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Abstract 

 

Global warming is the one of the most dangerous threats that the entire world is facing today. 

The emission of greenhouse gases is increasing the impact of global warming. In such a 

situation, reduction of GHG emissions and finding an alternative source of energy is more 

and more important. The production of biogas from food wastes is considered as a suitable 

way for the reduction of GHGs emission. The production of this type of renewable energy is 

very popular in Asian countries, especially in countries like India and China. Biogas 

production never creates any harmful effects to the environment but at the same time it also 

produces byproducts that are not harmful for the environment.  This study tries to investigate 

the possibility for the production of biogas from food wastes in restaurants under Swedish 

conditions. In order to do so, three different models of biogas plants in three different 

restaurants were used as a case study. The results showed that biogas production from food 

waste in restaurants are practically possible in Sweden and it can be used as an alternative 

source of cooking fuel with many benefits both economically and environmentally. 

Temperature problems in Sweden during winter season can be avoided by using pre-heating 

technique. 

 

 

Keywords: Biogas production, anaerobic digestion, bio-fertilizer, biogas digesters, 

digistics. 
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Introduction 

 

The global demand of energy has increased with increase in the population and technologies. 

Fossil fuel, natural gas and nuclear energy were the commonly used energy sources. In 

contrast the reserves of fossil fuel have reduced globally. In such a situation future energy 

supply would become a serious issue for the entire world. The process of global warming has 

accelerated the impact on global energy needs. When industrial revolution began, the need of 

energy automatically increased, thereby decreasing the reserves of fossil fuel and it resulted 

in the energy price (Gerardi, 2003). Both IPCC (Intergovernmental Panel on Climate Change 

(Controlled by United Nation General Assembly) and European Union have set targets to 

control the temperature hike to less than two degree by reducing the emission of carbon 

dioxide and methane (Murto et al., 2004). In such a critical situation increasing the use of 

alternative energy sources,which is eco-friendly and renewable, would be the only possible 

solution. The term biogas and its production have become more pronounced in this situation. 

Biogas has been considered as an eco-friendly and easily available renewable energy source. 

Biogas is the combination of different gases and it is produced by the breakdown of different 

organic matter in the absence of oxygen. The major process used to produce biogas was 

anaerobic digestion, which assimilated the material inside a closed container or system 

(Lindkvist et al., 2017). Anaerobic digesters were designed and managed to fulfill this 

decomposition. As a result of this digestion process organic material was stabilized and 

gaseous products were released (Balasubryamaniam et al., 2008). The major raw materials 

used to produce biogas were agricultural waste, manure, plant material, municipal waste, 

sewage, waste from different farms. Biogas mainly contains methane (CH4), carbon dioxide 

(CO2) and hydrogen supplied (H2S), along with moisture and siloxanes in small amount. 

These gases when combusted get oxidized. The energy release permitted biogas to be used as 

a fuel. Production of biogas from anaerobic digestion process could be part of the transition 

to a renewable based energy system (Lindkvist et al., 2017). 

Utilization of biomass for producing biogas was one of the simplest and cost-effective way or 

method to harvest renewable energy (Lindkvist et al., 2017). According to European 

Commission there were different varieties of biomass accessible for potential transformation 

to energy such as forestry residue related industries, agricultural by-products, biodegradable 

parts of conventional industry and municipal solid waste (Nahar et al., 2017). Countries like 

India, China, Sweden, Kenya, USA, Finland, Ireland and Germany produce biogas in large 

scale. Out of these countries, use of small-scale biogas pots have become more popular in 

India. Biomass derived energy systems were considered as the major contributors to 

sustainable energy systems and they have contributed to the stable progress in developed as 

well as developing countries. Biomass has been treated as the most suitable and clear form of 

renewable energy due to its advantages (Nahar et al., 2017). In Indian subcontinent and most 

of the Asian countries Liquid Petroleum Gas (LPG) was used as a source for cooking and its 

price has been varying with the global fuel prices. Many countries have provided heavy 

subsidies to promote the use of LPG as a domestic cooking fuel and it has badly affected the 

financial state of these countries (Troncoso et al., 2017). These days they have been 
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promoting use of biogas as a cooking fuel in order to overcome the subsidies and to promote 

the use of renewable energy sources (Mirmohamadsadeghi et al., 2019). The air pollution due 

to biogas has been the same as that of natural gas but with an additional risk of toxicity from 

hydrogen sulphide (Damrongsak et al., 2017). However demerits of biogas has been 

overridden by its merits such as, an alternative fuel, high quality and poison less bio-fertilizer 

as a by-product, electricity, heat, effective waste recycling, reduction in greenhouse gas 

production, environmental safety from pollutants and the most cost-effective way of energy 

production (Nahar et al ., 2017).  

Production of green energy from biogas has ensured an environment friendly way of 

collecting energy and decreased energy dependence on other energy sources. Carbon 

monoxide, carbon dioxide and sulfur dioxide emissions in to the atmosphere could be 

reduced (Oslaj et al., 2010).  Methane (CH4) was the main energy carrying component of 

biogas and its concentration varies with organic material used for biogas production. Biogas 

from sewage digesters usually contains 55% to 65% methane, 35% to 45% carbon dioxide 

and less than 1% nitrogen. Biogas from organic waste digesters contains about 60% to 70% 

methane, 30% to 40% carbon dioxide and less than 1% nitrogen. Apart from this, 

hydrogen sulphide and other sulphur compounds are contained in a minor percentage (Oslaj 

et al., 2010). 

In Sweden, electricity and natural gas has been used for cooking (Nordborg et al., 2012). The 

production of biogas in Sweden would be very cheap and simple. The equipment required to 

produce biogas are digester, gas chamber, inlet valve, outlet valve, control valve and a gas 

stove. To produce biogas, a minimum temperature should be maintained (above 18˚C). But in 

Sweden, during winter season, since temperature would become very low, it might be 

difficult to produce biogas. To overcome this problem, in winter season, digester portion of 

the biogas plant could be placed below ground level for the proper digestion of the raw 

materials or digester could be pre heated by passing heat through corrugated pipe (Lindkvist 

et al., 2017). The organic waste and waste water from a family of 4 members would be 

enough to produce biogas (0.8m³/day) required for using a stove more than 2 hours. 

