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NATIONAL RESEARCH PROGRAM
“NEW TECHNOLOGIES IN POWER ENGINEERING"

Power engineering is the basic element in almost all sectors of national
economy in modern societies entirely depending on permanent enerqy supplies to
maintain their quality of life. Energy demands will quickly increase in the future
owing to industry needs and modern energy-consuming technologies in everyday
life.

Sustainable energy sources of the future should have the following basic
qualities: they shouldn’t create greenhouse effect in order not to pollute the envi-
ronment and shouldn’t consume unrecoverable natural resources. Only two energy
sources are in keeping with these conditions: thermonuclear fusion and hydrogen.
Hydrogen remains the main enerqy source of the future because of serious prob-
lems connected with thermonuclear fusion control. Solar thermal generators, hydro-
electric power stations, solar cells, biomass, wind generators, and tidal power are other
feasible sustainable enerqy sources. But unlike hydrogen they cannot be used per-
manently. Hydrogen may be used for various energy needs, even for electric power
production. The use of hydrogen fuel cells for driving cars is an important applica-
tion that will lead to ecological comfort through reduction of greenhouse gas emis-
sions. Hydrogen may be produced not only by electric way, but also from biomass
— from plants and daily wastes.

“New Technologies in Power Engineering” program is in conformity with the
long-term prognostications on development of economy, science, social life and in-
clusion of research teams into the European Research Area.

Research, educational and production units conducting investigations of new
technologies in the field of power engineering exist traditionally in Bulgaria. These
investigations are directly connected with European research programs and world
trends in this sphere. Priorities of the program are as follows:

« Development of fuel cells for hydrogen and other gases,

e Development of new technologies for production of heat and electric
power from biomass;

e Development of new technologies for production of solar, heat and electric
power;

« Development of new technologies for radioactive wastes processing and
preservation.

Through development of the tasks the program aims at:

 Higher competitive power of the research and technological potential of the
country and improvement of the quality of life through introduction of new tech-
nologies in power engineering,

 Creation of favourable conditions for development of national infrastruc-
ture in the field of power engineering,

e Integration of Bulgaria with the Furopean community as an equal and
sought partner in the sphere of development and introduction of new technolo-
gles in power engineering.
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MAIN OBJECTIVES

®* NACID is a governmental institution affiliated to the Ministry of Education and Science. NACID collects,
processes, maintains and disseminates reference and analytical information to support the national policy in
the field of education, science and innovation as well as to support Bulgarian research bodies, individual
researchers and SMEs

PRIMARY FIELDS OF ACTIVITIES:

» Processing and disseminating bibliographic, reference data and analytical information.

» Maintaining specialized databases of scientific production and research resources in Bulgaria.

»  Providing information about national, European and trans-European research programs.

» Providing information to support the process of harmonization of the Bulgarian education and research
legislation with European Union ones.

» Performing the role of institutional contact point of the Sixth Framework Program in Bulgaria.

INFORMATION PRODUCTS AND SERVICES

Q NACID offers a large range of information products, including:
® Subject profiles;

® Reviews;

® Bibliographic references;

O NACID offers a great variety of information services through its own databases as well as information
brokerage to external databases to the following locally maintained own databases:
»Bulgarian Science“ Databases

* L SIRENA® R&D reports and dissertations; more than 80 000 records

* | Scentific and Technical Publications in Bulgaria“, more than 2500 records.
* Who is Who in Bulgarian Science*- more than 5 500 records.

® Papers”, Number of records: 118

»Science and Industry“ Databases

® L Partnership for Innovation and Development” Information about the national Research units.
* Knowledge for Innovations and Development” Information about Bulgarian R&D activities.

The information brokerage services are available upon request, providing access to over 1200 databases
from major international commercial host centers, thus providing the research community with a wealth of
S&T information.
Q Central Research and Technical Library services:
- Library collections - more than 4 million items/reference - Lending of library materials;

books, monographs, serials, dissertations, CD ROM, DVD etc,,

Electronic Document Delivery;

- Online access to the library catalogues since 1980;

Interlibrary loan;

- Searching in electronic catalogues and databases;

More that 9000 users per year.
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NATIONAL SCIENTIFIC PROGRAMMES
WITH EUROPEAN DIMENSIONS

SOME POSSIBILITIES FOR SIGNIFICANT INCREASE OF
ENERGY EFFICIENCY BY PRODUCTION OF HEAT AND
ELECTRICAL ENERGY

Prof. Nikolai Kolev, DSc; Dimitar Kolev, PhD;
Laboratory “Heat and mass transfer processes in gas-liquid system”,
Istitute of Chemical Engineering, BAS
Acad.G.Bonchev str., BI.103, 1113 Sofia, Bulgaria,
Phone: (+359 2) 870 40 19, (+3592) 979 32 81, F-mail: kolev@bas.bg

Introduction

One of the biggest problems facing man-
kind is the problem of reduction of emissions of
green house gases with simultaneous increase of
production of heat and electrical energy. An im-
portant step in this direction is the increase of
energy efficiency of industrial processes. In this
paper short information on investigations carried
out in the laboratory “Heat and mass transfer
processes in gas-liquid system” at the Institute of
Chemical Engineering of the Bulgarian Academy
of Sciences is presented. The investigations in-
clude creation of new processes with higher ef-
ficiency and new apparatuses for these proc-
esses. Some of the investigations are carried out
together with partners from Bulgaria and
abroad. Three main directions for solving the
problem are investigated.

1. Utilization of waste heat of flue gases
from boilers mainly for district heating purposes.

2. Reduction of energy consumption for
drying at simultaneous utilization of heat of flue
gases.

3. Increase of energy efficiency of gas tur-
bine cycles.

As a result of the investigated possibilities,
11 installations for three types of different proc-
esses are already implemented in the industry.
Two types can be implemented after finding in-
vestors and one is in a stage of thermodynamic

investigations.
In this paper short information about the
results of these investigations is presented.

1. Utilization of waste heat of flue
gases from boilers for district heating pur-
poses.

In the first generation systems of contact
economizers [1] waste heat of flue gases from
boilers of power (district heating) stations, which
burn natural gas, is utilized for heating the feed
water for the boilers and for the district heating
nets. The technological scheme includes a
packed bed column (contact economizer). In its
packing the gases are washed with circulating
water in countercurrent. The heated circulation
water is cooled in a modern plate heat ex-
changer, where pure water is heated. The princi-
ple of these installations was well known before
our investigations. The insurance of uniform dis-
tribution of the phases over the apparatus cross
section, using new patented constructions and
additional intensification of the heat and mass
transfer processes in the packing, gave possibility
of significant reduction of capital investments
for such installations. Their great advantage is
that they utilize also condensation heat of wa-
ter vapor in the flue gases. It is well known that
by burning of 1 kg natural gas (methane) 2.25
kg water vapor is obtained. That is why cooling
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the flue gases from the temperature of 120°C to
about 30°C it is possible to utilize heat equal to
about 12-13% of the heat obtained in the boiler.
The pay back term of the new installations is
about 6500 hours of operation time, i.e. less than
one year.

Like any technical solution, the first genera-
tion of contact economizer systems has its ad-
vantages and shortcomings. The disadvantage is
connected with the fact that the amount of the
feed water in the respective power stations is
very small to utilize by this technology all the
waste heat of the flue gases. Two solutions for
elimination of this shortcoming are investigated
in the laboratory: creation of a special lamella
type heat exchanger [2, 3] instead of the first
generation contact economizers and creation of
the second generation contact economizer sys-
tems.

1.1. Creation of a special lamella type
heat exchanger

The results of mathematical modeling [3]
of the new construction of a lamella type heat
exchanger show that the end temperature of
the heated pure water is significantly higher than
in the first generation of contact economizers,
which allows to utilize more waste heat with a
given quantity of feed water. At the same time
the dimensions of these installations are smaller
and the pay back term is with about 25-30 %
lower. The weight of the apparatus for utilizing
of 1 MW waste heat is about 600 kg at pressure
drop for the gas phase about 3.6 kPa [3]. In spite
of its better operating parameters, this heat ex-
changer cannot utilize all the waste heat of the
flue gases for heating of cold streams in power
stations. This, in case of district heating stations,
can be done with the second generation of con-
tact economizers.

1. 2. Second generation contact
economizer systems

District heating systems are the greatest
consumers of low potential heat. Their circula-
tion water comes back in the station with tem-
perature about 45-55°C to be heated in the boil-
ers. Contact economizers of the first generation
are not appropriate to heat this water because
the bulb temperature of the flue gases, which
limits the temperature of the heated water, is

only 60°C. Loosing 1°C in the contact economizer
and 3°C in the heat exchanger, it is practically
impossible to utilize significant part of the con-
densation heat of water vapors to heat this wa-
ter and just this heat is more than 2/3 of the
waste heat of the flue gases. To solve the prob-
lem, a second generation contact economizer
system is created [4]. The essence of the idea is
to humidify the air entering the boiler burner,
using waste heat, and in this way to increase sig-
nificantly the bulb temperature of the flue
gases. Technological scheme of the installation is
presented in Fig. 1.
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Fig. 1. Technological scheme of a second generation
contact economizer system.

The flue gas from the boiler 1 enters the
bottom part of the first contact economizer 3
of the combined apparatus. Here it is treated
with circulation water from the heat exchanger
6, where the district heating net water, coming
from the town, is heated. The warmed water af-
ter additional heating with hot waste heat enters
the district heating net. The heated circulation
water from the contact economizer 3 through
the pump 5 enters the heat exchanger 6. The
preliminarily cooled flue gas is additionally
cooled in the second contact economizer 4 heat-
ing the second flow of circulating water. In the
packing of the column 2 this second flow heats
and humidifies the air from the ventilator 7 be-
fore it enters the burner of the boiler 1.

A pipeline with valve mounted parallel to
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the installation before the ventilator 6 gives pos-
sibility to regulate the gas flow in the econo-
mizer.

This humidifying of the flue gas has two
positive effects:

1. It increases the bulb temperature of the
flue gases, which ensures the same efficiency of
the second generation contact economizer sys-
tem as that of the first generation, i.e. utilizing
heat equal to about 12-13% of the heat pro-
duced in the respective boiler, but at higher tem-
perature level.

2. It reduces the flame temperature, which
leads to about 3.8-time reduction of NOx emis-
sions. The emission of CO2 is reduced with 12-13%
due to increase of the energy efficiency. Because
of the water vapor concentration increase in the
flame and as from all components of the flue
gas only three atom molecules, these of water
and of CO2 radiate heat, the end temperature of
the flue gases remain practically constant, not
increasing with reduction of the flame tempera-
ture. In Fig. 2 the photograph of two contact
economizers built in a district heating station in
Plovdiv, Bulgaria is presented.

2. Reduction of drying installations en-
ergy consumption at simultaneous utilization
of the heat of flue gases.

Drying installations are one of the great-
est heat consumers. Usually drying is performed
by means of flue gases. The heat used in this
case is transformed mainly to heat of water
evaporation, which can be utilized by means of
first generation contact economizer systems. In
our investigations modern spray dryers for ce-
ramic suspension are considered. The suspension,
with concentration of about 50%, is dispersed in
the apparatus through many nozzles. The drying
agent, a mixture of flue gases and air, with tem-
perature 450-550°C, enters the upper part of the
apparatus. The initial temperature of drying is
connected with the material properties, which do
not permit significant increase of temperature.
The obtained dry product falls in the conic bot-
tom of the apparatus and exits through a spe-
cial device. The fine dust separated in cyclones,
exits the installation through the same type of
devices. The flue gases with temperature 100-
115°C, containing about 22 % vol. water vapor, exit

the installation through a ventilator. The fuel is
natural gas. In the above-mentioned case the
flue gas bulb temperature is about 63-64°C.
That is why even if a good contact economizer
system is used, the temperature of the heated
pure water is only 58-59°C. A flow with such
temperature cannot be used for warming of
plant halls, the only consumer of waste heat
near the dryer. It is because the hall heating sys-
tem is designed to operate with steam or water
with higher temperature. The increase of tem-
perature of the utilized heat is possible by rising
of the water vapor concentration in the flue
gases after the dryer, which leads to increase of
the bulb temperature. It is easy to be done, if
flue gases taken after the dryer are used instead
of additional air. Apriori this means to input ad-
ditional heat in the dryer, which, if it is possible,
leads to increase of energy efficiency of the
process. Naturally, to keep the rate of the drying
process and humidity of the dried material con-
stant, the end temperature of flue gases after
the dryer must be higher which leads to reduc-
tion of energy efficiency of the installation. Spe-
cial mathematical model is developed to predict
complexly the effect of recirculation on the en-
ergy efficiency of drying. Based on the good re-
sult from the modeling, the installation is recon-
structed. Its technological scheme after recon-
struction is presented in Fig. 3.

