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Abstract 

Biogas is an environmentally friendly energy source with great importance for sustainable 

development. The purpose of this study is to determine the feasibility of setting up a biogas plant at 

the student housing area planned at Albano in Stockholm. The possibility of attaining self-

sustainability in Albano is also investigated. After compiling the processes for converting household 

waste into biogas through a literature study, a quantitative feasibility study of setting up a biogas 

plant is carried out. The usable amount of household waste is determined through an empirical 

study. Investment costs of comparable biogas production facilities are obtained from companies 

working in the biogas field. The producible biogas amount and rates of conversion from biogas to 

heat/electricity are derived from existing data in similar studies. The energy demand is calculated 

based on existing data from housing companies and authorities. 

Four possible scenarios are created to study all the possible outcomes of establishing a biogas plant. 

The maximum producible biogas is determined to be 12.199 m3/year. The total energy demand in 

Albano is determined to be 2.931MWh/year, of which 2,4 TWh/year is heat and 531 MWh/year is 

electricity. This amount is not sufficient to meet the specific requirements. Recommendations for 

Albano were made accordingly. 
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Sammanfattning 

Biogas betraktas som ett en miljövänlig energikälla med stor betydelse för det kommande arbetet 

mot en mer hållbar utveckling. Denna rapport avser behandla möjligheten till ett upprättande av en 

biogasanläggning vid ett planerat studentboende vid Albano, Stockholm. Vidare kommer även 

möjligheterna till ett mer självständigt hållbart arbete i området behandlas. Som en del i rapporten 

kommer en analys av omvandlingen från hushållsavfall till biogas utföras i form av en kvantitativ 

studie med fokus på en förstudie för upprättande av biogasanläggning. Mängden hushållsavfall fås 

genom en empirisk studie av författaren. Den andel energi som beräknas kunna produceras fås 

genom befintlig data från utförda studier på Albano. Utifrån detta fastställs energibehovet utifrån 

givna rekommendationer och uppskattningar utförda av företag och myndigheter.  

Fyra möjliga utfall är definierade i syfte att kartlägga de möjliga utfallen för biogasanläggningen. Den 

maximala andel producerad biogas uppgår till 12.199 m3/år. Den totala energibehov i Albano 

bestämdes till 2.931 MWh/år, varav värmebehovet är 2,4 TWh/år och elbehovet är 531 MWh/år. 

Den maximala andel producerad biogas kan användas för att tillverka 48,8 MWh/år värme och 24,4 

MWh/år elektricitet. Denna mängd är inte tillräcklig för att tillgodose de bestämda kraven. Utifrån 

detta har olika förslag utformats. 
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1. INTRODUCTION 

 
This project is written with the purpose of determining the feasibility of setting up a biogas plant in 
the planned building area near Albano. A hypothetical plant using household wastes as main source 
will be examined. 

 

1.1. Background 

 
Biogas is the gaseous fuel produced as a result of the biodegradation of organic matter, in other 
words fermentation. In most cases, methane is the main ingredient of this fuel. Therefore this 
method is also called biomethanization. Biogas is an energy source that has been used for many 
centuries. There is evidence suggesting biogas was even the source for heating bath water in Assyria 
dating as far back as 10th century B.C. The production of biogas by human beings was first done by a 
digestion plant built in India in 1859 (Adelaide, 2013). Since then, biogas has been produced and used 
in more and more varying ways.  
 
However biogas has probably never been as interesting as it is now than in any other time. With the 
drastic increase in the need of renewable energy sources, it has recently gained great importance. 
Biogas is a renewable and environmental friendly energy source with significant importance for 
sustainable development. When produced from sources such as waste or wastewater sludge, it 
assists on getting rid of these unwanted substances during the process. Furthermore the amounts of 
data available and the reliability of its sources make this source somewhat superior to its other 
renewable cousins such as wind and solar power.  
 
Using our garbage as a source is probably one of the most pleasant ways of producing biogas. Put in 
the simplest way; we make use of our wastes as an energy source we can use for our different needs 
and purposes. We can use it for heating, we can use it for generating electricity or we can upgrade 
the gas and use it as a fuel for our vehicles. No doubt this is an important step in sustainability of our 
societies. Capturing the methane released from the landfills and breaking them down into carbon 
dioxides by biogas utilization will certainly help reduce our greenhouse gas (GHG) emissions, given 
methane is a 25 times stronger than carbon dioxide in means of greenhouse effect (Curry and Pillay, 
2012). It gains even more importance when we realize there will be one thing that we know for sure 
will be increasing in the future; and that is the amount of garbage we create.  
 
Among its other benefits, biogas production from household waste would visibly assist Sweden 
reaching its environmental targets as well. The new national waste plan for 2012-2017 prioritizes the 
treatment of household wastes as it is an area seen to have many possibilities for improvement; 
besides being responsible for a considerable part of the total waste created. An already existing 
target that was due until the year 2010 was to recycle/reclaim at least 50% of the household wastes. 
Furthermore at least 35% of the food wastes were to be biologically processed (Naturvårdsverket, 
2012). 
 
However these failed in implementation. The new waste plan made by the Naturvårdsverket (2012) 
is due 2017 and consents on sorting at least 50 % of the food waste created from household, 
restaurants and catering establishments. Among these 50 %, at least 40 % is to be processed to 
extract energy. So biogas production from food wastes has and will be increasingly crucial in fulfilling 
environmental targets, and helping to ensure a more sustainable society.  
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1.2. ALBANO 
 
The area investigated in this study is the planned building site in Albano, Stockholm. The plan 
includes construction of several university and student apartments on a total area of 110.000 m2. The 
main wish is to make this area of learning an area of self-sustainability example as well. There are a 
total of 1.000 student apartments, which cover a total area of 55.000 m2.  

 

1.3. PURPOSE 

 
The purposes of this report can be summarized as the following: 

 Describe the processes behind the biogas production and utilization in simplicity and detail, 
such that it can be understood and used by anyone. 

 Demonstrate the amount of biogas that can be produced according to data and other real 
life examples. 

 Show utilization possibilities for biogas; mainly achieve showing results on utilization 
possibilities of the biogas in Albano and at KTH. 

 Elaborate the findings into a clear result on what can and cannot be achieved. 
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2. LITERATURE STUDY 

 
The process of biogas production is done by anaerobic digestion (AD) in which the biodegradable 
material is broken down by microorganisms in the absence of oxygen. This creates a methane-rich 
biogas suitable for energy production and utilization in differing ways. The produced biogas will yield 
mainly methane (50-70%) and carbon dioxide (30-50%) and some additional trace gases (~1%) such 
as hydrogen and sulphur (Curry and Pillay, 2012). 

 

2.1. MICROBIAL STAGES 

The AD is a multi-stage process with the stages of hydrolysis, acidogenesis, acetogenesis and 

methanogenesis. Hydrolysis is the stage where the organic material (in other words the polymeric 

biomass e.g., polysaccharides, proteins, and lipids (Zhongtang, et al. (2010)) is broken down into 

smaller particles such as monosaccharide, amino acids and long chain fatty acids (IWA, 2002). This is 

an important part of the process regarding that it brings the organic matter to the size and form in 

which it can pass through the bacterial cell walls for use in further parts of the process (Kim et al., 

2003). It should also be noted that this is the part of the process taking generally the longest time 

and is often the rate-limiting step of the entire process (Zhongtang et al.(2010)). Feeding in right 

materials is therefore crucial.  

 
The second part in the process, acidogenesis is where the smaller particles are fermented to short-

chain fatty acids, carbon dioxide and hydrogen. During the process, some alcohols are also produced. 

The third stage, acetogenesis, converts these alcohol and short-chain fatty acids to acetate; hydrogen 

and carbon dioxide. This process requires the products to be taken away rapidly, because the 

reactions are actually thermodynamically not favorable. So even with small amounts of acetate 

existing, the reactions will have the tendency to get into a stop stance.  Here the methanogen 

bacterium thrives by doing just that in the last step of the process; the acetate is consumed by them 

and converted into methane. Thus the acetogens and methanogens live in syntrophy (Zhongtang, et 

al. (2010)).   A simplified scheme over the microbial stages of the biomethanization process can be 

seen in figure 1. 

2.1.1. pH-VALUE 

The challenge in the whole process is to be able to create the right environment for the 

microorganisms that carry out the whole work. AD is a sensitive process that requires pH values 

between 6,0 and 8,5 (Angelidaki et al., 2003). Keeping the pH level higher than 7 especially in the 

latter stages (acetogenesis/methanogenesis) of the process is favorable (Chen et al., 2010). During 

the hydrolysis and acidogenesis stages, the separated hydrogen from the water molecules reduces 

the pH levels in the digester drastically. This makes the digester uninhabitable to the methanogen 

bacteria (Angelidaki et al., 2003). 
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Figure 1: Degradation steps of AD process (Serna, E., 2009) 

 
 
If a steady decrease in the pH levels is observed in the digester, digester feeding may be ceased. This 

will give the methanogen bacteria time and possibility to neutralize the acidic substances created in 

the previous phases, thus raising the alkalinity and pH levels back to suitable levels (Zhang et, al. 

2007). Nonetheless, ceasing the feed may not be economically very efficient. Other problems such as 

excessive amounts of feed material (food waste) pillage may also occur. Therefore, a more suitable 

approach, especially when handling food waste, is adding chemicals such as sodium hydroxide 

(NaOH) to the digester to keep pH levels from falling down and stabilize them (Chen et al., 2010).  