According to Biotech India, from 1 ton waste, 100-140 m3 of biogas could be produced 

(Normally biogas consumption rate of stove is 0.4m³/h, 100 m³ of biogas is sufficient for 

working a stove up to 250 hours).In countries like India and China biogas for domestic 

purposes were produced through household plants. In India, the Government offered certain 

subsidies for the installation of new biogas plants. According to the Renewable Energy 

Ministry of India, in 2015-2016, about 2.07 billion m3 of biogas was produced in the country 

which is equivalent to 66 million of LPG cylinders and 5% of the total LPG consumption in 

the country (Elgano et al., 2014). According to Ministry of Agriculture (MOA) in China, 

38.51 million household biogas plants were installed in 2016 and more than 40% people in 

rural area used biogas as a cooking fuel (Chen et al., 2012). 
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Background 

 

Anaerobic digestion and biogas properties  

 

Anaerobic digestion is the process used for the digestion of organic matter. An end product of 

anaerobic digestion is biogas, a mixture of methane, carbon dioxide and some minor amount 

of other gases, such as hydrogen sulphide and other sulphur compounds (Buysman ., 2009).  

Table. 1. Typical Biogas Components (Buysman., 2009) 

 

Gas Formula Unit Prevalence (%)  

Methane CH4 % 50-70  

Carbon dioxide CO2 % 30-40  

Hydrogen 

sulphide 

H2S Mg/m³ 0-5000  

Ammonia NH3 % 0-0.05  

Humidity H2O % 2%(20˚C)-

7%(40˚C) 

 

Out of these H2S is a dangerous one but it can be easily detected by its foul smell. The major 

characteristics of biogas are given below (Buysman., 2009). 

Table. 2.   Major Characteristics of Biogas (Buysman., 2009). 

Characteristics Value 

Energy content 
20-25 MJ/m3 

Ignition Temperature 650-750˚C 

Density 1.2Kg/m3 

Critical Pressure 75-89bar 

Critical Temperature 190.65Kkelvin (-82.5˚C) 

 

Major bacteria in anaerobic process  

There are mainly three types of bacteria existing in anaerobic process, they are 
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Acetate - forming bacteria 

Acetate -forming bacteria is connected with methane forming bacteria. During anaerobic 

digestion acetate forming bacteria produce acetate, this produced acetate is used by the 

methane produced bacteria for the production of methane as a substrate. During this process 

hydrogen also produced. Acetate forming bacteria is very sensitive to hydrogen and its proper 

removal is demanding for the survival of acetate bacteria. This removed hydrogen is used by 

the methane produced bacteria for the production of methane. The growth rate of acetate 

forming bacteria is very low (Gerardi., 2003). 

Sulphate reducing bacteria 

This type of bacteria also exists in anaerobic digestion process. Sulphate in this digester is 

multiplying by them by using hydrogen and acetate. This situation leads to the competition 

between methane forming and sulphate reducing bacteria (Gerardi., 2003). When the 

concentration of acetate is becoming low, substrate to sulphate ratio becomes less than two; 

sulphate forming bacteria get hydrogen and acetate than methane forming bacteria.  

When substrate to sulphate ratio becomes greater than 3, methane forming bacteria will easily 

obtain hydrogen and acetate (Gerardi., 2003). 

Methane forming bacteria 

This type of bacteria existing in different shapes, growth, pattern and in different sizes. 

Methane forming bacteria have cells and have unique chemical composition and this makes 

the bacteria sensitive to toxicity. All types of methane producing bacteria produce methane. 

This type of bacteria commonly found in nature and usually they decompose the organic 

matters. An aerobic condition and temperature are the two factors. In 35˚C it grows within 3 

to 12 days but in 10˚C conditions it takes 50 days for its growing process (Gerardi., 2003).  

Anaerobic digestion process 

During the anaerobic digestion process four different steps are included, they are; 

hydrolysis, acidogenesis, acetogenesis and methanogenesis (Buysman., 2009). 

Hydrolysis  

In this process involves the breakdown of complex polymers by hydrolytic bacteria and the 

disintegration of higher molecular mass compounds into soluble organic products with the 

help of exo-enzymes. Insoluble particles like carbohydrates, proteins and fats are undergoing 

hydrolysis in this stage (Gerardi., 2003). In this stage complex carbohydrates are changed 

into simple sugars, complex lipids and proteins are changed into fatty acids and amino acids 

respectively.  

Acidogenesis  
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In this process the acidogenic bacteria dissipate the hydrolyzed soluble to volatile 

fatty acids, such as butyric, propionic and acetic acid while also carbon dioxide and hydrogen 

are formed (Buysman., 2009).  

Acetogenesis  

In this process acetogenic bacteria convert the higher volatile fatty acids to acetic acid 

(Gerardi., 2003). 

Methanogenesis  

In this final stage, acetolactic methanogenic bacteria reduce the acetic acid to methane and 

another strain of bacteria; hydrogenotrophic methanogens reduce carbon dioxide and 

hydrogen to methane. Are Methanogens obligate anaerobic, they cannot work in an aerobic 

environment (Buysman., 2009).  

Many substrates are usually used as feedstock in biogas plants and the capacity or potential 

for biogas production varies with feedstock. Generally animal waste, food waste, human 

waste, kitchen waste from houses and restaurants, some crop residues are used in small scale 

biogas plants. The production rate of biogas is varying with the type of substrate is adopted in 

biogas plant. Usually 1m3 of biogas is capable for the cooking three meals for a family of 5-6 

members (Balasubryamaniam et al., 2008).  

Many factors affect the anaerobic digestion process, out of them temperature is considered as 

the most important one. Based on temperature anaerobic digestion can be classified in to 

three conditions, named as psychrophilic (Anaerobic digestion occurs when temperature 

below 20˚C), mesophilic (Anaerobic digestion occurs between 20-45˚C) and thermophilic 

(Anaerobic digestion occurs between 45-60˚C) conditions. Anaerobic digestion at 

psychrophilic temperatures has not been highly explored as either mesophilic or thermophilic 

digestion; probably due to little anticipation of the build out of economically attractive 

systems adopt this technology (Balasubryamaniam et al., 2008). Digestion process under 

thermophilic condition offers   many advantages, such as high metabolic rates. (Oslaj et al., 

2010) 

 

Factors affecting biogas digestion process 

There are several factors exist which affecting the biogas digestion process. Usually in 

mesophilic condition, biogas production is coming in a range of 0.8-1 m³/kg of organic 

compounds digestion. The following factors affect the biogas production. 

