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ABSTRACT 

 
The term biofuel is referred to as liquid or gasous fuels for the transport sector that are produced 

from biomass. Producing biofuels from cellulose- rich materials are considered as relevant 

technology nowadays.   

 

There is a research and technological development project for years at Malardalens Högskola 

about bioethanol and biogas production, and the university joined to the Vaxtkraft project in 

Vasteras, Sweden, aims to produce biogas out of ley crop and organic waste. 

 

The purpose of my study was to analyse the efficiency of producing transportation fuels, spezifyed 

ethanol and biogas from straw. 

 

Extraction of sugar from straw under different conditions with respect to pH, temperature and 

extraction time were studied. Thereafter biogasification with bacteria to form CH4 and ethanol 

fermentation with Saccharomyces was performed and the gas production measured.  

 

The extractions were carried out separately at 121 °C and 140-145 °C, with 20, 40, 60, 120 

minutes extraction time. The pH during the processes was set to 5 and 3 with buffer solution. To 

consider the extraction rate, the better conditions are lower pH, higher temperature and longer 

extraction time.  

The results show the optimal extraction is performed at 140-145 °C for 120 minutes with pH 3. 

 

The gasification was carried out at 37 °C with using Baker’s yeast. The results indicate that in 

contrast to the extraction, the gasification is better with the samples which extraction was carried 

out at lower temperature and higher pH. The best gasification was achieved by the samples with  

121°C and pH 5 extraction irrespectively of the extraction time, although they had the worst 

extraction rate results. 

 

More research and detailed quality analysis are needed to determine the reason of this seeming 

contradiction.    

 

Keywords 
Ethanol, biogas, extraction, gasification 
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KIVONAT 

 
A bio- üzemanyag a transzport szektor számára biomasszából előállított folyékony és gáznemű 

üzemanyagok gyüjtőneve. Napjainkban a cellulózban gazdag anyagokból történő bio-üzemagyag 

előállítás egy igen kiemelkedő fontosságú technológia. 

 

A svédországi Malardalens Högskola-n évek óta folyik kutatás biogáz és bioetanol előállításával 

kapcsolatban, az egyetem csatlakozott a Vaxtkraft projekthez, melynek célja biogáz előállítása 

növényi eredetű szerves hulladékokból.  

 

A dolgozatom elsődleges célja a szalmából történő etanol és biogáz előállítás hatékonyságának 

vizsgálata.  

 

A kísérletek során vizsgáltam a szalmából történő extrakciót különböző paraméterek mellett, 

különös tekintettel a pH-ra, hőmérsékletre és extrakció idejére. Ezután biogáz előállítása volt a cél, 

azaz baktériumok segítségével CH4 termelés, valamint etanol fermentációja Saccaromyces 

felhasználásával. 

 

Az extrakció 121 °C és 140-145 °C-on zajlott, 20, 40, 60 és 120 perces extrakciós idővel. A 

kísérleteket 5-ös és 3-as pH-n végeztem, melyet puffer- oldattal állítottam be. Az extrakció 

hatékonyságát tekintve az alacsonyabb pH, magasabb hőmérséklet és hosszabb extrakciós idő 

bizonyult jobbnak.  

Az eredmények alapján elmondható, hogy az optimális extrakció 140-145 °C-on, 120 perces 

extrakciós idővel és pH 3 mellett ment végbe.  

 

A gázosítást 37 °C- on, élesztő felhasználásával hajtottam végre. Az eredmények az extrakcióval 

ellentétben azt mutatják, hogy azon minták esetében keletkezett nagyobb mennyiségű gáz, melyek 

extrakciója alacsonyabb hőmérsékleten és magasabb pH-n zajlott. A legjobb eredményt a pH 5, 

121 °C-on extrahált minta esetén kaptam, függetlenül az extrakció időtartamától. 

  

További kutatásokra és részletes minőségi analízisre van szükség, hogy ennek a látszólagos 

ellentmondásnak a pontos oka megállapítható legyen.  

 

 

Kulcsszavak: 
Etanol, biogáz, extrakció, gázosítás 
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1. Introduction 

 

The use of ethanol from biomass as a gasoline substitute in cars and light trucks is 

possibly one of the most attractive and feasible alternatives to deal with global 

warming. As environmental concern grows, many countries are increasing their 

efforts to consolidate bioethanol processes and supply. The sustainable production 

of bioethanol requires well planned and reasoned development programs to assure 

that the many environmental, social and economic concerns related to its use are 

addressed adequately. [1] 

Replacing fossil fuels by bio-fuels has many advantages, such as the 

possibility for non-oil-producing countries to be self-sufficient in fuel, and 

increased local job opportunities and the reduction of CO2-emission to the 

athmosphere. [2] 

Bioethanol is made from biomass and it is renewable. As the biomass 

grows it consumes as much carbon dioxide as it forms during the combustion of 

bioethanol, which makes the net contribution to the green house effect zero. [3] 

The key for making ethanol competitive as an alternative fuel is the ability 

to produce it from low-cost biomass. [1]  

However today it is produced from sugar or starch- raw materials that are 

relatively expensive. To lower the production cost of bio- ethanol the cost of raw 

material must be reduced and the production process made more efficient. [2] 

Many countries around the world are working extensively to develop new 

technologies for ethanol production from biomass. [1] 

As long as oil prices remain high, the economical use of other feedstocks, 

such as lignocellulosic materials, become viable. By-products such as straw or 

wood chips can be converted to ethanol. Fast growing species like switchgrass can 

be grown on land not suitable for other cash crops and yield high levels of ethanol 

per unit area. [4] 

Anaerobic digestion and the production of biogas can provide an efficient 

means of meeting several objectives concerning energy, environmental and waste 

management policy. Interest in biogas is increasing, and new facilities are being 

 10



built. There is a wide range of potential raw material, and both the biogas and 

digestates produced can be used in many different applications. 

Wheat straw is one of the most important agricultural residues. It is an 

annually renewable fiber resource that is available in abundant quantity in many 

ragions of the world. In some countries tonnes of unused straw residues are 

generated every year and only a very small percentage has been used for 

applications such as feedstock and energy production. Straw is similar to wood 

and could also be considered as a natural composite material. It consists mainly of 

cellulose, hemicellulose and lignin. [5] 
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2. History 
 

Biofuels are commonly used in transport section. Many different plants and plant-

derived materials are used for biofuel manufacture. It can be theoretically 

produced from any biological carbon source. The most common by far is 

photosynthetic plants that capture solar energy.  

The greatest technical challenge is to develop ways to convert biomass energy 

specifically to liquid fuels. To achieve this, the two most common strategies are: 

• To grow sugar crops (sugar cane, and sugar beet), or starch (corn/maize), 

and then use yeast fermentation to produce ethanol. 

• To grow plants that (naturally) produce oils, such as algae, or jatropha. 

When these oils are heated, their viscosity is reduced, and they can be 

burned directly in a diesel engine. The oils can also be chemically 

processed to produce biodiesel. 

Humans have used biomass fuels in the form of solid biofuels for heating and 

cooking since the discovery of fire. Following the discovery of electricity, it 

became possible to use biofuels to generate electrical power as well. However, the 

discovery and use of fossil fuels: coal, gas and oil, have dramatically reduced the 

amount of biomass fuel used in the developed world for transport, heat and power. 

