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Abstract: Ethanol is used in chemical and food industry, mainly either in the synthesis or as a solvent. The

newest application of ethanol is as a fuel. This alcohol, produced on an industrial scale from crop waste, is

widely known under the name bioethanol. It could be used as a fuel by itself or in a mixture with gasoline.

Today, there are several technologies for bioethanol production known. The relatively simple method of

obtaining bioethanol is through the mechanism of fermentation. There is an interest in use and improvement

of this and other production mechanisms. Given the increasing demand for alternative fuels, ethanol today is

one of the most supported research and implementation issues in the fuel sector. This paper summarizes the

current knowledge on the subject. In this article, data from the largest producers of ethanol in the world and an

analysis of use of biofuels in each country are presented. Identified characteristics of bioethanol production

and its mechanism for the main technologies of production are presented. The paper contains a forecast on the

future use of biofuels – the construction of a new generation of biorefineries.
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Introduction

Ethanol is used in chemical and food industry, mainly in the synthesis or as a solvent.

Its relatively new application is utilizing as a liquid fuel. In this case, the popular

solution is to use ethanol as a supplement of gasoline, because of the fact that the pure

ethanol can be used in specially modified engines. Bioethanol has excellent oxidizing

properties, causes limited emission of toxic gases (such as carbon and nitrogen oxides)

and increases the fuel’s octane number. On the other hand, if we use addition of ethanol,

it is necessary to use others compounds. They reduce its volatility and limited

tribological properties of the fuel, in order to counteract increased friction and rapid

wear of the engine [1].
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Ethanol can be produce from crops containing both monosaccharides and poly-

saccarides. In Poland, the most amount of ethanol is derived from potatoes and ryes. In

future ethanol could be made from cellulosic materials, especially waste materials [1].

Production of bioethanol is still developing, the main direction of research aims at

developing new techniques, lowering productions costs, lowering environmental pol-

lutions, activation of agriculture, and, in a larger scale, reduction of oil import.

Poland has a considerable amount of excess biomass and experience in ethanol

production. However, there’s a problem with insufficient amount of the existing

distilleries and spirit plants. Therefore, thinking about the future use of ethanol as a fuel,

requires construction of new plants.

The world production of ethanol

Today the world production of ethanol is about 106 mln m3 (83 mln tons) and have

been increased by 45 % form 31–33 mln m3 (24.5–26 mln tons) in 2004. The 93 % of

this production is generated by alcohol fermentation, the rest through chemical

synthesis. The main part of production is located in Brazil and USA (75 %). In Asia, the

percent of production is about 18 % and in Europe – 7 %. According to statistic data

from 2011 ethanol production in Poland reached 0.16 mln m3(0.13 mln tons), which

was 0.15 % of the world total production [2]. Nowadays, production of ethanol as a fuel

covers 2/3 of total world production. In Brazil, 95 % of ethanol in circulation is utilized

in form of fuel, in USA over 60 %, in EU only 5 %. Main European companies

producing ethanol have been presented in Table 1.

Table 1

European’s largest bioethanol producers [3–5]

Company Country
Amount of installtions

in Europe

Production

milions of liters
Source

Abengoa Bioenergy Spain 4 780 Wheat

Tereos France 7 770 Wheat and beets

Crop Energies AG Germany 3 760 Beets and sugar

Sudzucker Germany — 700 Wheat

Cristal Union France 4 490 Sugar beets

Agrana Group Austria 2 390 Wheat

Verbio Germany 2 375 no data

Agroethanol AB Sweden 1 210 Wheat

Industria Meridionale Alcolici

(IMA)/Bertolino Group Italy 1 200 no data

AlcoBioFuel Belgium 1 150 no data

Prokon Germany 1 120 no data

SEKAB (Svensk Etanolkemi) Sweden — *100* Wood waste and

excess wine

* – Data from 2006.
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The largest company in Europe, which produces bioethanol, is Spanish Abengoa.