 

Temperature  

 

Biogas production faces many challenges. Temperature and climate conditions are the most 

important. The production of biogas for cooking and heating in colder areas of any country in 
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the winter season is considered as matter of big concern. Biogas production in different 

temperatures is different. The mesophilic methane forming bacteria is normally active in the 

temperature of 30-35˚C and thermophilic methane forming bacteria in 50-60˚C.The most 

favourable temperature range for biogas production is 35-37˚C.When temperature becomes 

more than 32˚C, destruction rate of volatile solids increased and the production of methane is 

also increased (Gerardi., 2003).  

The case of Tongliang in China is considered as a success in biogas production at different 

temperature. During winter season (6-10˚C) daily production rate is 0.05m³/m³, during spring 

season (16-22˚C) is 0.1 -0.2m³/m³) and in summer production rate is 0.2-0.33 m³/m³. 

This biodigester can work throughout the year but biogas production rate is much low in 

winter season. In India Janata biogas plant works in the similar pattern throughout 

the year. It is mostly located in hilly regions of India and the digester slurry followed the 

same pattern as the ambient temperature (Balasubryamaniam et al., 2010).The ambient 

temperature in summer is 22-23˚C and in winter it is fall to 9-10˚C, at the same time these 

variations resulted in the lowering of digester temperature from 22-23˚C to 13-14˚C 

(Paramaguru et al., 2017). 

Biogas production can occur over a wide range of temperatures; in nature temperature is 

usually range from 0 - 97˚C. From various studies find out that lower temperature requires a 

higher HRT to achieve a similar gas production as that of higher temperature.  The table 3 

shows the relationship between HRT and the volume with temperature (Balasubryamaniam et 

al., 2010).  

Table.3. Relation between HRT, Volume and Temperature (Balasubryamaniam et al., 2010).   

Calculation of HRT and volume at lower temperature for same methane yield 

Temperature ˚C 2 5 10 15 20 25 

Loading rate actual T Kg/day 2.00 5.00 10.00 15.00 20.00 25.00 

HRT at actual 

temperature 

Days 80.00 200.00 400.00 600.00 800.00 1000.00 

Volume m³ 14.96 11.08 6.72 4.08 2.47 1.50 

 

Increasing the temperature in digester  

External heating is considered as a suitable alternative for improving the temperature in the 

digester during biogas production. At the same time external heating for small scale biogas 

plant is too extensive. (Oslaj et al.,2010). 
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Passive Heating and Insulation  

Passive heating, solar heating is possible option for digester heating. This technique is 

currently using in countries like China and Bolivia. In Bolivia on the Altiplano the bag 

digester soaks up heat because of its black coating, this help to increase the temperature of 

digestion and simultaneously reduce the HRT. That bag digester has little insulation. (Oslaj et 

al.,2010). Deenbandhu digester is a experimentally proved digester used in India.. Bag 

digester is not suitable in cold regions, because sludge in the bag digester would quickly 

freeze on cold climate and it is very difficult to provide insulation on the surface of the bag 

digester because it is always varying depending on the amount of gas and amount 

of manure. From the study that was conducted in India on Deenbandhu digester found 

that, insulating both walls and dome of the digester reduces the temperature loss further, 

(Chen et al., 2012). 

 Deenbandhu model have lowest surface to volume ratio, due to this they required only less 

amount of insulation.  In India, floating dome digester is also using for overcoming the 

drawbacks of Deenbandhu model. Floating dome digester have large area of metal part due to 

this they create a huge loss of heat. Exposing of biogas plants to the atmospheric temperature 

in winter season should be limited and underground digesters are more adoptable than 

digester on the top of earth surface. In underground model's insulation applied only in the top 

portion of the digester (Balasubryamaniam et al., 2010). 

 

pH and Alkalinity 

Anaerobes are mainly two types, first one is acidogens and second one is methanogens. The 

optimum pH level for acidogens is between 5.5 to 6.5 and it is for methanogens is between 

7.8 to 8.2. If we are combining both anaerobes pH is ranging to 6.8-7.4, methanogens are 

more sensitive to pH than acidogens (Paramaguru et al., 2017). 

 

Nutrients 

Nutrients are another important factor which is affecting the anaerobic degradation process. 

Nutrients are mainly categorized in two; they are micro nutrients and macro nutrients 

(Gerardi, 2003). 

 

Macronutrients 

Nitrogen and phosphorous are the two important macronutrients that are necessary for 

biodegradation process. The amount of nitrogen and phosphorus that are present in the 

digester can be calculated   by analyzing the quantity of substrate or COD of the digester feed 

sludge (Gerardi, 2003). 
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Micronutrients 

Micronutrients are the second category of nutrients. Micronutrients provide different types of 

enzymes that are possessed by the methane forming bacteria. Important micronutrients are 

cobalt, iron, nickel and cobalt. These micronutrients are important for methane forming 

bacteria for the conversion of acetate into methane (Björnsson et al., 2004). 

 

Retention times 

Retention time is considered as an important factor in the production of biogas. In biogas 

production generally use two type of retention time, they are, solids retention time (SRT) and 

hydraulic retention time (HRT).Here HRT refers the time that waste water or sludge in the 

digester, but SRT means the time that bacteria’s are held in the digester portion of biogas 

plant (Björnsson et al., 2004).. Usually the generation time required for the production or 

generation of methane forming bacteria is high, due to this SRT suggested for the digesters 

greater than 12(SRT>12). Washing out of bacteria occur in sometimes due to less SRT 

(usually less than 10 days). High value of solids retention time improves the removal capacity 

and gives extra buffering capacity against shock loadings. HRT have significant role in the 

conversion of volatile solids into gaseous products (Björnsson et al., 2004). 

 

Toxic Materials 

During anaerobic digestion of organic and inorganic material, toxicity may produce in biogas 

digester. Toxicity mainly categorized into two, acute and chronic. Normally acute toxicity 

occurs from the sudden exposure of unacclimated number of bacteria to a huge concentration 

of toxic waste. Chronic toxicity occurs from the long exposure of an unacclimated population 

of bacteria to toxic waste. There are certain materials exist which are toxic to the biogas 

degradation system, they are, hydrogen sulphide, ammonia and heavy metals (Gerardi, 2003). 