The installation operates as follows: Air
trough the ventilator 1, natural gas as fuel
through pipe 3,and re-circulated flue gases
through the ventilator 18 are fed into the burn-
ing chamber. The flue gases with temperature
450-550°C enter the dryer 6. The pipeline 5
feeds there the ceramic suspension. The suspen-
sion is sprayed by the nozzles of the distributor
7 and dries, contacting with the hot flue gases.
The dried material in the form of powder settles
in the cone bottom of the dryer. Small part of it,
retained by the flue gases, is separated in the
cyclone 10.

The obtained dried product leaves the
dryer through a special device mounted at the
upper parts of the lines 8 and 9. After the cy-
clone the flue gases are divided into two flows.
One of them exits the installation through the
ventilator 11 and the chimney. The other is fed
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Fig. 2. Second generation contact economizers in the
district heating station Plovdiv South.

into the burning chamber through the ventilator
18 and the duct 2. At closed valve 12, the flue
gases enter the contact economizer 14 through
the duct 13. Here they are scrubbed and cooled
with cold circulating water. During the cooling

]

great part of the water vapor condenses, and
great part of the dust is separated, too. The con-
densate containing the separated dust exits the
installation by the hydro-locking device 17 and
can be used for preparation of ceramic suspen-
sion before its drying. This results in utilization
not only of the condensed water, but also of its
heat.

The circulated water warmed in the pack-
ing 16 of the contact economizer 14 enters the
heat exchanger 20 by pump 19. Here it warms
the pure water flow with an initial temperature
of about 55°C, entering the apparatus by the
pipeline 22. The pure water heated to about
75°C leaves the heat exchanger 20 through the
pipeline 23. The circulated water cooled in the
heat exchanger 20 enters the contact econo-
mizer by pipeline 21,and by distributor 15 it is
spread equally over the cross section of the
economizer packing.

The obtained results are presented in ta-
ble 1. It is seen that after the reconstruction the
fuel consumption for drying is reduced with
15.65%. At the same time in the contact econo-
mizer 16 about 1.6 MW waste heat can be uti-
lized. Because of lack of heat consumers, it was
decided to design a contact economizer system
for the necessary 1 MW.

3. Increases of energy efficiency of gas
turbine cycles.

It is well known that gas tur-
bines are one of the best types of
machines for transformation of
chemical energy of the fuel to me-
chanical energy. Their main disadvan-
tage is that they need great excess of
air, over the stoichiometric amount,

—cl necessary to reduce the temperature
of the flue gases leaving the combus-
tion chamber. In order to ensure this
excess, 50 to 66% of mechanical en-
ergy produced by the turbine is con-

o e

Fig. 3. Technological scheme of the reconstructed installation.

sumed by the air compressor. This
leads to decreasing of thermody-
namic efficiency of these machines,
which is about 38.5%. To eliminate
this shortcoming, two types of inves-
tigations are carried out in the labo-
ratory. The first of them is ready to
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be implemented in the industry, needing only the
respective industrial installations to be designed.
The investigation of the second one is just be-
ginning.

3.1. Increases of energy efficiency of
the gas turbine by replacing the overstoichi-
ometric air with steam

compressor block 2through the pipe 1. The com-
pressor is divided into N stages. Heat exchangers
3, respectively 3’ to 3", are connected between
the stages of the compressor in order to reduce
the energy needed for the compression. In the
case of district heating plants, it is possible to cool
these heat exchangers by means of the cooled

Table 1. Experimental data for the reconstructed installation.

Dimension Without With
recirculation recirculation

Absolute pressure kPa 98.7 98.7
Productivity ,dried material ton/h 4.00 4.00
Initial flue gas temperature °C 513 482
Exit flue gas temperature °C 111 122
Exit flue gas bulb temperature °C 63.8 82.7
Exit flue gas humidity vol. % 22 52
Humidity of the dried ceramic material % 6 5.6
Reduction of fuel consumption % - 15.65
due to recirculation

According to the first technology [8, 9],
practically the whole quantity of the overstoichi-
ometric air is replaced by steam. The necessary
steam is produced in a boiler, where the flue gas
after the turbine is cooled to a temperature of
about 120°C. According to the new method, the
flue gases after the boiler are cooled addition-
ally in a system with a contact economizer to a
temperature of about 50°C. At these conditions,
not only the whole quantity of the steam passes
to the gas turbine combustion chamber, but also
a great part of the water, obtained in burning of
the fuel, is condensed and can be easy trans-
formed in feed water. The utilized heat is used
for district heating purpose. For this reason, the
new installation is especially proper to be used as
a part of a district heating system. The idea to
reduce the energy for the compressor using
steam instead of a part of the overstoichiometric
air, and in this way to increase the energy effi-
ciency of the installation, is offered by Cheng
and is well known for many years. Its limited use
up to now is owing to loosing of the pure water
from the steam as water vapor with the flue
gases [10]. Technological scheme of the new in-
stallation [8, 9] is presented in Fig. 4. The air re-
quired for burning of the fuel enters the turbo-

district heating network water, increasing the
overall thermodynamic efficiency of the installa-
tion. This fact, and especially condensation of
part of the water vapors obtained from fuel
burning, permits the coefficient of thermody-
namic efficiency for these installations to be
higher than 100%, if the efficiency is calculated,
as usual, with the lower calorific effect of the
fuel. The air from the compressor block enters
the combustors 4, respectively 4’ to 4" of gas-
steam turbine 6, along with the fuel, e.g. natural
gas and flue gases cooled in the previous stages
of the turbine. Steam is also added to combus-
tor 4'. Mechanical energy produced in the tur-
bine moves the electric generator 8 and the
compressor block 2. After the turbine, the gas-
steam mixture enters boiler 10, where it is cooled,
and then the heat exchanger 31 with ribbed
pipes. The gas-steam mixture cooled to about
100°C enters the contact economizer 15, after
which the finally cooled flue gases, with a tem-
perature of about 50°C, are thrown out into the
atmosphere by means of the stack 12. The flue
gases are cooled in the contact economizer by
circulating water passing through the heat ex-
changer block 13 by means of the pump 16. The
block 13 is cooled by district heating network

N
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water entering through the pipe 14 and leaving
from the pipe 17. The obtained water conden-
sate is passing through the valve 18, which con-
trols the water level in the economizer. Then the
condensate enters the packed bed column 19 for
removal of carbon dioxide and oxygen. The col-
umn is operating with steam coming from boiler
10 through line 30. The gas-steam mixture ob-
tained in column 19 passes through pipe 29 and
is mixed with the flue gases before their entry
into the contact economizer 15. The condensate
treated in the column 19 enters heat exchangers
22 and 25 by means of the pump 20 and is
cooled to the operating temperature of the ion
exchanger block 21. After this block, water is
heated again in heat exchanger 22, cooling the
hot water condensate. The heated water enters
the boiler 10 to evaporate and become over-
heated. The overheated steam enters combustor
4. If the heat of the gas-steam mixture is not
enough, boiler 35, which could be heated by coal

kr4

32\

WY i 2"

3!

burning, is also connected in order to provide the
required steam.

Thermodynamic efficiency of the new in-
stallation [11, 12] is investigated together with
Prof. Schaber, from the Technical University —
Karlsruhe, for burning of methane in a wide
range of initial pressures, up to 300 bars, initial
temperatures and number of stages of the tur-
bine. Some of the obtained data are presented
in Fig. 5.

The results show that mechanical effi-
ciency reaches up to 63 % at 300 bars. Up to
now the highest pressure of gas turbines is 50
bars. Investigations show that at this pressure
even at 2-stage turbine which already exists, me-
chanical efficiency is about 53%, i.e. it is signifi-
cantly higher than this of the existing gas tur-
bines. The possibility for operation without
overstoichiometric quantity of oxygen makes the
flue gases from this cycle practically free from
NO . Calculations show also that for compara-

N1-1

(1) air inlet; (2) turbocompressor; (3) 3’ to 3

heat exchangers for air cooling; (4) 4' to 4" combustion

chambers; (5) 5’ to 5" lines for fuel passing; (6) gas-steam turbine; (8) electric generator; (10) boiler-uti-

lizer; (11) pipe for final heating of district heating water; (12) outlet of flue gases to the chimney; (13)

heat exchanger block; (14) and (17) inlet and outlet of district heating water to the heat exchanger block;

(15) contact economizer; (16) circulating pump; (18) regulating valve; (19) packed bed column for removal

of carbon dioxide and oxygen from condensate; (20) and (28) pumps; (21) ion exchange block for chemi-

cal purification of condensate; (22) and (25) heat exchangers; (23) and (24) pipes for inlet and outlet of

cooling water from exchangers (25),(26) and (27) regulating valve and pipe for removal of chemically

purified water in the installation; (31) head exchanger with ribbed pipes for additional heating of district

heating water; (35) boiler.

Fig. 4. Technological scheme of the installation with gas-steam turbine
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ble electrical energy production the turbine is
about 2.35 times smaller, or at the same dimen-
sions it can produce 2.35 times more electrical
energy. The compressor is 7.3 times smaller. The
investigations are ready to be implemented in the
power stations using a combination of existing
turbines, compressors and electric generators, and
a special design of a contact economizer system,
using our experience.

3.2. New gas steam turbine operating
after the Carnot cycle.

From energy efficiency point of view the

R %

0 10 20 30
PK1 bar

Fig. 5. Mechanical efficiency of a 6 stage turbine
versus the initial pressure in the last stage of the
turbine PK1 at coefficient of air excess equal to 1, at
initial calculation temperature equal to 1200°C.

Carnot cycle is the best thermodynamic cycle for
transforming heat in mechanical energy. Never-
theless, up to now no industrial installation oper-
ates after this cycle. According to the cycle, the
operating gas in the machine is expanded in two
steps, first isothermal, by additional heating, and
second — adiabatic. In the existing turbines only

adiabatic expansion is used. The invention [13] is
explained in short below.

As it was already mentioned, great prob-
lem of the existing gas turbines is how to oper-
ate in order to reduce the inlet temperature of
flue gases to temperature at which the material
of the turbine is stable. Up to now the following
possibilities are used:

1. Great amount of overstoichiometric air.

2. Replacing the overstoichiometric air or
part of it with steam.

3. Injection of water.

Another more simple method for reduc-
tion of the initial gas temperature, not proposed
up to now, except in [13] and [14], is based on the
fact that when feeding oxygen (air) and meth-
ane in the burning chamber, not only exothermic
but also endothermic chemical reactions are pos-
sible. The reactions are as follows [15]:

CH4+ZOZ=COZ+2HZO+80371Z kl/kgmol methane (1
CH+0, SO =CO+2H +3559O kJ/kmol methane (2
CH +H O CO+H 206410 kJ/kmol methane (3
CH +CO 2CO+2H —2482800 kJ/kmol methane (4

Calorific effects of the reactions show
that when operating with lack of oxygen, it is
possible to control the temperature after the
burning chamber in order to keep it not higher
than the turbine material can endure. In this case
part of the fuel is transformed into CO and H .
The process is called conversion and is vvefl
known in the chemical industry for production of
technological gases for synthesis of ammonia,
methanol and other products [15].

Similar reactions are possible with other
hydrocarbons used as fuel in gas turbines.

If the gases uses for cooling of the turbine
internals contain oxygen and if its amount is
regulated along the turbine in order to keep con-
stant temperature up to full consumption of CO
and HZ, it is possible to keep isothermal expansion
of gases, i.e. to ensure the firs part of the Carnot
cycle. After it the expansion of gases will be
adiabatic.

The control of the oxygen distribution
along the turbine in order to ensure isothermal
process is possible by proper dimensioning of the
channels for cooling the internals and, if neces-
sary, by mixing the oxygen, or air, with steam.

Other important problem to solve before

)
)
)
)

.13
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designing the new turbine is connected in princi-
ple with possibility of building of soot at lack of
oxygen after the endothermic reaction:

CH4= C+2HZ. (5)

It is well known that at proper amount of
steam in the gases no soot is built because it is
transformed into CO and H2 according to the re-
action:

C+ ZHzO =CO+ 2H2 (6)

Great problem of the existing gas turbine
is the emission of NO obtained by O2 excess and
presence of N2 according to the reaction:

NZJrO2 = 2NO (7)

The reaction is endothermic and that is
why it is passing only at high temperatures. That
is why to eliminate it it is necessary to feed the
air excess used for full burning of the rest of CO
and H_at temperatures of about 850°C at which
the effect of the reaction (7) can be neglected.

