
11. Èññëåäîâàíèå îòðàñëè àëüòåðíàòèâíîé ýíåðãåòèêè
Ðåñïóáëèêè Êàçàõñòàí. Òîì 3 : Ïåðñïåêòèâíûå
ñåãìåíòû îòðàñëè àëüòåðíàòèâíîé ýíåðãåòèêè
//www.nif/kz/download/1189/TomIII.pdf.

12. Ñïðàâî÷íèê íåôòåõèìèêà / Ïîä ðåä. Ñ.Ê.Îãî-
ðîäíèêîâà. — Ë. : Õèìèÿ, 1978. — 592 ñ.

13. Êàñàòêèí À.Ã. Îñíîâíûå ïðîöåññû è àïïàðàòû õè-
ìè÷åñêîé òåõíîëîãèè. — Ì. : Ãîñõèìèçäàò, 1961.
— 832 ñ.

14. Àðóòþíÿí Í.Ñ., Àðèøåâà Å.À., ßíîâà Ë.È. è äð.
Òåõíîëîãèÿ ïåðåðàáîòêè æèðîâ. — Ì. : Àãðî-
ïðîìèçäàò, 1985. — 368 ñ.

15. Ïàòîí Á.Å., Õàëàòîâ À.À. Ïîìîãóò ëè ãàçîâûå
òóðáèíû ïðåîäîëåòü ïðîáëåìû ýíåðãîñèñòåìû Óê-
ðàèíû? // Çåðêàëî íåäåëè. — 2008. — 12 äåê.

Ïîñòóïèëà â ðåäàêöèþ 07.04.11

22 Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåæåíèå. 2011. ¹ 6

The Ecological Aspects of Rotary Hydrodynamic
Steam Generators with Vapour Phase Internal Separation

Gorpinko Yu.I., Kravchenko O.V.
Institute for Mechanical Engineering Problems of NASU, Kharkov

The designs and operating modes of existing steam generators of hydrodynamic heating
with vapour phase internal separation is presented. The simplest hydrodynamic and ther-
mal models of liquids evaporation in them are proposed. The possibility of effective and
economic low power heat sources development based on renewable energy direct conver-
sion of water flows is displayed. The expediency of application of hydrodynamic steam
generators with electric drive for heat supply of uninterrupted chemical plants alternately
with cogeneration units in daily electricity consumption drop hours is proved.

Key words: steam generator, rotor, hydrodynamic heating, cavitational thermal emis-
sions, rotating liquid annulus, renewable energy.
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Biofuels could be an appropriate way to reduce green house gas (GHG) emissions and to
reduce the amount of fossil fuels burned. Two most common types of biofuels which are
being developed and presently available on a commercial basis, are Ethanol and Biodiesel
along with their derivatives. Biodiesel is the biofuel with the most rapid rate of market
growth. European biodiesel industry is well established with a significant continuous in-
crease in its production. In order to support the use of biodiesel and biofuel World-wide,
especially, in developing countries where fossil energy use GHG emission will rise expo-
nentially, there is a utmost necessity for international co-operation. The questions of
biofuel industrial production, financial incentives, legislation, investment potential et. al.
will be discussed in this publication.
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Introduction

Soaring oil prices have encouraged major
consumers worldwide to sharply increase their
use of «green» biofuels. The use of biofuels is in-
creasing in many regions throughout the world.

It is worth to note that to meet the ever
growing energy demand, biofuels appears to be
one of the potential energy technologies that can
help to resolve the energy problem as well as re-
duce the amount of carbon dioxide emission in
the atmosphere. Two most common types of
biofuels which are being developed are bioethanol
and biodiesel.

Ethanol is alcohol produced from fermenta-
tion of biomass. A renewable fuel, ethanol is
known as an «oxygenate» because it contains 35%
oxygen by weight. Oxygen creates a more efficient
burn thus enhancing the combustion of petrol in
engines, and reducing exhaust emissions such as
carbon monoxide (up to 33% depending on the
age of the vehicle) and toxic hydrocarbon com-
pounds. Methanol (though largely been replaced
by ethanol in reformulated fuels) made from fossil
fuels, is other well known oxygenate fuel.