  

Advantages of biogas production  

The first and most important point of biogas is, the raw materials which are used for biogas 

production is very cheap, almost free and it also creates income making it a financially viable 

way for transformation of biomass. The major ingredients or raw material used for biogas 

production are waste material from kitchen (both solid and liquid), animal waste from 

different farms (cattle farm, pig farm, poultry farm), waste water sludge, waste material from 

food processing industries. Apart from this biogas also produced from the landfills 

(Damrongsak et al., 2017). Methane is the energy carrying component in biogas. The quantity 

and the composition of biogas depend on the quality of raw material used for the biogas 

production. A cleaner raw material such as kitchen waste or organic household waste 

macerated in a closed container or chamber will generate a gas richer in methane than a gas 

produced from a landfill (Nahar et al., 2017).  
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From the comparison of biogas with other energy systems or fuels (especially fossil fuels), it 

will consider as a cleaner fuel and combustion of biogas generates a smaller and less 

poisonous subset of pollutants in addition to carbon dioxide. The use of biogas may lead to 

the reduction of deforestation by reducing the use of firewood and decrease the usage of 

synthetic fertilizers which badly affect the soil quality and soil fertility and carry a carbon 

footprint. Moreover, the use of biogas reduces the emission of greenhouse gases than fossil 

fuels (Damrongsak et al., 2017). The combustion of bio-CNG produces approximately 8 to 

22g CO2/MJ which is than 80% lower than that of petroleum-based fuels. During the 

combustion time fossil fuels produce harmful and dangerous aromatic and polyaromatic 

hydrocarbons but biogas combustion is free from this emission. Due to this absence of 

hydrocarbons it prevents principle emission of soot and matter from the burring process. The 

formation of soot during the burning of natural or biogas depends only on the burning or 

combustion conditions where the net release of soot can be neglected by gas combustion 

control, which is difficult achieve with liquid fuels (Nahar et al., 2017).  

  

Biogas slurry or digestate has the potential for a pesticide action. It can control some pests 

without the dangerous effect of synthetic pesticides ( Wang et al., 2018). In 2010, some 

experiments conducted in University of Tamil Nadu, Coimbatore, India, shown that biogas 

slurry has the potential for a pesticide action; they efficiently prevent the nematode attack in 

tomatoes. They sprinkle biogas slurry on tomato leaves and add some slurry near to root and 

results that the nematode population in the soil and the severity of action decreased. Also, the 

vegetative growth and production of tomatoes are increased (Nahar et al., 2017, Mittal et al., 

2017). The by-product of biogas production is enriched organic (Bio-fertilizer). Which will 

consider as a suitable alternative for chemical fertilizers, and it have the ability to mitigate the 

erosion (Mittal et al., 2017).   

 

Biogas plants significantly curb the greenhouse effect; these plants release lower amount of 

methane and capture harmful greenhouse gases and using it as fuel. Biogas production helps 

to reduce the use of fossil fuels, such as oil and coal (Damrongsak et al., 2017). Another 

important advantage of biogas is that, all process related to the biogas production are 

occurring naturally, not requiring energy for the generation process. In addition, the raw 

material required for the production of biogas are renewable, as trees and crops will continue 

grow. Food waste, manure, waste from sewage, farms are always available, all these things 

make it a highly sustainable option. Overflow of landfills spread the foul smell to its 

surroundings and allow toxic liquids to drain into the ground water. Biogas production help 

to improve the water quality. Anaerobic digestion helps to deactivates pathogens and 

parasites and it will help to reduce the incidence of waterborne diseases. Biogas production 

also leads to the proper waste collection and proper waste, management; it will automatically 

improve the water and soil quality (Kadam et al., 2017).  

 

Biogas also provide healthy cooking atmosphere for developing areas. In many places in 

many countries use firewood for cooking purpose and it badly affect the health of women and 
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children. Gas stove prevents entire family from being exposed to smoke from open fire in the 

kitchen. This helps to prevent the family from deadly respiratory diseases. Around the world 

4.3 million people die per year prematurely from illness attributable to the air pollution in 

house due to unavailability safe cooking fuels. Production of biogas is considered as a simple 

process (Nahar et al., 2017, Abadia et al., 2016). The small-scale production method of 

biogas is very easy to install, and very little investment is required and only household waste 

is required as raw material. The produced biogas from digesters can be directly used for 

cooking and electricity generation, this makes the cost of biogas production as low. Farms 

can also adopt the same method and process that used in the household for the production 

of biogas. Waste material from a cow can provide biogas that is enough for the lightening of 

a 100-watt light bulb for entire day. In large plants biogas can be compressed to gain the 

quality of natural gas, and it will create lot of green jobs and provide positive impact on the 

economy of a country (Lindkvist et al., 2017). 

 

Disadvantages of Biogas production 

Biogas production also has some disadvantages relating to the production techniques and 

about the produced biogas. 

One of the major compliant about biogas production is, the system used in the biogas 

production is not efficient and it is not capable for the supply of biogas for large population. 

Many governments are not ready to invest in this sector (Abadia et al., 2016). 

After the refinement and compression biogas contains some impurities. Such biogases badly 

affect the metal parts of the engine of the automobile that is metal parts will corrode. The 

gaseous mix which are more suitable for kitchen stoves and lamps (Sorathia et al., 2012). 

Temperature conditions are another factor which affects biogas production badly. For proper 

digestion waste bacteria need approximately 37˚C. In cold climate regions, digesters need 

proper heat energy to maintain continuous supply of biogas. Also, industrial biogas 

production is suitable for rural and suburban areas because plentiful supply of raw material is 

required (Sorathia et al., 2012). 

Small scale biogas production 

Anaerobic digestion is the technology used behind the biogas production; this technology is 

commonly applied in large scale production of biogas. Large scale biogas production 

techniques are not suitable to household, restaurant and small institutional biogas production 

because, large scale production techniques are not adjusted to quantities of waste produced 

these sectors. In such cases small scale biogas production is the possible solution. 

Approximately 40 million digesters are currently using in developing countries. A major 

share of these small biogas plants is found in China and in India. (Rennuit et al., 2013, Yang 

et al., 2019). China has a plan to construct more than 80 million small scale digesters in 

coming years. Government of India is also taking initiatives to spread the biogas production 

and government gave certain subsidies for the biogas plant construction. (Bruun et al., 2014)  
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The design and construction of small-scale biogas plants are very simple, similarly its 

operation and maintenance cost are very low. Commonly in Asian countries digester portion 

of the biogas plants are constructed in below the ground level to maintain a constant 

temperature in winter season. The hydraulic retention time (HRT) and solids retention time is 

different for different digesters. Normally 10-15 days required as retention time for doubling 

the amount of methane forming bacteria, based on the temperature retention time are varying 

become high when the temperature conditions become below the mesophilic conditions. 

Retention time is also affecting the size of the digester. In developing countries biogas are 

commonly used for cooking purposes (Bruun et al., 2014).  

