed economic performance of each digester and utilization option. Details regarding method in economic 

analysis is described in the next section. 

For environment aspect, the indicator that being assessed is feed to water ratio. This indicator represents water 

consumption requirement for daily operation of biogas digester. In digester operation, manure usually mixed 

with water before it is put into the digester. Amount of water that use for digester operation should be 

minimized so that it does not risk water availability for agricultural and domestic need (Global Bioenergy 

Partnership (GBEP) and Food and Agriculture Organization of the United Nations (FAO), 2011). This 

indicator is essential to be assessed in Yogyakarta Province since water scarcity often occurred in several area 

in Gunung Kidul and Bantul Regency (Linangkung, 2014; Mustaqim, 2017). In selection of biogas utilization, 

environment aspect that being considered is GHG emission saving. This value is calculated from emission 

saving from better manure management, emission saving from biogas usage instead of fossil-based fuel, and 

emission saving by using biofertilizer instead of chemical fertilizer. Detail on the calculation will be explained 

in Section 4.2.2. 

Data for livestock population is taken from Agricultural Statistics 2013, which is the latest version published by 

GoI. The next Agricultural Statistics should be done in 2017, yet it is not published by the time this thesis 

started. Meanwhile, technical and environmental data are gathered from literature review, yet economic data is 

collected from interview and observation during field visit in Yogyakarta Province. Table 10 summarized data 

regarding digester performance for each assessment indicator. More detail for economic data is presented in 

Appendix 1.  

 



 
 

Table 10. Collected Data for Digester Selection 

NO Criteria 
Criteria 
Weight 

Indicator 
Indicator 

Units 
Indicator 
weight 

 Data  

Fixed dome Floating Drum 

1 

Technical  1/3 

Lifetime years 0.167 15-20 
(El-Halwagi, 
1986; Garfi et 
al., 2016) 

12-15 (Garfi et al., 2016) 

2 
Digester 
Efficiency 

m3 of 
biogas/kg 
volatile 
slurry 

0.167 0.2-0.5 
(Werner et al., 
1989) 

0.3-0.6 
(Werner et al., 
1989) 

3 
Economic  1/3 

Capital 
Cost 

USD/m3 0.167  $    702.65     $    750.68    

4 
O/M 
Cost 

USD/m3 0.167  $    59.20     $    82.51    

6 Environment 1/3 
Feed-to-
water 
ratio 

non-
dimensional 

0.333 1:1 
(Purnomo et 
al., 2008) 

1:1 
(Purnomo et al., 
2008) 

                

NO Criteria 
Criteria 
Weight 

Indicator 
Indicator 

Units 
Indicator 
weight 

Data  

PE tubular Concrete tubular 

1 

Technical  1/3 

Lifetime years 0.167 5 
(Nzila et al., 
2012; Vögeli et 
al., 2014) 

15-20   

2 
Digester 
Efficiency 

m3 of 
biogas/kg 
volatile 
slurry 

0.167 0.4 
(Garfi et al., 
2016) 

0.14-0.15 
(Usack et al., 
2014) 

3 
Economic  1/3 

Capital 
Cost 

USD/m3 0.167  $   385.12     $   594.50    

4 
O/M 
Cost 

USD/m3 0.167  $    96.24     $   66.60    
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6 Environment 1/3 
Feed-to-
water 
ratio 

non-
dimensional 

0.333 1:2 
(Purnomo et 
al., 2008) 

1:2 
(Purnomo et al., 
2008) 

    Digester the best performance in the indicator, which equals to 100 points in scoring 
    Digester the worst performance in the indicator, which equals to 0 points in scoring 



 
 

 

4.2.1 Economic Analysis 
Net Present Value (NPV) and Internal Rate of Return (IRR) are used to assess economic feasibility of an 

investment or a project. NPV usually use for to identify whether the investment is profitable or losing. If the 

investment ends up with positive NPV at the end of project lifetime, the project is economically viable. Risk of 

investment and time value of money is present as discount rate (i). NPV of an investment is calculated as 

follows: 

𝑁𝑃𝑉 =  ∑
𝑅𝑡

(1 + 𝑖)𝑡

𝑁

𝑡=0

 

(Eq 3) 

Source: (Abbasi et al., 2012)  

Where Rt is net cash flow in year t (Indonesian Rupiah/Rp) and N is project lifetime (years).  

Another common method to analyze project profitability is Internal Rate of Return (IRR). IRR is calculated by 

solving i when NPV equals to zero. IRR deliver the profitability of investment in percentage, which presents 

amount of profits over project lifetime. Zero IRR represent that the project is breakeven. On the other hand, 

economically feasibility project will result in positive IRR. Basically, decision maker would choose high IRR 

over the low on. But a low IRR does not always mean that the investment is not feasible. It just means that the 

payback pace of the investment is low. Low IRR but high NPV indicates slow pace return of investment yet it 

adds high value to the company.  

In this study, Benefit-Cost Ratio (BCR) of each digester is also examined. BCR is considered as cost efficient if 

the benefit outweighs overall project cost (Abbas et al., 2017). Formula to calculate benefit – cost ratio is written 

as: 

𝐵𝐶𝑅 =  
∑

𝐵𝑛
(1 + 𝑖)𝑛

𝑛
𝑡=1

∑
𝐶𝑛

(1 + 𝑖)𝑛
𝑛
𝑡=1

 

 

(Eq 4) 

Source: Abbas et al., 2017  

For levelized cost of energy (LCOE), cost of electricity produced by biogas generator will be compared with 

cost of heat generated by biogas stove. The LCOE represents cost that should be paid so that the project will 

be break even in the end of its lifetime (Bruckner et al., 2011). The LCOE formula is written as: 

𝐿𝐶𝑂𝐸 =  
∑ (𝐼𝑡 + 𝑂𝑀𝑡 +  𝐴𝑡 + 𝐶𝑡 +  𝐷𝑡 ) × (1 + 𝑟)−𝑡

𝑡

∑ (𝐸𝑡 ×𝑡 (1 + 𝑟)−𝑡)
 

(Eq 5) 

 

Source: (Zamalloa et al., 2011)  

where It is capital cost at year t, OMt is operation and maintenance cost at year t (Zamalloa et al., 2011). At 

represents production cost of biogas, which in this study equals to zero since manure and water for digester is 

free. Ct is carbon credit revenue at year t and Dt is demolition cost at the end of lifetime. Indonesia does not 

have carbon credit for biogas household so Ct for this project is zero. During the field trip, unused fixed dome 

digester is not demolished by the user, while piping installation disassemble by users without hiring any labor. 

Thus, Dt for household biogas is zero. 

Three scenarios are built to analyze the economic performance of the project. All of scenarios have variation 

of biogas utilization, either for cooking or to generate electricity. Income generation of biogas comes from 
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biogas utilization itself and selling of digestate as biofertilizer. But, only 4% of biogas user that sell their fertilizer 

to the market although 83% of them use it for themselves (Yayasan Rumah Energy, 2017). Additionally, 

Indonesian farmers are not familiar yet with usage of digestate as biofertilizer, especially for rice paddy. 

Digestate usually use for fruit and vegetable plantation. 

There are three scenarios that being developed to assess economy aspect of household biogas in Yogyakarta, 

as presented in Table 11. Scenario 1 is business as usual case, which built according to current condition in 

Yogyakarta Province. Biogas from livestock manure is used for cooking and income generation comes from 

reduction of LPG consumption in the household. LPG price is assumed to be constant and the same in all 

region, which is US$ 1.26 for 3-kg-LPG-package (field trip observation, February 2017). Scenario 2 consider 

additional income from selling and using biofertilizer for their own consumption. In Yogyakarta, one kilogram 

of biofertilizer is sold for US$ 0.07.  

On the other hand, Scenario 3 use the biogas for electricity generation. Thus, the economic benefit comes from 

reduction of expense in annual electricity cost. The average electricity price in Yogyakarta is US$ 0.09 per kWh. 

In addition, biofertilizer will also be used for the farmers themselves and sold in the market, like in Scenario 2. 

Sensitivity analysis is done to determine how sensitive the economic result to assumption that have been made. 

El Halwagi (1986) suggested parameters for biogas sensitivity analysis are feedstock availability, biogas 

production, lifetime of the project, interest rate, capital, operational and maintenance cost. Meanwhile, Abbas 

et al (2017) focus on sensitivity of BCR in respect to variability of biogas implementation benefit, such as fuel 

shift benefit; fuel shift and fertilizer benefit; fuel shift, fertilizer, and labor benefit. In this thesis, the parameters 

that being varied in sensitivity analysis are LPG Price and electricity price as fuel shift benefit, investment, 

operational and maintenance cost, expected biogas yields, and fertilizer price. Result of economic analysis is 

presented in Chapter 5.  

Table 11. Scenarios for Economy Analysis 

  Digester Utilization 

Scenario 1 

Fixed dome  

Biogas for cooking 
Floating Drum  

PE Tubular 

Concrete tubular 

Scenario 2 

Fixed dome 

Biogas for cooking 
Digestate for biofertilizer 

Floating Drum  

PE Tubular 

Concrete tubular 

Scenario 3 

Fixed dome 

Biogas for electricity 
Digestate for biofertilizer 

Floating Drum  

PE Tubular 

Concrete tubular 

 

Data for economic analysis is gathered during field visit in Yogyakarta from February until March 2017. The 

interest rate of investment is assumed to be 10%. Detail for investment and maintenance cost is presented in 

Appendix 1. 
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4.2.2 Environment Analysis 
One of environment benefits from biogas installation is reduction of greenhouse gas emission. Haryanto, et. al 

(2017) divided potential emission reduction from utilization of biogas, which are methane emission reduction 

due to better manure management, reduction of emission because of fuel shift for cooking, and emission 

reduction from using biofertilizer. Before installing anaerobic digester, farmers in Yogyakarta Province use 

several types of manure management, such as deep bedding and pit storage. Total of emission reduction can 

be formulated as follows: 

𝐺𝐻𝐺𝑡𝑜𝑡 =  𝐺𝐻𝐺𝐶𝐻4 + 𝐺𝐻𝐺𝑒𝑛𝑒𝑟𝑔𝑦 +  𝐺𝐻𝐺𝑓𝑒𝑟𝑡 

Source: Haryanto et al., 2017 

(Eq 6) 

Where GHGtot is total emission reduction potential; GHGch4 is methane emission reduction due to better 

manure management; GHGenergy is emission reduction due to fuel shift from fossil fuel, whether in cooking or 

electricity generation, to biogas; and GHGfert is GHG emission reduction due to decrease use of fertilizer 

(Haryanto et al., 2017). 

To calculate methane emission reduction, guideline from manure management in 2006 IPCC Guidelines for 

National Greenhouse Gas Inventories will be used. The following equation is used to estimate the annual 

emission reduction from livestock category: 

𝐺𝐻𝐺𝐶𝐻4 =  ∑
𝐸𝐹(𝑇)  ×  𝑁(𝑇)

106

(𝑇)

 
(Eq 7) 

Source: Dong et al., 2006  

Where: 

GHGCH4 is annual emission reduction (Gg CH4/year) 

EF(T) is emission factor for defined livestock (kg CH4/head/year) 

N(T) is number of livestock (head) 

(T) is species or category of livestock. 