Oxygenates thus reduce both regulated emis-
sions and air toxins from motor vehicles as well
as reducing emissions from motor vehicles which
form ozone - exhaust and evaporative hydrocar-
bons. Ethanol contributes little to no net carbon
dioxide to the atmosphere, thus contributing to a
reduction in overall greenhouse gas emissions and
global warming.

Biodiesel (or biofuel) is the name for a vari-
ety of ester-based fuels (fatty esters) generally de-
fined as the monoalkyl esters made from several
different types of vegetable oils, such as soybean
oil, canola or hemp oil, or sometimes from animal
fats through a simple transesterification process.
Organically derived oils are combined with alcohol
(ethanol or methanol) and chemically altered to
form fatty esters such as ethyl or methyl ester.
Ethyl or methyl ester can be blended with conven-

tional diesel fuel or used as a neat fuel (100 %
biodiesel). Biodiesel is the biofuel with the most
rapid rate of market growth [1]. This renewable
source is as efficient as petroleum diesel in power-
ing unmodified diesel engine.

Ethanol and biodiesel are the only biofuels
presently available on a commercial basis. There
is no doubt that in most parts of the world the
additional costs for producing biofuels make the
fuel un-competitive without hefty tax rebates
from governments but in view of the last year
all-time highs crude oil prices beyond $ 145,
biofuels certainly appears to be competitive.

The World biofuels production continues to
grow at a rapid rate, with climate change back
on the political agenda, investment pouring into
the sector and sensitivity to issues of energy secu-
rity more acute than ever before. According to
IEA renewed estimation all biofuels, ethanol and
biodiesel, had the potential to reach 10 percent of
world fuel use for transport by 2025. The United
States, the World’s top oil consumer and No. 2
biofuel producer, set a target of doubling ethanol
production to 8 billion gallons by 2012 whereas
The European Union set a non-binding target of
5.75 percent biofuel content by 2010.

The challenge which now faces biodiesel and
bioethanol producers is to move forward and take
a share of the mainstream fuels market. In view
of the facts stated above, the main objectives of
this communication is to overview of R&D activi-
ties on biofuel in progress at Biomass laboratory
at ENEA CR Trisaia along with other concepts
such like financial incentives, legislation, indus-
try, investment potential, etc., in Italy, will be
presented.

Biodiesel in Europe: Current Production

Biodiesel has been produced on an industrial
scale in the European Union since 1992, largely
in response to positive signals from the EU insti-
tutions. European production level of biodiesel
increased from 80,000 tonnes in 1993 to approxi-
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Âèêîðèñòàííÿ á³îïàëèâà ìîæå ³ñòîòíî çíèçèòè åì³ñ³þ ïàðíèêîâèõ ãàç³â òà ñêîðîòèòè
ê³ëüê³ñòü âèêîïíîãî ïàëèâà, ùî ñïàëþºòüñÿ. Íàéá³ëüø ïîøèðåíèìè òà òàêèìè, ùî
çíàéøëè êîìåðö³éíå çàñòîñóâàííÿ, âèäàìè á³îïàëèâà º á³îåòàíîë òà á³îäèçåëü ç ¿õ
ïîõ³äíèìè. Çàñòîñóâàííÿ á³îäèçåëÿ õàðàêòåðèçóºòüñÿ íàéá³ëüø àêòèâíî çðîñòàþ÷èì
ðèíêîâèì ïîïèòîì, à ªâðîïåéñüêà á³îäèçåëüíà ³íäóñòð³ÿ º ñòàá³ëüíîþ ç ñóòòºâèì
ïîñò³éíèì çðîñòàííÿì âèðîáíèöòâà. Äëÿ çàáåçïå÷åííÿ øèðîêîìàñøòàáíîãî, íà ñâ³òî-
âîìó ð³âí³, çàñòîñóâàííÿ á³îïàëèâ, îñîáëèâî â êðà¿íàõ, ùî ðîçâèâàþòüñÿ, äå åì³ñ³ÿ
ïàðíèêîâèõ ãàç³â âíàñë³äîê âèêîðèñòàííÿ âèêîïíèõ ïàëèâ åêñïîíåíö³éíî çðîñòàº,
âêðàé íåîáõ³äíèì º ì³æíàðîäíå ñï³âðîá³òíèöòâî. Ó ñòàòò³ îáãîâîðþþòüñÿ ïèòàííÿ
ïðîìèñëîâîãî âèðîáíèöòâà á³îïàëèâà, ô³íàíñîâîãî ñòèìóëþâàííÿ, çàêîíîäàâ÷î¿ ä³ÿëü-
íîñò³, ³íâåñòèö³éíîãî ïîòåíö³àëó òà ³í.