[6] 

Ethanol has been used as fuel in the United States since at least 1908 with the 

Ford Model T which could be modified to run on either gasoline or pure alcohol. 

Ethanol was used well into the 1920's and 1930's to fuel cars alongside an effort to 

sustain a US ethanol program. [7] 

During the peacetime post-war period, inexpensive oil from the Middle East 

contributed in part to the lessened economic and geopolitical interest in biofuels. 

Then in 1973 and 1979, geopolitical conflict in the Middle East caused OPEC to 

cut exports, and non-OPEC nations experienced a very large decrease in their oil 

supply. This "energy crisis" resulted in severe shortages, and a sharp increase in 

high demand oil-based products, notably petrol/gasoline. There was also increased 

interest from governments and academics in energy issues and biofuels. [6] 
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Through the Clean Air Amendments of 1990, Congress overtly acknowledged 

for the first time that changes in motor fuels and their composition contribute to 

reducing exhaust pollution. The Act created two new gasoline standards to reduce 

fuel emissions in highly polluted cities. It required gasoline to contain fuel 

oxygenates, cleaner-burning additives that include ethanol.  

The Energy Policy Act of 1992 set a national goal of 30 percent penetration of 

alternative fuels in light-duty vehicles by 2010. It also requires the federal 

government, alternative fuel providers, state and local governments and private 

fleets to purchase vehicles that run on alternative fuels. In 1998, the 

Transportation Efficiency Act of the 21st Century extended the ethanol tax 

incentive through 2007. [7] 

 

2.1 Ethanol 
 
Ethanol fuel is the most common biofuel worldwide, particularly ethanol fuel in 

Brazil. It can be used in petrol engines as a replacement for gasoline; it can be 

mixed with gasoline to any percentage. Most existing automobile petrol engines 

can run on blends of up to 15% bioethanol with petroleum/gasoline. 

Many car manufacturers are now producing flexible-fuel vehicles (FFV's), 

which can safely run on any combination of bioethanol and petrol, up to 100% 

bioethanol. They dynamically sense exhaust oxygen content, and adjust the 

engine's computer systems, spark, and fuel injection accordingly. This adds initial 

cost and ongoing increased vehicle maintenance. Efficiency falls and pollution 

emissions increase when FFV system maintenance is needed, but not performed. 

FFV internal combustion engines are becoming increasingly complex, as are 

multiple-propulsion-system FFV hybrid vehicles, which impacts cost, 

maintenance, reliability, and useful lifetime longevity. [6] 

 

2.2 Biogas 
 
Biogas typically refers to a gas produced by the biological breakdown of organic 

matter in the absence of oxygen. Biogas originates from biogenic material and is a 

type of biofuel.  
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One type of biogas is produced by anaerobic digestion or fermentation of 

biodegradable materials such as biomass, manure or sewage, municipal waste, and 

energy crops. This type of biogas is comprised primarily of methane and carbon 

dioxide.  

The other principle type of biogas is wood gas which is created by 

gasification of wood or other biomass. This type of biogas is comprised primarily 

of nitrogen, hydrogen, and carbon monoxide, with trace amounts of methane. 

Biogas can be used as a low-cost fuel in any country for any heating 

purpose, such as cooking. It can be utilized for electricity production, space 

heating, water heating and process heating. [8] If compressed, it can replace 

compressed natural gas for use in vehicles, where it can fuel an internal 

combustion engine or fuel cells. If concentrated and compressed it can also be 

used in vehicle transportation. Compressed biogas is becoming widely used in 

Sweden, Switzerland and Germany. A biogas-powered train has been in service in 

Sweden since 2005. [9] 
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3. General situation 

 
3.1 European Commission 
 

The European Commission in its Green Paper on the security of energy supply and in 

the White Paper on a common transport policy has called for the substitution of 20% 

of conventional fuels used for road transport with alternative fuels by 2020. The aims 

are the improvement of the  security of energy supply by the diversification of energy 

sources and oil substitution,  and the reduction in emissions of greenhouse gases 

(GHG), furthermore the continuous effort to improve air quality. The transport sector 

is responsible for more than one third of the total EU15 energy demand, which 

depends almost exclusively on mostly imported oil. In addition, the transport sector is 

responsible for about a quarter of carbon dioxide (CO2) emissions in Europe; 

moreover, the GHG emissions of the sector are expected to increase by 50% by 2020. 

The idea of introducing alternative fuels was further refined in a Communication 

from the European Commission that was presented in November 2001. It has been 

recognised, that a number of technological and financial barriers may impede the 

successful introduction of alternative fuels in the European transport sector. In 

addition, the reluctance of society to accept changes in wellestablished and proven 

practices should also be considered. If major changes are expected, various political 

issues, like agriculture and taxation, need also to be visited. 

Among the alternative fuels considered in the Communication from the 

Commission, biofuels appear to be the type of fuel that can penetrate the European 

transport sector the easiest, given that no significant changes in the infrastructure 

(refuelling stations, fuel storage and distribution) are needed. More importantly, 

changes in the automotive combustion engine technology are not required, provided 

that biofuels are mixed with conventional fuels. [10] 

Biofuels are expected to be the easiest alternative fuel to penetrate the 

European transport sector. The only types of biofuels utilised nowadays on a 

commercial basis in Europe are bioethanol and biodiesel produced by agricultural 

crops. The production of these biofuels currently relies on proven technologies, 

characterised however by high costs. It is expected that the current technology 
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will also dominate the production of biofuels in the short term as alternative 

technologies are still under research and development. [10] 

Alcohol fuels are produced nowadays by fermentation of sugars derived 

from wheat, corn, sugar beets, sugar cane, molasses and any sugar or starch that 

alcoholic beverages can be made from like potato and fruit waste, etc. The ethanol 

production methods used are enzyme digestion to release sugars from stored 

starches, fermentation of the sugars, distillation and drying. 

Cellulosic ethanol production uses non food crops or inedible waste 

products, which has less of an impact on food. This lignocellulosic feedstock is 

abundant and diverse, and in some cases like citrus peels or sawdust, it is a 

significant industry- specific disposal problem. [6] 

The raw materials for bioethanol are priced on markets that not are directly 

related to the oil market – sugar prices are mainly determined by foodstuff 

markets, and woody crop prices are mainly determined by pulp and paper 

markets. Both public and private sector interests are involved in the potential for 

developing a bioethanol industry. [11] 

The top five ethanol producers in 2006 in the world were the United 

States, Brazil, China, India and France. Brazil and the United States accounted for 

90 percent of all ethanol production. Strong incentives, coupled with other 

industry development initiatives, are giving rise to fledgling ethanol industries in 

countries such as Thailand, the Philippines, Colombia, the Dominican Republic 

and Malawi. Nevertheless, ethanol has yet to make a dent in world oil 

consumption. [12] 

The type of fuel produced and their applications are influenced by local 

conditions, such as climate, soil type, agricultural experience and practises, and 

regional policies. [11] 
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3.2 Europe 
Table 1.  
Distribution in the EU [4]

Bioethanol stations (EU) 
Country Stations No/106persons
Sweden 792 86.6 

Germany 73 0.89 
France 36 0.56 

UK 14 0.24 
Ireland 13 3.07 

Switzerland 6 0.8 
 

The number of bioethanol stations in Europe is highest in Sweden.  

