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The paper presents an overview of the sustainable
energy development and is aimed to emphasize the
important aspects relevant to this activity. A short
introduction, related to present energy outlook with
a survey of available data, is presented. This gives the
possibility to assess the motivation for a sustainable
energy development.
Special attention is devoted to the definition of sus-
tainability and its generic meaning. In this respect,
particular attention is devoted to the discussion of
different aspects of sustainability in the present
world. In order to present an engineering approach
to the sustainable development, attention is devoted
to the review of sustainability criterions as they have
to be introduced in the future produgts
The main cmphnsm is given to review a potential
development in the energy engineering science which
may lead to a sustainable energy development. Seven
major areas arc listed with specific problems and their
relevance to the sustainable energy development. This
includes the following areas: energy resources and
development; efficiency assessment; clean air tech-
nologies; information technologies; new and renew-
able energy resources; environment capacity;
mitigation of nuclear power impact to the environ-
ment.
The education system is the milestone for any eco-
nomic development. In this respect, the sustainable
energy development will require special attention to
be devoted to the new development of education
system. The distance learning education system is
envisaged as the potential option tor the knowledge
dissemination ot the new cnergy technologies.
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ENERGY resources have always played an im-
portant role in the development of the human
society [1]. Since the industrial revolution the en-
ergy has been a driving force for the modern civili-
zation development. Technological development
and consumption of energy, along with the increase
in the world population, are interdependent. The
Industrial Revolution, began a drastic increase both
in consumption and population of the world [2]

The history of life on the Earth is based on the
history of photosynthesis and energy availability
(3]. The history of our planet lies on the capture of
the solar energy and its conversion by photosynthe-
sis in plants and phytoplankton as organic mole-
cules of high energy content. The plants convert this
energy into other organic compounds and work by
biochemical processes. By capturing the solar en-
ergy photosynthesis paves the way for biological
evolution.

The Sun is an enormous machine that p pro-
duces energy by nuclear fusion. Ev ery vear the Sun
sends 3.6-10“' joules of energy to the Earth and
produces 2-10!! rons of organic material by photo-
syntesis. This 1s equivalent to 3-10% joules; vear.
Through the billions of years since the creation of

the planct Earth this process has led to the accumu-
lation of an enormous energy in form of different
hvdrocarbons. Mankind’s energy resources relv
heavily on the chemical energy stored 0 the fossil
fuel. Table 1 shows assessed energy resources [4].

All natural resources are, in theory. renewable
but over widely different time scales. If the tme
period for renewal is small, they are said to be
renewable. Ir the renewal takes place over a some-
whatlonger period of time thar falls within the time
frame of our lives, they are said to be potentally
renewable. Since renewal of cerrain narural re-
sources 1s only possible due to geological processes,
which take place on a long time scale, for ali our
practical purposes we should regard them as non-
renewable. Our use of natural material resources is
assoctated with no loss of matter as such. Basically
all earth matter remains wich the earth, butin a form
i which it can not be used casily.

The abundant energy resources ar the carly
davs of the industrial development of the modern
society have :mposed the development strategy of
our civilization ro be based on the anticipated think-
ing that energy resources are unlimited and there is
no other limitations which might affect human
welfare devel opmcnt It has been recognized thart
the pattern of the energy resource use has been
strongly dependent on the technology devel op-
ment. In this respect 1t is instructive to observe [3,
6] the change in the consumption of different re-

sources through the history ofenergy comumption

Worldwide use of pru*mn energy sources since
1850 is shown in Fig. 1 {5]. F is the fraction of the
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Table 1. World non-renewable energy resources in 1995

| [1(? Ortgqu] | CPE [%”Amgi(igtx?[%] Amg}\é?[%} J}aur\z;cft[%)] Africa %] AsiaDacific (%] frae FJ/E]
| Ol 95 11.5 49 13,5 3.2 79 | 2.7 56.3
| Gas 85 415 8.3 BT 35 | 61 6.2 | 26.7
! Coal 530 46.6 26.6 0.6 98 | 75 8.9 0.00

market taken by each primary-energy source at a
given time. It could be noticed that two factors are
affecting the energy pattern in the history. The first
is related to the technology development and, the
second, to availability of the respective energy re-
sources. The world energy consumption is shown
n Fig. 2 {7].

Looking at the present energy sources con-
sumption pattern, it can be noticed that oil is a
major contender, supplying about 40% of energy.
Next, coal supply is around 30% | natural gas 20%
and nuclear ener rgy 6.5%. This means that current
fossil fuel supply is 90% of the present energy use.
In the last several decades our civilization has wit-
nessed changes which are questioning our long-
term prospect. Fossil fuel, non-recyclable is an ex-
haustible natural resource that will be no more
available one day. In this respect it is of common
nterest to learn how long fossil fuel resources will
be available, as they are the main source of encrgy
for our civilization. This question has attracted the
attention of a number of distinguished authorities,
trying to forecast the energy future of our planet.
The Report of the Club of Rome “Limits to
Growth”, published in 1972 [8], was among the
tirst ones which pointed to the finite nature of fossil
tuel. After the first and second energy crisis the
community at large has become aware of the pos-
sible exhaustion of fossil fuels. The amount of fuel
available is dependent on the cost involved. For oil
it was estimated that proved amount of reserves has,

over past twenty vears, leveled off at 2.2 trillion of

barrels produced under § 20 per barrel. Over the
last 150 vears we have
that amount, or about 700 billion of barrels which

already used up one-third of

leaves only a remaining of 1.5 trillion of barrels. If
compared with the prcscnt consumption, it means
that oil is available only for the next 40 vears. Fig.
3 shows the ratio of the discovered resources to the
yearly consumption for the fossil fuels [7].

