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Abstract  
The Pampanga province is one of the largest pork-producing provinces in the Philippines. 
Half of the province's pigs are reared in so-called back-yard farms. At these farms, there are 
no regulations regarding manure management and because of this, large amounts of manure 
are dumped close to the stables. These actions lead to spontaneous emission of greenhouse 
gases, eutrophication of rivers and groundwater pollution. In addition, the spread of manure 
contributes to inadequate sanitation and increased risks of disease among the inhabitants of 
the province. 
 
LPG and wood are the most popular fuels for cooking in the Philippines. LPG is most 
common in the cities, while more than 60 percent of the rural population still relies on 
firewood for cooking. LPG is a fossil fuel that, when burned, contributes to an enhanced 
greenhouse effect. The use of wood increases the pressure on the local biomass and increases 
the risk of lung diseases for the user. 
 
Anaerobic digestion of pig manure under contributes to a more sustainable manure 
management. At the same time, energy in form of biogas is produced. Biogas is a renewable 
energy source, which is considered carbon neutral. If pig manure is co-digested with kitchen 
waste, a more efficient and stable digestion process may be achieved.  
 
This study aims to contribute to sustainable development at backyard pig farms in the 
Pampanga province by demonstrating how pig manure and kitchen waste can be utilized for 
biogas production. 
 
In order to develop an appropriate composition of pig manure and kitchen waste for anaerobic 
digestion, batch digestion of pig manure and kitchen waste was performed at laboratory scale. 
During a field study, the substrate composition was digested in test plants under local 
conditions in Pampanga. During the field study, several field trips to backyard pig farms were 
performed. Based on prevailing conditions and available materials in the province, a full-scale 
biogas digester was designed. The digester was sized to produce enough biogas to fulfil one 
family’s daily requirement of cooking fuel. 
 
If the daily biogas production reaches 2.5 m3 it is possible to replace 178 kg LPG or 9855 kg 
of firewood every year. The reduction of LPG prevents 2700 kg carbon dioxide equivalents 
from being emitted to the atmosphere every year. The reduction of LPG use also results in an 
annual saving of 9062 PHP (1672 SEK) for a family. This number corresponds to 11 procent 
of the total investment cost of the digester. 
  



  

 
 

Sammanfattning  
Pampangaprovinsen är en av de största producenterna av fläskkött i hela Filippinerna. Hälften 
av provinsens grisar föds upp på så kallade backayard farms. På dessa gårdar finns inga 
restriktioner gällande gödselhantering. Därför dumpas stora mängder gödsel i gårdarnas 
närområde vilket leder till spontana utsläpp av växthusgaser, övergödning i vattendrag och 
förorenat grundvatten. Dessutom leder spridning av gödslet till försämrad hygien och ökad 
sjukdomsspridning bland provinsens invånare.  
 
Gasol och ved är de mest populära bränslena för matlagning i Filippinerna. Gasol är mest 
utbrett i städerna medan drygt 60 procent av landsbygdens befolkning fortfarande förlitar sig 
på ved vid matlagning. Gasol är ett fossilt bränsle som vid förbränning bidrar till en förstärkt 
växthuseffekt. Användning av ved ökar trycket på den lokala biomassan och vid förbränning 
är risken för sjukdomar i luftvägarna hos användaren stor.  
 
Anaerob rötning av grisgödsel möjliggör en mer hållbar gödselhantering samtidigt som energi 
i form av biogas produceras. Biogas är en förnyelsebar energikälla som dessutom anses vara 
koldioxidneutral. Grisgödsel kan med fördel samrötas med matavfall för att uppnå en 
effektivare och mer stabil rötprocess.  
 
Den här studien syftar till att bidra till hållbar utveckling inom Pampangaprovinsens backyard 
pig farms genom att demonstrera hur grisgödsel tillsammans med matavfall kan användas för 
biogasproduktion.  
 
Under studiens inledande del utfördes satsvis rötning av grisgödsel och matavfall i laborativ 
skala, i syfte att ta fram en lämplig sammansättning av de båda substraten. 
Substratsammansättningen rötades därefter i testanläggningar vid lokala förhållanden under 
en fältstudie i Pampangaprovinsen. Under fältstudien genomfördes även studiebesök till olika 
backyard pig farms. Baserat på rådande förhållanden och tillgängliga material i provinsen 
designades slutligen en rötkammare. Rötkammaren dimensionerades så att den kunde förse en 
familj med bränsle för matlagning.  
 
Om den dagliga biogasproduktionen når 2.5 m3 är det möjligt att ersätta 178 kg gasol eller 
9855 kg ved per år. Minskningen av gasol resulterar i en årlig reducering av 
växthusgasutsläpp med minst 2700 kg koldioxidekvivalenter. Minskningen av gasol resulterar 
också i en årlig besparing på 9062 PHP (1672 SEK). Denna siffra motsvarar 11 procent av 
den totala investeringskostnaden för rötkammaren.  
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Nomenclature 
   
CMETHANE Methane content of biogas  % 

CO2-eq Carbon dioxide equivalent kg CO2/kJ  

GHG Climate impact kg CO2 

H Lower calorific value kJ/Nm3 

H  Hydrogen ion concentration - 

K! Temperature dependent dissociation constant  - 

m Wet weight g 

m!" Amount of volatile solids  g VS 

m VS  added 	   Daily feedstock amount in g VS g VS 

m VS  added, INO! 	   Amount inoculum in g VS added to samples contacting a mixture 
of inoculum and substrate 

 

m VS  added, INO! 	   Amount inoculum in g VS added to samples contacting pure 
inoculum 

g VS 

m VS  added, SUB 	   Amount substrate in g VS added to samples contacting inoculum 
and substrate 

 

𝜂 Stove efficiency  % 

NH! Free ammonia nitrogen concentration  mg/l 

ORL Organic loading rate gVS/l,day 

pH pH level  - 

PHP Price for LPG in PHP PHP/kg 

𝜌 Density  g/l  

SPHP Price for replaced amount of LPG PHP 

T	   Temperature K 

T!	   Temperature  K 

TS Content of total solids gTS g 

TAN Total ammonia nitrogen concentration mg/l 

V Volume ml 

V Gas flow ml/day 

V!	   Volume Nml 

V INO  Average daily gas flow produced from samples containing pure 
inoculum 

ml/day 

V SUB 	   Daily gas flow produced from substrate, contribution from 
inoculum excluded 

ml/day 

V SUB + INO 	   Daily gas flow produced from samples containing inoculum and 
substrate 

ml/day 

V!"# Daily gas flow produced from sample containing pure inoculum ml/day 

VS Content of volatile solids gVS g 

W Wobbe index kJ/Nm3 

x Ratio of each substrate in composite substrates - 

y Gas volume per amount VS added  Nml/gVS 
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1. Introduction  
The poor availability of efficient and modern energy services is a fundamental barrier to 
economic and social development in developing countries (Rennuit, Sommer 2013). 
According to WHO, three billion people still cook and heat their homes using open fires and 
simple stoves burning solid fuels including wood, animal dung, crop waste and coal to supply 
their energy needs (World Health Organization 2014). In 2014, the International Energy 
Agency predicted that the global energy demand is set to grow by 37% by 2040. The rising 
consumption is concentrated to Asia, Africa, the Middle East and Latin America. 
(International Energy Agency 2014) Increase in energy consumption is essential for 
development of the living standards of human beings but the increased demand for energy is 
on the other hand also a critical reason for extensive climate change and resource exploitation 
(Rajendran, Aslanzadeh et al. 2012).       
 
Strong dependency on fossil fuels and extensive deforestation has caused increasing 
anthropogenic greenhouse gas emissions. This has led to atmospheric concentrations of 
carbon dioxide, methane and nitrous oxide that are unprecedented in at least the last 800 000 
years. In the Climate Change Synthesis Report from 2014, the Intergovernmental Panel on 
Climate Change writes: “Continued emission of greenhouse gases will cause further global 
warming and long-lasting changes … in the climate system, increasing the likelihood of 
severe, pervasive and irreversible impacts for people and ecosystems”. (Intergovernmental 
Panel on Climate Change 2015)  
 
With the increases in worldwide demand for meat, fast-growing species such as pigs are likely 
to account for a major share in the growth in the livestock subsector (Food and Agriculture 
Organization of the United Nations 2014). The manure management is the second largest 
source of greenhouse gas emissions arising from the global pig industry (Food and 
Agriculture Organization of the United Nations 2013). During management, nitrous oxide and 
methane are spontaneously released into the atmosphere. Improper management of pig 
manure also leads to eutrophication and contaminated groundwater and can cause illness and 
gastrointestinal infections among human beings. (Food and Agriculture Organization of the 
United Nations 2006) 
 
Anaerobic digestion is used to transform organic substrates and wastes into energy (biogas) 
and a stabilized fertilizer (digestate). Several systems in the world use simple technologies 
and are designed for household use. (Martí-Herrero, Alvarez et al. 2014) Household biogas 
digesters are highly suitable as a decentralized energy source for remote rural areas. The uses 
and benefits of the technique have been widely demonstrated in China and India where 
several million domestic biogas plants have been installed over the last few decades. 
(Perrigault, Weatherford et al. 2012) As a renewable energy source, biogas not only mitigates 
energy shortage in rural areas but also effectively reduces the environmental risk associated 
with agricultural waste management (Song, Zhang et al. 2014). Anaerobic digestion of animal 
waste provides enhanced sanitation by reducing the pathogenic content of substrate materials 
and reduces eutrophication and water contamination. Biogas is a suitable combustible that be 
used for cooking and heating. If used instead of solid biomass, it also reduces the pressure on 
local biomass resources. The production of bio-slurry and its utilization as an organic 
fertilizer has shown great potential to increase the crop production and therefore the farmer’s 
income. The bio-slurry also reinforces an agriculture nondependent from external chemical or 
ecological inputs since it closes the agricultural production cycle treating farm waste. (Lou, 
Nair et al. 2012) 
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Despite the many benefits of anaerobic digestion, domestic biogas digesters have a number of 
challenges to overcome for continued proliferation in the future. The technique has been a 
failure in many developing countries, with low rate of longevity and a reputation for being 
difficult to operate and maintain. (Bond, Templeton 2011)calls for digester designs which 
deliver lower costs, improved functionality and ease of construction, operation and 
maintenance.(Lou, Nair et al. 2012)states that “modernization (which should fulfil the criteria 
of being cheap, robust and easy to operate) and rapid dissemination of this technology is 
essential to harness the inherent potential that is currently underutilized and unexploited”.  
 
1.1 The Philippines and the Pampanga Province 
The Philippines is an archipelagic country of more than 7000 islands located in Southeast 
Asia. The islands are clustered into three main island groups: Luzon, Visayas and Mindanao. 
(Landguiden 2014a)A map of the Philippines is presented in Figure 1. The archipelagic 
character makes the country exposed to sea level rise and coastal flooding. Approximately 
10.5% of the Filipino population lives in areas where the elevation above sea level is below 
five meters (World Bank 2014). Moreover, the Philippines is positioned along the typhoon 
belt and Pacific Ring of Fire which causes the county to have frequent seismic and volcanic 
activity. Because of that, earthquakes occur regularly. The Philippines is also frequently 
affected by storms and typhoons. In 2013, the country was exposed to the typhoon Haiyan 
(known in the Philippines as Typhoon Yolanda). More than 6200 people were killed and 
1.1 million homes were destroyed. (Landguiden 2015)  
 

 
 
 
A small wealthy elite dominates the community of Philippine, while many Filipinos live in 
poverty. Most exposed are the rural population. (Landguiden 2014d) In 2012, the World Bank 
estimated that 25.2% of the population lived below the national poverty line (World Bank 
2015c) (i.e. on less than 1.35 $ a day (Landguiden 2014d)). Moreover, corruption is a major 
problem, both in politics and the judiciary (Landguiden 2014c).  
 
In 2013, agriculture contributed to 11.2% of the Philippian Gross Domestic Product (GDP) 
(World Bank 2015a). Multinational companies mostly run the big plantations where bananas, 
pineapple, mango and rubber are grown. On the small farms run by Filipino families, rice, 
corn, coconuts, mango and sweet potato are the crops most frequently cultivated. (Landguiden 
2014b) Of the livestock reared, pig and chicken are by far the most produced (Philippine 
Statistics Authority 2015b).  
 

Figure 1. Map of the Philippines (Google Maps 2015).  
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In 2010 the average household size in the Pampanga Province was 4.8 persons (Philippine 
Statistics Authority 2013a). A typical rural household in the Philippines is often located in 
clusters with other households in a community “small farm” setting. The cluster is 
representative of the culture of communal living and extended family ties where family 
members or kin tend to build houses close to each other. Further, because of the very low 
level of land ownership, the typical rural household does not own the land they occupy.  
(SNV Netherlands Development Organisation, Winrock International 2010)  
 
The Pampanga Province is located in the Central Luzon region of the Philippines. Its terrain is 
relatively flat with one mountain, Mount Arayat and the Pampanga River. The province of 
Pampanga has two distinct climates, rainy and dry. The rainy season normally begins in May 
and runs through October, while the rest of the year is the dry season. In Figure 2, the average 
monthly temperature for Philippines from 1990 to 2009 is presented. (World Bank Group 
2015)  

 
Figure 2. Average Monthly Temperature in the Philippines (World Bank Group 2015).  

 
1.2 Pig Farming in Pampanga Province 
As of January 2014, the Philippine bred 11.8 million pigs (Philippine Statistics Authority 
2015a). The Filipino pig farms can be divided between backyard and commercial farms. A 
pig farm is considered a backyard farm when it has a capacity of at least 21 head of adult 
swine or 10 adults and 22 young swine. In January of 2014, the Central Luzon area was the 
top-producing region in both backyard and commercial swine production. (Philippine 
Statistics Authority 2013b) According to the Philippine Statistics Authority (PSA), 93 286 
pigs were bred at backyard farms during January 2014 in the Pampanga Province. The 
corresponding number for commercial breeding in the province was 98 722. (Philippine 
Statistics Authority 2015a) 
 
As a step towards more sustainable waste management at pig farms in the Philippines, a law 
forcing pig farmers with more than 10 000 pigs to utilize biogas production has been enacted. 
But according to Rafael1, the law does not regulate the size of the biogas plant and the law is 
in many cases disrespected. Despite the large number of pigs bred at backyard farms, there are 
no regulations regarding manure management at backyard pig farms in the Philippines 
(Rafael1).  
 

                                                
1 Dr Rafael Rafael at Pampanga State Agricultural University. Interviewed in March 2015.      
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1.3 Problems Related to Manure Management at Pig Farms 
Manure management contributes to the increase of greenhouse gas concentration in the 
atmosphere. During management, nitrous oxide (N2O) and methane (CH4) are released into 
the atmosphere. The nitrous oxide formation occurs through nitrification of ammonium-
nitrogen and denitrification of nitrate-nitrogen. An indirect emission of nitrous oxide also 
occurs due to formation by ammonia or nitrogen oxides when it falls down with the rain. 
(Food and Agriculture Organization of the United Nations 2006) Methane forming bacteria 
can convert some of the organic material in the manure to methane in anaerobic 
environments. Methane emissions in stables and storage depend on the rate of organic 
material in the manure, the material’s tendency to form methane, and methods of manure 
management. Manure from pigs is assumed to emit twice as much methane as manure of 
ruminants. Ruminant manure contains less substance which may form methane than 
monogastric animals, because some of the organic material already formed as methane in the 
rumen. (Jordbruksverket 2009) 
 
Greenhouse gas (GHG) emissions from the pig industry represent 9% of the global livestock 
sector’s emission. The majority of the GHG emissions derive from the pig production in the 
East and Southeast Asia were approximately 325 million tonnes carbon dioxide equivalents 
(CO2-eq) are emitted every year. The manure storage and processing is the second largest 
source of greenhouse gas emissions arising from the global pig industry and is estimated to 
contribute to 27% of its total emissions. (Food and Agriculture Organization of the United 
Nations 2013) 
 
The pig industry generates wastewaters with high organic loadings. It is practice among the 
smaller households and backyard pig farms to discharge the wastewater to the surroundings or 
to simply landfill the waste material close to the stalls. (Eastern Research Group 2010) 
Livestock manure contains considerable amounts of nutrients (e.g. nitrogen, phosphorous and 
potassium), drug residues, heavy metals and pathogens. When released into the water or 
accumulated in the soil, they pose serious threats to the environment. (Gerber, Menzi 2006) 
 
Some of the nutrients ingested are sequestered in the animal, but most of it return to the 
environment and may represent a risk to water quality. Nitrogen concentration is highest in 
pig manure (76.2 g N/kg dry weight) and the phosphorus content is the second highest (17.6 g 
P/kg dry weight) among manure from different livestock. (Miller 2001) These figures result in 
high nutrient surpluses that can overwhelm the absorption capacities of local ecosystems and 
degrade surface and groundwater quality (Hooda, Edwards et al. 2000). High concentrations 
of nutrients in water resources can lead to over-stimulation of aquatic plant and algae growth 
leading to eutrophication, undesirable water flavour and odour. Geographically, the biggest 
single contributor is Asia, which represents 35.5% of the global annual excretion of nitrogen 
and phosphorus. (Food and Agriculture Organization of the United Nations 2006) 
 
Furthermore, poor manure management may result in inadequate sanitation. Livestock 
manure contains many microorganisms and multi-cellular parasites. Several biological 
contaminants can survive for days and sometimes weeks in the manure applied on land and 
may later contaminate water resources. This may ultimately cause illness and gastrointestinal 
infections among human beings. (Food and Agriculture Organization of the United Nations 
2006) 
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1.4 Cooking Traditions and Fuel Utilization in the Philippines 
The traditional Filipino diet is centred on rice, fish and vegetables. Meals are generally 
prepared in large aluminium pots. The rice is cooked first followed by vegetables, which cook 
more quickly. Fish and meat are commonly cooked in the same pot as the vegetables. Baking 
is uncommon at household level but water is boiled several times a day and stored in 
thermoses to make instant coffee.    
 
Over the past few decades many urban households have been able to step up the energy ladder 
and move away from firewood to kerosene or liquefied petroleum gas (LPG) for cooking. 
However, many households in rural areas are still using traditional open fires and inefficient 
fuels. (SNV Netherlands Development Organisation, Winrock International 2010) The fuels 
used for cooking and the percentages of the population having access to modern fuels are 
presented in Table 1. The fuels most commonly used in the Philippines are gas and wood. Gas 
is mostly utilized among urban households, whilst wood is more common within the rural 
population. In rural areas, 60% of the population use wood as fuel for cooking. Only 27% of 
the rural population utilizes gas. In urban areas, almost 62% of the population use gas for 
cooking and only 20% use wood. Among the national population, 50% has access to modern 
fuels. Access to modern fuels is measured as the percent of people that use electricity, liquid 
fuels or gaseous fuels as their primary fuel to satisfy their cooking needs. These fuels include 
LPG, natural gas, kerosene, ethanol and biofuels. LPG is most commonly used among the 
fuels classified as modern fuels. (World Health Organization 2009)      
 
Table 1. Fuels used for cooking and access to modern fuels in the Philippines (World Health Organization 
2009). 