 

Table 2. 

Consumption and production of bioethanol in EU (GWh) [16] 

2005 2006 
No Country production 

(GWh) 
consumption 

(GWh) 
production 

(GWh) 
consumption 

(GWh) 
1 Germany 978 1,682 2,554 3,573 
2 Spain 1,796 1,314 2,382 1,332 
3 France 853 871 1,482 1,747 
4 Sweden 907 1,681 830 1,895 
5 Italy 47 59 759 0 
6 Poland 379 329 711 611 
7 Hungary 207 28 201 125 
8 Lithuania 47 10 107 99 
9 Netherlands 47 0 89 238 

10 Czech 
Republic 0 0 89 14 

11 Latvia 71 5 71 0 
12 Finland 77 0 0 9 
  Total 5,411 6,481 9,274 10,21 

 

The consumption of bioethanol is largest in Europe in Germany, Sweden, 

France and Spain. Europe produces in 2006 equivalent to 90% of its consumption.  

In The Netherlands regular petrol with no bio-additives is slowly 

outphased, since EU-legislation has been passed that requires the fraction of 
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nonmineral origin to become minimum 5,75% of the total fuel consumption 

volume in 2010. There are only a few gas stations where E85 is sold, which is an 

85% ethanol, 15% petrol mix. Directly neighbouring country Germany is reported 

to have a much better biofuel infrastructure and offers both E85 and E50. Biofuel 

is taxed equally as regular fuel.  

All Swedish gas stations are required by an act of parliament to offer at 

least one alternative fuel, and every fifth car in Stockholm now drives at least 

partially on alternative fuels, mostly ethanol. 

Stockholm will introduce a fleet of Swedish-made electric hybrid buses in 

its public transport system on a trial basis in 2008. These buses will use ethanol-

powered internal-combustion engines and electric motors. The vehicles’ diesel 

engines will use ethanol. [4] 

 

3.3 Brazil 
 
When examining the current use of biofuels, the obvious starting point is to look 

at Brazil.  Brazil has successfully been industrially producing bioethanol since the 

1970’s, when it heavily relied on foreign oil.  The Middle Eastern Oil Embargo 

forced Brazil to look at more sustainable means of fuelling the nation. [12] 

Brazil has the largest bio-fuel programs in the world, involving production 

of ethanol fuel from sugar cane, and ethanol now provides 30% of the country's 

automotive fuel. [13] As a result of this, together with the exploitation of domestic 

deep water oil sources, Brazil recently reached complete self-sufficiency in oil. 

[14] 

Production and use of ethanol has been stimulated through: 

• Low-interest loans for the construction of ethanol distilleries 

• Guaranteed purchase of ethanol by the state-owned oil company at a 

reasonable price 

• Retail pricing of neat ethanol so it is competitive if not slightly favorable 

to the gasoline-ethanol blend 

• Tax incentives provided during the 1980s to stimulate the purchase of neat 

ethanol vehicles.  
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Guaranteed purchase and price regulation were ended some years ago, with 

relatively positive results. In addition to these other policies, ethanol producers in 

the state of São Paulo established a research and technology transfer center that 

has been effective in improving sugar cane and ethanol yields. [15] 

 
3.4 United States 
 
The United States produces and consumes more ethanol fuel than any other 

country in the world. Most cars on the road today in the U.S. can run on blends of 

up to 10% ethanol, and motor vehicle manufacturers already produce vehicles 

designed to run on much higher ethanol blends. In 2007, Portland, Oregon, 

recently became the first city in the United States to require all gasoline sold 

within city limits to contain at least 10% ethanol. As of January 2008, three states 

— Missouri, Minnesota, and Hawaii — require ethanol to be blended with 

gasoline motor fuel.  

Several motor vehicle manufacturers, including Ford, DaimlerChrysler, 

and GM, sell flexible-fuel vehicles that can use gasoline and ethanol blends 

ranging from pure gasoline all the way up to 85% ethanol (E85). [4] 

 

3.5 Asia and Oceania 
 
China is promoting ethanol-based fuel on a pilot basis in five cities in its central 

and northeastern region, a move designed to create a new market for its surplus 

grain and reduce consumption of petroleum. The cities include Zhengzhou, 

Luoyang and Nanyang in central China's Henan province, and Harbin and 

Zhaodong in Heilongjiang province, northeast China. Officials say the move is of 

great importance in helping to stabilize grain prices, raise farmers' income and 

reducing petrol- induced air pollution.  

Legislation in Australia imposes a 10% cap on the concentration of fuel ethanol 

blends. Blends of 90% unleaded petrol and 10% fuel ethanol are commonly 

referred to as E10. Not surprisingly, E10 is most widely available closer to the 

sources of production in Queensland and New South Wales. There is a 

requirement that retailers label blends containing fuel ethanol on the dispenser. [4] 
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4. Situation in Sweden 
 
Sweden is leading Europe in encouraging the growth of bioethanol as an eco-

friendly renewable fuel. It is part of the Swedish government's strategy to free the 

country of dependency on oil by 2020.  

As a nation, Sweden has a long tradition of environmental care and it is 

hardly surprising that it is one of the first countries in the industrialized world to 

begin to seriously address such issues. The government has also announced that 

by 2008, 25 per cent of the country's filling stations will be offering renewable 

fuels. 

The EU's latest directive on energy taxation, effective from 1 January 

2004, calls on member states to apply reduced taxation or a complete exemption 

for bio-fuels in pure or low blends. It follows a parallel directive requiring 

member states to introduce measures that will ensure bio-fuels account for an 

increasing proportion of total energy consumption in the transport sector, reaching 

5.75 per cent by the end of 2010. 

In Sweden, E85 already accounts for 2.5 per cent of fuel for road transport, 

by far the highest proportion in any European market. Supportive government 

measures include favorable taxation for E85, tax incentives and free parking for 

users of flex-fuel cars, a requirement for government agencies to source at least 50 

per cent of car fleets as eco-friendly vehicles and the introduction of city buses 

running on pure bioethanol. [17] 

 

4.1 History 
 
Environmental technology has emerged as a new economic sector in Sweden. 

Today it includes air pollution control, water and wastewater treatment, waste 

management and recycling, as well as renewable energy and energy efficiency 

improvement. An essential part of this sector is renewable energy technology. The 

supply of renewable energy has more than doubled since the oil crisis of the 

1970s.  
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It was not until after World War II that Sweden began to look more closely 

at the effects of industrial emissions, which were initially viewed as a local 

problem only. In the 1960s and 1970s, when thousands of lakes and wide 

stretches of forest had already been damaged, Sweden became acutely aware that 

pollutants do not respect national boundaries. 

Sweden is committed to reducing its greenhouse gas emissions by 4% 

from 1990 to 2012. By 2004 they were 3.5% below the 1990 figures, or 6.2 tons 

per capita. Looking further ahead, however, emissions must be reduced much 

more. In 2006 the government pledged to end Sweden’s dependence on oil by 

2020. 