From this figure it can be notced that coal is
available next 250 years and gas for the next 50
years. Also, it is evident that as much as the fuel
coNsuUMPpLion 1s INCreasing, new technologies aimed
to the discovery of new resources are becoming
available, leading to a slow increase of the time
period for the exhausting of the available energy
sources.

It 1s known that the energy consumption is
dependent on two main parameters. \Iamclv the
amount of energy consumed per capita and the
growth of population. Tt has been proved that there
15 a strong correlation benween the Gross Domestic
Product and Energy consumption per capita. Fig.4
shows the economic growth and cnergy consump-
tion for a number of countries, in 1990 [8].

There 1s a number of scenarios which are used
for the forecast of the world economic develop-
ment. With the assumption that the recent trend in
the economic development will be conserved in the
next 50 vears, and considering the demographic
forecast in the increase of human population, the
future energy consumption could be calculated, as
shown in Fig. 5.

Compared with the available resources it is
casily foreseen that the depletion of the cnergy
resources 1§ an immanent process which our civili-
zation will face in the near furure. Nevertheless,
whatever is the accuracy of our prcdiction methods
and models, it is obvious that any inaccuracy in our
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calculation may aftect only the tme scale bur not
the essential understanding that the energy re-
sources depletion process has begun and requires
the human action before adverse effects may irre-
versibly enforce.
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Figure 5. Future energy consumption forecast

Narural resources scarcity and economic
growth arc in fundamental opposition to each
other. The study of the contemporary and historical
beliefs showed that: (1) natural resources are eco-
nomically scarce, and become increasingly so with
the passage of time; (2) the scarcitv of resources
opposes economic growth. There are two basic
verstons of this doctrine. The first, the Malthus:an,
rests on the assumption that there are absoluzaly
limits; once these limits are reached the continuing
population growth requires an increasing intensicy
of cultivation and, consequently, brings abour di-
minishing returns per capita. The second, or Ri-
cardian version, viewed the diminishing returns as
current phenomena reflecting the decline in the
quality of resources brought within the margin of
a profitable cultivation. Besides these two models,
there s also the so called *Utopian case” where there
1s no resources scarcity. There have been several
attemnpts o apply these models to the energy re-
sources 1n order to define the correlation between
specific energy resources and economic growth.
The subsrantial questions related to the SCArcIty, its
measurement and growth are: (1) whether the
scarcity of energy resources has been and/or will
continue to be mitgated and (2) whether the scar-
city has "de facto” impacted the economic grow .

ENVIRONMENT

Primary energy resources use is a major source
of emissions. Since fossil fuels have demonstrared
their economic superiority, more than 88% of pri-
mary energy in the world in recent vears has been
generated rrom fossil fuels. However, the exhaust
gases from combusted fuels have accumulated to an
extent where a serious damage is being done to the
world global environment. The accumulated
amount or CO; in atmosphere is estimated at
aboutr 2.73:10'2 t. The global warming tread
from 1900-1990 is shown in Fig. 6 [9].
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Figure 6. Global warming trend 1900-1990

It is rather obvious that the further increase of
the CO, will lead to disastrous effects to the envi-
ronment. Also, the emission of SO,, NO, and
suspended  particulate matters will substantially
contribute to exasperate the effect on the environ-
ment.

In a world scale, coal will continue to be a
major source of fuel for the electric power genera-
tion. Many developing countries, such as China and
India, will continue to use inexpensive, abundant,
indigenous coal to meet growing domestic needs.
This trend greatly increases the use of coal world-
wide, as economy in the other developing countries
continues to expand. In this respect the major long-
term environmental concern about coal use has
changed from acid rain to greenhouse gas emissions
- primarily carbon dioxide from combustion. It is
expected that coal will continue to dominate
China’s energy picture in the future. The share of
coal, in primary energy consumption is forecast to
be no less than 70% during the period 1995-2010.
In 1993 China has produced a total of 1.114 billion
tons of coal, 111 2000 it 1s planned 1.5 trillion and
mn 2010 iewill be 2.0, Since Chinais the third largest
energy producer i world, after USA and Russia,
its contribution to the global accumulation of the
CO; will be substantial if the respective mitigation
strategies will not be adopted. The example of
China is instructive in the assessment of the future
development of developing countries and their need
for accelerated economic development.

SUSTAINABILITY

As 1t has been shown, the energy resources are
the bricks for building our civilization. Their poly-
valent use has oftered a service to human society,
leading to the welfare commodity for a decent level
of human life. Sadly, however, production and
consumprion of energy are going hand in hand less
than welcome side effects. This 1s the reason why
society has recognized the importance of intelligent
energy use with a senstbility that the required en-
ergy services be provided as clean and efficient as
possible. Cructal importance is added due to the
rapid growing world population and the need for

accelerated economic development of developing
countries. This is the reason why energy takes a
centre stage in the debate surrounding one of to-
day’s main dilemmas: how to combine economic
development with a habitable environment in a
world that is undergoing rapid changes as a result
of population growth and economic development
of the developing part of the world.

Lately, in a few years, “sustainability” has
become a popular buzzword in the discussion of the
resources use and environment policy. The word
sustainabilicy has root in the Latin — sustinere,
meaning "to hold up” by world inhabitants, present
and furture ones. Before any further discussion of
the subject, it is necessary to define and properly
assess the term we are going to use. It should be
emphasized that the definition 1s needed in order to
clarify the concepts. So, what is sustainability
Among the terms most often adopted there are the
following:

(a) for the World Commission on Environ-
ment and Development (Brundtland Commission)
[10]:

“development that meets the needs of the
present without compromising the ability of future
generations to meet their own needs™;

(b) for the Agenda 21, Chaprer 35 [11]:

the development requires taking long-term
perspectives, integrating local and regional effects
of global change into the development process, and
using the best scientific and traditional knowledge
available™;

(¢) for the Council of Academies of Engineer-
ing and Technological Sciences [12]:

"t means the balancing of economic social
environmental and technological considerations, as
well as the incorporation of a set of ethic values”;

(d) for the Earth Chapter [13]:

"The protection of the environment is essen-
tial for human well-being and the enjoyment of
fundamental rights, and as such requires the exercise
of corresponding fundamental duties™;

(¢) Thomas Jetterson, Sept. 6, 1889:

"Then I say the carth belongs to cach genera-
von during its course, fully and in its right no
generation can contract debts greater than may be
paid during the course of its existence” [14].