Strong cooling of the burning chamber
because of the endothermic reaction (3) and (4)
gives in principle possibility to use pure oxygen,
instead of air, and to obtain pure CO2 after cool-
ing the flue gases in the contact economizer,
analogously to pos. 15 in Fig. 4. It is to be ex-
pected that the use of pure oxygen leads to
additional increase of efficiency of the installa-
tion. The obtained CO2 can be injected in the oil-
fields to increase the oil production.

Knowing that from thermodynamic point
of view the Carnot cycle is the best for trans-
forming the heat energy, respectively chemical
energy of the fuel into mechanical one, and in
this way into electrical energy, it is sure that the
new turbine cycle is the best from economical
and ecological point of view. The first step of the
investigation is thermodynamic determination of
the optimal conditions of the process with burn-
ing using air or pure oxygen and the optimal
content of steam to prevent building of soot as
a function of temperature and pressure. Accord-
ing to the contract with the National Science
Fund of Bulgaria, the investigation will be carried
out by scientists from the Institute of Chemical
Engineering of the Bulgarian Academy of Sci-
ences, Technical University — Sofia and the Uni-
versity of Chemical Technology and Metallurgy
— Sofia. The project is open for all specialists in
the area of gas turbine construction who can

help to implement the new invention in the in-
dustry.
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|. PRECEDING RESEARCH ANALYSIS OF
THE PROBLEM

The anaerobic digestion (AD) of organic
wastes (also known as methane fermentation)
is a biotechnology that mineralizes different in
origin organic wastes and as a result compost
(manure) and biogas (energy source) are pro-
duced [1-5]. Methane fermentation kills all the
pathogenic microorganisms and the eggs of
helminthes, on the other hand bad odor and toxic
organic wastes convert to non-toxic substrates.
The increased interest of many European coun-
tries in this biotechnology is due to the follow-
ing advantages: 1. It solves energy problems; 2.
It solves environmental problems; 3. The com-
post is natural manure replacing the high energy
consuming fertilizers and it can be used in eco-
logical agriculture.

Though there are 15 million biogas plants
working in the world, former Bulgarian and other
European countries’ experience shows that it is
not possible to mechanically apply the experi-
ence of different countries in biogas production
from organic wastes. So far in our country mil-
lions of levs have been spent for building ex-
perimental biogas plants (Podgumer village —
Sofia region; Biala Rada village — Vidin region,
Vraca —town) [6], but due to no preceding re-
search they didn't work efficiently. The experi-
ence in other countries is the same.

This necessitates the development of new
more efficient and stable technologies for biogas
production from organic wastes as well as the
appropriate equipment — bioreactors and sen-
sors for process control purposes and new meth-
ods and algorithms for its optimization and con-
trol.

Every three years, for Europe - every year,
congresses on AD and biogas technologies are
organized. Despite the great success now, there
are a lot of problems waiting for a solution: 1)
Often unexpected failure of the process couldn’t
be avoided, 2) Energy efficiency is not enough, 3)
Waste water treatment is not efficient for the
direct utilization of water from biogas plants.
These are the reasons for the great intensifica-
tion of scientific research in this area — microbio-
logical, biochemical and related to the optimiza-
tion of the methane fermentation process - for
the development of specific biogas production
biotechnologies according to the characteristics
of the resource, its quantity and the specific ob-
jectives (ecological and energetic), keeping in mind
the Bulgarian conditions.

The terms “modulation” and “modulator”
are used in ecological biotechnology. The first
one defines some changes in the biodegradation
parameter, and respectively it is related to the
degradation rate of xenobiotics. The second term
is a derivative concept of modulation. It concerns
factors and/or substances that change some of
the components of the system, being present in
it as well as the processes taking place. The prob-
lem of interactions between heavy metals and
microbial cells provokes interest according to a
number of practical problems as well as from
theoretical point of view. Practical interest is due
to the fact that these elements are among the
main contaminators of soil and waters. On the
other hand their toxic effect on microorganisms,
plants and humans is well known. Heavy metal
compounds are widely used as bactericides and
fungicides and residual quantities of them go to
the food of animals, and after that into the de-
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rivative products. lons of heavy metals pass to
the substrates undergoing anaerobic digestion in
different ways. The first way is through animal
food, the second - through the waste waters from
different manufactures, the third - depends on
the specific processes of digestion of the sub-
strate. Their characteristics and concentration are
not stable and vary in different ranges. Very often
these parameters change in pulsations. That is
why methane fermentation is difficult to predict
concerning the inhibitory effect of metal ions.

Microbial cells reactions observed by dif-
ferent authors correlate to inhibition of growth.
Morphology and ultra structural changes were
noticed, changes in cell metabolism and enzyme
activity. Along with the inhibitory effect of heavy
metals on microbial growth, we observed reac-
tions of adaptation to them. Some of the micro-
bial species are able to adapt and to grow under
high concentrations of metal ions. Besides the
direct effects heavy metals can also affect the
physical and chemical parameters of the pro-
cess. All these phenomena were well studied in
vitro, in isolated solutions and media. The effect
of heavy metals on microbial cells during the
anerobic processes are not studied well. There is
lack of published data concerning different mi-
croorganism reactions taking part in the differ-
ent stages of AD. It is due to the complicated
and changing composition of the microbial soci-
ety, as well as to difficulties of isolation of spe-
cific microbial species. It was shown that ions of
the metals Cu, Cr, Cd, Zn, Ni and Pb inhibit assimi-
lation of acetic acid, propionic acid and butylic
acid, products of acetogenesis of organic wastes,
thus delaying or stopping AD. lon effect depends
on the nature of the metal, the sort of the or-
ganic substrate, the kind of the fatty acids pro-
duced in the acidogenesis and on the time of
action. All these conclusions were made studying
experimental “model mixture” of the above men-
tioned substrates. The inhibitors affected micro-
organisms in the first stage of the process or the
acidogenesis in any studied case. There is no in-
formation about the methane bacteria. Detoxi-
cation of metal ions through their accumulation
in microbial cells was observed simultaneously.
However, the process is possible, even though it
slowed down.

The application of chemicals in agriculture
started in the 20" century by using biocides and
fertilizers. According to FAO (2001), the produc-
tion of fertilizers is one of the highest energy
consuming industries. It is well known that maxi-
mum 20% of the fertilizers are used by plants;
the other 80% contaminate underground wa-
ters and soil. The problem is not only ecological
but also concerning energy: the inefficient utili-
zation of fertilizers means that the energy con-
sumed for their production is 5 times higher. Fer-
tilizers usually contain only macroelements; how-
ever biogenic microelements are the limiting fac-
tor in agroecological systems.

The alternatives of fertilizers are farm
wastes, which according to the information of
the Ministry of Environment and Waters (2003),
are not used efficiently in Bulgaria. That is why
they are contaminator No 2 of our environment.
The degree of utilization of farm wastes is 2.91%,
which is the reason for accumulation of 107.18
million tons liquid organic wastes and 19.56 mil-
lion tons solid wastes each year.

The AD is a possibility for utilization of bio-
mass, i.e. organic wastes from farming and food
industry for the production of biogas and com-
post — a product containing biogenic macro- and
microelements in optimal proportions necessary
for plants. Science research on compost is inter-
esting not only for conventional production in
agroecological systems (for saving energy), but
also for organic plant production (ecological ag-
riculture), where fertilizers are not allowed. Ordi-
nances N2 22/2001 and Ne¢ 35/2001 of the Min-
istry of Agriculture and Forests in Bulgaria regu-
late the utilization of organic wastes after proper
treatment. AD of organic wastes is recommended
as a possibility for decontamination of the sub-
strate and mineralization, which eliminates the bad
odor substances.

Il. PRECEDING RESEARCH OF OUR TEAM

Our team has 20-years experience in bio-
technological research and AD studies. The most
important results of these efforts can be sum-
marized as follows:

1. Due to literature reference studies, re-
ports on international scientific forums and per-
sonal contacts we established close scientific re-
lations with some of the leading European
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teams, working on the anaerobic digestion of
organic wastes:

2. The Bulgarian experience in develop-
ing and exploiting biogas plants was studied; the
experience of the German company for regen-
erative sources of energy TbW in Frankfurt
and the experience of the Laboratory for Envi-
ronmental Biotechnology in Narbonne
(France) was studied as well.

3. Long duration experiments were per-
formed in laboratory bioreactors (shown on Fig.
1and Fig. 2), which helped us to accumulate a lot
of practical experience [7-11].

4. On the basis of the research in labora-
tory “pseudohomogeneous” bioreactors with or-
ganic wastes from farming (cattle manure mainly),
food industry (whey and alcohol production
waste) and activated sludge and different mix-
tures of these wastes in different proportions
we formulated the following main conclusions:

a) For specific mixtures of organic waste
biogas production could increase significantly and
at the same time the stability of the process is
maintained [12].

b) The use of appropriate stimulating sub-
stances (or using wastes, which contain them in
the necessary concentrations) and surface-ac-
tive compounds could also increase biogas pro-
duction, but it is necessary to do techno-economic
calculations in order to take efficient decisions
[13,14].

c) Anaerobic digestion of organic wastes
in a single “pseudohomogeneous” biogas reac-
tor does not significantly decrease the COD of
the effluent compared to the influent, ie. the
degree of depollution is not enough and that’s
why we study a “cascade” of two bioreactors
with different working volumes at the moment
(financed by the Bulgarian Science Research Fund)
[15].

d) The community of different groups of
microorganisms in the biogas reactor is some-
times influenced by some hard-to-measure envi-
ronmental factors (such as geomagnetic activity
and atmosphere pressure) even at stable physi-
cochemical variables (ex. t °C and pH in the biogas
reactor), which is one of the reasons leading to
unexpected “failures” of the process [16].

5. On the basis of the new knowledge

about methane fermentation and data from the
laboratory experiments with “pseudohomogeneo-
us” biogas reactors we developed new math-
ematical models (MM) of the process (using
deterministic and artificial neural network ap-
proaches) [17-25]. Using them we made the fol-
lowing conclusions:

a) There is an extremal relation of biogas
flow-rate (Q) to the dilution rate (D), ie. for a
certain D there is a maximum value of Q (Q__ ).
This value of Q__, however, is very close to the
upper technological bound Dy above which the
phenomenon “wash-out” of the microorganisms
takes place and the process is not stable any
more.

b) D, is in a non-lineal relation to the con-
centration of the influent organic matter in the
biogas reactor S, which value is very hard to
measure and that is why seeking maximal Q could
easily destabilize the process. There could be an
improvement if we use a “biofilm” bioreactor.

c) The extremal relationship Q = f(D) (Fig.
3) is closely related to the parameter S, as for
different values of S Q__ changes not only in
value, but it also changes its place in regard to D
(ie. D, also changes). But since in real condi-
tions S, changes with time (i.e. this is the main
disturbance for the process), working close to
Q,... is possible only if there are a computer con-
trol system and appropriate sensors. Then, how-
ever, it is necessary to do some techno-economic
calculations.

6. On the basis of the accumulated knowl-
edge with experimental and simulation research
and MM we developed and studied new highly
efficient algorithms for the methane fermen-
tation process control [26-32].

7. The influence of heavy metals on mi-
croorganisms’ growth and productivity was stud-
ied for obtaining biological (ecological) products
and detoxication of waters polluted with petrol
derivatives [33-37].

Part of the accumulated knowledge is
taught to students of several universities.

The research team consists of scientists and
specialists from BAS (Institute of Microbiology)
and three universities (“Prof. Assen Zlatarov”
University, Technical University of Sofia and New
Bulgarian University).
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The research team in Module 1 has long
experience in studying the methane fermenta-
tion in laboratory bioreactors (including the cas-
cade of two bioreactors shown on Fig. 2) with
different organic wastes; its intensification ap-
plying stimulating substances, surface active com-
pounds, mathematical modeling, computer simu-
lation and modern optimization methods. Three
projects were supported by the Bulgarian Na-
tional Scientific Research Fund (NSRF) and one
project - by the INCO-COPERNICUS European
program. Two scientists having academic rank at
the Technical University in Sofia have been in-
cluded in this team in order to extend the re-
search on the practical realization of the main
energy product (biogas).

The research team in Module 2 has accu-
mulated theoretical and practical experience in
studying the problems of bioaccumulation of
metal ions in microorganisms carrying out dif-
ferent biotechnological processes and experience
in using immobilized cells and enzymes in detoxi-
cation of many xenobiotics and heavy metals. In
this area two projects have been supported by
the NSRF and one by the European Union.

The scientific results of the Module 3 team
allow to make an ecological assessment of the
content of toxic chemical elements in compost.
For 7 of these elements there are normative docu-
ments for the MRL (maximum residue level) val-
ues in Ordinance N222/2001. The research that
was carried out indicates that, in the conditions
of the used technology, a 49.27% degree of deg-
radation of organic matter is reached and all
low molecular organic compounds, which char-
acterize the odor of organic wastes, are mineral-
ized. All pathogenic microorganisms and eggs of
helminthes are exterminated. The consistence of
the organic wastes also changes and this makes
it possible to disperse it with machines used for
dispersion of fertilizers

I1l. OBJECTIVES, HYPOTHESES, AP-
PROACHES

OBIJECTIVES OF THE RESEARCH.

