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“Abstract’-Poland holds great amounts of high quality
bituminous coal, about 60% of European resources ar
located just in Poland. On the other hand, Poland &s
got small amounts of crude oil, natural gas and otr
renewable sources of energy. Only biomass can play
real important role in the supplying of primary energy.
Taking into account the production of electricity, solid
fuels cover about 95% of Polish needs of energy. On

the other hand, it is generally known that combustin of
fuels is the most important source of the emissioof SO,,
NOx, dust, CO and CG in the anthropogenicemission.
That is why knowledge on clean energy technologiés
very important in the teaching of Polish engineersThe
academic staff of the Faculty of Energy and
Environmental Engineering of Silesian University of
Technology invented and put into execution a new
specialization of engineering education: “Clean Eergy
Technologies”. The process of teaching of clean egg
technologies has a logical composition: from the seest
technologies to the most difficult technologies. Teh
sequence of teaching is as follows: technologies
connected with the saving of energy, cleaning of éis,
primary methods of decreasing of pollutants (clean
combustion ), secondary methods of decreasing of
pollutants (desulphurization, denitrogeneration, renoval
of dust), new high efficient energetic cycles, gdisiation
of solid fuels, fuel cells and hydrogen technologeas a
high efficient technology of energy production. The
lectures, laboratory trainings, designing and 2 moths
industry practice are assumed as the best way of
teaching of future engineers. The graduates from ik
specialization plays an important role in Polish eargetic
and heating companies. A lot of Polish leading pdsns
in energetic companies are occupied by them.
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INTRODUCTION

Poland hasn't got abundant resources of crude wi a
natural gas, neither considerable areas with adequend
and swift flowing water-courses nor fissile matksida hus,
the production of electric energy and heat is basathly
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on the combustion of coal (95%) and biomass asnawe
able source of energy. On the other hand, Polisiepo
engineering is already to a considerable extentiested.
About 80% of the Polish power stations requireafiting

or ought to be constructed anew. It is general knthat the
combustion of fuels, particularly hard coal andiig is the
main source of pollution in the environment, prongl
about 90% NQ SO, and CO emissions, about 60% dust and
nearly 100% Cg both in power engineering, heat
engineering and transport. On the one hand, fdasils
constitute the national wealth, being the fundamlesturce
of primary energy, but on the other hand also arcleatural
environment is a national wealth. Nowadays thesddh of
the quality of energy installations runs as folloas energy
installation must be perfect with regard to itsthignergy
efficiency and at the same time ecologically bemefifor
the environment, i.e. it must be characterized gy low
or even zero emission of contaminations.

Can both these requirements , a high energy
efficiency and a low emission of noxious substandss
reconciled ? The answer is “yes”. This is acconhglts
within the framework of the so- called clean energy
technologies (CET). At the Faculty of Energy and
Environmental Engineering of the Silesian Universiff
Technology engineers specializing in the domairclean
energy technologies have been instructed for ajredght
years. Those are indispensable, because Polish rpowe
engineering is presently undergoing a process of
modernization and reproduction of energy resourtbgy
may also prove to be useful in other countries loé t
European Union, as their professional knowledg®rsa
high level, and their language abilities should et a
problem.

PRINCIPLES CONCERNING THE TRAINING OF
ENGINEERS IN THE DOMAIN OF CET

Instruction concerning clean energy technologigsiisas a

specialization for students in the range of studies

“Environmental Engineering” beginning with the $ixterm,

« Marks are adjudged according to ECTS,

« The terms up to three comprise mainly fundamental
knowledge as well as information in mathematics,
physics, chemistry and so on.
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In the course of the next three terms students
specializing in “Environmental Engineering” acquire
knowledge concerning the fundamentals about the

TABLE 1.
SPECIFICATION OF FUNDAMENTAL OBJECT OF STUDIES;
MINIMUM NUMBER OF HOURS AND MINIMUM NUMBER OF
ECTS POINTS

natural environment and ecology. This knowledge

Fundamental subjects of studies ~ Number of hours CTE

constitutes a good preparation for a further extensf

) : | 1 Mathematics 120
information concerning energy processes, gas
purification technologies, the management of wastes 2  Physics 60
the contamination of the environment due to g;?cg';?r’]d ecology 6600
motorization, purification processes of wastes €dus 5  Environment protection 30
by motorization, unit processes, mass and heasfegn 6  Technical  drawing and 30
catalysis, the rate of chemical reactions and cetitiu descriptive geometry
etc. We are of the opinion that mutual permeatiébn o ! (Ijnefgirgn;iegg’e fundamentals - of 60
information concerning environment protection oe th g Technical thermodynamics 45
one hand and power engineering and the designg Fluid mechanics 45
construction and operation of energy installatioik 10 Materials science 30
permit to train perfect specialists in the field @&an n'\f:g:;'rfs and - strength - of 30
technologies both in  power engineering and 12  Civil engineering 30
motorization. 13 Hydrology and science of the 30