There are also methods that can be applied before the process to keep a stable pH level and a 

healthy environment for the microorganisms inside the digester tank. Such a measure is to dry the 

food waste before the process, so that the hydrogen being released from molecules during the 

process can be minimized. This will as expectedly require an extra energy input and extra water will 

be used in the process, since water has to exist in the reactors.  

Another method is to carry out the process in two phases, where hydrolysis and acidogenesis takes 

place in one digester and the acetogenesis and methanogenesis take place in another (Angelidaki et 

al., 2003). This separation is known to increase stability and leads to higher possible organic material 

loading rates and an increased activity of the methane bacteria (Demirel and Scherer, 2008). 

However in smaller systems, this separation and consequently building two separate digesters may 

not be cost effective (Bhattacharya et al., 1996). The two phase reactors along with other types of 

reactors are explained in following chapters. 
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2.1.2. TEMPERATURE 

Two temperature conditions are auxiliary for the process; mesophilic (~35 ˚C) and thermophilic (~55 

˚C) conditions. With the higher heat (thermophilic), the reactions take place faster which in return 

enables faster methane extraction and allows more organic matter to be fed in. This makes it a 

reasonable choice for cases where high amounts of organic matter are available and the size is a 

restriction. (Curry and Pillay, 2012) The thermophilic regimes in cases have shown slightly higher 

methane content (U.S. EPA, 2008).  

The thermophilic regimes also carry an importance for getting rid of pathogens residing in the waste 

to be processed (Kim et al., 2003). This may be slightly important when the rest product is to be 

disposed or to be used as fertilizer on account of the substance ensured being pathogen free. There 

are several agencies that transform their mesophilic regime systems to thermophilic regime systems 

to avoid occurrence of pathogens and further enhance the production rate as mentioned above 

(Banks et al., 2011). Despite the contrary, the wastes after digestion may be injected with steam to 

maintain a high temperature for a period, shorter than a day, to get rid of the pathogens; regardless 

of the regime that is chosen for the process (Baere et al., 2003; Astals et al., 2012). This however, will 

naturally cause some extra use of energy. 

The thermophilic condition will require more heat, requiring the use of more energy in the process. 

Furthermore mesophilic conditions are more stable, due to the lower temperature. AD processes in 

thermophilic conditions are not as stable as in the mesophilic conditions, and feeding of ill-suited 

material is more likely to cause more serious problems in the system (Curry and Pillay, 2012).  

2.2. DIGESTER DESIGNS 
  
 
Biogas may be produced from sources of extreme variety and with this in mind; it is only natural that 
there exists many different types of anaerobic digesters. Each of them has their pros and cons for the 
different types of materials they are to process, and for the different circumstances they are to be 
built in (Baere et al., 2003). Furthermore, as seen in preceding sections there are several other 
factors affecting the AD process, such as pH value and occurrence of pathogens. Overall, a biogas 
digestion plant has to be safe, stable, efficient and environmental friendly.    
 
The way the biogas digesters work in each case is more or less the same. The biodegradable mass 
will, by varying means, be placed into the “digester”; which in most cases is a tank/tanks of varying 
sizes. The tanks have to be brought to anaerobic conditions; this can be assured by flushing the tank 
with argon. This air-tight tank permeated with the essential microorganisms will house the mass until 
acceptable amounts of biomethanization occurs, whereby the degraded sludge is taken away while 
new biodegradables of the same amount will be fed in(Chen et al., 2010). The amount fed in and 
taken away each time varies depending on the style of digestion. As mentioned above in the section 
2.1.1., the mission of the digester is to maintain suitable environment for the microorganisms. In 
addition to this there should be sustained means of easy transportation for materials in and around 
the plant.  The amount of time the mass is kept in is decided by numerous factors such as the type of 
input, the temperature regime and digester performance (Baere et al., 2003). 
 
The period of time that is needed for digestion is called the retention time (RT). There are two 
versions of RT, hydraulic retention time (HRT) and solids retention time (SRT). RT is one of the 
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indicative properties of overall performance and economic viability i.e. it can be used as a source for 
measuring the ability of acquiring the highest methanization in as little time as possible. Besides RT, 
the amount of organic loading rate (OLR) is also a performance indicative property. OLR is the 
amount of biodegradable mass added per cubic meter per day (kg VS/m3 ∙ d) (Baere et al., 2003).  
Volatile solids (VS) are the fractions of the substances that can get biodegraded and turned into gas. 
Further explanation on this matter is found under section 2.4. . However, OLR can be simply 
explained as such; the more the OLR is, the more biogas will presumably be produced. A value of 3,5 
kg VS/ m3 ∙ d is generally assumed as a basis for theoretical calculations (Eustasie, 2012).  
 
However, remarkable fluctuations on the OLR amount and other features of AD occur in the reality, 
depending on the type of digester. There are three main types of AD systems; one stage, two stage 
and batch systems. Each type is explained in detail below. 

 

2.2.1. ONE STAGE 

 
One stage systems are currently the most widely used types of AD systems. About 90% of the plants 
in Europe currently employ this system (Baere et al., 2003). The name one stage speaks rather for 
itself; all steps of the biodegradation (hydrolysis, acidogenesis, acetogenesis, methanogenesis) 
simultaneously takes place in one single reactor. (De Baere, 1999) The input materials, after being 
processed and made ready for biodegradation, are transported into the reactor tank with the help of 
pipes/bands and kept in for a specific amount of time (HRT) so that biomethanization occurs. Finally 
the older material is taken out from another end and maybe sent to further processing such as 
composting, to be used as fertilizer (Baere et al., 2003; Curry and Pillay,2012).  
 
One stage systems may be employed in wet or dry circumstances. The main difference between the 
wet and dry systems is, as the name suggests, processing matter with high or low water contents. 
The total solids (TS) amount in the input is the decisive quality for this matter. Depending on if the TS 
values are high or low, dry or wet systems may be chosen accordingly. The TS values are roughly 
known in general, or can be found out by utilizing simple methods. One such simple method is 
weighing a specimen of the input material in its original form and afterwards weighing it in its dried 
form (U.S. EPA, 2008). However, the TS amount may simply be altered by diluting the input with 
water, thus decreasing the concentration of the solids (Chen et al., 2010).  Naturally, this makes it 
possible to use wet digestion in any case. Technically, wet systems can work with inputs that have a 
TS amount between 10-15% while dry systems require a TS amount of 20-50% (Baere et al., 2003). 
 
 Wet Systems 
 
The one stage wet systems require an intense pre-treatment of shredding, homogenizing and diluting 
of the input material. This predominantly incurs 15-25% loss of VS. The process is somewhat like the 
pulping process used for producing paper; so the technologies used are in general well-known and 
well-tested (Baere et al., 2003). By contrast, using these technologies that are adapted from the 
paper industry might be the cause of losses; since the technology is not particularly created for the 
AD process (Borg, 2013). Figure 2 shows the one-stage wet digestion process. 
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Figure 2: One-stage wet digestion process. Source: Baere et al., 2003 

 
 
A challenge in the process of wet digestion is mixing the wastes effectively in order to keep all the 
matter accumulated in the reactor. Since the reactor contains mostly water, heavier substances tend 
to sink to the bottom of the reactor. This can harm the mixing propellers and cause clogs in the pipes. 
Another significant negative effect is the creation layers of distinct densities. This has a chance to 
create a shortcut path for a fraction of the matter in the tank. In return the fractions retention time is 
reduced, thus considerable losses in methane yield occur. It will also impede hygenization of the 
organic matter. This effect is called “short-circuiting” (Baere et al., 2003). 
 
There are many well-functioning stirring/mixing mechanisms available in the market that may ensure 
complete mixing (Baere et al., 2003). However these both add to the investment and the 
maintenance costs of the plant. 
 
 Dry Systems 
 
The dry systems do not require such pre-treatment or stir mechanisms; the only requirements are 
high solids content and the removal of coarse impurities that are considerably large in size (Baere et 
al., 2003). After this simple pre-treatment the organic matter is carried into the reactor tank. Inside 
the reactor the organic matter is slowly pushed towards the end of the tank by the newer-coming 
organic matter.  Hence there is no need for mechanical devices for mixing within the reactor. In 
addition, under thermophilic conditions, the “dry” systems assure pathogen-free compost, hence 
there is no need for further processing (Baere et al., 2003). 
 
However some mixing might still be needed for avoiding local overloading when new organic matter 
flows in. This overloading might lead to harmful acidification due to the intense hydrolysis. The type 
of auger mixers of wet digestion systems would not be efficient because of the high solids content in 
the digestion tank. There is however solutions such as simply pumping up an amount of the old 
waste to be recirculated with the new waste, building the plants horizontally to be able to employ 
impellers efficiently, or by pumping in pressured air(Baere et al., 2003). These three solutions can be 
seen respectively in figure 3. 
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Figure 3: Dry-digestion methods. A. Pumping up digestion B. Horizontal digestion (impellers) C. Pressured air. Source: Baere et al., 2003 

 
The reactor parts of the dry digestion plants cost less than the wet digester plants; considering that 
the pre-treatment is considerably less demanding. However the transport of the highly solid organic 
matter inside the plant is accomplished by conveyor belts, screws and powerful pumps; unlike the 
wet designs where the organic matter is transported simply by centrifugal pumps and pipes. This 
somewhat balances out the economic aspects of the two single stage reaction types (Baere et al., 
2003).  
 