The main objective of our project is the
comparative study and the development of more
efficient technologies for heat and electric power
production from farm and food industry organic
wastes (specific and mixtures) in heterogeneous

biofilm bioreactors and in “pseudohomogeneous”
bioreactors.

This project solves the following tasks:

1. Accumulating new knowledge about

a) the mechanism of anaerobic digestion
of organic wastes in heterogeneous “biofilm”
bioreactors and in “pseudohomogeneous”
bioreactors (including pilot biogas plant shown
on Fig. 5) through interdisciplinary research in
laboratory conditions on the basis of our previ-
ous experience [38-47].

b) the influence of various concentrations
of heavy metals on growth and productivity of
microbial societies, taking part in different stages
of the methane fermentation, realized through
different technologies; the factors of that influ-
ence; the rate of metal ion detoxication, through
their assimilation by microbial cells; the residual
concentrations of heavy metals in the compost
from different substrates.

¢) expanding the knowledge about AD not
only as a technology for gas fuel production, but
as a possibility for compost production - an al-
ternative of fertilizers.

2. Assessment of the degree of micro-
bial decontamination of AD by studying the
survival of the mesophilic aerobe and the facul-
tative anaerobe bacteria, coliform bacteria,
proteous bacteria, pathogenic microorganisms (sal-
monella, pathogenic staphylococcus bacteria),
fungi.

3. Study on the movement of energy and
biogenic (and toxic) chemical elements along the
chain “fodder-manure-compost” (produced by
methane fermentation). For comparison we will
analogically research composting in our project
developed composting installation. We will de-
termine the energy in the substrates (compost
produced by methane fermentation and com-
post produced by composting) and the quantity
of biogenic and toxic chemical elements as well.

4. Ecological assessment of compost as a
product for increasing soil fertility according to
the criteria: biogenic macro- and microelements;
toxic elements’ content; energy; degree of min-
eralization. The assessment will be in two direc-
tions: opportunities for application of compost
for increasing soil fertility in ecological agricul-
ture and biogenic and toxic elements content in
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compost comparing it with the basic physico-
chemical indices of fertilizes.

5. Development and application of mod-
ern mathematical methods and models for
optimization of the methane fermentation of
organic wastes in heterogeneous “biofilm”
bioreactors and in “pseudohomogeneous”
bioreactors.

6. Increasing the energy efficiency in
heat and electric power production from organic
wastes by optimizing the organization of the mass
and the energy flows in biogas plants on the
basis of the new knowledge and mathematical
models.

7. Application of the obtained results for
designing economically efficient biogas plants,
popularization of the results and their applica-
tion in practice on the basis of our previous ex-
perience [48-51].

A BASIC HYPOTHESIS in our research is
that heat and electric power production through
methane fermentation of organic wastes from
farming and food industry could be economi-
cally efficient when estimating the energy effi-
ciency of the products — energy resource (biogas)
and a substitute of the high energy consuming
fertilizers (compost) — and the ecological effect
of the optimized (in Bulgarian conditions) tech-
nologies.

Another hypothesis is that presence of
heavy metals can shift (modulate) the process
in various directions. Which one of the ions and
what concentration will influence the reactions
will depend on stability of individual members of
microbial society or at least on the physiology
group. As the composition of microbial society
depends on the type of the substrate, undergo-
ing anaerobe fermentation, the influence of metal
ions would be referred to the substrate. Experi-
ments will be performed in a real AD process.
Adaptation of the society is possible, so the pro-
cess can continue even at different rates. The
adaptation is usually connected with ion absorp-
tion in the cells. Thus, their concentration in the
media will decrease while at the same time it will
increase in the solid residue containing microor-
ganisms as well.

The third hypothesis is that compost is
an alternative of high energy consuming fertiliz-

ers and it is good for increasing soil fertility due
to its optimal content of biogenic macro and
microelements, energy content and lack of patho-
genic microorganisms and eggs of helminthes.

THE APPROACH of the research is com-
plex and interdisciplinary. Using microbiological
and biochemical research and analyses, bioprocess
engineering, automatics and computer science
methods; experiments in laboratory bioreactors
and applying modern mathematical techniques
will help the accumulation of new knowledge
about the methane fermentation process, stabili-
zation of the process and its optimization.

IV. METHODS, EQUIPMENT, RESEARCH
TECHNIQUES, DATA ANALYSIS

1. Isolated and screened microbial societies
responsible for every stage of the methane fer-
mentation will be used during the project devel-
opment. For this purpose specific microbiology
methods, requiring anaerobe cultivation conditions
will be applied. They will be realized either ac-
cording to the principle of high layer growth
media or in special boxes and exicators filled in
with inert gas. Heavy metal analysis will be per-
formed by atom absorption spectral analysis
or specific chemical methods.

2. The quantity of biogenic and toxic ele-
ments will be determined applying the method
of atomic absorption using an atomic absorption
spectrophotometer. The quantity of nitrogen,
hydrogen, carbon and oxygen will be determined
using a gas chromatographer or specific flame-
detector analysis and the obtained data will be
used for calculating the energy.

3. The most modern methods of bioprocess
engineering for organization and performance of
laboratory experiments will be applied.

4. Chromatographic methods and tech-
niques for laboratory analyses and biochemical
methods for studying the role of some surface-
active compounds (biological and chemical) for
intensification of the processes will be used.

5. Methods of mathematical and neural
modeling and computer simulation will be ap-
plied.

6. Methods and algorithms of the modern
theory of automatic control (non-linear estima-
tion, extremum-seeking, non-linear and adaptive
control) will be used.
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V. RESEARCH PLAN

1. Upgrading and automation of the labo-
ratory “pseudohomogeneous” biogas reactors for
performing all-year-long experiments as well as
development and construction of two anaerobic
“biofilm” bioreactors with moving and stable sup-
porting beads.

2. Construction of a laboratory compos-
ting installation.

3. Experiments on anaerobic digestion of
organic wastes from farming and food industry
(single substrate or different mixtures) in labo-
ratory “pseudohomogeneous” biogas reactors
and in anaerobic biofilm bioreactors with moni-
toring and regulation of the main influent and
effluent variables (t °C, pH, rH, concentration of
the basic components in the influent and in the
effluent as well, biogas production, methane con-
tent (%)); experiments with chosen concentra-
tions of heavy metals).

4. Chemical analysis of metabolites typical
for the different stages of fermentation and
model fermentation solution preparations.

5. Development of methods for granula-
tion and preservation of the activated sludge.

6. Isolation and preservation of microbial
society consisting of specific functional groups.

7. Study on the influence of heavy metals
effect (Cu, Zn, Cd, Ni, Pb) on the isolated micro-
bial society in model mixtures.

8. Biochemical analyses for studying the
process kinetics in bioreactors and analysis of the
experimental data.

9. Development of process intensification
methods using different stimulating substances
and surface active compounds.

10. Development of: a) mathematical and
neural models of the methane fermentation; b)
new methods and software techniques for ob-
taining information about the main variables and
parameters; ¢) methods and algorithms for opti-
mization and control using the new knowledge
and the stimulating substances as input actions
for optimization of the process (increasing biogas
production).

11. Ecological assessment of compost from
different resources and using different technolo-
gies for biogas production according to: a) en-
ergy content, biogenic and toxic elements con-

tent and regarding the norms in Ordinance Ne22/
2001; b) the degree of microbial decontamina-
tion estimated through the inoculation of the
substrate with marked pathogenic microorgan-
isms.

12. Research on the energy efficiency of
heat and electric power production using meth-
ane fermentation of organic wastes in different
types of bioreactors.

13. Proposal of an efficient biogas produc-
tion technology based on organic wastes

VI. EXPECTED RESEARCH RESULTS

Expected scientific and practical appli-
cation achievements

1. Extended knowledge of biodegradation
efficiency of different substrates related to the
operating mode of bioreactor and treatment with
surface-active compounds for increasing biogas
production.

2. New knowledge of the processes of
anaerobic digestion in “pseudohomogeneous” and
in “biofilm” bioreactors from their comparison
and finding out their optimal working regimes
with different organic wastes for their practical
application in biofuel production.

3. Isolation and identification of active mi-
crobial society during the stages of the methane
fermentation process based on different organic
substrates.

4. Finding out the modulate effect of dif-
ferent heavy metal concentrations during the
fermentation.

5. Determination of the rate of substrate
detoxication regarding heavy metals.

6. Objective assessment of advantages and
disadvantages of the two basic biotechnologies
for organic wastes treatment - methane fermen-
tation and composting.

7. New knowledge is expected about the
possibilities for microbial decontamination for the
actual parameters of the methane fermentation
(temperature, retention time, etc.).

8. Development of new dynamic models,
methods and software techniques for obtaining
information about the main variables and pa-
rameters of AD.

9. Development of methods for the pro-
cess intensification using different stimulating
substances and surface-active compounds.
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Fig. 1. Our first laboratory biogas plant

Fig. 2. Laboratory cascade of two anaerobic bioreactors
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10. New possibilities for optimization and
control of the methane fermentation in order to
increase its energy efficiency.

11. From a practical point of view the
achievements of our team will be presented as
proposals for new efficient biogas technologies
for heat and electric power production from or-
ganic wastes.

Ways of spreading the results

Our result achievements will be published
in Bulgarian and international journals and/or
will be presented at different scientific forums
(conferences, symposia and congresses). They will
be used in lectures and published in one mono-
graph as well.

Results application in practice and in
education

The research will find application in the
education of students, specialists and PhD stu-
dents.

Economic interest

Significant amount of money will be saved
for buying the “know-how"” from foreign com-
panies for the future development of biogas in-
dustry in Bulgaria.

Fig. 5. Our pilot biogas plant
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SOLAR CELLS TECHNOLOGY BASED
ON IlI-V HETEROSTRUCTURES
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Dr. Malina Milanova, PhD; Central Laboratory of Applied Physics,

Bulgarian Academy of Sciences, 59, St. Petersburg Blvd., 4000 Plovdiv

1. Introduction

Photovoltaic conversion of highly concen-
trated solar radiation is one of the most promis-
ing ecologically clean methods for electric power
generation. The new generation of solar cells
(SC) on GaAs uses the total solar spectrum and
operates at high levels of solar radiation concen-
tration. The cells consist of multilayer hetero-
structures of two and three component solid
compounds on the basis of GaAs and the ele-
ments Al, P, Sb, In.

The low temperature liquid epitaxy from
melted solution allows the growth of thin
multilayer heterostructures, the quality and pro-
duction costs of which make a good combina-
tion. Another point is that the technological
equipment is much cheaper than the gas phase
deposition one.

The development of a technology for
deposition of A’B’ heterostructures on GaAs and

Si substrates for high efficiency solar cell fabri-
cation is the goal of a project funded by the
National Scientific Programs.

Groups from three partnering institutions
take part in the present project: The Central
Laboratory of Applied Physics (CLAP) — Plovdiv,
the Semiconductor Physics Chair (SPC) at the
Physics Department (PD) of Sofia University
(SU) “St. Kliment Ohridski” and the Central
Laboratory of Solar Energy and New Energy
Sources (CL SENES) at the Bulgarian Academy of
Sciences, Sofia.

2. Main Objectives of the Project

2.1. Developing a technology for fabrica-
tion of multilayer AlGaAs/GaAs and InGaAsSb/
GaSb heterostrucures for production of high
efficiency photocells with a single p-n junction,
as well as two cascade solar cells.

2.2. Developing a technology for fabrica-
tion of AlGaAs/GaAs heterostructures on Si
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GalnAsSb subcell

Fig.1. The schematic structure of the proposed tandem cell

substrates with characteristics close to those
obtained on GaAs substrates.

In order to reduce photocell production
costs, a suggestion is put forward cheap silicon
substrates to be used instead of the expensive
GaAs ones. Thin epitaxial A’B> layers will be
grown on the silicon substrates in order to form
an effective heterostructure.

Structural, electrophysical and optical char-
acteristics of one-layer control systems and
heterojunctions to them will be studied. Depend-
ence of these characteristics on the technologi-
cal epitaxial regimes will be sought for their op-
timization. These studies will be conducted on an
early stage of solar cell formation in order to
achieve more effective technology and cost de-
crease. The envisaged characterization methods
include microscopic characterization of hetero-
structure surfaces and interfaces by optical and
scanning electron microscopy in the topography
and composition contrast regimes, electrophysical
measurements and optical characterization of
control layers and cross sections of multilayer
heterostructures. An independent estimation of
composition and doping is planned, too.

