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Abstract 
 

Currently Vietnam is facing several problems with waste handling. For instance, a lot of the 

municipal organic solid waste is dumped at landfills, which contributes to environmental 

difficulties such as greenhouse gas emissions. Anaerobic digestion has proven to be an 

adequate method for solving environmental problems such as waste treatment, where biogas 

can be produced. The methane content in the biogas can subsequently be used as a prosperous 

energy source for heating, electricity and vehicle fuel. The production and utilization of 

biogas in Vietnam is in a developing face. However, there are issues that should be tackled to 

improve and expand the biogas production and use. In Vietnam the main substrate used for 

anaerobic digestion is animal manure as most of the biogas digesters are placed on farms. The 

purpose of this master thesis was to identify additional potential substrates for biogas 

production, with focus on Thái Nguyên city and Sông Công city in the Thái Nguyên 

province. In order to find suitable substrates, interviews and literature research were carried 

out in Vietnam. Subsequently biochemical methane potential (BMP) tests were performed for 

the identified and acquired substrates. The BMP-tests were first performed at Thái Nguyên 

University but as the results were inconclusive, further experiments were performed at 

Linköping University (Sweden) where eight substrates from the Thái Nguyên province were 

investigated. The identified substrates used for the BMP-tests were three types of beer waste 

from the Vicoba brewery in Thái Nguyên city, food waste from different restaurants in Sông 

Công city, fruit waste from the fruit market in Thái Nguyên and household vegetable waste. 

The highest methane yield could be observed for household vegetable waste (543 Nml/g VS) 

followed by beer waste (yeast) with a methane potential of 497 Nml/g VS. Beer waste (hops 

boiling) had the lowest methane potential with a value of 230 Nml/g VS. Estimation of the 

total methane potential in both cities together from food waste from restaurants, beer waste 

and sewage sludge from the upcoming waste water treatment plant (WWTP) in Thái Nguyen 

city were made by combining data from interviews, literature values and the BMP-results. 

The estimation showed that from Thái Nguyên City and Sông Công city about 137,500 m
3
 

CH4
 
/year can be produced from food waste from restaurants, about 1.7 million

 
CH4 m

3
/year 

can be produced from sludge from the WWTP in Thái Nguyên city (under construction) and 

there is also a possibility to produce about 10,700 m
3
 CH4/

 
year from the beer brewery in 

Thái Nguyên city. Thus, the total estimated methane potential sums up to 1.8 million m
3
 CH4

 

/year. The results show that Thái Nguyên city and Sông Công city have potential wastes that 

preferably could be used as substrates for biogas production which could add on to the biogas 

produced currently at farm level in the Thái Nguyên region. 



 

 

Sammanfattning 

 

 

I dagsläget står Vietnam inför svåra problem med rådande avfallshantering. En stor del av det 

organiska avfallet deponeras. Detta bidrar till miljöproblem som exempelvis utsläpp av 

växthusgaser. Kontrollerad rötning har visat sig vara en bra metod för avfallshantering av 

organiskt avfall, eftersom biogasen som produceras exempelvis kan användas som 

energikälla för matlagning, elektricitet och fordonsbränsle, samtidigt som avfallsmängden 

kraftigt reduceras. Utvecklingen av kommersiell biogasproduktion i Vietnam är fortfarande i 

ett inledande stadie. De främsta substraten för biogassubstratet som används i landet i nuläget 

är olika typer av gödsel med anledning av att de flesta rötkammare är placerade på 

bondgårdar. Syftet med denna studie är att undersöka kompletterande potentiella substrat som 

kan användas för biogasproduktion i städerna Thái Nguyên och Sông Công som är belägna i 

provinsen Thái Nguyên. För att identifiera möjliga biogassubstrat genomfördes intervjuer på 

plats tillsammans med litteraturundersökningar. Vidare genomfördes 

metanpotentialbestämningar (BMP) för identifierade, utvalda och, erhållna substrat. Det 

visade sig ej vara möjligt inom tidsramen för besöket att genomföra BMP-testerna på ett 

fullgott sätt vid Thái Nguyêns universitet med anledning av begränsningar i 

metodförutsättningar, varför BMP-tester även genomfördes på Linköpings universitet. Totalt 

testades metanpotentialen för åtta olika substrat från städerna Thái Nguyên och Sông Công. 

De identifierade substraten som användes i BMP-studien var tre typer av bryggeriavfall från 

Vicoba bryggeri i Thái Nguyên, matavfall från olika restauranger i Sông Công, fruktavfall 

från fruktmarknaden i Thái Nguyên och hushållsavfall från ett hushåll i Thái Nguyên. Det 

högsta metanutbytet kunde observeras för matavfall från hushåll (543 Nml/g VS) följt av 

bryggeriavfall i form av jäst (497 Nml/g VS). Ölavfall från vörtkokning påvisade det lägsta 

metanutbytet av samtliga testade substrat motsvarande 230 Nml/g VS. En uppskattning av 

den totala metanpotentialen i de båda städerna från matavfall från restauranger, bryggeriavfall 

samt avloppsslam från reningsverket som är under uppbyggnad i Thái Nguyên genomfördes 

baserat på intervjuer, litteraturvärden samt genomförda metanpotentialtester (BMP). 

Uppskattningen visade att cirka 137 500 m
3
 CH4

/
år skulle kunna produceras från matavfall 

från restauranger, cirka 1,7 miljoner CH4 m
3
/år från avloppsreningsverksslam samt från 

ölbryggeriet i Thái Nguyên är det möjligt att producera cirka 10 700 CH4 m
3
/år. 

Sammantaget indikerar det en uppskattad metanpotential motsvarande ca 1,8 miljoner CH4 

m
3
/år. Slutsatsen av den här studien visar att det finns stor potential för biogasproduktion i 

Thái Nguyên och Sông Công.   
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1 Introduction 

The energy consumption in Vietnam has increased rapidly in the last decennium, due to the 

industrialization and an increasing population, which has also led to an increase of waste (Cu 

et al., 2015; Thanh & Matsui, 2011). In 2009 Vietnam’s urban population was 25.59 million. 

Estimations of the population development indicate that in 2025 the urban population will 

increase to 52 million which will be 50 % of Vietnam’s total population (Nguyen et al., 

2014). This rapid estimated growth will most likely increase the waste amounts even more 

(Nguyen et al. 2014). Today Vietnam is facing severe problems with recycling and energy 

use for a sustainable environment. Currently, waste such as liquids (manure and other wastes) 

from for example piggeries are directly released to water streams, which negatively affect the 

environment (Vu et al., 2015). This pollutes the water streams and the air when it goes into 

the grounds and ponds which leads to odor pollution, eutrophication and an increased disease 

hazard (Thien Thu et al., 2012). Waste such as municipal solid waste is either thrown away in 

lakes, dumped at landfills and a small part is also combusted (Thanh & Matsui, 2011). These 

methods are quite inconvenient as they contribute to many environmental and health 

problems. For instance they affect the environment negatively as greenhouse gases are 

emitted (Thi et al. 2015). Space limitations at landfills, costs of transportation and burial of 

waste, and the contamination of groundwater are other examples of problems (Nguyen et al., 

2014). However, one advantageous method used in Vietnam today is that a lot of the food 

waste is reused as livestock feed and compost (Sammalisto & Sefane 2015). 

 

One solution to the actual problems may be to instead collect the organic waste and produce 

biogas of it by anaerobic digestion (AD) under controlled process conditions. In this way, the 

waste amounts are reduced. The biogas produced is an energy-rich carrier that may be used 

for cooking, electricity or upgraded to vehicle fuel. AD is a favorable method for 

management of the waste and at the same time gain useful energy from it and solving 

environmental problems (Cu et al., 2015) such as greenhouse gas emissions (Thi et al., 2015). 

From an ecological and an economical view it is beneficial to apply this method rather than 

accumulate the waste at landfills (Nguyen et al., 2014). 

This method is specifically suitable for handling wet organic waste, which for instance 

include food waste, sewage sludge, animal manure and industrial waste such as waste from 

breweries (Abdeshahian et al. 2016). Biogas is mostly composed of methane, carbon dioxide 

and a small amount of other gases, such as hydrogen, hydrogen sulfide, ammonia and 

nitrogen. (Abdeshahian et al., 2016) Biogas can advantageously be used in households for 

many purposes such as cooking, lighting and heating. It is also a more environmental friendly 

alternative to coal as an energy source (Vu et al., 2015). 

 

Today a majority of the biogas digesters in Vietnam are small household digesters. The 

substrate used is mainly animal manure due to the availability (Cu et al., 2015). There are 

many potential substrates for biogas production in Vietnam, for example cassava waste, fish 

waste and food waste (Tran et al. 2015; Ronde et al. 2010; Sammalisto & Sefane 2015) 
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Today, these types of waste are discharged without any incite of what the consequences 

might be in a long-term perspective.  

 

In the Thái Nguyên province the development of biogas process is still at an initial stage. 

Currently the main bio digesters in the province are simple and small digesters made of 

bricks (C. H. Pham et al. 2014), which are usually placed on farms. The main substrate used 

for the biogas production is manure from cows and pigs (Nguyen, 2011). 

1.1 Aim of the project  

The purpose of this master thesis was to identify additional substrates suitable for biogas 

production in Thái Nguyên city and Sông Công city, situated in the Thái Nguyên province in 

Vietnam. An investigation of the biochemical methane potentials of the identified substrates 

was also an aim. Further, an aim was to estimate the amount of additional substrate available 

in these two cities and to give a rough estimate of the potential for additional biogas 

production in the province area. To approach the aims of this study, a sub aim was added 

during the experimental period, to compare the experimental results obtained at Thái Nguyên 

University with results from similar experiments at Linköping University (Sweden), using 

substrates from Thái Nguyên province. This, since uncertain results were acquired due to 

suboptimal biochemical methane potential test conditions at Thái Nguyên University.  

1.2 Research Questions 

The following research questions have been a basis for the project: 

 

a) Which substrates are available for biogas production in/near Thái Nguyên city and 

Sông Công? 

b) Approximately how much of the identified substrates are available for biogas 

production? 

c) What is the biomethane potential of selected substrates? 

d) How much biomethane can be expected to be produced from the selected available 

substrates in Thái Nguyên city and Sông Công city? 

 

2 Background 

2.1 Biogas in Vietnam 

 
During 2003-2008 Vietnam participated in the first phase for a biogas program together with 

the Dutch company SNV (SNV, 2011), the Biogas Program for the Animal Husbandry Sector 

(BPAHS) in Vietnam (Roubík et al., 2016). The project included the construction of 57 000 

biogas plants and training for technicians, biogas mason teams and for the majority of the 

plant owners (SNV, 2011). The program is still on-going and since the program started in 

2003 more than 100 000 household biogas plants have been constructed (Roubík et al., 2016).  
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In Vietnam the situation of biogas is rather uncontrolled due to lack of knowledge of how to 

manage the biogas digesters and the lack of information about the biogas potential of the 

biomass (Cu et al., 2015). A majority of the biogas digesters in Vietnam are unheated, 

unstirred, simple and small household dome digesters made of bricks (Pham et al. 2014). To 

get a stable temperature inside the digesters, these are usually built underground. (Pham et al., 

2014) However the farmers do not in general have enough knowledge how to manage the 

digesters or proper knowledge of the biogas potential of the substrate (Cu et al. 2015). For 

instance it is quite common to add more slurry to the digesters than what is necessary for 

biogas usage. This contributes to an excess of biogas production, which affect the 

environment negatively as greenhouse gases are released (Cu et al. 2015).. 

 

In Thái Nguyên province the biogas digesters are mainly dome digesters made of bricks 

(Pham et al., 2014). Since the production of livestock in the province is high, substrate used 

in the digesters is manure from cows and/or pigs (Nguyen, 2011). The province was involved 

in BPAHS from 2004 to the end of 2010, when the biogas program in the province was 

stopped. In the beginning of December 2009 the number of constructed biogas plants was 

3,322 in Thái Nguyên province and1,000 of these were constructed during 2009. (Nguyen, 

2011) The information regarding the total biogas produced from these facilities is incomplete. 

Since the only substrate used today is animal manure there is a great potential to expand 

production of biogas in the area, which is the main focus in this master thesis. 

2.2 Thái Nguyên Province  

Thái Nguyên province is situated in the north of Vietnam approximately 80 km north of 

Hanoi. The province has an area of approximate 3,500 km
2
 and a population of 

approximately 1.2 million people (Investement Promotion Center for North Vietnam, 2016). 

The region has two different seasons, rain season and dry season with average temperatures 

from 14 -18 °C in the coldest months and 28-30 °C in the hottest months (Thái Nguyên Water 

Supply Company, 2014). Thái Nguyên City is the largest city in the province which in 2013 

had a population of about 206,000 people in 2009 (Thái Nguyên Water Supply Company 

2014). Sông Công is the second largest city in the Thái Nguyên province and is divided in 

several wards. Some of these are rural while others are urban. The population of the urban 

wards is approximately 33,400 people. (Sammalisto & Sefane 2015) The province has the 

second largest areas of tea cultivation in Vietnam and also has a large number of other 

industries such as steel production, beer production and electronics (Investment promotion 

center for North Vietnam, 2016).  

 

Both Thái Nguyên city and Sông Công city do not have any convenient wastewater 

treatment. However in the Bách Quang ward in Sông Công city there are nearly 100 

households which are connected to a wastewater treatment plant that was constructed in 2013 

(Sammalisto & Sefane, 2015). The wastewater from the other households in Bách Quang and 

the other wards in Sông Công city is directly released to Công River. However, there are 

plans for improving the wastewater management for the whole city. The authorities in Sông 
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Công are planning to construct new wastewater treatment plants. (Sammalisto & Sefane, 

2015) Currently in Thái Nguyên city a wastewater treatment plant is under construction 

(Vietnamese officials, personal communication, April 2016). This can possibly lead to a 

potential expansion of the biogas production in Thái Nguyên province since the produced 

sludge can be treated through AD.    