In this study, emission factor (EF(T)) is calculated using Tier 2 method, which formulated as follows: 

𝐸𝐹(𝑇) = (𝑉𝑆(𝑇)  × 365) ×  [𝐵𝑜(𝑇)  × 0.67
𝑘𝑔

𝑚3
 × ∑

𝑀𝐶𝐹𝑠,𝑘

100
 × 𝑀𝑆(𝑇,𝑆,𝑘)

𝑠,𝑘

] 
(Eq 8) 

Source: Dong et al., 2006  

Where: 

VS(T) is daily volatile solid from livestock manure (kg DM/head.day).  

Bo(T) is maximum methane producing capacity from livestock category (m3 CH4/kg of VS). Data of VS(T) and 

Bo(T) are summarized in Table 12. 

MCFs,k (%) is methane conversion factors for each manure management system. In Yogyakarta Province, most 

of farmers using deep bedding. In this research, we will calculate if all of these farmers will use anaerobic 

digestion. MCF for anaerobic digestion is calculated using below equation: 
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𝑀𝐶𝐹 =  [
{𝐶𝐻4𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 −  𝐶𝐻4𝑢𝑠𝑒𝑑 − 𝐶𝐻4𝑓𝑙𝑎𝑟𝑒𝑑 + (

𝑀𝐶𝐹𝑠𝑡𝑜𝑟𝑎𝑔𝑒

100
× 𝐵𝑜 × 𝑉𝑆𝑠𝑡𝑜𝑟𝑎𝑔𝑒 × 0.67)} 

𝐵𝑜 × 𝑉𝑆𝑠𝑡𝑜𝑟𝑎𝑔𝑒 × 0.67
] × 100% (Eq 9) 

Source: Dong et al., 2006  

MS is fraction of livestock category T using anaerobic digestion in climate area k, which we consider 100% for 

Yogyakarta Province. 

Table 12. Manure Characteristic According to Livestock Category 

Substrate 

VS Bo 

[% of DM] 
[m3 CH4/kg 

VS] 

Cattle 80 0.2 

Chicken 80 0.18 

Pig 80 0.31 

Buffalo 80 0.3 

Goat/Sheep 80 0.31 

Horse 80 0.16 

Duck 80 0.22 

Source: (Bhattacharya et al., 1997), (Biosantech et al., 2013) 

GHGenergy calculated from emission saved by shifting from fossil fuel into biogas. In this study, we consider 

two cases, i.e. biogas utilization for cooking and electricity generation. GHGenergy is calculated using following 

equation: 

𝐺𝐻𝐺𝑒𝑛𝑒𝑟𝑔𝑦 =  𝐸𝑠𝑎𝑣𝑖𝑛𝑔  ×  𝐺𝑊𝑃𝑒𝑛𝑒𝑟𝑔𝑦 (Eq 10) 

Source: Haryanto et al., 2017  

where Esaving is energy saving from using biogas as fuel and GWPenergy is global warming potential (GWP) from 

former energy usage (Haryanto et al., 2017).  

GWPenergy in cooking case is global warming potential from changing LPG to biogas (GWPLPG), which is 3 kg 

CO2e per kg of LPG. On the other hand, GWPenergy in electricity generation from biogas equals to grid emission 

factor (GWPgrid). Average grid emission factor for Indonesia is 0.76 tCO2e/MWh (Kuriyama, 2017). 

Using digestate as fertilizer will decrease consumption of chemical fertilizer, i.e. fertilizer N, P, and K. This will 

decrease emission from production of the aforementioned fertilizer. Potential reduction nitrogen fertilizer in 

N2O will be estimated as well. Digestate contains with 1.24% N, 0.19% P, and 1.05% K nutrient (Haryanto et 

al., 2017). Emission saving from fertilizer, GHGfert, is calculated as follows: 

𝐺𝐻𝐺𝑓𝑒𝑟𝑡 = ∑ 𝐹𝑒𝑟𝑡𝑠𝑎𝑣𝑖𝑛𝑔,𝑖  ×  𝐺𝑊𝑃𝑓𝑒𝑟𝑡,𝑖  
(Eq 11) 

Source: Haryanto et al., 2017  
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where Fertsaving,i is amount of fertilizer i in digestate; GWPfert,i is global warming potential for i fertilizer as shown 

in Table 13; and i is fertilizer N, P, and K.  

Table 13. Global Warming Potential from Inorganic Fertilizers 

Parameter Description Value (CO2e/kg) 

GWPN 
Global warming potential of 

nitrogen fertilizer 
1.3 

GWPP 
Global warming potential of 

phosphorus fertilizer 
0.2 

GWPK 
Global warming potential of 

potassium fertilizer 
0.2 

GWPN2O-N 

Global warming potential from 

N2O emission from application 

of N fertilizer 

0.07 

GWPN2O 
Global warming potential of 

N2O 
310 

Source: (Pathak et al., 2009) 

 

4.3 Multi Criteria Analysis (MCA) 

Renewable energy project usually involves many actors, which each of them has different perspective and 

objective. For instance, the owner of the project might want to make the highest profit with lowest capital, 

while the local government need to ensure that the project does not give any harm to the environment. 

Sometimes, the objectives of actors are conflicting one another. Hence, multi criteria analysis should be perform 

in decision making. 

There are numerous methods had been developed in multi criteria decision making, such as Analytical 

Hierarchy Process (AHP) and Equal Weighted Sum Method. Multi criteria analysis in decision making has been 

used for many cases from selection of suitable renewable energy in particular location, technology selection, 

impact assessment, and power generation optimization (Wimmler et al., 2015). Typical criteria in renewable 

energy assessment are technical performance, environment impact, economy and social aspect (San Cristóbal 

Mateo, 2012). 

In this study, weighted sum method will be performed. Weighted sum method provides simple approach 

despite large data set (Mainali and Silveira, 2015). This method propose that all dimensions have the same 

importance to reach sustainability.  Thus, each dimension has the same weight in the analysis. Formula to 

estimate score of each alternative is presented in (Eq 12). However, researcher should make sure that the 

comparison in equal weighted sum is apple to apple. Otherwise, the method will compare the parameter 

unobjectively. In this context, it is more helpful to use different weight in indicators.  

𝑊𝑆𝑇 =  
∑ 𝑊𝑖𝑆𝑖𝑡

𝑛
𝑖=1

∑ 𝑊𝑖
𝑛
𝑖=1

 
(Eq 12) 

Source: Department for Communities and Local Government, 2009  
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where WST is overall score for alternative T, Wi is weight of dimension i and Sit is score of alternative T with 

respect to dimension i. Since there are three dimensions to be analyzed, i.e. technical, economic, and 

environmental, the weight for each dimension is 0.33. Detail of dimensions and indicators is presented in Table 

9. 

Score for each alternative range from 0-100, which 0 represents worst level of performance among all options 

and 100 represents the best one. Analysis of each dimension will be reference for scoring. For example, 

technology option T1 have 5 years lifetime, while option T2 and T3 have 8 and 10 years, respectively. Score of 

each option will be 0, 80, and 100. This function is applied if increasing value represent better performance. 

On the other hand, if increasing value of options means worse performance, the slope of score function will 

be reversed as shown in Figure 16. 

 

Figure 15. Score Function for Lifetime 

Source: Department for Communities and Local Government, 2009 

 

 

Figure 16. Score Function If Increasing Value of Option Represent Worse Performance 
Source: Department for Communities and Local Government, 2009 

All technical, economic and environmental indicators in Table 9 would be used in MCA analysis. All data are 

gathered through literature study and interviews with experts in Yogyakarta Provinces. The experts are 

professionals who work as academics, decision maker and stake holders in biogas project. 
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5 Result 

This chapter contains result of the research, begins with potential of biogas from livestock manure in the 

province. In the first section, challenges that faced by the project will be presented as well. These challenges 

are found during the field trip in February – March 2017. Then, economic analysis of the study, considering 

four types of digester and two options for biogas utilization, will explained in Section 5.2.  Next Section, Section 

5.3, contains sensitivity potential emission saving by project implementation. Last, Section 5.4 contains scoring 

of multi-criteria-analysis to choose between digesters and technology options for biogas utilization. 

 

5.1 Biogas Potential 

Farmers in Yogyakarta usually own livestock to help their job in rice field (cattle and buffalo) and as investment. 

Type of livestock is varied from big mammals, such as cattle, buffalo, and horse; small mammals, like sheep, 

goat, and pig; and poultry.  

From the total livestock, it will produce 565,308.47 m3 of biogas. Table 14 shows biogas production from 

livestock manure in Yogyakarta. Gunung Kidul is the district with the biggest biogas potential, which accounts 

for 43% of total biogas potential in the Province. While, Yogyakarta City has the least potential biogas 

production due to least livestock population. Nevertheless, the average potential of biogas is 30,729.30 m3/day 

for each district.  

Cattle only produce 242,837.76 m3 of biogas, which still less than potential biogas produce from chicken 

manure. This shows untapped potential to also include manure from livestock other than cattle as biogas 

feedstock, which is not part of the current system. Yet, animal like chicken do not have particular manure 

collecting system so it is complicated to harvest manure from chicken. 

Table 14. Daily Biogas Production in Yogyakarta Province 

Name of District 
Volume of biogas potential per day (m3) 

TOTAL 
Cattle Chicken Pig Buffalo Goat/Sheep Horse Duck 

Bantul  44,494.56   37,952.26   356.90   2,136.75   9,983.23   422.10   107.10   95,453  

Gunung Kidul 121,506.00   86,819.08   10.38   313.50   34,588.27   9.45   209.52   243,456  

City of Yogyakarta  232.32   899.35   18.61   -     63.71   15.75   44.08   1,274  

Kulon Progo  39,812.96   62,705.99   60.67   973.50   12,436.26   11.03   152.64   116,153  

Sleman  36,791.92   59,723.08   366.34   4,380.75   7,578.03   127.58   4.81   108,973  

Total 242,837.76   248,099.77   812.89   7,804.50   64,649.50   585.90   518.15   565,308.47  
 

One cubic meter of biogas equals to 21.6 MJ (Batzias et al., 2005). Thus, Yogyakarta Province has potential 

of 4,457 TJ energy from livestock manure, which could cover 44.72% of household energy consumption in 

2013. Table 15 presents potential biogas energy per year in each district. On average, each district has 1,486 TJ 

of biogas energy.  
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Table 15. Potential Biogas Energy Per Year 

Name of District 
Potential Biogas Energy 

TJ/year 

Bantul 753 

Gunung Kidul 1,919 

Kota Yogyakarta 10 

Kulon Progo 916 

Sleman 859 

TOTAL 4,457 

 

 

5.2 Economic Analysis 

Economic analysis is done for four different types of digester which the volume ranges from 2 m3 until 12 m3.  

 

5.2.1 Selection of Digester 

Capital and operation and maintenance cost for all digester, which volume range from 2 m3 until 12 m3, are 

calculated. Capital cost consist of digester and piping installation, excluding the price of biogas stove and biogas 

generator. Land price is excluded in the calculation, assuming digester will be built in user own area. For digester 

comparison, average value of digester from 2 m3 until 12 m3 is used. The result is presented in Figure 17. 