Computer simulation will be used for pho-
tocells design. That will include an estimation of
surface area, structure technology and metal
contacts mask elaboration. Electrical measure-
ments on a solar simulator, as well as physical
analysis of device characteristics will enable the

respective device corrections to be performed.
The aim is to realize small area photocells, appro-
priate to function in modules with concentrators.
The main hypothesis is connected with the as-
sessment of possibilities heterostructures to be
realized by means of liquid phase epitaxy, suit-
able for high efficiency solar cells. A complex
approach will be used to prove this hypothesis
and it is connected with modeling, design and
evaluation of structures like solar cells.

3. Liquid Phase Epitaxy Growth of
AlGaAs/GaAs Heterostructures

The low-temperature Liquid Phase Epitaxy
(LPE) method is usually used for IlI-V cell
heterostructures fabrication. LPE is a simple inex-
pensive and nontoxic method for high quality
AlGaAs/GaAs heterostructure fabrication. The
reduction of growth temperature down to 600-
400°C ensures precise crystallization of the ultra
thin (2-20 nm) planar layers. Al Ga As layers
(x=0.3-0.5) can be obtained by IfPE.LIiIigh-quaI-
ity multilayer AIOBSGa | 5As/GaAs heterostructu-
res for single-junction solar cells will be fabri-
cated by the low-temperature LPE.

Monolithic growth of the entire structure
is easy because Al Ga As for all the values of x
is almost completxely1_rattice matched to GaAs.
High efficiency of over 30% is expected though
the AlGaAs/GaAs material is not the optimum
with respect to bandgap energy in a tandem
solar cell. The interconnection between the
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AlGaAs top and the GaAs bottom cell consists
of GaAs tunnel junction sandwiched between
AlGaAs layers. The thickness of the heavily
doped n™" and p" - GaAs tunnel junction region
is as thin as possible (5-10 nm) in order to mini-
mize absorption losses of sunlight absorbed in
GaAs cell. Progress in low-temperature LPE al-
lows us to achieve complicated multilayer
AlGaAs/GaAs heterostructures for monolithic
two-junction two-terminal tandem cells of effi-
ciency higher than 30% under concentrated
light. The schematic structure of the proposed
tandem cell is plotted in Fig. 1.

In cooperation with the “A. F. loffe” Physi-
cal Institute in Sankt Peterburg a method has
been developed at CLAP for low temperature
LPE and AlGaAs/GaAs heterostructures of
quantum size layers have been prepared [1]. High
efficiency GaAs SC for non-concentrated solar
radiation are also developed and prepared. The
SCs have maximum photosensitivity in the spec-
tral range between 500 and 900 nm and el-
evated photosensitivity in the UV region. The

highest solar cell efficiency obtained for 1 cm’
area under non-concentrated solar radiation is
23.4% and it is comparable to the highest values
for solar cells operating under non-concentrated
light [2].

4. Expected Results

A technology will be developed for fabri-
cation of A’B® heterostructures deposited on
GaAs and Si substrates for high efficiency solar
cells.

Experimental structures suitable for pho-
toelectric conversion will be prepared.

Possibility for realizing solar cells on the
basis of A’B> heterostructures on Si substrates
will be assessed.
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BULGARIAN CENTER OF SOLAR ENERGY -
CENTER OF EXCELLENCE IN SOLAR TECHNOLOGIES

Assoc. Prof. Petko Vitanov, PhD
Director of Central Laboratory for Solar Energy and New Energy Sources, BAS

Central Laboratory for Solar Energy and
New Energy Sources (CL SENES) at the Bulgar-
ian Academy of Sciences has been carrying out
research activity in solar energy in Bulgaria since
the late 70s. A considerable scientific potential in
the field is concentrated in it. During the 80s the
principal tasks of the Laboratory mainly related
to fundamental investigations on material fea-
turing and technology development for solar
energy utilization.

Two are the basic directions of specific ac-
tivities:

- Photovoltaic solar energy conversion, in-
cluding preparation and study of new materials
and technologies for solar cells, investigations of
modules and solar system design;

- Photothermal solar energy conversion in-
cluding development of selective coatings, energy
controlled coatings, solar collectors and heat ac-
cumulation.

The structural changes in energy, industry
and society taking place in the last few years put
ahead new requirements for the research activi-
ties in renewable energy sources and those de-
manded new organization of research and ap-
plied work of the CL SENES. Contacts were es-
tablished with the leading groups in Europe for
joint participation in projects supported by the
European Commission (EC). The Laboratory
backed up the RES involved non-governmental
organizations by expertise and consulting. The
contacts with the energy institutions become
closer and now the Laboratory is one of the
principal consultants in “clean energy” problems

for the state administration.

In February 2003 CL SENES was selected
as a Center of Excellence in the frames of the
5" WFP EC Program project responsible for co-
ordination of scientific research and training in
the field of solar energy application at national
level.

This new disposition required broadening
of the fields of activity of the Laboratory and it
was approved as the Bulgarian Center of Solar
Energy (BGCSE).

Through research, implementation,
consulting and education activities the
Center aims at three principal goals:

1. Rise of the scientific and technological
level of “clean energy” production.

2. Promoting the rapid implementation of
solar systems and installations.

3. Improvement of education on, and un-
derstanding of the potential and wide implica-
tions of solar energy use, its significance for hu-
man welfare and the environment, within the
framework of sustainable development.

To achieve them the Center is consid-
ering the following problems:

1. Development of advanced technologies
of solar energy elements and systems adaptable
for industrial production.

2. Scientific support for organization and
transfer of new productions for solar energy in-
stallations.

3. Education and training in the field of
solar energy.

4. Support and development of socially
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engaged significant demonstration projects.

5. Formation of a working group for solar
system test methods and standard preparation
and establishment of an authorized certification
unit.

6. Building an international testing ground
for solar energy devices and systems.

7. Improving links with non-governmental
organizations by consulting, joint workshop and
event organization, project commitments, etc.

Realization of the above mentioned prob-
lems will contribute to industry restructuring
through new production implementations and
creating new working places. Application of the
solar energy technology will raise the ecological
culture and human life quality and will reduce
the harmful emissions from the conventional
energy production.

The particular activity of the Center coin-
cides with the science development priorities in
Bulgaria and closely relates to the principal pri-
orities of the 5" and 6" Frame EC program.

The significant innovative elements in the
Center activity concern the following items:

- Creation of conditions for developing
advanced technologies applicable in industrial
production.

- Realization of demonstration projects of
substantial social and energy impact.

- Solar energy installation testing and cer-
tification.

- Preparing the organization of an interna-
tional solar energy regional center.

Based on the obtained research results,
development and transfer of advanced tech-
nologies suitable for solar energy conversion de-
vices and installations are envisaged. Three of the
trends are assessed as the most adequate:

Research in the field of technologies for
solar cells:

- Low cost technology for highly efficient
crystalline Si solar cells. The availability of origi-
nal results and patents permits solar cells of 17-
19% efficiency to be produced without expen-
sive or sophisticated processes. In the frames of
the ADVOCATE project (NNES5-2001-0703) re-
searchers from the CL SENES participated ac-
tively in developing an advanced technology for
high efficiency solar cells on thin multicrystalline

silicon wafers. Partners in these projects were 4
companies — IMEC (Belgium), Photowatt
(France), Second Semiconductor Equipment
(Austria), FAP (Germany), 2 universities and 2 in-
stitutes. Part of the obtained results is published
in 11 publications and 1 patent (EP 1 489 667
A).

"High Efficiency Silicon Solar Cells with
Low-Cost technologies” workshop was held in
Sofia in May 2004. The basic topics concerned
low-cost technologies suitable for industrial up-
grading and that was the reason to look for
among researchers involved in that particular
area. 5 scientists from leading companies and
institutes took part as invited lecturers. Scientists
from CL SENES and the Faculty of Physics at
Sofia University delivered lectures, too. Overall, 58
specialists from institutes of the Bulgarian Acad-
emy of Sciences, Sofia University, South-West
University in Blagoevgrad, Technical Universities in
Sofia and Varna, engineers from companies in
the electronic industry participated in the event.
19 of them were young people below 35.

- Thin film solar cell technologies. Previous
investigations on amorphous Si, CdTe, CdS and
CuInSe2 (CIS) thin films provided the base for
working groups from the Laboratory to be in-
cluded in the EC supported JOULE Program. The
achieved results stimulate further efforts an end
product to be created. At the end of September
2005 a “Low Cost Technologies for Thin Film
Solar Cells" workshop was held in Sofia on the
problems. The main topics were: CIS based solar
cells, thin film silicon solar cells, organic and poly-
mer photovoltaic, photo electrochemical and dye-
sensitized solar cells. The aim is researchers from
Bulgaria and abroad to be informed about the
achievements in the low-cost deposition methods
for preparation of thin film solar cells and, also,
to help in establishing closer contacts among the
scientists in the field. Five lecturers from leading
European research centers were invited and de-
livered lectures on the above-mentioned themes.
Simultaneously, short announcements were given
to present recently achieved results. Discussions
and debates on the possibility of joint investiga-
tions and participations in future projects took
place.

Through workshops, seminars and ex-
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change of visiting researchers closer contacts will
be established between scientific institutions and
producers. Joint development of advanced tech-
nologies for industrial production must be a di-
rect result of the Center actions.

The formation of a working group on
Standardization of solar thermal collectors and
photovoltaic (PV) modules is a new item in the
Center activities. Measurements are carried out in
accordance with the EU standards under out-
door conditions.

A testing laboratory for PV modules has
been created in the CL SENES. It comprises a sun
tracking supporting construction (Fig. 1) and a
measuring system for electrical characterization
of PV modules (Fig. 2). The main purpose is to
perform precise operational testing and energy
rating of terrestrial photovoltaic modules. Since
producers use different technologies for solar
cell material (crystalline-Si, amorphous-Si, C-I-S
thin film etc.) and different solar cell designs, the
installation for testing should be as flexible as
possible.

The system for testing water solar collec-
tors has also been developed in accordance with
the following EU standards: EN 12975, EN 12976
and EN 12077. Test measurements are carried out
in stationary regime and under real conditions.
The aim is a laboratory for solar thermal instal-
lation assessment and quality certification issues
to be organized. It will twin the Laboratory of
Testing and development of Solar and Other
Energy Systems at the Demokritos Center in Ath-
ens, Greece. Our specialists visited the Center and
Greek specialists are invited to Sofia to discuss
problems connected with testing and assess-
ment of solar installations. A bilateral coopera-
tion is the appropriate way to do this.

Traditionally, each three years CL SENES is
organizing a national conference on RES. The
Third National Conference on RES was held in
October 2003 at the National Palace of Culture,
Sofia, under the Honorable Chairmanship of
Milko Kovachev, the then Minister of Power En-
gineering. It was organized as a part of the
BGCSE program. 144 specialists took part in the
Conference. 46 reports were delivered in the
field of solar, wind and geothermal energy and
biomass. Institutions of higher education were

widely presented and especially technical univer-
sities alongside with the institutes of the Bulgar-
ian Academy of Sciences. Representatives of
many firms and companies as well as of govern-
mental institutions, NGOs and the media partici-
pated, too. The biggest part of reports (25) con-
cerned solar energy utilization, including measur-
ing methods and solar radiation simulation, solar
data from different regions in Bulgaria, photo-
voltaic conversion, passive and active solar ther-
mal systems. A concomitant exhibition on solar
thermal technologies in Bulgaria was organized
with the kind cooperation of Energy Center So-
fia and the Greek center Exergia. 3 Bulgarian
and 14 Greek companies took part in it.

The third task of BGCSE relates to further
stimulation of solar technology application by
training specialists and popularizing the achieve-
ments and advantages of solar energy utiliza-
tion. Those include visits of young researchers to
the leading European centers in the field, work-
ing on joint projects, organizing and holding
common conferences and schools on renewable
energy sources for young people.

The National School “Renewable Energy
Sources: Nature, Development, Perspectives” was
a separate work-package in the Center of Excel-
lence Program. The included topics were selected
specially for teaching young specialists, doctorial
and post-doc students in various profiles. There
were over 25 received lectures covering all the
aspects of solar energy utilization: photovoltaics,
wind energy, biomass, geothermal, etc. 55 PhD
students from 5 academic institutes, 10 universi-
ties, 2 companies involved in solar energy took
part and there was one application from the
European University in Budapest, Hungary, too.

To inspire the interest of the young partici-
pants and to stimulate them the PhD students
were given certificates for attending a special-
ized course covering a wide range of the RES
utilization fields. That should be considered as
separate credit points in favour of their PhD pro-
grams. Besides the Program an opportunity was
provided video records illustrating some RES
technologies and accomplishments in Japan, Po-
land, Germany, the UK, etc. to be presented.