2.3 Anaerobic Digestion 

The formation of biogas from organic materials by AD is a natural biochemical process 

which occurs in environments such as e.g. landfills and rice fields (Angelidaki, et al., 2011), 

but may also be produced under controlled environmental conditions e.g. in a bioreactor. The 

formation of biogas is a multistep process and is generally divided into 4 steps; hydrolysis, 

acidogenesis, acetogenesis and methanogenesis (de Mes, et al., 2003; Angelidaki, et al., 

2011). Hydrolysis and acetoclastic methanogenesis is generally considered as the rate 

determining steps in the AD-process. (Angelidaki, et al., 2011). Figure 1 shows a schematic 

graph for all the steps in the AD-process. 

2.3.1 Hydrolysis 

Hydrolysis is the first step in the degradation of the substrates. During hydrolysis proteins, 

carbohydrates and lipids are converted into their building blocks - amino acids, sugars and 

free long chain fatty acids (de Mes, et al., 2003; Angelidaki, et al., 2011). This is performed 

by hydrolytic microorganisms that produce enzymes such as cellulase, amylase, lipase and 

protease that work hydrolytically (Weiland, 2010). As hydrolysis is considered as rate-

limiting it is important to optimize this step for an efficient biogas production. Pre-treatments 

may be efficient ways to make hydrolysis more efficient (Appels et al., 2008). This can be 

done by different techniques e.g. mechanical, biological, chemical and/or thermal pre-

treatment. (Appels et al., 2008) Substrates which are lignocellulosic usually face troubles 

with the hydrolysis due to the complexity of the structure, in these cases pre-treatment is 

essential for an efficient biogas production (Fanedl et al. 2015). However, to obtain a more 

efficient utilization of all types of complex substrates for biogas production the efficiency of 

the hydrolysis needs to be increased. This with respect to operational costs including the 

required input of energy and additives during pre-treatments. The hydrolysis have an ideal pH 

range from 5.5-6.5 (Weiland, 2010). Other factors known to affect the hydrolysis are e.g. the 

particle size and available surface area of the material to be digested as well as the source of 

the microbial inoculum (Jensen et al. 2009). 

2.3.2 Acidogenesis 

In the acidogenesis (fermentation step) the previously mentioned building blocks are 

converted to carbon dioxide (CO2) and volatile fatty acids (VFA) (de Mes, et al., 2003; 

Angelidaki, et al., 2011). During this step byproducts such as ammonia (NH3/ NH4
+
) and 

dihydrogen sulfide (H2S) are also produced (Appels et al. 2008), these byproducts could later 

be toxic to the methanogens (Kandylis et al. 2016). The most common VFAs formed when 
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fermenting monosaccharides are acetate and butyrate. Ethanol, lactate and propionate are 

usually formed when a process is overloaded with organic material. (Angelidaki et al. 2011) 

The VFA products that are produced depends on pH and the coenzyme NADH/NAD+ ratio 

(Kandylis et al. 2016). Acidogenesis have an optimum pH at 6-7 (Han et al., 2016). The 

bacteria present in the acidogenic step are very dependent on which substrate used for AD but 

factors such as temperature and pH also effect the bacterial community (Kandylis et al. 

2016). 

2.3.3 Acetogenesis 

In the third step, acetogenesis, the VFA is transformed to acetate and hydrogen (H2) (de Mes, 

et al., 2003; Angelidaki, et al., 2011). The acetogenesis includes both the formation of acetate 

through CO2 reduction and degradation of organic acids (Angelidaki et al. 2011). The partial 

pressure of the H2 is an important factor when controlling the conversion to acetate and H2 

(Appels et al. 2008). If the H2 partial pressure is too high this will favor CO2 reduction rather 

than the formation of acetate from organic acids. This might cause inhibition resulting in 

accumulation of fatty acids. (Appels et al. 2008) The main types of bacteria that perform the 

acetogenesis are hydrogen-utilizing bacteria and hydrogen-producing bacteria where the first 

mentioned bacteria might compete with the methanogens for hydrogen, formate and methanol 

(Angelidaki et al. 2011).  

2.3.4 Methanogenesis 

The last step of the anaerobic digestion is the methanogenesis in which the methanogenic 

bacteria and archea convert the acetate and H2 to produce methane (CH4) (de Mes, et al., 

2003; Angelidaki, et al., 2011). The two different paths for the methane formation is either to 

split acetate to CH4 and CO2 or to produce CH4 through H2 as an electron donor and CO2 as a 

carbon acceptor (Appels et al. 2008). However, around 70 % of the methane is formed from 

acetate (Angelidaki et al. 2011). The methanogenic bacteria have higher sensitivity to 

increases of ammonia compared to the acidogens and acetogens (Appels et al. 2008). A 

majority of the methanogens have an optimal growth at pH 7 and are therefore neutrophils, 

though a few species are acidotolerant and alkalotolerant (Angelidaki et al. 2011). 
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2.3.5 Important parameters for anaerobic digestion 

For a stable AD process a few parameters need to be monitored. Macronutrients, 

micronutrients, pH and temperature are especially important to monitor. 

2.3.5.1 Macronutrients and micronutrients 

Macronutrients such as carbon, nitrogen, phosphorus and sulfur are vital and it is especially 

important to keep the ratios between the different types of macronutrients at an adequate level 

(Janke et al. 2015). The ratio between nitrogen and carbon in a substrate is an especially 

important factor; both a nitrogen deficiency and nitrogen excess could inhibit the anaerobic 

digestion (Janke et al. 2015). A high nitrogen content will increase the risk of ammonia 

inhibition (Chen et al. 2008) while low nitrogen content reduces the functionality of the 

microbial community (eg. production of enzymes for carbon utilization) (Janke et al. 2015). 

Sulfur and phosphorus have several functions in AD but need to be kept in adequate amounts 

Organic matter  
(Carbohydrates, proteins, fats) 

Simple organic matter  
(Sugars, Amino acids, peptides) 

VFA 
(propionate, butyrate, etc.) 

Acetic Acid H
2 

+ CO
2
 

CH
4 

+ CO
2
 

Hydrolysis 

Acidogenesis 

Acetogenesis 

Methanogenesis Methanogenesis 

Figure 1. A schematic graph for the different steps in the AD process (modified after Appels et al.( 2008)).  
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to not cause inhibition (Chen et al. 2008). However, too high concentrations of sulfur can 

lead to inhibition due to toxicity of sulfide to different groups of bacteria (Chen et al. 2008).  

 

Micronutrients such as iron, nickel, cobalt, selenium, tungsten are needed in trace amounts to 

keep a good growth rate of microorganisms (Weiland 2010). The micronutrients serve an 

important part for full functionality of enzymes and cofactors in the anaerobe process (Janke 

et al. 2015). Addition of extra trace elements have shown to provide extra stability in long 

term digester processes, greater degradation of organic material, low levels of VFA, and 

higher biogas production (Choong et al. 2016). However, these improvements are usually on 

a case to case basis as the AD process varies from operation to operation and full knowledge 

is not yet available. Additions of the micronutrients are highly recommended in mono-

digestion of substrates with low content of micronutrients. (Choong et al. 2016) 

2.3.5.2 Volatile fatty acids 

Volatile fatty acids (VFA) are formed as an intermediate after the acidogenesis and are 

usually degraded in the acetogenesis. (Angelidaki, et al., 2011) Common VFAs which can be 

observed in the reactor are acetate, propionate and butyrate (Pind, et al., 2003). The level of 

VFAs in the reactor is highly dependent on the substrate which is used to feed the reactor and 

which metabolic path is used to digest the substrate (Pind, et al., 2003). VFAs are also a 

known factor when it comes to foam occurring in the reactor (Ganidi, et al., 2009). The VFA 

levels are preferably monitored since they are a key intermediate in the AD and high levels 

can inhibit the methanogenesis (Weiland, 2010). The high levels also indicate that the 

methanogenesis is not working properly (Schnürer et al. 2009). The accumulation of VFAs 

can e.g. be related to an accumulation of free ammonia in the reactor as the VFA decreases 

the pH, neutralizing the impact of the ammonia. When free ammonia, the VFAs and the 

lower pH interacts, and the reactor process usually ends up in an inhibited steady state. In this 

inhibited steady state the process usually runs stably but a lower methane yield can be 

observed (Chen, et al., 2009). The accumulation of VFAs can also be connected to variations 

in temperature, organic overloading and presence of toxic compounds. The toxicity has been 

connected to the undissociated form of VFA as this form can flow through the cell membrane 

and cause pH reduction and interference of homoestasis (Appels, et al., 2008). 

2.3.5.3 pH 

The different microorganisms have different optimal pH (Appels et al., 2008). For 

methanogenic bacteria the optimum is between 6.5 and 7.2. The fermentative microorganisms 

have a wider range between 4.0 and 8.5. During a low pH a major production of acetic acid 

and butyric acid occurs, while at a high pH acetic acid and propionic acid is formed. The 

formation of VFAs effect the process by reducing the pH. However this drop in pH is 

normally balanced out by the methanogenic organisms when VFA is converted to methane. 

(Appels et al., 2008) For a stable gas production it is crucial that the pH is held in an 

appropriate range (Jain et al., 2015).  
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2.3.5.4 Temperature 

Temperature is an important factor for AD. It affects both the physiochemical properties of 

the compounds in the substrate as well as the microorganism’s growth rate and metabolism 

(Appels et al. 2008). AD processes are usually run at either mesophilic (25-40°C) or 

thermophilic (50-60°C) temperatures and different microorganisms have different optimal 

growth temperatures (Schnürer et al. 2009). In subtropical and tropical areas such as Vietnam 

digesters are often run at psychrotrophic (20-30°C ) and psychrophilic (<20°C ) during winter 

time as heaters are used very seldom (Cuong H. Pham et al. 2014). Pham et al. (2014) 

concluded that temperatures over 20°C are needed for operation in these types of un-heated 

small scale biogas digesters. AD processes at different temperature ranges have different 

advantages and disadvantages, mesophilic conditions ensure a greater diversity in 

microorganisms compared to thermophilic temperatures, which in turn generally lead to 

stable processes and a better degree of decomposition (Schnürer et al. 2009). When running a 

process at thermophilic temperature the biochemical processes work at higher rates leading to 

generally faster digestion (Appels et al. 2008; Schnürer et al. 2009) if the microorganisms are 

accustomed to the temperature (Schnürer et al. 2009). Other advantages are destruction of 

pathogens and increased solubility of certain organic compounds during thermophilic 

conditions (Schnürer et al. 2009). However, thermophilic conditions require larger energy 

supply for heating, poorer process stability as thermophilic bacteria are more temperature 

sensitive, and there is an increased risk for inhibition from free ammonia at thermophilic 

temperatures (Chen et al. 2008) due to higher toxicity at these temperatures (Caporgno et al. 

2015). 

2.3.5.5 TS and VS 

Measurements of total solids (TS) are usually performed on potential biogas substrates to be 

able to estimate the biogas potential. Many of the substrates which are suitable for biogas 

production often contain quite high amounts of moisture in them and with these 

measurements the actual dry weight of the sample can be measured (Sluiter, et al., 2008). 

Measurements of volatile solid (VS) are performed to investigate the organic matter present 

in the substrate. By measuring VS before and after AD it is possible to calculate how much of 

the organic matter which has been degraded in the reactor process (Pecesa, et al., 2014). This 

calculation is called VS reduction and high loss of VS in the AD process correlates with a 

high degradation (Schnürer et al. 2016). However, measuring the VS to calculate how much 

organic matter that has been degraded can be misleading if the material before and after the 

AD process contains high amounts of VFA as they also volatilize upon heating (Carlsson & 

Schnürer 2011). As TS and VS measure dry mass and total organic material these parameters 

are needed to calculate a correct organic loading for an anaerobic process (Schnürer et al. 

2009).   

 

 

 



9 

 

2.4 Biochemical methane potential tests  

Biochemical Methane Potential (BMP) tests is a way to determine a substrate’s potential in 

forming methane (Carlsson & Schnürer 2011). Theoretical calculations of methane potential 

will almost always be higher compared to the practical potential in a BMP-test due to a few 

combined reasons; some of the available substrate will be used to synthesize the bacterial 

mass, substrate usually contain organic inert material (eg. lignin), limitations of nutrients and 

inaccessible organic structures (Angelidaki et al. 2011). Unlike theoretical methane 

calculations of a substrate, BMP-tests measure how much of the organic fractions of substrate 

which is transformed to methane (Carlsson & Schnürer 2011). This is done by comparing the 

gas production to either volatile solids (VS) chemical oxygen demand (COD) or amount of 

substrate. 

 

Even though protocols and guidelines are available for BMP-tests, the tests are performed in 

several different ways depending on what equipment is available (Carlsson & Schnürer 

2011). The BMP-tests are batch tests done in pressure resistant bottles of 0.1-2 L and 

frequently a ratio of 2:1 of inoculum and substrate is used in the bottles. The tests should be 

done under good nutrient conditions to get an optimal biogas yield, if a substrate or inoculum 

is low on nutrients a nutrients solution could be added. The experiment can be performed 

both at thermophilic and mesophilic temperature depending on the type of investigation, the 

most important thing is that the temperature is constant and that the inoculum is adapted to 

the temperature used in the BMP-test. (Carlsson & Schnürer 2011).  