The biogas yield is slightly greater in the dry systems and more importantly the organic loading rate 
(OLR) is significantly greater (Baere et al., 2003). The OLR rates observed in dry systems may go up to 
15 kg VS/m3∙d while the wet systems can go up to 10 kg VS/m3∙d. This simply lets more organic 
matter to be processed inside dry systems in the same amount of time, thus increasing the biogas 
production rate remarkably. However, it should be noted that the type of matter digested plays a 
very significant role in deciding the OLR amount. By contrast, the two values given here are observed 
in plants using the same type of matter as input. 
 
The inhibitors such as ammonium spread harder inside the reactor in dry systems. However in wet 
systems, the concentration of the inhibitors may be decreased by simply adding in more water to the 
system.  
 
The most realizable difference between the two plants is obviously their consumption of water. The 
wet systems consume around one m3 of fresh water per a ton of organic matter; while their dry 
cousins consume around only 10% of this amount (Baere et al., 2003). This, considering the increased 
toxicity of the wastewater from the plants, certainly makes the dry systems a more proper choice 
when environmental sustainability is of utter importance. Nevertheless, the general single-stage AD 
scheme is as seen in figure 4 in both dry and wet systems, with the possible exclusion of the 
“dewatering” stage in dry systems.  
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Figure 4 : Single-Stage AD scheme. Source: WtERT, 2009 

 

2.2.2. TWO STAGE 

 
The two stage systems work mainly in the same way as the one stage systems, but with the distinct 
difference of using two different reactors; one harboring the hydrolysis and acidogenesis and the 
other harboring the acetogenesis and the methanogenesis (Liu and Ghosh, 1997). Figure 5 illustrates 
the two digestion process. Researchers mostly choose two stage systems since it allows more 
transparency and control in the mid stages of the biomethanization process (Baere et al., 2003). This 
is likely the reason why most of the scientific documents focus on two stage processes.    

 
Figure 5: Two-Stage digestion process. Source: Baere et al., 2003 
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The biggest advantage of the two stage systems, as explained in the pH section, is the increased 
stability during the process. Since methanogenic bacteria is separated from the hydrolysis process, 
they get the chance to thrive more effortlessly(Demirel and Scherer 2008; Baere et al., 2003). 
Another plus side to having two stage reactions is the possible increased OLR amount (Baere et al., 
2003; Angelidaki et al., 2003). OLR values up to 10-15 kg VS/m3∙d are observed, with RT as low as 7 
days (Baere et al., 2003). 
 
The drawbacks of the two stage systems are mostly economical. Two stage systems cost significantly 
more than one stage systems, while not delivering corresponding performance increase. The 
increased complexity of the two stage systems can be observed in figure 6 below. However, it should 
be noted that some of the steps also occur in the process of one stage systems. These are namely 
delivery, weigher, flat bunker, magnetic separator, nitrifi-/denitrification and sedimentation. 

 

 
Figure 6: Two Stage AD scheme. Source WtERT, 2009 

 

2.2.3. BATCH SYSTEMS 

 
The batch systems work in the simplest way of all; digesters are filled once with fresh wastes by help 
of shovels and the organic matter is kept inside the digester until full biomethanization occurs. This, 
as mentioned by Baere et. al. (2003) is somewhat like a landfill in a box, with the additional help 
material such as specific liquids for increased homogeneity and stabilized reactions. Figure 7 
illustrates the batch digestion system. However, since no material flow occurs, these types of 
systems require very large areas to operate. The maximum OLR amount observed is presumably low 
as well; 5,1 kg VS/m3∙d (Baere et al., 2003).  
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Figure 7: Batch digestion system. Source: WtERT, 2009 

 
     
A problem with the digestion process seems to be the evolution of the market. Most of the systems 
that are being employed for both digestion and separation of material is inherited from pulp and 
paper industries. This, in return causes impurities in the systems, since they are not made especially 
for this process but are adapted from other industries. 

2.3. DIGESTER INPUT – FOOD WASTE 

 
The biogas plant in question will only be fed with household waste. Household waste is a very 
complex mixture of different compounds. However among them only food waste will be used in the 
AD process. Other materials are either not biodegradable, or are better of recycled i.e. paper waste. 
Separation is therefore an utterly important part of the process, and it will be further investigated in 
the coming sections.  
 
Food waste with its high VS amount is highly biodegradable (Zhang et al., 2007). Food waste also 
leaves a nutrient rich remain after the digestion process thanks to its high biodegradability. These 
can afterwards be used as high quality fertilizers (Curry and Pillay, 2012), which may be used directly 
on the field or get sold for extra income. Food wastes’ residual solids are almost 100% “cleaner” than 
the residue of wastewater solids digestion. However the amount of it is also halved accordingly (U.S. 
EPA, 2008).  
 
According to the national waste report of the Naturvårdsverket (2012) the households in Sweden 
create 4 million tons of waste in a year. The total food waste created in Sweden is 107 kg per person 
and year (~300 g per person and day). Household wastes cover 67 % of this amount, with 72 
kg/person.  The household is followed by food processing industry with 17 %, which thereafter is 
followed by restaurants with 10 %, grocery stores with 4 % and schools with 3 % (Naturvårdsverket, 
2012). For our biogas plant, apart from the household wastes, wastes from the nearby restaurants 
and from the school cafeterias might bear significant importance. For each restaurant, a generation 
of 30 kg of raw organic waste may be assumed. During the months of summer, this value is also 
expected to go down to 7,5 kg per day (Eustasie 2012).  

 



12 
 

2.4. INPUT QUALITY - METHANE YIELD 

 
 
The amounts of methane to be extracted from different sources such as wastewater solids or food 
wastes vary greatly. This may simply be named as the quality of the input material. Fortunately, food 
waste has been observed to be a high quality source for biogas production (Zhang et al., 2007). 
Alternative sources for biogas such as animal manure or waste water solids have lower methane 
yields due to the fact that these sources have already been digested by an animal or a human being, 
thus a large proportion of the energy have already been removed (Curry and Pillay, 2012). 
Determining exact results for properties of the food waste are merely impossible (Curry and Pillay, 
2012) regarding to the complex and extremely variable structure of it. However, rough 
approximations have to be made and used to grasp an idea of what might happen. The actual results 
do not seem to fluctuate more than 15% compared to the assumptions in real cases (Zhang et al., 
2007). 

There are several important factors/properties of the input material that indicates its quality. The TS 
amount and the VS amount are presumably the most valuable factors of quality indication. VS are 
ultimately the source of all the methane (Curry and Pillay, 2012), so it is only natural that its value 
plays the ultimate role in deciding the quality of the input. The volatile solids reduction (VSR) is the 
amount of the VS that is biodegraded, and depending on the form of data it can become the ultimate 
source for deciding the methane yield instead of the VS amount.  

As mentioned above determining exact properties food waste, with its high complexity, is altogether 
an utterly hard task, which in this case is also somewhat unnecessary. There are more than several 
studies made to find out the properties of food waste (Bernstad and la Cour Jansen, 2012; U.S. EPA, 
2008; Zhang et al., 2007; Heo et al., 2004; Banks et al., 2010; Naturvårdsverket, 2012), The amount of 
TS in these reports vary between 15-35%. The VS/TS percentage is between 80-96%; meaning the VS 
amount in food varies between 12-34%. Lastly VSR amount are observed to be around 80-90% (Cho 
et al. (1995); Zhang et al. (2007); Heo, et al. (2004)) 

Since it eases the calculation process, extractable methane yield data according to the VS added is 
assembled, hence VSR is not significant. Values vary averagely between a methane yield of 300 mL/g 
VS to 500 mL/g VS (300-500 m3/tonnes VS) in food waste(Cho and Park, 2005, Zhang et al., 2007, Heo 
et al., 2004, Curry and Pillay, 2012, U.S. EPA, 2008. Cho et al., 1995) Exact data with their references 
can be found below in table 1. 

Table 1: Methane yields per added gram VS 

Methane Yield Reference 

435 mL/g VS Zhang et al. (2007) 

489 mL/g VS Heo et al. (2004)  

355 mL/g VS Curry and Pillay (2012) 

367 mL/g VS U.S. EPA (2008) 

472 mL/g VS Cho et al. (1995) 

303 mL/g VS Patel et al. (2011) 
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2.5. FOOD SEPARATION 

 
The separation of organic waste/food waste from the others in the household waste is maybe the 
most problematic phase of all. Inside a bag of household waste, there is an enormous variety of 
substances which are generally severely tangled with each other. There are plastics, aluminum cans, 
old kitchen sponges, pieces of paper, foods that are still wrapped in plastic packages and more. In 
this sense, the separation of food has naturally been the stagnating part for the whole household 
waste biogas industry. Because the separation occurs in low levels, reaching the environmental 
targets set by Naturvårdsverket is in jeopardy as well. There are, in fact, high capacities in the 
existing biogas plants, and more facilities are to be built. However with the uncertainty about how 
much waste can be obtained, the question now becomes is there enough waste to make use of this 
capacity (Naturvårdsverket, 2012).  
 
As a result, the scientific environment is urged to find solutions to the problem of separation. Until 
now, separation systems from other industries, such as pulp and paper, have been flimsily adjusted 
for the AD process. With the recent events, several methods, models and products are created to be 
able to reply the needs of the market.  The solutions may be first classified at which level the 
separation of food waste will occur.  The waste may be sorted by the person in the first place. 
Otherwise the waste will have to be collected processed specialized machines that will separate the 
food waste from all the other waste.  