 

Figure 17. Comparison of Capital and Operation and Maintenance Cost of the Digesters 

Capital cost of floating drum digester is the higher than fixed dome digester due to cost of the steel drum. 

While, capital cost for polyethylene (PE) digester is the lowest. However, the operation and maintenance cost 
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for PE digester is the highest. Tubular digester made from concrete is the second cheapest digester in capital 

cost and operation and maintenance cost. 

Perez Garcia (2014) also analysed technoeconomic performance of household biogas digester in Latin America. 

Digester material, like bricks, cement, and metal rods, in Perez et al (2014) is higher than its price in Yogyakarta. 

Bricks and cement in Latin America was $ 1,224.00 or equals to 62% of total capital cost, while in Yogyakarta, 

bricks and cement only cost $ 225.00 for 10 m3 digester. On the other hand, capital cost of floating drum 

digester in this study is higher than study by Abbas et al (2017). This might cause by investment cost in Abbas 

et al (2017) excluded labour cost. However, capital cost for 4 m3 floating drum digester is $578.94. This cost is 

similar with floating drum construction cost proposed by Yasar et al (2017), which is $500.00. 

Table 16. Comparison of Capital Cost of Digester in This Study with Digester Capital Cost from 
Previous Studies 

Type of Digester 
Naimah (2017) Previous Studies 

8 10 8 10 Reference 

Fixed Dome $729.73 $791.61 $1,963.00  Perez at al (2014) 

Floating Drum $748.34 $940.48 $423.02 $543.39  Abbas et al (2017) 
 

5.2.2 Selection of Biogas and Digestate Utilization 

To review economic performance of biogas for cooking and biogas for electricity generation, three scenarios 

are developed. Scenario 1 developed from the current condition in Yogyakarta Province where biogas is used 

for cooking, without utilization of digestate as fertilizer. Utilization of biogas in Scenario 2 is the same with the 

utilization in Scenario 1, yet economy benefit from biofertilizer is included into the calculation. Last, in Scenario 

3, biogas is used for electricity generation, whereas digestate is used as biofertilizer. From those scenarios, five 

indicators are compared, i.e. levelized cost of energy (LCOE), Net Present Value (NPV), Internal Rate of 

Return (IRR), Benefit-to-Cost Ratio (BCR), and Payback period. 

Scenario 1 is created to evaluate current condition of biogas project in Yogyakarta, which result is summarized 

in Table 17. In Scenario 1, construction of 2 m3 digester is not feasible. This was indicated from negative NPV 

and BCR lower than 1 for all type of digester. Only concrete tubular digester that feasible to construct in 2 m3. 

Digester with highest IRR is PE digester. However, due to high maintenance cost, BCR for PE digester is the 

lowest.  

Table 17. Summary of Result for Scenario 1 (Biogas for Cooking without Biofertilizer Usage) 

    
Minimum Value  
(2 m3 digester) 

Maximum Value 
(12 m3 digester) 

AVERAGE 

Net Present 
Value (NPV) 

(USD) 

Fixed dome  $             (87.60)  $                4,107.73   $                   2,027.87  

Floating drum  $            (276.51)  $                3,767.47   $                   1,775.28  

PE Tubular  $            (235.72)  $                2,208.61   $                      997.46  

Concrete Tubular  $                  3.80   $                4,344.69   $                   2,195.69  

Internal Rate 
of Return 

(IRR) 
(%) 

Fixed dome 12.29% 52.92% 35.27% 

Floating drum 8.58% 42.12% 28.24% 

PE Tubular 9.82% 93.24% 54.70% 

Concrete Tubular 18.50% 59.37% 41.98% 

Fixed dome 0.914 3.776 2.524 
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Benefit-to-
Cost Ratio 

(BCR) 

Floating drum 0.771 3.070 2.088 

PE Tubular 0.704 2.925 1.945 

Concrete Tubular 1.004 3.990 2.710 

Payback 
Period 
(year) 

Fixed dome 4 2 3 

Floating drum 6 2 4 

PE Tubular 4 2 3 

Concrete Tubular 4 1 2.5 
 

Levelized Cost of Energy (LCOE) for Scenario 1 and Scenario 2 is the same since both Scenario deliver the 
same amount of energy for cooking. LCOE in Scenario 1 and 2 are higher than LCOE in Scenario 3. The 
average LCOE for Scenario 1 and 2 is USD 0.96 per kWhth, while in Scenario 3 is USD 1.71 per kWhel. LCOE 
of both tubular digester is lower than average LCOE in each scenario. While LCOE of floating drum digester 
is the highest. Nevertheless, the average LCOE of each scenario is higher than retail price of LPG and 
electricity in Yogyakarta, which are USD 0.03 per kWhth and USD 0.09 per kWhel, respectively.   
 

 

Figure 18. Comparison of Levelized Cost of Energy (LCOE) Between Scenario 2 (Biogas for Cooking 

and Biofertilizer) and Scenario 3 (Biogas for Electricity and Biofertilizer) 

 

Average NPV from all digesters is shown in Figure 19. Scenario 1 reflects the current system in which biogas 

use for cooking fuel but digestate is not use as fertilizer. In the field study, utilization of digestate really depends 

on the user. Rice-paddy farmers are not familiar to use digestate as biofertilizer, whilst some farmers other than 

rice-paddy use digestate as fertilizer. The result shows that NPV in Scenario 1 is the lowest among all Scenario. 
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By selling digestate as fertilizer, NPC increased up to US $ 4,000.00. Due to high capital and operation and 

maintenance cost, Scenario 3 (biogas for electricity and digestate as biofertilizer) created lower NPV than NPV 

in Scenario 2. NPV in Scenario 3 is lower by US $ 1,300 – US $ 1,600 compared to Scenario 2. 

Comparing all digester, PE digester gained the lowest NPV in all Scenarios. On the other hand, NPV of 

concrete tubular digester is the highest due to low maintenance cost. The second highest NPV is obtained by 

fixed dome digester. 

 

 

Figure 19. Comparison of Net Present Value (NPV) Between Scenario 2 (Biogas for Cooking and 

Biofertilizer) and Scenario 3 (Biogas for Electricity and Biofertilizer) 

 

Although IRR represent profitability of investment, IRR required to be observed together with another 

indicator, like NPV, to have thorough insight regarding the investment. As shown in Figure 20, digester with 

the highest IRR in Scenario 1 and 2 is PE. On the other hand, concrete tubular digester gained highest IRR in 

Scenario 3. High IRR and low NPV indicates that the payback for PE digester is fast but only add low income 

to the user. On contrary, concrete tubular and fixed dome digester return the investment at low pace, compare 

to the average value in each scenario, yet the NPV is higher than the average. 
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Figure 20. Comparison of Internal Rate of Return (IRR) Between Scenario 2 (Biogas for Cooking and 
Biofertilizer) and Scenario 3 (Biogas for Electricity and Biofertilizer) 

 

Table 18 presents payback period for each digester in different scenarios. 2 m3 digester in Scenario 1 and 3 are 

not breakeven, while it got breakeven in the third year for Scenario 2. In Scenario 1, all digester except PE 

tubular have payback period at the 4th years of installation. While for 12 m3 digester, the payback period ranges 

from 1 until 2 years. Payback period in Scenario 2 also range from 1 until 2 years. On the other hand, payback 

period in Scenario 3 ranges from 2 until 8 years, depend on type and volume of digester.  

 

Table 18. Payback Period for Digester Divided by the Scenario 

  
Digester Type 

Payback Period (years) 

4 m3 12 m3 

Scenario 1 

Fixed dome 4 2 

Floating drum 6 2 

PE Tubular 4 2 

Concrete Tubular 4 1 

Scenario 2 

Fixed dome 2 1 

Floating drum 2 1 

PE Tubular 2 1 

Concrete Tubular 2 1 

Scenario 3 

Fixed dome 6 2 

Floating drum 8 2 

PE Tubular 7 2 
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Concrete Tubular 4 2 
 

Another indicator to reflect profitability of investment is Benefit-to-Cost Ratio (BCR). The average BCR of 

each digester in all Scenarios is illustrated in Figure 21. Considering all digesters, the average BCR in Scenario 

1, 2 and 3 are 2.32, 4.89 and 2.29, respectively. Concrete tubular and fixed dome digester are the top two 

digesters with higher BCR than the average BCR of each scenario. 

 

 

Figure 21. Comparison of Benefit-to-Cost Ratio (BCR) Between Scenario 2 (Biogas for Cooking and 

Biofertilizer) and Scenario 3 (Biogas for Electricity and Biofertilizer) 

 

Previous study regarding economic performance of biogas project is done by Abbas et al (2017) who analysed 

different scenarios for the analysis by calculating different source of income generation. In the first scenario, 

where it only calculated benefit from fuel shift; the BCR range from 1.41 to 1.83. Unlike the calculation that 

we did in this study, BCR in Abbas et al (2017) was not increased as the raise of digester size. It showed that 

the least attractive investment, with 1.41 BC ratio, is 20 m3 digester. On the other hand, the smallest digester, 4 

m3, received the highest BCR with 1.83. This happened because in bigger digesters (8 and 10 m3) requires high 

variable cost. The owner of 15 and 20 m3 digesters also need to hire labours and buy feedstock (animal manure) 

from the farmers for daily operation. This leads to lower BCR in big-size digesters. 

Another economic analysis of biogas project was done by Walekhwa et al. (2014). The study considered biogas 

for cooking, lighting (using biogas lamp), and fertilizer. Accumulation from those benefits is higher than one 

in Yogyakarta with US$ 2516 for 8 m3 and US$ 3775 for 12 m3 digester annually. Yet the IRR for 8 and 12 m3 
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digester is 36% and 37%, respectively. This value are below ones in this study for the same size digester. The 

reasons behind this are difference of capital and operational cost. The gap of capital cost for 8 is US$ 300 and 

for 12 m3 is US$ 600. While for maintenance cost, Walekhwa (2014) considered that the digester owner need 

to buy manure from the farmers. This was the main maintenance cost in Walekhwa (2014) study. 

 

5.2.3 Sensitivity Analysis for Biogas Utilization 

Sensitivity Analysis is done to see which parameter affect the result the most. We use 6 m3 of fixed dome 

digester to the analysis. We variate several parameters to see its effect on NPV. The parameters that being 

varied are LPG Price, Investment Cost, Operation and Maintenance Cost, Biogas Yields, and Fertilizer Price. 

Result of sensitivity analysis is presented in Figure 22. 

 

Figure 22. Sensitivity Analysis for Biogas for Cooking 

The sensitivity analysis shows that biogas yield is the most affecting parameter of NPV, followed by LPG and 

Fertilizer Price. Reduce or increase biogas yield by 60% will change the NPV by 42.99%. Change of biogas 

yields also represents fluctuation of biogas feedstock. With reduction of feedstock, biogas yield from digester 

will decline as well. On the other hand, co-digestion with other organic waste is one way to increase daily biogas 

production. Avicenna, et al. (2015) mixed cow manure with corn husk that result in 0.025 m3 of daily biogas 

production per kg VS. Nevertheless, co-digestion with agricultural waste requires additional pre-treatment 

which leads to higher operation cost. But looking at the sensitivity analysis, increase of operation cost will be 

covered by increase of biogas production (income). Additionally, change of LPG price by 60% also increase 
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NPV by 42.99%. Thus, increase of LPG Price, either due to scarcity or abolition of subsidy, will favour fuel 

shift to non-conventional fuel.  