2.4.1 Inoculum and its importance 

The choice of inoculum is very important for start-up and operation of an anaerobic reactor 

(Córdoba et al. 2016) and results from BMP-tests could be difficult to compare if different 

types of inoculum have been used (Carlsson & Schnürer 2011). The inoculum used for BMP 

test should contain a broad spectrum of bacteria and preferably one should use an inoculum 

which has been used to digest similar substrates previously (Carlsson & Schnürer 2011). The 

inoculum should be acquired from either the digester at a well-functioning co-digestion or 

wastewater treatment plant or in some cases liquid manure from farms could be used. 

(Carlsson & Schnürer 2011) 

2.5 Potential substrates for biogas production in Vietnam 

The different substrates that are available in Vietnam for biogas production are presented in 

this section. The TS and VS values for the substrates are summarized in Table 1. 

2.5.1 Manure  

The main substrate used for AD in Vietnam today is animal manure from pigs and cows 

(Nguyen 2011) due to a high amount of livestock production (Thien Thu et al. 2012). The 

advantages of treating manure with AD are many (Vu et al. 2015). For instance it contributes 

to reduction of greenhouse gas emissions. It also enables a more sustainable treatment of 
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manure as the biogas produced from it can be used for lighting, cooking and heating. This 

reduces the usage of non-renewable fuel sources as well as it reduces odor emissions and 

eutrophication. However there are disadvantages using manure for AD in Vietnam e.g. if the 

excess digestate from the AD process is directly discharged without making use of important 

nutrients in the manure (does not necessarily need to be connected to if the farmer has a 

digester or not). Another disadvantage is that the slurry used for the digester is usually diluted 

with wash-water and urine, which decreases the utilization of the AD process due to low TS 

and VS values. (Vu et al. 2015) There are also advantages of using manure as substrate as it 

has a high nutrient and nitrogen content, thus it is used as co-substrate with substrates 

containing a low nitrogen content (Zhang et al. 2011). Cu et al (2015) carried out BMP 

experiments for different types of manure and it showed that pig manure and cow manure had 

the highest methane yields at 440 Nml/g VS and 220 Nml/g VS respectively. Chicken 

manure had a value of 170 Nml/g (Cu et al. 2015). Due to the relatively high amount of 

nitrogen in manure there can be a risk of ammonia inhibition which can be controlled by co-

digested with a substrate that has a high amount of carbon (Tian et al. 2015).  

2.5.2 Beer waste  

AD as a way to take care of waste from the beer industry has been adopted by several 

breweries (Christiansen, u.d.; Casey, 2014). Most side products in the brewing process that 

does not create beer are considered as waste (Christiansen, u.d.). This leads to that there is 

great potential to find wastes suitable for biogas production in the brewing industry. Bear 

Republic Brewing Company in California (USA) has adapted a system which both produces 

electricity, heat and takes care of the waste water from the brewery (Casey, 2014). Abita 

Brewing Company in Louisiana (USA) uses a biogas system which in 2008 processed 170 m
3
 

of brewery waste per day leading to a production of 1.39*10
7
 m

3
 of biogas per month 

(Christiansen, u.d.). The challenge with waste from brewery industries is that it usually has a 

high lignocellulose content (17-25 % cellulose, 8-28% lignin) (Fanedl et al. 2015). Thus, pre-

treatment and co-digestion might be needed for efficient AD. Fanedl et al. (2015) studied the 

possibilities to use anaerobic hydrolytic bacteria as a pre-treatment method. The study 

concluded that the use of hydrolytic bacteria can increase the methane production with up to 

18 % (Fanedl et al. 2015). Panjičko et al. (2015) concluded that wet brewery spent grain had 

a methane potential of 230 ml/g VS.  

 

Lees, is a common name for wastes produced during fermentation of alcoholic beverages. 

Beer lees is supposed to be around 80 % of all waste produced from breweries (Shibata et al. 

2009). Pérez-bibbins et al. (2015) discuss the potential of lees from wine, cider and beer 

manufacturing and they discuss that beer lees have potential to be used as livestock feed and 

for production of biohydrogen as well as methane (Pérez-bibbins et al. 2015). Beer yeast 

waste has been shown to have biogas yield of 450-720 ml/g VS and a methane yield of 

approximately 430 ml/g VS added. However, it has been shown to have a high nitrogen 

content which could cause ammonia inhibition making it a candidate for co-digestion 

(Zupančič et al. 2012). 

 



11 

 

2.5.3 Food waste 

A large part of the municipal solid waste is food waste (Zhang & Jahng, 2012) (5-10 % 

according to Sammalisto and Sefane (2015)). The management of food waste is a bigger 

problem in developing countries such as Vietnam, since it is currently being disposed at 

landfills, which contribute to greenhouse gas emissions. (Thi et al., 2015). A lot of research 

have been done on the field of AD of food waste (e.g. in Sweden and other countries in 

Europe), which is considered to be a sustainable way to take care of the food waste and at the 

same time it enables energy use (Jansson et al., 2009). Previous studies show that there have 

been successful performances when using food waste for AD, which has resulted in high 

levels of methane production (Zhang & Jahng, 2012). Food waste contains high amounts of 

organic material, where the main content of Asian food waste is rice, meat and vegetables 

(Zhang et al. 2015). These components are easy to degrade and thus food waste is an 

appropriate substrate for AD (Zhang et al., 2011; Zhang et al., 2015).  

 

However, AD of food waste alone is instable due to shortage of trace elements. According to 

Zhang et al (2015) addition of trace elements or co-digestion with substrates that contain a 

sufficient amount of trace metals enhance the AD of food waste. Their study was carried out 

to investigate the methane production of food waste from rice, vegetables and meat and 

showed that it was possible to acquire a methane yield of 370 ml/g VS. The same study 

showed that the addition of trace elements increased the methane yield to 500 ml/g VS 

(Zhang et al. 2015). Zhang et al (2011) performed an anaerobic co-digestion of food waste 

and pig wastewater, both the wastewater and the food waste had sufficient content of the 

macronutrients Na, K, Ca and Mg. However, the wastewater had a higher content of 

micronutrients such as iron and nickel. The study showed that the co-digestion of food waste 

and the wastewater gave higher methane yield compared to food waste alone. This study also 

shows that by the addition of a solution containing trace elements instead of the pig 

wastewater resulted in an even higher methane yield of 369 ml/g VS. A conclusion could be 

drawn that the trace elements in the pig wastewater enhanced the co-digestion. The 

conclusion that trace elements enhance the process of AD has also been reported by Cogan 

and Antizar-Ladislao (2016) and Banks et al. (2012). 

 

Today the most common way to treat food waste in Vietnam is livestock feed; the rest is 

processed in landfills and through compost (Thi et al. 2015). Food waste is a growing waste 

fraction in Vietnam as the urbanization increases. Using AD to process the food waste would 

be a more environmental friendly option compared to landfilling. (Nguyen et al. 2014)  

Also the majority of the restaurants in Vietnam use the food waste as animal feed or they 

dump it so it later ends up in landfills (Thi et al. 2015). A study which was performed in 

Beijing, showed an estimation of the total food waste from restaurant which was 956.300 tons 

in 2015 (De Clercq et al., 2016), where the total population in Beijing is 21.7 million 

(Yongqi, 2016). In the study the methane yield was theoretically estimated to 310 Nml/g of 

food waste. This shows that there is a potential of using restaurant food waste to produce 

biogas. 
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2.5.4 Fruit & vegetable waste 

The industry of fruits and vegetables in Vietnam represent 9% of the country’s total goods 

and services (Nga & Trang, 2015). Due to the content of easy degradable organic matter in 

fruits and vegetables, the wastes from these are considered to be valuable sources for AD. 

However due to the high degradability of waste from fruits and vegetables, the production of 

VFAs is fast (Bouallagui et al., 2005). This decreases the pH which in turn may have a 

negatively effect on the methanogenesis. To keep the pH stable, it may be effective to add 

substrates which contain high amounts of nitrogen. (Bouallagui et al., 2005) Previous studies 

have been carried out in the field of AD of fruits and vegetables, e.g. Bouallagui et al (2005) 

reported a methane yield of 420 ml/g VS of fruits and vegetables. Khan et al (2016) carried 

out BMP tests on bananas in which peel, flesh and unpeeled banana were investigated 

separately. The results showed a methane yield of 322 ml/g VS from peel, 367 ml/g VS from 

flesh and 349 ml/g VS from unpeeled bananas. Scano et al (2013) also performed an 

experiment of AD with different types of fruits and vegetables. The results showed a methane 

yield of 430 Nml/g VS. Ganesh et al (2014) were able to obtain a methane yield of 450 ml/g 

VS from fruits and vegetables.  

 

In Vietnam there is a huge amount of pineapple waste. During the harvest season 2.5-3.3 

million tons of pineapple waste is produced in the country, only from the pineapple industry 

(Nga & Trang 2015). Pineapples have a high content of carbohydrates and proteins, thus the 

waste may be suitable for biogas production (Namsree et al., 2012). Namsree et al. (2012) 

reported that from pulp and peel together it was possible to get a higher yield compared to 

pulp alone and peel alone. They reported a methane yield of 140 ml/g COD removed. Rani & 

Nand (2004) concluded that pre-treatment of the pineapple waste gave a higher methane 

yield. In their study they ensilaged the pineapple processing waste which resulted in a biogas 

yield of 670 ml/g VS with a 65% of methane content leading to a yield of 440 ml
 
/g VS. In 

the same study fresh and dried pineapple without pre-treatment resulted in biogas yields of 

550 ml/g VS and 410 ml/g VS respectively, with 51% and 41% of methane content 

respectively with a yield of 280 ml
 
/g VS and 170 ml

 
/g VS respectively. 

 

2.5.5 Waste water treatment plant sludge  

The necessity of waste water treatment plants (WWTPs) has become more and more crucial 

to guarantee clean water and environment. However, there are some complications with the 

managing of the waste water. One problem is the management of sewage sludge, which is 

considered as a by-product in the waste water treatment process (Buonocore et al. 2016; 

Caporgno et al. 2015). Sewage sludge is considered to be problematic due to the contents of 

toxic materials like pathogens, organic contaminants and heavy metals which have a distinct 

impact on the environment as it contributes to pollution. In developing countries this is more 

of a challenge because of limitations of the equipment, regulations and also limitations in the 

wastewater treatment process (Buonocore et al. 2016). A way to treat the sewage sludge is by 

AD. The use of AD of sludge is a well-used procedure which stabilizes the sludge and biogas 

is produced (Caporgno et al., 2015).  
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Sewage sludge has a high nitrogen content, thus it is suitable for AD (Elsayed et al., 2016). 

However AD of sewage sludge alone is not convenient, due to a low level of carbon, which 

gives a low C/N ratio. Thus co-digestion with sewage sludge is a better option. (Elsayed et 

al., 2016) Elsayed et al (2016) concluded that the co-digestion increased the methane yield 

comparing to AD with sludge alone and wheat straw alone. The study was carried out on 

primary sludge. Dai et al (2016) studied the anaerobic co-digestion of waste activated sludge 

and perennial ryegrass and the maximal methane production was 310 ml/g VS. A study 

performed in Sweden showed a biogas yield of 195 Nm
3
 CH4/ton TSin. This value is a mean 

value for the 34 waste water treatment plants included in the study (BioMil AB & Envirum 

AB, 2008).  

2.5.6 Cassava waste 

Cassava (Manihot esculenta spp. esculenta) is a root crop which grows extensively in Asia, 

Latin America and Africa. It is mainly used as food, animal feed and to produce methanol 

and starch. It contains a high amount of starch, with a level of 90% of its dry weight. (Zhang 

et al. 2016; Jansson et al. 2009). Due to the high amounts, there is a great industry of starch 

production of Cassava in many countries such as Vietnam (Tran et al. 2015). However, the 

waste from cassava processing has become a problem as it affects the environment when it is 

discharged to streams and pollutes the groundwater (Zhang et al. 2016). With AD of cassava 

pulp it is possible to acquire methane and the method also enables the reduction of the 

pollution caused by cassava pulp (Glanpracha & Annachhatre, 2016). A few studies have 

been made in the field of AD of cassava, e.g. Cu et al (2015) reported a methane yield of 340 

Nml/g VS. In the report there is also a discussion about the content of hydrogen cyanide, 

which inhibits the methane production. Even though a large part of the cyanide content is 

extracted during the starch production, there is still a risk that the cassava might contain some 

cyanide. Cassava also contains high amounts of carbohydrates, but it has low contents of 

nitrogen. These are additional factors that limit the AD process. However a solution to these 

problems may be to add a co-substrate which contains high amount of nitrogen. This will 

keep the C/N ratio on an optimal level. Glanpracha and Annachhatre (2016) performed a 

study of co-digestion with cassava pulp and pig manure where a methane yield of 380 ml/g 

VS was acquired.  

2.5.7 Tea waste 

Tea production is a major industry in Vietnam and Thái Nguyên has the second largest tea 

cultivation in Vietnam (Investement Promotion Center for North Vietnam, 2016). Tea waste 

could either be spent tea leaves (Goel et al., 2001) or overgrown woody shoots which are not 

processed (Yadav et al., 2016). In 2012 the amount of harvested tea around Thái Nguyên was 

estimated to 1,154 ha, which represent 16,780 tons of fresh tea leaves. There seems to be a 

few reported studies on biogas potential from tea waste. One study showed that from mono-

digestion with spent tea leaves it was possible to get a biogas yield of 480 ml/g COD 

removed, with a methane content of 73 % using a two-phase reactor (Goel et al. 2001). This 
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indicates that tea waste is a potential substrate for AD. However, tea has a high lignin content 

which affect the biodegradability of the tea (Yadav et al. 2016). 