Êëþ÷îâ³ ñëîâà: á³îåòàíîë, á³îäèçåëü.



mately 9,570 Kilo tonnes in 2010; about 5,5 %
increase compared to the year 2009 [2]. For the
production of biodiesel, the biomass feedstock
(e.g. rapeseed, sunflowers) is processed at differ-
ent specified sites. The: Rapeseed oil (84 %),
sunflower (13 %), soybean oil (1 %), palm oil
(1 %), and others (1 %) were the main World
biodiesel sources in 2002. The European produc-
tion of ethanol for application as an automotive
fuel also grew significantly over the last decade
or so. Today, there are numerous plants in the
EU located in Germany, Italy, Austria, France
and Sweden.

Main Players on the European Market

Germany, France, Austria, Sweden, Italy
and Spain are the most important biofuel coun-

tries whereas Belgium, Denmark, Finland,
Greece, Ireland, Luxembourg, The Netherlands,
Portugal and the United Kingdom are countries
where the production and application of biofuels
is less developed. For detailed information on na-
tional market for biofuels for each of the
above-mentioned country, please refer to [3–10].

Current Status of Biomass Technology

A simplified generalised bio-energy scheme
indicating various pathways as well as competing
applications of biofuels is shown in Fig. 1 while
Fig. 2 shows a matrix of the various competing
pathways. It can be stated that the bio-energy re-
search community and the related industry have
developed technologies that practically any type
of biomass can be used for more than one type of
conversion technologies after pre-treatment and
upgrading to a fuel quality.

The EU — Biodiesel Industry (see Table 1):
— statistics (2009/2010 Production by

Country). In 2009 production was increased by
16.6 % compared to 2008. In 2010 production
was increased by 5.5 % compared to 2009. Sub-
ject to a +/– 5 % margin of error.

— production capacity during the year 2011
(Calculation based on 330 working days per year,
per plant. The above figures represent an overall
picture of the EU-27 biodiesel capacity on July
1, 2010). In 2010, the EBB indicates a produc-
tion capacity of the order of 21,904 million li-
ters/year (on the basis of 330 operating days per
year) for a total of 276 plants (as of July 2010).
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Fig. 1 Biomass conversion pathways to energy and fuels

Table 1. Biodisel production in EU (2009/2010/2011)

Country
Biodiesel Production (1000 tonnes)

Country

Biodiesel Production

(1000 tonnes)

2009 2010 2011 2009 2010 2011

Austria 310 289 560 Latvia 44 43 156

Belgium 416 435 710 Lithuania 98 85 147

Bulgaria 25 30 348 Luxemburg 0 0 0

Cyprus 9 6 20 Malta 1 0 5

Czech Rep. 164 181 427 The Netherlands 323 368 1452

Denmark/Sweden 233 246 250 Poland 332 370 864

Estonia 24 3 135 Portugal 250 289 468

Finnland* 220 288 340 Romania 29 70 277

France 1959 1910 2505 Slovakia 101 88 156

Germany 2539 2861 4932 Slovenia 9 22 113

Greece 77 33 802 Spain 859 925 4410

Hungary 133 149 158 Sweden – – 277

Ireland* 17 28 76 United Kingdom 137 145 404

Italy 737 706 2265 Total 9,046 9,570 22,117

* Data include hydro-diesel production.