In 2000, Sweden decided to expand the “green tax shift” introduced earlier. 

• Energy tax – paid for use of fossil fuels and electricity. A system of “green 

energy certificates” compels power producers to offer a certain share of 

renewable energy. 

• Environmental classification of cars and fuels. Models and fuels with the 

lowest emissions are rewarded with lower taxes. 

Sweden’s official target to end oil dependence by 2020 does not imply that all 

oil must be replaced. This instead means developing alternatives that are 

technologically and economically viable. There are three commercially available 

vehicle fuels based on renewable energy − biogas, ethanol and rapeseed methyl 

ester (RME). However, use of these fuels is growing rapidly as a growing 

proportion of new cars are ethanol- or biogas-powered. In fact, during 2005 one 

out of fifteen cars sold in Stockholm was officially classified as an 

environmentally “clean” car. 

The big breakthrough for biofuel pellets occurred in 2005, when use reached 7 

TWh. Nowadays there is large-scale trading in pellets, in Sweden and 

internationally, similar to oil trading. 

Biofuel is also considered Sweden’s main strategy for replacing oil in vehicle 

fuel production. In Norrköping there is a factory that produces ethanol from 

cereal, and another factory will be completed in 2008. 
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The big question, however, is whether there will be enough wood-based fuels 

if they are now going to be used on a large scale to produce vehicle fuel. This is a 

topic of heated discussion in Sweden, with a wide array of opinions. [18] 

Sweden has a large forest land, likewise waste from agricultural produce such 

as wheat, corn and waste from pulp and paper industry can serve as raw material 

for the production of ethanol. Therefore, Sweden has enough biomass to produce 

the amount of ethanol needed to meet the 10% admixture of ethanol in Sweden.  

There is no problem with the production of ethanol in Sweden regarding food, 

power and paper industry, because the materials for the production of ethanol are 

mainly waste materials. [19] 

During 2004 the government passed a law that said all bigger Swedish fuel 

stations were required to provide an alternative fuel option. The lower cost of 

building a station for ethanol compared with a station for petroleum makes it very 

common to see gas stations that sell ethanol.  

Stockholm will introduce a fleet of Swedish-made hybrid electric buses in its 

public transport system on a trial basis in 2008. [20]  

These buses will use ethanol-powered internal-combustion engines and 

electric motors, an interim step toward development of entirely “clean” vehicles. 

The vehicles’ diesel engines will use ethanol. 

 

4.2 Biogas 
 
Biogas has been used as vehicle fuel since the beginning of the 90´s in Sweden. 

So far there are 30 upgrading plants in operation or construction phase, which 

makes Sweden a world leader in this area. Biogas is used in large scale systems 

and in several cities like Kristianstad and Linköping all of the city buses run on 

biogas. So far most of the biogas is distributed in local grids to filling stations, but 

the possibility to inject the gas into the national gas grid is now used more 

frequently.  

An increasing portion of the biogas in Sweden is used as fuel for vehicles, 

but the major utilization is still heating of the plant, heating of buildings in the 

vicinity of the plant or distribution of the heat to a local district heating system. 

The year 2006 was a big breakthrough for biogas in Sweden since it was the first 

 22



year that the sales of biogas exceeded the sales of natural gas to vehicles. So far 

only biogas from sewage treatment plants and codigestion has been used for 

vehicles in Sweden. Landfill gas has not yet been used since it contains higher 

levels of nitrogen and more pollutants.  

In order to use biogas as vehicle fuel the gas needs to be treated, this 

process is called biogas upgrading and is more extensive than the treatment 

needed to use the fuel for heat or electricity production. The biogas is upgraded to 

obtain a standardized quality and meet the requirements of the gas applications. 

This implies and even fuel quality independent of production site. Upgrading 

biogas to vehicle fuel quality includes separation of hydrogen sulphide, particles, 

carbon dioxide and drying. In Sweden there is a standard, SS 15 54 38, which sets 

the maximum and minimum limits of different components in the gas.  

The advantage of injecting biogas into the gas grid is that 100 % of the 

biogas can be used and the gas can reach new costumers. If the gas should be used 

for combined heat and power production this also means that this production can 

take place where there is a need for the heat. At several sites in Sweden injecting 

the biogas into the gas grid has resulted in no need for flaring biogas in the 

summer when the heat demand is low.  

Several cities like Gothenburg have free parking for biogas cars and other 

environmentally friendly cars. When it comes to the price on biogas the gas 

suppliers have declared that they will try to keep the biogas price about 20-30 % 

below the equivalent price for petrol, as long as the market for biogas as vehicle 

fuel is under development.  

Introduction of biogas as vehicle fuel in the early 90´ was initiated by the 

municipalities. Today commercial companies has entered the arena, but the 

municipalities still play an important roll since they produce the majority of the 

gas at sewage treatment plants and often take the investment decision of an 

upgrading plant. The municipalities can also affect the public transport. When it 

comes to selling biogas and building filling stations private companies today play 

an important roll. The confident in using methane gas, like biogas is strong in 

Sweden and the Swedish Gas Association has declared a goal of 500 filling 

stations and 70 000 vehicles by 2010.  
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Table 3.  

List of selected reference plants in Sweden with biogas upgrading [21] 

 

Plant capacity 
City CO2 removal 

technique Supplier (Nm3/h of raw gas)
In operation 

since 

Boden Water 
scrubber YIT 200 2007 

Borås Chemical 
absorption 

Läckeby 
Water 300 2002 

Eskilstuna Water 
scrubber YIT 330 2003 

Göteborg Chemical 
absorption 

Läckeby 
Water 1 600 2007 

PSA Carbo 
Tech 350 2002 

Helsingborg 
Water 

scrubber 
Malmberg 

Water 650 2007 

Jönköping Water 
scrubber 

Malmberg 
Water 150 2000 

300 1999 Kristianstad Water 
scrubber 

Malmberg 
Water 600 2006 

Flotech 660 1997 Linköping Water 
scrubber YIT 1400 2002 

Norrköping Water 
scrubber 

Malmberg 
Water 275 2004 

Norrköping Water 
scrubber YIT 240 2006 

Skellefteå Water 
scrubber 

Malmberg 
Water 250 2007 

Skövde PSA YIT 110 2003 

Stockholm PSA Carbo 
Tech 600 2000 

600 2003 Stockholm Water 
scrubber 

Malmberg 
Water 800 2006 

Flotech 140 1996 Trollhättan Water 
scrubber Flotech 400 2001 

Uppsala Water 
scrubber 

Malmberg 
Water 400 2002 

Västerås Water 
scrubber YIT 480 2004 
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5. Advantages and disadvantages 

 

The use of biofuels addresses both drivers for the introduction of alternative fuels 

in the transport sector: they improve the security of energy supply as they are 

produced from biomass grown within the EU, and offer significant reductions in 

greenhouse gasses emissions, as shown in a number of life-cycle or well-to-

wheels assessments. Biofuels will be the only type of alternative fuels that can 

have a significant contribution to the substitution of traditional fossil fuels in the 

transport sector in the short term, by the year 2010. This is due to the simplicity in 

their utilization: biofuels can be used without requiring significant changes in the 

existing infrastructure (refuelling stations, fuel transmission and distribution 

systems) or the established vehicle and engine technology. [10]  

Ethanol is a renewable, environmentally friendly fuel, that is the most 

commonly used biofuel to substitute for gasoline. Using ethanol has many 

advantages but disadvantages, too.  