2.5.8 Waste from fish processing industries  

Not many studies have been performed on waste from fish processing industries as a potential 

biogas substrate. In 2011 Vietnam was the third largest fish producer in the world (Ronde, et 

al., 2011). This indicates that there is great availability of fish waste in Vietnam. Krishna et 

al. (2013) investigated the potential of different types of fish waste which mixed with bread 

waste and brewery grain waste as silage. The study showed promising results with methane 

potential of 441–482 ml/g VS. Solli et al. (2014) studied co-digestion of fish waste silage 

with cow manure where an addition of 16 % fish waste and 84 % cow manure gave the 

highest methane yield of 400 ml/g VS.  
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Table 1. The table shows the different values for TS (%), VS (% of TS) and the methane yield reported for the different 

substrates available in Vietnam. 

Substrate TS (%) VS (% of 

TS) 

Methane yield (CH4) 

Piglet manure 

Chicken manure 

Cow manure 

(Cu et al., 2015) 

19.4±0.7 

37.9±0.3 

10.9±0.9 

82.9±0.2 

66.7±1.0 

73.0±0.9 

444 Nml/g VS 

173 Nml/g VS 

222 Nml/g VS 

Beer waste (spent grain) 

(Panjičko et al., 2015) 

20-30  95 230 ml/g VS 

Beer waste (yeast) 

(Zupančič et al. 2012) 

- - 430 ml/g VS 

Food waste (rice, vegetables & meat) 

(Zhang et al. 2015) 

- - 370 ml/g VS 

Food waste (added trace elements) 

Pig wastewater 

18±1 

5.6±0.3 

94±1 

65±1 

369 ml/g VS 

187 ml/g VS 

Co-digestion (food waste + pig wastewater) 

(Zhang et al., 2011) 

- - 388 ml/g VS 

Banana peel 

Banana flesh 

Unpeeled banana 

(Khan et al., 2016) 

9.7±0.1 

22±0.2 

18±1 

86±0.2 

93±0.8 

90±2 

322 ml/g VS 

367 ml/g VS 

349 ml/g VS 

Fruits and vegetable waste  

(Bouallagui et al., 2005) 

8-18  86-92  420 ml/g VS 

Fruits and vegetable waste  

(Ganesh et al., 2014) 

13±1 87±4 450 ml/g VS 

Fruits and vegetable waste  

(Scano et al., 2014) 

- - 430 Nml/g VS 

Pineapple pulp and peel 

(Namsree et al., 2012) 

- - 140 ml/g COD removed 

Ensilaged pineapple 

Fresh pineapple 

Dried pineapple 

(Rani & Nand, 2004) 

28 

29 

73 

82 

96 

96 

440 ml/g VS 

280 ml/g VS 

170 ml/g VS 

Primary sludge 

Wheat straw 

Co-digestion (Sludge + wheat straw) 

(Elsayed et al., 2016) 

82±0.2 

91±0.2 

83±0.1 

96±0.1 

- 

- 

481±6 ml/g VS 

Co-digestion (sludge + ryegrass) 

(Dai et al., 2016) 

- - 310 ml/g VS 

Cassava waste 

Pig manure 

Co-digestion (sludge + ryegrass) 

(Glanpracha & Annachhatre, 2016) 

21±1 

21±1 

94±1 

64±1 

- 

- 

380 ml/g VS 

 

Co-digestion (fish waste + bread waste) 

Co-digestion (fish waste+ brewery grain waste) 

(Krishna et al., 2013) 

- - 482 ml/g VS 

441 ml/g VS 

Fish waste silage 

Co-digestion(fish waste + cow manure) 

(Solli et al., 2014) 

35 

- 

93 

- 

- 

400 ml/g VS 
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3 Materials and Methods 

3.1 Investigation of potential substrates and available amounts 

To identify additional potential substrates for biogas production in the Thái Nguyên province 

literature research was performed and information regarding available waste fractions was 

also collected from the locals specifically staff and students at Thái Nguyên university of 

agriculture and forestry. To receive information of amounts of substrates available from 

restaurants, interviews were performed with the staff at the restaurants. Additional 

information was acquired from the Vice Director, Office of Research and International 

Affair, at Thái Nguyên University and from the director of department of foreign affairs in 

Thái Nguyên.  

3.1.1 Interviews and analysis to estimate methane potential 

Interviews were carried out with randomly selected restaurants in Thái Nguyên city and Sông 

Công city where staff (manager, chef or waiters) was interviewed. In total 62 restaurants in 

Thái Nguyên city and 65 in Sông Công city were involved in the interviews. The interviews 

were both qualitative and quantitative (Esterberg, 2001), where the qualitative part included 

information about what the restaurants do with the food waste and what types of waste they 

produce while the quantitative part included information such as how much waste is 

produced and how many costumers the restaurant have. In order to get specific answers, the 

questions for the interviews were structured and closed-ended according to Esterberg (2001). 

The questionnaire containing questions about types and amounts of waste, current waste 

treatment and number of customers can be seen in appendix 1. Due to language limitations a 

Vietnamese student translated the questionnaire and performed the interviews.  

An approximation was done by using two different methods to investigate the entire potential 

for methane production for each method from restaurant waste in Thái Nguyên city and Sông 

Công city. In the first method Google maps was used to get the total number of restaurants, as 

there is no register of the exact number of restaurants and on-site investigation was applied. 

One street of 1.3 km was used as a reference for Thái Nguyên city and one reference street of 

1.0 km was used for Sông Công city in this analysis. Google maps was used to get the total 

amounts of restaurants for the two reference streets. These numbers were compared to the 

observed restaurants, where the ratio of registered restaurants to the observed number of 

restaurants was calculated. These numbers were then applied to the entire cities to estimate 

the total amounts of restaurants. Results from the interviews were used to interpret the total 

amount of waste for the restaurants on these streets. The total methane potential was also 

calculated by applying the experimental results on the total waste fractions for these cities. 

The second method was based on the interview results, where the total number of customers 

and the total number of waste produced was summarized. From this the total amount of waste 

per customer and day was calculated. Further, the number of population was combined with 

this number and also an estimation of how many meals per day each citizen have in 

restaurants was done. Literature data from an estimation based on the city Beijing was then 

compared to the results for comparison.  
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The methane potential from WWTP was estimated by using literature data from Sammalisto 

and Sefane (2015), based on the WWTP in Sông Công city and further applying it to the 

population in both cities. The calculations have been based on data for COD as this 

information was available from literature. From 1 kg COD 400 L of methane can be produced 

according to Hamilton (2012).  

The methane potential from brewery waste was estimated by using literature data and BMP 

results as well as information from personal contacts at Thái Nguyên University. From 

literature data the amount of waste for yeast and spent grain for a brewery in Slovenia 

(brewery Laško) was acquired and these numbers were then scaled down to the production 

size of the brewery in Thái Nguyên city.  

3.1.2 Limitations 

Within the framework of the thesis, it was not possible to collect and investigate all identified 

additional substrates for potential biogas production in the region. Therefore, further focus 

with respect to approximate their methane potentials was selected for the available substrates 

(See section 3.3). It was difficult to access information on waste quantities and statistical 

information in the region. This represented a significant limitation which contributed to the 

difficulty of estimating the total biogas potential in the area. Thus, in this respect, focus on 

approximations of restaurant waste was selected specifically (See section 3.1.1). This study 

was the first biomethane potential test performed at the Thái Nguyên University of 

Agriculture and forestry. Due to limitations at the laboratory for setting-up and performing 

BMP-trials satisfactory the BMP-experiments were later repeated at Linköping University to 

acquire more conclusive results. The limitations included proper incubation and lack of 

equipment, but also limitations in availability of best suitable inoculum for BMP tests. 

3.2 BMP experimental set-up at Thái Nguyên University 

 

3.2.1 Biochemical methane potential (BMP) tests 

The BMP tests were performed in triplicates for each substrate, cellulose controls and 

inoculum based on the method reported by Ekstrand et al. (2013). Each bottle with a volume 

of 330 ml was prepared with 20 ml of inoculum, substrate (ratio 2:1, inoculum:substrate), 

sulfide solution (0.05 mM Na2S · 3H2O), nutrient solution (6.6 mM NH4Cl, 5.1 mM NaCl , 0.8 

mM CaCl2 · 2H2O , 0.5 mM MgCl2 · 6H2O) and distilled water with a total volume of 100 ml. 

The bottles were flushed with nitrogen gas during the preparations of the bottles to enable an 

anaerobic environment. The bottles were then covered in aluminum foil to keep it dark inside 

the bottles. Thereafter the bottles were incubated in approximately 20℃. The temperature in 

the incubation room had to be lowered to approximately 15℃ after 13 experimental days due 

to other experiments taking place in the same room. Thus the batch bottles had to be moved 

to another room, with non-constant temperature. The temperature in the room varied from 
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22.2-34.4℃ during the remaining experimental period. The bottles were incubated for 47 

days in total. 

3.2.2 Acquiring inoculum 

A few different types of inoculum were tested before the biomethane potential (BMP) -tests 

of the selected substrates were initiated. The different inoculi were acquired from pig farms 

with biogas digesters of different sizes. Inoculum 1 was collected from a farm scale digester 

at a pig farm with a number of 600 pigs. Inoculum 2 was acquired from a farm with 200 pigs 

in total and approximately 1,000 chickens. There were two serial digesters connected to each 

other at farm number two, from which the inoculum was collected. The volumes of the 

chambers were 40 m
3
 and 100 m

3
 respectively. Also inoculum 3 was collected from a pig 

farm (no information was received about the size of the farm). All farms were located in the 

countryside just outside Thái Nguyen city. A fourth inoculum was obtained from a WWTP in 

Sông Công. The inoculi did stand for degassing about two days before they were incubated 

according to method recommendations. 20 ml of inoculi was incubated in 330 ml glass 

bottles with a sulfide solution (0.05 mM Na2S · 3H2O), nutrient solution (5.6 mM NH4Cl, 5.1 

mM NaCl, 0.8 mM CaCl2 · 2H2O, 0.5 mM MgCl2 · 6H2O) and water at a total volume of 100 

ml to test the microbial activity.  

3.2.3 Collection of substrates 

Chicken manure and pig manure were collected from the same farm as where inoculum 2 was 

acquired. Three types of beer waste, from different steps in the beer process, were collected 

from Vicoba which is a local beer industry in Thái Nguyên. The different types of beer waste 

included spent grain from the lautering step, sediment from the filtration after hops boiling, 

and yeast from the fermentation step. In Thái Nguyên food waste consisting of rice, chicken 

and vegetables such as spinach was collected from the canteen at the university. Pineapple 

waste which was mainly pineapple peel was collected from a fruit seller in the street market. 

Household vegetable waste (chili, lettuce leaves and peels from sweet potato, cucumber, 

onion and lime) was gathered from a household in Thái Nguyên city. Also, cabbage was 

collected from a farm in Thái Nguyên city. However, the cabbage was not used in the BMP 

tests, only for TS and VS measurements. The cabbage was excluded from the study due to 

lack of information about the substrate’s availability in Vietnam. From Sông Công different 

types of food waste were collected from four different restaurants. The different waste 

fractions included noodle soup with vegetables and broth, rice with meat and vegetables, 

sticky rice (which is a Vietnamese rice dish containing rice with a high gluten content, meat 

and peanuts), and smoothie waste containing refined sugar and fruits (such as banana, mango 

and lime). In this study, food waste is referred as restaurant food waste, pineapple peels, 

household food waste and smoothie waste from juice bars as these were the food fractions 

most available in Thái Nguyên province. 
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3.2.3.1 TS and VS analysis 

The total solids (TS) and volatile solids (VS) were measured according to the standard 

method (APHA, 1999) .This was done by a two-step heating procedure for collected 

substrates, inoculum and the liquid in the bottles used for BMP-experiments after the 

experiments were performed. Three crucibles were weighed and marked with a pencil. 

Approximately 5 g of the substance to be measured was transferred to each crucible and 

weighed. The crucibles were then put in 105 °C for at least 20 hours using Tủ sấy TS80. The 

crucibles were then cooled and weighed for TS calculation (Equation 1). Subsequently the 

crucibles were heated to 550 °C for 2 hours using a Chinese muffle furnace with unknown 

brand Later they were cooled, weighed again and VS was calculated (Equation 2). The 

analysis was made on each substrate before the BMP-tests, on the different inoculi and at the 

end of the BMP-tests on the remaining batch liquids.  

 

𝑇𝑆 (%) =
𝑤𝑒𝑖𝑔ℎ𝑡;𝑑𝑟𝑖𝑒𝑑 𝑎𝑡 105℃

𝑤𝑒𝑖𝑔ℎ𝑡;𝑤𝑒𝑡
× 100         (Equation 1) 

 

𝑉𝑆 (% 𝑜𝑓 𝑇𝑆) =
(𝑊𝑒𝑖𝑔ℎ𝑡;𝑑𝑟𝑖𝑒𝑑 𝑎𝑡 105 ℃)−(𝑤𝑒𝑖𝑔ℎ𝑡;𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑒𝑑 𝑎𝑡 550 ℃)

𝑤𝑒𝑖𝑔ℎ𝑡;𝑑𝑖𝑟𝑒𝑑 𝑎𝑡 105 ℃
× 100   (Equation 2) 

 

The VS reduction was calculated using the ash method to estimate the degradation 

percentage. 

 

𝑉𝑆𝑟𝑒𝑑 = 1 −
𝑎𝑠ℎ𝑖𝑛

𝑎𝑠ℎ𝑜𝑢𝑡
×

𝑉𝑆𝑜𝑢𝑡

𝑉𝑆𝑖𝑛
 , where ash = 1-VS     (Equation 3) 

3.2.4 pH analysis 

After the bottles had been prepared the pH was measured for each solution of substrate, 

control and inoculum. The pH measurements was done using the pH meter Hanna 

Instruments HI1131 with manual stirring due to lack of magnetic stirrer therefore only one 

measurement was made for each solution. At the end of the batch pH was measured again in 

a similar way. pH was also determined for the liquid substrates and inoculum upon collection. 