Figure 23 presents sensitivity analysis for biogas for electricity. We can see that the most affecting parameters 

for NPV are fertilizer price, generator efficiency, biogas yield, and electricity price. To get economically feasible 

biogas to electricity, fertilizer from digestate should be sold in the market. Thus, biofertilizer should be promote 

so that more farmers will use it. Another factor that affecting NPV in biogas for electricity is generator 

efficiency, which represent energy that can be used by end-user. Therefore, research and development to 

improve generator efficiency is required.  

 

Figure 23. Sensitivity Analysis for Biogas for Electricity 

60% change of generator price is able to change the NPV by 17.87%. This, however, can fasten the payback 

period from 4 years into 2 years. Wresta, et. al. (2015) run biogas-for-electricity project that costs 48% less than 

generator that used in the economic analysis. This generator is called bioelektrik, made by Indonesian Institute 

of Science (LIPI). Sadly after 2009, there are no further research or news regarding this generator.  

 

5.3 Potential Emission Reduction 

Anaerobic digestion is type of manure management system with emission saving ranging from 0-100% depend 

on former manure management system. During field trip, farmers clean cattle shed by deep bedding system. 

Manure is removed while cleaning the shed and place the manure behind the shed. Figure 24 illustrated deep 

bedding system in Yogyakarta. Methane conversion factor (MCF) for deep bedding system in Indonesia, which 

average temperature equals to 26.16oC (World Bank, 2017b), is 71% (Dong et al., 2006).  
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Figure 24. Deep Bedding of Manure (left-hand side) Before Manure Enter the Digester  
(Photo credit: Dintani Naimah, 2017) 

Using data in Table 7 and Table 12, buffalo and horse have the highest volatile slurry (VS) among all livestock. 

This amount will be degraded into smaller substance, which producing biogas and digestate. Capacity of 

methane production (Bo) for buffalo is 0.3 m3/kg VS, higher than horse which has 0.16 m3/kg VS (Table 12).  

Although VS and Bo of cattle is not the highest, emission saving from cattle manure is higher than buffalo and 

horse. It caused by number of cattle population that more than buffalo and horse. Even more, emission saving 

from horse manure is the least among all livestock type. On the other hand, chicken droppings give the highest 

emission reduction potential.  

Table 19. Emission Saving from Better Manure Management 

Name of District 
CH4 Emission (MtCO2eq/year) 

Cattle Chicken Pig Buffalo Goat/Sheep Horse Duck 

Bantul  37.757   64.514  0.983   0.595   28.628   0.328   2.148  

Gunung Kidul  103.108   47.582  0.029   0.087   99.187   0.007   4.202  

Kota Yogyakarta  0.197   1.529  0.051   -     0.183   0.012   0.884  

Kulon Progo  33.784  106.593  0.167   0.271   35.663   0.009   3.061  

Sleman  31.221  101.522  1.009   1.220   21.731   0.099   0.096  

Total  206.067  421.740  2.239   2.173   185.393   0.456   10.391  

 

Table 19 summarizes potential emission saving from each livestock type in Yogyakarta. Although VS and Bo 

of cattle is not the highest, emission saving from cattle manure is higher than buffalo and horse. It caused by 

number of cattle population that more than buffalo and horse. Even more, emission saving from horse manure 

is the least among all livestock type. On the other hand, chicken droppings give the highest emission reduction 

potential.  

There are two option of biogas utilization that being evaluated in this study, i.e. cooking and electricity 

generation. In cooking case, biogas is substitute of LPG. With Low Heating Value (LHV) equals to 46.6 MJ/kg 

(Haryanto et al., 2017), annual biogas production in Yogyakarta from livestock equals to 95,641.46 ton of LPG. 

Emission saving from biogas utilization for cooking is 286.924 MtCO2e per year (Table 20). Meanwhile, 



55 
 

emission saving from biogas for electricity is 156.198 MtCO2e annually. In electricity case, the generator has 

2.5 kW of capacity. The generator requires 7.5-10 m3 of biogas for 4 hours operation (PT. Cipta Visi Sinar 

Kencana, 2011).  

Another benefit of biogas utilization is digestate utilization as fertilizer. It is assumed that digestate will be equals 

to manure in dry condition. Digestate contains of 1.24% of N, 0.19% of P and 1.05% of K substance (Haryanto 

et al., 2017). So, there are 6,262.13 ton of N fertilizer, 714.56 ton of P fertilizer, and 870.55 ton of K fertilizer 

produced annually. By using the digestate as fertilizer, the amount of emission saving is 8.141 MtCO2e, 0.192 

MtCO2e, and 1.061 MtCO2e for N, P, K fertilizer respectively. Additionally, nitrogen emission in the form of 

N2O is also estimated in this study. Emission factor of N in N2O equals to 0.07 kg per kg of dry manure 

(Haryanto et al., 2017). Therefore, emission saving of Nitrogen equals to 135.888 MtCO2e per year. 

Table 20. Potential Emission Reduction in Yogyakarta Province 

Name of 
District 

Emission (MtCO2e/year) 

Manure 
Management 

Energy Saving  Fertilizer 
Nitrogen 
Emission 

TOTAL 

LPG Electricity N P K 
Biogas for 

cooking 
Biogas for 
electricity 

Bantul 
                   
134.954  

                      
48.447  

                      
26.374  

                        
1.324  

                        
0.031  

                        
0.173  

              
22.105  

         
207.035  

                   
257.041  

Gunung Kidul 
                   
354.202  

                   
123.567  

                      
67.268  

                        
3.378  

                        
0.080  

                        
0.440  

              
56.394  

         
538.061  

                   
665.622  

Kota 
Yogyakarta 

                        
2.856  

                        
0.647  

                        
0.352  

                        
0.029  

                        
0.001  

                        
0.004  

                
0.482  

              
4.018  

                        
4.886  

Kulon Progo 
                   
179.548  

                      
58.954  

                      
32.094  

                        
1.798  

                        
0.042  

                        
0.234  

              
30.018  

         
270.595  

                   
334.782  

Sleman 
                   
156.899  

                      
55.309  

                      
30.110  

                        
1.611  

                        
0.038  

                        
0.210  

              
26.888  

         
240.955  

                   
299.812  

TOTAL 
                   
828.459  

                   
286.924  

                   
156.198  

                        
8.141  

                        
0.192  

                        
1.061  

            
135.888  

      
1,260.665  

                
1,562.144  

 

According to type of fuel used in the power plant, average emission from grid electricity in Indonesia is 0.76 

tCO2e/MWh (Kuriyama, 2017). Total emission saving from cooking and electricity are 1,260.66 MtCO2e and 

1,562.144 MtCO2e, respectively. Emission saving from cooking equals to production and distribution of 1.66 

GWh per year. While biogas for electricity equals to production of 2.064 GWh of grid electricity annually. 

Haryanto et al (2017) conducted another study regarding emission saving of biogas project in Lampung 

Province, Indonesia. Comparison between result in Haryanto et al (2017) and emission saving in this study is 

summarized in Table 21. In the comparison, only cow manure is taken into account.   

Table 21. Comparison of Emission Saving of Biogas Project in Haryanto et al (2017) 

Indicator of Comparison (kgCO2e/cow head) Naimah (2017) Haryanto et al (2017) 

1 Emission Saving from Manure Management 746.75 318.56 

2 Emission Saving by LPG Reduction 444.72 93.6 

3 Emission Saving by Electricity Reduction 243.15 N/A 

4 Emission Saving by using Biofertilizer 134.40 122.8 
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 Biogas for cooking (1+2+4) 1327.80 
534.96 

 Biogas for electricity (1+3+4) 1124.30 

 

Emission saving from digestate utilization in this study conform with Haryanto et al (2017). However, emission 

saving from manure management. LPG and electricity reduction are different. This due to different assumption 

and data collection mechanism. Data for calculating emission saving by LPG Reduction in Haryanto el at (2017) 

is gathered by site measurement. While for emission management, Haryanto et al (2017) assumed only 50% of 

manure that able to be collected by the farmers because the cow will leave manure in the yard or field during 

grazing time (day).  

 

5.4 Multi Criteria Analysis Result Using Equal Weighted Sum 

Method 

Current domestic biogas project in Yogyakarta Province using fixed dome digester and biogas stove for 

cooking. This study analyzes whether the selection of digester and technology is sustainable, considering 

technical, economic and environment aspects which aforementioned in Chapter 4. For scoring, equal weight 

method is used. Result of this calculation is presented in the following sections. 

 

5.4.1 Digester Selection 
We evaluate performance of four type of domestic biogas digester in Yogyakarta Province, i.e. fixed dome, 

floating drum, polyethylene tubular, concrete tubular digester. Digester performance is summarized in Table 

10. Performance data are collected from literature review and site visit during field trip.  

Final score for the digester is calculated using Equation 11. Technical, economic, and environment have 1/3 

weight each, which then divided for each indicator. For instance, 1/3 weight in technical indicator is distributed 

equally for lifetime and process efficiency. This equals to 0.167 for each indicator in technical criteria. The same 

procedure of calculation goes to other criteria. Summary for weight and final scoring of digester are presented 

in Table 22. 

Point for some of the indicator is increase proportionally. For example, the lowest digester lifetime is 

polyethylene (PE) digester with 5 years lifetime; this equals to 0 points. While floating drum digester have 12-

15 years lifetime, which equals to 66.67 points. Multiplying the points with weight of indicator, final score for 

PE and floating drum digester are 0 and 11.11, respectively. On the other hand, point for some indicator is 

increased inversely proportional, such as for Capital Cost, Operation and Maintenance Cost, and feed-to-water 

ratio. Take Capital Cost for instance. Lower capital cost gains more points in the scoring.  

Indicator which result is presented in range, like digester efficiency, will be compared using the highest number. 

Thus, for example in digester efficiency, the value that being compared are 0.5 for fixed dome digester; 0.6 for 

floating drum digester; 0.4 for PE digester, and 0.15 for concrete tubular digester. The same procedure is run 

for several indicators such as lifetime and feed-to-water ratio.  

In economic indicator, capital cost and operation and maintenance cost are divided with the volume of digester. 

Then, the average value for each digester is compared. Detail of calculation result is presented in Appendix 2. 

To determine water consumption to operate the digester, feed-to-water ratio from each type digester is 

evaluated. Feed-to-water ratio defined the amount of water that should be mixed with manure before it is put 

into the digester. Feed-to-water ratio for fixed dome and floating drum digester are 1:1. Yet, manure in tubular 
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digester requires more water to dilute the manure. Purnomo, et. al. (2008) reported that feed-to-water ratio for 

tubular digester is 1:2, regardless material of the digester.  

Result of Digester Comparison also can be illustrated in radar diagram as shown in Figure 25. Feed-to-water 

ratio, as the only environment indicator, contributed the highest point in the assessment. It shows that fixed 

dome digester got the highest score among all options. Fixed dome digester clearly has better performance in 

all indicators, except capital cost and digester efficiency. Floating Drum digester have strong performance in 

feed-to-water ratio and digester efficiency. While both tubular digester; made from polyethylene and concrete; 

are good in capital cost. 