The possibility of BGCSE to disseminate in-
formation about the advantages of solar energy
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Fig. 1. A view of the PV module supporting and tracking system
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Fig. 3. 10 kW grid-connected PV system

usage grew substantially after a 10 kW grid-con-
nected PV system was put in operation (Fig. 3).
This system is built in the frames of an EC
project (PN Enlargement) and it is the first dem-
onstrational project of this kind in the country.
This system is going to take part in 4-year moni-
toring together with 26 similar installations in
Europe and it has to prove the availability of real
resources for decentralized electric energy pro-
duction. Using local grid-connected solar photo-
voltaic generators is a promising technology and
quite appropriate for the climatic conditions in
Bulgaria.

The results of the BGCSE work activated
more strongly than expected the RTD activities in
solar energy usage. The BGCSE project exhibited
the Central Laboratory for Solar Energy and
New Energy Sources as the leading scientific unit
to which a number of companies and institutions
refer to for scientific and technical support. Pro-
fessional contacts have been established with
the “Energy Solution” company which is the only
one producing PV modules in Bulgaria now. Our
scientific links with leading European science
centers in photovoltaic technologies grew

stronger. Our scientists and specialists collabo-
rate beneficially with the colleagues from IMEC
— Belgium and Photowatt — France. A delega-
tion from India visited the Laboratory after an
invitation from the Ministry of Foreign Affairs.
We discussed a joint project for building a 1
MW Solar Photovoltaic Plant and other joint
ventures. Specialists from CL SENES were invited
as co-organizers of the Symposia “Environmen-
tal Friendly Energy Production in PHARE Coun-
tries — Solar Energy” held in Prague and Athens.
General Electric Global Research offered their PV
modules to be tested by our Test Laboratory
under outdoor conditions in the frames of a bi-
lateral contract. Companies from Bulgaria and
Europe that produce solar thermal collectors of-
fered their products for testing and that is a
good opportunity for close contacts to be estab-
lished with industry and thus to create the foun-
dation for joint development activities.

Together with other projects in the frames
of the EC scientific programs the Bulgarian
Center of Solar Energy contributes to the real
integration of Bulgaria in the RES policy of the
European Union.
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Concentrated Solar Energy and Their Utilisation for Power Supply

Person for contact: Mr. Angel Milev
Applied Research and Communications Fund (ARC Fund)
Phone: +359 2 9867887, Fax: +359 2 9801833,
Email:_angel.milev@online.bg

Application Area: Alternative Energy, So-
lar energy

The most prospective opportunity to elimi-
nate the energy problem is the direct utilisation
of solar energy. The scientific and application
fundamentals have been developed very well by
a Bulgarian inventor.

The essence and operation principle of the
invented super concentrated focline and refrac-
tion optical solar energy systems is in the con-
cept for two-component super concentration of
solar electrical & magnetic radiation. The natural
solar radiation enters the stratosphere with a
constant density of about 1370 v 2100 W/ml
with a dominant spectre content in the optical
range with a wavelength between 370 and
about 820 nanometres. The solar radiation cap-
tured by the Fresnel optical facilities of the high-
level components of the system, the toroidal
aerostatic concentrators, is concentrated prima-
rily. This process is carried out by the high-level
blocks of the solar two-component system at
the lower ground levels of the atmosphere. They
redirect the radiation as a super-concentrated
and energy light flow modified by interference
with a spectre (through the lower atmosphere)
to the blocks with the ground-based focline and
refraction optical solar energy concentrators,
which are connected by means of power light

ducts to several energy receivers and energy
transformers.

The two-component system consists of
solar optical concentration blocks and modules,
placed high in the atmosphere, and terrestrial
solar energy concentration blocks. The purposes
of the system are:

1. Production of heat with high potential at
a low price. The super concentration of solar
energy gives rise to high temperatures of the
heating medium in the energy receivers. The tem-
peratures vary between 600°C and 5700°C. The
energy flows have 1000 times higher energy
concentration than the usual solar radiation on
the Earth’s surface. The high-potential heating
energy is transformed easily in energy for indus-
trial and other purposes.

2. Obtaining of very cheap electrical en-
ergy.

3. Obtaining of very cheap drinking and
irrigation water directly from air humidity.

Main Advantages:

- The system provides electrical energy,
heat and drinking water at a very low price.

- Low costs for building and producing the
system compared to the ordinary heat (thermal)
power plants.
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Method and Equipment for Biogas Production by Anaerobic
Digestion of Organic Waste

Prof. Venko Beschkov, DSc
Institute of Chemical Engineering
1113 Sofia, Acad. Georgi Bonchev Str., Bl. 103

Application area: Environment protection,
energetics

The method is based on the well known
biochemical processes, running in nature at
anaerobic conditions and appropriate tempera-
ture. The result is biogas formation containing
methane (more than 60% vol.) and carbon di-
oxide (up to 40% vol.) and energy value more
than 26 MJ/nm3.

The developed process and the con-
structed equipment operate as a plug-flow
bioreactor and demonstrate high productivity.
The latter is up to 2.5 nm3 biogas/m3
bioreactor/day. Besides, very high utilization of
the organic substrate is attained - more than
95%. The process is a mesophillic one, i.e. it is
carried out at temperatures between 25°C and
40°C.
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The equipment is able to treat wastewater
with a very high COD (chemical oxygen demand)
loading — more than 50 kg/m3. Its performance
is exclusively stable with respect to the substrate
nature and origin, to the oscillations in acidity,
temperature, prolonged microbial culture starva-
tion, etc. The method is applicable in various or-
ganic substrates, discharged from food industry,
breweries, alcohol production and agriculture.
Two useful issues are combined: wastewater
treatment and energy recovery.

An application for patent is submitted to
the Bulgarian Patent Office.

The process and the equipment are the
result of a project, financed by a contract with
the company Unitech Ltd, Dulgopol (Varna dis-
trict, Bulgaria). An investor for the large-scale
practical application is sought at the moment.
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BULGARIAN VIPs:

Professor
NIKOLAI KOLEV, Dsc

150 original papers, 50 patented inventions implemented in more than 700 installa-
tions mainly abroad for 19 different technological processes

Prof. Kolev was born in 1933 in Sofia. In
1957 he graduated from the University of Chemi-
cal Technology and Metallurgy (UCTM)— Sofia.
From 1957 to 1959 he was a Foreman of Shift
and Senior Engineer at the Plant for Production
of Mineral Fertilizers- Dimitrovgrad. From 1959 to
1962 - Assistant Professor at the Department
"Processes and Apparatuses”- (UCTM) Sofia.
From 1962 to 1971- Research Associate at the
Laboratory of Mass Transfer Processes at the
Institute of General and Inorganic Chemistry -
Bulgarian Academy of Sciences (BAS). (This
Laboratory grew into Central Laboratory in
Theoretical Fundamentals of Chemical Technol-
ogy and afterwards into Institute of Chemical
Engineering at BAS). From 1971 to 1983- Associ-
ate Professor at the Central Laboratory in Theo-
retical Fundamentals of Chemical Technology.
From 1983 to present - professor and Head of
the Laboratory of Heat and Mass Transfer Proc-
esses in Gas-Liquid Systems at the Institute of
Chemical Engineering - BAS.

In 1967 N. Kolev defended his PhD thesis
at the Institute of General and Inorganic Chem-
istry (BAS). Its title is: “Influence of surface-ac-
tive agents (frothers) on the hydrodynamics and
mass transfer in packed columns.” thesis He de-
fended his D.Sc. (Chem. Eng.) in 1981 at the In-
stitute of Chemical Engineering. The title is: "De-
sign of highly effective absorption packed col-
umns,some principal problems of Chemical En-
gineering.” In 1962 he specialized two months at

the Institute of Chemical Process Fundamentals
at the Czechoslovakian Academy of Sciences in
cooperation with Prof. Kolar. From 1967 t01969
he specialized 17 months at the Technical Univer-
sity, West Berlin, Institute of Chemical Engineer-
ing (Verfahrenstechnik) under the guidance of
Prof. Brauer (a research fellowship awarded by
the Alexander von Humboldt Foundation). Addi-
tional 10 months — four stays from 1996 to
2003 - he worked at different Universities in
Germany (funded by the Alexander von
Humboldt Foundation).

Prof. Kolev read the course “Heat and
Mass Transfer Processes” at the Chemical Fac-
ulty of Sofia University (1982-1987), a lot of
courses for qualification of chemists and chemi-
cal engineers in Bulgaria and many lectures in
different universities in Germany and the USA.
He was a research advisor of 5 Ph.D. theses and
more than 20 diploma papers.

He has 150 papers, 123 reports and post-
ers at scientific congresses and conferences and
50 patented inventions. His first book “Intensifi-
cation of absorption and extraction processes” is
published in 1968 in co-authorship with the Corr.
Mem. of BAS, professors Dimitar Elenkov and
Lubomir Boyadzhiev. His second book about
packed bed columns is written according to a
contract with the publishing company Elsevier
and is just submitted for publication.

His investigations are mainly in the field of
development of new packings and liquid dis-
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tributors. The scale-up problems and the prob-
lems of the universal modeling of absorption,
desorption, direct heat transfer and rectification
in packed columns are solved. The latter became
possible after taking into account the axial mix-
ing and the Marangoni effect in the system of
non-linear balance differential equations, describ-
ing the process to calculate the height of the
packing of the column without any laboratory or
pilot plant investigations. The new devices and
calculation methods are used for construction of
19 different types of apparatuses and installa-
tions for absorption, desorption, direct heat trans-
fer and rectification, introduced into industry. The
whole number of apparatuses produced after
his patented inventions is more than 700, oper-
ating in Bulgaria as well as in other countries.
Most of the installations introduced into indus-
try are designed for purification of waste waters
and gases and for utilization of waste heat of
flue gases.

Another area of his activity recently is the
elimination or at least strong reduction of the in-
fluence of the diffusion resistance on the proc-

ess rate in catalysts on an activated carbon car-
rier, and also pyrolysis and burning of waste
products, including very dangerous ones.

The external activities of Prof. Kolev are:

- Vice-President of the Union of Chemists
in Bulgaria (1991-1992) and since1999.

- President of the Union of Chemists in
Bulgaria (1992-1999).

- Member of many scientific consuls.

His international activities are:

- Vice-President of Balkan Environmental
Association (BENA) from 1999 to 2003

- Member of the European Federation of
Chemical Engineering Working Party on Distilla-
tion, Absorption and Extraction.

He is a reviewer of two national and
many international journals.

Prof. Kolev has the awards of the Bulgar-
ian and Czechoslovakian Academies of Sciences
for the best joint investigations, a Badge of
Honor of the inventor in Bulgaria, the award of
the Engineer of the Year in the field of Chemi-
cal Industry, a lot of awards for contributions in
technological advancement, etc.

Assoc. Professor

IVAN SIMEONOV, PhD

Mathematical modeling, optimization and control of
microbiological processes and systems

Born on January 28, 1948 in Dermanzy,
Lovech Region. Graduates the Technical Univer-
sity of Sofia in 1971 with a MSc diploma. In 1981
defends Ph.D. in Automatic Control, Technical
University of Sofia. Becomes an Assistant Profes-
sor at the Central Laboratory of Bioautomation,
BAS in1982 and Associate Professor in CLBA in
1986. During the period 1990-94 is Head of the
Department Environmental engineering in CLBA.
Since 1994 lvan Simeonov is Head of the Re-
search Group: Mathematical Modeling and Com-
puter Sciences, Institute of Microbiology, BAS.

His Teaching experience includes work at
the Faculty of Biology, Sofia University- 1986-88;
at the Faculty of Automatics, Technical University
of Sofia- 1988-99; and at the Technical Univer-

sity of Gabrovo 2000-01.

The Main Research Topics of Mr.
Simeonov are:

« Methods and algorithms for mathemati-
cal modeling, optimization and control of micro-
biological processes and systems. The main inter-
est is related with the anaerobic digestion of or-
ganic waste in continuously stirred thank reac-
tors (CSTR). Different approaches for
stabilization and intensification of this very inter-
esting (from ecological and energetical points of
view) anaerobic microbiological process are de-
veloped and investigated. It is stressed on the
mathematical approach for its modeling and op-
timization. Mathematical models for optimization
of batch and fed-batch fermentation processes
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for the enzyme “"superoxide dismutase”(SOD)
production are also of current interest.

« Videomicroscopy, image analysis and
computer taxonomic scientific investigations. The
scientific research is carried out in the following
fields:

- computer videomicroscopy;

- videodensitometric genome analysis of
microorganisms.