The major reasons for supporting small scale biogas production by governments of 

developing countries in Asia are, through biogas production by using manure, can easily 

reduce the greenhouse gas emissions reduce the use of fossil fuel and fire wood for cooking 

purpose, it creates jobs, decrease odour and create less indoor smoke. (Rennuit et al., 2013). 

Small scale digesters in India and in China 

Generally, there are mainly three types of biogas plants are using in these countries (Rennuit 

et al., 2013, Sorathia et al., 2012). The most commonly used biogas plant models are, 

1. Floating gas holder type biogas plant 

2. Fixed dome type biogas plant 

3. Fixed dome type with expansion chamber biogas plant 

1.  Floating gas holder type biogas plant 

Underground digester with an inlet and outlet is the major part of this plant and it is covered 

by a floating steel gas holder for gas collection. Usually this plant is made up of brick 

masonry. The movement of gasholder is controlled by a central guide pipe and   it depends on 

the accumulation and release of produced biogas (Sorathia et al., 2012). This type of plant is 

much expensive than the fixed dome type. In this model floating gas holder is provided at the 

top of the digester in order to maintain the pressure as constant. Life span of this plant is short 

compared to other models. Cost of maintenance of this type plant is high because gas holder 

is always to be free from corrosion (Rajati et al., 2014). 

2. Fixed dome type biogas plant 

In this type of model both the digester and gas holder are combined. Gas is collected in the 

upper part of digester. Top portion of digester itself act as a gas holder. This model is 

commonly built in below ground levels. This model is suitable for cold regions. Local 

materials are enough for the construction of this model, due to this construction cost is low 
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compared to floating gas holder type biogas plant. Life span for this model is comparatively 

long (Rajati et al., 2014, Sorathia et al., 2012).  

3. Fixed dome type with expansion chamber biogas plant  

Compared to other types of biogas plant this will consider as very cheap. This plant has a 

curved bottom and a hemispherical top, which are combined at their bases with no cylindrical 

section in between. Both inlet and outlet pipes are connected to the digester. Cost of 

maintenance is very low for this plant and its life span is lying between other two models. 

Higher excavation work is required (Rajati et al., 2014). 

By analysing the three commonly acceptable models fixed dome type with expansion 

chamber biogas plant is more feasible and economically favourable than rest of them. 

Feedstock, residence time, temperature are the factors which are affecting on biogas 

production by using these models. Out of these models, fixed dome digesters are commonly 

used in China and its size is usually between 6-10m³. In India floating drum digester model is 

commonly used but digester size is smaller than the digester size in China, it is ranging from 

2.5 to 5m³ (Bruun et al., 2014). 

Biogas production from food waste  

 

Disposal of waste is one of the serious problems that facing the entire world especially 

densely populated countries. Every year around one third of the global food production 

become lost or wasted through food supply chain Disposal of food waste is also comes under 

this category. The tern food waste includes the whole process of food supply chain, it 

contains the food production, processing, storage, distribution, sale, preparation, cooking and 

serving of food. The disposal of large quantity of food waste leads to serious social, 

environmental pollution and financial costs worldwide (Santos et al., 2017). Traditional 

disposal methods, such as land filling, composting and incineration are not capable for 

managing large amount of food waste. In such a situation anaerobic digestion is considered as 

a relevant and practically feasible technology for food waste management. From the reports, 

since 1974 the amount of food waste in United States become increased around 50% and 

presently reached in to 38 million tonnes per year and out of these wastes 76.3% are goes to 

landfills (USEPA 2016). The European Union countries develop around 98 million tonnes of 

food waste every year, and they also expect it will become 139 million tonnes in 2020, until 

EU didn’t take any extra prevention activities to mitigate this (European commission 2010). 

In China, around 90 million tonnes of food wastes are disposed every year and this amount 

will increase rapidly. because of hike in population and high rate of urbanization. From this 

understand the amount of food waste that is disposed worldwide (Vasudevan et al., 2010). 

Through anaerobic digestion, these waste materials can be converted into renewable energy 

and can reduce environmental pollution. In developed countries an average person produces 

approximately 100-170 kg of food waste per capita per year, and it will become the twice of 
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that of developing countries. Out of developing countries China and India face the serious 

problem of waste disposal because of huge population (Santos et al., 2017).    

 

The amount of methane in organic waste or food waste is depending on the quality of 

produced biogas. Among different types of food waste, the fat, oil, and grease have the 

highest amount of methane yield up to 1.1m³CH4/Kg added. Lipid rich waste is the highly 

attractive organic matter for anaerobic digestion. Another high-methane yield substrate is 

restaurant and household food waste. Such type waste has high lipid contents and a balanced 

nutrient composition as well. Carbohydrates and proteins are considered as highly degradable 

but have high hydrolysis rate than lipids. Food wastes like used oil, ice cream have high lipid 

content and easily biodegradable carbohydrates can achieve high methane yields. Food waste 

with high lignocellulosic fraction and low lipid content has very low ability for producing 

methane. Example for such food wastes is fruits; vegetable residues and brewery waste. Such 

type waste has methane potential of about 0.16-0.35m³/Kg (Santos et al., 2017).    

 

Biogas Production in Restaurants  

The high emission of greenhouse gas leads to the global climate change. Every industry must 

be taking a sincere approach at how they can alter their actions reduce impact on 

the environment. Restaurants are also included in such industries. Restaurants use a large 

amount of fuel and energy to power the stoves (Vasudevan et al., 2010). The major source of 

these fuels is fossil fuel, electricity and natural gas. Restaurants and hotels also produce large 

amounts of organic waste, usually that are collected by the corresponding municipalities.  

These things cost the restaurants money and badly affect the environment in various ways. In 

such a situation biogas production in restaurants have a lot of relevance. Through anaerobic 

digester organic waste become decomposed and produce methane that can supply power to 

gas stoves (Brun et al., 2014). Through biogas production restaurants can easily solve 

the issues of waste and can make economic benefits. In restaurant waste contains a variety of 

substrates, which do not create any problem; it will enhance the methane production, because 

different substrate contains different energy content that will provide the maximum amount 

of biogas (Vasudevan et al., 2010).  