 

5.1 Renewable fuel 
 

Ethanol is a renewable fuel, because it is produced from plants without depleting 

valuable earth resources. The extraction of crude oil from the ground depletes 

resources from the earth’s crust. The crops use for ethanol production, on the 

other hand, are grown, harvested, and grown again every year. This means that 

ethanol can be produced year in, year out, by growing corn or other crops. By 

using renewable fuels such as ethanol produced from grains, our earth resources 

our preserved- yet will get the fuel our economy needs. 

 

5.2 Reduces pollution and greenhouse gas emissions 
 

Ethanol is enriched with higher percentage of oxygen than traditional petroleum – 

based gasolin, also it burns more cleanly and completely than gasoline or diesel 

fuel. Ethanol reduces greenhouse gas (GHG) emissions because the grain or other 

 25



biomass used to make the ethanol absorbs carbon dioxide as it grows. Although 

the conversion of the biomass to ethanol and the burning of the ethanol produce 

emissions, the net effect is a large reduction in GHG emissions compared with 

fossil fuels such as gasoline. The reduction depends on the feedstock and the fuel 

used to make ethanol. GHG emissions associated with the natural gas used in the 

process decrease the net environmental advantage of using ethanol as a fuel. 

These emissions are offset by the carbon absorbed during plant growth.  

A survey has shown that the CO2 savings depend on the technology used 

for growing the crops, the type of agricultural product chosen, and the geography 

itself. [22] 

 

5.3 Does not pollute ground water  
 

Chemical wise, ethanol’s chemical structure contains the hydroxyl group, which 

separates when it comes into contact with water. This makes it very safe for the 

environment because ethanol is biodegradable. It also means that ethanol will not 

pollute ground water like many other potential fuel sources could.  

 

5.4 Supports local farmers and reduces dependence on foreign oil 
 
Bioethanol can be produced from plentiful, domestic, cellulosic biomass resources 

such as herbaceous and woody plants, agricultural and forestry residues, and a 

large portion of municipal solid waste and industrial waste streams. Ethanol 

production supports farmers, creates domestic jobs and contributes to regional 

economic growth, partucularly in rural communities. And because ethanol is 

produced from domestically grown crops, it reduces dependence on imported oil 

and increases the nation’s energy independence.  [23] 

 

5.5 Disadvantages  
 

But using nutrition plants for producing fuel brings up ethical dilemmas. 

Moreover in our time when a significant percentage of the population on Earth 

has to face starving.  
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One of the main fears of using biofuels, is the competition with food 

production, but this will decrease with the cellulose based ethanol production. The 

other is, that the clearance of new land often involves burning which can result in 

a very large emission of carbon dioxide. This may lead to environmental damage 

such as deforestation of decline of soil fertility due to reduction of organic matter.  

A further disadvantage of using ethanol is their cost of production, because 

the large water- , electricity- and heat energy requirement. [27] 
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6. Växcraft Project 
 

The växtkraft project has been in the making for more than a decade. The origin 

of the project is to be found in a political motion to cut down the cultivation of 

grain in Sweden. To find a future use for the land and to prevent it from becoming 

overgrown, a local Västeras farmer came up with the idea of cultivating ley to 

produce energy and fertilisation. Together with two researchers from the Swedish 

University of Agricultural Science (SLU) and a few other farmers, he founded the 

company Svensk Växtkraft AB in the year of 1990. The inception of the company 

made it possible to apply for subsidies for research and development of a biogas 

system.  

The project’s aim is to treat source-separated organic waste in an 

environmentally correct manner, as well as establishing a sustainable circulation 

of plant nutrients and organic material between the community and the agriculture 

sector. Furthermore the project aims to extract biogas from ley crop and organic 

waste with no net-contribution of carbon dioxide to the atmosphere, while 

contributing to a sustainable form of farming. Växtkraft aims to provide 

opportunities for studies concerning the effects of cultivation systems involving 

ley crops and fertilisation with digestion resuduals, and for a reduction of biocide 

use. Finally the project aims to promote and develop high effeciency energy 

processes and constitute a basis for technical development and research activities. 

The biogas system includes a plant for gas production, for treating organic waste 

and agricultural crops, plant for up-grading the biogas to vehicle quality and 

filling stations, pipelines for transportation of raw and purified biogas, storage for 

ensilage and a system for harvesting and handling ley crop and storages and 

handling system for digestion residuals. The biogas is to be produced from both 

ley grown by local farmers, and from organic waste collected from the city of 

Västeras. The digestate is to be re-circulated back to the fields. A factor for 

enabling the project was that the municipal council of Västeras gave the local 

Traffic Company economic security to buy buses fuelled by biogas. This way 

Svensk Växtkraft could ensure a market for the upgraded biogas. This will give 

them an income needed to finance the running costs of the enterprise. [25] 
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Behind this work were Vafab-Miljö (the Solid- Waste Company owned by 

the municipalities in Wästmanland), LRF (the National Federation of Swedish 

Farmers), Mälarenergi (the local energy company) and farmers nearby the city of 

Västeras.  

In 2003, the project became an EU demonstration project within the 5th 

framework program, AGROPTI-gas, adding national and international partners to 

the project.  

 

The main milestones in the project: 

• 1990 The first ideas of a biogas plant for the treatment of ley crops are 

made by the farmers nearby Västerås 

• 1995 The first ideas on a combined biogas plant for waste and ley crops. 

• 1998 The main planning work for the biogas plant starts 

• Apr 2003 The Company Svensk Växtkraft AB is established 

• Sept 2003 The planning is finished and the owners of Svensk Växtkraft 

decides to carry out the project 

• Nov 2003 AGROPTI-gas is included 

• Oct 2004 Production of vehicle fuel starts using biogas from the sewage 

treatment plant 

• Jul 2005 The biogas plant is taken into operation 

 

The objectives of the project are summarized in the following points: 

• To demonstrate a cost effective system for production of biogas vehicle fuel and 

ecolabelled fertilizer from organic household waste and agricultural feedstock and 

spread the knowledge to other regions in Europe 

• To treat clean, source-separated organic waste from households, restaurants and 

other enterprises, in an environmentally correct manner 

• To establish a sustainable circulation of plant nutrients and organic material 

between the community and the agricultural sector in such a way that the use of 

the residual is optimized 

• To extract biogas and plant nutrients from ley crops 

• To contribute to an environmentally adapted and sustainable form of farming 
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• To provide opportunities for studies regarding cultivational and environmental 

effects of cultivation systems that involve ley crops and fertilising with digestion 

residuals 

• To provide opportunities for a reduction of biocide use and for cultivation of 

cereal without artificial fertilizing (organic farming) 

• To constitute a basis for technical development and research activities 

• To extract and efficiently utilize high-grade bioenergy from waste and normal 

farm crops with no net-contribution of carbon-dioxide to the atmosphere 

• To promote and develop high efficiency energy processes 

 

6.1 Cultivation, harvesting and treatment of ley crops 
 
Farmers who are partners in the company Svensk Växtkraft are also contracted for 

the cultivation of ley crops to be used for biogas production. According to the 

contract the leys shall lie for two or three years and have a high percentage of 

clover (25% of the seed) due to the intended improvement of the soil structure and 

the intended value of ley as a preceding crop. 