3.2.5 Gas measurements and data analysis 

The gas production in the bottles was measured approximately three times per week. This 

was done by using the pressure meter testo 312-3 0…6000 hPa and measuring the 

overpressure in the bottles by inserting a needle in the bottle through the rubber cap. After 

each measurement, the pressure gauge was calibrated. After two weeks when gas had been 

produced in the bottles, an Einhorn’s fermentation saccharometer (Glaswarenfabrik Karl 

Hecht) was used to investigate the methane content in the gas. Due to inconclusive results it 

was not possible to analyze the methane content in the bottles as the gas production was low. 

Therefore the data could not be analyzed in any statistical data program.  
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3.3 BMP experimental set-up at Linköping University 

 

3.3.1 Biochemical methane potential tests 

The BMP tests were performed in triplicates for each substrate, controls of cellulose and 

inoculum. The bottles were prepared with the same method as at Thái Nguyên University 

(see 3.3.1). To make sure that the last of the oxygen was removed after the cap was tightened, 

the potential remaining oxygen was removed from the gas phase and nitrogen was added. 

This procedure was repeated 5 times. The overpressure was then released. Subsequently the 

bottles were incubated in a dark climate room at constant temperature of 37 °C. The bottles 

were incubated for 83 days in total. 

3.3.2 Acquiring inoculum 

The inoculum was collected from outgoing digestate at Åby biogas plant in Linköping 

municipality, which mainly co-digest food waste, slaughterhouse waste and waste from food 

processing industries. The inoculum did stand for degassing about six days before they were 

incubated according to method recommendations. 

3.3.3 Collection of substrates  

The substrates were collected in Thái Nguyên city and Sông Công city and were then 

transported to Linköping. The substrates were collected at the same places as in 3.3.3 but new 

samples were acquired for these experiments (three weeks before the BMP tests were 

started). However, the soup fraction was collected two months before the BMP tests were 

performed in Linköping and was stored in refrigerator until use. Due to a long transport the 

substrates were frozen to keep as fresh as possible for the experiments.  

3.3.3.1 TS and VS analysis 

 

The analysis was performed according to the method in the previous headline for Thái 

Nguyên University (See section 3.3.3.1). For the TS and VS analysis two different ovens 

were used (Termaks and Naber Industrieofenbau 2804 Lilienthal Bremen, respectively). 

Differences in comparison with the implementation at Thái Nguyên University were that the 

crucibles were cooled in a desiccator and the crucibles could be moved with a proper tong. 

Since the substrates had been transported and frozen a second TS and VS analysis of the 

substrates were made in Linköping before start of the batch. TS and VS analysis was also 

made on the inoculum and at the end of the batch experiment.  
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3.3.4 pH analysis 

After the bottles had been prepared the pH was measured for each solution of substrate, 

control and inoculum. The pH measurements were made using a pH meter (WTW inoLab pH 

7310) and stirring was done by a magnetic stirrer. At the end of the batch pH was measured 

again. pH was also measured for the liquid substrates and inoculum upon collection. For each 

solution the pH was measured three times to verify the results. When performing the pH 

measurements a pH reference with a pH of 8 was also checked to make sure that the pH 

meter was properly calibrated. 

3.3.5 Gas measurements and sampling 

The gas was measured approximately three times per week the first two weeks, the remaining 

weeks, the pressure was measured once a week. This was done by using the same pressure 

meter as in Thái Nguyên and measuring the overpressure in the bottles by inserting a needle 

in the bottle through the rubber cap. After each measurement, the pressure gauge was 

calibrated. The gas was sampled for following methane concentration determination using a 1 

ml-syringe, and then diluted injecting it into a bottle with a volume of 31 ml. 0.5 ml of the 

diluted gas was used for methane analysis according to Carlsson and Schnürer (2011). The 

analysis was made using a GC-FID (HP5880A series gas chromatograph equipped with 

poraplotT colonn). Before injecting the gas sample, three standards were run on the machine 

with three concentrations; 0.07 %, 0.63 % and 1.71% methane. When injecting the samples 

three measurements within the approximate error of 5 % were needed for accuracy. The gas 

samples were then injected in the machine and the methane content in each bottle was 

calculated in Microsoft Excel using a calibration curve from the known standards. 

3.3.6 Produced methane data analysis 

Statistical parameters such as standard error, lag phase, rate and total methane production 

were analyzed in the data program SPSS, designed by IBM. The lag phase, rate and total 

methane yield were obtained by inserting the Gompertz model (Equation 4): 

 

 𝑀 = 𝑃 × exp (− exp (
𝑅𝑚×𝑒×(𝐿−𝑡)

𝑃
+ 1))      (Equation 4) 

 

where M is total methane production, P is total methane potential, Rm is the rate and L is the 

lag phase (Nopharatana et al. 2007).  
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3.3.7 Total gas production 

The total gas production was calculated by converting the measured pressure to atmospheric 

pressure. Subsequently, the headspace volume was multiplied with the atmospheric pressure 

to obtain the total gas volume in the headspace. To get the amount of produced gas the 

headspace volume was then subtracted. This was done for each pressure measurement and the 

values were summarized to obtain the accumulated gas. Using equation 5 the volume of the 

gas was converted to standard pressure. 

 

𝑉𝑆𝑇𝑃 =
𝑝𝑔𝑎𝑠

𝑝𝑆𝑇𝑃
×

𝑇𝑆𝑇𝑃

𝑇𝑔𝑎𝑠
× 𝑉𝑔𝑎𝑠 (Wang, 2016)      (Equation 5) 

 

4 Results and discussion 

4.1 Potential biogas substrates available in Thái Nguyên city and Sông 

Công city 

The results from the literature research show that there are many potential substrates in 

Vietnam. However, the investigation in Thái Nguyên city and Sông Công city show that a 

few of the potential substrates from the literature were available in the cities (different types 

of food waste and beer waste). However, the closing of the cassava industry eliminated 

cassava waste as a possible substrate. According to personal contacts with citizens in Thái 

Nguyên city there was a cassava farm outside the city but it was not possible to acquire any 

cassava. Regarding fish waste as a substrate the literature showed that there was a potential of 

fish waste in Vietnam, as it had the third largest fish production in the world 2011. 

Nonetheless, no potential fish processing industries were found in the case-study area during 

the stay in Vietnam and none of the citizens who were spoken to had any information or 

knowledge of fish processing industries close to Thái Nguyên city or Sông Công city. Tea 

waste was also excluded from this study as a majority of the tea leaves most likely are used in 

the tea production, thus producing only a small amount of waste. Also none of the personal 

contacts in Thái Nguyen mentioned this as a possible substrate. However, further studies of 

tea waste as potential biogas substrate in the Thái Nguyên province should be conducted 

before it is completely excluded. It was left out of the context of this study due to the time 

limit. WWTP sludge is in the literature reported as a great potential substrate for biogas 

production. However, due to an incomplete plant in Thái Nguyên city it was impossible to try 

this kind of substrate in the BMP experiments within the frame of this master thesis. 

According to staff at Thái Nguyên Water Supply Company a construction of a WWTP is 

ongoing. Thus there might be a potential for biogas production from the WWTP in the future. 

Staff at Thái Nguyên University stated there was a beer factory located in the city, from 

which three types of beer waste from different steps in the process could be obtained. It was 

difficult to get relevant information as the manager was unwilling to spread any information 

regarding the process and the waste management. Also in the literature it is difficult to find 

any information regarding beer waste in Vietnam, therefore result from studies in Slovenia 
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and USA have been applied when interpreting results. According to a previous study from 

Sông Công city a majority of the household food waste is re-used (Sammalisto & Sefane, 

2015). From a personal contact at Linköping University, who has connections to Vietnam 

less food waste (eatable parts) is thrown away compared to Sweden, due to different eating 

habits. This assumption contradicts the information in the literature as many articles state the 

opposite. However a potential could be seen in the restaurants as large amounts of food waste 

was thrown away. This could also be confirmed from interviews with restaurant staff. There 

is an increase of food waste fractions due to urbanization (Cu et al. 2015). The results from 

the interviews can be seen in the next section. According to information in the literature, the 

main substrate for AD in Vietnam today is animal manure, which is easily acquired from a 

farm.  

4.1.1 Interview results from Thái Nguyên city and Sông Công city 

The results from the interviews in Thái Nguyên city and Sông Công city are presented 

underneath. 

4.1.1.1 Types of food waste  

Figure 2 shows the result for the question “What types of food waste is usually thrown away 

as waste?”. The 10 largest food fractions were selected and stated in percent of the total types 

of food waste fractions and the remaining fractions were combined and named as “other”. 

Vegetables were expressed as a large majority of the total waste fractions. Pork, beef, rice 

and noodles were also reported to represent large shares of the food waste in restaurants in 

Thái Nguyên and Sông Công. In Appendix 2 it can be seen that the ten largest food fractions 

reported were almost the same in both cities. The largest fractions reported in Sông Công 

were the same except that a larger portion of fish waste can be expected. Previous studies 

have shown that the majority of the food waste in Asia contains these food fractions (Zhang, 

2015) and the results from the interviews were consistent. Figure 3 shows the result for the 

question “What type of food waste is the largest portion of waste?”. It can be seen that the 

largest food fractions thrown away as waste are broth, rice and soup. However, from 

Appendix 2 it can be observed that there is a slight difference between the two cities. Broth 

and rice are the most common food fractions thrown away in both cities respectively. 

Nonetheless, in Thái Nguyên city soup is also a majority of the food waste while in Sông 

Công vegetables and fruit waste were reported as large portions of the waste thrown away.  
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The results from question 1 showed that the food waste that is usually thrown away was 

reported as vegetables. However, answers to question 2 showed that vegetables were not a 

majority of the food waste, except in Thái Nguyên city. 

4.1.1.2 Options of usage and separation 

Figure 4 shows that the amount of restaurants that separate the food waste is almost equal to 

the amount that does not separate the food waste (question 3 in Figure 4). However, in Sông 

Công the percentage of restaurants which separate food waste was slightly higher compared 

to the restaurants that do not separate food waste, which can be seen in Appendix 2. A follow 

up question in the survey was “What do the restaurants do with the food waste?” and the 

results can be observed in Figure 5. Four main methods to take care of the food waste were 

identified which were dumping, feeding to animals, reuse as fuel (straw used for firewood), 

and fertilizing. The restaurants that dump the food waste are most likely the restaurants who 

answered that they do not separate the food waste from other waste (question 3) Observations 

from Figure 5 show that almost half of the restaurants in Thái Nguyên city and Sông Công 

city dump the waste, which later ends up on landfills. Since a large portion of the food waste 

ends up on landfills there is a potential of instead collecting this waste fraction to be used for 

biogas production. The figure also shows that in both cities a large amount of restaurants use 

the waste for animal feedstock. 

  

Figure 2. Results from question 1: “What type of food 

waste is usually thrown away as waste?” stated in 

percent of the total types of food waste fractions. The 

single largest food fraction was vegetables. Others 

refer to several smaller food fractions, these can be 

seen in Appendix X. 

 

 

Figure 3. Results from question 2:”What type of food is 

the largest portion of waste?” stated in percent of the total 

types of food fractions. The majority of the food fractions 

thrown away are broth and rice.  
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4.1.1.3 Number of customers and amount of waste 

 Figure 6 represents the number of customers per day for the different restaurants in the 

survey and the majority had 21-30 and 41-50 customers per day. However observations from 

Appendix 2 shows that there is a distinct difference of the number of customers for each city 

where the restaurants in Thái Nguyên have more customers. Most of the restaurants produce 

6-10 kilos waste per day (Figure 7). This shows that the amount of food waste for each 

restaurant is not very large but the amount of restaurants in Thái Nguyên city is immense. As 

an example in one street just outside the university area there are approximately ten 

restaurants on a 100 meters distance. This indicates that it would be profitable to collect all 

the food waste from the restaurants as it is possible to acquire a lot of substrate from a small 

area in the city. In this interview the total number of restaurants is 127. By summing the 

waste produced from the restaurants which dump their waste a total number of 638 kg waste 

per day is acquired. The total number of customers is 6865 per day. This results in 0.09 kg 

per customer and day.  
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Figure 6. Result from question 5: ”How many customers do 

you have per day?”. The table shows that the majority of the 

restaurants have 21-30 and 41-50 customers per day. 

Figure 7. Result from question 6: “How much food waste is 

produced every day?”. Most of the restaurants produce 6-10 

kilos every day. 

Figure 5. Result from question 4:”What do you do with 

the food waste?”. The answers show that a large portion 

of the restaurants report they dump their food waste 

(48%). A huge amount (43%) used for animal 

feedstock, and a small amount reused for fuel (5%) and 

as fertilizer (4%).  

Figure 4. Result from question 3:”Do you separate the 

food waste from other waste?”. 47% answered that they 

do not separate the food waste, while 53% do separate 

their food waste. 
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4.2 BMP-experiments at Thái Nguyên University 

The BMP-experiments at Thái Nguyên University did not give any conclusive results. A 

majority of the values were negative which indicates that no or little gas was produced, as can 

be seen in Appendix 3. Several factors including temperature variation, lab limitations such 

as lack of equipment and inoculum with low activity lead to the lack of gas production. 

Keeping an even temperature is crucial for stable AD, since the temperature affects both the 

microorganisms and features of the substrate (Appels et al. 2008). Due to equipment troubles 

the incubator was not usable for the experiments and therefore it was not possible to keep an 

even temperature or incubate at 37 °C. Thus, the bottles were placed in a room where the 

temperature was supposed to be constant (20 °C), which was proven not to be a suitable 

temperature for biogas production. After a period of time the temperature in the room was 

decreased to 15 °C. Therefore the bottles were moved and placed in a separate lab room. 