« In Poland engineers are still trained within sirgiage earth
MSc studies. Two-stage studies will be startedhia t 2 Eﬂfg'ﬁ;emal chemistry 3390
academic year 2008/09, in compliance with the ooder 16 Town and country planning 15
the Minister of Science and Higher Education. Ajp¢sn 17 Reliability and safety of 15
have already been made earlier aiming to introduce engineering systems
two-stage system, as far as technical studies wereManagement of the enzv'ronmem 75030 -
concerned, but encountered considerable opposition:
Our enterprises only reluctantly employ engineeh® w TABLE 2.

have graduated after mere|y seven terms. Also the SPECIFICATION OF SPECIALIZATION SUBJECTS CONNECTED

students definitely prefer single-stage MSc stsidie
Teaching of clean energy technologies, both in powe

WITH THE ENVIRONMENTAL ENGINEERING, MINIMUM
NUMBER OF HOURS AND MINIMUM NUMBER OF ECTS POINTS

engineering and motorization is successively, isgrt Subject of specialization studies hours ECTS
with the_ simplest and cheapest to the most compteX ——— protection
expensive ones. e.g. 2 Water economics
1) purification of fuels (clean fuels), 3 Water and sewage engineering
2) energy saving as the best way of environment4  Sanitary installations  and
rotection networks
P . ’ . L. 5 Management of wastes
3) primary methods of reducing the em|SS|_on_0f 6 Heating engineering, ventilation
noxious substances, e.g. low-emission and air conditioning
combustion, 7 Soil science and recultivation
4) secondary methods of restricting the emissions, & geo(')'t echn Olg‘ghamcs and
e.g. wet desulphurization, 9 Melioration
5) new highly efficient energy cycling, 10  Protection against noise and
6) gasification of solid fuels, 11 \gbfat'onsf o informat
7) fuel cells and hydrogen technologies. M’;S;ﬁgiﬁgsoaiﬁz mormation.
+ As has already been mentioned, two-stage studiks wi 13 Pro-ecological technologies
be introduced in Poland in the first term for stotde 14  Alternative sources of energy
enrolled in the academic year 2008/09. For fiveryea 15 AUtOTaf'C f‘aom_fo' engineering,
_ Fs . H H operation or aevices
(_2008_ 2013) the training vv_|II be realized in two ysa 16 Technology and organization of
viz. single-stage MSc studies and double-stageiestud plumbing
In the course of these five years the processaahiag b3 360 36

will be subjected to observations and investigation
TEACHING STANDARDS FOR THE
SPECIALIZATION “ENVIRONMENTAL
ENGINEERING”

Table 1 and Table 2 present the specification efsiiibjects
of study realized as fundamental subjects.
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As can be gathered from Table 2, there is somealdmeein
fixing the number of hours assigned for the respect
subjects of specialization, but the total number bburs
must amount to at least 360 (36 points ECTS). Hte of
the division depends on the decision of the givecuRy
Council, taking into consideration the existingditen and
also the level and number of specialists in theeigiv
discipline.

The training of an MSc engineer requires 3500 siadr
lectures and classes (300 ECTS). The fundamentdl an
specializing subjects amount to at least 1110 h@leable 1
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and Table 2 — together 113 ECTS). This means that f
strictly specific subjects there remain at the nurdy 2090
hours, assuming that 300 hours must be set aparthé