The leys shall be part of the normal crop rotation of the farms. According 

to the present rules for EUsubsides the ley may be cultivated on land that is set 

aside. The ley is undersown, either in a cereal crop, or in spring oil-plants. 

Undersowing, fertilizing and management shall be done in accordance with the 

guidelines given by Svensk Växtkraft. 

Harvesting is done at the same time of the year as for “normal”, large-scale 

ensiling of ley crop for cattle. At harvest, the crop is wilted and finely chopped 

with a precision chopper. In order to achieve high efficiency, minimize costs and 

to obtain a substrate that has the intended properties for digestion, the harvesting 

is organized by Svensk Växtkraft. However, the practical work of harvesting and 

ensiling is performed by hired contractors. The ensilage is taken out from the bags 

by a wheel loader and is transported to the biogas plant continuously throughout 

the year. [26] 
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6.2 The biogas system in short 
 
The biogas plant is situated in Gryta, in the northern outskirts of Västeras. The 

plant will treat organic waste from households around Västeras, grease trap 

removal sludge from restaurants and ensiled ley crop. The annual yield of biogas 

from the plant is expected to contain 15 000 MWh energy. In addition, the 

existing sewage treatment plant in Västeras generates 8 000 MWh of energy in the 

form of biogas from digestion. The gas from the sewage plant is transported to 

Gryta through a new 8.5-km pipe. At Gryta the gas from the sewage plant and 

from the biogas plant is purified. The yearly yield in vehicle fuel is equivalent to 

2.3 million litres of petrol. The fuel is then transported through yet another pipe to 

the filling station. [25] 

 

 
 
Fig. 1. Flow chart of the biogas plant 
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The bio waste enters the process via a shredder, a sieve and a walking 

floor which crushes, separates and feed the waste to the turbo-mixers where 

process water is added to create a suspension (slurry). Liquid waste, mainly grease 

trap removal sludge, is entered through the deep bunker. Impurities in the 

suspension are removed by a screen rake and a sand trap, which remove both a 

light and a heavy fraction. Thereafter the suspension is pumped to a buffer tank 

for temporary storage. Pathogenic micro-organisms are removed in a sanitation 

step which heats the material to 70 ºC for one hour. The heating of the suspension 

and heat recovery before the suspension enters the digester is done through heat 

exchangers. In the digester an an-aerobic microbial process produces the biogas at 

a temperature of 37 ºC (mesophilic process). Mixing of the suspension in the 

digester is done with compressed gas. Silage is fed directly into the digester 

through a special feeding system (this part is under construction). The gas 

produced is led to gas storage before it is upgraded to vehicle fuel, a process 

which is described in a separate folder. Biogas not upgraded is used for 

production of electricity and heat in a separate plant. In case of malfunctioning in 

the gas upgrading plant or the fuel station, the excess gas is burnt in the flare. The 

digestate is separated into a solid and a liquid fraction by centrifuges and stored 

separately. [27] 

When the biogas has been produced, the digestates are transported to the 

farmers who use it as a natural fertilizer in their cultivation system. In the biogas 

plant, the digestate from the digester is separated into one liquid and one solid 

phase. The solid phase is loaded into containers and transported to storage areas at 

the farms. The liquid phase is intermediately stored directly adjacent to the biogas 

plant. From this intermediate store, the liquid digestate is transported to nine 

satellite store which are situated at the farms. The solid part of the digestate is 

used by the farmers in the autumn cultivation as a phosphorous-rich soil-

improvement agent, whereas the liquid part of the digestate is used as a nitrogen-

rich fertilizer in the spring cultivation. The digestates are apportioned among the 

farmers in relation to the acreage of ley for which they have been contracted. [28] 
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6.3 The biogas is used as vehicle fuel 
 
The biogas from the biogas plant and biogas from the sewage treatment plant is 

up-graded and used as vehicle fuel for buses, refuse-collection vehicles and cars. 

The gas from the two production sites is sufficient to supply at least 40 city-buses, 

10 refusecollection vehicles and some 500 cars and other light transport vehicles. 

Fig. 2. showing the city of Västerås, illustrate where the plants are situated and the 

pipes for transferring the biogas between the sites. Surplus biogas, not sold as 

vehicle fuel, is used for production of electricity and heat in a gasengine at the 

Gryta waste treatment plant. The produced heat will be led into the district heating 

system in Västerås. 

The crude gas from the sewage treatment plant is led in a buried pipe from 

the sewage treatment plant to the up-grading plant at Gryta (the green line in 

Figure 2). From the up-grading plant, purified gas (the red line in Figure 2) is led 

in a pipe to the bus depot of the the Västmanland local transport company, where 

the buses and the refuse collection vehicles are filled up. Just outside the bus 

depot a public tank station for cars and other public vehicles is located. At the bus 

depot, a reserve store with liquid natural gas is installed as a back-up in case of a 

decline in the gas supply. This reserve capacity is necessary, since gas is the only 

acceptable fuel for the buses, and are therefore totally dependent on daily 

deliveries of gas. 

The main characteristics of the biogas system are: 

• Fast filling of buses and refuse collection vehicles. Filling time less than 

five minutes 

• Very high availability due to 

-  double high pressure compressors with 100% redundancy 

-  few critical components in the fuelling system 

-  liquid natural gas as reserve in case of break down of gas 

production 

-  big high pressure storage 

-  possibility to fill up 40 buses without use of high pressure 

compressors 

• A public filling station for cars and other small vehicles 
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Gryta, Biogas plant and plant for up-grading of the 
biogas to vehicle fuel 

Sewage treatment plant 

Bus depot, refuelling of 
buses, refuse collecting 
vehicles and cars 

8,5 km gas-pipelines:  
Green – Raw gas  
Red – Up-graded gas 

 
Fig. 2. Location of biogas plant, filling station and sewage treatment plant 
 
 

In 2003, the Växtkraft project became an EU demonstration project within 

the 5th framework program, AGROPTI-gas, adding national and international 

partners into the project. The partners cooperate in demonstration, evaluation and 

dissemination of the project. 

AGROPT-gas is divided into the following parts: 

• Demonstration part including purchasing, building and start up 

the systems described in publication 

• Analyses of the socioeconomic effects 

• Analyses of the handling systems for ley crop and digestion 

residuals 
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• Evaluation of the technical and biological processes 

• Dissemination of results 

In the AGROPTI-gas partners are Svensk Växtkraft, JTI (Swedish 

institute of Agricultural Engineering), SDU (University of Southern Denmark), 

FAL (Federal Agricultural Research Centre, Germany), BAI (Bulgarian 

Association of Investors), LRF (The National Federation of Swedish Farmers) 

Municipality of Växjö is responsible for the coordination one of the 

objectives of the Växtkraft-plant is to, apart from being a functional plant for the 

treatment of waste and crops, be a meeting-point for research and development in 

several areas. Part of the work with the Växtkraft-plant is therefore aimed at 

initiating research projects that can be tied to the plant, in cooperation with, 

among others, the Swedish University of Agricultural Sciences and the 

Mälardalen University. [29] 
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7. Research 
 
My aim of the experiments was to see the influence of temperature, pH and 

extraction time on extraction and fermentation of straw. For the sake of the cause 

quantitative experiments and analysis were performed.  