All five definitions stand for the emphasis of
specific aspect of sustainability. Definition (a) and
(¢) mmply that cach gencration must bequeath
cnough natural capiral to permit future generations
to satistv rhen needs. Even if there is some ambigu-
ity 1n this definition, it is meant that we should leave
our descendants the ability to survive well and meet
their own needs. Also, there 1s no specification in
which form resources are to be left and how much
1s needed for the future generations, because it is
difficult to anticipate the future scenarios.
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Definitions (b) and (c) are more politic plies
for the actions to be taken at global, regional and
local levels in order to stimulate the United Nation
Organization, Governments and Local Authorities
to plan development programs in accordance with
the scientific and technological knowledge. In par-
ticular, it should be noticed in definivion (c¢), the
ethic aspect of the future development actions to be
taken to meet sustainable development. Definition
(d) 1s based on the religious believes playing the
responsibility and durties toward the nature and the
Earth.

SUSTAINABLE DEVELOPMENT

Since the Brundtland Commission, inits 1987
report Our Common Furure, warned of growing
threat to the Earth from pervasive world poverty,
environmental degradation, disease and pollution,
it has become indispensable for the sciennfic com-
munity to pay an increasing areention to the subjects
related to these problems. Five years later the
United Nation Orgamization Conference on Envi-
ronment and Development was held in Rio de
Janeiro. Anunprecedented number of world leaders
met to discus and map the road to the sustainable
development. Among the Documents adopred at
the Rio Conference is the "Agenda 217, a blueprint
on how to make development socially, economi-
cally and environmentally sustainable. Agenda 21
calls on governments to adopt national strategies
for the sustainable development.

Sustainable development focuses on the role
and the use of sciences mn supporting the prudent
management of the environment and for the sur-
vival and future development of humaniry. It is
recognized thart scientific knowledge should be ap-
plied to articulate and support the goals of sustain-
able development. through scientfic assessment of
current conditions and future prospects for the
Earth svstem. The program areas which are in
harmony with conclusions and recommendations
of this International Conference on an Agenda of
Science for Environment and Development into
21st Cenrtury, are:

() Strengthening the scienutic bases for sus-
tainable management,

(b) Enhancing scienufic understanding,

(¢) Improving long-term scientific assess-
menr,

(d) Building up scienafic capacity and capa-
bility.

It is essental for the implementation of this
program that it be focused on the long-term per-
spectives and the global changes of life support
systems. In particular, there 1s a need for a constant
interaction with governmental, industrial, political,

educational, cultural and spiritual authorities par-
ticipating in the realization of the program. It is of
crucial importance that, in the realization of the
program, an active role be given to scientists from
developing countries. Since the major part of the
population increase is expected in the developing
part of the world, the participation of scientists
from developing countries will bridge deficiency in
dealing with the problems which are immanent o
their environment by an academic approach.

Even, sustainability development has become
a political movement with a strong connotation
related ro the existing differences among the conu-
nents, regions and countries, its strength should be
seen in the promotion for the salvage of the planert,
the only place for our human civilization. In this
respect, the determination of the interested parties,
mcluding the United Nation Organizations, gov-
ernment Organizations, NON-government organiza-
tions and religious organizations, to recognize the
sustainable development as the path for the creation
of the furure of new generations, is a guarantee for
the economic prospectives and social development,

There are several ways in which the ideas of
sustainable development are presented and inter-
preted. Ecocentric interprerations indicate a con-
spicuous degree of reference to the ecosystems.
Anthropocentric interpretation tends to put hu-
mans at the center of the issues. Orthers such as
biocentric interpretation focus on the protection of
the elements of the biosphere. Our main concern in
this general setung 1s energy and whatever we do
for and with energy mav be retlected in anv of th
above menuoned perspectives and interprerations.
While this concern for sustainability in the energy
sphere should include considerations at the global
level, more importantly, there is the need to look at
it as a regional 1ssue i the overall global scenario.
There are several perspectives on this. Figures 7 and
8 attempt to distinguish sustainable and unsustain-
able development.

ENERGY SUSTAINABILITY
CRITERIONS

There has been a number of attempts to detine
the criterions for the assessment of the sustainabilicy
of the marker products. In this respect the Working
Group of UNEP on Sustainable Development has
come our with quaiitanve criterions for the assess-
ment of the product design [35, 36].

Hawving those criterions as bases, we would
like to introduce them as a specific application n
the cnergy svstem design. In this consideration
energy system is taken as the entity which should
comply with sustainability criterions.

Energy system design is defined as:
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Strategic design

The strategic design will require holistic plan-
ning that meets and considers all interrelated impacts
e.g. logistic, space planning qnd resource planming. As
regard the energy svstem, it may be interpreted as:
mixed energy concept with optimization of local
resources, urban and industrial planning with trans-
port optimization, use of renewable energy sources.

Optimized design

The design opumization of the energy system
means the selection of the structure and design pa-
rameters of a system to minimize the energy cost
under conditnons associated with available marerials,
financial resources, protection of the environment and
government regulations, together with safery, reliabil-
ity, availability and maintainability of the system.

Design of dematerialization

This will imply that the energy svstem, plant
and equipment are designed with optimal use of
information technology in order to prevent dupli-
cations, prevent operational malfunction, assurc
rational maintenance scheduling. Dematcrializa-

tion in the design may be seen as the introduction
of knowledge based systems, use of virtual library,
digitized video, use of on-line diagnostic systems,
development of new sensor elements and develop-
ment of new combustion technologies.