TABLE 3.
SPECIALIZATION SUBJECTS CONNECTED WITH CLEAN ENERGY
TECHNOLOGIES

preparation of the master thesis. In other wotlis ttaining Subject of studies hours ECTS
of a spemah_zed MS(_: engineer requires abput 18intpo 1 Electrical engineering
ECTS, |nC|ud|ng the time deVOted to Comp|etlng “mter 2 Internal environmental engineering
thesis. 3 Management of wastes Il
4 Technologies of air protection Il
THE TRAINING OF A SPECIALIST IN THE S o oo et and heat exchangers
DOMAIN OF CLEAN ENERGY TECHNOLOGIES 7 Fuels, their treatment and combustion
8 Mechanics of multi-phase media
The graduate ought to possess the following qaatifins: 9 Conversion of energy
« To have a comprehensive knowledge within the ran e Process engineering
p 9 g Fundamentals of thermal metrology
of natural science anq.techmcal sciences, . 12 Dust extraction of combustion gases
+ To command a specified knowledge concerning energy13  Water and steam boilers _
processes, fuels and their combustion, energy ésvic 14 (E:”ﬂgy Taﬁh'”e,s and installations
H H H H ombustion engines
and cqmbustlon engines, _thermal engineering and; ¢ Desulphurization of ~ combustion
professional power engineering and motorization, gases
« Be able to solve problems in the range of enviramale 17  Pro-ecological ~ exploitaton  of
engineering, engines and motor cars
«  To know how to coordinate and to realize researches 8 xggscl:irg’r?ems I environment
+ To be well acquginted with the ways of purifyingsga 19  Low-emission combustion
and fuels, catalytic after-burning and dust extoaxt 20 Propagation of contaminations and
- Be able to manage legal and administrative prohlems o1 ’}‘ﬁ”'m”gg sl
R . . - ermodaynamics
Be ready to work in a des]gn office, research aente 22 Degasification and gasification
- Know English and speak it fluently, 23 Biomass as a fuel
+ Feel the necessity of developing constantly his24 Water and sewage management in
knowledge and professional ability and also comply 'Eldt_ljtt”a'hp'alms
uid technology
with ethical and legal standards. 26 Pre-diploma design
] - 27 Diploma seminar
At the Faculty of Energy and Environmental Engiiag of 28 Computer modeling of thermal-flow
the Silesian University of Technology the speciatiz - F;focgsses s of th |
subjects have been chosen keeping in mind thetitragliof e:;nggfnngtas of thermal - power
the Faculty, the scientific output of its professand their 30  Thermal and catalytic after-buming
achievements. The compulsory subjects of studielstha 31 Safety and fire protection
maximum number of hours devoted to each of thermehav 32 EUZ' Ce”st A
been specified in Table 3. The eligibility in tHeoice of the Mastod e | 001eS 300 15
subjects to be studies is restricted; from amongrseen, s 1705 169
six subjects should be compulsory (cf. Table 4heT
students are also entitled to choose an individoatse of TABLE 4.
studying, 30% of didactic training (duties) beirtposen by SPECIFICATION OF FACULTATIVE SUBJECT OF STUDIES
the student himself. Moreover, the students are
obliged to pass an eight weeks professional apipesfiip Subject of studies hours ECTS
during the Vacatlon.s' L . . 1 District heating and heating
~ The staff running this kind of studies compriseful? 2 Ventilation and air conditioning
time professors, 2 associate professors, 4 assjgiafiessors 3  Noise control
and 8 PhD students. The total number of students?  Municipal power engineering
specializing in CTE amounts to 26 persons. 5 Testinvestigations of motor cars
. . . . 6 Modern fuel technologies
The fundamental part of this kind of studies cas#8 7  utilization and storage of energy
50 +60 % of lectures. The remaining part includes @ass wastes
designing, laboratory classes and seminars. Asagathe 8  Membrane technologies in
topic of the master theses is concerned, the stsidaay environmental engineering
. . . Utility biotechnology
suggest their prefere.nce. Preference is practiopict 19 utilization of waste energy
imposed by the requirements of the national economy 11 Computer-aided modeling II
particularly the needs of power plants, heat- apower 12 Oil and gas technology
stations, the producers of boilers, furnaces anthdys, 13 Power engineering and  the
. . . . environment
devices applled_for the protection of th_e_enw_ronmeas 14  Electric machines
well as automobile car factories and administration 15 Geodesy and photogrammetry
16 Management studies
17 Foreign language
b3 285 18
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CONCLUSION

Clean energy technologies as a specialization teated in
1995, and the first graduates finished their stdie the
academic year 1997/98. Altogether in the coursemfyears
190 MSc engineers and engineer graduates wered;zimd
all of them have found work. Seven of these grazkihtive
obtained doctor degrees and five functions in legdi
positions in research centers. Eight others hakentaver
leading economical positions and 15 are employekbdal
administration. The future of the energetic indysin
Poland forecasts is optimistic. In the nearest éry, about
30000 MW of power stations have to be modernized an
built in new clean technologies. Similar needs refethe
motorization development and communal heating sets.
The specialty of clean energy technologies has
proved to be indispensable in the Polish economy .
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