 Electricity Gas Kerosene Charcoal Wood Coal Other Access to 
modern fuels 

National 
population 

1.3 43.4 6.8 6.8 41.8 - 2.0 49.4 

Rural 
population 

0.2 27.0 2.4 8.3 60.8 1.4 0.0 29.5 

Urban  
population 

0.8 61.8 10.7 5.5 19.5 1.5 0.2 73.3 

 
1.5 Problems Related to Fuel Consumption in the Philippines 
 
1.5.1 LPG  
LPG is almost entirely derived from fossil fuel sources, being manufactured during the 
refining of petroleum (crude oil), or extracted from petroleum or natural gas streams as they 
emerge from the ground (International Energy Agency 2015). Carbon dioxide, methane and 
nitrous oxide are all produced during LPG combustion. However, nearly all of the fuel carbon 
(99.5%) in LPG is converted to carbon dioxide during the combustion process. The majority 
of the 0.5% of fuel carbon not converted to carbon dioxide is due to incomplete combustion. 
Typically, conditions that favour formation of nitrous oxide also favour emissions of methane. 
(US Environmental Protection Agency 2008) Formation of nitrous oxide is minimized when 
combustion temperatures are kept above 800℃ and excess air is kept to a minimum. Methane 
emissions are highest during periods of low-temperature combustion or incomplete 
combustion. (International Energy Agency 2015) 
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1.5.2 Wood and Biomass  
When combustion of biomass fuels is complete, the only products are carbon dioxide and 
water (Bhattacharya, Abdul Salam 2002). But since the combustion efficiency of biomass 
fuels during cooking is low, it results in relatively high levels of incomplete combustion 
(Fullerton, Bruce et al. 2008). Incomplete combustion of wood releases greenhouse gases 
such as carbon monoxide, nitrous oxide and methane. Usage of wood as fuel has also been 
identified as one of the most significant causes of forest decline in developing countries. (Osei 
1993) 
 
Inefficient burning of biomass fuels on an open fire or traditional stove generates large 
amounts of particulate matter as well as carbon monoxide, hydrocarbons, oxygenated 
organics, free radicals and chlorinated organics. This form of energy usage is associated with 
high levels of indoor air pollution that disproportionately affects women and children. The 
indoor air pollution increases the risk of respiratory infections, including pneumonia and 
tuberculosis, low birth weight, lung cancer, cardiovascular events and all-cause mortality both 
in adults and children. (Fullerton, Bruce et al. 2008) 
 
1.6 Biogas in the Philippines 
There are several government agencies involved in the promotion of large-scale biogas 
production in the Philippines. The most prominent agencies promoting biogas technology are 
the Department of Environment and Natural Resources (DENR), Department of Science and 
Technology (DOST), Department of Energy (DOE) and the Department of Agriculture 
(DOA). These agencies have implemented their respective programs and projects independent 
of each other. DOE is encouraging biogas production on large farms to secure part of the 
Philippine electricity production whilst DOA wishes to reduce problems related to waste 
management at commercial farms. (Rafael2) In January of 2010, a Recovery from Waste 
Management project for Philippines was implemented by the Land Bank of the Philippines, 
supported by the World Bank’s Carbon Finance Unit. The development objective of the 
project was to reduce greenhouse gas emissions from participating sites by introduce 
wastewater biogas systems, landfill gas flaring facilities and purchase of emission reductions. 
(World Bank 2015b)  
 
Only a small number of programs focusing on biogas production technology for backyard pig 
farmers have been implemented in the Philippines. The majority of those programmes were 
initiated by Non-Governmental Organisations. An example of such initiative is the Philippine 
Backyard Piggeries Biogas Programme introduced by the United Nations Framework 
Convention for Climate Change (UNFCCC) in 2012. The program aims to install anaerobic 
digesters in 100 000 households with small backyard piggeries in the Philippines. (United 
Nations Framework Convention on Climate Change 2011)   
 
Considering the high pig population and the severely underdeveloped waste management 
systems at backyard farms in the Pampanga area, there is a big potential and incentive to 
develop and spread the biogas technique among backyard pig farmers. For the initiative to 
reach its fully potential it is of great importance to consider local conditions and agricultural 
traditions.  
 
 
 

                                                
2 Dr Rafael Rafael at Pampanga State Agricultural University. Interviewed in March 2015.      
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1.7 Objectives and Goals  
The objective of the study is to contribute to sustainable development in backyard pig farming 
in the Pampanga Province by demonstrating how pig manure and kitchen waste can be 
utilized for production of biogas. The goal is to design and size a biogas digester based on 
prevailing conditions at backyard pig farms in the Pampanga Province. Prevailing conditions 
refer to: accessible amount of pig manure, manure management and utilization, available 
space, local climate and additional agricultural activities. The digester should be possible to 
construct from locally available materials and should produce enough biogas to meet a 
family’s requirement of cooking fuel.  

To achieve this overarching goal the following intermediate goals should be met: 
• Determine a composition of a substrate consisting of pig manure and food waste that is 

suitable for biogas production by anaerobic digestion in Pampanga. 
• Determine a suitable retention time for continuous anaerobic digestion of the selected 

substrate composition.  
• Construct and install test plants for continuous digestion of the selected substrate 

composition under local conditions in Pampanga.    
• Assess the biogas quantity, biogas quality and the process stability during anaerobic 

digestion of the selected substrate composition in the installed test plants.  
• Summarize information regarding the factors previously mentioned as prevailing factors 

on backyard farms in Pampanga. 

To examine the effects of an installed biogas digester for a family, the following 
investigations will be made:  
• Determine how much a family can reduce its use of previously used fuels and what impact 

this reduction has on the family’s emissions of greenhouse gases if a biogas digester were 
to be installed.  

• Determine the financial consequences for a family if a biogas digester were to be installed.  

1.8 Delimitations  
The focus of the study will be energy production through anaerobic digestion. The impact of 
biogas production on sanitation and production of fertilizer will therefore be disregarded. The 
biogas is assumed to be used for cooking only; other applications such as lightening or 
electricity production will be neglected. The Filipino family is assumed to use either LPG or 
firewood as cooking fuel.  
 
In this study, pig manure was co-digested with kitchen waste. Kitchen waste was selected as 
co-substrate because it has appropriate characteristics for co-digestion with pig manure. 
Kitchen waste is also free of charge and an easily accessible material. During the biogas 
production, cow manure was used as inoculum. Cow manure was chosen as inoculum due to 
its high availability in most rural areas in the world. 
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2. Biogas Production 
2.1 Four Stages of Anaerobic Digestion  
Anaerobic digestion is a complex process. According to (Molino, Nanna et al. 2013), the 
process can be divided into three steps: hydrolysis, acidogenesis and methanogenesis. 
Differently, (Weiland 2010) pointed out that anaerobe digestion of organic matter could be 
separated into four phases: hydrolysis, acidogenesis, acetogenesis/dehydrogenation and 
methanation. No matter how many steps are involved, the biodegradation processes of both 
approaches are similar. The four stages of the anaerobic digestion process described by 
(Weiland 2010) are shown in Figure 3. Since the process is complex, the steps illustrated in 
the figure are representative rather than definitive.  
 

 
Figure 3. The four stages of anaerobic digestion (Weiland 2010). 

 
Every degradation step in the anaerobic digestion process is performed by different groups of 
microorganisms, which place different requirements on their environment. During hydrolysis, 
polymers (e.g. lipids, carbohydrates and proteins) are hydrolysed by fermentative bacteria into 
long chain fatty acids, glucose and amino acids. (Weiland 2010) During the second step, 
acidogenesis, the monomers are degraded into volatile fatty acid (e.g. acetate, propionate and 
butyrate) along with the generation of by-products (e.g. ammonia, carbon dioxide and 
hydrogen sulphide) (Zhang, Su et al. 2014). The volatile fatty acids are then converted into 
acetate and hydrogen by hydrogen-producing acetogenic bacteria. At the end of the 
degradation chain, two groups of methanogenic bacteria produce methane from either acetate 
or from hydrogen and carbon dioxide. These bacteria are strict anaerobes. Only a few species 
of methanogenic bacteria are able to degrade acetate into methane and carbon dioxide, 
whereas all methanogenic bacteria are able to use hydrogen to produce methane. (Weiland 
2010)     
 
The first and second group of microorganisms as well as the third and fourth are linked 
closely with each other. Therefore, the process can be accomplished in two stages. In a 
balanced anaerobic digestion process, the rates of degradation in both stages are of equal size. 
If the first degradation step runs too fast, the acid concentration rises and the pH drops below 
7.0, which inhibits the methanogenic bacteria. If the second phase runs too fast, methane 
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production is limited by the hydrolytic stage. The rate-limiting step depends on the 
compounds of the substrate. Cellulose, proteins or fats are degraded slowly into monomers 
within several days whereas the hydrolysis of carbohydrates is completed within a few hours. 
(Weiland 2010)  
 
2.2 Parameters Affecting the Biogas Production 
2.2.1 Temperature 
Temperature is one of the most significant parameters affecting anaerobic digestion. 
Generally, digestion processes can be maintained at psychrophilic (10-30℃), mesophilic (30-
40℃) or at thermophilic (50-60℃) conditions (Zhang, Su et al. 2014). It is desirable to keep a 
steady temperature during the digestion process, as temperature fluctuations affect the biogas 
production negatively. The microorganisms living at psychrophilic conditions are the slowest 
in methane conversion. Psychrophilic biogas plants are suitable for simple conditions, such as 
in small-scale digesters for household use. Usually, biogas plants operated at mesophilic 
temperatures have a higher microbial diversity than plants operated under thermophilic 
conditions. Therefore, thermophilic processes are more sensitive to temperature fluctuations 
and require longer time to adapt to new temperatures. (Levén, Eriksson et al. 2007) The 
growth rate of methanogenic bacteria is higher at thermophilic temperatures resulting in a 
more efficient process. A thermophilic biogas plant therefore tolerates a higher organic 
loading rate or a shorter hydraulic retention time. However, thermophilic processes suffer 
from a higher degree of imbalance and a higher risk for ammonia inhibition. A biogas plant 
operated at thermophilic conditions is also associated with high energy consumption and high 
investment and operational costs due to the need of external heating. (Mao, Feng et al. 2015)  
 
2.2.2 Substrate Solid Content 
A substrate or slurry with a high solid content often contains a high ratio of organic matter, 
which can be converted into biogas. However, the mobility of the microorganisms gradually 
decreases with an increased solid content. (Information and Advisory Service on Appropriate 
Technology 1997) The solid content of a substrate consists of a mixture of inorganic matter 
(e.g. metals and minerals) and organic matter. The total solid (TS) content of a substrate is 
defined as the substrate’s content of residual compounds when water content has evaporated 
at 103℃. The organic matter in the substrate is denoted volatile solids (VS) and is defined as 
the substrate’s content of combustible substance at 550℃. VS measurements are a useful way 
to calculate the organic content of a substrate.  (Svenskt Gastekniskt Center AB 2009)  
 
2.2.3 Organic Loading Rate 
The organic loading rate (OLR) represents the amount of volatile solids fed into a digester 
every day during continuous feeding.  With increasing OLR, the biogas yield increases to an 
extent, but the equilibrium and productivity of the digestion process can also be disturbed. 
Adding a large volume of new material daily may result in temporarily changes in the digester 
environment and inhibit the activity of microorganisms during the early stages of 
fermentation. (Mao, Feng et al. 2015)  
  
The optimal organic loading rate for anaerobic digestion varies depending on the temperature 
and substrate composition used during the digestion process. (Wan, Sun et al. 2013) found 
that the maximum endurable OLR was 5 gVS/l, day for mesophilic co-digestion of waste 
activated sludge and food waste.(Li, Liu et al. 2015)investigated the effect of OLR on 
anaerobic co-digestion of rice straw and pig manure under mesophilic conditions. Stable 
biogas production was obtained at an organic loading rate of 3-8 gVS/l, day. The digestion 
process was severely inhibited by accumulation of volatile fatty acids and foaming was 
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observed when OLR higher than 8 gVS/l, day was applied.(Kafle, Kim 2013)used an organic 
loading rate of 1.6 gVS/l, day during continuous digestion using a mixture of apple waste and 
pig manure as substrate.  
 
2.2.4 Retention Time (HRT and SRT) 
The retention time is the time required to complete the degradation of organic matter. It is 
associated with the microbial growth rate and depends on the process temperature, organic 
loading rate and the substrate composition. Two significant types of retention time are usually 
mentioned when biogas production is discussed: solid retention time (SRT) and hydraulic 
retention time (HRT). SRT is defined as the average time that solids spend in a digester and 
HRT is defined as the ratio of the reactor volume and the influent flow rate. An average 
retention time of 15-30 days is often required to treat waste under mesophilic conditions with 
good results. (Mao, Feng et al. 2015)  
 
2.2.5 pH Level 
The growth rate of microorganisms is significantly affected by changes of the pH level (Mao, 
Feng et al. 2015). The optimum pH interval for methane formation takes place between pH 
7.0 and 8.0 and the process is severely inhibited if the pH decreases below 6.0 or rises above 
8.5. The pH value increases by ammonia accumulation during degradation of proteins, while 
the accumulation of volatile fatty acids decreases the pH value. The accumulation of volatile 
fatty acids will often but not always result in a pH drop, due to buffer capacity of the 
substrate. Animal manure has a surplus of alkalinity, which stabilizes the pH value at 
accumulation of volatile fatty acids. (Weiland 2010) 
 
2.2.6 Foam Formation 
Foaming is a problem occasionally occurring in biogas plants. Foaming often results in 
inverse solids profile with higher solids concentration at the top of the reactor, leading to the 
formation of dead zones and consequently reducing the active volume of the reactor. (Ganidi, 
Tyrrel et al. 2009) Manure contains several compounds that can potentially cause foaming 
during anaerobic digestion. Foam in anaerobic digestion systems consists of three phases: gas 
bubbles, substrate liquid and solid particles. (Boe, Kougias et al. 2012) During foaming the 
solid particles are partially degraded either due to overloading of the reactor or because of 
accumulation in the reactor’s gas-liquid interface (Kougias, Boe et al. 2014). 
 
2.3 Inhibitory Factors  
2.3.1 Volatile Fatty Acids  
Volatile fatty acids (VFA) are a key intermediate in the process and are capable of inhibiting 
methanogenesis in high concentrations (Weiland 2010). During the anaerobic digestion 
process, acetogenic bacteria produce VFA, the VFA are then consumed by methanogenic 
bacteria. The consumption of VFA must match the production of VFA in order to maintain a 
constant pH. (Kayhanian 1999) Accumulation of VFA is a result of high organic loading rates 
and results in rapid decrease of pH and even failure of the digestion process (Zhang, Su et al. 
2014).  
 
2.3.2 Ammonia and Ammonium 
During the digestion process, part of the organic nitrogen is mineralized to form ammonium 
(NH!!) and ammonia (NH3). The two substances are in equilibrium with each other and 
depending on the pH and temperature, the equilibrium shifts toward one or the other direction. 
The higher the temperature and pH, the higher is the content of ammonia. (Chen, Cheng et al. 
2008) The unionized species (NH3) is often called free ammonia. Studies have shown that it is 
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the free ammonia nitrogen, rather than the total ammonia nitrogen concentration, which 
inhibits methanogenesis (Kayhanian 1999). One reason for this is that the released ammonium 
nitrogen is converted into ammonium bicarbonate, resulting in increased buffering capacity 
thus increasing the stability of anaerobic digestion process (Svenskt Gastekniskt Center AB 
2009). Since the concentration of free ammonia is pH dependent, it is important to control the 
pH of an operating digester. To limit the inhibitor effects of free ammonia on anaerobic 
microorganisms, it is desirable to operate the digester at a pH of around 7. In addition to the 
pH, free ammonia nitrogen concentration and the effect of free ammonia on digester 
performance are temperature dependent. (Kayhanian 1999) Since methanogens are more 
sensitive to ammonia than ammonium, thermophilic digestion processes are more prone to 
suffer from ammonia inhibition than mesophilic processes since a higher process temperature 
results in a higher amount of free ammonia nitrogen. (Bayr, Rantanen et al. 2012) At a given 
pH and total ammonia nitrogen concentration, the concentration of free ammonia is six times 
higher for a thermophilic digester than for a mesophilic digester. (Kayhanian 1999) 
 
2.3.3 Other Inhibitory Factors 
Besides the inhibitory effect of high concentrations of VFA and ammonia nitrogen, 
antibiotics, sulphide, organic toxins and heavy metals can have inhibitory effects on the 
process of biogas production.  
 
2.4 Inoculum, Substrate and Co-digestion 
2.4.1 Inoculum 
In an anaerobic digester, a certain amount of inoculum should be added to provide the 
required microorganisms to start the digestion process. Adding anaerobic sludge from an 
existing digester is one way to provide the digester with microorganisms. (Liu, Zhang et al. 
2009) The inoculum can also consist of manure from ruminants, for example a cow or a 
carabao (Usack, Wiratni et al. 2014).  
 
2.4.2 Substrate 
The microorganisms that are active during anaerobic digestions require carbon, nitrogen, 
phosphorous in addition to vitamins and trace elements for their growth. In the substrate 
mixture, all these substances must be available in sufficient quantity to meet the needs of the 
microorganisms.(Svenskt Gastekniskt Center AB 2009)The ratio between carbon and nitrogen 
content in the substrate is an important factor. The concentration of carbon and nitrogen 
determines the efficiency of the process. The carbon in the organic material constitutes an 
energy source for microorganisms, while nitrogen fraction affects their growth rate. The 
optimal C/N ratio for anaerobic digestion has been reported to be between 20 and 30 or 
between 20 and 35, with a ratio of 25 being commonly used. (Puñal, Trevisan et al. 2000)A 
low C/N ratio (e.g. a surplus of nitrogen) causes accumulation of ammonia and high pH 
levels, which is toxic to the microorganisms. High C/N ratio (e.g. a surplus of carbon) 
decreases the degradation process due to nutritional deficiency. (Mao, Feng et al. 2015)  
 
2.4.3 Kitchen Waste and Pig Manure as Substrate 
Although kitchen waste has a high potential for biogas production, inhibition in single 
anaerobic digestion of kitchen waste often occurs because of nutrient imbalance. The 
inhibiting factors include insufficient trace elements and excessive macro nutrients (Zhang, 
Lee et al. 2011), unsuitable C/N ratios and high lipid concentrations. Generally, livestock 
manure contains high levels of nitrogen. Single anaerobic digestion of manure therefore often 
results in low performance due to nutrient imbalance and ammonia inhibition. (Zhang, Su et 
al. 2014) Manure may also contain sand and gravel that settles on the bottom, as well as fibre 
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in the form of straw, hay and silage residues that can cause foam formation (Svenskt 
Gastekniskt Center AB 2009).   
 