Design of longevity

A complex energy system is commonly com-
posed of different subsystems and individual cquip-
ment elements. It has been recognized that the life
tie of the elements and subsystems is not equal. In
this respect, optimal selection of the life cycle for
clements and subsystems mav lead to the retrofit-
ting procedure which will reflect need for the sus-
tainable criterion application. Examples for this
criterion can be seen as: modular design of subsys-
tems, standardization of elements, lifetime moni- .
toring and assessment, coordination of suppliers
and buvers.

Life cycle design

This will mean that the energy system and its
subsystems have to be designed to meet sustainabil-
ity through every stage of the life cycle. It is known
that the energy system is designed to work under
diftferent conditions in order to meet load changes,
environment change, social changes, ctc. It is obvi-
ous that there will be different cvcles for each of the
mentioned time scale processes. In this respect the
system has to fulfill its function without failing to
meet sustainability requirements.

ENERGY SUSTAINABLE
DEVELOPMENT

In order to reach the goals indicated by the
sustainable energy development the cfficiency in the
energy conversion use has to meet several criterions
[17]. The potential for the efficiency improvement
is generally underestimated. Most of the energy
conversion systems consider the efficiency improve-
ment as a separate process and their analysis reflects
only the potential iimprovement of the process but
not the potential for the efficiency improvement
obtained by an exergy analysis of the encrgy system.
Fossil fuel energy resources use is mostly conversion
to heat by the combustion processes. Since the
combustion process is taking place at temperatures
between 900-1300 °C and over 40% of heat is used
as low remperature, it is indispensable to take into
consideration the thermodvnamic assessment of the
efficiency in order to bring in line cnergy conversion
processes and energy demand to obtain the opti-
mum fuel utilization.
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In the definition of sustainability it is of sub-
stantal importance to envisage its broad aspect
whuch composes versatility of the components to be

taken in consideration. In this respect, wholeness of

sustainability has to include definitions of those
components which are linked to specific parameters
to be taken into a consideration of the assessment
of sustainability of specific situations in global,
regional and local environments. There is a number
of characteristic enrities which will be used to define
the wholeness of the sustainabil ity: life diversity,
natural resources, environment capacity, popula-
tion increase, social disturbances and ethic changes.
For this consideration we will focus our atrention
only to those characteristic entities which are in
direct correlation with energy sustainability meas-
urement. In this group are included: (i) narural
resources; (i) environment capacity; (i) popula-
tion increase.

Each of these entities has to be defined witch
specific parameters which can be used to determine
characteristic indicators for global assessment. The
possible use of indicators is characterizing the
changes which are determined by the maximum
values technically feasible. It is reflecting the differ-
ence between the state of the entity with the maxi-
mum availability and respective current state of the
entity. If applied to the individual energy resources
there is a difference between known maximum
exploitable resources with known technologies and
current resources to be obrained with present tech-
nological capacity. Possible changes are functions
of the technological development in the resource
discovery. This implies that there are two means for
the increase of the resources, namely, by additional
capital investment for the discovery and by the new
technology for the resource discovery.

In the assessment of sustainability, the current
consumption change has to be taken into a consid-
cration which is reflecting the current consumption
change in the reference time period. In order to
form some kind of the resource indicaror for sus-
tainability measurement a ranio between the current
change and the maximum potential change has to
be established. Its trend will give the measuring
parameter for the resource depletion in time. It is
known that the current consumption of the energy
resources strongly depends on the efficiency of chier
use, which mav be classified in owo groups. The first
one is the possible efficiency increase due to the
change in the efficiency of primary energy source
conversion and the second one is due to thg change
in the efficiency of the final energy use.

A number of Juthorlt:m\'c studies have pre-
sented forecasts for the energy supply in 21st cen-
tury. Conclusions drawn from this analysis have
become a driving force for the development of the
plan for the sustainable energy supply system. Even

if there is a number of options taken into considera-
tion, common issues are the following:

Prevention of the energy resources depletion
with scarcity index control

Whichever the scarcity model is used, the
energy resource scarcity 1s in direct relation to the
social production output. In this respect, the effi-
ciency of resources use and technology develop-
ment are of fundamental i importance. It is obvious
that the efficiency of the energy resource use is a
short-term approach, which may give a return bene-
fit in the near future. As rcgqrds the technology
devel opmcnt a long term research and dev clop
ment is needed. In some cases it will require respec-
tive social adjustments, in order to meet require-
ments of the new energy sources.

The availability of energy resources is limited
by two factors: capital to be invested in prospecting
of new resources and prospecting technologres for
energy resources.

From recent experiences it was ‘cnmcd that
there is a direct correlation betwee n capital invested
in prospecting and the amount of the available
reserves. [t was proved that a fixed amount of 18
$/t is needed for new energy reserves. In many
developing countries this is a limiting factor for the
availability of energy resources.

The prospecting technology is composed of
three phases. The geological subway based on the
real prospecting and respective diagnostic tech-
niques for clectromagnetic waves detection. The
resolution of the instrument employed is one of the
limitations, and it 1s under consideration for further
development.

The second phm of prospecting technology
1s related to software tor the design of the resource
body. The main limitation in [lu development of
new software is che speed and memoryv size of
computers. It can be expected thar with the further
development of computer technology this prodlem
will be overcome. Also, new numeric schemes will
substantially contribute to the accuracy and tme
expectation for the prediction of the size of re-
sources bodv.