 

8. Materials and equipments 
 

8.1 Raw materials 
 

- Straw 

The straw used in the experiments was grown in Sala and stored at room 

temperature after harvest. 

- Acetic-acid and sodium-acetate for the buffer solution to pH 3 and pH 5. 

- Baker’s yeast (Sacharomices cerevisiae), it is the most commonly used 

microorganism for industrial ethanol production.  

 

8.2 Equipments 
 

- Microwave Accelerated Reaction System Model MARS 5 

- UNICLAVE 360 SPECIAL 

- Certoclave CV/CV-EL- High Pressure Steam Sterilizer 

- Metrohm 744 pH Meter 

- Memmert Modell 800 

- Heidolph MR 3001 K 
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9. Methods 
 

9.1 Dry-matter content 
 

Join to the multi-year research and development project my first task was to 

determine the dry-matter content. The straw was cut into smaller pieces of 2-5 

mm. Dry-matter content was determined by drying samples in an oven at 105 ˚C 

until constant weight was obtained.  

The dry-matter content of the straw was 94,7 %. 

 

9.2 Extraction 
 

10 g of chopped, dryed straw was immersed in 120 ml buffer solution to 

investigate optimum treatment conditions. The experiments were performed at 

121 °C and at 140-145 °C, for 20, 40, 60, 120 min and the pH was set to 3 and 5 

using Na-acetate and acetic-acid. After the extraction the samples was filtrated 

and washed with deionised water. The solid fraction was dryed in an oven at 105 

°C for a night to establish the efficiency of the extraction. Triplicate experiments 

were run for each sample.  

 

9.3 Gasification 
 

After the filtration the liquid fraction was separated and the pH was controlled. 

For the gasification was used 2 ml of the extracts and 0,1 g of baker’s yeast. The 

experiments were performed at 37 °C for a night and the arose gas was measured 

and noted. 
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10. Results and discussion 
 

10.1 Extraction 
 

10.1.1 Effect of temperature on extraction 

 

Fig. 3. (a and b) shows the extraction rate under different conditions (pH, 

extracion time) at 140-145°C and 121 °C. The results showed that different 

temperatures used for the extraction had different efficiencies.  It seems 

unequivocally higher temperature result constantly in better extraction rate, but 

the differences are not considerable (Table 4 a and b). The highest extraxcion rate 

was obtained at 140-145 °C for 120 min (18,30 %) although that is relatively low 

too. It is a material recession at 60 min, pH 5 both 140-145 °C and 121 °C, but 

this tendency was not reported when pH 3 was used. The difference between the 

extraction rates of the two differing temperature is indicating countinious 

increase. The longer the extraction lasts the bigger defference can be registered.  
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Fig. 3. Effect of temperature on extraction rate at pH 5 and pH 3 

 

Table 4. 

Extraction rates  

time 
(min) 

extraction 
(%) 140-145 

°C 

extraction 
(%) 121 °C 

0 0 0 
20 10,45 6,01 
40 14,18 10,04 
60 8,19 6,39 
120 14,70 9,18 

(a) pH 5  

time 
(min) 

extraction (%) 
140-145 °C 

extraction (%) 
121 °C 

0 0 0 
20 13,42 11,84 
40 13,02 12,01 
60 16,67 11,99 
120 18,30 12,89 

(b) pH 3 

 

 

10.1.2 Effect of pH and extraction time on extraction 

 

The effects of pH on extraction are presented in Fig. 4. Significant differences 

were detected employing dissimilar pH. As can be seen in Fig. 4, the efficiency of 

the extraction was always much more better by using pH 3.  

The pH was adjusted to 5 and 3 with buffer solution (Na-acetate, acetic-

acid).  
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The results of the experiments are listed in Table 5. The biggest difference 

(8,48 %) between the extractions pH 3 and pH 5 at 140-145 °C was measured 

when the extraction time was 60 minutes, and 5,83 % was at 121 °C with 20 

minutes. 

The highest extraction rates were achieved using 120 minutes extraction 

time both with pH 5 and pH 3. 

The measured pH after the extractions are presented in Table 6.  
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Fig 4. Effect of pH on extraction rate at 140-145 °C and 121 °C 
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Table 5  

Extraction rates

time 
(min) 

extraction (%) 
pH 5 

extraction (%) 
pH 3 

0 0 0 
20 10,45 13,42 
40 14,18 13,02 
60 8,19 16,67 
120 14,70 18,30 

(a) 140-145 °C 

Table 6. 

pH before and after the extraction 

time 
(min) 

extraction (%) 
pH 5 

extraction (%) 
pH 3 

0 0 0 
20 6,01 11,84 
40 10,04 12,01 
60 6,39 11,99 
120 9,18 12,89 

(b) 121 °C 

 

pH before the 

extraction 

extraction 

time (min) 

temperature 

(°C) 

pH after the 

extraction 
140-145 5,25 

20 
121 5,12 

140-145 5,08 
40 

121 5,23 

140-145 5,20 
60 

121 5,18 

140-145 5,12 

5,00 

120 
121 5,18 

140-145 3,36 
20 

121 3,59 

140-145 3,62 
40 

121 3,58 

140-145 3,37 
60 

121 3,53 

140-145 3,42 

3,00 

120 
121 3,35 
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10.2 Gasification 
 

Straw gasification is a technology used for extracting gaseous fuel from straw in 

gasifier. Many countries have been interested in this technology of generating 

clean renewable energy. 

 
Fig. 5. Flowchart of the gasification 

 

In my experiments Baker’s yeast was used to the gasification. After 

optimalisation of the used amount of the extracts and yeast, 2 ml solution was 

measured and added 0,1 g of the yeast. The process was performed at 37 °C, 

which was adjusted with water-bath, as can be seen in Fig. 5.  

 

10.2.1 Effect of the extraction temperature and pH on the gasification 

 

According to the initial measurements it can be declare that the major part 

of the gas arose in the first 40 minutes. For this reason I took only this period as 
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the object of my examinations. As can be seen in Fig. 6. a, b, c, d, in contrast to 

the extraction, the gasification is better with the samples which extraction was 

carried out at lower temperature and higher pH. The best gasification was 

achieved by the samples with  121°C and pH 5 extraction irrespectively of the 

extraction time, although they had the worst extraction rate results. 

The reason is probably, that the acetic-acid is inhibitory to yeast in general. 