2.4.4 Co-digestion of Pig Manure and Kitchen Waste 
Although organic matter, such as kitchen waste, can be used as the sole feedstock in anaerobic 
digestion, the digestion process tends to fail without the addition of external nutrients and 
buffering agents (Demirel, Scherer 2008). Co-digestion with manure that possesses high 
buffering capacity is therefore a good alternative for an effective treatment of highly 
biodegradable materials. During co-digestion of plant materials and animal manure, the 
manure provides buffering capacity and various nutrients, while the plant material provides 
high carbon content. The result is a more balanced C/N-ratio and a decreased risk of ammonia 
inhibition and acidification. (Hashimoto 1983, Hills, Roberts 1981) In co-digestion, the 
digester performance is influenced by the mixing ratio of the substrate composition. 
Depending on the characteristics of the substrates used, the optimal mixing ratio will be 
different for different substances being co-digested. (Kafle, Kim 2013)  

In a study conducted by (Tian, Duan et al. 2015), different mixing ratios of kitchen waste and 
pig manure for batch anaerobic digestion at mesophilic (35℃) conditions were evaluated. A 
ratio of pig manure to kitchen waste of 1:1 resulted in the highest biodegradability and 
methane yield. Digestion of the substrate composition had produced 409.5 ml/gVS after 30 
days. (Molinuevo-Salces, García-González et al. 2010) investigated the ideal proportion of 
vegetable processing waste added as co-substrate during the anaerobic digestion of swine 
manure under batch conditions. After 30 days of digestion, the highest methane yield (208 
ml/gVS) was obtained when the substrate contained 53.75% vegetable waste and 46.25% pig 
manure. The second highest methane yield (151.5 ml/gVS) was obtained when the substrate 
contained 14.6% vegetable waste. (Kafle, Kim 2013) evaluated the performance of anaerobic 
digester, operating at mesophilic temperature, using a mixture of apple waste and swine 
manure. During continuous digestion, the methane yield was increased by 30% when the 
apple waste content was increased from 25% to 33%. In an attempt to improve biogas 
production from rice straw, (Martí-Herrero, Alvarez et al. 2014) investigated the effect of 
feedstock ratios in anaerobic co-digestion of rice straw, kitchen waste and pig manure. The 
result indicated that the optimal ratio of kitchen waste, pig manure and rice straw was 
0.4:1.6:1.0. The biogas yield was increased by 71.67% and 10.4% respectively compared to 
digestion of rice straw or pig manure alone. A methane yield of 320 ml/gVS was measured 
after 30 days of digestion. The digestion was performed as batch digestion at mesophilic 
(37℃) conditions.  

2.5 Composition of Biogas 
Biogas is primarily composed of methane and carbon dioxide but contains smaller amounts of 
hydrogen sulphide and ammonia. The composition of biogas and the methane yield depends 
on the feedstock type, the digestion system, and the retention time (Weiland 2010). (Tian, 
Duan et al. 2015) produced biogas with methane contents ranging between 52 and 63% when 
co-digested kitchen waste and pig manure of different mixing ratios. The highest methane 
ration was received from the substrate with a mixing ratio of 1:1 based on the substrate TS 
content. During co-digestion of 33% apple waste and 67% pig manure, (Kafle, Kim 2013) 
managed to produce biogas with a methane content of 82% after 29 days of continuous 
digestion at mesophilic conditions (36,5℃). (Zhang, Xiao et al. 2013) produced biogas with 
55.2% methane from anaerobic co-digestion of cattle manure and food waste at mesophilic 
temperature (35℃). (Molinuevo-Salces, González-Fernández et al. 2012) used vegetable 
waste as co-substrate in the anaerobic digestion of swine manure at mesophilic temperature 
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(37℃). When using 50% vegetable waste based on the substrate dry weight, the biogas had a 
methane content of 56%. 
 
A way to measure the methane content in the biogas is to use sodium hydroxide aqueous 
solution (NaOH aq) as an absorbent to capture the carbon dioxide in the biogas. When the 
NaOH has absorbed the carbon dioxide, the remaining gas volume is compared to the origin 
biogas volume. (Yoo, Han et al. 2013) summarized the net reaction of carbon dioxide 
absorption in NaOH aqueous solution as expressed in (1). 
 
NaOH aq   +  CO! g → NaHCO! aq    (1) 

 
2.6 Small-Scale Digester Design 
Small-scale digesters are often characterized by the absence of active mixing devices and/or 
heating systems (Martí-Herrero 2011). The Chinese fixed-dome, the Indian floating drum and 
the tubular digester(Bond, Templeton 2011)are all considered small-scale models (Lou, Nair 
et al. 2012). Such digesters are usually sized to be fed by human and animal waste from one 
household and is intended to deliver the energy demand of the same household(Bond, 
Templeton 2011). 
 
2.6.1 Fixed-Dome Digester 
The fixed-dome digester (Figure 4) is used mainly China. The digesters are buried completely 
into the ground and consists of a cylindrical chamber, an feedstock inlet and a digestate outlet, 
which also serves as a compensation tank. Biogas is stored in the upper part of the chamber. 
When the biogas production starts, the slurry is displaced into the compensation tank. Thus 
the volume of the compensation tank is equal to the volume of biogas storage. (Tauseef, 
Premalatha et al. 2013) The fixed-dome digesters are made of bricks and concrete. The 
construction of the digester is labour intensive and requires skilled supervision. Extraordinary 
maintenance might be needed if cracks appear, as a result of atmospheric temperature 
fluctuation or earthquakes. (Pérez, Garfí et al. 2014) The lifespan of the buildning materials is 
considered to be 20 years (Lou, Nair et al. 2012).  

 

 
Figure 4. Image of a traditional fixed dome digester (Abbasi, Tauseef et al. 2012). 
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2.6.2 Floating Drum Digester 
The floating drum digester (Figure 5) is one of the most widely accepted and used designs for 
household purposes in Indea. The digester consists of a cylindrical digester and a movable, 
floating gas-holder or drum (Tauseef, Premalatha et al. 2013). To achieve a more stable 
internal temperature, the digester is buried underground. The drum floates either directly on 
the fermenting slurry or in a separate water jacket, depending on the pressure of gas in the 
digester. A guide frame provides stability and keeps the drum upright. As the gas production 
proceeds, the drum is pushed up providing a visual indicator of the quantity of gas available. 
(Tauseef, Premalatha et al. 2013) The digester is usually made of brick and concrete while the 
gas holder is made of metal. The metal drum is maintenance-intensive since rust removal and 
painting has to be performed regularly. A well kept metal gas holder can be expected to last 
between three and five years in humid salty air or eight to twelve years in a dry climate 
whereas the lifespan of the digester is up to fifteen years. (Nzila, Dewulf et al. 2012)  

 
Figure 5. Images of traditional floating drum digesters (Nzila, Dewulf et al. 2012). 
 
For the construction of both fixed-dome and floating drum digesters, large quantities of 
building material must be transported. Thus the technology could be adequate for systems 
installed near the cities or in rural areas with low transportation costs. A high investment cost 
and the long lifespan of the building materials make the design suitable for farmers with a 
long-term economic horizon. (Lou, Nair et al. 2012)  
 
2.6.3 Tubular Digester 
The tubular digester (Figure 6) originates from the ”red mud PVC” bag designed in Taiwan 
by Pound in 1981 and is the most popular low cost technology model in Latin America. The 
volume of a tubular digester is separated into two phases – liquid and gas. (Martí-Herrero 
2011) In the reactor, the liquid flows through the tubular bag from the inlet to the outlet while 
biogas is collected by a a gas pipe connected from the top of the digester to a reservoir 
(Ferrer, Garfí et al. 2011). Low-cost tubular digesters are generally made of plastic sheets 
(low- and high density polyethylene or PVC sheets). Since the material is flexible the digester 
takes form of the container in which they are installed; most commomly in a trench in the 
ground. (Martí-Herrero, Cipriano 2012) The liquid volume of the digester is suppose to fill 
the volume of the trench in where the digester is situated (Martí-Herrero 2011) while the 
remaining volume form the biogas bell (Martí-Herrero, Cipriano 2012). The estimated 
average life expectancy of the tubular digester is five years. The low investment cost and 
short life expectancy makes the digester suitable for poor farmers with short investment 
horizon and who often change agricultural activities. Since the material of a tubular digester is 
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easy to transport, the digester model is also highly suitable for farmers resident in remote rural 
areas.  (Lou, Nair et al. 2012)  

 

 
Figure 6. Image of a tubular digester (Ferrer, Garfí et al. 2011). 
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3. Cooking Fuel Characteristics and Utilization 
3.1 Wobbe Index 
The Wobbe Index, W, is an indicator of the interchangeability of fuel gases such as methane 
gas and liquefied petroleum gas. If two fuels have identical Wobbe Indices then, for given 
pressure and valve setting, the energy output will also be identical. If H is the heating value or 
calorific value, and G! is the specific gravity, the Wobbe index is defined as 
 
W =    !

!!
  .  (2) 

 
The specific gravity is calculated as the ratio of the density of the gas to the density of air. The 
Wobbe Index has the same unit as the heating value or calorific value and can be described 
with an upper or a lower value in the same way as the heating value or calorific value. 
(Svenskt Gastekniskt Center AB 1999) 
 
3.2 Biogas  
The amount of biogas needed to meet the requirements of one family varies depending on the 
methane content of the biogas, the pressure in the gas pipe and the stove efficiency. Cultural 
aspects such as cooking traditions and family size also affect the fuel consumption. Because 
every family situation is different, it is difficult to determine exactly how much biogas a 
family requires. The Food and Agriculture Organization of the United Nations (FAO) 
consider 2.9 m3 biogas/day to be enough to cover the “requirements of a typical family of six” 
(Food and Agriculture Organization of the United Nations ) (Bond, Templeton 2011) believes 
that 1.5-2.4 m3 of biogas is sufficient to supply the cooking requirements for a family of five 
whilst (Dioha, Dioha et al. 2012) claims that a family of five to six persons requires 1.5 m3 of 
biogas for cooking and lightening per day.   
 
The methane content of the biogas is a direct indicator of the quality of the biogas since when 
burnt, it is the methane that is converted into energy in form of heat. A higher methane-
content of the biogas means that there is more energy available for creation of heat. The 
biogas is combustible if the methane content is greater than 50%. (Iyagba, Mangibo et al. 
2009) The lower calorific value of pure methane is 49 850 kJ/kg and the lower Wobbe Index 
is 47880 kJ/Nm3. (Svenskt Gastekniskt Center AB 2012) 
 
The biogas stove is the last component of the biogas system. It is not possible to burn biogas 
in commercial butane and propane burners because of its physiochemical properties. 
However, it is possible to use these burners after some modifications.(Bond, Templeton 
2011)When modified, the gas injector, cross-section and mixing chamber of the stove are 
transformed. The biogas burners are designed to meet a mixture of biogas and air in a ratio of 
1:10. (Rajendran, Aslanzadeh et al. 2012)  
 
3.3 LPG  
Liquefied petroleum gas or liquid petroleum gas are flammable mixtures of hydrocarbon 
gases used as fuel in heating appliances, cooking equipment and vehicles. Varieties of LPG 
include mixes that are primarily propane (C3H8), primarily butane (C4H10) and, most 
commonly, mixes including both propane and butane. Propylene, butylene and various other 
hydrocarbons are usually also present in small concentrations. The gas is liquefied under 
pressure for transportation and storage. (International Energy Agency 2015) 
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The calorific value of LPG varies with the composition of the gas. If a mixture of 60% 
propane and 40% butane (by mass) is assumed, the lower calorific value of LPG is 46150 
kJ/kg (International Energy Agency 2015) or 24870 kJ/Nm3 (Staffell 2011). For the same 
propane-butane ratio, the lower Wobbe Index is 79200 kJ/Nm3 (International Association for 
Natural Gas Vehicles 2000).   
 
In Filipino homes, LPG is used in single or double table top gas stoves. A typical LPG stove 
used for cooking has an efficiency of 39.9% (World LP Gas Association ). In this study, the 
price of liquefied petroleum gas is assumed to be 50.91 PHP/kg (9.39 SEK/kg) (Philippines 
Department of Energy 2015).  
 
3.4 Wood and Biomass 
Biomass combustion provides basic energy requirements for cooking and heating of rural 
households (International Energy Agency 2006). Several aspects affect the heating value of 
wood as fuel. The moisture content, density, hardness and amount of volatile matters are all 
examples of factors affecting the energy output from combustion of wood fuels. In this study, 
the lower calorific value of wood has been approximated to 17000 kJ/kg. (Quaak, Knoef et al. 
1999) 
 
In the Philippines, the three stone stove and the half-cylinder stove are the most common 
wood stoves for household use. Traditional three stone stove for firewood and agricultural 
residues have two major drawbacks, namely low efficiency resulting in wastage of fuels and 
indoor air pollution caused by pollutants released inside the kitchen. The efficiency value of a 
traditional three stone stove in the Philippines is approximately 6.5%. (International Energy 
Agency 2006) 
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4. Methods 
The methodology of this study can be divided into three different parts; a feasibility study, a 
field study and the final design of a full-scale biogas digester. A short summary of the three 
steps of methodology is presented in Figure 7. The text inside the boxes briefly describes the 
key steps of each part. The text above the arrows describes which results were brought from 
one step to another.   
 

 
4.1 Feasibility Study 
The feasibility study was conducted in a laboratory setting at Karlstad University. During the 
study, batch digestion of substrates containing four different compositions of pig manure and 
kitchen waste was performed.   
 
The methane production was measured using the AMPTS II (Automatic Methane Potential 
Test System II). The system performs measurements of low methane flows produced from 
anaerobic digestion at laboratory scale. The system consists of three sections. In the first 
section, batch digesters are stored in thermostatic water baths and connected to rotating shafts 
for mixing. Biogas is led from the digesters to vials containing a NaOH-solution (section 
two), in where the carbon dioxide is dissolved. The remaining methane gas is then led to a gas 
volume-measuring device (third section) where the produced methane volume is measured. 
Figure 8 illustrates the AMPTII set up.  

 
Figure 8. AMPTSII system set up (Bioprocess control 2014). 

Section 1 Section 2 Section 3 

Feasibility Study 
Batch digestion of 
four different 
substrate 
compositions in 
laboratory scale. 

Field Study and Field Trips 
Continuous digestion of chosen 
substrate composition in test 
plants of floating drum model. 

Inventories at backyard pig farms.  
 

Digester Design 
Sizing of a full-scale 
biogas digester, 
adapted to local 
conditions in the 
Pampanga Province.   

Substrate Composition  
Hydraulic Retention Time 

 
Substrate Availability  

Figure 7. Summary of the three steps of methodology.  
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Table 2 shows the substrates that were digested in the feasibility study. All substrate 
compositions were inoculated with cow manure. Sample INO 1-3 contains pure inoculum (i.e. 
cow manure). Sample 1.1-3 and 2.1-3 contain pure pig manure and pure kitchen waste while 
sample 3.1-3 and 4.1-3 contain a mixture of pig manure and kitchen waste. The proportions of 
the two substrates are based on their VS content. Digestion of the substrates was performed in 
triplicates resulting in a total of 15 samples. 
 
Table 2. Substrate composition in samples analysed during feasibility study. 

Sample  Substrate composition 
INO 1-3 Pure inoculum (cow manure) 
Sample 1.1-3  Pure pig manure 
Sample 2.1-3 Pure kitchen waste 
Sample 3.1-3 2/3 kitchen waste, 1/3 pig manure 
Sample 4.1-3 1/3 kitchen waste, 2/3 pig manure 
 
From now, KW refers to kitchen waste and PG refers to pig manure.  
 
4.1.1 Inoculum and Substrates Characteristics  
Kitchen waste from a Swedish household was collected and blended to a smooth mixture 
using a hand blender. Fresh cow and pig manure was collected at farms in Väse, Sweden. The 
cow manure was stored at 37 ℃ for seven days before the feasibility study was stared. The 
kitchen waste and pig manure were refrigerated at approximately 6 ℃ before the digestion 
process was stared. Calculations of the TS and VS content of cow manure, pig manure and 
kitchen waste were performed according to the method described in (Eaton, Clesceri et al. 
2005b) and (Eaton, Clesceri et al. 2005a). Measurements for TS and VS calculations were 
performed in duplicates, resulting in a total of six samples. The equipment used during the 
evaluation were as follow: Aluminum dishes, Binder heating oven, Carbolite ELF laboratory 
chamber furnace and Radwag PS 1000.R1 laboratory balance.  
 
The VS and TS content of pure substrates and inoculum is presented in Table 3. Based on 
these values, the VS content of the mixed substrates (sample 3.1-3 and sample 4.1-3) was 
calculated using (3) and (4).  
 
VS! =⅓ ∙ VS!" +   ⅔ ∙   VS!" (3) 
  
VS! =⅔ ∙ VS!" +   ⅓ ∙   VS!" (4) 
 
Table 3. TS and VS content of substrates and inoculum used during the feasibility study. 

Sample TS [%] VS [%] 
Cow manure 12.6 11.1 
Kitchen waste 28.2 22.9 
Pig manure 30.0 25.2 
 
4.1.2 AMPTSII Settings  
At the AMPTS II experiment settings; the total amount of sample in each bottle was set to 
50 g. The inoculum to substrate VS ratio was chosen to 1.5. The total reactor volume was 
estimated to 600 ml including the volume of the connection tubing. The carbon dioxide 
content in the flush gas was approximated to be 0% and the expected methane content in the 
biogas was assumed to be 100%. The mixer on and off time was set to be 60 seconds and the 
mixer speed adjustment was 80%.   
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4.1.3 Inoculation and Operation 
The wet weight, m, of substrate and inoculum added to each reactor were calculated using (5). 
The calculation was based on the VS amount provided by AMPTSII. In (5), x represents the 
ratio of each substrate in the mixed substrates. For pure substrates (INO 1-3, sample 1.1-3 and 
2.1-3), x equals 1.    
 
m =    !  ∙  !!"

!.!"∙!"
    (5) 

 
The amount of substrate and inoculum added to each reactor are presented in Table 4. In the 
table, m corresponds to the wet weight [g] and VS represents the amount of VS [gVS] added 
to each reactor. The substrate and inoculum were added to 500 ml glass bottles. The mixtures 
were then diluted with distilled water until the bottles were filled with 400 ml of slurry. 
Before the digestion process was started, the pH of the slurry was measured using a calibrated 
Mettler Toledo SevenEasy meter. 
 
Table 4. Wet weight and VS amount of substrate and inoculum added to each reactor. 

 Inoculum Pig manure Kitchen Waste 
Sample  m [g] 𝐦𝐕𝐒 [gVS] 𝐦 [g] 𝐦𝐕𝐒 [gVS] 𝐦 [g] 𝐦𝐕𝐒 [gVS] 
INO 1-3 50.00 11.1 - - - - 
Sample 1.1-1.3  38.65 4.29 11.35 2.86 - - 
Sample 2.1-2.3 37.79 4.19 - - 12.21 2.80 
Sample 3.1-3.3 38.10 4.23 3.73 0.94 8.21 1.88 
Sample 4.1-4.3 38.36 4.26 7.51 1.89 4.13 0.95 

 
The 500 ml bottles were sealed with rubber stoppers, connected to rotating shafts for mixing 
and placed in a thermostatic water bath operating at 37℃. Each bottle was then connected to a 
vial containing 80 ml of 3 M NaOH solution mixed with 0.4% Thymolphthalein pH-indicator 
solution for CO2-fixation (Bioprocess control 2014). The 500 ml bottles were flushed with 
nitrogen for approximately 30 seconds to create anaerobic conditions and connected to a gas 
volume-measuring device. The digestion process was monitored for 30 day. During that 
period of time, the total methane production [Nml] and methane flow rate [Nml/day] were 
measured.   
 