Bio-energy technologies have achieved signif-
icant cost reductions during the past decade in
areas such as combustion, co firing with coal, in-
cineration of municipal solid waste, biogas gener-
ation via anaerobic digestion, and in certain geo-
graphical areas liquid biofuels such as ethanol
and biodiesel. However, mainly due to many fac-
tors involved, it is simply not possible to general-
ise the production costs of biomass or biomass fu-
els delivered to the gate of a conversion plant
and consequently the production cost of energy
generated from biomass sources.

Some of the pathways shown in Fig.1, such
as pyrolysis and the synthesis gas route for liquid
biofuels, are still in the development and require
5–10 years further development work before they
can be considered as commercial technologies.

Table 2 give the costs for liquid biofuels
(2005a, IEA Bioenergy). As is evident from the
table, the costs for bioethanol can vary between
0.17 to 0.67 Euro/litre, subject to the location
and the crop/resource used to produce the
biofuel. The cost for producing biodiesel can vary
from 0.34 to 0.67 Euro/litre. For both biofuels
there is potential to decrease the production costs
further especially in Europe and the US with in-
novative combinations of technologies and utili-
sation of the process residues.

The gasification technologies are still in the
development stage and very few reference operat-
ing plants exist, however, due to its flexibility in
terms of final use of the fuel gas produced gasifi-
cation may offer significant opportunities once
the remaining technical barriers are overcome, re-
liability is demonstrated and the costs are
reduced further.

European Market and Policies

Biodiesel is presently avail-
able on a commercial basis. The
biomass feed-stock includes re-
siduals from agriculture, for-
estry and cattle farming and
so-called energy crops. Residu-
als are, for example, straw from
cereals, plant residuals from the
flower sector, wood residuals
from forestry, fertilisers and an-
imal waste. But organic frac-
tions from municipal and indus-
trial wastes can serve as re-
sources for biofuel production as
well. Furthermore, energy crops
that are grown especially for
bio-energy purposes can be ap-
plied for both biofuels produc-
tion and electricity and heat

generation. These crops include perennial plants,
such as trees (e.g. willow, poplar) and grasses
(e.g. miscanthus). So producers of biomass can
be found in a broad range from cattle farmers to
wood companies, from households to industries,
from flower producers to specialised crop farmers.

The commercial marketing of rapeseed oil
methyl ester as a fuel for use in diesel vehicles
began about ten years ago. With regards to the
produced quality and sales, the beginnings were
initially very modest. Particularly, in countries
where the marketing of pure biodiesel was in-
tended from the beginning, this development was
borne initially by a few idealists, who preserved
their courage despite setbacks. The entry to the
market was extremely difficult due to lacking ap-
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Fig.2. Simplified bio-energy matrix (IEA Bioenergy 2004).

Table 2. Costs for liquid biofuels

Country Resource/
Crop

Reference
year

Production cost
(Euro/litre)

Bioethanol
US Corn 2004 0,27–0,46

France Sugar beet 2001 0,52

Brazil Sugarcane 2003 0,17

UK Sugarcane 2003 0,67

US Wood 2004 0,33–0,42 *

Sweden Wood 2002 0,51

Sweden Straw 2003 0,63

Biodiesel
US Oilseed 2003 0,52

US Oilseed 2004 0,52–0,67

EU Oilseed 2003 0,64

Germany Oilseed 2004 0,55–0,64

North America Used oils/fat 2004 0,34–0,50

* Estimate.



provals and a price relatively high in comparison
with diesel fuel. Two factors have significantly
determined the further penetration of the market.