The Most Important Achievements of
Ivan Simeonov include:

» Deterministic nonlinear mathematical
models of the anaerobic digestion of organic
waste in CSTR are developed and investigated.
Mathematical models for optimization of batch
and fed-batch fermentation processes for SOD
production are in process of validation. New
methodology for parameters estimation of
nonlinear dynamic models via optimization meth-
ods is developed.

» Sophisticated algorithms for control and
optimization of the anaerobic digestion of or-
ganic waste in CSTR are developed and per-
formed.

» A computer method for videomicro-
scopic analysis of yeast cells and colonies is cre-
ated. The computer videomicroscopic approach
for obtaining of qualitative and quantitative data
from different microobjects is developed for
application in microbiological and ecological re-
searches.

» A computer system for videodensito-
metric analysis of microobjects is created accom-
plishing quantitative method for classification of
microorganisms based on the analysis of their
genome. A database is created for accumulation
and saving of the information from the electro-
phoretic images.

» Two PhD students and eleven graduat-
ing students from the Technical University of
Sofia have prepared and graduated successfully
their diploma theses in the scientific area of the
group for the last five years.

lvan Simeonov participates in a number
of Projects, including:

National

* Investigation, modeling and control of
the methane fermentation of organic waste.
Assoc.Prof. 1.Simeonov Grant V RP- TH-7/1999

from the NCSR, Republic of Bulgaria.

* Modeling, monitoring and control of the
methane fermentation of organic waste.
Assoc.Prof. |.Simeonov Grant TH-657/1996 from
the NCSR, Republic of Bulgaria.

» Modeling and optimization of the meth-
ane fermentation of complex mixtures of or-
ganic waste. Assoc.Prof. l.Simeonov Grant TH
1004 /00 from the NCSR, Republic of Bulgaria.

« A computer system for videodensi-
tometric investigations of DNA structures of mi-
croorganisms. Research Scientist E.Chorukova
Grant MU-1 09/98 from the NCSR, Republic of
Bulgaria.

International

* Modeling and control of biochemical
processes for methane production from organic
waste. Assoc.Prof. I.Simeonov BAS - CNRS
(France), 1999- 2002.

» Modeling, optimization and simulation of
biotechnological processes. Assoc.Prof.
|.Simeonov, BAS- University of Marseilles, 2000-
2005.

* Biogas-technologies for regenerative en-
ergy supply in Eastern Europe "Regenerate”.
Assoc.Prof. D.Galabova INCO-COPERNICUS
project ICOP-DEMO 2023/96.

* Isolation, structural characterization and
medical application of SOD from a fungal strain.
Assoc.Prof. M.Angelova NATO project No 973
968 (1999-2000).

* Biotechnological production of Cu/Zn-
Superoxide dismutase from filamentous fungi.
Assoc.Prof. M.Angelova Grant No 436 Bul 113/
112/0, DFG (Germany).

Scientific Collaborations:

National

= Department of Biomathematics, Institute
for Mathematics and Informatics, BAS (Head
Assoc. Prof. Sv.Markov);

= Department of Modeling and Optimiza-
tion of Bioprocess Systems, Central Laboratory

for Biomedical Research, BAS (Head Prof.
St.Tzonkov);
= Department of Automatics and

Informatics, Technical University of Gabrovo
(Head Assoc. Prof. R.Radev).

International

= Laboratory for Analysis and Architec-
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ture of Systems-CNRS (Toulouse, France).

= University of Marseilles (France).

= Laboratory of Environmental Biotech-
nology-INRA (Narbonne, France).

Mr. Simeonov has a number of publica-
tions, a selected list of which includes:

» Simeonov, ., V. Momchev, D. Grancharov.
Dynamic modeling of mesophillic anaerobic di-
gestion of organic waste. Water Research, 1996,
5, 30, 1087-1094.

« Stoyanov, S., I. Simeonov. Robust compen-
sator control of continuous fermentation proc-
esses. Bioprocess Engineering, 1996, 15, 6, 47-51.

« Simeonov, |. Mathematical modeling and
parameters estimation of anaerobic fermenta-
tion process. Bioprocess Eng., 1999, 21, 4, 377-381.

+ Simeonov, I. Modelling and control of
biological anaerobic waste waters treatment
processes (a review). Int. Journal “Archives of
Control Sciences”, 2001 (in press).

* Simeonov, I., J.-P.Babary, V. Lubenova, D.
Dochain. Linearizing control of continuous
anaerobic fermentation processes. Int. Symp.
"Bioprocess Systems'97", Sofia (Bulgaria), Oct.14-
16, 1997, 111.21-24.

+ Simeonov, I, D. Galabova. Investigations
and mathematical modeling of the anaerobic di-
gestion of organic wastes. 5Th Int. Conf. on En-
vironmental Pollution, Thessaloniki, Greece), Au-
gust 28 - Sept. 1,2000,285-295.

« Simeonov, |. Modelling and linearizing
control of anaerobic wastewaters treatment
processes. Int. Symp. on Applied Automatic Sys-
tems AAS’2000, Ohrid (Republic of Macedonia),
21-23 September,2000,1-6.

« Simeonov, |. Methodology for parameters
estimation of non-linear models of anaerobic
wastewaters treatment processes in stirred tank
bioreactors, 5th Int. Symp. “Systems analysis and
computing in water quality management -
WATERMATEX 2000", Gent (Belgium), 18-20
Sept. 2000,8.40- 8.47.

+ Simeonov, I. I. Queinnec, C. Gomez-
Quintero, J. P. Babary. On linearizing control of
wastewater treatment processes. Int. Conf. “Au-
tomatics et Informatics’ 2000", v.3, Sofia (Bul-
garia), Oct. 24-26, 2000, 84-88.

« Mitev, VI. Decision expert system for cy-
tomorphological investigations. Chemometr. Intel.
Lab., 1997, 33, 41-47.

» Mitev, VI, S. Popova. A model of yeast
cultivation process based on morphophysiologi-
cal parameters. Chemical and Biochemical Eng. Q.,
1995, 9(3), 119-121.

» Popova, S., VI. Mitev. Application of artifi-
cial neural networks for yeast cells classification.
Bioprocess Eng., 1997, 17, 2, 111-113.

 Popova, S., VI. Mitev. Two algorithms for
image analysis and their application. Bioprocess
Eng., 2000, 22, 4, 369-372.
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AWARDS

FIRST PRIZE of the NATIONAL SCIENCE FUND

On December 27, 2005 the scientific collec-
tive body of the Solar-Terrestrial Influences
Laboratory “Acad. D. Mishev” at the Bulgar-
ian Academy of Sciences (STIL — BAS) led by
research associate Yordanka Semkova was
awarded the first prize of the National Sci-
ence Fund at the Ministry of Education and
Science for essential results achieved in develop-
ing of the research project “Investigation of the
dose and flux dynamics in the “Liulin-5"
dosimeter of in tissue equivalent phantom on
board the Russian segment of the International
Space Station (ISS)” during the Eleventh com-
petitive session 2001—2005 of the Fund. The
Minister of Education and Science - Assoc. Prof.
Daniel Valchev handed the high award.

The aim of the research project is creation
of a new active charged particle dosimetric tel-
escope “Liulin-5" for fundamental and applied
investigations in space connected with radiation
fields characteristics and increase of radiation
security of space crews.

The equipment and experiment “Liulin-5"
have been developed by specialists from STIL
“Acad. D. Mishev” — BAS and Institute of
Medico-Biological Problems at the Russian Acad-
emy of Sciences (IMBP-RAS) for participation in
the international space experiment MATRO-
SHKA-R for radiation investigations on the Inter-
national Space Station (ISS). The MATROSHKA-R
project is being prepared and financed by re-
search organizations and space agencies from
Russia, ESA, Japan, Germany, Italy, Hungary, Austria,
and Bulgaria. The aim of MATROSHKA-R project
is to study the space radiation doses distribution
at the sites of critical organs of the human body,
using human body imitators called phantoms,
and it is already being conducted on ISS.

A laboratory, technological and flying pro-
totype units of the research equipment “Liulin-
5" were developed and created during 2001 —
2005, and practical tests were performed in the
Republic of Bulgaria and in Russia.

In 2005 calibration of “Liulin-5" was per-
formed through direct exposure to heavy ion
beams on the charged particle accelerator in Ja-
pan within the frame of the ICCHIBAN interna-
tional experiment for calibration and intercalib-
ration of space radiation dosimeters designed for
investigations on the ISS.

In 2006 the dosimetric telescope “Liulin-5"
will be delivered on board the ISS and mounted
in the human phantom, thus experiments with it
will start.

The topic "“Investigation of dose and flux
dynamics in the “Liulin-5" dosimeter of the tis-
sue-equivalent phantom on board the Russian
segment of the International Space Station” is
included into the Scientific Cooperation Agree-
ment between the Russian Academy of Sciences
and BAS in the field of space research during the
period of 2006 — 2008.

The results of the work on the project
have been published in Bulgarian and interna-
tional scientific publications with impact-factor
and presented at a number of international and
national congresses and conferences; they are
included into two new national and international
projects with participation of the team. All pub-
lications and reports are realized by international
teams.

The work on the project is co-financed by
the Bulgarian Academy of Sciences, National Sci-
ence Fund at the Ministry of Education and Sci-
ence, IMBP-RAS — Russia, CNR-IBEV — lItaly, and
NIRS — Japan.
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The Evrika Foundation
awarded the following prizes for 2005:

“Evrika” awards are delivered to young
people for achievements in science, for inventions
with great social importance, for successful man-
agement of different business organizations that
achieved high results in their sphere of activity.
The annual awards stimulate bearers of the best

achievements in respective spheres and make
their talent, activity and achievements popular
with the public. Public organizations and higher
educational institutions nominate candidates for
the awards, and special jury in the respective
field makes the final choice.

For achievements in science

DR. ROMAN KIRILOV ROMANSKY
Aleksandrovska University Hospital, Clinic of Plastic Surgery

Dr. Roman Kirilov Romansky for defending
the thesis “Mlicrosurgical Aspects of Reconstructive
Surgery in the Hand Area” in which modern treat-
ment of traumatic hand injuries combined with ir-

revocable loss of tissues is investigated, in particu-
lar — microsurgical reconstructions by means of all
kinds of free tissue transfer and finger microvessel
transfer from the foot to the hand.

For young inventor

DIMITAR NIKOLAEV KOLEV

Dimitar Nikolaev Kolev from Sofia for the
invention “Drying Installation for Obtaining Pow-
dered Materials”, with reduced fuel consumption
and utilization of smoke gases. The invention can
be applied both in ceramic industry and in other
branches; it can be used for heating of plants
without changing their heating system. Investiga-
tions of the built installation have proved 15.65%

reduction of the fuel required for conduction of
the process and the use of TMW of the heat
energy of the smoke gases for heating of the
plant. On the basis of this invention an installa-
tion at the scattering dryer ATM25 on the terri-
tory of the plant for ceramic tiles “Khan
Omurtag” — Shumen was designed and con-
structed.

For young manager

ASEN NIKOLOV NIKOLOV
Managing partner at “Farin” OOD

Asen Nikolov Nikolov for successfully im-
plemented business models of management,
good innovative and investment activities. Asen
Nikolov’s firm for grain crops achieved more
than 60% increase of agricultural products ex-
port, 50% increase of mineral fertilizers sales and
29.95% increase in value of realized preparations
for plant protection in comparison with the year

2004. During the recent two years the company
invested:

1 000 000 euro for development of the
filial transport company, 500 000 euro for reno-
vation and construction of the service base, trade
centre, new administrative building in the town of
Dobrich, etc.
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For excellent performance at the National competition
honorary diplomas are handed to:
- Milena Dobranova — total quality manager at “Food Industry BELLA";
- Maria Ivanova — marketing manager of “ZORA" chain of stores;
- Andrey Bachvarov —sales manager of the Swiss company SCIANT AG.

For young farmer

ZAPRYAN NACHEV ZAPRYANOV

Zapryan Nachev Zapryanov from the town tracted obligations, the use of new equipment
of Stara Zagora for high quality of produced and his ambitions to construct a modern func-
production, proper accomplishment of con- tional farm.

A diploma for excellent presentation at the competition
among young farmers was handed to
Nedyalko Todorov Slavov from Rositza village, General Toshevo municipality.
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RECENT PUBLICATIONS OF BULGARIAN SCIENTISTS
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ARTICLES

1.Title: Shallow Borehole Heat Exchanger: Response Test and Charging-
Discharging Test with Solar Collectors.

Authors: Georgiev, Al ageorgiev@gmyx.de; Busso, A.Z; Roth, p3

Source: Renewable Energy: An International Journal, Vol. 31, 7 (2006 Jun.), 971-985,

Document Type:

Author Affiliations:

Article

'Department of Mechanics, Technical University of Sofia, Branch Plovdiv,
Bulgaria

2Department of Physics, FAaCENA, UNNE, 3400 Corrientes, Argentina
3Depar‘[mer\t of Mechanical Engineering, UTFSM, Valparaiso, Chile

ISSN: 0960-1481

2.Title Problems on Small- and Medium-sized Enterprises Development
in Republic Bulgaria.