 

 2.5.1. SEPARATION AT FIRST LEVEL 

 
Food wastes importance for a more sustainable society is becoming more and more accepted. In 
Stockholm city, food waste separation is made by the city’s biggest garbage collection company, 
SITA. If requested, the company sends different sized special plastic bags to private persons, 
companies or groups of houses/apartments. These bags are then collected by the company and sent 
to a biogas facility (SITA, 2013). 
 
According to Bernstad and la Cour Jansen (2012) there may be implemented different methods to 

collect the food waste separated from other waste at the first level; when it is being disposed by the 

user. The food waste may either be separated in paper bags, or it may be disposed into the sink to be 

processed by a grinder to be then led into a central carriage system. The paper bags may be thrown 

into designated waste bins or brought to a central facility nearby. The grinders may be installed in 

every sink, or a vacuum system may be employed to carry the food waste from the sinks to a 

centralized grinder.  

All the compared alternatives in the study have resulted with an avoidance of environmental impact. 
However, the avoidance was based on the zero alternative where the food waste had not been 
separated and processed at all. The fuel consumption for collection varied between 5,8-34,4 
kWh/ton food waste. Among the methods, the most energy efficient was the system with vacuums 
installed in every sink. This was due to the lower energy consumption compared to the grinders in 
every sink method, higher food waste collection efficiency and lowered transport costs compared to 
methods with paper bags (Bernstad, A., la Cour Jansen, J., 2012).  
 
 
However, the investment cost of such a vacuum system is not mentioned in the study and is 
expected to be costly. This is thought to be a possible downside for the concept. The price for a 
similar system was tried to be found out. The most comparable system was a vacuum suction 
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disposal system developed by a company called Envac; however the system was not made for food 
waste collection, only central garbage collection was possible. The most similar product they had 
manufactured was for a restaurant, where large amounts of food wastes were transported through 
holes in kitchen sinks to a central collection tank. The price for this system has been given to be 
200.000 SEK (Pernheim, M., 2013). As a matter of fact, a system for kitchen sink applications is under 
development by the same company. They expect to have the commercially available product in 2015. 

 

2.5.2. CENTRAL SEPARATION 

 
There are also large scale systems that employ the capability of food separation effectively; without 

the need of previous separation. Most generally, a large rotating drum is used for shredding down 

the waste. Colliding with each other, the wastes are homogenized. However, this is For instance a 

company called BioPrePlant has constructed a food waste separation plant that ensures separation 

of food waste from other waste, which afterwards may easily be utilized in biogas production plants. 

The system uses two stages called BioSep® Stage 1 and BioSep® Stage 2; which are patented by the 

company. The mixed municipal waste is firstly crushed, ensuring no food waste stays in its package. 

After the crushing the material is transported to the two separation systems mentioned; BioSep® 

Stage 1 and afterwards to BioSep® Stage 2. The BioSep® Stage 1 takes away the big pieces of 

unwanted material whereas BioSep® Stage 2 takes away the smaller parts. The system in return 

reduces reject volumes from AD plants drastically, while also reducing the workload (Borg, 2013). 

Figure 8 shows the scheme of the system. 

Figure 8:  Biosep steps; 1.Reception, 2.Crusher, 3.Transportation, 4. BioSep®  Stage 1, 5. BioSep® Stage 2. Source: 

Biopreplant, n.d. 

As an example, in the case of a biogas plant in Verdal, Norway, the company priced €1.000.000 for 
installing the system. In return, the system has enabled an annual savings of €300.000 by reducing 
workload and by decreasing the reject volume. However, this system is made to be operated with 
substantial amounts of food waste and unfortunately in the case of Albano, they don’t have a 
solution that is small enough in size and capacity (Borg, 2013).  
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 2.6. USE OF BIOGAS 
The biogas produced may be used for following purposes: 

 Heating 

 Combined Heat & Power (CHP) Generation 

 Vehicle Fuel 

 Use at KTH 

       2.6.1. Heating 

The biogas can be directly used in a gas boiler for heating purposes. This is the easiest and most 
effective way of using the biogas. There is no need for processing the gas except removal of water. In 
addition, the energy efficiencies are in cases higher than %100 (Malmberg, 2007). 

2.6.2. Combined Heat & Power (CHP) 

Choosing to employ CHP plants are maybe the most beneficial approach for having a self-sustainable 

area in Albano. CHP plants, as the name suggests, are plants that produces both heat and electric 

power from the same energy source. This technology is remarkably sustainable, especially in 

environmental aspects, because it significantly decreases the amount of fuel required to do the same 

job in two different plants, thus reducing the greenhouse gas emissions by up to 50% (Kanoglu and 

Dincer, 2009). A general scheme for a CHP plant can be seen in figure 9.   

 

Figure 9: General CHP scheme. Source: Clarke Energy, 2013a 

The electricity from CHP plants is produced by an electrical generator which in most cases is powered 

by steam turbines, gas turbines or reciprocating engines. The steam turbines make use of high-

pressure and high-temperature steam from a boiler to force the turbine wheel to rotate. This allows 

a wide variety of fuels to be used with steam turbines, since a boiler works with a rather simple 

method; boiling by burning the fuel. Use of steam turbines is efficient in both means of electricity 

and heat production (Caton, J., A., 2007).  
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The gas turbines work in somewhat the same manner with the steam turbines, except air is used 

instead of water. The gas engines employ at times as much as 100 times more air mass flow rates 

than the fuel flow rates. Due to this high amount of heated air leaving the exhaust of the turbine, gas 

turbines are effective as heating sources (Caton, J., A., 2007) . 

The reciprocating engines are mostly used in smaller systems (Caton, J., A., 2007), which makes it 

possibly interesting for solutions in Albano. Reciprocating engines may be interpreted as internal 

combustion engines, thus a diesel engine is a reciprocating engine. While the steam and gas turbines 

are mostly used to deliver a minimum amount of 50kWs, which then goes up to hundreds of MWs, 

the reciprocating engines may be used for delivering as low as 6 kWs (Caton, J., A., 2007). Systems 

delivering such low effects are also called micro-combined-heat-power plants (MCHP). MCHP 

systems deliver higher efficiencies than 90% if nominal conditions are assured. A large number of 

reciprocating engines use biogas as fuel (Caton, J., A., 2007, Rosato and Sibilio, 2013). Figure 10 

shows such an engine that works with biogas. 

 

Figure 10: Reciprocating engine CHP. Source: Clarke Energy, 2013b 

For the heat recovery in CHP systems, the thermal energy is gained from hot exhaust gases, from hot 

water or from the hot steam leaving the system. The system for heat recovery consists of three 

components, namely the economizer, the evaporator and the superheater. The economizer brings 

the temperature of water to a boiling point, while the evaporator and the superheater does what 

their name suggests; they evaporate and superheat the water respectively. To maintain higher heat 

transfer rates, larger heat-exchanger surfaces are needed. However, this results in seemingly higher 

capital costs (Caton, J., A., 2007).  

The CHP systems may work in two different cycles, namely topping cycles and bottoming cycles. 

What differs is their electricity production efficiency vs. heat recovery efficiency. Topping cycles first 

use the fuel for power generation, while bottoming cycles use it firstly for heat generation; so 

topping cycles deliver higher electricity production efficiency while bottoming cycles deliver higher 

heat production efficiency(Caton, J., A., 2007).  
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The CHP plants work mostly with efficiencies around 30-40 % for electricity production and 50-60% 

for heat production. A relatively small sized CHP plant with a 60 kW electricity output had a price of 

700.000 SEK from Jacheim (2013). The lifetime of the plant is 6 years. However, after 6 years, a big 

maintenance can be made to extend the lifetime with another 6 years. The maintenance costs in 

normal circumstances 150.000 SEK.  

  

2.6.3. Vehicle fuel 

For the biogas to be used as vehicle fuel, it needs to be upgraded to methane contents of 97-

99%(Goulding and Power, 2013). The gas can be upgraded by several methods; namely water 

scrubbing, polyethylene glycol scrubbing, molecular sieves and membrane separation(Abbasi et al., 

2012). Since biogas mainly consists of methane and carbon dioxide; removal of carbon dioxide is the 

ultimate step of biogas upgrading (Börjesson and Ahlgren, 2012). 

 The first two methods, water scrubbing and absorption by polyethylene glycol scrubbing, work in the 

same principle as each other; the biogas is pressurized and thereafter sent to the bottom of a 

scrubber tank while water or the polyethylene glycol(solvent) is sent down from the top. Here 

counter-current mechanism allows effective processing while the gas is moving upwards in the tank. 

The theory behind all is very simple; carbon dioxide, as well as hydrogen sulfide, is more soluble in 

water than methane, thus can be removed simply by exposure. The major difference between water 

and solvents (e.g. selexol) is that the latter being more effective as a solvent than water. The solvents 

can also remove other unwanted substances, including water which also needs to be removed at 

some point (Abbasi et al., 2012). Figure 11 shows the flow chart of such systems. 