From the beginning of the energy resources
exploration, the drilling technology was the limira-
ton in the achievement of new resources. The
development of drilling technology has marked a
direction for the discovery of new resources. The
deep sea dril lling has become one of the global
1issues, which may remove the scarcity problems of
cnergy resources for the next few centuries. It
should be mentioned that 2/3 of the earth surface
ts covered by deep sea so that the breakthrough in
deep-sea ruhnolom may lead to a cubqtmml

change in energy resource picture in the world.
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Efficiency assessment

The potential improvement of the energy con-
version process is a driving force for its development
[18]. In the assessment of the conversion process a
promising tool is the exergy analysis of the energy
system. The exergy analysis is based on the maxi-
mum potential availability and its use for the assess-
ment of the conversion process. By definition, the
exergy 1s a parameter for the validation of the
efficiency of the energy conversion process and
system.

Following the first energy crisis, many coun-
trics have organized an energy efficiency assessment
campaign with the aim to improve the efficiency
and gain saving which has contracted the increase
of energy price. This approach has resulted in the
increase  of efficiency of energy use between
10-209% in a number of European countries. The
main emphasis has been given to the evaluation
efficiency of different technologies and utilizations
of energy.

The effort directed to the evaluation of the
technological processes for energy saving is of great
importance. In accordance with one of the crite-
rions for the sustainable development, products
have to meet the requirement related to the mini-
mum use of energy. Also, cogeneration of heat and
electricity 1s one of the potential means to improve
the efficiency of the energy resource utilization.

Recent projects with gas fired cogeneration
plants have demonstrated an extremely high cffi-
ciency [19]. The increased gas resources may lead
to further development of highly efficient power
plants for clectricity production. The cogeneration
will play a special role in the development of new
energy systems.

Clean air technology development

The combustion process is an irreversible ther-
modynamic process with a high degree of availabi-
lity losses 1 the energy conversion cycle. In this
respect there 1s a potential opportunity to increase
the energy conversion efticiency by improving the
combustion process. There are a number of poten-
tial combustion technologies which might lead to
an efficiency increase of the combustion process.
Among those there are:

(a) Catalytic combustion [20],

(b) Fluidized bed combustion [21],
(c) Low NO, burners [22]

(d) New boiler designs [23].

Development of intelligent energy systems

The recent development of artificial intelli-
gence has openced the possibility to utilize those

achievements in the energy sustamnable develop-
ment. There are three major paths, namely: expert
system development in energy engineering; new
control based on fuzzy logic and respective reason-
ing; intelligent thermal system design.

Expert system in energyy engineering

The expert system development in energy en-
gineering is focused in two directions: CXpert sys-
tem for energy system design and knowledge-based
for on-line diagnostic [24, 25, 26]. It has been shown
that the expert systems for energy system design can
be an efficient tool in selection, optimisation and
assessment of power plant design. Also, expert
system logic can be used in energy system planning,
including optimization of the energy system, re-
flecting the potential use of renewable energy
sources. An example of expert system use in the
design of thermal equipments is demonstrated by
the heat exchanger design [27]. Further develop-
ments of knowledge-based system for design of
energy systems will promote the increase of effi-
ciency and reliability. :

The knowledge-based system for the fault
diagnostic in energy systems has proved to be a
powertul tool for the evaluation of system parame-
ters in order to forecast a potential malfunction of
system elements. Fig. 9 shows a schematic repre-
sentation of expert system for fouling assessment.

There are several attempts which have proved
the possibility of knowledge-based systems in the
diagnostic of thermal power plants. The efficiency
monitoring and respective logistic evaluation of
diagnostic parameters has been demonstrated to be
a good and reliable tool for the advanced diagnostic
of operational deficiency. The boiler fouling and
tube leakage knowledge—based system prototypes
demonstrated the possibility of the detection of
processes leading to the degradation of power plant
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Figurc 9. Knowledge-based system for
power plants
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efficiency [25]. The diagnostic systems are based on
the on-line monitoring of diagnostic variables and
their fuzzyfication for the reasoning retrieval of the
cases representing diagnostic results.

Fuzzy logic control

The new fuzzy logic control system is demon-
strated to be a qualitatively cefficient system for the
on-line control of energy systems [28]. While simi-
lar model-based control systems designs are trial
and error, the knowledge-based controller 1s 7ad
hoc” at present time. A gap exists berween solid
theoretical results such as stability, controllability
etc. A real-time implementation of intelligent con-
trol systems uses fuzzy logic, neural networks, ge-
neric algorithms, expert systems etc. A common
definition of fuzzy control system 1s that it emulates
a human expert. Under this situation, the knowl-
edge of human operator would put in form a set of
fuzzy linguistic rules. These rules would produce an
approximate decision, like a human would. Fig. 10
shows a block diagram of fuzzy control systems.

Intellygent enevygy systems

The present world has learned that some of
the basic assumptions are not valued and so require
a new approach for adjustment to their future
development. There have been world scale meetings
emphasising the need for the economic order to
meet contemporary development within the limits
recogniséd by irreversible changes in energy re-
sources and environment capacity.

New measurements called “Indicators of sus-
tainability” are designed to provide information for
understanding and enhancing the relationships be-
tween the economic energy use, and environmental
and social elements inherent i long-term sustain-
ability.

There are different terms used 1n the consid-
eration of the product design. The "clean” design is
used in the widest sense of all management as well
as technical decisions related to specification, plan-
ning and development of products. The "eco” de-
sign refers to the processes of systemaric incorpora-

tion of environmental life cycle consideration into
product design.

“Intelligent product” design comprises the
specifications reflecting resource life cycle, environ-
mental cycle, product life cycle, end of life and clean
design. The generic design procedure to be adopted
for the intelligent product design of the thermal
equipments require the definition of indicators for
the assessment and opumization of the specific
design.

In order to provide the design criterions re-
flecting complex rcquircmcnts imposed by the in-
tdhm.nt design, it 1s necessary to define the respec-
tive md1c1t015 to be used in the evaluaton of the
specific design of thermal equipment [29]. These

indicators should be based on the optimization of

the efficiency of respective thermal equipment, re-
source use assessment and validation, environment
capacity use and degradation, modular structure
with multipurpose elements, end of life assessment
and economic justification of specific designs. Fig.
11 shows schematic presentation ot Intell ligent en-
ergy system.