However, keeping a stable temperature was not possible as the temperature outside affected 

the indoor temperature and sometimes the AC had been turned on without information from 

the lab staff. As very little biogas had been produced it was not possible to measure the 

methane content with the fermentation saccharometer as it required a produced gas volume of 

three times the headspace volume. The inoculum used was the best of the collected ones, 

however, as it was acquired from a chamber where mainly pig manure was digested, the 

microbial culture was not appropriate for the degradation of the substrates. As inoculum used 

in BMP-experiment preferably should degrade similar substrates (Carlsson & Schnürer 

2011). The TS and VS for all the inoculi were not at a suitable level as they were too low, 

which also affected the results. For future BMP-experiments at Thái Nguyên University there 

are a few aspects that need to be taken into account. The university needs to invest in proper 

equipment involving a room or an incubator where the temperature can be adjusted and held 

at an even level. To perform a proper methane analysis a GC for BMP-test should be 

acquired. Also, more research should be applied to find a proper inoculum with a higher 

organic content. Due to non-conclusive results at Thái Nguyên University complimentary 

BMP-experiments were performed at Linköping University. However, during the BMP 

experiments students and staff at Thái Nguyên University were informed and taught how to 

perform general BMP experiments. This lecture has most likely increased their knowledge 

and will enable them to perform future studies and also distribute this information to other 

people which will increase the knowledge in Thái Nguyên regarding the biogas process. 

4.3 BMP-results obtained during experiments at Linköping University 

The methane potentials were calculated using the Gompertz model. Through this model a few 

other parameters are given such as the lag phase and the R
2
. The R

2
 shows how well the 

predicted value (predicted methane potential) coincide with the measured values. Table 2 

shows that the R
2
 is highest for Beer waste (hops boiling).The methane potentials for the 

substrates ranged from 230-543 Nml/g VS and the measured methane concentrations in the 

biogas were 41-52 % (Table 2). The BMP tests performed at Linköping University showed 

that household vegetable waste had the highest BMP at 543 Nml/g VS with a CH4 

concentration of 35% and a total amount of accumulated biogas of 1568 ml/g VS. It was 
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followed by beer waste (yeast) with a value of 497 Nml/g VS (420 ml/g VS) with a CH4 

concentration of 31 % and a total amount of accumulated biogas of 1386 ml/g VS (Table 2). 

The concentrations reported are based on the methane produced from the substrate without 

any methane from inoculum. Household vegetable waste and yeast waste had a lag phase of 

1.3 and 0.6 days respectively (Table 2; Figure 8). This indicates that even though the yeast 

starts to produce methane more quickly the potential was generally higher in household 

vegetable waste. The BMP value from the experiments for yeast waste is lower compared to a 

literature value where the BMP showed 430 ml/g VS. It should be observed that this value is 

not based on normal conditions (273.15 K, 1 atm). The values do not differ significantly from 

each other when not using normal conditions. Cu et al (2015) carried out BMP tests on 

household vegetable waste and reported a methane yield of 51ml CH4 (g VS
-1

). This value is 

much lower compared to the value in this study. Cu et al. (2015) stated that inhibition 

occurred in their BMP-test which affected the result. When comparing values for BMP test of 

household vegetable waste it is difficult to get an accurate comparison as the content of the 

household vegetable waste varies a lot depending on which type of food is included.  

 

The lowest BMP was acquired for beer waste (hops boiling waste) with 230 Nml/g VS with a 

concentration of 31 % and a total amount of accumulated biogas of 857 ml/g VS. The lag 

phase for hops boiling waste was significantly longer (15.7 days) compared to all other 

substrates (Table 2; Figure 8). 
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Figure 8. Results from the BMP experiments for all the substrates. (A) shows the accumulated methane production under 

standard conditions (273. K, 1 atm), (B) the accumulated biogas and (C) shows the methane concentration in percent. 

Methane concentrations are only based on the substrates, not the inoculum  
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Table 2. Overview of the methane potential (Linköping experiment), accumulated biogas, methane concentration, lag phase 

and R-squared for the substrates investigated. 

 

  

Substrate 

Methane 

potential 

(Nml/g VS) 

Accumulated 

biogas 

(ml/g VS) 

Methane 

concentration 

(%) 

Lag phase 

(days) 

R
2 

(%) 

Inoculum 15.9 311 21 2.2 93 

Beer Waste (spent grain) 283 939 45 0.0 95 

Beer Waste (hops boiling) 230 857 48 16 99 

Beer Waste (yeast) 497 1386 50 0.6 96 

Smoothie Waste 341 1180 41 0.0 97 

Sticky Rice 248 945 43 1.3 97 

Household waste 543 1568 52 1.3 96 

Pineapple Waste 423 1268 49 0.0 94 

Soup Waste 288 957 47 0.0 93 
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From Figure 8 and Figure 9 it can be seen that the impact of the inoculum was satisfactory 

low compared to the substrates. For reliable results when performing BMP tests the impact of 

the inoculum should not be too high because then there is a risk for uncertainty when 

determining the methane potentials, reported by Carlsson and Schnürer (2011).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Figure 10 the results from the beer waste fractions are shown. The yeast waste had the 

highest methane potential followed by spent grain. Hops boiling showed the lowest methane 

potential of the different types of beer waste with a value of 230 Nml/g VS, it also had the 

longest lag phase. The yeast showed the highest rate with a methane yield of 497 Nml/g VS 

added (420 ml/g VS). In a study that was carried out by Zupančič et al. (2012) where yeast 

was co-digested with brewery waste water a methane yield of approximately 430 ml/g VS 

added was acquired. This shows that the results from the BMP experiments were consistent 

with similar studies. For spent grain the result from the BMP experiment showed a value of 

283 Nml/g VS (269 ml/g VS). According to a study that was performed by Panjičko et al. 

(2015) wet brewery spent grain had a methane potential of 230 ml/g VS which also agrees 

with findings in this study. When observing the methane concentrations in Figure 10, yeast 

waste had the highest mean concentration. For hops boiling waste the concentration graph 

shows a very uneven trend. However, a peak can be seen that is quite close to the highest 

peak of the yeast waste concentration. Spent grain had quite an even concentration through 

the experiment but was slightly lower compared to the yeast. It should be noted that the 

methane addition from the inoculum has been removed to focus on the methane production 

from the substrates alone. 
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Figure 9. The methane production of inoculum. (A) shows the methane potential. (B) shows the accumulated biogas and 

(C) shows the methane concentration in percent. 
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Figure 11. The BMP results for sticky rice and Soup waste. (A) shows the total biogas accumulation. (B) shows the 

methane concentration in percent. (C) and (D) show the methane potential for Soup waste and Sticky rice 
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Sticky rice and soup waste showed similar methane potentials, 288 and 248 ml/g VS, 

respectively probably due to the same type of food fractions. Zhang et. al (2011) investigated 

co-digestion of pig farm wastewater and food waste. The methane yield in that study was 400 

ml/g VS added. The BMP tests in this study showed a lower methane yield. Zhang et al 

(2015) compared the methane yield of AD of FW with trace elements and AD of food waste 

without trace elements and concluded that the addition of trace elements increased the 

methane potential. In that study the methane yield for the experiment without trace elements 

was 370 ml/g VS and the methane yield where the trace elements were added was 500 ml/g 

VS. These experiments were performed in a semi-continuous reactor, therefore these results 

cannot be directly applied to the BMP-experiments. Another reason for the different outcome 

could be related to the fact that Zhang et al, (2015) performed experiments with an excess of 

trace elements. However, the variation between the BMP tests and the literature values can be 

explained by different types of food fractions used for the different experiments. The size of 

the substrate particles have a huge impact on the results as bigger particles will lead to a 

slower hydrolysis (Wang, 2016). Generally there is a high uncertainty when comparing BMP 

tests for the same types of substrates as experimental protocols and data analysis might differ 

(Wang, 2016). These stated factors might explain the variation between the experimental 

values and the literature values. The rate for sticky rice was higher and it had a very short lag 

phase compared to soup waste. As can be seen in Figure 11 the methane concentration for 

soup waste and sticky rice are quite similar. However, there is a small difference. A reason 

for this could be that the soup fraction was collected two months before the BMP tests were 

performed in Linköping. The sticky rice was collected two weeks before. When the substrates 

have been stored for a longer period of time the substrates will start to decay even in a cold 

environment.  
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The experimental methane potentials for pineapple waste, household food waste and 

smoothie waste are shown in Figure 12. Household vegetable waste showed the highest 

methane potential of these three substrates, followed by pineapple and smoothie waste, 

respectively (Table 2). Pineapple waste and smoothie waste had a methane potential of 423 

Nml/g VS (372 ml/g VS) and 341 Nml/g VS (296 ml/g VS) respectively. Smoothie waste and 

pineapple waste had a shorter lag phase (Table 2). This can be explained by both substrates 

containing large amounts of sugar. In the case of the smoothie the substrate had been 

processed to a liquid form, which enables hydrolysis. A study performed on ensilaged 

pineapple, fresh and dried pineapple showed a methane yield of 440, 280 and 170 ml/g VS 

respectively (Rani & Nand, 2004). The potential for pineapple waste is quite near the 

literature value for the pre-treated pineapple waste. The values are higher than the values for 

fresh and dry pineapple. The reason for this could be that the substrates were frozen, which 

also is considered as a pre-treatment. From Figure 12 it can be observed that household 

vegetable waste has the highest methane concentration followed by pineapple waste. The 

methane concentration for smoothie waste is significantly lower. This might be an effect from 

the content in the substrate as it contains a lot of easily degraded components. This could lead 

to a fast production of VFAs which have an impact on the pH. 

  



34 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

200

400

600

800

1000

1200

1400

1600

1800

0 10 20 30 40 50 60 70 80 90

m
l B

io
ga

s/
g 

V
S 

t (Days) 

Smoothie Waste
Household Waste
Pineapple Waste

0

100

200

300

400

500

600

0 10 20 30 40 50 60 70 80 90

N
m

L 
C

H
4
 /

g 
V

S 
 

t (days) 
Household Waste

Predicted values (Household waste)

0

50

100

150

200

250

300

350

400

0 10 20 30 40 50 60 70 80 90

N
m

l C
H

4 
/g

 V
S 

 

t (days) 
Smoothie Waste

Predicted values (Smoothe Waste)

0
50

100
150
200
250
300
350
400
450
500

0 10 20 30 40 50 60 70 80 90

N
m

L 
C

H
4 

/g
 V

S 

t (days) 
Pineapple Waste

Predicted values (Pineapple Waste)

Figure 12. The BMP results for pineapple waste, household vegetable waste and smoothie waste. (A) shows the total 

biogas accumulation. (B) shows the methane concentration in percent. (C), (D) and (E) shows the methane potential for 

smoothie waste, household vegetable waste and pineapple waste respectively. 
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4.4 TS, VS and pH of inoculi and substrates investigated 

 

4.4.1 Inoculum 

In general the TS for the different inoculi from Thái Nguyên were considerably lower than 

the inoculum acquired from Linköping, which can be seen in Table 3. In some cases the 

inoculum was almost tenfold lower in Thái Nguyên. Due to the generally low TS values in 

inoculi from Thái Nguyên a small amount of substrate was added to each batch bottle in Thái 

Nguyên University BMP-experiments. Therefore, the pH of the inoculum had the biggest 

impact on the pH for the experiments in Thái Nguyên. Another major difference was the 

digesters where the inoculi were collected. The digesters in Thái Nguyên were small, 

unheated and unstirred household digesters made of bricks, while in Linköping the inoculum 

was taken from outgoing digestate from scale tank digesters. As the digesters were unheated 

this might have an impact on the microbial activity. Inoculum 1 was gathered from the largest 

of the farms and had the lowest TS value for the inoculi from the farms. Another factor that 

might influence the value of the TS is that a lot of water is added to the manure before it 

reaches the digesters (Thien Thu et al., 2012). Thien Thu (2012) discusses that many farmers 

have not been informed of the proper ratios between manure and water, which leads to that 

often too much water is added to the digesters. This in turn dilutes the content in the biogas 

digester. One potential reason for this is that the feedstock for the pigs varies between the 

farms which might later effect the manure (Cu et al., 2015). Inoculum 3 had a quite low pH 

compared to the other inoculi with a value of 6.80 (Table 3). The lowest limit for the 

methanogenesis to function properly is around 6.5 (Appels et al. 2008). As the value for 

inoculum 3 is 6.8 and close to 6.5 this was suboptimal since there was a risk of instability in 

the process which could lead to a further decrease in the pH (Chen et al. 2008). In many cases 

it is an advantage to use inoculum from waste water treatment plants due to the high variety 

of microbial species (Carlsson & Schnürer, 2011). One of the inoculi from Thái Nguyên was 

obtained from a waste water treatment plant. This inoculum showed the lowest TS and VS 

values compared to all the inoculi (Table 3). The waste water treatment plant was connected 

to a textile plant and a zinc industry. Just by observing the inoculum it was quite clear that it 

would not be suitable for the batch experiments. The inoculum was very transparent and had 

a blue shade. Even the pH was very low (6.6).  
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Table 3. Results from the TS, VS and pH analysis of the different inoculi. * indicates the inoculi used in the BMP-

experiments. 