 

Figure 11: Typical scrubbing system. Source: Abbasi et al., 2012 

The molecular sieves process (fig. 12) uses special adsorptive materials such as zeolites and activated 

carbon to purify the biogas (Abbasi et al., 2012). The process takes place inside 4 tanks, over 4 

phases; namely pressure build-up, adsorption, depressurization and regeneration. Each tank 

operates in an alternating cycle of adsorption, regeneration and pressure buildup. The pressure 

buildup may be achieved by equilibrating pressure with the tanks that are in depressurization stage, 

thus saving energy and compressor capital costs (Kapdi et al., 2005). 
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The adsorption phase, where the unwanted molecules are removed, is achieved by having different 

mesh sizes in the molecular sieve which consists of the activated carbons or zeolites. This creates 
the necessary selectivity for capturing the specific molecules (Abbasi et al., 2012). During 
adsorption, carbon dioxide, nitrogen and some hydrogen sulfide are removed from the 
stream (Kapdi et al., 2005). The molecular sieve is occasionally combined with application of 
different gas pressures for improved efficiency (Abbasi et al., 2012). Flow scheme of a 
molecular sieves process is shown in figure 12. 

 

Figure 12: Flow chart of the gas upgrading process by molecular sieve. Source: Abbasi et al., 2012 

         

The last method, membrane separation, is somewhat like the molecular sieve process. The gas is 
passed through a very thin membrane, around 1 mm, to get “cleaned”. The principle lies on the fact 
that some components of the gas will be able to flow through while others are retained (Kapdi et al., 
2005). However this method is known to cause methane losses up to 15% (Abbasi et al., 2012). The 
flow chart of membrane separation is shown below (fig. 13) 
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  Figure 13: Flow chart of the membrane separation method. Source: Abbasi et al., 2012           

The gas upgrading is costly and would only be feasible at very high levels of gas produced (Karlsson, 
2013). Moreover, this activity would not be beneficial for Albano’s self-sustainability. Consequently, 
this method will not be further examined in results if an excessive amount of biogas production 
possibility is not observed.  

2.6.4. USE AT KTH 

The produced biogas may be used to fuel the micro turbines at KTH Energy Engineering department. 
The turbine requires around 6 m3/h biogas, thus 48 m3/day is needed when being active 8 hours/day.  
The transportation of the biogas will however require an extra energy input. This is not covered in 
this project due to uncertainties. 

 

2.7. RISKS OF THE PROCESS 

2.7.1. EXPLOSION RISK 

Biogas production, as with all the industrial processes, is a risky process. The severest risk caused by 
biogas production is maybe the risk of explosions. Biogas, consisting of 50-70 % methane, is a highly 
explosive gas. Methane has the capability of forming explosive mixtures in the air and is explosive 
when it’s volume concentration is between 4,4 vol. % and 16,5 vol. % in the air (Chrebet and 
Martinka, 2012). In fact two explosions that occurred in Canadian pig farms in 2003 are believed to 
be due to methane concentrations reaching to explosive levels in air, after a leak from the manure 
pit (Choinière, 2004).  

Good maintenance and engineering will in most cases be adequate for hindering such occurrences. 
Choosing companies that are experienced in this field will likely create the right circumstances. 
Although by any means, a distance of minimum 100 meters to nearby buildings is therefore 
recommended (Krüger, 2013). 
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2.7.2. HYDROGEN SULFIDE 

Another risk of biogas production is the occurrence of hydrogen sulfide (H2S). H2S is a highly toxic gas, 
and may cause imminent death. At low levels in the air it can be recognized by its rotten egg like 
smell; however at higher levels it destroys the sense of smell and thus can cause death without being 
recognized. The molecule is harmful for the biogas plant as well; H2S gas will lead to corrosion, even 
in anaerobic conditions, which will drastically decrease the lifetime of the biogas plant (Martin, 
2008). Lastly, H2S is responsible for most of the odor inside and in worse cases outside the plant. Due 
to these numerous reasons, removal of H2S carries significant importance.  

Several methods are available for removal of H2S from the system. A popular system is called the 
“iron sponge process”. The biogas gas stream is flown through an “iron sponge” for reducing H2S 
content; just like in the case of water scrubbing (sec. 2.6.3.). The H2S is diminished when the sulfur in 
the molecules reacts with iron oxides while passing through the sponge (Cherosky and Li, 2013). 
Besides the iron sponge process, every process explained in section 2.6.3. are possible ways to 
remove H2S. 

Other methods exist, for instance biological methods. By adding special types of bacteria inside the 
tank, the H2S may be turned further biodegraded. A bacterium called chlorobium limicola is one of 
the bacteria that effectively achieve this procedure. However the different bacteria have different 
needs. For example the chlorobium limicola needs light for their existence. This will require either 
having lights installed in the tank, hence the extra energy input; or it will require new types of 
digestion tanks; where specific amounts of light can be let into the tank at the right period of time 
(Martin, 2008). A way to help avoiding occurrence of H2S is to remove sulfur from the feed and the 
wash water (Cherosky and Li, 2013).  

2.7.3. ODOR 

Creation of odor may be another risk created by the process. Odor is created mainly because of the 
biodegradation process. Although seemingly not as serious as the risks mentioned above, odor issues 
can strongly decrease the quality of life around the plant. If the biogas plant is to be built near living 
areas, such as the plan in our case, this may lead to severe problems. In addition, matter that decays 
anaerobically creates far worse smell than matter that decays aerobically. Odor can be created 
excessively, underlying reasons being inaccurate measurement and incautious storage/disposal 
(Bhattacharya et al., 1996). 

However this problem has certainly existed as long as the biogas processing has, so mankind has 
come up with several solutions to overcome this issue. Already existing biogas plants use strong 
ventilation fans with carbon filters.  Long chimneys also help, especially for the waste storage silos. 
By disposing the odor carrying particles at formidable distance from the ground, the effects of odor 
can further be minimized. (Palmgren, T., 2013) However, since odor is created mostly by particles 
such as H2S, the best solution is to hinder these odorous compounds occurrence. Another aspect of 
odor is that the reactions with thermophilic regimes are known to result in more odorous products; 
so choosing lower temperature regimes may be exercised for hindering odor as well.  In some cases, 
the solid remains of the AD processes are kept at a lower temperature during 1-2 days so the odor is 
reduced (Banks et. al., 2010). 

 

2.8. ENERGY VALUES  
Biogas consisting of 60% methane and 40% carbon dioxide has an energy value of 22 MJ/m3. This 
energy amount comes from the methane, which has an energy value of 36 MJ/m3. With an 
approximate electricity conversion rate of 35% in a CHP plant; 1 m3 of biogas can be used to produce 
2 kWh of electricity and 4 kWh of heat (Karlsson, M., 2013; Banks, 2011.). If it were to be used for 
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heat recovery directly, biogas could sustain 6,7 kWh of thermal energy (Hopwood, n.d.). Hence with 
heating, the total energy efficiency is higher (~%100) than use with CHP (~%90).  

In the Albano area, there will be a total living area of 24 219m2 and an additional area of 2 313m2. 
According to Energimyndigheten (2013), the maximum allowed energy consumption for newly 
constructed buildings is 110kWh/m2. After further examining the energy consumption data for 
energy use per m2, it was concluded that a major part of that consumption is made for heating 
purpose. While examining the household electricity consumption on a few housing companies with 
similar housing to those of Albano, the average consumption is observed to be 20 kWh/m2 per year. 
The data is shown in table 2. At this point, heating is assumed to demand 90 kWh/ m2. 

Table 2: Electricity consumption data from different housing companies 

Company kWh/m2 per year 

Familjebostäder, AB (Familjebostäder, 2012) 18 

Heimstaden AB (Heimstaden, 2012) 25 

Stockholmshem, AB (Stockholmshem, 2012) 21 

Svenska Bostäder, AB (Svenska Bostäder, 2012) 16 

AVERAGE 20 

  

Electricity Price 

According to Nordpoolspot (2013), the average daily spot price on electricity during 2012 was 32,4 
öre/kWh in the Stockholm area. The rate of increase was tried to be obtained through Nordpoolspot, 
however the price change was seen to be dependent on divergent factors. For instance the average 
price per MWh in 2005 was 276,45 SEK, which increased to 445,38 SEK in 2006, which then fell back 
down to an average of 280 SEK in 2007.  Thus an interest rate obtained through data would not 
reflect reality and was not calculated. Hence the electricity price is assumed to be 32,4 öre/kWh for 
all the years examined. 

Heat Price 

The average heating price is received by combining data from Fortum (2013) and Svensk Fjärrvärme 
(2012). The average price was 83 öre/kWh. The prices from the two companies are shown in table 3.  

Table 3: Heat price data from different companies 

Company Öre/kWh 

Svensk Fjärrvärme (Svensk Fjärrvärme, 
2012) 

79 

Fortum (Fortum, 2013) 86 

Average 83 
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Furthermore, price statistics gathered from Svensk Fjärrvärme (2012) show the yearly interest rate to 
be at 1,26%. The price fluctuation is shown in figure 14.  

 

 
Figure 14: Heat price fluctuation 
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3. METHODS 

 

3.1. Modeling 

 
The area investigated in this study covers around the complete building site (fig. 15). The forest in the 
middle is included; if in case a biogas plant suggestion is to be made for that area. The biogas 
production bears certain risks and unpleasant details such as creation of odor with it, therefore 
having it in such an area further away from buildings may have significant importance. However, 

demolition of green area is also a remarkable downside for this suggestion. 