In order to evaluate the validation of the
indicators the thermal equipment will be used. In
this respect, the criterions will be adapted for the
specific thermal equipment. It is aimed to develop
the algorithm with the indicators to be used for the
assessment of design. The assessment will be made
for a number of selected products presently on the
marker to be evaluated within the frame of the
criterions for mtelhgent design.

New and renewable
energy sources (NRES)

Besides the possibility ottered by the etficiency
improvement of processes i power gcmmtmg
units, there is a great challenge to mwerease the
efficiency of energy systems by mtxodm ng energy
mixed systems. T]C energy svstem includes power
or heat generating units, energy transport systems,
energy storage svstems and energy cndux systems.
From the energy resources point of view there is a
number of options which might be wken into
consideration for the opumization of the cnergy

Figurc 10. Block diagram of tuzzy
control system
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Figure 11. Scheme of intelligent
energy system
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svstem. In this respect, high interest is shown to the
potential use of the renewable energy resources as
power or heat-generating unit in the energy system.
The immanent advantages of the renewable cnergy
resources due to their avallability and low cost
impact, are promoting the renewable energy source
to be included in the energy system.

Renewable energy sources by definition, meet
the requirements of sustainability. It is therefore
expected that the long-rerm energy strategy will rely
on renewable energy resources. The rotal availabil-
ity of the renewable energy resources is very large.
This picture reflects the presently available tech-
nologies n the ficld of renewable energy resource
use and explortation [30]. Very promising alterna-
tves are envisaged with che promotion of new
technologies under development:

(a) Solar energy resources [31, 32],
(b) Georhermal energy resources [33],

s
(c) Biomass encrgy resources [34],
(d) Wind encrgy resources [35]

(¢) Hvdro energy resources [36].

Environment capacity for
the combustion products

The sustamability is closely related also to the
environment capacity of our planet. It has been
shown that the natural processes in the biosphere
possess the maximum rate of change. This rate of
change exceeds by orders ot magnitude the contem-
porary rates of the paramerters defining the antro-
pogenic impact to the environment and by four
orders of magnitude, the mean rate of change of the
parameters defining the geophvsical processes. The
concentration and the rate of change of chemicals
mvolved in the biochemical cyceles may be charac-
terized by the changes of organic and inorganic
carbon. The capacity of biologicallv active organic
and mnorganic carbon chemical species in the envi-
ronment is cqual and ten umes larger than their

annual primary production. Therefore it may be
expected that this resource of environment capacity '
could be considered in the next ren years if only
synthesis or decomposition of organic matter is
taking place. This means that all life processes will
end.

The fluxes of the organic material produced
by the synthesis and decomposition processes in the
biosphere are within the accuracy of one hundredth
percent of the antropogenic fluctuation resulting in
the environment in the geological time scale. This
slow change in the environment in the geological
time scale can be compensated by biological proc-
esses leading to the biosphere control of the chemi-
cal composition of the environment. It is known
from the Le Chatelier principles that any external
perrurbation of the equilibrium state of a system
will induce the process to compensate for these
perturbations. The compensation of the perturba-
tions in the environment can be obrained by the
synthests and decomposition of the organic proc-
esses in the biosphere. Since the preservation of the
biosphere 1s affecting the biodiversity of our planet
it 1s of primary interest in long-term evolution, to
have the control of the organic processes in the
biosphere. For this reason, the preservation of the
biosphere is the main requirement for the global
ecological security for the sustainable development
of our planet.

In order to observe the sustainability of the
environment, the ceological system has to be moni-
rored and followed with modern methods and tech-
miques. [t is obvious that an interdisciplinary ap-
proach is needed to understand all aspects of the
changes which are introduced by human activities.
In this respect the world energy system 1s responsi-
ble for the production and emission of a number of
chemicals which are proved to have adverse effects
on the environiment.

The energy usce is a major source of emissions.
In the same time it is essential to the cconomic and
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Figure 12. OECD scenario for CO5 emission

social development for improved quality of life.
There have been recognized several threats as sig-
nals for potential hazard to the environment. The
emussion of air pollutants is usually considered in
three groups, namely: carbon dioxide, nitrogen
oxide, and sulphur oxides.

The adverse effects of the emission gases are
recognized by two processes: the greenhouse effect
leading to global warming and depletion of the
ozone layer in the stratosphere. The global warming
is observed by the increase of the mean carth tem-
perature. It can be noticed thar recent changes in
concentration of CO, in the atmosphere are corre-
lated with the changes in the global temperature.
This has led 2 nu nlxr of SPLLIAIIS[S i the field to
conclude thar the damage is irreversible. Fig. 12
shows estimated trend of CO, production.

Mitigntibn of nuclear power
impact to the environment

Besides effects of energy systems on the envi-
ronment, by the emission of tlue gases i the atmos-
phere due to the combustion of organic fuels in
power produmcn plants, there are powbxlmu
which are immanent to some old power plant svs-
tems to have hazardous effects on the environment
ina very short time wich long lasting consequences.
The nuclear power plants are very bmmual mn light

of greenhouse effects because [hw have no L\hmxt
gases. But, 1t 1s known that present nuclear power
reactor have the potential possibility to be enor-
mous sources of radioactivity emissions. Besides the
effecting the immediare surroundings, these haz-
ardous events may lead to regional \md global im-
pact to the environment. The low probabtlxtv ofthis
kind of events has been only barrier to the disaste-
rios event to spread its consequences to the global
environment. Examples recently learned are requir-
ing different approach to face and master pocum al
lmzmdous events. Human society is not in position
to lean its existence on the man made probability
actions swithour possibility for any correction.