The European policy affects the national
governments of the EU Member States, which
have to develop national policies in order to real-
ise the European targets. These policies influence
the whole market from biomass producer, to
biodiesel producer, to the seller.

The European and national policies also pro-
vide incentives for research institutes to investi-
gate the recent and future developments in the
market of biodiesel. Oil companies also do this to
find out what their opportunities are in this new
fuel market. These companies take care of the
marketing of this fuel to their customers at their
service stations. Besides this, they are in contact
with car and engine manufacturers. This collabo-
ration is very important since the engine and the
fuel used in the engines have to be compatible.
The car manufacturers have to communicate the
use of cars with these engines to their customers.

Legislation at the European Level

Directive on the promotion of the use of
biofuels or other renewable fuels for transport
(Directive 2009/28/ec of the european parlia-
ment and of the council of 23 April 2009 on the
promotion of the use of energy from renewable
sources and amending and subsequently repealing
Directives 2001/77/EC and 2003/30/EC Di-
rective 2003/30/EC)

The transport sector with more than 30 % of
final energy consumption in the Community is
certainly bound to increase with subsequent enor-
mous carbon dioxide emissions. The Commission
White Paper «European transport policy for
2010 » expects CO2 emissions from transport to
rise by 50 % between 1990 and 2010, to around
1113 million tonnes, the main responsibility rest-
ing with road transport, which accounts for 84 %
of transported related CO2 emission. EURO-
PEAN UNION, White Paper therefore calls for
dependence on oil (currently 98 %) in the trans-
port sector to be reduced by using alternative fu-
els such as biofuels.

The use of biodiesel is affected by legislation
and regulations in all countries. Draft European
Parliament and Council Directives aims at pro-
moting the use of biofuels or other renewable fu-
els to replace diesel or petrol for transport pur-
poses in each member state, with a view to con-
tributing to objectives such as meeting climate
change commitments, environmentally friendly

security of supply and promoting renewable
energy sources.

In the Explanatory Memorandum of the di-
rective proposal on the promotion of the use of
biological fuels in transport, the objective and
the scope of the directive are illustrated. More-
over, the production costs and benefits in terms
of CO2 emission avoidance and increased security
of supply are discussed and quantified. Also, it
sets a minimum percentage of biofuel to replace
diesel or gasoline for transport purposes in each
member state.

Directive 2009/30/ec of the european par-
liament and of the council of 23 April 2009
amending Directive 98/70/EC as regards the
specification of petrol, diesel and gas-oil and in-
troducing a mechanism to monitor and reduce
greenhouse gas emissions and amending Council
Directive 1999/32/EC as regards the specifica-
tion of fuel used by inland waterway vessels and
repealing Directive 93/12/EEC.

Directive for a Reduced Rate
of Excise Duty on Biofuels

This proposal for a Council Directive sets
out a new framework of taxation for biofuels. It
is explained that within the taxation framework
on energy products, automotive fuels are taxed in
three ways: excise duties (proportional to the
physical quantity of the product), dedicated
taxes and duties and VAT (proportional to the
selling price of the product). Two other EU Di-
rectives, one on the harmonisation of the struc-
tures of excise duties (92/81/EEC) and the
other on the approximation of the rates of excise
duties (92/82/EEC) set a minimum rate of tax
for each mineral oil.