 
Figure 15: Albano model area. Source: Svenska Bostäder (2013) 

 
The material to be processed will be flowing in from student apartments, where several different 
methods for collecting and transferring this source are to be further analyzed. A suggestion will be 
made for the separation and collection methods. The suggestion will depend on the results of a 
survey which questions student’s preferences on the matter, as well as on the other studies that has 
been analyzed. 
 
The possible amount of food waste available is a question of crucial importance in this study. The 
data available from Naturvårdsverket is used as a theoretical basis; however a 3 weeks study of the 
produced food waste is also made for a more genuine answer. The study takes place in the student 
apartments of Lappkärrsberget, where the wastes generated from 4 student corridors with a total 
number of 40 students are investigated. Figure 16 shows the separation process. The household 
waste in the shown case did not include other unwanted materials than paper and plastics.  
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Figure 16: Food waste separation. 1. Household waste 2. Separated paper products 3. Separated plastic products 4. 

Remaining food waste 

 
The four corridors are of two different sizes, two corridors with 7 rooms and two corridors with 13 
rooms; so each corridor has its identical being investigated along with it. This is beneficial for 
comparison and for seeing if there are any extreme cases occurring. Moreover the data is 
investigated every day between 8-9 pm. This will assure having the amount generated during one 
complete day.  
 
The continuity of waste flow is important for the process to occur without hinders. For seeing the 
alterations in the waste generation amount during holidays, a week of the study is made in the 
Easter week. Considering many students living in such places are with international backgrounds and 
a significant amount of them are from other cities in Sweden, a decrease in the amount of people 
during holidays was expected to take place; leading to a cutback of waste generation. The results 
from this investigation may help deciding on how much waste to store as a buffer zone, and how 
long the retention time should be.  
 
The wastes were investigated by weighing the different types of waste materials inside them. First, 
data on the total weight was collected. Thereafter the food waste was separated from all the other 
wastes and weighed separately. The different materials, such as plastics coming out from the waste 
basket were noted, and were also weighed separately. These data will be useful for showing how 
“dirty” the food waste is as well as measuring the total generated food waste. Furthermore, it can be 
used to see how much recyclable paper is wasted by students.  
 

3.2. Analysis and Calculation 
 

3.2.1. Biogas Analysis 

 
The analysis of waste data and further calculation of how much biogas can be produced will be done 
according to the information gathered in the literature study. For the amount of food waste 
generated, both data from Naturvårdsverket(2012) and from the study made will be used. The total 
amount of food waste observed in the study will be proportioned to find out a mean value for waste 
generated per student and day. Afterwards, the mean value is going to be multiplied by 1000, the 
number of students expected to be living in Albano. This will be used as the total available food 
waste amount according to the study. A scenario including restaurant wastes will also be calculated 
based on assumptions made by the writer and Eustasie (2012), hence 30kg of food waste per 
restaurant.  
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The VS amount in the food waste is approximated at 20% and the methane yield is assumed to be 
400 mL/g VS. A lowest case scenario will also be created with the minimum values seen in the reports 
examined; hence a VS percentage of 12% and a methane yield of 300 mL/g VS will be used.  
 
The total amount of biogas that can be produced will be calculated through combination of the total 
food amount, VS percentage and the methane yield. Such as; 
 

                                                                
 
Hence the amount food waste will be translated from kilograms to tonnes for receiving results in m3. 
At this point, it is known if the need at KTH labs can be sustained or not. 
 
In the analysis, 4 created scenarios will be further examined;  

 Lowest case scenario 

 Expected scenario 

 Restaurant scenario 

 Highest case scenario 
 

These scenarios effect on biogas analysis will fluctuate VS percentage, methane yield and the 
gathered food waste as seen in table 4; 
 

Table 4: Assumed scenarios 

 VS Methane Yield 
Lowest case scenario 12% 300 mL/g VS 
Expected scenario     20% 400 mL/g VS 
Restaurant scenario 20% 400 mL/g VS 
Highest case scenario       34% 500 mL/g VS 
 
For the restaurant scenario, a total of 3 restaurants (30kg/day and restaurant) is assumed to be in 
Albano. The highest case scenario includes restaurants.  
 

3.2.2. Economic Analysis 

 
Digester and CHP plant prices are gathered accordingly (Karlsson, M., 2013, Jacheim, K., 2013). The 
power/heat generation for the different scenarios is calculated through litterature study; i.e. 
2kWh/m3 electricity, 4kWh/m3 heat generation; or 6,7kWh/ m3 with only heat generation. The 
investments are then further analysed by using the Net Present Value(NPV) method.   
 

          
  

      

 

   

 

 
Where; 

 I : Investment cost 

 N : Number of years 

 Rt : Net cash inflow 

 i : Discount rate 

 t : Time 
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During the calculation of the NPV, the electricity price, 32,4 öre/kWH, is assumed to be constant 
while the heat price, 83 öre/kWh, is assumed to be increasing with a rate of 1,26% as mentioned in 
section 2.7.3. . 
 

3.2.3. Questionnaire 

 
A short survey was made after the end of experiment. The purpose of the survey was mostly to find 
out who was present in their corridors during the Easter holiday. However, the students were also 
asked about their awareness about biogas and how far were they willing to sacrifice for organic 
waste separation. The survey consisted of 4 questions: 
 

1. Which days during the Easter holidays week (from 1st to 7th of April – Monday to Sunday) 

your room was occupied? (By you or anybody you rented/gave to)  

 

2. Were you aware that food waste could be used to produce methane (biogas)?(Before the 
study) 

 

3. Would you be willing to separate your food waste for biogas production? 

 

4. If your answer is yes, which would you prefer? 

Plastic bags segregated for food collection, where you will throw in only food waste, and 

then take it to segregated bins when it’s full (like you would do with papers/cans) 

 

A vacuum system installed in the sink, where you will throw in all your food waste directly; 
whereby it will be sent to the processing plant. 
 

5. These vacuum systems are not cheap; so if you were to be asked for extra rent (50 kr/month) 
for having them, would you still prefer it?(Pass if you did not choose the grinder alternative 
above) 

 
For the 5th question, the system made by the Envac Company was taken into consideration. The price 
they had for a restaurant system was 200.000 SEK. Unfortunately, they were not able to give a price 
for the case in Albano. A very rough assumption was therefore made by the writer; the cost of this 
system for each corridor was roughly decided to be around 30.000 SEK. Another assumption of 
approximately 10 rooms in each corridor gave 50 SEK a reasonable amount to be requested, hence 
60 months (5 years) of payback time. 
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4. RESULTS 

 

4.1. The Necessary Amount 
The priority for the energy demand is the apartments and the locales. The total area covered by 
them is 26.532 m2. The heat and electricity demand for this area is 2,4 TWh/year and 531 MWh/year 
respectively. 

4.2. The Gatherable Amount 

 
The data on discarded food waste as mentioned in the preceding sections was gathered from four 
different corridors inside the student apartments of Lappkärrsberget. Figure 17 shows the dispersion 
of the waste generated during 3 weeks. It can be clearly seen the food waste occupies the majority of 
the wastes generated. The weight unit in figure 17 is grams. 

 
Figure 17: Wastes generated during 3 weeks 

The average result of waste generated in each corridor is collected under table 15. Corridors 1 and 2 
are the corridors which contain 7 rooms, and corridors 3 and 4 are corridors which contain 13 rooms. 
All the weights shown in table are in grams and the values are the average daily values during the 
two weeks after the Easter holiday. Daily generation data can be found in appendices 1-4. 

 
Table 5 : Average waste generation during 2 weeks 

Waste type Corridor 1 (7) Corridor 2 (7) Corridor 3 (13) Corridor 4 (13) 

Food waste  856 g 556 g 1313 g 1539 g 
Plastic 102 g 76 g 96 g 136 g 
Paper 40 g 19 g 76 g 130 g 
Aluminum/Cans 31 g 11 g 23 g 44 g 
Cloth 14 g 0 g 4 g 45 g 
Glass 17 g 31 g 24 g 54 g 
Whole 1061 g 694 g 1536 g 1947 g 
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From the data above, an average value of the food waste generated by a student during one day is 
obtained at 107 g. This gives us a total of 107 kg food waste generated in the area in a day. It should 
be noted that this data is significantly lower than the data obtained from Naturvårdsverket (2012); 
where amount of food waste generated per person and day was 293,15 grams (107 kg/person and 
year). In that case the total waste generated by 1000 students would result 293 kg per day. 
 
In the case of holidays, data collected during the Easter holiday can be used. Table 6 shows according 
data. The weights are the average of the whole week and the unit is grams, as in table 5. 

 
Table 6: Average waste generation during the Easter holiday 

Waste type Corridor 1 (7) Corridor 2 (7) Corridor 3 (13) Corridor 4 (13) 

Food waste  712 g 878 g 1700 g 1622 g 
Plastic 59 g 113 g 143 g 113 g 
Paper 40 g 38 g 106 g 171 g 
Aluminum/Cans 6 g 24 g 26 g 19 g 
Cloth 0 g 0 g 0 g 7 g 
Glass 0 g 0 g 0 g 0 g 
Whole 960 g 960 g 2006 g 1933 g 

 
After examining Table 5, Table 6 and figure 15, it is understood that the waste generation was not 
reduced as expected. The total amount of food waste generated during each week is shown below 
(tab. 7), where it can be easily seen that the total food waste generated was in fact higher than the 
normal weeks during the Easter holiday. 
 