 

 

Figure 25. Radar Diagram for Digester Comparison 
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Table 22. Scoring for Digester Selection 

NO Criteria 
Criteria 
Weight 

Indicator Indicator Units 
Indicator 
weight 

SCORE 

Fixed 
Dome 

Floating 
Drum 

PE 
Tubular 

Concrete 
Tubular 

1 

Technical  1/3 

Lifetime years 0.167 16.67 11.33 0.00 6.67 

2 
Digester 
Efficiency 

m3 of biogas/kg 
volatile slurry 

0.167 11.11 16.67 13.89 0.00 

3 
Economic  1/3 

Capital Cost USD/m3 0.167 2.19 0.00 16.67 7.12 

4 O/M Cost USD/m3 0.167 16.67 6.18 0.00 13.34 

5 Environment 1/3 
Feed-to-water 
ratio 

non-dimensional 0.333 
33.33 33.33 0.00 0.00 

TOTAL SCORE 79.97 67.51 30.56 27.12 
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5.4.2 Selection for Biogas and Digestate Utilization 
Anaerobic digestion produces two products, which are biogas and digestate. In the second stage of assessment, 

performance of biogas stove and biogas generator is compared. Digestate, that is not part of the current system, 

is included in both options. In this comparison, two criteria are considered, i.e. economic and environment. 

Technical aspect is excluded from this comparison since biogas generator and biogas stove is different 

technology providing different type of energy.  

For economic analysis, average value from all digester is compared between Scenario 2 (biogas for cooking and 

digestate utilization) and Scenario 3 (biogas for electricity and digestate utilization). Result for the comparison 

is summarized in Table 23.  

Table 23. Result for Biogas and Digestate Utilization 

NO Criteria Indicator Indicator Unit 

Result 

Biogas for 
Cooking and 
Digestate for 

fertilizer 

Biogas for 
Electricity and 
Digestate for 

fertilizer 

1 

Economic 

Levelized Cost of 
Energy (LCOE) 

USD/kWh 0.94 1.68 

2 
Net Present Value 
(NPV) 

USD 5345.89 4122.69 

3 
Internal Rate of 
Return (IRR) 

% 113% 37% 

4 
Benefit to Cost 
Ratio (BCR) 

  4.89 2.29 

5 Payback Period  Years 1-2 2-8 

6 Environment Emission saving MtCO2e/year 1,260.66 1,562.144 

 

The result shows that biogas for cooking and digestate utilization is better than biogas for electricity and 

digestate utilization in all indicators, except emission saving. Since there are only two options that was 

considered, and the result is obvious, scoring is not done for this part. 

Low performance of biogas for electricity in economic indicators caused by high price of biogas generator. 

Biogas generator accounts for 50% and 61% of capital cost for 12 m3 and 2 m3 fixed dome digester, respectively. 

To reduce high price of generator, some biogas-for-electricity projects from Universitas Gadjah Mada utilized 

modified diesel generator. This modification is done independently and did not a commercialized activity. While 

low cost biogas generator in Wresta et al. (2015), biolektrik, is not commercialized yet. In biogas-for-electricity, 

commercialization of digestate for biofertilizer become important since price of energy per unit of electricity 

(US$ 0.025/kWh) is also lower than price of energy per unit of LPG (US$ 0.12/kWh). 

Comparison of digester and biogas-digestate utilization shows that domestic biogas project in Yogyakarta 

already used the most suitable option. However, improvement in several aspects need to be done. 

Recommendations are explained further in Chapter 7. 
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6 Conclusion 

By 2013, 32.34% of energy consumption in Yogyakarta Province came from household sector; which 68% of 

it came from cooking activities. The province does not have its own energy sources, except renewable-based 

energy, like biogas, solar and wind energy. Domestic biogas project has been run since 2009, yet quantitative 

sustainability assessment has not been done. This study aims to assess technical, economic, and environment 

aspects of biogas technology options in Yogyakarta Province. From the main objectives, two sub-research 

objectives were formulated; i.e. to determine biogas potential from household livestock in the province and to 

evaluate digester options and biogas-and-digestate utilization options according to its sustainability 

performance. 

Biogas potential from household livestock in Yogyakarta Province by 2013 is 206,337,592.08 m3 or equals to 

1,211.35 TJ annually. This amount of energy is able to cover 44.72% of household energy consumption in the 

same year. With 5% and 3% of energy and livestock growth rate, respectively; the potential biogas production 

from all livestock will increase by 26% by 2020. This means that biogas from livestock manure potentially cover 

56% of total household energy consumption. 

Sustainability assessment is done to evaluate performance of four options of biogas digester, i.e. fixed dome, 

floating drum, polyethylene (PE) tubular, and concrete tubular digester, using Multi Criteria Analysis (MCA). 

The indicators that being assessed are lifetime, process efficiency, capital cost, operation and maintenance cost, 

and feed-to-water ratio. Result shows that fixed dome digester fulfilled most of the indicators. Fixed dome 

digester has strong performance in almost all indicators, except capital cost. The second digester that fulfill 

most of sustainability indicators is floating drum digester. Then, it followed by PE tubular and concrete tubular 

digester.  

Biogas and digestate utilization are evaluated also using MCA with indicators in economic and environment 

dimensions, such as Levelized Cost of Energy (LCOE), net present value (NPV), internal rate of return (IRR), 

benefit to cost ratio (BCR), payback period, and emission saving. Utilization of biogas for cooking and digestate 

as biofertilizer has stronger performance in all economic indicator; while biogas for electricity shows stronger 

performance in environment indicator (i.e. emission saving). Biogas for cooking and for electricity could save 

1,260.665 and 1,562.144 MtCO2e per year, respectively. 

In conclusion, biogas could be renewable energy source to supply demand in Yogyakarta Province. Domestic 

biogas project in the province already using sustainable options of digester and biogas utilization. However, 

digestate utilization as biofertilizer is still in early stage. Improvement in technical, economic, and institutional 

aspect need to be done so that benefit of using digester, biogas and digestate would be optimized.  
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7 Recommendation 

This chapter contains recommendation for domestic biogas program in Yogyakarta in technical, economic and 

institutional aspect. Including in technical recommendation are improvement in manure collecting system, 

improvement of stove efficiency, biogas pressure and opportunity to use biogas for electricity. Despite all 

benefit of biogas which mentioned in this thesis, biogas in Indonesia still competing with low cost LPG. Thus, 

recommendation for economic aspect will be presented in Section 6.1.2. Furthermore, Section 6.1.3 will contain 

institutional recommendation for the program. Then, future works for domestic biogas program will be 

explored in the last section. 

 

7.1 Recommendation for Domestic Biogas Program in 

Yogyakarta 

Processing manure waste into energy had huge potential to help Yogyakarta Province cover 44.72% of 

household energy consumption in 2013. However, there are several challenges in implementation of biogas for 

cooking. For example, low efficiency of biogas stove compares to LPG Stove. Thus, efficiency of biogas stove 

need to be improved. Moreover, sensitivity analysis also shows that higher biogas received by end user will 

increase NPV of the project. Additionally, utilization of digestate as biofertilizer is not optimized yet. 

Commercialization of digestate as biofertilizer is also still in early stage.  

Despite the result of assessment that shows biogas for cooking has higher score, biogas for electricity could 

reduce more GHG emission. However, there are several challenges to use biogas for electricity, such as 

expensive biogas generator, higher LCOE of electricity from biogas compare to current electricity price, and 

lower benefit of biogas for electricity than benefit from biogas for cooking.  

Although number of digesters that has been built in the recent years, some of digesters are not operating due 

to various reasons. Yet, activities to encourage inactive user to use digester again is still missing. During the 

field trip, an interview with Regional MEMR also indicated lack of cooperation between ministries to support 

implementation of biogas technology. Because of that, improvement in institutional aspect is important to 

advance biogas technology implementation in the province.  

From all the challenges above, recommendation in technical, economy and institutional aspects are proposed 

in the following sections. 

 

7.1.1 Technical Recommendation 

In 2013, potential biogas from livestock manure in Yogyakarta Province possibly cover 44.72% of household 

energy consumption. Indonesia Energy Outlook (Dewan Energi Nasional, 2016) reported that final energy 

consumption for household sector will increase around 4-5% annually. If the household livestock population 

grow with the same growth rate of all livestock (owned by companies and households) during 2013-2016, 

number of livestock owned by household would be 53,057,632. Then the potential biogas production from all 

livestock will increase by 26% or equals to 5,636 TJ/year. It means that biogas will potentially cover 56% of 

total household energy consumption by 2020. 

From the biogas potential calculation, cattle as the main feedstock in the current system only account for 

42.96% of total biogas potential from household livestock manure. Chicken, on the other hand, accounts for 

43.89% of the total biogas potential. Yet, harvesting chicken manure as digester feedstock will be complicated. 

Small livestock, like chicken and duck, usually wander around the backyard of the house without proper cage 
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system. Mixing manure from several type of livestock will increase CH4 production in the beginning of digestion 

process (Poulsen and Adelard, 2016). If cage system for small animal is improved, along with its manure 

collection system, then manure from small livestock would be available as additional biogas feedstock. 

Nevertheless, livestock manure from operation of digester should not only depend only on manure from small 

livestock since it has lower life span than large mammals. 

Technical drawback of biogas utilization for cooking is the low efficiency of biogas stove. The current biogas 

stove have efficiency up to 50%, which is lower than LPG Stove (53%) (Agency for Assessment and 

Application of Technology (BPPT), 2016). If implementation of biogas technology keeps growing, this might 

lead to increase of energy consumption in household sector. To get higher efficiency, biogas stove should be 

equipped with water scrubber. With proper water scrubber, efficiency of biogas stove can be improved up to 

60.01% (Kurchania et al., 2011). Furthermore, proper design and maintenance of piping in the installation, like 

regular removal of dirt, will also increase stove efficiency (Fulford, 1996). 

Another technical drawback of using biogas stove is longer cooking time than using LPG stove. Therefore, 

several biogas users that being interviewed are using both LPG and biogas stove. Longer cooking time by using 

biogas stove is caused by low flow rate of biogas from the digester to the stove. Pressure of biogas inside fixed 

dome digester is ranged from 1 – 1.15 bar for fixed dome digester (Garfi et al., 2016), which is lower than LPG 

bottle that pressurized at 8.27 bar (Ministry of Energy and Mineral Resource (MEMR), 2009). To increase gas 

pressure and flow rate of biogas, biogas piping installation should be equipped with compressor. However, the 

cost of compressor will add more capital and maintenance cost. Another solution is to make one communal 

digesters for several houses that are connected into one gas grid and the compressor is used together on one 

pipeline. Of course, standard installation, operation and maintenance should be improved for this suggestion 

to reduce risk of explosion and any other system failure. 

Biogas for electricity potentially could save more GHG emission than biogas for cooking. Besides, biogas for 

electricity could increase electrification ratio in the province. In Yogyakarta Province, there are 12% of 

household in Yogyakarta that still does not have access to electricity. The lowest electrification ratio is City of 

Yogyakarta with 69%, followed by Gunung Kidul Regency with 82%. Sleman and Kulon Progo has the same 

electrification ratio with 91%. Looking at its electrification ratio and biogas potential in the region, Gunung 

Kidul is the most potential regency to implement biogas for electricity project, due to high number of livestock 

population and low electrification ratio.  