Authors: Manoilova, Temenuga' tmanoilova@hotmail.com

Source: International Journal of Entrepreneurship & Innovation Management;

Document Type:

Author Affiliations:

Vol. 6,1/2, (2006), 7-7
Article
1Energoproekt - JSC, 51, James Boucher Blvd., Sofia 1407, Bulgaria.

ISSN: 1368-275X

3.Title: Mechanism of the Oxygen Cycle Reactions Proceeding at
the Negative Plates of VRLA Batteries.

Authors: Pavlov, D.; Kirchev, A.1; Monahov, B.

Source: Journal of Power Sources; Vol. 144, 2, (2005 Jun.) 521-527,

Document Type:

Author Affiliations:

Article
"Institute of Electrochemistry and Energy Systems (former CLEPS),
Bulgarian Academy of Sciences, Sofia 1113, Bulgaria

ISSN: 0378-7753

4.Title: Hybrid Solar Collector.

Authors: Lazarov, VA v/: Schaeffer, Chr.z; Shishkov, l\/|.1; lvanova, M.2
Source: Journal of Materials Processing Technology; Vol. 161,1/2,

Document Type:

Author Affiliations:

ISSN:

(2005 Apr.) 229-233

Article

1Faculty of Electrical Engineering (bl.12), Technical University — Sofia,
8, KI. Ohridski Blvd., 1000 Sofia, Bulgaria

2Labora’[ory of Electrical Engineering Grenoble-ENSIEG-National Polytechnic
Institute of Grenoble BP 4638402 St. Martin-D'Heres, Grenoble, France
0924-0136



5.Title:

Authors:

Source:
Document Type:

Author Affiliations:

Source:

Document Type:

Author Affiliations:

ISSN:
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Investigation of Structural Properties of Poly-Si Thin Films Obtained
by Aluminium Induced Crystallization in Different Atmospheres.
Dimova-Malinovska, D. doriana@phys.bas.bg, Grigorov, V&
Nikolaeva-Dimitrova, I\/I.1; Angelov, O.1; Peev, N

Thin Solid Films; Vol. 501,1/2, (2006 Apr.), 358-361,

Article

'Central Laboratory for Solar Energy and New Energy Sources, BAS,
72, "Tzarigradsko chaussee” Bvld, 1874 Sofia, Bulgaria

2University of Chemical Technology and Metallurgy,

8, "Kliment Ohridski” Blvd., 1756 Sofia, Bulgaria

’Institute of Solid State Physics, BAS, 72, “Tzarigradsko chaussee” Blvd.,
1874 Sofia, Bulgaria

0040-6090

Magnetic Mineralogy and Grain-size Dependence of Hysteresis
Parameters of Single Spherules from Industrial Waste Products.
Jordanova, Diana’ vanedi@geophys.bas.bg, Jordanova, Neli' Hoffmann,
Viktor® viktor.hoffmann@uni- tuebingen.de

Physics of the Earth & Planetary Interiors; Vol. 154, 3 /4,

(2006 Mar.), 255-265,

Article

1Geophysical Institute, BAS, Acad. G. Bonchev Str., Block 3, 1113 Sofia, Bulgaria

’|nstitute of Geosciences, University Tuebingen, Sigwartstrasse 10,
72076 Tuebingen, Germany
0031-9201
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EVENTS

Round Table Meeting “Problems of Mobility and Career Develop-
ment of Scientists in Bulgaria — Possible Measures for Transforming
the Phenomenon “Brain Drain” into “Brain Circulation”
(Sofia, April 13, 2006)

One of the main trends of development
since the beginning of the century is connected
with awareness that highly qualified personnel in
the field of science and research has the leading
role in meeting the new challenges of the EU.
Nevertheless, great part of scholars chooses to
work in non- European countries. This phenom-
enon called “brain drain” is well known in Bul-
garia as well.

Many young Bulgarian researchers take
their road to the West, mostly to America, in
search for better work and professional devel-
opment. The Union of Scientists in Bulgaria
evaluates that during the 1990s 65% of univer-
sity graduates (i.e. about 300 000 persons) left
the country. This fact seriously threatens the fu-
ture of the "human capital” in the field of sci-
ence and technology (S&T) in Bulgaria, as at
present (2005) 73% of the professors are over
60 years old, and 47% - over 65. It is absolutely
necessary to attract young and talented people
into the sphere of S&T, as well as to introduce
measures for encouraging young scientists and
supporting their career development. From the
beginning of January, 2006 the University of Pisa
starts its work on the Twinning Light Project
“Implementation of the National Strategy for
Scientific Research” dealing with creation of
strategies against the “Brain Drain” phenomenon.
Within the framework of this project the Bulgar-
ian Ministry of Education and Science and the
University in Pisa (contact person:
nikolaus.muellner@univie.ac.at) organized a Ro-
und Table meeting “Problems of Mobility and
Career Development of Scientists in Bulgaria —

Possible Measures for Transforming the Phe-
nomenon “Brain Drain” into “Brain Circulation”
on April 13, 2006 in Sofia.

More than 50 representatives from about
30 organizations took part in the Round Table
meeting, including the European Commission,
leading universities, Bulgarian Academy of Sci-
ences, National Centre for Agrarian Sciences, re-
searchers, representatives of the industry and
other interested organizations from Bulgaria, Italy
and Austria. The following key topics connected
with researcher’s career development and job
satisfaction were discussed:

« Mobility (international and interdiscipli-
nary)

« Opportunities for researcher’s career de-
velopment (job opportunities)

« Scientists' salaries — financial state and
social prestige

« Working conditions (physical — e.g. infra-
structure; organizational, etc.)

¢ Quality of research and education (tech-
nical /professional knowledge and abilities of sci-
entists).

Additional topics of the Round Table were
as follows:

» The attitude of SMEs and big companies
to scientific research and its development

» The experience of other European coun-
tries regarding the “Brain Drain” phenomenon

« Demand for specialists in particular fields
of economy in Bulgaria

The organizers of the event summarized
the conclusions and deductions of the first
Round Table meeting held in December 2005,



made reports on developments during the past
period and pointed out the main challenges up
to now as well as the tasks to be solved after
Bulgaria joins the European Union. The repre-
sentative of the European Commission pre-
sented the Commission’s point of view, meas-
ures realized within the 6" Framework Program
as well as thematic areas underlying in the pri-
orities and budget of the 7" Framework Pro-
gram. There was mentioned the budget for the
7FP fixed by the European parliament at not
more than 50 billion euros. The participants
shared their experience on the problems of
mobility and career development of scientists in
Bulgaria and called for more active support
from the legislative and executive power before

11-14 May 2006
3rd International Conference of ASECU
Regional Economic Cooperation in

Southeastern Europe

D. Tsenov Academy of Economics, Svishtov,
Bankya - Sofia
Address:

Mrs. Dimka Kostadinova,

2, Em. Chakarov St., 5250 Svishtov, Bulgaria
Office “International Relations and Projects”
Phones: +359 631 6 04 50; +359 6316 09 78

Fax: +359 631 6 04 72
E- mail: mvip@uni-svishtov.bg

17 - 18 May 2006
Jubilee Conference
"125 Years "Nikola Vaptsarov”
Naval Academy” 1881 - 2006
“N. Y. Vaptsarov” Naval Academy, Varna
Co-organizer
BULGARIAN MARITIME TRAINING CENTRE
Address:
“N.Y.Vaptsarov” Naval Academy,
for the Conference
73, “Vassil Droumev” Str., 9026 Varna
Phones: +359 52 552 228; +359 52 552 374;
Fax: +359 52 303 163
E-mail: public-rel@naval-acad.bg
info@naval-acad.bg
www.naval-acad.bg

joining the EU. Special attention was paid to in-
tra-disciplinary mobility between the academic
community and business, political and market
factors of influence. Problems of supply and
demand of researchers in Bulgaria were investi-
gated, as well as the share of the private sector
in these processes and their present state in the
EU and USA. Final summary of recommenda-
tions, suggestions and conclusions will be made
when the project is over, and till then the or-
ganizers provide real possibility for all interested
researchers, organizations, SMEs and individuals
to take part in the discussions and submit their
particular recommendations to the on-line fo-
rum (http://twinning.tacis.ing.unipi.it/), which
will function till October 2006.

18 - 19 May 2006
National Sympozium On
Steel, Timberland Composite Structures
University of Architecture, Civil Engineering and
Geodesy
Department of Steel and Timber Structures,
Faculty of Structural Engineering
Sofia, Bulgaria
Address:
Dr. Borislav Belev
Dept. of Steel and Timber Structures
1, Chr. Smirnenski Blvd., Sofia 1046
E-mail: belev_fce@uacg.bg,
racheva_fce@uacg.bg

31 May - 3 June 2006
IV-th International Conference
"Challenges in Higher Education and Re-
search in the 21st Century”
ENGLISH LANGUAGE DEPARTMENT
of ENGINEERING at the TECHNICAL UNIVER-
SITY of SOFIA
Sozopol, Bulgaria
Address:
Lubomir Dimitrov, Prof. Ph.D
English Language Department of Engineering,
Technical University of Sofia,
8, Kliment Ohridski Blvd. Sofia 1756, Bulgaria
Phone: +359 2 965 2996
Fax: +359 2 965 2447
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Advances in

E-mail: lubomir_dimitrov@tu-sofia.bg,
Office: 4421

1 -2 June 2006
NATIONAL CONFERENCE WITH INTERNA-
TIONAL PARTICIPATION
"ELECTRONICA'2006"
Union of Electronics, Electrical Engineering and
Communications and
Technical University of Sofia
National Home of Science and Technique
108, “Rakovsky” Str., Sofia
Address:
Union of Electronics, Electrical Engineering and
Communications
108, “"Rakovsky” Str., 1000 Sofia,
Phones: +359 2 987-97-67 and
986-52-00, Fax: 987-93-60,
E-mail: ceec@mail.bg,
electronica2006@gmail.com
www.ceec.hit.bg,

2 June 2006
International Forum
~Academic Partnership for Human Resource
Development -

Specific Characteristics, Experience and
Capacity of the Universities in
Southeast Europe and the Balkans"
Varna Free University “Chernorizets Hrabar”
Address:

Varna Free University “Chernorizets Hrabar”
E-mail:projects@vfu.bg

7-9 June 2006
International Conference
Energy Efficiency and Agricultural
Engineering
“Angel Kunchev” University of Rousse
Address:

Secretary: T.Grozdeva
8, Studentska Street, 7017 Rousse, Bulgaria
Phones: +359 82 451 092
Fax: +359 82 451 092; +359 82 455 145
E-mail: ird@ru.acad.bg, mihailov@ru.acad.bg,
vezirov@ru.acad.bg

Bulgarian Science

9-11 June 2006
International Scientific Conference
The Accession of Bulgaria to the European
Union - Challenges, Problems, Trends
Burgas Free University
Address:
62, San Stefano Street, 8001 Burgas, Bulgaria
Phones: +359 56) 900 400;
+359 56 900 508, +359 56 900 449

Fax: +359 56 / 813 905

E-mail: konferencia@bfu.bg

10 -16 June, 2006
32-nd International Conference
Application of Mathematics in Engineering
and Economics
Faculty of Applied Mathematics and
Informatics, TU-Sofia
Sozopol, Bulgaria
Address:
E-mail: mtod@tu-sofia.bg, andru@tu-sofia.bg

12-16 June 2006
6th International Scientific Conference
Modern Management of Mine Producing,
Geology and Environmental Protection -
SGEM
Ministry of Environment and Water
Albena Complex
Address:
Secretariat Bureau
14, “Kliment Ohridsky” Blvd., 1797 Sofia
Phones: +359 2 975 3982
Fax: +359 2 817 2477
E-mail: sgem@sgem.org or sgem@stef92.com,
WWW.sgem.org

28 June 2006
International Scientific Conference
“Informatics in the Scientific
Knowledge 2006"
Varna Free University “Chernorizets Hrabar”
Address:

E-mail: conf_inf2006@vfu.bg
http://hs19.iccs.bas.bg/vfu



29 June - 1 July 2006
XLI International Scientific Conference on
Information, Communication and Energy Sys-
tems and Technologies
Faculty of Communications and
Communication Technologies,
Technical University of Sofia
Sofia, Bulgaria
Address:
8, Kliment Ohridski Blvd.
Phones: +359 2 965 3095; +359 2 965 2278
Fax: +359 2 965 3095
E-mail: icest@tu-sofia.bg, dcd@tu-sofia.bg
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