Table 7: Total amount waste generated each week 

Week 1 Week 2 Week 3 

33730 g 29860 g 29820 g 
 

4.3. Survey Results 

 
For the first question of the survey, people replied if they or anyone was present in their rooms 
during the holiday. The results by each corridor are shown in table 8. 

 
Table 8: Presence during the Easter 

April 1st 2nd 3rd 4th 5th 6th 7th 

Corridor 1  (7) 2 2 2 3 3 3 5 
Corridor 2  (7) 3 3 4 4 4 5 5 
Corridor 3 (13) 7 6 6 8 10 10 12 
Corridor 4 (13) 7 7 7 7 9 9 11 
Total             (40) 19 18 19 22 26 27 33 

 
It is seen that for nearly half of the Easter week, the corridors were less than 50% occupied. Yet the 
same result cannot be observed in the amount of waste generated. 
 
The remaining questions and the rate of answers are shown below (tab. 9). 
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Table 9: Survey answers 

Question Yes No % 
Were you aware that food waste could be used to produce methane (biogas)? 31 9 78% 
Would you be willing to separate your food waste for biogas production? 40 0 100% 
Plastic bags segregated for food collection 3 37 8% 
A vacuum system installed in the sink 37 3 92% 
Still prefer the vacuum system after extra rent 3 34 8% 
 
 
As can be seen, most of the students (~78%) are aware that food waste can be used to produce 
methane. More significantly, after the rest had learned about the possibility thanks to this study, 
100% of the students are willing to do their share for food separation. However, at this point it is 
seen that the students would still prefer the easier way to this. An astonishing 93% chose the vacuum 
system over plastic bags. Nevertheless, 92% changed their minds when they found themselves in a 
situation of money vs. spending energy. 

  

4.4. The Producible Amount 

 
With a VS and methane yield assumption of %20 and 400 m3/t VS respectively; 106,6 kg food waste 
would result in 8,528   of methane production for each day. This equals a 3.113 m3 /year methane. 
In a CHP plant with 35% electric, 65% thermal efficiency; the methane will result 6,2 MWh electrical, 
12 MWh thermal output during a complete year. In use with district heating, the amount can sustain 
20,9 MWh/year. This is the expected scenario.  
 
To shortly mention the results of other scenarios; the lowest case scenario results in 3,84 m3 of 
methane production each day, thus 1.401 m3/year. This amount can be used to generate 2,8 
MWh/year electrical and 5,6 MWh/year thermal energy or 9,4 MWh/year when only thermal energy 
is generated. The restaurant scenario results in a methane amount of 15,7 m3/day, 5740,72 m3/year 
and enabling 11,5 MWh/year electrical and 23 MWh/year thermal energy or 38,5 MWh/year with 
only the thermal energy generation. The highest case scenario results in a methane amount of 33,42 
m3/day, 12.199 m3/year; enabling 24,4 MWh/year electrical and 48,8 MWh/year thermal energy with 
CHP, or 82 MWh/year with just thermal energy. All the results are gathered in table 10. 

 
Table 10: Results obtained with each scenario 

 Lowest 
case 

Expected Case Restaurant Case Highest case 

Assumed VS (%) 12 20 20 34 
Assumed CH4 

(mL/g VS) 
300  400  400  500  

Methane 
(Daily;m3/d) 

3,84  8,53  15,73  33,42  

Methane  
(Yearly; m3/yr) 

1400,72  3112,72  5740,72  12199,03  

Electricity (CHP) 
( MWh/yr) 

2,8  6,2  11,5  24,4  

Heat (CHP)  
( MWh/yr) 

5,6  12  23  48,8  

Heat 
( MWh/yr) 

9,4  20,9  38,5  82  
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As seen clearly, in neither of the cases above the methane amount produced will be able to sustain 
the labs at KTH Energy Engineering Department (48 m3/day).  The maximum possible methane 
generation per day is attained in the highest case scenario with 33,42 m3/day. This is less than 70% of 
the amount needed at KTH. The conditions in Albano are shown in table 11. 

 
Table 11: Demand vs. Possible Supply 

Expected Case Highest case Electricity Demand in Albano 
6,2 MWh/yr Electricity 24,4 MWh/yr Electricity 531 MWh/yr 
12 MWh/yr Heat (CHP) 48,8 MWh/yr Heat (CHP) Heating Demand in Albano 
20,9 MWh/yr Heat (Alone) 82 MWh/yr Heat (Alone) 2,4 TWh/yr 

 
It can easily be observed that even with the highest possible case, the production will merely cover 
5% of the electricity demand while also covering 2% of the heat demand, or it will only cover 3% of 
the total heat demand in Albano. 

 

4.5. Economic analysis 
The 4 scenarios will reflect on the economic analyses as fluctuations on investment cost, discount 
rate and net cash inflow. The variety on the investment cost and the discount rate is shown in table 
12. If the biogas was to be used for heating purposes, or for laboratories in KTH, no CHP plant would 
be needed; hence the lower investment cost. In addition, the lifetime of a CHP plant is 6 years (12 
years with maintenance), while the lifetime of an AD plant is estimated 20 years. This naturally 
affects the results of the economic analysis drastically.  

 
Table 12: Investment values and discount rates 

(SEK) Investment 
(without CHP) 

Investment  
(with CHP) 

Discount Rate 

Lowest case scenario 700.000  1.400.000  5,2% 
Expected scenario     700.000  1.400.000  5,2% 
Restaurant scenario 1.200.000  1.900.000  5,2% 
Highest case scenario 1.200.000  1.900.000  5,2% 

 
The investment price increases with higher capacity. However, proportionally the price per kW, or 
m3, is lower with higher capacity; as suggested by Jacheim (2013). The discount rate is chosen 5,2% 
due prognosis from Energimarknadsinspektionen (2013). The lifetime is taken 12 years for the CHP 
case. The maintenance is discounted and applied on the 6th year. Operating costs are not involved 
due to uncertainty. 
 
The resulting NPVs of the different scenarios are shown in table 13. The amounts are in SEK. 
Table 13: NPV from different scenarios 

(SEK) Lowest case Expected Case Restaurant Case Highest case 

NPV(CHP) -1.460.118,74    -1.401.779,66  -1.803.074,96    -1.570.216,94    
NPV(Heating) -710.697,67    -588.518,94    -900.968,88    -440.064,61 
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Additionally, NPVs with discount rates 0% and 10% are calculated; the results are shown in table 14. 

Table 14: NPV obtained with different discount rates 

Discount Rate Lowest case 
(SEK) 

Expected Case 
(SEK) 

Restaurant 
Case (SEK) 

Highest case  

0%    (CHP) -1.480.589,72 -1.400.473,89 -1.764.922,04 -1.445.138,95 
10%  (CHP) -1.445.477,28 -1.400.237,29 -1.823.696,50 -1.643.125,00 
0%    (Heating) -686.169,74 -485.931,72 -678.557,00 76.816,39 
10% (Heating) -715.476,71 -630.905,35 -1.001.084,38 -682.049,32 
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5. DISCUSSION 

 
The obtained results are simply severely negative. The production of electricity or heat does not 

cover 10% of the needed amount. From an economic perspective all the scenarios, except one, result 

in immensely negative NPVs. The likely recoveries can occur by higher waste amount aggregation, 

conjoining other types of biogas sources and by lower energy demand.  

Naturvårdsverket’s (2012) food waste data was almost three times higher than the obtained data 

from the empirical study. This is believed to be due to a generalization made by Naturvårdsverket; 

they have probably concentrated on the amount of food waste generated by person, however not on 

where the waste is produced. It may also be due to the examined group; namely students. Students 

eat most of their meals outside. In the occasions they eat their meals at their home, they have a 

considerably more tendency to eat pre-made meals than families. Pre-made meals do not result in 

plenty food waste. The meal’s preparation step, where most of the food waste occurs, is jumped 

over. Taking these into consideration, even if Naturvårdsverket’s data were accurate, they would 

hardly reflect the students’ reality, and that is, they generate less food waste than families.  

Combining other types of sources of biogas would certainly improve the results. However, the only 

other possible source in this case is anticipated to be waste water solids. As mentioned in section 2.4, 

these sources are significantly less energy potent. Consequently, the production rate is not expected 

to rise substantially due to this source. Moreover, the management of waste water solids is 

anticipated to be more costly when compared to food waste. 

The energy demand is one of the cases that would most likely result in recoveries. The numbers that 

were used for the energy demands, especially for heat demands, were gathered somewhat flimsily. 

This was due to uncertainty and the desire to be precautious. The electricity consumption per m2 is 

considered to be more or less the same, since there are usually certain arrays of appliances in every 

household. The heat demand however is severely contingent on the thermal insulation capacity of 

the residences. By using the maximum allowed amount (90 kWh/m2), an unassailable result could 

have been achieved. Nevertheless, this was later seen to be merely impossible.  

It is clearly seen that the investment costs should be cut down in every possible way for this aim to 

have a possibility of being feasible. One thing that comes right to the mind is using plastic bags for 

food separation, instead of installing vacuum cleaners in each sink. It is true that students mainly 

prefer the vacuum method, since it requires less effort. However the students also want to help for a 

greener world. Therefore using plastic bags is predicted to have high effectiveness. Some small 

measures can be taken such as informing the students about the process. When moving in for the 

first time, the tenants are briefly informed about the rules and other details about the living area. At 

that point, they may also be informed about how to separate their food waste.  