Aim 

This thesis was mainly concentrated into small scale biogas production for cooking purposes 

in Sweden. After this comprehensive background on the benefits of biogas, my focus is to 

examine and evaluate a possible small scale biogas production for cooking purposes in 

Sweden. Using three restaurants as possible users of a small scale biogas plant in the future, I 

selected food waste from each of them to produce biogas. My aims are,  

• Find out  the suitable digester models for Swedish conditions  

• Find out the possibility for producing biogas by using food wastes from restaurants? 
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And finally I am at analyzing the pH of the food wastes in Swedish restaurants and calculate 

the amount of gas produced in the three types of biogas digesters. Through these types of 

biogas plants, restaurants can recycle their own waste and promote a circular economy.   

Materials and Methods  

Experimental Work 

 

In this stage three restaurants were selected for the data collection. Out of these three, one is 

located in central Halmstad, one is in Gothenburg and last one is in Falkenberg. In Halmstad 

it is an Indian restaurant and the remaining two are Swedish restaurants. In this report the 

name of restaurants is not included because restaurant owners are not interested to publish 

their restaurant name. Same data were collected from these three restaurants.  

 

• Amount of waste produced in a day 

• Type of waste and characteristics of the waste  

• Monthly use of electricity for cooking 

Based on the collected data from the three restaurants, was found that, all these three 

restaurants produced a stable amount of waste. Calculations of the average amount of waste; 

the volume of the digester, gas chamber and the amount of gas produced was calculated 

based on the amount of waste produced. The calculations related to the digester (Volume of 

the digester, amount of gas produced in the biogas collector) and gas collector is based on 

mesophilic condition and pH values of food waste is in a range of 4-6. It is important to 

ensure that pH of the collected food waste was in a range of 4-6. For that, the pH of the food 

waste was also measured in the laboratory, for this the food waste was collected from three 

restaurants and it was mixed with water in a ratio of 1:2 and kept for 6 days in a closed 

container and Samples were tested in the laboratory with the help of a pH meter and readings 

were recorded (Table 4). 

                                                                                                                                              

                 Table 4: pH of the collected food waste samples 

 

 

 

 

 

 

 

         Sample Reading 

Restaurant 1 5.98 

Restaurant 2 6 

Restaurant 3 4.22 
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Restaurant 1 

From Restaurant 1 located in Gothenburg, amount of waste of 15 days were collected, based 

on the collected data, average amount of waste is calculated and is 21.7 Kg. While analysing 

these wastes, major contents are cabbage, capsicum, cauliflower, fenugreek leaves, peeled 

potatoes, tomatoes, onion, meat (mainly chicken, pork, beef), fish and different fruits. In 

restaurants food waste or organic waste is usually generated in two stages, before the 

cooking- during its cleaning and cutting time lot of wastes are generated, in second stage that 

is plate waste are also moved to waste category. 
 

Restaurant 2 

Restaurant 2 is in Falkenberg, amount of waste of 15 days were collected Here average 

production of waste is 14 kg/day. (This restaurant is in a country side, not in a town. So, 

space for biogas digester installation is not an issue.). In this restaurant available food wastes 

are different type of meats (lamb, duck, turkey, beef, and chicken) and fish, different type of 

vegetables (tomatoes, onion, cabbage, capsicum, cauliflower, fenugreek leaves, peeled 

potatoes) and fruits. Hamburger, pizza, pasta is also available in this restaurant, so waste from 

this also available. Here vegetable oil used for cooking, frying and it was changed in a gap of 

2 days; this oil is also a good raw material for biogas production. Here used oil is collected in 

a separate container.  

Restaurant 3 

Third restaurant is in Halmstad and mostly Indian dishes are available here. In this restaurant 

major food wastes are rice, wheat powder, onion, potatoes, tomatoes, carrot, capsicum, 

cauliflower, fenugreek leaves, cabbage, milk, curd, fish items, meat (mainly chicken and 

beef) and fruits. Amount of waste of 15 days were collected, and   

based on the collected data, average amount of waste is calculated and is 16.92 Kg/day.    

Selection and design of Bio-digester 

Restaurant 1 

Fixed dome type bio digester is suitable for this restaurant. Because area for the construction 

of biogas digester is available in this restaurant. Also, this model is suitable for cold regions 

this model is commonly built in below ground levels.. In fixed dome digester, the floating 

dome moves up and down based on the increase and outflow of the gas in and from the 

digester. If the usage or consumption rate of gas is exceeding the production rate, and then 

the drum sinks into the digester. While handling this digester previous experience of user is 

not needed. 
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While designing the biogas digester certain factors should be considered, most important 

factor is the amount of feedstock. Here average amount of feedstock or raw material is 

21.7kg. 

There were two different categories of anaerobic digestion systems used for the food 

digestion process. Wet and high-solid systems. Wet systems means there moisture content is 

greater than 80% and moisture content is less than 80% in high-solids systems. Food wastes 

usually mix with water in a specific ratio after that it deposit into inlet valve of the digester. 

Normally foods wastes are mixed with water in a ratio of 1:2, one-part food waste are mixed 

with 2 part of water and create a semi-solid liquid. That is, 

1*21.7+2*21.7=64.9 L/day        (Assuming 1Kg is equal to 1L) 

Retention Time and Feed stock quality 

For mesophilic digestion condition, where temperature varies from 20˚C to 35˚C and HRT is 

greater than 20 days. Here additional heating is needed for the biogas digester and maintain a 

mesophilic condition. Because of this retention time is 30 days (Biotech India). That means, 

64.9 L/ day * 30 days = 1947 L= 1.9 m³     

Here each day 21.7 kg wet waste is available. Normally total solids (TS) is taken as 20% of 

the wet waste (Biotech India) 

Total solids TS = 20 % of 21.7 =4.33 kg 

Volatile solids is estimated as 80% of total solids (TS) 

 80% of volatile solids = (80/100)* 4.33 = 3.4VS/day/64.9 L 

This can be converted in m³ = (3.4/64.9)*1000 = 53.37 kg VS/m³ 

Organic Loading Rate 

Organic loading rate (m³/day) = Flow rate (Kg VS/m³)*(concentration/ Reactor volume in 

m³) 

Flow rate is usually taken as 0.18 (Coursera) 

                        = 0.18 *53.37/1.94 

                              = 4.95VS/m³ 

Amount of Gas 



20 

 

Normally biogas yield for food wastes is 0.67 m³/Kg VS 

Amount of gas = organic loading rate*normal biogas yield*feed stock quality  

Normally biogas consumption rate of stove is 0.4m³/h. 

Restaurant 2 

This restaurant is in a country side, not in a town. So space for biogas digester installation is 

not an issue. Here average production of waste is 14 kg/day. That is 14Kg/day wet waste. 