Another large companies include: French confectionery Tereos and German: Crop

Energies AG and Südzucker. An important place in the ranking is reserved for SEKAB,

a Swedish company specializing in bio-ethanol production technology from ligno-

cellulose, utilizing wood waste from paper industry (pulp), and excess of alcohol (wine).

The guidance of the European Commission, which adjudicated on the possibility of

managing the surplus of the product in the wine industry, encouraged company to use in

the production wine stocks. SEKAB planned for 2008, invest in the production of

bioethanol in Hungary. The plan was to build a four modern bioethanol plants for

380 million Euros, with a total production of 600 million liters (raw materials are

mainly maize and wheat). By-product of this is over 460 000 tons of animal feed [3–5].

Unfortunately, market verified the plans. The increasing prices of raw materials

(cereals) in combination with reduced harvest of corn in Hungary (compared to the

expected), also possibility of changes in European Union standards (for biocomponent),

effectively discouraged investors. The company projects SEKAB are suspended due to

lack of funds and so far there’s little possibility to change this situation. Hungary is now

forced to cover their demand for bioethanol imports from Slovakia. SEKAB currently

focused on promoting the new E-tech technology-based on bioethanol production from

cellulose. The first stage of the raw material is subject to dilute acid (sulfuric acid or

sulfur dioxide) and heat, which converts hemicellulose into sugar [6, 7]. Other part of

the process are similar to any other processes of bioethanol production from ligno-

cellulose.

The country, which strongly promotes the use of hydrated ethanol, is Brazil where

pure ethanol is available at 26 thousand different fuel stations. The total number of cars,

which are modified to use ethanol is more than 3 million. In recent years in the USA a

significant increase in sales of E10 fuel has been observed – but still it is only 12 % of

total sales of gasoline. The use of ethanol and its derivatives in both these countries is

presented in Table 2.

Table 2

Amount of ethanol in a selected liquid fuels [1, 5]

Fuel Country
Amount of ethanol

% v/v.

Alcohol Brazil 95.5

E85 USA 85

Gasoline Brazil 24–26

Biodiesel Sweden 15

E10 USA 10

Oxygenated fuel USA 7.6

Reformulated gasoline USA 5.7

BIO85 Poland 70–85
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Ethanol and hydrogen are considered the most environmentally friendly fuels,

because of lower emission during the combustion and the production process, when

compared to other fuel production technologies, as well as because of the renewable

raw materials used in production. The result is that in the analysis of the whole

production cost, taking into account all stages of production, ethanol is classified as an

environmentally friendly fuel.

Furthermore, analysis of total energy consumption in the production of bioethanol

(including energy to produce fertilizers, agro-technical works, transportation of raw

materials and products, and the processing of ethanol) indicate that the energy used to

produce ethanol is lower than the energy obtained from its combustion, which causes

a positive energetic and economical balance.

The characteristic of bioethanol

Bioethanol is defined as 99 % ethyl alcohol derived from biomass. In trade, as an

alternative fuel, it can be used in pure form or as an additive to gasoline at different

volume ratios. Table 3 contains the most important parameters to compare ethanol and

gasoline. It is accepted that the name of bioethanol determining the percentage of

ethanol in biofuel preceding them with the letter E (eg E 85). According to the

European standard for diesel fuel (DIN EN 228), the ethanol concentration in gasoline

may not exceed 5 % (E5). The use fuel with higher levels of ethanol in the vehicle

inaccessible to the bioethanol may result in the loss of warranty. Bioethanol has a higher

(by almost 10 units) octane number than gasoline, this can improve engine performance

by increasing the degree of compression in the cylinder, however the use of pure fuel –

95 % ethanol – requires special engine construction. The standard also permits the use

of other additives in the form of ethyl-t-butyl ether (ETBE – 47 % ethanol and 53 % of

isobutene) in an amount not exceeding 15 %. ETBE has also a high octane number, and

adding it to gasoline improves the resistance to explosive combustion. However, the

raw material for the production of ETBE is also ethanol [8].