Opponents to nuclear energy outline two
points that are crucial for them: the possibility of
major radiological releases fol llowing accidents and
the heavy inheritage of long lasting radioactive
wastes for future generations. Obwouslv both
these points are very relevant for the sustainabilicy
development of this form of energy. Let’s discuss
separately both. Major accidents may be generated
by a reactivity excess (Chernobyl) [37], or by a loss
of coolant (Three Miles Island) [38] or by a loss of
flowrate or by anticipated transients without the
interruption of the nuclear chain. Even if the chain
reaction during the accident has been stopped with
a promptinsertion of control rods, the radioacuvicy
decay residual heat, if not adequately removed to a
heat sink, may cause the melting of the core threat-
ening the i mtegrity of reactor vessel. -\gninst these
possible accidental chains a “defence i1 dept” strat-
cvv has been dcw‘opcd with thrcc main lines:a

“preventive line”, a’ ‘protective” line, and a ? ‘mitiga-
tive” line. This strategy worked at Three Mile Islm* ]
accident with external releases of few curies of
radicactivity, but did not work ar Chernobyl due
the its absence of external containment and many
other design deficiencies.

Prgsunt reactor designs for the second line of
defence have a mnjoritv of ”;1ctivc" safetv systems
and a minority of “passive” ones. An “active” SVS-
tem needs an external energy supply for interven-
tion and a Ppassive” one is based on physical laws
like natural convection, thermal dils [at 101, Stress-
strain relations [39]. The present trend of designers
1S tO Increase the percentage of passive mfcrv Sys-
tems to counteract the possible accidenral ch 1ains,
proposing the so called "advanced passive” reactors
for a transition period from che first to the second
generation of nuclear reactors. This trend s also
assoctated with a prcrarmw of a deterministic ap-
proach instead of the more scientific probabilistic
one, for better mmmv the acceptability of common
people who often 1<:mcmbcr the old saving "if it can
happen, it will happen™.

A design of the second generation of nucle
reactors with 100% passive safety svstems already
exists. 1.oe. the MARS ¢( Mult-purpose Advancec
Reactor Inherently Safe). Fig. 13 shows aschemaric
representation of the MARS reactor.,

This reactor has been conceived for small

electric networks and for co- generation puxposcs
to increase the overall cfficiency and mul tiply the
possibilities of utlization. It is modular and assem-
bled in small parts that are rotally built and control-
led with qualiry assurance, produced in factories. In
this wav the construction tme is shortened, the
related cost reduced, and the assembly procedures
inverted in order at the end of uscful life, to guar-
antee an casy and toral ¢ LL()IT]D]]\S]OI‘HH(Y of the
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Figure 13. Multi-purpose advanced reactor
inherently safe (MARS)

metal pieces. All these characteristics meet the re-
quirements of sustamability.

The second point of the tear of nuclear Oppo-
nents, related to the long lasting wastes, is still
opened to interesting solutions. It is possible to
separate the long-life radionuclides (actinides) from
other radioactive fission products. The actinides
may be recveled in “ad hoc® reactors and converted
in the short-life radionuclides. The radionuclides
with long lasting lifetime can be converted into
short hife 1sotopes by their mutation through nu-
clear reactions in high flux nuclear reactors or in a
coupled device of subcritical nuclear reactor in
which a beam of high energy parrticles are injected
bv means of a powerful accelerator. The toral
amount of long lasting wastes will be substantially
reduced so to be conveniently placed in suitabie
geological tormations, which remained drv and
mneact for million of vears in the past.

A device of this type has been recently pro-
posed by Rubbia and co-workers [+0], with a sub-
critical fast reactor cooled by lead in narural convece-
tion, feeded by spallation neutrons generated bv a
beam of protons accelerated 6l 1 GeV, Fig. 14
shows a schematic representation of the conceptual
design of this fast neutron operated high power

CﬂCI‘gy ;1mplmcr.

) } T—M Inlet
‘ \
| T
Flow Faths| | ir Outlet

Seisrpic Isolator f
hanger
Main Vesse ,
3
Contaimen 2 |
Vessel S 3 ‘ [
g2
el VN
Riser ! ‘»§ |
Cold A 18
B it IR: Thermal
Insulating Wall
M ) ‘ F sulating Wa
[l Plenum-Region
% 2 3
\Woﬂ
A I
L J Spallation

Rem
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ENERGY EDUCATION AND
SUSTAINABILIIY

The contemporary development of the infor-
mation technology has substantially contributed to
the promotion of new means of dissemination in-
formation and its multiple use.

The information may have different forms and
the knowledge of them is generated by the scientific
and technological research. The knowledge is trans-
ferred by the education svstem. In this respect the
scientific and technological development from one
side and education svstem from other side can
contribute to the information exchange in any so-
cio-economic system. So, we can consider socio-
cconomic changes in the two processes, namely: the
gencration of information by the scientific and
technological development and the exchange of
imformation by the education process. In this case,
to have the harmony in the global svstem, between
the use of its resources and ar rhe same time to take
carc of the preservation of environment [41, 42].
Also, we can sav that the sustainable development
of our civilization will require, beside using the
nmmediate action to preserve resources and envi-
ronment capacity for the future generations, to
devoic a substantial attention to the science and
technology development, as well as the dcvclop-
ment of the education process. The science and
technology development has to be focused to these
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problems, which will affect the consumption of
available material resources and environment capac-
ity. '

In the development of the sustainability issue
there are three fundamental dimensions which have
to be taken into consideration in the assessment,
namely: knowledge dissemination science and tech-
nology development and exploration of new re-
sources. The knowledge dissemination, implies the
development of the respective education system
which will meet increasing demand for continuos
refreshment of the knowledge in order to follow the
contemporary development of new technologies.

The life long education is presently recognized
as a continuous learning activity to follow the needs
of modern societv. It can be seen as the education
system with different levels in accordance with the
aim, need and individual perception capabiliry. In
particular, the aim of lifelong education is diversi-
fied by specific requirements of the professional
scope. These programs of lifelong education could
be aimed to increase the fundamental knowledge of
the specific subject or to the design or technical
operation guidance for the respective equipment,
system or structure.