Reduction of excise duties should be propor-
tional to the percentage of biofuel incorporated
in the fuel or end product. Member States are
asked to set up excise reduction mechanisms,
which take account of changes in raw material
prices in order to prevent over-compensation for
the extra cost of manufacturing biofuels. In this
way, competition is guaranteed, as is the incen-
tive of a reduction in costs for producers and dis-
tributors of biofuels. The proper functioning of
the internal market and the achievement of the
objectives of other Community policies require
minimum levels of taxation to be laid down at
Community level for most energy products, in-
cluding electricity, natural gas and coal (taxation
of energy products and electricity; DIRECTIVE
2003/96/EC).
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Investment potential

A pre-set target share of 12 % from
renewables in total energy consumption by 2010
will have economic opportunities for new indus-
tries and new industrial and craft jobs through
production, installation and maintenance of such
energy systems. To reach both the overall target
and the sector targets, which is feasible, specific
support actions for some technologies such as bio-
mass to be taken soon. Using biological fuels or
other renewable fuels to replace diesel or petrol
for transport purposes in each member state can
guide policy-makers and send important signals
to the investors. Moreover, the implementation of
proposed biofuels directives described above
«without any delay» will certainly needs a con-
siderable amount of investments in this sector.

Given the present state of market progress
and a strong political support, it is worth men-
tioning that concrete steps needs to be taken to
achieve significant contribution from biofuels to-
ward energy consumption in the transport sector.
By 2020, the CO2 reduction from renewables will
be 728 Mt, which represents a decrease of 17,3 %
of the total GHG emissions in 1990 in the
EU-15. It is emphasised that the objective of the
entire strategy is the achievement of a low-to
zero-emission transport sector.

Legislative resolution on the Commission
communication on alternative fuels for road

transportation and on a set of measure to pro-
mote the use of biofuels has already been for-
warded to the Council and the Commission of the
European Union.

Moreover, to meet its targets for renewable
energies, a marketing report produced by the Eu-
ropean Renewable Energy Council has predicted
an overall investment of Euro 443 billion (by the
year 2020), in Europe.
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Èñïîëüçîâàíèå áèîòîïëèâà ìîæåò ñóùåñòâåííî ñíèçèòü ýìèññèþ ïàðíèêîâûõ ãàçîâ è
ñîêðàòèòü êîëè÷åñòâî ñæèãàåìûõ èñêîïàåìûõ òîïëèâ. Íàèáîëåå ðàñïðîñòðàíåííûìè è
íàøåäøèìè êîììåð÷åñêîå ïðèìåíåíèå âèäàìè áèîòîïëèâà ÿâëÿþòñÿ áèîýòàíîë è áèî-
äèçåëü íàðÿäó ñ èõ ïðîèçâîäíûìè. Ïðèìåíåíèå áèîäèçåëÿ õàðàêòåðèçóåòñÿ íàèáîëåå
àêòèâíî ðàñòóùèì ðûíî÷íûì ñïðîñîì, à Åâðîïåéñêàÿ áèîäèçåëüíàÿ èíäóñòðèÿ ÿâëÿåò-
ñÿ ñòàáèëüíîé ñ ñóùåñòâåííûì ïîñòîÿííûì ðîñòîì ïðîèçâîäñòâà. Äëÿ îáåñïå÷åíèÿ
øèðîêîìàñøòàáíîãî, íà ìèðîâîì óðîâíå, ïðèìåíåíèÿ áèîòîïëèâ, îñîáåííî â ðàçâèâà-
þùèõñÿ ñòðàíàõ, ãäå ýìèññèÿ ïàðíèêîâûõ ãàçîâ âñëåäñòâèå èñïîëüçîâàíèÿ èñêîïàå-
ìûõ òîïëèâ ýêñïîíåíöèàëüíî âîçðàñòàåò, êðàéíå íåîáõîäèìûì ÿâëÿåòñÿ ìåæäóíàðîä-
íîå ñîòðóäíè÷åñòâî. Â ñòàòüå îáñóæäàþòñÿ âîïðîñû ïðîìûøëåííîãî ïðîèçâîäñòâà
áèîòîïëèâà, ôèíàíñîâîãî ñòèìóëèðîâàíèÿ, çàêîíîäàòåëüíîé äåÿòåëüíîñòè, èíâåñòèöè-
îííîãî ïîòåíöèàëà è äð.
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