Table 3

Characteristic of bioethanol and comparison with gasoline [5, 8, 9]

Parameters Ethanol Gasoline

Energy equivalent m3 1.00 0.66

Heat of combustion MJ/kg 29.3 43.5

Octane number — 104 95

Annual yield (from corn) m3/ha 2.56 —

Increased consumption % 25–30 —

Reduction of CO2* % **30–70** —

* – Standard value in accordance with EU directives, ** – the fuel used in

an industrial process.
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Mechanism of alcoholic fermentation

One of the main methods of bioethanol production is a alcoholic fermentation, which

is a hydrolytic decomposition of monosaccharides like: (glucose (honey), fructose

(fruits), saccharose (beets, sugar cane)). Ethanol could be generated in a enzymatic

decomposition of polysaccharides – starch (eg from corn and cereals) to mono-

saccharides in the hydrolysis process. Research is being conducted on a method of

ethanol production from cellulose and hemicellulose from wood and straw. In this

method, the raw materials is not food biomass but waste biomass and in future this

production may become competitive to other technologies.

In the fermentation process, glucose is decomposed to alcohol and CO2 by using

yeast enzymes (zymase), according to the following reaction:

C6H12O6 � 2C2H5OH + 2CO2 (1)

From a biochemical point of view, the alcoholic fermentation is a process of

anaerobic sugar decomposition. This makes it possible for organism to thrive in

anaerobic conditions (bacteria eg milk fermentation, cells of striated muscle in a effort,

erythrocyte etc.). Alcoholic fermentation has three stages, one and two are similar like

in milk fermentation – named glycolysis.

In the first stage, a glucose molecule, drived by ATP in the process of hexokinase,

through gluco-6-phosphorane (glucose-fructose isomerase) is transformed with another

ATP molecule into fructo-6-phosphorane which in turn causes the formation of

1,6-fructosediphosphate.

In the second stage, the diphosphat decomposes into 3-phosphogliceryne aldehyde or

phosphodihydroxyacetone. These two compounds can be converted into each other by
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Fig. 1. The scheme presenting alcoholic fermentation process. ATP (Adenosine Tri-Phosphate), ADP

(Adenosine Di-Phosphate), Pi (the rest of phosphoric acid), NAD (Nicotinamide Adenine Dinucleo-

tide) and oxidized (NAD+) and reduced form (NADH – dehydrogenase) [5, 10, 11]
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mechanism of tri-phosphate isomerase. The two molecules of 3-phosphogliceryne

aldehyde undergo transformations involving oxidation and phosphorylation, and the

reactions are accompanied by the creation of four molecules of ATP and two molecules

of pyruvic acid (CH3COCOOH) [10, 11].

In the third stage, a decarboxylation of two molecules of pyruvic acid occures,

through pyruvate decarboxylase. From two molecules of acetaldehyde (CH3CHO)

by alcoholic dehydrogenase with NAD, two molecules of ethyl alcohol are generated.

2CH3COCOOH + 2H+
� 2CH3CHO + CO2 (2)

2CH3CHO + 2NADH +2H+
� 2C2H5OH + 2NAD+ (3)

These three stages are shown in simplified terms, the graphic in Fig. 1, and their

cumulative reactions is:

C6H12O6 + 2ADP + 2Pi � 2C2H5OH + 2ATP + 2CO2 (4)

Bioethanol production technologies

Fermentation of ethanol is one of the oldest techniques of biotechnology. It uses

micro-organisms, usually yeast: Saccharomyces cerevisiae capable of anaerobic con-

version of monosaccharides to ethanol. The process of ethanol production can be

divided into three main stages:

– preparation of raw material – enzymatic degradation of carbohydrate (starch,

cellulose) into monosaccharides (glucose) by hydrolysis,

– ethanol fermentation – the processing of sugar conversion to alcohol, with emission

of CO2,

– separation of the product – distillation, ethanol dehydration and rectification [4].

Two different methods of preparation of raw material – wet or dry milling are used in

ethanol production on an industrial scale. Before the fermentation process is carried out,

the wet process requires the separation of raw material (separately on the germ, fiber,

protein and starch). In modern distilleries, the grinding process of raw materials is

carried out, followed by their enzymatic hydrolysis. In older agricultural distilleries,

fermentation is carried out periodically, which in case of the new fermentation

processes has been replaced by continuous extraction with ethanol or diffuse discharges.