Inoculum  Mean TS (%) Mean VS ( % of TS) pH Place 

     

Inoculum 1 (Place 1) 0.2 ± 0.0 57± 13 7.7 Thái Nguyên 

Inoculum 2, Chamber 1 (Place 2) 0.6 ± 0.0 60 ± 2.0 7.4 Thái Nguyên 

Inoculum 2, Chamber 2 (Place 2) 0.3 ± 0.1 59 ± 4.6 6.9 Thái Nguyên 

Inoculum 3 0.5 ± 0.0 68 ± 1.6 6.8 Thái Nguyên 

Inoculum 3 (Manual stirring)* 0.5 ± 0.1 36 ± 8.5 8.4 Thái Nguyên 

Inoculum (Waste Water Treatment) 0.1 ± 0.0 2.7 ± 3.8 6.6 Sông Công 

Inoculum (Linköping)* 2.7 ± 0.1 66 ± 0.2 8.2±0.0 Linköping 

 

4.4.2 Substrate  

 

4.4.2.1 Manure 

Pig and chicken manure, respectively, were collected from a farm close to Thái Nguyên city. 

The TS values for the substrates were 27 ± 1 and 67 ± 5 respectively (Table 4), while the VS 

(% of TS) values were 81 ± 1 and 74 ± 9 (Table 4). The higher VS value for pig manure 

indicates that it is a better substrate to use for AD compared to chicken manure. However, as 

the TS values differ a lot between the substrates, it is difficult to interpret the results. Cu et al. 

(2015) reported VS values for pig manure and chicken manure, where the pig manure had the 

highest value of 83with a TS of 20 % and the chicken manure had a value of 67 with a TS of 

38 %. Comparing the values with this study there is a similarity for the same substrates. On 

the contrary, the variation that can be observed can be explained by the feedstock given to the 

animals, which varies for each farm and thus contributes to different compositions (Cu et al. 

2015).  

4.4.2.2 Beer waste 

Three substrates were acquired from the beer factory Vicoba in Thái Nguyên. The TS and VS 

for the different substrates (spent grain, hops boiling waste and yeast) varied and ranged 

between 6.5 ± 0.2 to 24 ± 0 and 90 ± 4 to 98 ± 0 (Table 4; Table 5). When comparing the TS 

and VS results between the experiments at Thái Nguyên University and Linköping University 

the most substantial difference was the TS values for the brewery yeast. This variation is 

most likely dependent on the variation between the samples and the accuracy of the analysis. 

The spent grain and the sediment from the hops boiling were solids, while the yeast was in a 

liquid state. A study made on brewery waste in Slovenia showed that spent grain from this 

brewery (brewery Laško) had a TS value of 20-30% and a VS value of 95% (Panjičko et al., 

2015). The TS value for the spent grain from the brewery in Thái Nguyên was slightly lower 

compared to the value of the study. The reason for this might be due to variations in the 

processes and the ratios between malt and other components. Further the climate and 
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environmental differences between Vietnam and Slovenia may have an effect on the 

components of the seeds. The collected waste from the hops boiling had a higher VS 

compared to the Spent Grain which could be explained as it has been further processed in the 

industry (boiled, in this case) which can be seen as a pre-treatment step. The TS and VS for 

the yeast in Thái Nguyên was 6.5 ± 0.2 and 94 ± 2 respectively. Another study from Slovenia 

that was performed by Zupančič et al. (2012) showed TS and VS values of 19 and 94 

respectively. Comparing these values it is evident that the VS values correlate. However the 

TS values differ. Comparing with the TS value for the experiments in Linköping this shows a 

more similar value (16.± 1), which shows that the waste from the same process can still vary 

depending on the stage of the process due to fluctuations in the process and variations in the 

samples.  

4.4.2.3 Food waste  

Different types of food waste were gathered from Thái Nguyên and Sông Công and their TS- 

and VS-values are reported in Table 4 and Table 5. The TS values vary a lot due to many 

different types of food waste (between 2.2 ± 0.1 to 57 ± 1). However in general, the VS 

values are quite high for all the food fractions and ranged between 61 ± 6 and 96 ± 0. A study 

by Zhang et al. (2011) shows a TS of 18±1 and VS of 94±1 (% of TS). Another study which 

investigated similar food fractions (rice, vegetables, noodles and meat) resulted in a TS value 

of 20 ±1 and a VS-value (% of TS) of 90 ± 1 (Han et al. 2015). Comparing with the results 

from Thái Nguyên sticky rice has significantly higher TS which could be related to dryness 

of the dish and also the fact that the dish is boiled in special way which reduces the moisture 

content. Comparing to the noodles soup the TS is higher in the studies which could relate to 

the fact that all the food fractions are blended together. The types of food waste which were 

analyzed both in Thái Nguyên and Linköping (Soup waste and sticky rice) had higher VS 

values when the analysis were performed in Linköping. The reason for this is that the 

substrates were frozen for transport. This leads to cell lysis, which acts as a pre-treatment by 

making the organic material in the substrate more accessible, thus affecting the VS.  

 

The TS values for cabbage, pineapple waste, household vegetable waste and the two samples 

of smoothie waste were quite similar and ranged between 5.5 and 9.4 (Table 4; Table 5). One 

previous study which investigated ensilaged pineapple to fresh and dried pineapple, reported 

higher TS values of 28, 29 and 73 respectively. The TS value for the pineapple waste in the 

study in Linköping was 9.4±0.2. The difference could be explained by the pre-treatment step 

in the study, as the pineapple had been ensilaged for six months, which prevented the water 

and the oxygen to react with the substrate. Before the transport in Vietnam the substrate was 

frozen and thawed during the flight. When the substrate had arrived it was frozen down once 

more. This contributed to extra release of water which may have affected the TS value as 

well. When comparing the results for cabbage, household vegetable waste and smoothie 

waste to previous studies it can be concluded that the values for TS and VS values were quite 

consistent and similar to each other. In one study by Ganesh et al. (2014) which was based on 

fruits and vegetables the TS was 131%. In another study by Khan et al., 2016) where the 

different parts of banana were analyzed the TS values were 9.7±.1.0, 22±0 and 18±0 for peel, 
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flesh and unpeeled banana respectively . The range for the VS values for the substrates are 

82-96%, which can be compared to the values in the studies which have approximately the 

same range.  

 
Table 4. Results from TS, VS and pH measurements of the substrates during the experimental period in Vietnam. A majority 

of the substrates show a high VS value even though the TS is quite low for some of the substrates. Sticky Rice had the 

highest TS value while Beer Waste (hops boiling) had the highest VS. 

Substrate TS (%) VS (% of TS) pH 

Beer waste (Spent Grain) 15.2 ± 0.5 90.3 ± 3.7 7.5 

Beer waste (Hops boiling waste) 24.2 ± 0.1 97.7 ± 0.1 7.3 

Beer waste (Yeast) 6.5 ± 0.2 94.2 ± 2.3 7.2 

Cabbage 8.7 ± 0.6 82.3 ± 1.4 - 

Chicken manure 66.9 ± 4.7 74.2 ± 9.3 7.5 

Food waste (Canteen) 31.5 ± 2.7 96.8 ± 0.7 7.0 

Soup waste 2.6 ± 0.1 61.1 ± 5.8 7.2 

Noodle soup 5.3 ± 0.3 80.4 ± 1.5 - 

Pig manure 27.2 ± 0.5 80.7 ± 1.2 7.5 

Rice & vegetables 39.0 ± 0.6 86.7 ± 4.0 - 

Smoothie waste 8.4 ± 0.2 95.2 ± 1.1 - 

Sticky rice 57.2 ± 0.6 96.9 ± 1.5 - 

 

 
Table 5. Results from the TS, VS and pH measurements in Linköping. Sticky Rice had the highest TS and VS values. 

Substrate TS (%)  VS (% of TS) Initial pH 

Beer Waste (Spent grain) 15.9 ± 0.6 97.2 ± 1.4 8.2±0.0 

Beer Waste (Hops boiling waste) 22.6 ± 0.1 98.0 ± 0.0 8.2±0.0 

Beer Waste (Yeast) 16.2 ± 1.2 88.7 ± 0.6 8.1±0.0 

Food Waste 

  

 

Smoothie Waste 6.4 ± 0.1 96.6 ± 0.7 7.9±0.0 

Sticky Rice 57.1 ± 0.2 98.5 ± 0.0 8.2±0.0 

Pineapple Waste 9.4 ± 0.2 92.7 ± 0.1 8.1±0.0 

Household Waste 5.5 ± 0.3 88.0 ± 0.7 7.7±0.0 

Soup Waste 2.2 ± 0.1 66.5 ± 0.9 7.6±0.0 
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4.4.3 TS, VS and pH at end of batch 

The VS values at the end of batch show that soup waste had the lowest VS content (50± 3%) 

as can be seen in Table 6. The substrate with the highest VS content was sticky rice (64 ± 9 

%). The results show quite similar results, indicating that the degradation in the bottles have 

been quite even. The VS content at the end of batch represent the organic material of 

remaining TS of the substrate (% of TS) that has not been degraded. It is important to state 

that the measurements have been performed on the mixture of inoculum and substrate 

together.  

 
Table 6. TS, VS and pH results from finished batch in Linköping. The values are based on the mixture of inoculum and 

substrate together. 

Substrate 

TS( %)  

(end of batch) 

VS (% of TS)  

(end of batch) 

pH end of 

batch 

Inocolum 0.6 ± 0.1 58.4 ± 3.6 7.8±0.0 

Beer Waste (spent grain) 0.6 ± 0.0 56.8 ± 1.1 7.4±0.0 

Beer Waste (hops boiling waste) 0.6 ± 0.2 59.2 ± 1.9 7.5±0.0 

Beer Waste (yeast) 0.9 ± 0.6 59.8 ± 1.0 7.5±0.0 

Food Waste 

 

  

Smoothie Waste 0.7 ± 0.0 60.7 ± 0.6 7.4±0.0 

Sticky Rice 0.7 ± 0.1 63.7 ± 8.7 7.5±0.0 

Pineapple Waste 0.6 ± 0.1 59.8 ± 4.2 7.3±0.1 

Household Waste 0.6 ± 0.1 55.7 ± 4.4 7.4±0.0 

Soup Waste 0.7 ± 0.1 50.1 ± 3.2 7.6±0.0 

 

The TS and pH values for the end of batch in Thái Nguyên can be observed in Table 7. The 

pH value in batch-bottles digesting chicken manure was the lowest (7.6±1.2), while the pH 

for the food waste from Thái Nguyên University showed the highest pH value (9.6 ± 0.5). At 

the beginning of the batch in Thái Nguyên the pH values for all the substrates lays between 

7.0-7.5. Pig manure and chicken manure were the only substrates which had pH values 

between 7 and 8 at the end of the batch. An explanation for this could be that the inoculum 

used had been collected from a household digester were pig manure and chicken manure had 

been digested, so the microorganisms were accustomed to similar substrates. Schnürer and 

Carlsson (2011) reported the importance of using an inoculum which has been degrading 

similar substrates as used in the batch experiments.  
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Table 7. Results for TS and pH analysis at the end of batch at Thái Nguyên University. The values are based on the mixture 

of inoculum and substrate in the bottles.  

Substrate Mean TS (%) pH 

Beer Waste (Spent Grain) 0.1* 8.7 ± 0.5 

Beer Waste (Hops boiling waste) 0.2 ± 0.1 8.0 ± 0.2 

Beer Waste (Yeast) 0.2 ± 0.2 9.3 ± 0.1 

Soup Waste 0.3 ± 0.1 9.4 ± 0.6 

Food waste (Canteen) 0.3 ± 0.2 9.6 ± 0.5 

Pig Manure 0.4 ± 0.3 7.7 ± 0.7 

Chicken Manure 0.2 ± 0.0 7.6 ± 1.2 

Inoculum 0.4 ± 0.2 8.3 ± 1.8 

 

4.4.3.1 VS reduction 

The values for the calculated VS reduction at the end of batch in Linköping are shown in 

Table 8. It should be noted that it is difficult to do a proper estimation of the VS reduction for 

the substrate as the VS calculated for the end of batch is a mixture of the substrate, inoculum 

and nutrient solution. From Ttable 8 it can be observed that sticky rice has the highest value. 

This indicates that it has had the highest degradation of organic matter content. Soup waste 

had the lowest value, which could be explained by the fact that the substrate had been 

collected a long time before the start of the batch. Another explanation could be a low VS 

content in the substrate. Household vegetable waste and yeast waste had the highest methane 

potential. It is also known from previous studies that household vegetable waste preferably 

should be co-digested with a substrate containing a high amount of trace elements as the lack 

of trace elements might lead to inhibition (Zhang et al. 2011). However, this should not have 

been the case in the batch experiment in which sufficient amounts of trace elements were 

present. For yeast a possible inhibitor could be that it contains a high amount of nitrogen, 

which could lead to ammonia inhibition (Zupančič et al. 2012).   

 
Table 8. VS reduction values for the substrates at the end of batch in Linköping. 