4.1.4 Analysis of Digestate 
After the digestion process, analysis of the pH level and the concentration of organic acids 
and free ammonia nitrogen in the digestate were performed. The pH level of the digestate was 
measured using a calibrated Mettler Toledo SevenEasy meter. 
 
The analysis of the ammonium nitrogen concentration was performed on vacuum filtered 
digestate. For the analysis, Hach Lange LCK305 Ammonium-Nitrogen cuvette test (1-12 
mg/l) were used. The digestate was diluted with distilled water to a 1:10 dilution. The total 
digestate volume used for one test was 50 µμl. The measurements were performed in a Hach 
Lange DR 2800 spectrophotometer.  
 
The free ammonia nitrogen concentration was calculated using (6) and (7). In (6), the total 
ammonia nitrogen concentration (TAN) was approximated to equalize the ammonium 
nitrogen concentration. The temperature dependent dissociation constant, K!, is 1.097∙10-9. 
This value is valid at a temperature of 35℃ (Kayhanian 1999). The values of TAN and the pH 
levels used during calculations are presented in Table 15. 
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NH! =   
!"#∙!!!
!!
! !!

   
(6) 
 

  
H = 10!!"  (7) 

 
The analysis of the organic acids concentration was performed on samples with a pH level 
below 6.0 (sample 2.1-3 and 3.1-3). The analysis was performed on vacuum filtered digestate. 
For the analysis, LCK365 Organic Acids cuvette test (50-2500 mg/l) were used. The digestate 
was diluted with distilled water to a 1:4 dilution. The total digestate volume used for one test 
was 100 µμl. The samples were heated in a Hach Lange LT200 Dry Thermostat for ten minutes 
and then allowed to cool before analysed using a Hach Lange DR 2800 spectrophotometer.  
 
4.1.5 Removal of the Inoculum’s Contribution to the Methane Production  
Both the inoculum and the substrate contain biodegradable material, therefore both inoculum 
and substrate will contribute to the methane production when digested together. Since this 
study aimed to measure the methane produced solely from the substrate, the inoculation’s 
contribution to the methane production was excluded from the measured gas volume.  
 
To analyse the methane flow produced from the substrates alone, the average methane flow 
measured from INO 1-3 was subtracted from the methane flow from samples containing both 
inoculum and substrate. The produced methane volumes from each substrate were then 
divided with the amount of substrate added in [gVS]. The calculations were performed using 
the daily methane flow and equation (8) to (9). The daily methane flows are presented in 
Table 25 to Table 27 in Appendix 1.  
 
V(INO) =   !!"#  !!  !!"#  !!  !!"#  !

!
  (8) 

  

!   !"#
! !"  !""#",!"#

  =   
! !"#!!"#   !   !   !"#

! !"  !""#",      !"#!
  ∙  ! !"  !""#",      !"#!

! !"  !""#",!"#
    

(9) 

 

4.2 Field Study 
The field study took place in Angeles City located in the Pampanga Province between 
February 18 and April 22 2015. During the study, continuous digestion of a substrate 
containing 2/3 kitchen waste and 1/3 pig manure was performed.  
 
4.2.1 Construction of test plants 
The substrate was digested in test plants of floating drum model. In Figure 9, the principle of 
a floating drum digester is presented.  
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Two versions of the test plant were constructed. Each version was constructed in duplicate, 
resulting in a total of 4 test plants. Digester A and B had a liquid volume of 10 litres, digester 
C and D had a liquid volume of 16 litres.   
 
Images of a constructed fermenter tank are presented in Figure 10. The tank was made from 
16 litre plastic buckets. The inlet and outlet holes were made by perforating the bucket using a 
preheated (3/4") metal nipple. The feedstock inlet consisted of PVC pipes, a 90° PVC elbow, 
a PVC female adapter and a PVC male adapter. The inlet pipe was placed near the base and 
ranged into the centre of the tank. The digestate outlet was made from a 90° PVC elbow, PVC 
pipes, a PVC male adapter and a PVC female adapter cut into a check nut. The outlet was 
placed at a height so that the slurry starts flowing out if the slurry volume exceeds the liquid 
volume of the fermenter tank. To avoid leakage, all connections were glued together with 
PVC glue. Images of the fermenter tank is presented in Figure 10.  
 

Figure 10. Left: side view of a fermenter tank. Right: top view of a fermenter tank. 

The gasholder tank was built from a 10 litre plastic bucket whose top edge had been cut of 
using a hacksaw. In the bottom of the bucket a hole was made using a preheated (3/8") metal 
male adapter (digester A and B) or preheated thread of a gas tap (digester C and D). The gas 
outlet of digester A and B was constructed from a metal female adapter, an O-ring, a metal 
male adapter, a threaded ball valve and a hose nipple. A gas tap was used as the gas outlet of 
digester C and D. A gas hose secured with a hose clamp was then connected to the hose 
nipples and the gas taps. To avoid gas leakage, thread tape was applied to all connections and 
the joints were covered with gas seal. Close up images of the gas outlets of digester A and B 
are presented Figure 11. 

 

 

GASHOLDER TANK 

FERMENTER TANK 

GAS PIPE 

GAS TAP 

DIGESTATE 

OUTLET PIPE
 GAS PIPE 

INLET PIPE 

FUNNEL 

Figure 9. Components of a floating drum digester.  
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To prevent the gasholder tank from tipping, a cylindrical tilt protection was built from chicken 
wire. Plastic bottles were placed under the outlet to collect excess digestate. An image of the 
completed test plants is presented in Figure 12. The materials required for the manufacturing 
of one test plant are listed in Table 5.  
 

Figure 12. The four test plants. The green test plants to the left represent digester C and D. The blue 
digesters to the right represent digester A and B.   
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Left: gas outlet of digester A. Right: gas outlet of digester B connected to a gas hose. 
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Table 5. Materials required for constructing one test plant. 

Materials  Dimensions 
Fermenter tank  
Plastic bucket  16 l  
Feedstock inlet  
PVC pipe 3 pieces, 340 + 130 + 40 mm long, ¾" Ø 
90 ° PVC elbow ¾" Ø 
PVC female adapter  ¾" Ø 
PVC male adapter ¾" Ø 
Digestate outlet   
PVC pipe  1 piece, 70 mm long, ¾" Ø 
PVC female adapter  ¾" Ø 
PVC male adapter ¾" Ø 
90 ° PVC elbow ¾" Ø 
Gasholder tank, digester A and B  
Plastic bucket  10 litres  
Metal female adapter ¼" Ø 
O-ring  
Metal male adapter ¼ " Ø 
Threaded ball valve ¼ " Ø 
Hose nipple  ¼ " Ø 
Hose clamp  1 piece 
Gas hose 2 meter long, ⅜" Ø 
Gasholder tank, C and D  
Plastic bucket  10 litres  
Gas tap  ¼ " Ø 
Check nut ¼ " Ø 
Hose nipple 1 piece 
Gas hose 2 meter long, ¼ " Ø 
Other materials  
Chicken wire  
Thread tape  
Gas seal   
PVC glue  
Silicon  
Metal nipple ¾" Ø 
Tools  
Hacksaw  
Pliers   
File  
Wrench  
Gas stove  
 
4.2.2 Construction of Gas-Washing Bottles 
In addition to the test plants, two gas-washing bottles were constructed. The purpose of the 
bottles was to separate the carbon dioxide from the produced biogas. Images of the gas-
washing bottle are presented in Figure 13. 
 
The bottles were made from 10 litres plastic bottles. Two holes were made in the cap of the 
bottle by perforating it with a preheated (10 mm Ø) copper pipe. A 50 cm long copper pipe 
ranging from the top to the bottom of the bottle constituted the gas inlet whilst a 2 cm plastic 
pipe represented the gas outlet. Both pipes were attached to the holes in the bottle cap using 
PVC glue and silicon. The cap was then sealed to the bottle using thread tape, PVC glue and 
silicon. The inlet of the gas-washing bottle was connected to the gasholder tank with a gas 
hose. A SKC Tedlar Sample Bag (which will henceforth be referred to as gasbag) was 
connected to the gas-washing bottle outlet using a plastic hose and a three three-way, T 
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positioned hose valve. The materials required for the manufacturing of one gas-washing bottle 
are listed in Table 6.   

Figure 13. Image of a gas-washing bottle containing NaOH-solution.  
 
Table 6.	  Materials required for constructing one gas-washing bottle.	  

Materials Dimensions 
Copper pipe 0.5 m long, 10 mm Ø 
Water bottle  10 litres 
Plastic pipe  20 mm long, 6 mm Ø 
Gas hose  " 6 mm Ø 
Plastic hose - 
Hose valve 3 way T-position 
Gasbag 5 l 
Other materials  
Thread tape  
Gas seal   
PVC glue  
Silicon  
Tools  
Hacksaw  
File  
Gas stove  
 
4.2.3 Inoculum and Substrate Characteristics  
Kitchen waste from a Filipino household was gathered and blended to a smooth mixture using 
a hand blender. Fresh pig and cow manure were collected at farms in Magalang, Pampanga. 
Digestate from an existing biogas plant was collected at a farm located in San Fernando, 
Pampanga. The calculations of the TS and VS content were performed according to the 
method described in (Eaton, Clesceri et al. 2005b) and (Eaton, Clesceri et al. 2005a) at 
Pampanga State Agricultural University under the supervision of Dr. Lein Pineda. All 
measurements were performed in triplicates, resulting in a total of nine samples. The materials 
used during the evaluation were as follow: Aluminium dishes, AISET YLD-2000 dry oven, 
Sybron Thermolyne 1400 furnace and Shimadzu ATY 224 laboratory balance.  
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Based on the VS calculations for pure pig manure and kitchen waste, the VS content of the 
mixed substrate was calculated using (3). The VS and TS content of pure substrates and 
inoculum is presented in Table 7. 
 
Table 7. TS and VS content of substrates and inoculum used during the field study. 

Sample TS [%] VS [%] 
Cow manure 26.11 17.18 
Digestate 18.97 3.09 
Kitchen waste 14.83 14.24 
Pig manure 30.25 25.05 
 
4.2.4 Inoculation and Operation 
Digester A and B were inoculated with a mixture of fresh cow manure and tap water. Digester 
C and D were inoculated with fresh cow manure, digestate from an existing biogas plant and 
tap water. During inoculation, cow manure was diluted with water until it reached a TS 
content of 2%. Because biogas slurry consists mainly of water, the density of the slurry was 
approximated to 1000 g/l. The amount of cow manure needed for the inoculation was 
calculated based on the volume of the fermenter tank and the TS content of the manure. The 
equation used for the calculations is presented in (10). The TS content of the cow manure is 
presented in Table 7.  
 
m!"#  !"#$%& =   

!"!"#$%"!  ∙  !!"#!  !"#$%  ∙  !!"#$$%
!"!"#

  (10) 

 
The amount of matter added to each digester during inoculation is presented in Table 8. When 
the appropriate amount of manure-water mixture and digestate had been added, the mixture 
was stirred and all extraneous matter was removed.  
 
Table 8. Amount of inoculum added to each digester during the field study. 

Digester Cow manure [g] Cow manure [gVS] Digestate [g] Digestate [gVS] 
A & B 766  131.60 - - 
C & D 1252 215.09 2698 83.37 
 
After inoculation, the gasholder tank was placed in the liquid inside the fermenter tank. The 
gasholder tank was let to sink half into the liquid before the gas valve was closed. To ensure 
that all joints were gas tight, the level of the gasholder tank was monitored for approximately 
ten hours before let to sink completely into the liquid. During the following days, the gas 
production in the test plants was closely monitored. When the gas production in the test plants 
was noticeable, the feeding period was initiated.   
 
Based on the results from the feasibility study, the hydraulic retention time was set to 16 days. 
Each test plant was fed with 30 g VS at a daily basis for a period of 32 days. This corresponds 
to an organic loading rate of 3 gVS/l day for digester A and B, and 1.875 gVS/l day for 
digester C and D. The wet weight, m, of the substrate fed daily to each reactor was calculated 
using (11). In the equation, x represents the ratio of each substrate in the composite substrate. 
The TS content of pig manure and kitchen waste is presented in Table 7.  
 
m =    !"  ∙  !

!.!"∙!"
     (11) 
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The daily load of feedstock is presented in Table 9. In the table, m corresponds to the wet 
weight [g/day] added and VS represents the amount of VS [gVS/day] added to each reactor.  
 
Table 9. Amount of feedstock added to each digester at a daily basis during the field study. 

Feedstock m [g/day] VS [gVS/day] 
Composed feedstock 181  30  
Kitchen waste 141  20 
Pig manure 40  10 
 
During feeding, the proper amount of kitchen waste and pig manure was weight using a 
kitchen scale and placed in a bottle. The bottle was then filled with tap water until it contained 
0.625 l (A and B) and 1.0 l (C and D) of substrate-water mixture respectively. The blend was 
then mixed to a smooth mixture using a hand blender before poured through the digester 
inlets. When the inlet pipes got clogged with undigested feedstock, a PVC-pipe (¾" Ø) was 
placed vertically in the fermenter tank next to the gasholder tank. The feedstock was then fed 
through the pipe to the base of the tank. The equipment used during feeding is presented in 
Table 11.  
 
4.2.5 Revision of Methodology for Measuring the Methane Content 
The original idea was to use the constructed gas-washing bottles to remove carbon dioxide 
from the produced biogas and then measure the remaining methane gas. When this method 
was tested, it was found that the joint connecting the inlet pipe to the bottles was not gas tight. 
After several unsuccessful attempts to seal the joints, it was concluded that the constructed 
gas-washing bottles did not constitute an appropriate method for the field study. Instead it was 
decided that the daily biogas yield should be measured and that the methane content should be 
measured using a 500 ml capacity Drechsel bottle.  
 
4.2.6 Measured Variables and Measuring Techniques 
Daily Biogas Yield 
The daily biogas yield was measured during a period of 31 days for test plant A and B and a 
period of 32 days for test plant C and D. The measuring period was initiated after two days of 
feeding for test plant A and B, and after one day of feeding for test plant C and D. During 
measurements, the gas tap was opened and the biogas stored in the gasholder tank was 
emptied using a graduated glass syringe. The syringe was connected to the gasholder tank 
through the gas hoses using a three three-way, T positioned hose valve. Figure 14 presents an 
image of the glass syringe in use during measurements.  
 
Methane Content 
The methane content of the biogas was determined using a Drechsel bottle containing 3M 
NaOH solution and 0.4% Thymolphtalein pH-indicator solution. The NaOH serves as CO2-
fixator while the Thymolphtalein solution cause a colour change from blue to colourless if the 
NaOH solution becomes impaired. The preparation of the solutions was performed in 
accordance with chapter 8.1, section a. to d., in (Bioprocess control 2014). The substances and 
proportions required for 500 ml of CO2-fixation liquid are listed in Table 10.  
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Table 10. Substances required for preparation of 500 ml CO2-fixation liquid. 

Substance Quantity 
Distilled water 500 ml 
Sodium Hydroxide  60 g 
Ethanol, 95% 2.25 ml 
Thymolphtalein pH-indicator 10 mg 
Distilled water 0.25 ml 
      
The methane content of the biogas was measured during a period of nine days. The procedure 
took place from day 24 to 32 and from day 22 to 30 of feeding for test plant A & B and for 
test plant C & D, respectively. During the measurements, the produced biogas volume was 
measured using a graduated glass syringe. The biogas was then led into a Drechsel bottle 
where the carbon dioxide was dissolved. The remaining gas (i.e. pure methane) was led from 
the gas-washing bottle and collected in a gasbag. The volume of the methane gas inside the 
gasbag was then measured using the glass syringe. Figure 14 clarifies the equipment set-up 
used during measurements of the methane content.   
 

 
Figure 14. Left: glass syringe used for measuring gas volumes during the field study. Right: equipment 
set-up during measurements of the methane content.   

From day 1 to 4 of methane content measurements, the same NaOH solution was used. It was 
then noticed that the methane contents increased rapidly and reached unrealistically high 
levels. It was suspected that the NaOH solution did not capture the entire volume of carbon 
dioxide in the biogas. The NaOH solution was therefore replaced with fresh solution after 
each set of measurements from day five. The methane content of the biogas, C, was calculated 
as the ratio between the daily methane and biogas yield using (12). The average methane 
content in each test plant was then calculated as the mean value of the methane contents 
measured at daily basis. Due to the error mentioned above, the results from day 3 and 4 of 
measurements were excluded when calculating the average methane content.  
 
C!"#$%&" =

!!"#$%&"
!!"#$%&

∙ 100  (12) 

 
Temperature and pH 
During the feeding period, the slurry and outdoor temperatures were measured at a daily basis 
using a Testo 925 thermometer. Since digester A and B were placed in the same position, 
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their slurry was approximated to have the same temperature. The same assumption was made 
for digester C and D. To control the conditions inside the test plants, the pH values of filtered 
digestate were measured once a week using Panpeha pH indicator strips. The digestate was 
filtered using a ceramic funnel and micro-glass fibre paper. The equipment used during 
inoculation, feeding and field measurements is presented in Table 11. 
 
Table 11. Equipment used during inoculation, feeding and measurements in field. 

Feeding and Measuring Equipment Dimensions 
Kitchen scale - 
Hand blender - 
Funnel - 
Glass syringe  100 ml  
Plastic hose  4 mm Ø 
Hose valve 3-way T-position 
Testo 925 thermometer - 
Panpeha pH indicator strips - 
Ceramic funnel - 
Micro-glass fibre paper - 
Drechsel bottle 500 ml 
CO2-fixation liquid  500 ml 
SKC Tedlar Sample Bag 5 l 
 
Digestate from the four test plants was brought back to Karlstad University for analysis of the 
pH level and concentrations of organic acids and free ammonia nitrogen. The digestate was 
collected after 32 days of feeding. The pH levels were measured using a calibrated Mettler 
Toledo SevenEasy meter.   
 
Ammonia and Organic Acids 
Analysis of the ammonium-nitrogen level was performed on vacuum filtered digestate. For 
the analysis, Hach Lange LCK303 Ammonium-Nitrogen cuvette test (2-47 mg/l) were used. 
The digestate was diluted with distilled water to a 1:10 dilution. The total digestate volume 
used for one test was 20 µμl. The measurements were performed in a Hach Lange DR 2800 
spectrophotometer.  
 
The free ammonia nitrogen concentration was calculated using (6) and (7). In (6), the total 
ammonia nitrogen concentration (TAN) was approximated to equalize the ammonium 
nitrogen concentration. Due to fluctuations in the slurry temperature during the feeding 
period, calculations of the concentrations at two different temperatures were performed. The 
temperature dependent dissociation constant (K!) used in (6) was chosen at both 25℃ and 
35℃. K! is 0.5674∙10-9 at 25℃ and 1.097∙10-9 at 35℃ (Kayhanian 1999). The values of TAN 
and the pH levels used during calculations are presented in Table 16.   
 