Food wastes are usually mixing with water in a specific ratio after that it deposit into inlet 

valve of the digester. . Floating gas holder type bio-digester plant is suitable for this 

restaurant, due to availability of large area for the construction. Also, it is an underground 

model with brick masonry, suitable for cold regions.    Normally foods wastes are mixed with 

water in a ratio of 1:2, one-part food waste is mixed with 2 part of water and create a semi-

solid liquid  

That is, 

1*14+2*14 = 42L/day      (Assuming 1Kg is equal to 1L) 

 

Retention Time 

Retention time is the most important factor during the design of anaerobic digester and 

retention time is varying with respect to the temperature of the place. For mesophilic 

digestion condition, where temperature varies from 20˚C to 35˚C and usually hydraulic 

retention time is greater than 20 days. Here additional heating is done for the biogas digester 

and maintain a mesophilic condition. In such way retention time is taken as 30 days (Biotech 

India). 

That means 

42 L/ day * 30 day = 1260 L= 1.2 m³ 

Feed stock Quality      

Here each day 14 Kg wet waste is available. Normally total solids (TS) is taken as 20% of the 

wet waste (Biotech India) 

Total solids TS = 20 % of 14 = 2.8 Kg 

Volatile solids is estimated as 80% of total solids (TS) 
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 80% of volatile solids = (80/100) * 2.8 = 2.2 VS/day/42 L 

This can be converted in m³ = (2.24/42) *1000 = 53.3 Kg VS/m³ 

Organic Loading Rate 

Organic loading rate (m³/day) = Flow rate (Kg VS/m³) *(concentration/ Reactor volume)(m³) 

Flow rate is usually taken as 0.18 (Coursera) 

                             = 0.18 * 53.3/1.26 

                              = 7.6VS/m³ 

Amount of Gas 

Normally biogas yield for food wastes is 0.67 m³/Kg VS 

Amount of gas = organic loading rate*normal biogas yield*feed stock quality  

Normally biogas consumption rate of stove is 0.4m³/h 

Restaurant 3 

The average amount of food wastes produced in this restaurant is 16.9 Kg/day.  

That is, Feed stock = 16.9Kg/day wet waste 

Food wastes are usually mixing with water in a specific ratio after that it deposit into inlet 

valve of the digester. Normally foods wastes are mixed with water in a ratio of 1:2, one part 

food waste are mixed with 2 part of water and create a semi-solid liquid.  

That is, 

 1*16.9+2*16.9= 50.7L/day      (Assuming 1Kg is equal to 1L) 

Retention Time 

Retention time is the most important factor during the design of anaerobic digester and 

retention time is varying with respect to the temperature of the place. For mesophilic 

digestion condition, where temperature varies from 20˚C to 35˚C and usually hydraulic 

retention time is greater than 20 days. Here additional heating is done for the biogas digester 

and maintain a mesophilic condition. In such way retention time is taken as 30 days  (Biotech 

India). 
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That means 

50.7 L/ day * 30 day = 1521 L= 1.5 m³ 

Feed stock Quality      

Here each day 16.9 Kg wet waste is available. Normally total solids (TS) is taken as 20% of 

the wet waste (Biotech India) 

Total solids TS = 20 % of 16.9 = 3.3 Kg 

Volatile solids is estimated as 80% of total solids (TS) 

 80% of volatile solids = (80/100)* 3.3 = 2.7 VS/day/42 L 

This can be converted in m³ = (2.7/50.7)*1000 = 53.2 Kg VS/m³ 

Organic Loading Rate 

Organic loading rate (m³/day) = Flow rate (kg VS/m³)*(concentration/ Reactor volume) (m³) 

      Flow rate is usually taken as 0.18 (Coursera) 

                                0.18 *53.2/1.2 

                                 = 7.6 VS/m³ 

Amount of Gas Produced 

Normally biogas yield for food wastes is 0.67 m³/Kg VS 

Amount of gas = organic loading rate*normal biogas yield*feed stock quality  

Normally biogas consumption rate of stove is 0.4m³/h 

While selecting the digester for this restaurant space is the biggest matter, because only 

limited space is available. So fixed dome type digester is not suitable in this case. Here, it is 

possible to use a digester that is used in India developed by an Indian organization named 

Biotech India. The construction and installation of this type of model is very simple. 

Prefabricated models are available, and 3-4 hours take for the installation process. 
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Results 

In this study mainly 3 restaurants were included; the average amount of food wastes available 

in each day from this restaurant 1 is 21.7Kg/day. With the help of the pH meter pH of the 

substrate is found to be 5.98, which is in the required range. Out of three restaurants, 

restaurant 1 has more amount of waste and from the calculation, finds out that, amount of gas 

produced in this digester is 6.3m³/day. Usually the biogas consumption rate of stove is 

0.4m³/h. Biogas digester of Restaurant 1 is capable of supplying cooking fuel up to 15.75 hr 

for a single stove. 

 In Restaurant 2, the most important point is that in this restaurant space for the installation of 

biogas plant is not an issue, lot of space is available. The average amount of food waste in 

this restaurant is 14Kg/day. From the pH calculation, pH of the substrate is 6. Usually the 

biogas consumption rate of stove is 0.4m³/h and amount of gas produced in this digester 

6.4m³/day and is capable of supplying cooking fuel up to 16.05 hr for a single stove. 

 In Restaurant 3 Space for the installation of the biogas plant is a serious problem for this 

restaurant. Due to this reason fixed dome type digester is not suitable. An Indian model 

digester is used here. This model is developed by Bio-tech India. It is an agency working 

under the Renewable energy department of India. The average amount of food wastes in this 

restaurant is 18.71 Kg/day. While measuring the pH of the food waste from this restaurant 

was found as quite low and it is 4.22. This low value is due to the acidic nature of ingredients. 

In most of the spicy dishes they add tomato sauce. Usually the biogas consumption rate of 

stove is 0.4m³/h and amount of gas produced in this digester 6.4m³/day and is capable of 

supplying cooking fuel up to 16.00 hr for a single stove. 

Discussion 

 
In this study mainly include 3 restaurants, one Indian restaurant, and two Swedish restaurants. 

Some differences are found in the working style of each restaurant. Average amount of food 

waste from each restaurant is analyzed. pH of the food waste from each restaurant is 

calculated and ensure that it is in the range of 4 - 6 (Paramaguru et al., 2017). 