Electricity distribution from biogas generator can be connected to the national electricity grid, or so called on-

grid. The opposite installation, off-grid system which has not connected from the generator to the national grid, 

is simpler in installation and maintenance. Off-grid biogas electricity has been used to provide lighting during 

the night and black out in Pasar Buah Gamping, Sleman Regency. For on-grid installation, feedstock need to 

maintain stable as well as the quality of generated electricity. Due to complicated requirement, off-grid system 

is more preferable to use in rural or small area. 

Besides off grid installation, another configuration that suitable for rural electrification is mini-grid system. In 

mini grid system, electricity from biogas can play important role to maintain balance of the grid. Example of 

mini grid system is illustrated in Figure 26. In Figure 26, several villages are connected into one electricity grid. 

Since electricity generation and consumption is fluctuating over time, conversion technology which can operate 

in flexible time, like biogas electricity and micro-hydro, is an essential part for balancing production and 

consumption of electricity. Thus, implementation of mini grid installation might favor deployment of biogas 

electricity. 
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Figure 26. Example of Mini Grid Installation 

During the field trip, one of the factor that hinder conversion biogas to electricity is high cost of biogas 

generator. Cost of generator account for 60% of capital cost for biogas electricity installation. Several biogas 

electricity projects in Yogyakarta, such as Biogas for Electricity in Pantai Baru, Bantul, use modification of 

diesel generator so that the engine can work with biogas as fuel.  

Indonesian Institute for Sciences (LIPI) actually developed low-cost biogas generator, called bioelektrik. This 

generator only costs for US$ 444.02 or 48% less than biogas generator used in this study. Using bioelektrik, the 

NPV of digester for electricity can be increase up to 15%. However, the generator was used during the pilot 

project and has not commercialized. This show lack of integration between research and ministry institution in 

Indonesia, even though the research center is owned by the government. If government is willing to make 

innovation-driven-industry, such as initiate to make mass production of bioelektrik; biogas for electricity project 

in Indonesia can become more feasible.  

 

7.1.2 Economy Recommendation 

From the sensitivity analysis, it shows that parameters that affecting the NPV of the project are biogas yields, 

LPG, electricity and fertilizer price. LPG, electricity and fertilizer prices represent benefits of biogas 

implementation. LPG and electricity prices affect reduction of household expenditure on energy, while digestate 

as fertilizer can be used by the user themselves or being sold to the market.  

For biofertilizer, farmers with vegetable or fruits plantation use it for their own field. On the other hand, rice-

paddy farmers do not utilize the fertilizer. Yet, unused fertilizer is not sold either, so they just put the fertilizer 

on their back yard, even dispose it to the river. Currently, YRE run Gading Program to guide biogas user in 

selling their fertilizer. This program just started this year and still limited in several areas in Yogyakarta, like in 

Kulon Progo regency. More program to promote and enhance digestate utilization and biofertilizer benefit 

should be done more often so that it can create demand of biofertilizer. 

On the other hand, amount of reduction on household expenditure depend on the price of LPG and electricity. 

LPG price is quite low due to government subsidy for 3-kilogram-bottle LPG which is distributed even 
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including in rural area. Low price of LPG is one of the factor that lead to low initiative to build biogas 

installation from local community. Moreover, LPG becomes more accessible to get. This caused competition 

between LPG and biogas. Using LPG as cooking fuel requires less capital cost, although the fuel cost of LPG 

is actually higher than biogas. The technical aspect, e.g. efficiency and gas pressure, of LPG is better than biogas. 

Thus, people tends to choose LPG over biogas. To reduce demand of LPG and substitute it with biogas, 

reduction or abolishment of LPG subsidy is needed. By cutting the subsidy, the market price of biogas and 

LPG can be compared fairly. Recently, Government of Indonesia wanted to cut LPG subsidy and distributed 

3-kilogram subsidized LPG only for poor family. However, this planning received many protests, so it will be 

postponed until next year. 

 

7.1.3 Institutional Recommendation 

Besides technical and economic recommendation, suggestion in institutional context is developed as well. 

Institutional recommendation is motivated from field trip and site visit in Yogyakarta, including interview with 

government (Regional MEMR), biogas academic experts and biodigester owners. Recommendation in this 

aspect is important to improve implementation of biogas technology in Yogyakarta Province. 

During the field trip, there are some of digesters that are not operating due to various reasons. The reasons for 

this are varied, such as dysfunction digester, inconsistent amount of feedstock, limited time to operate and 

maintain the digester, and easier access to LPG. Nevertheless, how much users that stop using biogas is 

undocumented. 

Ministry of Energy and Mineral Resources (MEMR) usually open tenders for construction of biogas digester. 

The construction and monitoring process then done by company that win the tender. Monitoring by MEMR 

is limited during the construction process. Then, MEMR will check on the digester annually. But since the 

digester is an aid, no penalties are given if the user stop using digester. 

Companies that are trained by Yayasan Rumah Energi (YRE), or so called YRE construction partners, usually 

win the tender from MEMR. They do monitoring of digester a month after construction. If any digester does 

not work properly, the company will fix the installation without any charge. This warranty only continues for 

one year of operation if the defect occurs due to fault in construction. YRE regularly audit the quality of 

construction works of their construction partners. If there any breach regarding quality assurance of the 

construction or post-construction service, the construction partner will lose their contract, both with YRE and 

MEMR. 

Any damage due to user’s fault is not guaranteed by the company. Violation of standard operation is the most 

common cause for this, although the user got training about digester maintenance and operation beforehand. 

For example, the user is impatient during the start-up period of digester, when the biogas is not produced yet. 

Then they try to fix the problem by feeding the manure directly without mixing it with water. This cause 

blockage in the piping systems, so the digester stops working properly. After this happens, the user just stops 

using the digester.  

User awareness about benefits of having biodigester is necessary factor to determine the success of domestic 

biogas program. However, user motivation to build digester mostly not for the energy benefit because of 

competition between biogas and subsidized LPG. Biogas project in Piyungan, Sleman, was failed due to this 

reason. On the other hand, biogas program in Kaliurang, Sleman Regency is more successful. In Kaliurang, the 

farmers are eager to have digester because they want the fertilizer for their plantation. Some users, usually ones 

with dairy cattle, build digester to improve the sanitary in the farm. While the other, the non-farmer users, keep 
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livestock as investment. They more careless about maintaining the digester. They can sell their livestock 

anytime, leads to loss of feedstock for the digester.  

The MEMR also should survey people that registered to biogas program, before giving grant to install the 

biogas digester. There should be binding agreement between MEMR and the user so both parties are more 

committed in implementation of biogas. Additionally, consequences regarding violation of standard operation 

procedure, like fine or penalties, should be given as well.  

Government, either MEMR or other institutions, should do frequent monitoring to guide biogas user along the 

way. Current monitoring from MEMR only limited to check whether the digester is still operating or not. The 

follow-up action regarding digester which is not operating is still missing. On the other hand, Yayasan Rumah 

Energi, the main provider of biogas installation and service in Yogyakarta Province, conduct annual user survey. 

This survey focuses on satisfaction of the user after digester installation.  

Annual audit and survey should be conducted to know the progress of biogas program in Yogyakarta. This 

audit and survey should monitor utilization of biogas and biofertilizer, for instance how much reduction in 

expenditure, how much biofertilizer use for own consumption, how much fertilizer to sales and any feedback 

regarding the installation. Survey and feedback from the user will be important for future biogas development 

program. 

In the current General Energy Plan (RUEN), Government of Indonesia (GoI) pledge to build digester 1,7 

digester, thus delivers 47,4 mmscfd (58,862.11 m³/hr) of biogas for household. Detail and technical guideline 

for this policy is not determined by the national authority. Instead, decision regarding digester type, volume, 

and utilization of biogas and digestate will be given to the Provincial Government. Although it will optimize 

local potential to meet energy demand, this scheme is ineffective especially if the government want to connect 

installation of biogas in every province in the future. Additionally, biogas project from all provinces should be 

synchronize regularly so that it can meet the national target. 

Additionally, outside Yogyakarta Province, there are Ministry of Agricultural (MoA) and Ministry of 

Cooperation, Small and Medium Enterprises (MCSME) who also give funding aid for biogas installation. Biogas 

program from MEMR and the other ministries are run independently. Singh and Setiawan (2013) also include 

this factor as the cause that makes biogas program in Indonesia lack of focus.  

Instead of having their own biogas program, collaboration between MEMR, MoA and MCSME should be 

done. Ministry of Agriculture (MoA) should work together with MEMR in biogas program by giving awareness 

regarding sanitation in household farming and utilization of biofertilizer. While Ministry of Cooperation, Small 

and Medium Enterprises (MCSME) can cover training about business management about commercialization 

of biofertilizer. With synchronize coordination between three ministries, development of biogas program in 

Indonesia can leads to faster energy transformation. 

 

7.2 Future Work 

This study focused on livestock manure for biogas potential calculation. Future works regarding co-digestion 

of manure with other waste, such as household organic waste, need to be investigated. Current development in 

biogas utilization is to inject biogas into national gas grid. This create lower production cost and flexibility to 

use biogas. But, study regarding feasibility of this utilization and mapping biogas potential in Indonesia for 

piping the gas grid need to be done first. In Multi Criteria Analysis, this thesis focused on quantitative indicator 

of sustainability assessment, excluding social dimension. Many qualitative indicators are dismissed, such as skill 

requirements to build the digester, sanitation improvement after biogas installation, and improvement in indoor 

air quality, etc. It seems that social and economy aspect plays significant role in adoption of biogas technology. 
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Yet, this study analyzed biogas user in Yogyakarta without dividing them neither into their social-economy 

condition nor their location of living (rural/urban). Thus, which user that adapted better in transformation of 

energy landscape in household sector cannot be determined.
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APPENDIX 1 
1. FIXED DOME DIGESTER 

 CAPITAL COST                        

No 
Materials/ 
labours 

Unit 

Materials Quantity 
Unit 
Price 
(USD) 

Total Price (IDR) 

           Plant Sizes           Plant Sizes  

2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

A Construction Material  

1 Bricks Pc 1,000 1,500 1,700 2,000 2,200 2,500  $   0.052  
 $    

51.802  
 $      77.703   $     88.063   $      103.604   $  113.964   $     129.505  

2 Sand  
m3 

1.5 2 2.4 2.7 2.9 3.1 
 $   

12.950  
 $    

19.426  
 $      25.901   $     31.081   $        34.966   $    37.556   $       40.147  

3 Aggregate 
m3 

1 1.5 1.7 1.9 2.1 2.3 
 $   

25.901  
 $    

25.901  
 $      38.851   $     44.032   $        49.212   $    54.392   $       59.572  

4 
Cement (50 
Kg) 

Bag 12 14 17 21 24 28  $   4.514  
 $    

54.170  
 $      63.198   $     76.741   $        94.798   $  108.340   $     126.397  

5 
MS rod ( 8 
mm - SNI ) 

Kg 15 16 19 21 26 30  $   0.500  
 $      

7.493  
 $        7.992   $       9.491   $        10.490   $    12.987   $       14.986  