The concentration of organic acids was analysed for samples with pH levels below 6.0 after 
digestion. The analysis was performed on vacuum filtered digestate from the four test plants. 
For the analysis, LCK365 Organic Acids cuvette test (50-2500 mg/l) were used. The digestate 
was diluted with distilled water to a 1:4 dilution. The total digestate volume used for one test 
was 100 µμl. The samples were heated in a Hach Lange LT200 Dry Thermostat for ten minutes 
and then allowed to cool before analysed using a Hach Lange DR 2800 spectrophotometer.  
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4.2.7 Calculations 
Gas volumes measured during the field study was converted from [ml] to [Nml]. Gas volumes 
expressed in [Nml] are assumed to be at 273.15 K (0℃), atmospheric pressure and to be dry. 
Thus, the measured methane and biogas was assumed to be completely dry. Equation (13) is 
based on the ideal gas law and was used during the calculations. The temperature of the 
methane and biogas was calculated as the mean temperature of the outdoor and the slurry 
temperature. The gas volumes measured during the field study and used during calculations 
are presented in Appendix 1.   
 
V! =   

!
!
   ∙ T!  (13) 

 
The daily biogas and methane yield [Nml] was divided with the daily feedstock amount [gVS] 
using (14). The inoculum was assumed not to contribute to the biogas formation when the 
feeding period was initiated.        
 
y =    !

! !"  !""#"
     (14) 

 
4.3 Field Trips  
In order to create a representative image of traditional pig farms in the Pampanga Province, 
field trips to four different pig farms located in the Pampanga Province were accomplished. 
During these visits, observations regarding accessible amount of pig manure, manure 
management and utilization, available space and additional agricultural activities were 
performed. 
 
4.4 Design of Full-Scale Digester 
The design of the digester is based on an existing digester model called the ARTI compact 
biogas digester. This digester model was developed by Appropriate Rural Technology 
Institute (ARTI), an NGO based in Maharashtra, India (Cheng, Li et al. 2014). 
 
4.4.1 Digester Volume and Required Substrate and Inoculum Amount 
Based on the average size of a family living in Pampanga (section 1.1) and a family’s biogas 
demand (section 3.2), the daily biogas requirement of one family in the Pampanga Province 
was estimated to 2.5 m3 and the methane content of the biogas was approximated to 60%.  
Thus, the family requires 1.50 m3 methane gas each day.  
 
The full-scale digester was sized based on results from an article written by (Molinuevo-
Salces, García-González et al. 2010). In the study, pig manure was being co-digested with 
vegetable processing waste during batch digestion. After 30 days, the methane yield was 
measured to 208 ml/gVS for substrates containing 46.25% pig manure and 53.75% vegetable 
waste on a VS basis. (Molinuevo-Salces, García-González et al. 2010) 

The amount of substrate needed to fulfil one family’s methane demand was calculated using 
(15) and (5). In the equations, the substrate amount is expressed in [gVS] and [g] respectively. 
The VS content used in (5), is presented in Table 7.  
 
m!" =

!!"#$%&"
!!"#$%&"

  (15) 
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The hydraulic retention time was chosen to 30 days and the organic loading rate was set to 
3 gVS/l, day. The daily methane requirement and the organic loading rate decide the size of 
the fermenter tank. Calculations of the tank size were performed using (16).  
 
V!"#$"%&"#  !"#$ =   

!!"
!"#

  (16) 
 
The size of the gasholder tank depends on the daily biogas production. To prevent the biogas 
from escape from the gasholder tank, the lower part of the tank has to be submerged in slurry 
at all times. The volume of the gasholder tank must therefore exceed the volume of the 
produced biogas. Since the estimated biogas production was 2.5 m3, the volume of the 
gasholder tank has to exceed 2.5 m3. The data used when sizing the digester are presented in 
Table 12. 
 
Based on the size of the fermenter tank, the amount of cow manure and digestate required to 
fulfil the inoculation of the digester was calculated. These calculations were performed in 
accordance with section 4.2.4.  
 
Table 12. Data used for the design of the full-scale digester.  

Quantity Unit Value 
Daily methane demand [m3/gVS, day] 1.5 
Daily methane yield [ml/gVS, day] 208 
Hydraulic retention time [days] 30 
Organic loading rate [gVS/l, day] 3 
Share of kitchen waste in substrate [%] 53.75 
Share of pig manure in substrate [%] 46.25 
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4.4.2 Effects of an Installed Biogas Digester  
To estimate the effects of an installed biogas digester, the replaceable amount of LPG and 
firewood was calculated. Furthermore, the reduced amount of GHG emissions corresponding 
to the replaceable amount of LPG was calculated. The input data used during calculations are 
presented in Table 13. 
 
Table 13. Input data used during fuel calculations. 

Quantity Value Unit Description Reference 
Methane     
HMETHANE 49850 kJ/Nm3 Lower calorific value, 

methane 
(Svenskt Gastekniskt Center AB 
2012) 

𝜂BIOGAS 39.9 % Efficiency, biogas 
stove  

(World LP Gas Association ) 

VMETHANE 1.50 m3 Daily methane demand - 
WMETHANE 47880 kJ/Nm3 Wobbe index, methane (Svenskt Gastekniskt Center AB 

2012) 
LPG     
CO2-eq 328.07   

∙  10-6 b 
kg CO2-eq/kJ Emission of CO2 

equivalents, LPG  
(US Environmental Protection 
Agency 2014, Intergovernmental 
Panel on Climate Change 1996)a 

HLPG, 1 24870 kJ/Nm3 Lower calorific value, 
LPG 

(Staffell 2011) 

HLPG, 2 46150 kJ/kg Lower calorific value, 
LPG 

(International Energy Agency 
2015) 

𝜂LPG 39.9 % Efficiency, LPG stove  (World LP Gas Association ) 
PHP 50.91 PHP/kg Price for LPG in PHP (Philippines Department of 

Energy 2015) 

WLPG 79200 kJ/Nm3 Wobbe index, LPG (International Association for 
Natural Gas Vehicles 2000) 

Firewood     
HFIRE WOOD 17000 kJ/kg Lower calorific value, 

fire wood 
(Quaak, Knoef et al. 1999) 

𝜂FIRE WOOD 6.5 % Efficiency, fire wood 
stove  

(Bhattacharya, Abdul Salam 
2002) 

a 1 mmBtu = 1.05587 GJ, b Assumed time frame of 100 years 
 
The amount of LPG replaced by biogas was calculated using (17). Since biogas and LPG are 
both gases, the Woobe index was used. During calculations, the gas stoves used for burning 
biogas and LPG was assumed to have the same efficiency.  
 
m!"# =   

!!"#$%&"  ∙  !!"#$%&"  ∙  !!"#,!
!!"#  ∙  !!"#,!

∙ 365      (17) 

      
The amount of firewood replaced by biogas was calculated using (18). The firewood was 
assumed to burn in a traditional three stone stove with an efficiency value of 6.5% 
(Bhattacharya, Abdul Salam 2002). The biogas stove was assumed to have an efficiency of 
39.9% (World LP Gas Association ).  
 
m!"#$  !""# =   

!!"#$%&"  ∙  !!"#$%&"  ∙  !!"#$%&  
!!"#$  !""#∙  !!"#$  !""#

∙ 365    (18) 

 
To calculate the amount of greenhouse gases prevented from being emitted as LPG is 
replaced by biogas (19) was used. The climate impact of the GHG is expressed as carbon 
dioxide equivalents. During calculation, only the GHG emitted during combustion of LPG 
was included.  
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GHG!"# =   

!!"#$%&"  ∙  !!"#$%&"  ∙  !!"#,!∙  !"!!!"
!!"#

∙ 365  (19) 

  
4.4.3 Financial Calculations  
The pig farmer was assumed to collect pig manure, kitchen waste and firewood from the farm 
or from the immediate area. Thus, these materials were considered free of charge. The annual 
cost of the replaced LPG in was calculated using (20). 11 kg of LPG were assumed to cost 
560 PHP (103.32 SEK) (Philippines Department of Energy 2015). In this amount, only the 
purchase price for the costumer is included. 
 
S!"! =   m!"# ∙   PHP  (20) 
 
When the investment cost of the digester was determined, the cost of tools and transportation 
were disregarded. The investment cost was thereby approximated to include only the required 
building materials. The prices for all the building materials except for the water tanks were 
learned from KPM Hardware and Construction Supply located on 105 Dizon Arcade, 
Magalang Road, Brgy Salapungan, in Angeles City. The cost for the water tanks was 
approximated based on the price table presented by (INCA 2009).  
 
4.5 Sensitivity Analysis   
 
A sensitivity analysis was made to determine the impact of biogas demand and assumed 
methane yield on digester size and required amount of substrate.  
 
4.5.1 Biogas Demand  
When the impact of biogas demand on digester size and required amount of substrate was 
determined, three different biogas volumes were used. Biogas demands of two different 
quantities; 1.5 m3 (Dioha, Dioha et al. 2012), and 2.9 m3 (Food and Agriculture Organization 
of the United Nations ), were compared to the volume previously used in the study (2.5 m3). 
The methane content of the biogas was assumed to be 60%.     
 
The required amounts of kitchen waste and pig manure were calculated using (15) and (5). In 
(15), a methane yield of 208 ml/gVS was assumed. In (5) the substrate was assumed to 
contain 46.25% pig manure and 53.75% kitchen waste on a VS basis. (Molinuevo-Salces, 
García-González et al. 2010) The VS content used in (5) was collected from Table 7.  
 
The size of the gasholder tanks was equated to the daily biogas demands whereas the size of 
the fermenter tank was calculated using (16). An organic loading rate of 3 gVS/l was 
assumed. When calculating the investment cost of the digesters, prices for the tanks were 
retrieved from (Philippines Department of Energy 2015). The prices for all the materials 
except for the water tanks were learned from KPM Hardware and Construction Supply 
located on 105 Dizon Arcade, Magalang Road, Brgy Salapungan, in Angeles City. 
 
4.5.2 Methane Yield   
When the impact of methane yield on digester size and required amount of substrate was 
determined, methane yields from three different articles were used. In the articles, kitchen 
waste and pig manure were co-digested at different ratios. (Molinuevo-Salces, García-
González et al. 2010) was previously used for sizing the digester; this article will from now on 
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be referred to as the reference article. The remaining articles (Tian, Duan et al. 2015 and 
Martí-Herrero, Alvarez et al. 2014) were previously mentioned in section 3.2.  
 
The results collected from the articles and used during the sensitivity study are presented in 
Table 14. 
 
Table 14. Data collected from three different articles and used during the sensitivity analysis. 

Article Methane  
Yield [ml/gVS] 

Ratio of  
Pig Manure [%] 

Ratio of  
Kitchen Waste [%] 

(Tian, Duan et al. 2015) 409,5 50 50 
(Martí-Herrero, Alvarez et al. 2014) 320 53.3 46.7 
Reference Article 208 46.25 53.75 
 
The required amounts of kitchen waste and pig manure were calculated using (15) and (5). In 
(15) the daily methane demand was assumed to be 1.5 m3. Methane yields and ratio of kitchen 
waste and pig manure in the substrates used in (5) are presented in Table 14. The VS content 
used in (5) was collected from Table 7. 
 
The size of the gasholder tanks was determined to 2.5 m3 whereas the size of the fermenter 
tank was calculated using (16). In (16) an organic loading rate of 3 gVS/litre was assumed. 
When calculating the investment cost of the digesters, prices for the tanks were retrieved from 
(Philippines Department of Energy 2015). The prices for all the materials except for the water 
tanks were learned from KPM Hardware and Construction Supply located on 105 Dizon 
Arcade, Magalang Road, Brgy Salapungan, in Angeles City. 
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5. Results 

The results presented in section 5.1 and 5.2 are based on gas volumes and pH levels measured 
during the feasibility study and the fields study. This data is accessible in Appendix 1. The 
results are presented as follows: feasibility study, field study, field trips, final digester design 
and sensitivity analysis.  
 
5.1 Feasibility Study 
The cumulative methane production from the substrate compositions analysed during the 
feasibility study is presented in Figure 15. In the plot, the methane yield that derives from the 
inoculum has been excluded. Digestion of samples containing pure pig manure (sample 1.1-3) 
or pure kitchen waste (sample 2.1-3) resulted in digestion failure after three to six days. The 
methane yield from digestion of sample 3.1-3 was low during the first twelve days. The 
methane production rate then increased from day 14 but stagnated from day 23. Similar trends 
can be seen for sample 4.1-3. Sample 4.2 and 4.3 show a negative trend, i.e. a reduction of the 
cumulative methane volume from day 16. This can be explained by the exclusion of the 
methane yield deriving from the inoculum. Digestion of sample 4.1 and 4.2-3 ended at day 30 
and 26 respectively whilst digestion of sample 3.1 and 3.2 was still ongoing when the 
experiment was ended.      
 

 
Figure 15. Methane production in sample 1.1-3, 2.1-3, 3.1-3 and 4.1-3 during the feasibility study. 
Contribution from the inoculum is removed. PM is pig manure and KW is kitchen waste.  

 
Figure 16 shows the average cumulative methane production calculated for digestion of the 
four different substrate compositions. The methane yield derived from the inoculum has been 
removed. The result provides a basis for selection of the substrate composition that will later 
be used during the field study. Anaerobic digestion of pure pig manure or kitchen waste 
resulted in early digestion failure. Digestion of the substrates containing 1/3 pig manure and 
2/3 kitchen waste (sample 3.1-3) resulted in higher methane yield than digestion of the 
substrate that contains 2/3 pig manure and 1/3 kitchen waste (sample 4.1-3) after 30 days of 
digestion. Furthermore, the digestion process lasted for a longer period during digestion of 
sample 3.1-3 than during digestion of sample 4.1-3.  
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Figure 16. Average methane production from the four substrate compositions analysed during the 
feasibility study. Contribution from inoculum has been removed. PM is pig manure and KW is kitchen 
waste.   

The pH levels and concentrations of ammonium nitrogen, free ammonia nitrogen and organic 
acids are presented in Table 15. All samples had pH levels below 7, both before and after 
digestion. The pH levels before digestion ranged between 6.11 and 6.94. The dispersion of the 
pH levels was wider after digestion. Samples containing pure manure (INO 1-3 and S1.1-3) 
had pH levels between 6.62 and 6.77 while samples containing pure kitchen waste or a 
mixture of manure and kitchen waste had significantly lower levels. Samples containing pure 
kitchen waste (S2.1-3) had the lowest pH levels, ranging between 4.98 and 5.43.    
 
The concentration of ammonium nitrogen ranged between 40.1 and 102.0 mg/l. The 
concentration of free ammonia nitrogen was significantly lower (0.05 to 0.640 mg/l) than of 
ammonium nitrogen. Samples containing pure manure or high ratios of manure (INO 1-3, 
S1.1-3, S4.1-3) had significantly higher concentration of free ammonia nitrogen than samples 
with a high kitchen waste content (S2.1-3, S3.1-3). Measurements of the concentration of 
organic acids were performed on samples with a pH level below 6 after digestion. These 
samples contained pure kitchen waste or had a high kitchen waste content. Samples 
containing pure kitchen waste (S2.1-3) showed slightly higher concentrations of organic acids 
than samples containing 2/3 kitchen waste (S3.1-3).    
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Table 15. Results from lab analysis of slurry and digestate from the feasibility study. 

Sample pH Before 
Digestion  

pH After 
Digestion 

Ammonium 
Nitrogen [mg/l] 

Free Ammonia 
Nitrogen [mg/l] 

Organic Acids 
[mg/l] 

INO 1 6.53 6.77 54.2 0.351 - 
INO 2 6.34 6.64 60.0 0.191 - 
INO 3 6.33 6.73 45.8 0.250 - 
S 1.1  6.79 6.67 69.6 0.380 - 
S 1.2  6.94 6.76 61.8 0.640 - 
S 1.3  6.34 6.62 80.7 0.389 - 
S 2.1 6.72 5.15 54.7 0.008 3148 
S 2.2 6.33 5.13 40.1 0.009 3640 
S 2.3 6.36 4.98 42.7 0.005 3436 
S 3.1 6.11 5.31 74.5 0.016 3036 
S 3.2 6.20 5.43 102.0 0.018 2836 
S 3.3 6.42 5.43 85.4 0.024 2756 
S 4.1 6.31 6.45 75.8 0.234 - 
S 4.2 6.32 6.45 65.0 0.200 - 
S 4.3 6.23 6.50 76.6 0.265 - 
 
The substrate containing 2/3 kitchen waste and 1/3 pig manure (S3.1-3) showed lower pH 
than the substrate containing 1/3 kitchen waste and 2/3 pig manure (S4.1-3). Despite this did 
sample 3.1-3 yield in 63% higher methane volume than sample 4.1-3 after 30 days of 
digestion. For this reason, the substrate composition used in sample 3.1-3 was chosen as the 
substrate that later would be used for anaerobic digestion during the field study. 
 
The daily methane flow obtained during anaerobic digestion of sample 3.1-3 is presented in 
Figure 17. Gas flow deriving from the inoculum has been removed from the results, which 
explains why negative values occur during day two and from day 24 of digestion. The 
methane production rate was fairly low during the first twelve days of digestion. At day 14, 
the production rate increased rapidly for approximately four days before it drastically dropped 
in only one day. This progress correlates well with the results presented in Figure 15.   
The choice of hydraulic retention time used during the field study is based on the methane 
flow measurements presented in Figure 17. The highest gas flows occurred at day 15 (S3.1), 
16 (S3.2) and 18 (S3.3) of digestion. The average number of days until the peak production of 
methane gas appeared was 16 days. Thus, the HRT of the test plants used in field was chosen 
to 16 days.    
 

 
Figure 17. Daily methane flow for sample 3.1-3. PM is pig manure and KW is kitchen waste. 
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5.2 Field Study 
For digester A and B, the gas production was noticeable 14 days after the inoculation. For 
digester C and D, the gas production was noticeable after considerably shorter time. In 
digester C and D, gas production was detected after five days.  
 
Several events that are believed to have degraded the test plant production rate occurred 
during the field study. These events were caused by both operational errors and by the 
digester design. After day three of measurements, the gas tap in digester C was accidentally 
left open for 24 hours. Because of this, it was not possible to measure the gas production in 
digester C during day four. At day seven, leakage occurred around the inlet pipe of digester B. 
The leakage lasted for a period of four days during which additional water was added to 
maintain the liquid volume in the digester. In digester B, C and D, the inlet pipes were 
clogged by undigested feedstock during day five of feeding. This also occurred in digester A 
at feeding day 19. After six days of feeding, foam formation occurred in the gas-liquid 
interface of digester B and D. Later, foam also formed in digester A and C. The foam 
contained solid matter from the feedstock and caused repeated obstructions in the gas tap 
when the gasholder tank was emptied. 
 
The outdoor and slurry temperatures were measured every morning during the feeding period 
and are presented in Figure 18. The slurry temperatures oscillate around the limit between 
psychrophilic and mesophilic temperature ranges (30℃).   
 

 
Figure 18. Outdoor and slurry temperature measured during the field study.  

The daily biogas flow in digester A to D is presented in Figure 19. The plot illustrates the 
consequences from the open gas tap in digester C during day three of digestion. After the 
incident, the production rate remained low for a short period. The leakage in digester B during 
day seven is also noticeable in Figure 19. Leakage of slurry decreased the liquid volume, 
which is a possible reason for decreased gas production from day seven to nine. The large 
fluctuations in the plots indicate that the digestion processes had not yet stabilized when the 
process was ended. The biogas flow in digester A and B reached the lowest gas yield during 
the last seven days of digestion. This indicates that the gas production was inhibited towards 
the end of the digestion process. On the contrary, the daily methane yield from digester C and 
D increased rapidly during day 25 to 27 and reached the highest volumes during the last seven 
days of measurements.      
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Figure 19. Daily biogas flow in digester A to D during the field study.  