 

Digestate 

Bio-slurry or digestate obtained from the digester during the biogas production is considered 

as a good source of organic fertilizer. It contains both macro and micro nutrients. So, the 

utilization of digestate can have economical value in crop production. Bio-slurry is 

considered as a by-product during the process of anaerobic digestion (Nahar et al., 

2017, Mittal et al., 2017).  

Here during the suggested production of biogas, digestate was obtained as a by-product in the 

three restaurants. This obtained biogas slurry or digestate can be used as bio fertilizer. It can 

be used as an alternative for chemical fertilizers (Mittal et al., 2017).  Out of the three 
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restaurants, Restaurant 2 can probably achieve more economical benefits than other two 

restaurants. Because restaurant 2 is in country side and is surrounded by agricultural land. 

Expense for selling this digestate depends only on the transportation cost. Restaurant 1 and 

Restaurant 3 is located in urban areas, so transportation of digestate will be required and the 

price of digestate can become higher than that of Restaurant 2. By using bio-slurry these 

restaurants automatically become a part of the food production value chain and they promote 

a circular economy. Urban gardening is also possible through the usage of these digestate. 

Through the usage of bio-digestate in urban gardening can promote food production value 

chain (Torquati et al., 2014). These digistics have both fertilizing and pesticide action. Biogas 

slurry can be used as a bio-pesticide against the action of insects. Through biogas production 

these three restaurants become capable to manage their own waste, become a part of the safe 

food production. 

 

Economic Benefits 

Through biogas production these three restaurants help to reduce the usage of fossil fuels and 

protect the environment. Apart from this they also generate economic benefits to these 

restaurants (Mohan et al., 2017). In Restaurant 1, for the installation of this fixed dome 

digester 2500 US$ (approximately 20000SEK) is required. This type of digester has long life 

span, so its maintenance cost is very low. In present situation, this restaurant owner spends 

3500- 4000 SEK/ month for the cooking fuel, here natural gas is used as cooking fuel. Apart 

from this, the restaurant owner pays 1200-2000 SEK/month to the authorities for the waste 

management (3 SEK for one kilogram of waste) digestate or slurry obtained as a by-product 

during the biogas production can be sold to the farmers as bio-fertilizer and can be a profit 

according to the fertilizer market rate (Cucui et al., 2018).  However, the installation cost of 

the digester can pave off within a few months.  

In Restaurant 2, the installation cost of the fixed dome digester is the same as that of the 

Restaurant 1. In Restaurant 2, biogas production rate can be higher than in Restaurant 1, 

because here cooking oil is changed in every 2 days and this oil can also be used as raw 

material for biogas production. This will enhance the biogas production considerably (Cucui 

et al., 2018, Torquati et al., 2014). Here electricity is used as the cooking fuel and the 

restaurant spend an average of 3000 SEK/month on electricity. Here amount spend for the 

waste management is quiet low, due its location and they spend 1000 -1400SEK every 

month. Bio-digestate or biogas- slurry can be easily sold from this restaurant because this 

restaurant is surrounded by a lot of agricultural lands, so transportation cost can be reduced. 

In Restaurant 3, fixed dome digester is not suitable because of the space limitation. Here an 

Indian model of digester could be used. The price of this type of model is 60000INR 

approximately 9000SEK. In this restaurant natural gas is used as the cooking fuel today. In 

the present situation this restaurant spends approximately 3200 SEK per month for the 

cooking fuel. Apart from the cooking fuel the restaurant also spends 1300-1500 SEK per 

month to the authorities for the waste management (Torquati et al., 2014). Through biogas 

production these expenses can be easily avoided, and additional income can be earned 
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through bio digestate. Here bio-digestate can be sent to the nearby agricultural lands through 

transportation system (Cucui et al., 2018, Torquati et al., 2014). 

Marketing is the other sections of economic benefits (Mohan et al., 2017). These three 

restaurants can promote their name with the label of Green Restaurants in this global 

warming situation. These three restaurants can manage their own waste and they do not need  

any help from authorities for the organic waste management. Green restaurants are 

restaurants that are working in an environmentally friendly way. Here these restaurants do not 

use any type of fossil fuel for the cooking purpose (Nahar et al., 2017, Abadia et al., 2016). 

Apart from this they manage and process the organic waste from the restaurant and provide 

environmentally friendly bio fertilizer for the food production (Nahar et al., 2017, Mittal et 

al., 2017). These restaurants do not create any problems to the environment, and they help to 

reduce the global warming (Vasudevan et al., 2010). These things can promote the marketing 

of these green restaurants. In such a way they can increase their income.   

 

Conclusion 

In this study 3 restaurants were included. Through the data collection and analysis and 

calculation, it is find that three restaurants are capable for biogas production and they are able 

to supply biogas for working a single stove more than 15 hours The Biogas production 

(Restaurant 1 is 15.75h, Restaurant 2 and 3 is working up to 16.05 and 16 hours in a day). In 

the initial stage of the study various advantages and disadvantages of small-scale biogas 

production from food wastes were analysed and details were collected about different type of 

bio -digesters that would be suitable for the small-scale biogas production. Moreover, 

composition and components of biogas are also included in this study. During the study three 

restaurants are visited in different locations of Sweden and food waste samples were 

collected for the analysis of pH. Information was collected about the usage of cooking fuel, 

details about the amount of waste produced in a day and about the waste management system. 

This information was used for the design of suitable anaerobic digesters  

In this detailed study contain details about the small-scale biogas production using food waste 

in restaurants, relevance and importance for the global warming issue. Through small scale 

biogas production every restaurant can produce the cooking fuel for their own needs and also, 

they can easily manage the organic wastes through the disposal into the digesters. During the 

biogas production bio-slurry or digestate is obtained as a by-product and used as bio-fertilizer 

and as bio-pesticide. One of the most important advantages with biogas production is that it 

does not create any harmful effects to the environment. Biogas production can even reduce 

methane emission to the atmosphere. Reduction in the usage of fossil fuel, (natural gas) will 

automatically lead to reduction of the impact of global warming. Economic benefits are the 

one of the noticeable point that was find out during this study. While analysing the data from 

the three restaurants, each restaurants spend an average of 3000 SEK per month for the 

cooking fuel (Restaurant 1 is 3500-4000SEK/month, Restaurant 2 is 3000SEK/month and 
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Restaurant 3 is 3200SEK/month) and more than 1000SEK per month (Restaurant1 1200- 

2000SEK/month, Restaurant2 is 1000-1400SEK/month, Restaurant3 is 1300-1500 

SEK/month) to the authorities for the waste disposal. These costs can be avoided through the 

installation of biogas plants in restaurants.  
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