The use of vacuum extraction of fermentation products provides higher efficiency.

These methods, due to their high cost and complexity, are not applied on an industrial

scale yet.

The fermentation of broth is the primary microbial process. The yeast are need to

carry out processes – these include: Saccharomyces cerevisiae and Saccharomyces

carlsbergensis in the upper fermentation, or Saccharomyces bayanus, wine yeast,

baking, and wild yeast (a mixture of many cultures) in case of lower fermentation.

Yeast used in brewing ferment at low temperatures 5–10 oC for about 1–2 weeks

providing 2.5–5 % vol. alcohol. Optimum fermentation temperature is 25–30 oC and is

used in distilling, where it takes 2–3 days, giving the mash content of 7–12 % alcohol,

1228 Micha³ Ryms et al

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


but also a large amount of pollutants. Pollutants are disposed of by refining, rectification

and using activated carbon adsorption. The turbulent and secondary fermentation of

wine is carried out at lower room temperature, and therefore takes longer: 1–2 months

(maturing for several years), but the resulting product has only trace amounts of fusion,

giving it a special flavor and taste, specific for the vineyard.

Ethyl alcohol is separated from the fermentation residues using the distillation, and

the boiling temperature difference using the two others components (ethanol boils at

78.3 oC). Unfortunately, ethanol and water form an azeotrope mixture, which has a

boiling point of 95.6 % ethyl alcohol, about 4 % water and the rest (higher alcohols,

esters, ethers and acids). Even a small amount of water is unacceptable, because it can

cause the presence of water in the fuel mixture. Therefore, only anhydrous alcohol

(99.5–99.9 %) should be used as a fuel.

Figure 2 shows an example diagram of ethanol production in grain distillery.

The agricultural distilleries are used as distillation columns, designed for continuous

work, the shelves separate raw spirit of broth digestate.

In distilleries, a 95.6 % mixture of ethanol and water is produced, commonly known

as spirit. It is in fact an azeotropic mixture and the pure ethanol couldn’t be generated

from it. In order to obtain the pure ethanol (100 %), azeotropic distillation is conducted

in the ethanol-water-benzene system. After adding a small amount of benzene, initially

there is a threefold process of boiling azeotrope benzene-ethanol-water, then ethanol-

-benzene azeotrope, and finally the process of distilling to pure anhydrous ethanol. It is

possible to bound water with 95.6 % ethanol by adding calcium oxide or anhydrous

magnesium sulphate (VI) or sodium sulphate (VI). Absolute ethanol is hygroscopic and

absorbs water from the air, so it should be stored it in hermetic containers. Completely

anhydrous ethanol (water content < 100 ppm) is obtained by distillation from over

magnesium ethoxide in the system protected from air [12, 13].

The distillery produces low wine, containing about 90–92 % ethanol. It is processed

in rectification plants to the anhydrous or consumption alcohol. To obtain anhydrous

alcohol, molecular sieves are (sorption of water in a suitable sorbent) [1].
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Iogen technology

Bioethanol production technology proposed by Iogen company is based on a com-

bination of thermal, biomass chemical and biochemical conversion into a fuel called

cellulosic ethanol [14–16]. Cellulosic ethanol is produced in an amount of more than

340 liters per ton of fiber.

Lignin, present in plant’s fibers is processed and used as fuel for process steam and

electricity. This eliminated the need of additional coal or natural gas, and also reduced

CO2 emissions. In the process of pre-treatment, which is to increase the surface and

“availability” of plant fibers to the enzymes, special water vapor injection systems are

utilized. It improves the performance of both the pre-treatment and ethanol production,

which provide lower cost of the fuel. The company has also developed its own cellulose

enzyme groups and delivers them worldwide to pulp, paper, textiles and animal feed

industries. Diagram of the production of bioethanol by Iogen is shown in Fig 3.