Figure 20 presents the measured methane content of the biogas produced during the field 
study. The graph clearly illustrates the measuring error mentioned in section 4.2.5. During day 
three and four, the result show significantly higher methane content than during the remaining 
days. From day five the methane content remains fairly constant for all four digesters.  
 

 
Figure 20. Calculated methane content based on biogas and methane volumes measured during the field 
study. 

The calculated average methane content of the biogas was based on the results in Figure 20 
and calculated to 38.8% (digester A), 35.9% (digester B), 30.7% (digester C) and 32.8% 
(digester D).  
 
In Figure 21, the daily methane flow from the field study is presented. The methane flow is 
calculated based on the results presented in Figure 19 and the average methane content for 
each test plant. 
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Figure 21. Daily methane flow for digester A to D during the field study. 

The cumulative methane yield from the field study is presented in Figure 22. The gas volume 
is expressed in Nl and is a result of an organic loading rate of 30 gVS/day. The production 
rate in digester A, B and D correlates well during the first seven days of digestion. The 
production rate in digester C decreased compared to the other digesters after day three. The 
biogas formation in digester A was fairly constant during the first 22 days after which the 
production rate decreased. Digester B showed a similar trend, but had yielded approximately 
12% less biogas than digester A after 31 days of digestion. Digester C and D showed lower 
production rate than digester A and B during the first 25 days. At day 25, the biogas 
production rate increased significantly and remained fairly constant until the digestion process 
was ended. In summary digester A and B showed a declining production rate whereas the 
production rate in digester C and D appeared to stabilize towards the end of the digestion 
process.      
 

 
Figure 22. Cumulative methane yield during the field study. The methane yield is based on the daily 
biogas yield and the calculated methane content.   
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Figure 23 presents the pH level in the slurry during the feeding process. The values presented 
for week one were measured during the first day of feeding. The development of the pH level 
was similar in all four digesters with the exception of two separate measurements in digester 
A and B respectively. The pH dropped drastically just after the feeding period was initiated 
and remained constant through a large part of the period. The values presented for week six 
were measured using a digital pH meter whilst the rest of the values were measured using pH 
paper. The inaccuracy of pH paper may explain the sudden drop in pH level between week 
five and six.  
 

 
Figure	  23. Development of pH level in the digester slurry during the field study.   

The pH levels and concentrations of ammonium nitrogen, free ammonia nitrogen and organic 
acids measured after 32 days of feeding are presented in Table 16. The pH in the four digesters 
reached similar levels with an exception of digester A, which reached a slightly lower pH 
level. The pH ranged from 4.05 to 4.41. The highest concentrations of free ammonia nitrogen 
were measured to 0.00618 mg/l (25℃) and 0.01201 mg/l (35℃) in digester B. The 
concentration in digester C and D were equal. The lowest concentrations of free ammonia 
nitrogen were found in digester A and measured to 0.00273 mg/l (25℃) and 0.00532 mg/l 
(35℃). The concentration of organic acids was equal in digester A to C. The concentration in 
digester D was however approximately 1700 mg/l higher than in the other three digesters.  
 
Table 16. Results from lab analysis of digestate from the field study. 

Digester A B C D 
pH  4.05 4.41 4.40 4.33 
Ammonium Nitrogen [mg/l] 432 426 276 302 
Free Ammonia Nitrogen at 25℃ [mg/l] 0.00273 0.00618 0.00391 0.00364 
Free Ammonia Nitrogen at 35℃ [mg/l] 0.00532 0.01201 0.00761 0.00708 
Organic Acids [mg/l] 7504 7216 7416 9104 
 
5.3 Field Trips 
A summary of the results obtained from field trips to backyard farms in Pampanga are 
presented below. During the visits, the owners of the farms all confirmed the absence of 
regulations regarding manure management at backyard pig farms in the Philippines.  
 
5.3.1 Farm 1  
At farm 1, pig manure is rinsed with water from the stalls into a ditch. The manure water 
mixture is then landfilled close to the stables. The mixture is also sporadically used as 
fertilizer for the eggplant plantations at the farm. Sometimes, when the layer of soil is 
shallow, dried manure is used as supplementation of the ground. When so is the case, the 
manure is first placed in a heap where it is left to dry in the sun before it is spread. The 
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manure management and storage at farm 1 is illustrated in Figure 24, further information 
regarding the farm is presented in Table 17. 
 

 
Figure 24. Left: manure and water mixture landfilled at farm 1. Right: the manure is rinsed from the 
stalls into a ditch.   

Table 17. Summary of agricultural management at farm 1. 

Farm 1 – Paquito Chu  
Surface area of farm 11 500 m2 
Crops Eggplant  
Number of pigs 85 pigs (25 saws)  
Daily amount of manure  45 kg/day 
Manure utilization  Landfill, fertilizer for the small plantations at the farm  
Biogas production No 
 
5.3.2 Farm 2  
At farm 2, pig manure is rinsed with water from the stalls. The manure and water mixture is 
then transported through a canal to a pond where the solid particles is let to sediment. 
Occasionally, when the amount of manure becomes too large it is buried into a hole in the 
ground. Some of the manure is used as fertilizer at the farm’s mango plantation and at 
neighbouring farms. When this is the case, the manure is placed in a heap where it is left to 
dry in the sun. When dried, the manure is burned before the ash is spread at the plantations. 
The heap can be seen to the left in Figure 25. The manure management at farm 2 is 
documented in the same figure.     
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Figure 25. Left: canal leading the pig manure to the landfill at farm 2. Right: pond used for landfill. The 
surface is covered with vegetation.   

The farm manager, Mr Francisco, claims that he once attended a seminar on biogas 
production for piggeries conducted by the Department of Science and Technology (DOST). 
Mr Francisco says he is interested in biogas production but that he found the investment cost 
for the biogas plant presented by DOST was to high (approximately 60 000 SEK for a 20 sow 
level pig farm). e information regarding farm 2. 
 
Table 18 summarises the information regarding farm 2. 
 
Table 18. Summary of agricultural management at farm 2. 

Farm 2 – Alberto Francisco Jr.    
Surface area of farm 20 000 m2 
Crops Mango 
Number of pigs > 100 pigs (20 saws)  
Daily amount of manure  130 kg/day 
Manure utilization  Landfill, fertilizer for plantations at own and nearby farms.  
Biogas production No 

 
5.3.3 Farm 3  
At farm 3, pig manure is collected with a shovel on a daily basis. The manure is then dried in 
the sun and later used as fertilizer at the farm’s mango and eggplant plantation. Some of the 
manure is also given to the neighbouring farms. Images of the stables and the manure storage 
are presented in Figure 26. Table 19 summaries the characteristics of farm 3.  
 

 
Figure 26. Left: the stables of farm 3. Right: a heap of pig manure drying in the sun.    
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Table 19. Summary of agricultural management at farm 4. 

Farm 3 – Basil D. Tupas  
Surface area of farm 30 000 m2 
Crops Mango and Eggplant 
Number of pigs 60 pigs (18 saws)  
Daily amount of manure  78 kg/day 
Manure utilization  Fertilizer for plantations at own and nearby farms.  
Biogas production No 
 
5.4 Design of Full-Scale Digester  
The designed biogas digester is a floating drum digester made from two cut-down high-
density polyethylene (HDPE) water tanks of different sizes. The smaller tank functions as the 
gasholder tank and the larger tank serves as the fermenter tank. The digester is positioned 
completely above ground. PVC pipes constitute the feedstock inlet and the digestate outlet of 
the digester. The slurry can also be emptied from the digester through a PVC valve placed at 
near the bottom of the fermenter tank. The dimensions, quantities and application for the 
different parts of the biogas digester are reported in Appendix 2. A list of necessary hand tools 
and additional materials required for constructing the biogas digester are also presented in 
Appendix 2. Images of two installed ARTI compact biogas digesters are presented in Figure 
27. The images demonstrate the design of the ARTI digester and have no further connection 
to this study.  
 

 

The digester dimensions and the amount of substrate required to fulfil the biogas demand of 
one family are presented in Table 20. The amount of cow manure and digestate needed to 
fulfil the inoculation of the digester is also presented in the table. It is possible to produce 
2.5 m3 biogas with a methane content of 60% if 27.2 kg (3.9 kg VS) kitchen waste and 13.3 

Figure 27. ARTI compact biogas digester constructed from water barrels.  (Natural and 
Renewable 2014, ARTI Energy 2010)  
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kg (3.3 kg VS) pig manure is added to the digester every day. Thus, the volume of the 
gasholder tank must exceed 2.5 m3. The fermenter tank will contain 2.4 m3 of slurry; therefore 
must the volume of the tank exceed 2.4 m3. Note that, for the gasholder tank to be able to sink 
into the slurry, both the diameter and the height of the fermenter tank have to be larger than 
the gasholder tank. 
 
Table 20. Digester volume, substrate amounts and inoculum amounts for the full-scaled digester. 

Quantity  Unit Value 
Volume of fermenter tank  [m3] > 2.4 
Volume of gasholder tank  [m3] > 2.5 
Amount of cow manure [kg] 185.8 
Amount of cow manure [kgVS] 31.9 
Amount of digestate [kg] 404.7 
Amount of digestate [kgVS] 12.5 
Daily amount of kitchen waste  [kg] 27.2 
Daily amount of kitchen waste  [kgVS] 3.9 
Daily amount of pig manure  [kg] 13.3 
Daily amount of pig manure  [kgVS] 3.3 
 
The amount of LPG and firewood corresponding to one family’s biogas demand for cooking 
is presented in  
 
Table 21. If a biogas digester were installed, the biogas could replace 178 kg LPG or 9855 kg 
firewood annually. If one family replaced LPG with biogas, greenhouse gases corresponding 
to 2.7 tonnes of carbon dioxide could be prevented from being emitted every year. This 
number only includes the GHG derived from combustion of LPG. Since both biogas and 
firewood are considered carbon-neutral fuels, the emissions of greenhouse gases will remain 
unchanged during a transition from firewood to biogas. However, the transition would result 
in a decreased pressure on the local biogas.   
 
Table 21. Replaceable amount of LPG and firewood when the cooking fuel of one family is exchanged with 
biogas. The family is assumed to use either LPG or firewood.   

Effect Unit Value 

Amount of replaced LPG  kg/year 178 
Amount of GHG prevented from being emitted kg CO2-eq/year 2700 
Amount of replaced firewood kg/year 9855 
 
The costs of the building materials required for constructing the digester are presented in 
Appendix 2. The total cost for the building materials is 81 680 PHP (15 070 SEK). This 
amount does not include costs for tools, sealing materials and transportation. Thus, the 
expected investment cost is expected to be slightly higher than the stated amount. The cost of 
the water tanks constituting the fermenter tank and the gasholder tank is 40 000 PHP (7380 
SEK) each, meaning that the cost of the two tanks represents 98% of the total amount. 
 
The amount for purchasing one family’s annual LPG demand is 9062 PHP (1672 SEK). In 
this amount, only the cost of the gas is included. The annual cost of LPG represents 
approximately 11% of the calculated investment cost of the biogas digester. Because firewood 
was assumed to be free of charge, an implementation of biogas entails only an additional cost 
for families that used firewood before.  
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5.5 Sensitivity Analysis  
The amount of kitchen waste and pig manure required for the daily biogas production when 
the family’s biogas demand is being varied is presented in Figure 28. The decrease or increase 
in required amount of substrates is proportional to the decrease and increase in the daily 
biogas demand.   
 

 
Figure 28. The amount of pig manure and kitchen waste required to fulfil a family’s demand of cooking 
fuel. Low and high demand refer to a biogas demand of 1.5 and 2.9 m3 respectively. The reference value 
refers to a biogas demand of 2.5 m3.  

The sizes of the fermenter and gasholder tank when the daily biogas demand is being varied 
are presented in Figure 29. The size of the tanks is, just like the required substrate amount, 
proportional to the biogas demand. A family with a daily biogas demand of 2.9 m3 requires 
93% bigger tanks and substrate amounts compared to a family with a biogas demand of 1.5 
m3 per day. 
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Figure 29. Size of fermenter tank and gasholder tank of a biogas digester when a family’s biogas demand 
is being varied. Low and high demand refer to a biogas demand of 1.5 and 2.9 m3 respectively. Reference 
value refers to a biogas demand of 2.5 m3. 

The investment costs for the digesters when the biogas demand is being varied are presented 
in Table 22.  
 
Table 22. Investment cost for biogas digester at three different biogas demands. Low and high demand 
refer to a biogas demand of 1.5 and 2.9 m3 respectively. Reference value refers to a biogas demand of 2.5 
m3.  

Biogas demand Low Reference value High 
Investment cost [PHP] 43 280 81 680 91 680 
Investment cost [SEK] 7 985 15 070 16 915 

 
The daily substrate amounts based on results from three different articles are presented in 
Figure 30. The required amount of kitchen waste calculated from the reference article is 110 
and 76 % higher than the amount calculated from (Tian, Duan et al. 2015) and (Martí-
Herrero, Alvarez et al. 2014) respectively. The required amount of pig manure based on the 
reference article is 82 and 33 % higher than amounts based on (Tian, Duan et al. 2015) and 
(Martí-Herrero, Alvarez et al. 2014) respectively.       
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Figure 30. Required amount of pig manure and kitchen waste to fulfil a family’s biogas demand. The 
substrate amounts have been calculated based on results from three different articles.  

The fermenter and gasholder tank sizes calculated from three articles are presented in Figure 
31. Because the biogas demand is kept constant, the size of the gasholder tank is 2.5 m3 for all 
three digesters. The fermenter tank calculated from (Tian, Duan et al. 2015) and (Martí-
Herrero, Alvarez et al. 2014) is 83 and 33 % smaller than the fermenter tank calculated from 
the reference article.  
 

 
Figure 31. Size of fermenter tank and gasholder tank of a biogas digester calculated based on the results of 
three different articles. 

Table 23 presents the investment costs of the three digesters presented in Figure 31.  
 
Table 23. Investment cost for biogas digesters calculated for digester of three different sizes. The sizes are 
based on results from three different articles.   

Article (Tian,  
Duan et al. 2015) 

(Martí-Herrero,  
Alvarez et al. 2014) 

Reference Article 

Investment cost [PHP] 62 480 69 580 81 680 
Investment cost [SEK] 11 528 12 838 15 070 
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6. Discussion 
6.1 Feasibility Study 
During the feasibility study, digestion in samples containing pure pig manure or kitchen waste 
resulted in digestion failure after three to six days. The samples containing pure pig manure 
had higher concentrations of free ammonia nitrogen and higher pH than the remaining 
samples. This indicates that the digestion of pure pig manure was inhibited by high 
concentrations of free ammonia. The samples containing pure kitchen waste had low 
concentrations of free ammonia nitrogen. Instead it was the low pH levels that distinguished 
these samples from the remaining samples. The low pH levels suggest that the digestion of 
pure kitchen waste was inhibited by accumulation of volatile fatty acids.     
 
Co-digestion of kitchen waste and pig manure resulted in higher methane yield and longer 
digestion process than digestion of pure substrates. A substrate containing a mixture of pig 
manure and kitchen waste has a more balanced C/N-ratio than substrates containing either pig 
manure or kitchen waste alone. The more balanced C/N-ratio decreases the risk of ammonia 
inhibition and acidification compared to substrates containing pure manure or kitchen waste. 
 
The buffering capacity of the sample increases when manure is added to a substrate 
composition. A higher buffering capacity entails a more stable pH level. The pH level was 
indeed more stable during digestion of samples containing pure cow manure, pure pig manure 
and the mixed substrate containing high levels of pig manure. Simultaneously did the pH level 
decreased during the digestion process in samples containing pure kitchen waste and in the 
substrate with a high content of kitchen waste.  
 
Digestion of the co-digested substrates resulted in high methane yield and long digestion 
process compared to digestion of pure substrates. It was slightly surprising that sample 3.1-3 
resulted in higher methane yield than sample 4.1-3 considering that the pH level in sample 
3.1-3 was significantly lower than in sample 4.1-3. The substrate composition used in sample 
3.1-3 was chosen as substrate for the field study due to its high methane yield and long 
digestion process. The fact that the substrate composition yielded in such high methane 
volumes despite lower pH levels can be a positive aspect because it means that the bacteria in 
the chosen substrate tolerates lower pH levels. The less sensitive bacterial flora enabled a 
more stable gas production. The daily methane yield of sample 3.1-3 and sample 4.1-3 
increased drastically after approximately two weeks. The reason for this is unknown, but one 
possibility is that the inhibited bacteria had time to acclimatize during the first two weeks of 
digestion. A second option is that the inhibitory substances had been digested after the first 
two weeks of digestion. 
 
The hydraulic retention time was calculated to 16 days based on daily methane flow from 
sample 3.1-3 during the feasibility. The HRT is consistent with values commonly used during 
mesophilic digestion.    
 
After 30 days of digestion, the mean production of methane gas reached 105 Nml/gVS and 67 
Nml/gVS for sample three and four respectively. These methane volumes are significantly 
lower than results found in the literature. (Ye, Li et al. 2013) produced 320 Nml/gVS when 
co-digesting rice straw with kitchen waste and pig manure. (Molinuevo-Salces, García-
González et al. 2010) produced 151.5 and 208 ml Nml/gVS when co-digested pig manure 
with vegetable processing wastes. The vegetable content of the substrate was 14.6 and 50% 
respectively. The methane volumes presented from the literature are the highest methane 
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volumes obtained in each article. In both studies, the experiments were performed as batch 
digestions using digestate as inoculum. This might explain the difference in methane yield. 
Digestate contains bacteria that are already adapted to the conditions in a digester, while the 
bacteria in cow manure may need to adapt to their new environment. In both studies presented 
above, the substrate consisted of mainly manure. This contradicts the results obtained during 
the feasibility study where the substrate with a higher concentration of kitchen waste resulted 
in the highest methane yields.       
 
6.2 Field Study  
Because the test plants were constructed as floating drum digesters, there was an area between 
the fermenter tank and the gasholder tank where the slurry was exposed to the surrounding 
air. Because of this, some of the produced biogas did not get collected in the gasholder tank 
and did instead escape to the atmosphere. Furthermore, the measuring equipment used during 
the field study constituted of many joined components. It is therefore likely that some gas 
escaped during the measurements of both biogas and methane volumes. The volumes 
presented in the results should thereby be regarded as minimum volumes.  
 
The NaOH solution used in the Drechsel bottle contained a pH-indicator solution. The 
indicator was expected to cause a colour change from blue to colourless if the NaOH solution 
would become impaired. The result presented in Figure 20 supports the hypothesis that all the 
carbon dioxide was not dissolved by the NaOH solution during measurements. Despite this, 
no colour change occurred in the solution. It is likely that the solution’s ability to dissolve the 
carbon dioxide deteriorated and that the biogas was forced to pass through the solution too 
fast for all the carbon dioxide to dissolve. The methane contents presented in Figure 20 vary 
significantly even after the NaOH solution was replaced after each day of measurements. The 
highest methane content measured in digester B was approximately 21% higher than the 
lowest value measured for the same digester. The highest value measured for digester D was 
35% higher than its lowest value. This applies to methane contents measured from day five of 
measurements. Because the methane content varies so greatly, the results regarding the 
methane content of the biogas should be seen as an indication rather than an assured 
conclusion.      
 