 

 

 

 

 

 

 

 

 

 

 

Substrate VSred (%) 

Beer Waste (spent grain) 96.3 ± 0.1 

Beer Waste (hops boiling waste) 97.0 ± 0.2 

Beer Waste (yeast) 81.0 ± 0.6 

Smoothie Waste 94.6 ± 0.0 

Sticky Rice 97.2 ± 1.3 

Pineapple Waste 82.7 ± 2.8 

Household Waste 88.3 ± 1.2 

Soup Waste 49.5 ± 0.8 
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4.5 Estimated methane potential in Thái Nguyên city and Sông Công city 

 

A total approximation of the methane potential for Thái Nguyên city and Sông Công city 

have been made, focusing on the substrates in this study. The estimation for the food waste is 

based on results from literature data, interview results and BMP experiments. The results 

from the total methane potential analysis shows that in the reference street in Thái Nguyên 

city there are approximately 30 restaurants, where only 5 restaurants (17%) are registered 

according to Google maps. In total there are 123 restaurants in Thái Nguyên city according to 

Google maps. Applying the reference street where 17 % of the restaurants are registered, 

around 724 restaurants should give a more likely approximation of the amounts of restaurants 

in Thái Nguyên city. In the reference street for Sông Công city there are four restaurants 

which are registered according to Google maps. In total around 20 restaurants were observed 

on-site. The registered restaurants from the reference street represent 20 % of the total 

restaurants in that street. According to Google maps the total restaurants for the entire city is 

around 13. Applying the reference street to the entire city shows that it should be around 65 

restaurants in Sông Công city. In total there are 789 restaurants in Thái Nguyên city and Sông 

Công city. It should be notified that this estimation is not accurate as the number of search 

results in Google maps varies depending on which area has been focused on. However, Sông 

Công is a significantly smaller city with less inhabitants (33 400) compared to Thái Nguyên 

(206 000). Thus this estimation does not seem to be completely unreasonable. Taking the 

results from the interviews around 50 % of the restaurants re-use the waste. Applying these 

results to total restaurants in Thái Nguyên city and Sông Công city gives approximately 3 200 

kg of food waste every day. Calculating an average of the methane potential, TS and VS for 

the food waste fractions from the BMP experiments gives 369 Nml/g VS, TS 16 % and 89 

VS (% of TS) respectively. This in turn gives a total methane potential of 169 m
3
 CH4

 
/day

 

(169*10
6
 ml/day), which corresponds to 62,000 m

3
 CH4/year.  

 

The results from the interviews shows that 0.09 kg waste is produced per customer and day. 

Assuming that 50 % of the population in Thái Nguyên city and Sông Công city eats in 

restaurants and that each person eats approximately a half meal (0.5), this gives 11,100 kg of 

waste (4 million kg per year). Applying the BMP results for this amount results in 

approximately 580,000 kg VS, which in turn leads to a total methane potential of 213,000 m
3
 

CH4
 
/year. These both results indicate there is an uncertainty in the methods used and also the 

data used regarding the exact number of population and restaurants. Also the approximation 

done on how many people eats at restaurants have been made on observations on site, which 

also creates an uncertainty. The mean value for these estimations is 137,500 m
3
 CH4

 
/year. 

Comparing the results with a study performed by De Clercq (2016) where a theoretical 

estimation was done on food waste in Beijing, 300 million Nm
3
 CH4/year could be produced. 

Taking in account Bejing’s total population (21.7 million) and also the same estimation that 

50% of the population and each citizen eats 0.5 meals in restaurants, a number of 3.3 million 

Nm
3
/year would be the correct number if the estimation in the study was used. However, 

there is a huge variation between the different methods. Thus there is a high uncertainty when 

estimating the correct amount of methane potential from food waste. The results still indicate 
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that there is a methane potential from food waste from restaurants in Thái Nguyên city and 

Sông Công city.  

 

It was not possible to get any detailed information regarding the WWTP that was under 

construction in Thái Nguyên city. However, an estimation of the methane potential has been 

applied to the WWTP in Sông Công. Hamilton (2012) stated that from 1 kg of COD it is 

possible to get 0.4 m
3
 of methane. Bougrier et al reported a methane yield of 221 ml /g COD, 

An average of these values gives a yield of 311 ml/ g COD. Sammalisto and Sefane (2015) 

investigated the COD outflow from the total inhabitants in Sông Công city and calculated it 

to be 760 tons/year. This gives a methane potential of 236,000 m
3
 per year (0.02 kg per 

person and year). Applying this to the population in Thái Nguyên city would give a number 

of 4,700 tons COD per year, which in turn gives a methane potential of 1.5 million m
3
 CH4

 

/year. Which gives a total yield 1.7 million m
3
 CH4

 
/year for both cities. It should be 

mentioned that the plant that is under construction in Thái Nguyên will also collect rain 

water, which will affect both the flow and the dilution of the waste water (Sammalisto & 

Sefane, 2015). Even with this condition there is great potential for methane production from 

WWTP sludge in Thái Nguyên city and Sông Công city.  

 

Vicoba is the biggest beer company in Thái Nguyên province (Cuong Duong Manh, personal 

communication, November 2016) and is situated in Thái Nguyên city. The brewery has a 

productivity of 5 million L per year and it covers a surface of 1 ha and has 50 staff members. 

(Cuong Duong Manh, personal communication, November 2016) There is no information 

available on the amount of waste produced. However, from literature data an estimation of 

the amount of waste have been made. Zupančič et al. (2012) have investigated a brewery in 

Slovenia which has a production of 100 million L per year. Brewery Laško produces 3000 

tons of yeast per year. From a similar sized brewery 17 000 tons of spent grain is produced 

per year (Panjičko et al. 2015). By applying the literature data and the experimental data from 

the BMP experiments to Vicoba a methane yield for yeast and spent grain can be estimated. 

For spent grain the BMP experiments resulted in a methane yield of 283 Nml/g VS, 15.9 % 

TS and 97.2 VS (% of TS). For yeast the BMP experiments gave a methane yield of 497 

Nml/g VS, 16.2 % TS and 88.7 VS (% of TS). For Vicoba this will lead to an estimated 

methane yield of 37,200 m
3
 per year from spent grain and for yeast 10,700 m

3
. In total the 

estimated methane potential for Vicoba is 47,900 m
3
 CH4 per year.

 
This indicates that from 

brewery waste Thái Nguyên city has a great potential for biogas production.  
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5 Conclusions 

Through literature studies, specific interviews and investigations on site in Thái Nguyen city 

and Sông Công city, as well as laboratory methane potential experiments additional potential 

biogas substrates could be identified. These were three types of beer waste from a brewery in 

Thái Nguyên city and several different types of food waste (sticky rice, soup waste, smoothie 

waste, pineapple waste and household vegetables waste). For the future it might also be 

possible to obtain waste from the WWTP in Thái Nguyên city. From the investigations it can 

also be observed that there are other potential substrates which have not been specifically 

investigated in this study, for instance cabbage and tea waste. The experimental conditions at 

Thái Nguyên University in Vietnam were not adequate to get any conclusive results 

regarding biomethane potentials (BMP) of investigated substrates during the time period for 

the visit in Vietnam. However, from the complementary experimental study at Linköping 

University, in Sweden, the results revealed that all of the identified and fromThái Nguyên 

province delivered substrates have a substantial potential of producing methane. The highest 

biomethane yield could be observed for household vegetable waste (543 Nml/g VS) followed 

by beer waste (yeast, 497 Nml/g VS). Beer waste (hops boiling) had the lowest methane 

potential with a value of 230 Nml/g VS. The interview results show that many restaurants do 

not have any convenient waste treatment. Therefore, a large amount of food waste is thrown 

away e.g. at landfills when it could instead be collected and used for AD with following reuse 

of the chemical energy as methane. The results from the BMP experiments and interview 

results indicate that the methane potential for restaurant waste in Thái Nguyên city and Sông 

Công city can be estimated to 137,500 m
3
 CH4

 
/year. From the WWTP that is under 

construction an estimated methane yield of 1.7 million CH4 m
3
/year could be produced. The 

Vicoba brewery in Thái Nguyên city could have a methane potential of 10,700 m
3
 CH4/

 
year. 

Thus, the total methane potential ends up to 1.8 million m
3
 CH4

 
/year. To conclude Thái 

Nguyên city and Sông Công city have potential to increase their biogas production from 

additional waste fractions.  
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7 Appendix 

7.1 Appendix 1 

The questionnaire for the interviews performed in Thái Nguyên and Sông Công   

 

This survey is conducted to collect the information about the current food waste from 

households and restaurants, with purpose to take a census of the food waste potential for a 

biogas plant in Song Cong City.  

 

1. What type of food is usually thrown away as waste?  

 Beef  

 Pork 

 Fish 

 Vegetables  

 Other, what? 

…………………………………………………………………………………

…………………….. 

 

2. Which type of food is the largest portion of waste? 

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………. 

 

3. Do you separate the food waste? 

 Yes 

 No 

 

4. What do you do with the food waste right now? 

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………. 

 

5. How much waste is produced from the restaurant everyday (kg /day)? 

…………………………………………………………………………………………

………………………... 

 

6. How many people usually visit the restaurant each day? 

…………………………………………………………………………………………

……………………… 
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7.2 Appendix 2 

The results from the survey. 

 

Question 1: "What type of food waste is usually thrown away as waste?" 

 

Food type Total Thái Nguyên Sông Công 

vegetables 117 56 61 

pork 60 31 29 

beef 39 20 19 

rice 36 19 17 

noodles 34 19 15 

fish 32 15 17 

broth 29 15 14 

soup 27 17 10 

smoothies 18 11 7 

ground coffee 13 5 8 

bread 11 6 5 

beer 11 2 9 

tofu 8 5 3 

chicken 8 6 2 

pancake 8 4 4 

bagasse 6 4 2 

sea food 6 3 3 

egg 6 2 4 

fries 6 3 3 

duck 6 4 2 

sauce 4 3 1 

fruit 4 2 2 

rice desert 4 4 0 

ice cream 4 3 1 

yoghurt 4 1 3 

nuts 4 3 1 

cake 3 2 1 

Stuffed rice pancakes 2 2 0 

snails 2 2 0 

tortoise? 1 1 0 

goat meat 1 1 0 

seaweed 1 1 0 

jelly 1 1 0 

milk tea 1 1 0 

frogs 1 1 0 

syrup 1 1 0 

flowers 1 0 1 

soft drink 1 0 1 

Blood pudding 1 0 1 
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Question 2: "Which type of food is the largest portion of waste?" 

 

Food type Total Thái Nguyên Sông Công 

broth 29 15 14 

rice 28 16 12 

soup 22 14 8 

smoothies 16 10 6 

vegetables 15 3 12 

noodles 13 9 4 

fruit 12 0 12 

ground coffee 10 4 6 

beer  8 1 7 

bread 6 3 3 

bagasse 6 4 2 

beef 5 2 3 

sauce 4 4 0 

pancake 4 2 2 

pork 4 1 3 

fish 4 1 3 

ice cream 3 2 1 

yoghurt 3 1 2 

bones 2 2 0 

syrup 2 2 0 

rice desert 2 2 0 

Snail shell 2 2 0 

tofu 2 0 2 

duck 2 0 2 

cake 1 1 0 

Nuts 1 1 0 

sea food 1 1 0 

fries 1 1 0 

soft drink 1 0 1 

chicken 1 0 1 

 

 

Question 3: "Do you separate the food waste?" 

 

Answer Total Thái Nguyên Sông Công 

Yes 67 31 36 

No 60 31 29 
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Question 4: "What do you do with the food waste?" 

 

What do you do with the food waste? Total Thai Nguyen Song Cong 

Dumping 63 30 33 

Feeding  57 26 31 

Reuse as fuel 6 3 3 

Fertilizing 5 2 3 

 

 

Question 5: "How many customers do you have per day?" 

 

Number Number of customers Thai Nguyen Sông Công 

>=10 0 

  11-20 15 3 12 

21-30 28 7 21 

31-40 7 3 4 

41-50 24 14 10 

51-60 10 7 3 

61-70 10 7 3 

71-80 (en med interv 80-100) 8 5 3 

81-90 2 2 

 91-100 11 7 4 

101-110 0 

  111-120 (en med intervall 120-150) 3 1 2 

121-130 5 4 1 

131-140 0 

  141-150 2 

 

2 

151-160 0 

  161-170 1 1 

 171-180 1 1 
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Question 6: "How much waste is produced every day? (in kg)" 

 

How much waste is produced every day? (kg) Total Thái Nguyên Sông Công 

1-5 kg 32 9 23 

6-10 kg 58 29 29 

11-15 16 10 6 

16-20 12 8 4 

21-25 1 1 

 26-30 4 3 1 

31-35 3 2 1 

35-40 0 

  41-50 0 

  51-60 

 

1 1 
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7.3 Appendix 3 

The BMP results from the experiments performed at Thái Nguyên University. 

 

Day Incoulum 

(ml/g VS) 

Cellulose 

(ml/g VS) 

Beer waste 

(spent grain) 

(ml/g VS) 

Beer waste (hops 

boiling) (ml/g 

VS) 

Beer 

waste 

(yeast) 

(ml/g 

VS) 

Chicken 

manure 

(ml/g VS) 

Pig 

manure 

(ml/g VS) 

Food waste 

(Canteen, Thái 

Nguyên 

University) 

(ml/g VS) 

Soup 

waste 

(ml/g VS) 

2 −603 −618 −687 −561 −535 −598 −639 −618 −598 

5 −362 −351 −241 −163 −215 −273 −404 −158 −63 

7 −189 −121 −158 −131 −131 −168 −95 −74 −27 

8 −744 −179 −131 −6 −84 −116 −687 −666 −629 

13 −173 −728 −629 −608 −744 −592 −624 −550 −446 

15 −446 251 209 162 219 240 293 345 408 

16 −346 −247 −247 −247 −252 −268 −315 −268 −629 

19 −173 −11 −53 −74 −74 −131 −79 −110 −32 

21 518 659 769 743 722 670 675 649 885 

23 −409 −283 −257 −200 −189 −278 −289 −236 −179 

26 −152 −168 −168 −69 −168 −158 −152 −84 89 

28 −79 −27 −37 36 −11 −21 −42 −142 −116 

30 235 251 267 293 −6 −147 −158 288 335 

33 −304 −278 −278 −262 −294 −289 −294 −315 −126 

35 −147 319 −16 377 240 324 277 183 513 

40 178 115 183 183 157 204 204 251 502 

42 −58 −137 −105 36 10 −95 89 −168 −79 

44 172 240 225 272 267 225 298 109 366 

47 −378 −372 −336 −533 −315 −304 −320 −346 −158 

 