Iogen’s demonstration plant has been producing cellulosic ethanol from wheat straw

since 2004. At full capacity it process 20–30 t/day of feedstock and produce approxi-

mately 5000–6000 l/day of cellulosic ethanol. In 2009, Iogen became the first cellulosic

ethanol producer to sell its advanced biofuel at a retail service station. For a one month

period, a 10 % cellulosic ethanol blend was available for sale to the general consumers.

More than 2 mln. litres of Iogen’s cellulosic ethanol has been produced until 2012.

ICM technology

Technology adopted by ICM uses dry milling process in which grain is grinded for

sharps. The starch contained in it is easier and faster converted into ethanol by

fermentation process. Technology proposed by the ICM is presented in Fig. 4 [18].

Silos for the storage of grain are sufficient to supply the production line for 7–10

days. From the tray material goes to the hammer mills, preceded by a set of screens
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designed to remove residual stems, stones and ground, which could hinder the process

of grinding. The ground grains are mixed with: process water (with pH of about 5.8)

and enzyme (�-amylase). The slurry is then heated to a temperature of 82–88 oC for

30–45 minutes to reduce its viscosity and pumped pressurized steam injector, which

also heats the mash to the 105 oC. After 5 minutes, the mash is cooled in the tank with

air at reduced pressure to a temperature of 82–88 oC and left for 1–2 hours to make

sugar from starch into short concatenation dextrin.

After the initial stage of saccharification and addition of a second enzyme –

glucoamylase, the mash is pumped into fermentation tanks.

In the glucoamylase fermentation process, dextrin is broken down into simple sugars,

then yeast is added, which provides the conversion of sugar into ethanol and carbon

dioxide. The mash is allowed to ferment for 50–60 hours, resulting in the final mixture

containing about 15 % ethanol, also solid residues from grain and yeast. The fermented

mash is pumped into the distillation columns, which provides additional warmth.

Product leaving the distillation columns contains about 95 % (by volume) ethanol. The

residue from this process (containing raw materials and water) is pumped from the

bottom of the column to the centrifuges.

The resulting ethanol, containing still 5 % of water, is directed to a molecular sieve

to physically separate the water and ethanol, based on the difference in particle size

between those substances. After going through this stage anhydrous ethanol is obtained.

Small amounts of denatured alcohol are added before storage tanks. This contamination

prevents distribution and use of this alcohol as a consumer product. Most of the tanks in

the factory of ethanol are so capacious that they allows the storage of the product (as in

the case of material) for 7–10 days.

The process of fermentative production of ethanol creates two by-products: carbon

dioxide and stillage (cereal, potato). CO2 can be captured and treated in a scrubber, and
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then launched to sold of agri-food processing, eg for aerating beverages. While the

stock is headed to the centrifuges, where is separated into two fractions: a rare (liquid

containing 5–10 % solids) and a thick wet solid residue (WDG). Some of thin stillage is

recycled to the process, which reducing the demand of process water. The rest is

directed to a system of evaporators, where it is concentrated to a syrup having a

concentration about 25–50 %. This syrup, high in protein, yeast, sugar and fat, is used to

enrich WDG. This could be perfect fodder for farm animals. Many bioethanol plants

aren’t near the farmers to take advantage of all the WDG produced. Long term storage

of such products is not a solution, because of the short life span of wet stillage (because

of rapid biodegradation). In this case, the additional drying system is used, which

removes moisture and prolongs its life span. Dry stillage (DDG) is used as high-protein

feed ingredient of cattle, pigs, poultry and fish.

In 2012 ICM, Inc. also announces that it successfully completed 1,000-hour run of its

pilot plant based on Integrated Fiber to Cellulosic Ethanol Technology, designed for the

production of cellulosic ethanol at existing grain ethanol plants. Company has proved

substantial operating and capital expense cost savings over a traditional approach of

cellulosic ethanol production [19, 20].