During the feasibility study, the methane yield from samples containing 2/3 kitchen waste and 
1/3 pig manure was 63 Nml/gVS after 16 days of digestion. The highest daily methane yield 
measured during the field study was 47.8 and 43.7 Nml/gVS. The results from the feasibility 
study indicate higher digestion efficiency during the feasibility study than during the field 
study. The methane yields measured during the field study was also lower than the methane 
yields reported from the literature on the subject.  
 
The methane content determines the biogas quality. Higher methane content in the biogas 
allows the substrates to be used more efficiently, thus more energy can be produced. Higher 
methane content also implies that smaller digesters are required, which ultimately results in 
reduced investment costs. In the literature on co-digestion of pig manure and kitchen waste, 
the methane content of the produced biogas ranges between 52 and 82% (Tian, Duan et al. 
2015, Kafle, Kim 2013). The methane content of the biogas produced during the field study 
was significantly lower. During the field study, the measured methane content ranged 
between 30.7% (digester C) and 38.8% (digester A).  
 
One contributing factor to the low methane yield and methane content is the operating 
temperature. A high and stable process temperature increases the process efficiency while a 
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low and fluctuating temperature affects the gas production negatively. In the literature and 
during the feasibility study, the temperatures were kept stable at mesophilic temperatures. 
During the field study, the slurry temperatures oscillated around the limit between 
psychrophilic and mesophilic temperatures (30℃). A second reason for the low methane yield 
and methane content might be the short digestion process. It is possible that 30 days of 
feeding was not been enough for the process to reach its maximum potential.  
 
The sudden drop in pH to levels below 5.5 just after the feeding period was initiated implies 
that the organic loading rate was too high for the test plants. Furthermore, the analysis at 
Karlstad University did show that the pH levels in all digesters had decreased below 4.5 after 
32 days of feeding. The concentrations of organic acids were more than twice as high then for 
the same substrate composition analysed during the feasibility study. Low pH-levels and high 
concentrations of acids suggest overloading of the test plants. Another indication of organic 
overloading in the test plants is the foam formation that occurred in all four digesters. Foam is 
commonly caused by organic overloading and should be avoided as it reduces the active 
volume of the fermenter tank and can easily cause obstructions in the gas outlet. Towards the 
end of the digestion process, digester A and B showed a declining production rate whereas the 
production rate in digester C and D appeared to stabilize. Digester A and B had a higher 
organic loading rate then digester C and D. The high organic loading rate could explain the 
stagnation of methane production in digester A and B.    
 
Another explanation to the low pH levels could be the substrate composition. The results from 
the feasibility study imply that a higher content of manure increases the buffering capacity 
and thus increases the pH level. In retrospect, a substrate with higher manure content might 
have been a more suitable for the digestion process.  
 
In the test plant, the slurry temperatures oscillated around the limit between psychrophilic and 
mesophilic temperatures (30℃). An average retention time of 15-30 days is often required for 
digestion at mesophilic temperatures. Digestion at psychrophilic requires an even longer 
hydraulic retention time. The hydraulic retention time used in field was chosen to only 16 
days. Due to the low operational temperatures, a longer hydraulic retention time than 16 days 
would benefit the methane production.        
 
Stable gas production was achieved after considerably shorter time in the digesters inoculated 
with both cow manure and digestate compared to the digesters inoculated with only cow 
manure. Digester C and D produced biogas after five days whilst digester A and B required 14 
days before the gas production was steady. The reason for this is probably a higher 
concentration of bacteria in the digesters where digestate have been added. Furthermore, the 
bacteria in the digestate were already adapted to high concentration of pig manure before it 
was added to the test plants. Although a stable gas production was achieved in less time in the 
test plants inoculated with both cow manure and digestate compared to the test plants 
inoculated with only cow manure, it was proved to be possible to start a digestion process 
using bacteria only from ruminants. This means that the user does not have to depend on an 
existing biogas plant in order to start biogas production.  
 
6.3 Field Trips  
During the field trips, it was observed that the pigs were stabled on cement a floor. This 
would make it easy for the farmer to collect manure that contains neither straw nor gravel. 
The owner of the farms all confirmed the absence of regulations regarding manure 
management on backyard pig farms. This means that there are no legal barriers to introduce 
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biogas production on a backyard pig farm. All three backyard farmers used landfill to manage 
the pig manure. The manure was landfilled in either dried or wet condition. The farmers had 
no other use for the manure than as fertilizer at their own or at neighbouring farms. Since it is 
favourable to use digestate as fertilizer, no competition regarding the manure utilization 
would occur if a biogas digester was installed. All farms had a surface area exceeding one 
hectare. Therefore, available space will not be crucial for the design of a full-scale digester.          
 
6.4 Design of Full-Scale Biogas Digester  
To achieve a more stable internal temperature, fixed dome digesters and traditional floating 
drum digesters are usually buried underground. Because the Philippines experience a large 
number of earthquakes every year, it is not advisable to use this technique in Pampanga. 
Earthquakes may cause cracks in the digester wall, which results in leakage of gas from the 
digester. A digester buried into the ground is also not possible to move. A digester constructed 
from lightweight materials placed above ground, however, is easy to move after first being 
emptied. Since the digester is placed above ground, it is strongly advisable to insulate the 
fermenter tank to achieve a more stable process temperature.  
  
Traditional fixed dome and floating drum digesters are often made of cement and bricks and 
to achieve a gas tight construction, trained craftsmen are required. The costs for building 
materials, transportation and hired workers often result in high investment costs for these 
digesters. The tubular digester has the significant lowest investment cost among the three 
digesters presented in this thesis. But since the tubular digester is made of plastic sheets, the 
life span of the digester is considerable shorter than the life span of a traditional fixed dome 
and floating drum digester. Due to the short life span, the tubular digester requires numerous 
investments throughout the years, which ultimately increase the total investment cost. 
 
The design of a floating drum digester constructed from water barrels and PVC pipes is based 
on the traditional floating drum digester whilst the chosen materials are inspired by the 
cheaper tubular digester. The digester is made from materials available in local hardware 
stores and junk shops. Because the material is lightweight, it is easy and inexpensive to 
transport. This is a great advantage for farmers who live in rural areas. The user can easily 
construct the digester, thus no trained craftsmen or skilled supervision is needed. The fact that 
the digester can be built by the user alone lowers the price considerably. The total price of the 
digester consists only of the cost of the materials and tools plus possible transportation costs. 
 
Since the produced biogas is accumulated under the gasholder tank, the position of the tank 
tells how large the volume of the produced biogas is. Thus, the user can easily determine if 
additional fuels are required for the current cooking. It is inevitable that some of the biogas 
escapes into the atmosphere when producing biogas using a floating drum digester due to the 
open area between the gasholder tank and the fermenter tank. The loss of biogas to the 
atmosphere is negative for two reasons, first because some of the produced gas gets wasted 
and secondly because the released methane and carbon dioxide in the biogas contributes to an 
increased amount of greenhouse gases in the atmosphere. The open area also increases the 
risk of process inhibition when the slurry gets exposed to oxygen from the surrounding air. 
The distance between the gasholder tank and fermenter tank should therefore be considered 
when designing a full-scale floating drum digester. The distance should be as small as 
possible to avoid gas loss but at the same time be large enough to allow the gasholder tank to 
move freely in the vertical direction.   
 



  

 
 

53 

When the results from the field study were compared to results from the feasibility study and 
relevant literature, it was concluded that the methane production measured during the field 
study was very low. It is also likely that the methods used in field allowed parts of the gas 
volume to escape to the atmosphere. It is therefore reasonable to assume that a large-scale 
biogas digester that is given time to stabilize and where the total amount of gas is stored in a 
gasholder tank would result in larger gas volumes. Because of this, the full-scale digester was 
sized based on results from (Molinuevo-Salces, García-González et al. 2010). The results 
from the field study imply that a longer HRT and slightly higher manure content in the 
substrate would benefit the gas production. Thus, the operational parameters used during the 
field study have been slightly modified for the full-scaled digester. The results from the field 
study also revealed that inoculation with both digestate and cow manure results in a faster 
started and more stable gas production then if only cow manure was used. It is therefore 
recommended to use both digestate and cow manure when installing a biogas digester.  
 
One family cannot produce the required amount of kitchen waste for the daily biogas 
production. Since it is common for backyard farms to grow crops in addition to the pig 
farming, some of the organic waste material from the plantation can be used for biogas 
production. The family can also gather organic waste at the local wet markets. The required 
amount of pig manure can easily be covered if the farmer has more than ten adult pigs.      
 
When calculating the possible reduction of emitted greenhouse gases, only the GHG emitted 
during combustion of LPG was included. Greenhouse gases reaching the atmosphere during 
storage and management of manure have thereby been excluded. This means that the 
reduction of emitted greenhouse gases is larger than the result implies.  
 
The cost for the water barrels represents 98% of the total investment cost. This means that the 
cost of the water barrels practically determine the investment cost. The numbers presented in 
this study is the price for brand new barrels. Buying used barrels is one solution to reduce the 
investment cost. The annual cost for purchasing LPG does only cover 11% of the total 
investment cost. If wood was used earlier, the biogas digester only means an additional 
expense for the farmer. By subsidies from the government, the price would be lowered and 
biogas would be made more accessible to the pig farmers.  
 
6.5 Sensitivity Analysis  
The digester size and required amount of substrate are determined based on three key 
parameters. These parameters are daily biogas demand, organic loading rate and assumed 
methane yield. The digester size and required amount of substrate are both linearly dependent 
on each of the three parameters. The three parameters also determine the investment cost, the 
replaceable amount of cooking fuel and the amount of greenhouse gases prevented from being 
emitted to the atmosphere.  
 
The sensitivity analysis showed that the digester size and thus the required amount of 
substrate would have been smaller if one of the other two articles had been chosen as 
reference article. The results in this study depend on local conditions that are impossible to 
fully determine. Biogas demand and methane yields are unique for each household and biogas 
digester. The results in the study should therefore be regarded as indicative rather than 
definitive.   
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6.6 Biogas and Sustainability  
The introduction of biogas at backyard farms in the Pampanga Province contributes to a more 
sustainable energy production. Biogas is a decentralized energy source that can be made 
available even for the population in rural areas of the Philippines. When the digester is 
installed, the energy production takes place on the farm and the user does not have to travel 
for access to cooking fuel. The dependency on fossil fuels is reduced by replacing the LPG by 
biogas. Biogas is a renewable energy source that is considered carbon neutral. Because of this, 
emissions of greenhouse gases are reduced by replacing LPG with biogas. Emissions of 
greenhouse gases are reduced even if biomass and wood previously was used as fuel. Biogas 
production provides a sustainable manure management where spontaneous emissions of 
greenhouse gases are avoided. Furthermore, if biogas replaces biomass or wood it reduces the 
pressure on the local biomass. Since digestate from a biogas digester makes a good fertilizer, 
some of the artificial fertilizer can be replaced by digestate. This would reduce the 
dependency on fossil produced fertilizer and close the agricultural production cycle at the 
farm.  
 
Given the political situation in the Philippines, where corruption is widely spread, biogas 
production is a suitable technology because it is decentralized and because it is feasible at an 
individual level. Biogas production therefore offers a chance to improve the situation in ones 
immediate surrounding without having to wait for slow political processes.  
 
6.7 Further Work  
Based on the results presented in Figure 19 it was clear that the biogas flow did not have time 
to stabilize during the field study. Since the timeframe for the field study was limited, the 
digestion process was cancelled after only 51 days. A longer digestion period would be 
required to determine the final definitive gas yield and methane content.      
 
The growth rate of methanogenic bacteria increases with increasing process temperatures. 
Thus, processes operated at mesophilic temperatures tolerate higher organic loading rates than 
psychrophilic processes. The hydraulic retention time for mesophilic digestion usually varies 
between 15 and 30 days. During the field study a HRT of 16 days was used. Since the slurry 
temperatures measured during the field study frequently reached the psychrophilic 
temperature range, the hydraulic retention time might have been to short. Experiments were 
the hydraulic retention time of the test plants is extended would imply whether the HRT used 
during the field study was too short. During these experiments, the effects of using hydraulic 
retention times ranging between 16 and 40 days can be investigated. When various retention 
times are used, the organic loading rate should be kept constant in all test plants.   
 
The results from the field study implied that the organic loading rate in test plants was too 
high. If an excessive amount of organic matter is added to a digester it inhibits the activity of 
microorganisms during early stage of fermentation. A high organic loading rate also results in 
inefficient utilization of substrates. Studies of how the organic loading rate would affect the 
production efficiency of the test plants and the digester conditions could contribute to a more 
stable and thus optimized biogas production.   
 
During the field study, the pH levels decreased drastically just after the feeding period was 
initiated. The results from the feasibility study revealed that substrates with high manure 
content have a more stable pH level through the digestion process. It is possible that higher 
manure content in the substrate used during the field study would result in higher pH levels. A 
higher and more stable pH level through the digestion process could lead to an increased 
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methane yield and process stability. Meanwhile, the substrate must not contain so high 
concentrations of manure that free ammonia nitrogen inhibits the digestion process. To 
achieve a more stable digestion process, substrates containing 2/3 pig manure and 1/3 kitchen 
waste (used in sample 4.1-3) or equal amounts pig manure and kitchen waste can be tested in 
test plants operated in local conditions.  
 
During the analyses suggested above, emphasis should be placed on pH level, methane yield 
and concentrations of organic acids and free ammonia nitrogen. 
 
98% of the total investment cost for the full-scale biogas digester consists of the cost for the 
fermenter and gasholder tank. By reducing the cost for the tanks, the total investment cost 
could be significantly reduced. Studies where alternative materials for the fermenter and 
gasholder tank are developed could reduce the investment cost and thus, make the digester 
more accessible to the pig farmers. 
  



  

 
 

56 

7. Conclusions 
Anaerobic co-digestion of kitchen waste and pig manure is a suitable technique for methane 
production in the Pampanga Province. Field trips within the area showed that the conditions at 
backyard pig farms were favourable for the technique and no obstacles for biogas production 
were found. A floating drum digester built from two water barrels and additional PVC pipes 
can provide a family with sufficient amount of biogas for cooking. If the daily biogas 
production reaches 2.5 m3, it is possible to replace 178 kg LPG or 9855 kg firewood per year. 
The reduction of LPG results in an annual reduction of greenhouse gases with at least 2700 kg 
carbon dioxide equivalents. The reduction of LPG also results in an annual saving of 9062 
PHP (1672 SEK). This number represents 11% of the total investment cost for the floating 
drum digester.  To gain more stable digester conditions and a more efficient digestion process, 
the hydraulic retention time and organic loading rate of the digester and the ratio of pig 
manure and kitchen waste in the substrate should be further evaluated.  
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Appendix 1  
 
Results From the Feasibility Study 
 
Table 24. Data for VS and TS calculations, feasibility study. 

Sample Wet sample [g] After 103 °C [g] After 550 °C [g] TS [%] VS [%] 
Kitchen waste 1 24.57 6.77 1.17 27.6 22.8 
Kitchen waste 2 21.27 6.11 1.22 28.7 23.0 
Average kitchen - - - 28.2 22.9 
Cow manure 1 24.47 3.09 0.38 12.6 11.1 
Cow manure 2 22.21 2.78 0.33 12.5 11.0 
Average cow - - - 12.6 11.1 
Pig manure 1  18.16 5.64 0.95 31.1 25.8 
Pig manure 2 17.76 5.13 0.78 28.9 24.5 
Average pig - - - 30.0 25.2 
 
Table 25. Results from measurements in sample INO 1-3 and T1.1-2. 

Day INO1 Methane 
Yield [Nml] 

INO2 Methane 
Yield [Nml] 

INO3 Methane 
Yield [Nml] 

T1.1 Methane 
Yield [Nml] 

T1.2 Methane 
Yield [Nml] 

0 0 0 0 0 0 
1 55.8 52 54 85.1 70.8 
2 8.8 3 3 6 15.3 
3 4.5 1.8 3 2.9 - 
4 10.2 1.8 2.4 2.9 - 
5 3.4 1.8 1.4 2.9 - 
6 2.9 1.7 1.4 - - 
7 2.9 1.3 1.4 - - 
8 1.3 1.3 1.4 - - 
9 1.3 1.3 1.4 - - 
10 1.3 1.3 1.5 - - 
11 1.3 1.3 1.6 - - 
12 1.3 1.3 1.6 - - 
13 1.3 1.3 1.6 - - 
14 1.3 8.4 1.6 - - 
15 12.9 15.4 1.6 - - 
16 22.8 27.2 8.1 - - 
17 44.9 48.2 19.9 - - 
18 62.3 60.7 39.6 - - 
19 6.1 9.8 57.2 - - 
20 13.8 14.9 41.2 - - 
21 27.2 9.3 28.8 - - 
22 51.1 17.6 59.8 - - 
23 66 21.6 73.2 - - 
24 52.9 31.5 48.1 - - 
25 26.3 45.5 29.2 - - 
26 - 55.9 21.0 - - 
27 - 43.6 21.0 - - 
28 - 30.9 21.0 - - 
29 - 30.9 21.0 - - 
30 - 30.9 21.0 - - 
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Table 26. Results from measurements in sample T1.3, T2.1-3 and T3.1. 

Day T1.3 Methane 
Yield [Nml] 

T2.1 Methane 
Yield [Nml] 

T2.2 Methane 
Yield [Nml] 

T2.3 Methane 
Yield [Nml] 

T3.1 Methane 
Yield [Nml] 

0 0 0 0 0 0 
1 64.7 133.1 96.9 77.6 16.6 
2 7.7 20.7 43.3 45.1 15.4 
3 3.3 - - 3.7 12 
4 3.3 - - 3.7 11 
5 - - - - 4.1 
6 - - - - 4 
7 - - - - 3.3 
8 - - - - 3.3 
9 - - - - 5.7 
10 - - - - 10.1 
11 - - - - 14 
12 - - - - 29.4 
13 - - - - 58.9 
14 - - - - 65.4 
15 - - - - 16.9 
16 - - - - 29.9 
17 - - - - 37.9 
18 - - - - 26.1 
19 - - - - 13.9 
20 - - - - 17.4 
21 - - - - 13.9 
22 - - - - 19,2 
23 - - - - 14.5 
24 - - - - 9.7 
25 - - - - 10.6 
26 - - - - 8.8 
27 - - - - 7.2 
28 - - - - 7.2 
29 - - - - 7.7 
30 - - - - 8 
 
Table 27. Results from measurements in sample T3.2-3, T4.1-3. 