6 
Emulsion 
paint  

Litter 0.5 1 1.5 2 2.5 3  $   1.480  
 $      

0.740  
 $        1.480   $       2.220   $          2.960   $     3.700   $         4.440  

B  General Equipment 

7 Mixer Pc 1 1 1 1 1 1 
 $  

11.100  
 $    

11.100  
 $      11.100   $     11.100   $      11.100  

 $     
11.100  

 $       11.100  

8 
Piping and 
fittings 

Pc 1 1 1 1 1 1 N/A 
 $   

45.845  
 $      46.733   $     46.733   $      46.733  

 $     
51.173  

 $       51.173  

9 Stove Pc 1 1 1 1 2 2 
 $   

13.321  
 $    

13.321  
 $      13.321   $     13.321   $      13.321  

 $     
26.641  

 $       26.641  

C Labors 

10 Masons man.hour 7 7 7 7 7 7 
 $    

7.400  
 $    

51.802  
 $      51.802   $     51.802   $      51.802  

 $     
51.802  

 $       51.802  

11 Labors man.hour 17 19 21 23 25 27 
 $    

5.550  
 $    

94.354  
 $    105.454   $   116.554   $   127.655  

 $   
138.755  

 $     149.856  
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12 
Management 
fee 

N/A 1 1 1 1 1 1 N/A 
 $  

133.429  
 $    144.257   $   153.088   $    162.708  

 $    
173.155  

 $     182.746  

13 Misc N/A 1 1 1 1 1 1 
 $   

22.201  
 $  

22.201  
 $      22.201   $     22.201   $     22.201  

 $     
22.201  

 $       22.201  

  TOTAL 
 $ 

531.583  
 $    609.994   $   666.427   $    731.549  

 $     
805.769  

 $     870.565  

 

 

                         

 MAINTENANCE COST                       

No 
Materials/ 
labours 

Unit 

Materials Quantity 
Unit 
Price 
(USD) 

Total Price (USD) 

           Plant Sizes  Plant Sizes  

2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

1 Pipe Pc 1 1 1 1 1 1 
 $    
19.241  

 $        
19.241  

 $     19.241   $       19.241   $       19.241  
 $      
19.241  

 $       19.241  

2 Stove Pc 1 1 1 1 1 1 
 $    
13.321  

 $        
13.321  

 $     13.321   $        13.321   $       13.321  
 $      
13.321  

 $       13.321  

3 Labors man.hour 3 3 3 3 3 3 
 $     
7.400  

 $        
22.201  

 $     22.201   $       22.201   $       22.201  
 $       
22.201  

 $       22.201  
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2. POLYETHILENE TUBULAR DIGESTER 

CAPITAL COST  

No Materials/ labours Unit 

Materials Quantity 
Unit Price 

(USD) 

Total Price (USD) 

           Plant Sizes           Plant Sizes  

2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

A Construction Material  

1 
Polyethilene for 
digester and gas 
storage 

Roll 1 1 1 1 1 1  $  30.42   $  30.42   $    30.42   $    30.42   $    30.42   $    30.42   $    30.42  

2 
Bamboo for gas 
storage stand 

Pc 3 4 4 5 6 6  $    1.18   $   3.55   $      4.74   $      4.74   $      5.92   $      7.10   $      7.10  

3 Aggregate M3 1 1.5 1.7 1.9 2.1 2.3  $  25.90   $ 25.90   $    38.85   $    44.03   $    49.21   $    54.39   $    59.57  

4 
Plywood to covering 
digester 

Pc 1 1 1 1 1 1  $    4.81   $   4.81   $      4.81   $      4.81   $      4.81   $      4.81   $      4.81  

B  General Equipment 

5 Mixer Pc 1 1 1 1 1 1  $  11.10   $ 11.10   $    11.10   $    11.10   $    11.10   $    11.10   $    11.10  

6 Fittings Pc 1 1 1 1 1 1 N/A  $   8.27   $    13.21   $    13.60   $    13.49   $    20.42   $    21.31  

7 Piping Pc 1 1 1 1 1 1 N/A  $ 45.84   $    46.73   $    46.73   $    46.73   $    51.17   $    51.17  

8 Stove Pc 1 1 1 1 2 2  $ 13.32   $  13.32   $    13.32   $    13.32   $  13.32   $    26.64   $    26.64  

C Labors 

8 Masons man.hour 2 2 2 2 2 2  $  7.40   $   14.80   $    14.80   $    14.80   $    14.80   $    14.80   $     14.80  

9 Labors man.hour 6 6 7 8 8 9  $  5.55   $  33.30   $    33.30   $    38.85   $    44.40   $    44.40   $     49.95  

10 Transportation N/A 1 1 1   1 1 N/A  $   85.10   $    88.80   $    92.50   $    96.20   $    99.90   $  103.60  

11 Management fee N/A 1 1 1 1 1 1 N/A  $  29.86   $    32.23   $    33.71   $    35.26   $    38.74   $     40.27  

12 Misc N/A 1 1 1 1 1 1  $ 22.20   $   22.20   $    22.20   $    22.20   $    22.20   $    22.20   $    22.20  

  TOTAL  $ 328.48   $  354.51   $  370.81   $  387.87   $  426.10   $  442.95  

                

MAINTENANCE COST             
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No Materials/ labours Unit 

Materials Quantity Unit Price 
(USD) 

Total Price (USD) 

           Plant Sizes           Plant Sizes  

2 m3 4 m3 6 m3 8 m3 10 m3 12 m3  2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

1 Pipe Pc 1 1 1 1 1 1  $    19.24   $  19.24   $    19.24   $    19.24   $    19.24   $    19.24   $    19.24  

2 Stove Pc 1 1 1 1 1 1  $    13.32   $  13.32   $    13.32   $    13.32   $    13.32   $    13.32   $    13.32  

3 Labors man.hour 5 5 5 5 5 5  $      7.40   $   37.00   $    37.00   $    37.00   $    37.00   $    37.00   $    37.00  

4 
Digester and gas 
storage 

Pc 1 1 1 1 1 1 N/A  $     8.38   $    13.91   $    19.54   $    25.01   $    30.53   $    36.04  
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3. CONCRETE TUBULAR DIGESTER 

CAPITAL COST            

No 
Materials/ 
labours 

Unit 

Materials Quantity 
Unit 
Price 
(IDR) 

Total Price (IDR) 

           Plant Sizes           Plant Sizes  

2 
m3 

4 
m3 

6 m3 8 m3 10 m3 12 m3 2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

A Construction Material  

1 Concrete buis Pc 2 3 4 5 6 7  $   48.10   $    96.20   $  144.31   $  192.41   $  240.51   $  288.61   $  336.71  

2 
Bamboo for 
gas storage 
stand 

Pc 3 4 4 5 6 6  $      1.18   $      3.55   $      4.74   $      4.74   $     5.92   $      7.10   $      7.10  

3 Aggregate M3 1 1.5 1.7 1.9 2.1 2.3  $    25.90   $    25.90   $    38.85   $    44.03   $    49.21   $    54.39   $    59.57  

B  General Equipment 

5 Mixer Pc 1 1 1 1 1 1  $   11.10   $    11.10   $    11.10   $    11.10   $    11.10   $    11.10   $    11.10  

6 Fittings Pc 1 1 1 1 1 1 N/A  $    27.33   $    29.08   $    31.32   $    33.06   $    36.82   $    39.55  

7 Piping Pc 1 1 1 1 1 1 N/A  $    41.22   $    40.70   $    37.00   $    31.45   $    40.18   $    36.48  

8 Stove Pc 1 1 1 1 2 2  $    13.32   $    13.32   $    13.32   $    13.32   $    13.32   $    26.64   $    26.64  

C Labors 

8 Masons man.hour 2 2 2 2 2 2  $      7.40   $    14.80   $    14.80   $    14.80   $    14.80   $    14.80   $    14.80  

9 Labors man.hour 6 6 7 8 8 9  $      5.55   $    33.30   $    33.30   $    38.85   $    44.40   $    44.40   $    49.95  

10 Transportation N/A 1 1 1 1 1 1 N/A  $    85.10   $    88.80   $    92.50   $    96.20   $    99.90   $  103.60  

11 
Management 
fee 

N/A 1 1 1 1 1 1 N/A  $    38.40   $    45.57   $    51.87   $    58.23   $    66.51   $    72.86  

12 Misc N/A 1 1 1 1 1 1  $    22.20   $    22.20   $    22.20   $    22.20   $    22.20   $    22.20   $    22.20  

  TOTAL  $  412.43   $  486.78   $  554.14   $  620.41   $  712.67   $  780.58  
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 MAINTENANCE COST            

No 
Materials/ 
labours 

Unit 

Materials Quantity 
Unit 
Price 
(IDR) 

Total Price (IDR) 

           Plant Sizes           Plant Sizes  

2 
m3 

4 
m3 

6 m3 8 m3 10 m3 12 m3 2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

1 Pipe Pc 1 1 1 1 1 1  $    19.24   $    19.24   $    19.24   $    19.24   $    19.24   $    19.24   $    19.24  

2 Stove Pc 1 1 1 1 1 1  $    13.32   $    13.32   $    13.32   $    13.32   $    13.32   $    13.32   $    13.32  

3 Labors man.hour 3 3 3 3 3 3  $      7.40   $    22.20   $    22.20   $    22.20   $    22.20   $    22.20   $    22.20  

4 Gas Storage Pc 1 1 1 1 1 1  $      7.40   $      8.38   $    13.91   $    19.54   $    25.01   $    30.53   $    36.04  
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4. FLOATING DRUM DIGESTER 

CAPITAL COST            

No Materials/ labours Unit 

Materials Quantity Unit 
Price 
(USD) 

Total Price (USD) 

           Plant Sizes           Plant Sizes  

2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

A Construction Material  

1 
Bricks Pc 

         
1,000  

         
1,500  

         
1,700  

         
2,000  

         
2,200  

         
2,500   $     0.05  

 $   
51.80  

 $  77.70   $    88.06   $  103.60   $  113.96   $  129.50  

2 
Sand  M3 

             
1.5  2 2.4 2.7 2.9 3.1  $    12.95  

 $    
19.43  

 $   25.90   $    31.08   $    34.97   $    37.56   $    40.15  

3 
Aggregate M3 

             
1.0  1.5 1.7 1.9 2.1 2.3  $    25.90  

 $    
25.90  

 $    38.85   $    44.03   $    49.21   $    54.39   $    59.57  

 4 
Cement (50 Kg) Bag 

              
12  

              
14  

              
17  

              
21  

              
24  

              
28   $      4.51  

 $    
54.17  

 $    63.20   $    76.74   $    94.80   $  108.34   $  126.40  

 5 MS rod ( 8 mm - SNI 
) Kg 

              
15  

              
16  

              
19  

              
21  

              
26  

              
30   $      0.50  

 $      
7.49  

 $      7.99   $      9.49   $    10.49   $    12.99   $    14.99  

 6 Emulsion paint  Liter 
             

0.5  
                

1  
             

1.5  
                

2  
             

2.5  
                

3  
 $      1.48  

 $      
0.74  

 $      1.48   $      2.22   $      2.96   $      3.70   $      4.44  

 7 Steel Drum Pc 
             

3.0  
             

3.0  
             

5.0  
             

5.0  
             

5.0  
           

10.0  
 $    23.31  

 $    
69.93  

 $    69.93   $  116.55   $  116.55   $  116.55   $  233.11  

B  General Equipment 

5 Mixer Pc 1 1 1 1 1 1 
 $     1.10  

 $    
11.10  

 $    11.10   $    11.10   $    11.10   $    11.10   $    11.10  

6 Fittings Pc 1 1 1 1 1 1 N/A 
 $    

27.33  
 $    29.08   $    31.32   $    33.06   $    36.82   $    39.55  

7 Piping Pc 1 1 1 1 1 1 N/A 
 $    

41.22  
 $    40.70   $    37.00   $    31.45   $    40.18   $    36.48  

8 Stove Pc 1 1 1 1 2 2 
 $    13.32  

 $    
13.32  

 $    13.32   $    13.32   $    13.32   $    26.64   $    26.64  

C Labors                             

8 Masons man.hour 2 2 2 2 2 2 
 $      7.40  

 $    
14.80  

 $    14.80   $    14.80   $    14.80   $    14.80   $    14.80  

9 Labors man.hour 6 6 7 8 8 9 
 $      5.55  

 $    
33.30  

 $    33.30   $    38.85   $    44.40   $    44.40   $    49.95  
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10 Transportation N/A 1 1 1 1 1 1 N/A 
 $    