Technology using supercritical water

A new, exciting technology for the production of bioethanol is developed at Kyoto

University [21]. Lignocellulose in biomass is subjected to the water in the supercritical

state (T > 374 oC, p > 22.1 MPa). The hydrothermal reaction of oxidative reforming,

forming the fraction soluble in water and methanol, other soluble fraction only in

methanol and lastly an insoluble residue. Hydrolysis products of carbohydrate deri-

vatives, dehydrated, and shredded products and organic acids are the water-soluble

substances. The residue is a mixture of glucan (polysaccharide) and lignin, which are
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insoluble in water, but are soluble in supercritical water, soluble in methanol part is

derived from lignin.

The use of supercritical water allows the pre-treatment of lignocellulose, involving

the rupture of her long, chemically stable, chains for simple sugars, which are already

subject to fermentation in the traditional production of ethanol. The course of this

technology is shown in Figure 5.

The biomass resilient to ethanol fermentation (wood, straw, Lety, cake, etc.), that

contains lignocellulose is transported into reactor for hydrothermal decomposition with

supercritical water. Products of hydrothermal decomposition, after the cold water

addition, are pumped to the extractor, where the separation of water-soluble products

from the methanol-soluble products occurs.

The first of these fractions, containing products of cellulose and hemicellulose

decomposition, is subjected to saccharification processes in an enzyme hydrolyser, then

after the fermentation, distillation and rectification is generating the product which is

bioethanol.

The remaining, soluble in methanol, fraction containing aromatic compounds,

derived from hydrothermal decomposition of lignin, is converted into other useful

products (solvents, intermediates and chemical reagents). A team of researchers from

Kyoto is still conducting research to optimize this technology [5, 22, 23].

Usefulness of water in the under or supercritical state as a solvent, reagent and

catalyst of acid / alkaline in recent years is the subject of intensive research, which tends

to use it in: chemical synthesis reactions, conversion processes, gasification, biomass

processing, and wastewater treatment [24].

Biorafineries as a perspective for development

of bioethanol

Main research aiming at improving efficiency of bioethanol production is conducted

in the following areas: raw material acquisition in form of waste or biomass, which does

not undergo alcoholic fermentation, developing methods for pretreatment of biomass,

the use of carbon dioxide and ammonia for decomposition of biomass and synthesis of

more efficient enzymes.

In these studies, special emphasis was placed on the acquisition and use of more

diverse material in the production of bioethanol, for example, waste from wood, crop

residues, firewood from the forests, plants and municipal waste. The chemical structure

of this potential raw material is much more diverse than traditional distilling material to

which ethanol is the main source of starch or sugar. However, this requires solving

many technological and chemical processes.

Due to the high costs of such an enterprise the Swiss company Syngent, has signed a

10-year contract worth 16 million with USA company Divers for research and

development of bio-ethanol production technology, the complexity of which is

a diagram included in Fig. 6 [3]. Industrial start of the following technology is estimated

for next 8–12 years.
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Bioethanol in Poland

Bioethanol production in Poland remains at the same level for several years. Its

average annual value exceeds 122 000 tons. Bioethanol production in Poland has been

increased by less than 80 % from the year 2005 to 2012 and by almost 20 % in the last

year. Nearly one million tons of bioethanol was produced in Poland in this period,

which accounted 32 % of the total domestic production of biofuels and biocomponents.

Unfortunately, there are only few times we can talk about the supplies over demands

surplus, which shows the potential in bioethanol production for export purpose.

By decree of the Minister of Economy (Journal of Laws 2010 No. 122, item. 830)

bioethanol fuel is marked in Poland as BIO85. This is a new biofuel containing from

70 % to 85 % (vol.) of bioethanol and 15–30 % of gasoline in the mixture. The

composition of the mixture depends on the seasons: summer, interlude or winter. The

quality of BIO85 biofuel was determined by the Regulation of 22 January 2009 on

quality requirements for liquid biofuels (Journal of Laws No. 18, item. 98). PKN

ORLEN SA was the first company which introduced BIO85 biofuel into retail sale in

Poland. Representatives of Ford and Volvo have signed letters of intent with the

Company for joint cooperation in the area of promoting BIO85. So far it can be bought

at one station in Warsaw. The openings of the stations in other cities are subjected to the
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Fig. 6. The scheme of biorafineris conception. [3, 4, 25]
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success of the pilot program in Warsaw and increase of the market share of vehicles

with engines adapted for this fuel in Poland. Therefore, at the end of 2013 the BIO85

biofuel is still not available at other petrol stations of PKN ORLEN SA.