The ihibitory effect increases with the decrease in pH as the number of 

undissociated molecules is higer at low pH. However, many unknown factors in 

addition to the pH effect may also be responsible for acetic acid toxicity.  [30]  
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Fig. 6. The effect of the extraction temperature (121 °C, 140-145 °C) and pH (5, 

3) on the gasification at different extraction time.  
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Using acid, a minor part of lignin is degraded, resulting in a range of 

aromatic compounds. Of this compounds, the low molecular weight phenolics 

have been suggested to be the most inhibitory. In addition fermentation products 

such as ethanol and acetic acid contribute to the inhibition. [31] 

 

10.2.2 Effect of the extraction time on the gasification 

 

The samples with pH 3 irrespectively of the extraction temperature show 

the same gasification profile, as can be seen in Fig. 7. b and d. The most amount 

of gas was arose after the 60 minutes extraction both at 121 °C and 140-145 °C. 

On the second place is the 120 minutes, and 20 minutes extraction. The lowest 

gasification was observed with the 40 minutes extracton. This tendency is not 

perceptible by the samples with pH 5 as can be seen in Fig 7. a and c. There seems 

no unequivocal connection between the extraction time, temperature and the 

success of the gasification. After the extraction at 121 °C the best gasification can 

be seen with 120 minutes extraction, that is followed one after the other by the 

samples with 60 minutes, 20 minutes and 40 minutes extraction. In case of 140- 

145 °C extraction, the results are in succession 20, 40, 120, 60 minutes extraction. 

That should be worthy of note, that the amount of the arose gas was always higher 

with the samples pH 5 than pH 3. And there is not so big differences between the 

amounts of gas, more stadily distribution can be noted. 
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Fig. 7. The effect of extraction time (20 min, 40 min, 60 min, 120 min) on the 

gasification at different extraction temperature and pH. 
 
 

11. Future 
 

Proceed from the results of the experiments the first and most important object is 

to do qualitative analysis and experiments by the quantitative. Qualitative analysis 

could be answer the open questions, could give correct information about 

chemical compounds of the extracts, and of course about the compounds of the 

arose gas.  

That would be interesting to make extractions with pH 11, as is done in 

pulp and paper industry, and for the bio- gasification should try other 

microorganism instead of yeast, like cowfeaces. 

 

11.1 Potential and promising ways 
 

Bioethanol needs to become more efficient at converting biomass to fuel if 

it is to become sustainable to replace petrol with.  This will involve reducing costs 

of conversion, increasing yields and potentially increasing the diversity of crops 

used.  The way in which research is currently going for the improvements of 
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bioethanol is by looking at ways to convert cellulose and lignin to sugars for 

fermentation.  An exciting prospect is simultaneous saccharification and 

fermentation (SSF), however this has some problems, notably with the different 

optimum temperatures of saccharification and fermentation. This methods can 

obtain conversion of between 50 and 72% ethanol per gram of glucose, limited by 

the tolerance of the yeast to the ethanol. This suggests that with engineering of 

yeast strains for high tolerance even more efficiency can be achieved.  In this 

respect biotechnology and microbiology will be extremely useful in the genetic 

engineering, not just of yeasts, but of other microbes that can hopefully one day 

convert cellulose and lignin into sugars and then ferment them into ethanol. [12] 

Hydrolysis of ligno-cellulosic biomass can open the way toward low cost 

and efficient production of ethanol from ligno-cellulosic biomass. The 

development of various hydrolysis techniques has gained major attention over the 

past years, particularly in Sweden and the US. However, cheap and efficient 

hydrolysis processes are still under development and some fundamental issues 

need to be resolved. The conversion is more difficult than for sugar and starch 

because from ligno-cellulosic materials, first sugars need to be produced via 

hydrolysis. This can be done through acid treatment or via enzymatic pathways, 

the first route being relatively expensive and inefficient and the second 

technologically unproven. In addition, the pre-treatment of woody biomass 

materials for further processing is a technical challenge. In addition, production of 

the enzymes required is currently expensive. Simulaneous conversion and 

production of enzymes may reduce those costs considerably on longer term. [32] 

Previous studies went about the key to achieve higher ethanol production. 

This studies have focused on wood materials instead of straw. The lignin content 

of herbaceous materials is in general lower and has a different composition. 

Addition of non- ionic surfactants and poly (ethylene glycol) to enzymatic 

hydrolysis of various lignocellulosic substrates has been found to increase the 

conversion of cellulose into soluble, fermentable sugars. The results have shown 

that surfactants are able to increase cellulose conversion with up to 70 %.  But the 

acid-pretreatment resulted in the lowest conversion of cellulose whereas the 

highest conversion was obtain using the stream- exploded straw. 
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The conversion of wheat straw to ethanol includes three sub-processes: 

pretreatment, saccharification and fermentation. Pretreatment of wheat straw 

greatly affects its saccharification efficiency and ethanol production cost. Among 

many pretreatment methods of wheat straw, the microwave-assisted alkali 

pretreatment has proven one of the most efficient pretreatment methods for its 

saccharification. It was proven that production of ethanol from microwave-

assisted pretreated wheat straw had lower enzyme loading, shorter reaction time 

and could achieve higher ethanol concentration and yield than from the 

conventional alkali pretreated wheat straw. The microwave-assisted alkali 

pretreatment was an efficient pretreatment method of wheat straw for its ethanol 

production. [31] 

There is an increasing interest for producing biogas from organic waste 

and ley crop. The interest in the latter is partly due to the need to find alternative 

use for land previously used for cultivating grain, and partly to the fact that 

cultivation of ley for energy purposes can mean an increase in the nitrogen supply 

for the soil. Ley crop fixates nitrogen into the ground, which enhances the 

structure and production ability. If the digestion residue (digestate) is re-circulated 

there is also less need for fertilisation. [25] 

In biomass gasification normally 70–80 wt% of the fuel is rapidly released 

as volatile matter. The remaining char fraction is relatively reactive compared to 

coal chars. This is due to the chemical and physical structure of the carbonaceous 

material itself, as well as the large internal surface area and the availability of 

catalytic elements such as potassium (K), sodium (Na) and calcium (Ca). [33] 
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12. Conclusion 
 

Extraction of sugar from straw under different conditions with respect to pH, 

temperature and extraction time were studied. Thereafter biogasification with 

bacteria to form CH4 and etanol fermentation with Saccaromyces was performed 

and the gas production measured.  

At first the dry-matter content was determined, 94,7 %, which is fairly high. 

The extraction was performed at 121 °C and 140-145 °C, with 20, 40, 60, 120 

minutes extraction time. The pH during the process was 5 and 3, it was adjusted 

with Na- acetate and acetic- acid. It could be clearly noted, that higher 

temperature and lower pH resulted constantly in better extraction rate. Longer 

extraction time could be raise the differences between the efficiency of the 

methods at different temperature. The highest extraxcion rate was obtained at 140-

145 °C for 120 min with pH 3 (18,30 %).  

The gasification was carried out at 37 °C with using Baker’s yeast. The results 

indicate that in contrast to the extraction, the gasification is better with the 

samples which extraction was carried out at lower temperature and higher pH. The 

best gasification was achieved by the samples with  121°C and pH 5 extraction 

irrespectively of the extraction time, although they had the worst extraction rate 

results. In the case of the samples pH 3 the results show that the most amount of 

gas was arose after the 60 minutes extraction both at 121 °C and 140-145 °C.  

All these results indicate that difficult processes take place in the background, and 

to understand this it is needed further qualitative experiments past the 

quantitatives in the future. 
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