85.10  
 $    88.80   $    92.50   $    96.20   $    99.90   $  103.60  

11 Management fee N/A 1 1 1 1 1 1 N/A 
 $    

39.09  
 $    44.76   $    67.67   $    70.74   $  208.75   $    92.39  

12 Misc N/A 1 1 1 1 1 1 
 $    22.20  

 $    
22.20  

 $    22.20   $    22.20   $    22.20   $    22.20   $    22.20  

  
TOTAL 

 $  
516.93  

 $  583.13   $  696.95   $  749.86   $  952.29   $1,004.88  

 
 

        

 MAINTENANCE COST             

No Materials/ labours Unit 

Materials Quantity Unit 
Price 
(IDR) 

Total Price (USD) 

Plant Sizes  Plant Sizes  

2 m3 4 m3 6 m3 8 m3 10 m3 12 m3  2 m3 4 m3 6 m3 8 m3 10 m3 12 m3 

1 Pipe Pc 1 1 1 1 1 1 
 $    19.24  

 $    
19.24  

 $    19.24   $    19.24   $    19.24   $    19.24   $    19.24  

2 Stove Pc 1 1 1 1 1 1 
 $    13.32  

 $    
13.32  

 $    13.32   $    13.32   $    13.32   $    13.32   $    13.32  

3 Labors man.hour 3 3 3 3 3 3 
 $      7.40  

 $    
22.20  

 $    22.20   $    22.20   $    22.20   $    22.20   $    22.20  

4 Steel Drum Pc 1 1 1 1 1 1 
 $    23.31  

 $    
23.31  

 $    23.31   $    23.31   $    23.31   $    23.31   $    23.31  

  



 

5. BIOGAS BENEFIT 

 

Digester Volume m3 2 4 6 8 10 12 

Input Digestate m3/day 6.667 13.333 20 26.667 33.333 40 

Expected Daily Biogas 
Production per digester 

m3/day 0.733 1.467 2.2 2.933 3.667 4.4 

        

LPG mass density kg/m3 1.898    

LPG Price 

US $ /3 kg 
bottle 

 $                  1.26  
   

US $/m3  $                  0.80     

Stove efficiency % 50      

           

Digester Volume m3 2 4 6 8 10 12 

Yearly reduction of 
expense by using 
biogas for cooking 

US$/year  $              106.52   $              213.04   $              319.56   $              426.09   $              532.61   $              639.13  

        
Average Electricity 
Price in Yogyakarta 

US$/kWh 1192.92 
     

        

Digester Volume m3 2 4 6 8 10 12 
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Generator Operation 
Hours 

hours/year 107.07 214.13 321.2 428.27 535.33 642.4 

Yearly reduction of 
expense by using 
biogas for electricity 
generation 

US$/year  $                94.52   $              189.04   $              283.55   $              378.07   $              472.59   $              567.11  

        

Fertilizer price US$/kg 0.07      

        

Digester Volume m3 2 4 6 8 10 12 

Fertilizer Sales Benefit US$/year  $                90.04   $              180.07   $              270.11   $              360.15   $              450.18   $              540.22  



 

APPENDIX 2 
1. LEVELIZED COST OF ENERGY (LCOE) 

 

  Digester Type 
Capital Cost (US$) 

Total Operation and 
Maintenance Cost 

Annual Energy 
(kWh) 

Levelized Cost of Energy (LCOE) Scenario 
Average 

US$ (US$/kWh) 

MIN MAX MIN MAX MIN MAX MIN MAX AVERAGE   

Scenario 
1 

Fixed dome  $          531.58   $      870.57   $            471.20   $          585.81  

803.00 4015.00 

 $          1.75   $           0.36   $            1.05  

 $        0.94  
Floating drum  $          516.93   $   1,004.88   $            671.78   $          786.39   $          1.90   $           0.45   $            1.17  

PE Tubular  $          328.48   $      442.95   $            454.06   $          686.42   $          0.96   $           0.28   $            0.62  

Concrete Tubular  $          412.43   $      780.58   $            534.87   $          649.49   $          1.49   $           0.36   $            0.92  

Scenario 
2 

Fixed dome  $          531.58   $      870.57   $            471.20   $          585.81  

803.00 4015.00 

 $          1.75   $           0.36   $            1.05  

 $         .94  
Floating drum  $          516.93   $   1,004.88   $            671.78   $          786.39   $          1.90   $           0.45   $            1.17  

PE Tubular  $          328.48   $      442.95   $            454.06   $          686.42   $          0.96   $           0.28   $            0.62  

Concrete Tubular  $          412.43   $      780.58   $            534.87   $          649.49   $          1.49   $           0.36   $            0.92  

Scenario 
3 

Fixed dome  $      1,385.95   $   1,711.61   $            945.58   $          945.58  

1071.00 5353.00 

 $          2.89   $           0.50   $            1.69  

 $        1.68  
Floating drum  $      1,455.88   $   1,944.72   $        1,547.32   $      2,951.36   $          3.18   $           0.91   $            2.05  

PE Tubular  $      1,179.51   $   1,324.40   $        1,149.91   $      1,260.15   $          2.34   $           0.48   $            1.41  

Concrete Tubular  $      1,263.46   $   1,631.61   $            668.59   $          668.59   $          2.70   $           0.43   $            1.57  



 

 

2. NET PRESENT VALUE (NPV) 

  Digester Type 
Net Present Value (NPV) 

Scenario 
Average 

MIN MAX AVERAGE  

Scenario 1 

Fixed dome  $             (86.22)  $         4,042.98   $         1,995.91  

 $         1,721.51  
Floating drum  $           (272.15)  $         3,708.08   $         1,747.30  

PE Tubular  $           (232.01)  $         2,173.80   $             981.73  

Concrete Tubular  $                  3.74   $         4,276.20   $         2,161.08  

Scenario 2 

Fixed dome  $             (86.22)  $         4,042.98   $         6,334.33  

 $         5,345.89  
Floating drum  $             566.25   $         9,340.18   $         5,082.84  

PE Tubular  $             512.52   $         6,640.99   $         3,587.60  

Concrete Tubular  $         1,208.81   $       11,506.59   $         6,378.80  

Scenario 3 

Fixed dome  $           (278.70)  $         9,659.77   $         4,686.74  

 $         4,122.69  
Floating drum  $           (950.37)  $         7,420.88   $         3,343.41  

PE Tubular  $           (667.49)  $         7,387.03   $         3,389.86  

Concrete Tubular  $             120.77   $       10,016.75   $         5,070.77  

 

3. INTERNAL RATE OF RETURN (IRR) 

  
Digester Type 

Internal Rate of Return (IRR) 
Scenario Average 

MIN MAX AVERAGE 

Scenario 1 

Fixed dome 12% 53% 35% 

40% 
Floating drum 9% 42% 28% 

PE Tubular 10% 93% 55% 

Concrete Tubular 18% 59% 42% 

Scenario 2 

Fixed dome 25% 150% 96% 

113% 
Floating drum 10% 106% 70% 

PE Tubular 31% 292% 172% 

Concrete Tubular 33% 168% 113% 

Scenario 3 

Fixed dome 11% 64% 39% 

37% 
Floating drum 3% 44% 25% 

PE Tubular 5% 65% 37% 

Concrete Tubular 17% 70% 45% 

 

4. BENEFIT TO COST RATIO (BCR) 

  
Digester Type 

Benefit-to-Cost Ratio (BCR) 
Scenario Average 

MIN MAX AVERAGE 

Scenario 1 

Fixed dome 0.91 3.78 2.52 

2.32 
Floating drum 0.77 3.07 2.09 

PE Tubular 0.70 2.92 1.94 

Concrete Tubular 1.00 3.99 2.71 
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Scenario 2 

Fixed dome 2.15 8.88 5.94 

4.89 
Floating drum 1.36 3.60 2.91 

PE Tubular 1.65 6.88 4.58 

Concrete Tubular 2.28 9.05 6.14 

Scenario 3 

Fixed dome 0.88 4.64 2.82 

2.29 
Floating drum 0.68 2.52 1.77 

PE Tubular 0.38 2.06 1.25 

Concrete Tubular 1.06 5.35 3.31 

 

5. PAYBACK PERIOD 

  
Digester Type 

Payback Period (years) 

4 m3 12 m3 

Scenario 1 

Fixed dome 4 2 

Floating drum 6 2 

PE Tubular 4 2 

Concrete Tubular 4 1 

Scenario 2 

Fixed dome 2 1 

Floating drum 2 1 

PE Tubular 2 1 

Concrete Tubular 2 1 

Scenario 3 

Fixed dome 6 2 

Floating drum 8 2 

PE Tubular 7 2 

Concrete Tubular 4 2 
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APPENDIX 3 
QUESTIONAIRE SITE VISIT 

Date  

Respondent  

Institution  

Interview Topic 

Digester Type/Biogas Utilization 

Fixed Dome/ Floating Drum / Tubular Design Digester / 

Biogas for cooking/Power Generation/Digestate Utilization 

Main Question 

1. How efficient is the system? Who did produce the stove/generator?  
 

2. How long will this technology last?  When will it should be renewed? 
 

3. How often the maintenance for the digester/stove/generator? Which part requires frequent 
maintenance? 
 

4. What are the common problem during installation and operation? 
 

5. How to solve those problems (No. 4)? 
 

6. Are there any monitoring activities? Who run the monitoring activities and what aspects that 
being assessed? 

 
7. Do the community (biogas user) familiar with the technology? Is there anyone who against the 

technology at first? 
 

8. Do the community need intensive training about domestic biogas? What did the topic discuss in 
the training? 
 

9. How to promote biogas technology and its benefit? Does farmer familiar with the digestate? 
How to promote the digestate? 
 

10. Any feedbacks, comments and recommendations regarding biogas project in general? 
 

 

 

 

 

 

 

 

 

 