Previously listed technologies, especially the ICM, can be easily transferred to Polish

conditions. Especially now, when the demand for alcohol is not sufficient to maintain

many companies, producing ethanol. However, without the support of the international

companies the use of these technologies in Poland seems to have little chance for

success.

Summary

In this study, a collection of examples of modern technologies allows obtaining

ethanol has been presented. It systemizes knowledge in the field of liquid biofuels,

based on the alcoholic fermentation. Proposed future solution, in the form of

biorefineries is setting new trends and gives hope for further development and

implementation of research in this area over the next decade.

With the continuation in the current growth rate of the biofuels production, which

annually is 7.0 % in Europe, 2.5 % in North America and Brazil and 2.3 % globally, in

2020 the world production of biofuels should reach a value of more than 4 � 107 m3.

However, as a result of the campaign promoting biofuels, their production growth rate,

rather than linear, may take exponential character and then, according to one of the

scenarios, the annual production of biofuels in 2020 could reach 1.2 � 108 m3 [26].

European countries are now at the forefront in the production of biodiesel based on

rapeseed. However, current global production of biodiesel is about 16 times less than

the bio-gasoline (about 1.75 � 106 m3/a in 2004) [26]. Therefore, the global leaders in

the production of biofuels are (and probably will remain for a long time) Brazil and the

United States.

Implementation of described in this paper bioethanol technologies in the polish

conditions, can bring tangible benefits for local companies. Although these technologies

are still evolving, and it is difficult to talk about specific efficiencies, it is certain that

bioethanol production and export could provide viable alternatives for polish ethanol

plants, which have problems with the disposal, or have plans to expand their production

portfolio.
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METODY PRODUKCJI BIOPALIW CIEK£YCH NA PRZYK£ADZIE BIOETANOLU

Katedra Aparatury i Maszynoznawstwa Chemicznego, Wydzia³ Chemiczny

Politechnika Gdañska

Abstrakt: Etanol, poza wykorzystaniem w przemyœle spo¿ywczym oraz chemicznym, gdzie s³u¿y jako

rozpuszczalnik i substrat syntezowy, w ostatnich czasach zyska³ równie wa¿ne zastosowanie w bran¿y

1236 Micha³ Ryms et al

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


paliwowej. Produkowany jest na skalê przemys³ow¹, g³ównie z substratów nienadaj¹cych siê do spo¿ycia

i wystêpuje pod zwyczajow¹ nazw¹ bioetanol, pe³ni¹c funkcjê biopaliwa lub dodawanego do benzyny

w ró¿nych proporcjach biokomponentu. Z uwagi na stosunkowo prosty sposób produkcji, wykorzystuj¹cy

mechanizm fermentacji, znanych jest dziœ kilka technologii produkcji bioetanolu, a zainteresowanie ich

wykorzystywaniem i ulepszaniem jest wci¹¿ znaczne. Bior¹c pod uwagê rosn¹ce zapotrzebowanie na paliwa

alternatywne, bioetanol jest dziœ jednym z najbardziej noœnych tematów badawczych i wdro¿eniowych

w sektorze paliwowym. Niniejsza praca stanowi podsumowanie dotychczasowej wiedzy w tym temacie.

Przytoczono w niej dane, dotycz¹ce najwiêkszych producentów etanolu i bioetanolu na œwiecie oraz analizê

wykorzystania tego biopaliwa w poszczególnych krajach. Wskazano charakterystykê samego bioetanolu,

mechanizm jego produkcji i schematycznie przedstawiono najwa¿niejsze technologie produkcji. Praca

zawiera równie¿ opis najbardziej prawdopodobnego przysz³ego wykorzystania biopaliw – budowê biorafinerii

nowej generacji.

S³owa kluczowe: biopaliwa, bioetanol, technologie produkcji
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