 When doing the economic analysis, the operating costs of the plants were not mentioned. This was 

due to uncertainty caused by variability of the costs’ data. In the end all the results except one were 

highly negative, thus excluding the operating costs is elaborated to be relatively harmless as well. The 

only positive result was achieved in the highest case scenario with only heat production. It should be 

mentioned that the scenario is highly unlikely to occur in reality. Highest possible biogas acquisition 



34 
 

would require a consistently high “quality” feed to the digester. In other words, organic matter with 

homogeneously high methane yield would be needed, every day. Moreover, perfect digester 

conditions have to be achieved. This is a challenge even in laboratory environments, thus it is merely 

impossible in reality. It should further be noted that using biogas for heating purposes would not 

help avoiding GHG emissions drastically, since heat generation in Sweden is mostly done in an 

environmental friendly way already. 

Another aspect that was not included in the calculations was the energy consumption inside the 

digesters and possibly in the CHP plant. This was again due to varying data on the matter and 

inconclusiveness when it comes to deciding the aspects of the digester; such as the size and the 

temperature regime. Again, since the producible amount of biogas could not fulfill any of the targets, 

the exclusion is concluded to be harmless for the results. However, if this study is to be used as a 

source for future studies, it is very important that the author of the study takes these consumptions 

into account. 

Finally, gas upgrading was not further investigated due to noticeably low amount of biogas 

production capacity. However, after conjoining all the possible sources, this method of biogas 

utilization may become feasible if the biogas were to be directly sold to an upgrade facility. At this 

point, it should be mentioned again that this way of utilization will not help Albano specifically except 

the financial gains. 

In the light of these results, setting up a biogas plant is naturally concluded to be unnecessary. From 

the economic perspective, it is a bad investment. From the sustainability perspective, the system 

would not be capable enough. Lastly from the environmental perspective, the biogas plant is not 

anticipated to be very environmental friendly either. Because it can also be argued that the GHG 

emissions avoided by processing the indicated amount of food waste would scarcely compensate the 

GHG emissions discharged for establishing the plant. However it is very important to comprehend 

the low amount of input investigated in this study. All the possible sources other than the household 

wastes should also be investigated so that an accurate estimation can be made. 

Consequently, two approaches can be taken depending on the results of this study. First approach 

would be to segregate the food waste and send it to a central facility via a company such as SITA. 

Hence that no biogas plant would be facilitated in this case, thus no extra expense would occur. Yet 

sustainability from an environmental perspective would be supported.  

The second approach would be to investigate all the possible sources of biogas and additionally other 

renewable energy sources such as solar and wind power for creating a self-sustainable Albano. If 

environmental sustainability is a prize worthier than all other factors, setting up a biogas plant is 

probably the most important step in achieving this dream. In the modern age, utilizing renewable 

sources for energy generation is something that can be seen in many forms. However converting 

harmful wastes into nutrient-rich fertilizers is something that no other energy generation process in 

the world can achieve. For an area such as Albano, where setting up natural life is planned even on 

the rooftops, a biogas plant is therefore simply a must for environmental sustainability.  
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6. CONCLUSIONS 

In this study, feasibility of setting up a biogas plant utilizing household wastes that will be generated 

in the student residence area of Albano was investigated. Possibilities of utilizing the biogas for 

accomplishing a self-sustaining Albano or utilizing the biogas at KTH were examined in detail. Four 

scenarios were created to see all the possible outcomes. The producible amount in any case was 

observed to be lower than 10% of the needed amount in Albano. Although fluctuations in reality 

were possible, maintaining a self-sustaining Albano through biogas production was ascertained to be 

unlikely. Using biogas for heating purposes was observed to be the most cost efficient means of 

facilitating the gas; however this method was not particularly beneficial for reducing GHG emissions 

since most heating in Sweden is done in a relatively environmental friendly way.  

Conclusively, it was decided that the feasibility of a biogas plant would not be accurately determined 

by using only household wastes as a source. This study’s results can only be used as complementary 

data for a broader investigation made in the future. 
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APPENDIX 

Appendix 1- Waste data from corridor no.1 

Corridor 1 Total Food Plastic Paper Aliminum Cloth Glass 

2013-04-01 730 570 100 60 0 0 0 

2013-04-02 460 380 40 20 20 0 0 

2013-04-03 980 920 0 60 0 0 0 

2013-04-04 1700 1520 80 90 10 0 0 

2013-04-05 230 180 50 0 0 0 0 

2013-04-06 790 710 70 10 0 0 0 

2013-04-07 830 710 70 40 10 0 0 

2013-04-08 440 400 10 20 10 0 0 

2013-04-09 1050 950 60 30 10 0 0 

2013-04-10 440 370 50 20 0 0 0 

2013-04-11 860 770 50 40 0 0 0 

2013-04-12 800 650 110 40 0 0 0 

2013-04-13 1030 780 140 80 30 0 0 

2013-04-14 1310 1010 240 60 0 0 0 

2013-04-15 2180 1670 180 80 0 0 250 

2013-04-16 1980 1730 210 0 40 0 0 

2013-04-17 1690 1310 120 60 0 200 0 

2013-04-18 100 90 0 0 10 0 0 

2013-04-19 520 430 80 10 0 0 0 

2013-04-20 700 620 40 40 0 0 0 

2013-04-21 1760 1200 140 80 340 0 0 
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Appendix 2 – Waste data from corridor no.2 

Corridor 2 Total Food Plastic Paper Aliminum Cloth Glass 

2013-04-01 680 560 80 40 0 0 0 

2013-04-02 1680 1240 190 100 150 0 0 

2013-04-03 920 810 70 40 0 0 0 

2013-04-04 1510 1270 210 0 10 0 20 

2013-04-05 220 160 50 10 0 0 0 

2013-04-06 540 480 60 0 0 0 0 

2013-04-07 1170 960 130 70 10 0 0 

2013-04-08 1750 1540 150 40 20 0 0 

2013-04-09 1450 1070 110 20 0 0 250 

2013-04-10 440 400 10 30 0 0 0 

2013-04-11 220 170 50 0 0 0 0 

2013-04-12 840 700 110 30 0 0 0 

2013-04-13 660 600 50 10 0 0 0 

2013-04-14 1080 720 160 20 0 0 180 

2013-04-15 690 600 70 20 0 0 0 

2013-04-16 410 370 30 10 0 0 0 

2013-04-17 810 720 30 0 60 0 0 

2013-04-18 520 350 70 20 80 0 0 

2013-04-19 90 0 90 0 0 0 0 

2013-04-20 410 280 80 50 0 0 0 

2013-04-21 340 260 60 20 0 0 0 
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Appendix 3 – Waste data from corridor no.3 

Corridor 3 Total Food Plastic Paper Aliminum Cloth Glass 

2013-04-01 1410 1230 90 80 10 0 0 

2013-04-02 1330 1060 180 90 0 0 0 

2013-04-03 2010 1350 280 60 100 0 220 

2013-04-04 2540 2330 80 110 20 0 0 

2013-04-05 2000 1750 160 70 20 0 0 

2013-04-06 1800 1580 100 100 20 0 0 

2013-04-07 2950 2600 110 230 10 0 0 

2013-04-08 2430 2200 80 60 30 60 0 

2013-04-09 1380 1160 70 120 30 0 0 

2013-04-10 2220 2030 110 80 0 0 0 

2013-04-11 1560 1350 90 80 40 0 0 

2013-04-12 2040 1750 100 190 0 0 0 

2013-04-13 1960 1780 100 80 0 0 0 

2013-04-14 850 730 80 40 0 0 0 

2013-04-15 2010 1410 130 130 0 0 340 

2013-04-16 1880 1470 120 110 180 0 0 

2013-04-17 1950 1780 120 50 0 0 0 

2013-04-18 850 730 100 20 0 0 0 

2013-04-19 790 660 80 50 0 0 0 

2013-04-20 990 860 100 30 0 0 0 

2013-04-21 590 470 60 20 40 0 0 
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Appendix 4 – Waste data from corridor no.4 

Corridor 4 Total Food Plastic Paper Aliminum Cloth Glass 

2013-04-01 1400 1050 160 80 60 50 0 

2013-04-02 1410 1130 90 190 0 0 0 

2013-04-03 2430 1980 210 180 60 0 0 

2013-04-04 1800 1490 0 310 0 0 0 

2013-04-05 1940 1690 110 140 0 0 0 

2013-04-06 1600 1420 110 70 0 0 0 

2013-04-07 2950 2600 110 230 10 0 0 

2013-04-08 720 550 70 70 30 0 0 

2013-04-09 2910 2440 200 180 90 0 0 

2013-04-10 410 250 80 80 0 0 0 

2013-04-11 1280 1050 140 90 0 0 0 

2013-04-12 2210 1810 170 150 80 0 0 

2013-04-13 2300 1290 190 110 40 510 160 

2013-04-14 1630 1340 150 60 80 0 0 

2013-04-15 4680 3560 110 160 130 120 600 

2013-04-16 1950 1670 200 80 0 0 0 

2013-04-17 1640 1240 180 220 0 0 0 

2013-04-18 940 760 60 120 0 0 0 

2013-04-19 2860 2360 180 160 160 0 0 

2013-04-20 1430 1280 60 90 0 0 0 

2013-04-21 2300 1940 110 250 0 0 0 
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Appendix 5 – Graphs of the data from corridors 1&2 
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Appendix 6 – Graphs of the data from corridors 3&4 
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