Day T3.2 Methane 
Yield [Nml] 

T3.3 Methane 
Yield [Nml] 

T4.1 Methane 
Yield [Nml] 

T4.2 Methane 
Yield [Nml] 

T4.3 Methane 
Yield [Nml] 

0 0 0 0 0 0 
1 18.5 19.1 15.9 15.4 14.6 
2 16.9 11.7 10 7.6 5.9 
3 12.5 8.8 6.6 7 4.4 
4 13.3 12.9 11.2 5.7 10.8 
5 3.1 3 1.7 2.6 4 
6 2.3 3 1.7 2.6 4.2 
7 2.3 3.1 1.7 2.6 9.8 
8 2.5 4.1 1.7 5.1 19.4 
9 5 4.1 1.7 8.5 40.2 
10 4.9 3.8 4.8 17.8 55.1 
11 4.8 3.8 5.5 31.4 30.4 
12 9 5.1 9.3 53 40.3 
13 22.7 6.6 22.3 37.8 18.9 
14 49.6 14.7 44.8 44.8 12.9 
15 76.4 26.1 56.1 33 8.8 
16 25.6 44.7 22.1 12.7 5.7 
17 24.1 68.6 37.2 10.2 6.6 



  

 
 

III 

18 33 29.2 20.5 11 7.5 
19 17.7 14.6 13 7.4 5 
20 18.8 30.3 14.4 12.1 5.4 
21 16.6 34 10.4 10.7 5.9 
22 22.3 36 13.4 13.7 11.1 
23 17.5 18.5 9.8 10.5 8.5 
24 12.3 10.2 4.5 5.4 5.1 
25 12.6 11.3 5.1 5.4 5.1 
26 10.8 9 5.9 - - 
27 9.3 7.3 7.3 - - 
28 12.6 6.8 9.4 - - 
29 19.4 6.9 10.7 - - 
30 16.7 - - - - 
 
Results From the Field Study 
 
Table 28. Data for VS and TS calculations, field study. 
a Sample 2 was spilled after being heated to 550℃.  

Sample Wet sample [g] After 103 °C [g] After 550 °C [g] TS [%] VS [%] 
Kitchen waste 1 4.185 0.610 0.018 14.58 14.15 
Kitchen waste 2a 4.587 0.692 - 15.09 -  

Kitchen waste 3 5.413 0.803 0.028 14.83 14.32 
Average kitchen - - - 14.83 14.24 
Cow manure 1 6.058 1.652 0.575 27.27 17.78 
Cow manure 2 7.104 1.600 0.483 22.52 15.77 
Cow manure 3 6.157 1.758 0.651 28.55 17.98 
Average cow - - - 26.11 17.18 
Pig manure 1  3.439 1.038 0.191 30.18 24.63 
Pig manure 2 3.456 1.027 0.179 29.72 24.54 
Pig manure 3 4.450 1.373 0.217 30.85 25.98 
Average pig - - - 30.25 25.05 
Digestate 1 19.693 0.0204 0.0144 10.36 3.05 
Digestate 2 19.559 0.0434 0.0374 22.19 3.07 
Digestate 3 19.041 0.0464 0.0404 24.37 3.15 
Average 
digestate 

- - - 18.97 3.09 

 
Table 29. Results from measurements in digester A. 
In the Feedstock column, pig refers to pig manure and kw to kitchen waste.  

Day Date pH  Slurry  
Temp [℃] 

Outdoor  
Temp [℃] 

Biogas 
Yield [ml] 

Methane 
Yield [ml] 

Feedstock 

1 15-02-26 - - - - - cow (766g) + 
water 

2 15-02-27 8.5 - - - - water 
3 15-02-28 - - - - - water 
4 15-03-01 - - - - - water 
5 15-03-02 - - - - - water 
6 15-03-03 - - - - - water 
7 15-03-04 - - - - - water 
8 15-03-05 - - - - - water 
9 15-03-06 8.5 - - - - water 
10 15-03-07 - - - - - water 
11 15-03-08 - - - - - water 
12 15-03-09 - - - - - water 
13 15-03-10 - - - - - water 
14 15-03-11 - - - - - water 



  

 
 

IV 

15 15-03-12 - - - - - water 
16 15-03-13 8.5 27.0 29.2 - - pig + kw + water 
17 15-03-14 - 35.1 34.5 - - pig + kw + water 
18 15-03-15 - - - - - no measurements  

or feeding 
19 15-03-16 - 27.9 28.8 2187 - pig + kw + water 
20 15-03-17 - 28.0 29.1 1225 - pig + kw + water 
21 15-03-18 - 24.3 27.2 1796 - pig + kw + water 
22 15-03-19 - 26.7 29.0 2866 - pig + kw + water 
23 15-03-20 5.5 26.0 29.2 2500 - pig + kw + water 
24 15-03-21 - 27.2 29.7 2344 - pig + kw + water 
25 15-03-22 - 28.4 30.4 1100 - pig + kw + water 
26 15-03-23 - 27.1 28.1 3448 - pig + kw + water 
27 15-03-24 - 28.2 30.5 4094 - pig + kw + water 
28 15-03-25 - 27.4 28.5 2800 - pig + kw + water 
29 15-03-26 - 26.9 27.3 3270 - pig + kw + water 
30 15-03-27 - 24.5 27.8 2696 - pig + kw + water 
31 15-03-28 5.5 27.1 28.4 2884 - pig + kw + water 
32 15-03-29 - 39.8 30.9 1652 - pig + kw + water 
33 15-03-30 - 35.3 28.8 3490 - pig + kw + water 
34 15-03-31 - 35.2 30.3 2000 - pig + kw + water 
35 15-04-01 - 31.8 30.2 2650 - pig + kw + water 
36 15-04-02 - 34.0 30.3 3168 - pig + kw + water 
37 15-04-03 - 28.2 26.7 1300 - pig + kw + water 
38 15-04-04 5.5 32.5 28.3 3064 - pig + kw + water 
39 15-04-05 - 34.5 30.1 1160 - pig + kw + water 
40 15-04-06 - 28.6 29.4 2598 750 pig + kw + water 
41 15-04-07 - 37.4 31.8 2400 1018 pig + kw + water 
42 15-04-08 - 34.6 31.9 1200 852 pig + kw + water 
43 15-04-09 - 26.9 28.2 779 339 pig + kw + water 
44 15-04-10 4.5 35.0 30.8 968 392 pig + kw + water 
45 15-04-11 - 30.6 29.8 679 278 pig + kw + water 
46 15-04-12 - 31.0 29.4 900 328 pig + kw + water 
47 15-04-13 - 27.4 29.2 400 180 pig + kw + water 
48 15-04-14 - 27.0 29.2 700 262 pig + kw + water 
49 15-04-15 4.05 28.5 29.3 670 - - 
 
Table 30. Results from measurements in digester B. 
In the Feedstock column, pig refers to pig manure and kw to kitchen waste. 

Day Date pH  Slurry  
Temp [℃] 

Outdoor  
Temp [℃] 

Biogas 
Yield [ml] 

Methane 
Yield [ml] 

Feedstock 

1 15-02-26 - - - - - cow (766g) + 
water 

2 15-02-27 8.5 - - - - water 
3 15-02-28 - - - - - water 
4 15-03-01 - - - - - water 
5 15-03-02 - - - - - water 
6 15-03-03 - - - - - water 
7 15-03-04 - - - - - water 
8 15-03-05 - - - - - water 
9 15-03-06 8.5 - - - - water 
10 15-03-07 - - - - - water 
11 15-03-08 - - - - - water 
12 15-03-09 - - - - - water 
13 15-03-10 - - - - - water 
14 15-03-11 - - - - - water 
15 15-03-12 - - - - - water 



  

 
 

V 

16 15-03-13 8.5 27.0 29.2 - - pig + kw + water 
17 15-03-14 - 35.1 34.5 - - pig + kw + water 
18 15-03-15 - - - - - no measurements 

or feeding 
19 15-03-16 - 27.9 28.8 2600 - pig + kw + water 
20 15-03-17 - 28.0 29.1 920 - pig + kw + water 
21 15-03-18 - 24.3 27.2 1400 - pig + kw + water 
22 15-03-19 - 26.7 29,0 2848 - pig + kw + water 
23 15-03-20 4.5 26.0 29.2 2240 - pig + kw + water 
24 15-03-21 - 27.2 29.7 1971 - pig + kw + water 
25 15-03-22 - 28.4 30.4 500 - pig + kw + water 
26 15-03-23 - 27.1 28.1 136 - pig + kw + water 
27 15-03-24 - 28.2 30.5 2700 - pig + kw + water 
28 15-03-25 - 27.4 28.5 3800 - pig + kw + water 
29 15-03-26 - 26.9 27.3 3685 - pig + kw + water 
30 15-03-27 - 24.5 27.8 2400 - pig + kw + water 
31 15-03-28 5.5 27.1 28.4 2900 - pig + kw + water 
32 15-03-29 - 39.8 30.9 2400 - pig + kw + water 
33 15-03-30 - 35.3 28.8 1650 - pig + kw + water 
34 15-03-31 - 35.2 30.3 2100 - pig + kw + water 
35 15-04-01 - 31.8 30.2 1100 - pig + kw + water 
36 15-04-02 - 34.0 30.3 1800 - pig + kw + water 
37 15-04-03 - 28.2 26.7 600 - pig + kw + water 
38 15-04-04 5.5 32.5 28.3 1460 - pig + kw + water 
39 15-04-05 - 34.5 30.1 1400 - pig + kw + water 
40 15-04-06 - 28.6 29.4 1468 530 pig + kw + water 
41 15-04-07 - 37.4 31.8 2100 784 pig + kw + water 
42 15-04-08 - 34.6 31.9 1800 922 pig + kw + water 
43 15-04-09 - 26.9 28.2 660 568 pig + kw + water 
44 15-04-10 5.5 35.0 30.8 1898 708 pig + kw + water 
45 15-04-11 - 30.6 29.8 1264 452 pig + kw + water 
46 15-04-12 - 31.0 29.4 899 285 pig + kw + water 
47 15-04-13 - 27.4 29.2 1066 356 pig + kw + water 
48 15-04-14 - 27.0 29.2 800 319 pig + kw + water 
49 15-04-15 4.41 28.5 29.3 920 - - 
 
Table 31. Results from measurements in digester C. 
a Gas tap left open over night 
In the Feedstock column, pig refers to pig manure and kw to kitchen waste. 

Day Date pH  Slurry  
Temp [℃] 

Outdoor  
Temp [℃] 

Biogas 
Yield [ml] 

Methane 
Yield [ml] 

Feedstock 

1 15-02-26 - - - - - - 
2 15-02-27 - - - - - - 
3 15-02-28 - - - - - - 
4 15-03-01 - - - - - - 
5 15-03-02 - - - - - - 
6 15-03-03 - - - - - - 
7 15-03-04 - - - - - - 
8 15-03-05 - - - - - - 
9 15-03-06 - - - - - - 
10 15-03-07 - - - - - - 
11 15-03-08 - - - - - - 
12 15-03-09 - - - - - - 
13 15-03-10 - - - - - cow (1252g) + ino 

(2698g) + water 
14 15-03-11 - - - - - water 
15 15-03-12 - - - - - water 



  

 
 

VI 

16 15-03-13 7.5 - - - - water 
17 15-03-14 - - - - - water 
18 15-03-15 - - - - - water 
19 15-03-16 - 29.2 28.8 - - pig + kw + water 
20 15-03-17 - 34.6 29.1 476 - pig + kw + water 
21 15-03-18 - 24.5 27.2 1184 - pig + kw + water 
22 15-03-19 - 28.0 29.0 1982 - pig + kw + water 
23 15-03-20 5.5 31.5 29.2 - b - pig + kw + water 
24 15-03-21 - 31.3 29.7 652 - pig + kw + water 
25 15-03-22 - 31.1 30.4 1076 - pig + kw + water 
26 15-03-23 - 28.5 28.1 1256 - pig + kw + water 
27 15-03-24 - 32.8 30.5 1254 - pig + kw + water 
28 15-03-25 - 28.9 28.5 1072 - pig + kw + water 
29 15-03-26 - 28.1 27.3 2040 - pig + kw + water 
30 15-03-27 - 29.6 27.8 1060 - pig + kw + water 
31 15-03-28 5.5 32.0 28.4 1824 - pig + kw + water 
32 15-03-29 - 33.9 30.9 1068 - pig + kw + water 
33 15-03-30 - 32.1 28.8 1732 - pig + kw + water 
34 15-03-31 - 33.4 30.3 1764 - pig + kw + water 
35 15-04-01 - 32.5 30.2 1870 - pig + kw + water 
36 15-04-02 - 31.8 30.3 1256 - pig + kw + water 
37 15-04-03 - 27.4 26.7 930 - pig + kw + water 
38 15-04-04 5.5 30.9 28.3 1092 - pig + kw + water 
39 15-04-05 - 32.6 30.1 1364 - pig + kw + water 
40 15-04-06 - 27.8 29.4 1900 544 pig + kw + water 
41 15-04-07 - 32.2 31.8 2552 1179 pig + kw + water 
42 15-04-08 - 30.2 31.9 2125 1144 pig + kw + water 
43 15-04-09 - 33.0 28.2 1300 741 pig + kw + water 
44 15-04-10 5.5 28.2 30.8 1928 608 pig + kw + water 
45 15-04-11 - 26.7 29.8 3098 899 pig + kw + water 
46 15-04-12 - 35.4 29.4 3763 970 pig + kw + water 
47 15-04-13 - 32.2 29.2 4159 1003 pig + kw + water 
48 15-04-14 - 29.0 29.2 3872 1152 pig + kw + water 
49 15-04-15 - 32.2 29.3 3930 - pig + kw + water 
50 15-04-16 - 30.4 32.1 4052 - pig + kw + water 
51 15-04-17 4.40 29.0 31.4 3870 - - 
 
Table 32. Results from measurements in digester D. 
In the Feedstock column, pig refers to pig manure and kw to kitchen waste. 

Day Date pH  Slurry  
Temp [℃] 

Outdoor  
Temp [℃] 

Biogas 
Yield [ml] 

Methane 
Yield [ml] 

Feedstock 

1 15-02-26 - - - - - - 
2 15-02-27 - - - - - - 
3 15-02-28 - - - - - - 
4 15-03-01 - - - - - - 
5 15-03-02 - - - - - - 
6 15-03-03 - - - - - - 
7 15-03-04 - - - - - - 
8 15-03-05 - - - - - - 
9 15-03-06 - - - - - - 
10 15-03-07 - - - - - - 
11 15-03-08 - - - - - - 
12 15-03-09 - - - - - - 
13 15-03-10 - - - - - cow (1252g) + ino 

(2698g) + water 
14 15-03-11 - - - - - water 
15 15-03-12 - - - - - water 



  

 
 

VII 

16 15-03-13 7.5 - - - - water 
17 15-03-14 - - - - - water 
18 15-03-15 - - - - - water 
19 15-03-16 - 29.2 28.8 - - pig + kw + water 
20 15-03-17 - 34.6 29.1 920 - pig + kw + water 
21 15-03-18 - 24.5 27.2 1974 - pig + kw + water 
22 15-03-19 - 28.0 29.0 2490 - pig + kw + water 
23 15-03-20 5.5 31.5 29.2 1676 - pig + kw + water 
24 15-03-21 - 31.3 29.7 2330 - pig + kw + water 
25 15-03-22 - 31.1 30.4 1396 - pig + kw + water 
26 15-03-23 - 28.5 28.1 644 - pig + kw + water 
27 15-03-24 - 32.8 30.5 2084 - pig + kw + water 
28 15-03-25 - 28.9 28.5 1020 - pig + kw + water 
29 15-03-26 - 28.1 27.3 1644 - pig + kw + water 
30 15-03-27 - 29.6 27.8 436 - pig + kw + water 
31 15-03-28 5.5 27.1 28.4 940 - pig + kw + water 
32 15-03-29 - 33.9 30.9 1020 - pig + kw + water 
33 15-03-30 - 32.1 28.8 1388 - pig + kw + water 
34 15-03-31 - 33.4 30.3 1244 - pig + kw + water 
35 15-04-01 - 32.5 30.2 1128 - pig + kw + water 
36 15-04-02 - 31.8 30.3 1040 - pig + kw + water 
37 15-04-03 - 27.4 26.7 920 - pig + kw + water 
38 15-04-04 5.5 30.9 28.3 1200 - pig + kw + water 
39 15-04-05 - 32.6 30.1 2150 - pig + kw + water 
40 15-04-06 - 27.8 29.4 2500 792 pig + kw + water 
41 15-04-07 - 32.2 31.8 1860 640 pig + kw + water 
42 15-04-08 - 30.2 31.9 2068 1052 pig + kw + water 
43 15-04-09 - 33.0 28.2 648 472 pig + kw + water 
44 15-04-10 5.5 28.2 30.8 1272 558 pig + kw + water 
45 15-04-11 - 26.7 29.8 3258 932 pig + kw + water 
46 15-04-12 - 35.4 29.4 4480 1400 pig + kw + water 
47 15-04-13 - 32.2 29.2 2740 799 pig + kw + water 
48 15-04-14 - 29.0 29.2 2658 808 pig + kw + water 
49 15-04-15 - 32.2 29.3 3290 - pig + kw + water 
50 15-04-16 - 30.4 32.1 2988 - pig + kw + water 
51 15-04-17 4.33 29.0 31.4 3008 - - 
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Appendix 2 
Table 33. Specifications for the components needed to build the full-scale biogas digester.  
a Approximated unit prices and amounts.  

Quantity Dimension Unit Description Application Unit 
Price 
[PHP] 

Amount 
[PHP] 

1 V: > 2.4  m3 HDPE water tank Fermenter tank 40 000a 40 000 
1 V: > 2.5 m3 HDPE water tank Gasholder tank 40 000a 40 000 
1 Ø: 3 1/2 '' PVC T-pipe Feedstock inlet 74 74 
1 Ø: 3 1/2 '' PVC female adapter Feedstock inlet 52 52 
2 Ø: 3 1/2 '' PVC male adapter Feedstock inlet 63 126 
1 Ø: 3 1/2 '' PVC threaded end cap Feedstock inlet 68 68 
1 Ø: 3 1/2 

L: 2 
'' 
m 

PVC pipe Feedstock inlet 390 390 

1 Ø: 2 1/2 '' PVC elbow Digestate outlet 57 57 
1 Ø: 2 1/2 '' PVC male adapter Digestate outlet 44 44 
1 Ø: 2 1/2 '' PVC check nut Digestate outlet 55 55 
1 Ø: 2 1/2 

L: 1 
'' 
m 

PVC pipe Digestate outlet 136 136 

1 Ø: 1/2 '' PVC male adapter Gas outlet 11 11 
1 Ø: 1/2 '' Galvanized iron elbow  Gas outlet 86 86 
1 Ø: 1/2 '' Gas tap Gas outlet 250 250 
1 Ø: 2 '' PVC ball valve Outlet for slurry 287 287 
1 Ø: 2 '' PVC male adapter Outlet for slurry 44 44 

 

 
Table 34. Additional materials and tools required for the completion of a biogas digester.  

Materials and Tools 
Gas stove 
Gas pipe 
File  
Hammer  
Hack saw 
PVC adhesive 
Epoxy resin and hardener 
3 1/2 '' metal pipe, approximately 10 cm long 
2 1/2 '' metal pipe, approximately 10 cm long 
2 '' metal pipe, approximately 10 cm long 
1/2 '' metal pipe, approximately 10 cm long 
 
 
 
 
 

 
 
 
 
 
 
 
 
 