There are different educational schemes which
are suitable for an organized approach to the life
long education. Distant learning [43] has been in-
troduced in the education system as the associate
system to bridge difficulties arising from the lack of
space for all those wishing to enter the high educa-
ton institution. In this respect, the distance learning
education methodology has proved advantages,
which are of interest to be exposed to the public at
large in order to be evaluated through its applica-
won in the lifelong education. In particular, it be-
comes relevant to take the advanrages available by
the modern communication systems, which are
offering large possibilities to convey information to
any distance, as desired.

" Trisalso recognized that the present education
system 1s too rigid to accommodate new challenges
of the lifelong education system [44]. To assimilate
the disrant learning education with a modern infor-
mation technology and its prominence at this time
itis important to realize the changes in relationships
berween high cducation and socicty. It is obvious
that the present status of the higher education
system will no longer enjoy a monopoly on the
provision of learning service.

Particular attention has to be devored to the
postgraduate education, which is socially inde-
pendent and can be organized withour the personal
mneeraction berween the teacher and the learners and
learners among themselves, as it is necessary for
undergraduate education. In the context of the need
for efficient and appropriate timing of postgraduate
education, the demand and perspective of multime-

dia distant learning education is of high expectation.
Technology oriented postgraduate education pro-
grams will be linked into regional, national and
international networks and will be a great possibility
for the integrated education environment, leading
to the democratization of the world education sys-
tem. /
The modern development of the information
technology is opening a possibility to use the distant
learning methodology for postgraduate education.
A limited number of qualified teachers for the
specific subjects of modern technology is one of the
limitations for the knowledge dissemination in the
field, needed for the promotion of economic devel-
opment. The scarcity of competent teachers in spe-
cialized disciplines can be adequately subsidized by
the respective use of distant learning methodology,
which will allow the exposition of the valuable
professionals in the field to larger audiences.

Energy and environment engineering
education

The energy and environment problems in the
contemporary world are the challenging engincer-
ing fields requiring the constant increase of our
attention in order to meet the increasing demands
and also face the potential adverse effects on the
environment. In this field, a new strategy 1s in the
development which compulsory requires the re-
spective efficiency of the systems, increases the
global energy system structure use of new and
renewable energy sources, meets a new social aspect
of the energy and environment. Also it will betrer
understand in deep all consequences which possibly
promote global changes in the environment. These
requirements could be met only with the respective
education systems which will be able to accommo-
date the needs for an increasing number of special-
ists with the high level of education.

[t1s becoming obvious that the present energy
and environment engineering education svstem is
facing difficulties in many countries to meet a forth-
coming demand. Even more, in a number of devel-
oping countries this problem 1s open and will re-
quire an outside assistance to be overcomed. In this
respect, the future energy development strategy has
to include the development of the respective energy
cducation system, which will ensure its promotion
and practical application. It is of paramount interest
to the society to combine its effort in the economic
development with the change in the structure of the
education system.

The engineering education is closely linked
with the economic development. The promotion of
new technology advances by the use of information
technology is immanent to the further development
of the engineering education. In particular, the
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mncrease of the engineering knowledge leading to
the larger number of the engineering specializations
1s only the tip of the iceberg of the problem in
engineering education. In this respect, the energy
and environment engineering education is of pri-
mary interest for the modern society.

Efficiency, reliability, new energy sources and
environment are among those issues of energy en-
gineering which are to be recognized as the main
driving forces to increase the demand from the
energy systems.

The efficiency of the energy systems has been
recognized since Sady Carnot has defined the Sec-
ond Law approach for its assessment. In this re-
spect, it has become important to understand the
quality of energy in order to obtain the maximum
from a potential source of energy. The exergy analv-
sis has become a powerful tool for the engineering
evaluation of the respective energy system. The
Second Law efficiency assessment requires the
knowledge about principles of the exergy analysis,
technical characteristics of the respective system and
equipment. The correct efficiency evaluation of the
svstem will require also a social aspect of the energy
cost, which mnclude the environment interaction
with the respective energy system.

The reliability and safety of the energy svstems
have become the main issue of the adverse cffects,
which might have regional, national and global
effects. Tt is a complex issue which requires 1 deep
knowledge about the svstem, its functionality and
limitations. This knowledge is required at ditferent
stages of the energy svstem development including
design, construction and operation. The risk evalu-
ation is a specific issue, which has to be introduced
at each stage of the development. Learning about
rchabihity and safery aspect of the energy svstem
requires a high degree of sophistication of all the
subjects to be taught in the normal engineering
curriculum. It is known thae any malfunction of the
energy svstem leading to the degradation of reliabil-
1ty and the decreasing saferv margins of the svstem
1s result of complex processes, which are time de-
pendent and interrelared. This implies that in order
to gain the knowledge needed for the assessment of
reliability and safety of the energy svstem, the engi-
neering education programs should include tme
and space dependent processes with the respective
mathematical and numerical tools to be used in
modern computer systems.

The new and renewable energy sources arce
based on modern achievements in the physics and
chemistry. So, it s immanent to the new cnergy
sources assessment and evaluarion to have the re-
spective knowledge in these fields. In particular, the
engineering aspect of the new and renewable energy
sources should be emphasized 1n order to introduce
them in the strategy of the energy system develop-

ment. For this reason it is necessary to design the
energy education programs taking into considera-
tion the need of society to introduce the new energy
sources in the everyday life.

The increased environment concern in the
modern society has led to the internationally recog-
nized requirements for the higher attention to the
adverse effects of human activity towards its sur-
rounding. In view of the impact of energy systems
on the environment increased emphasis is given to
the assessment of such impacts at the stage of energy
programming and the project design in order to
take into consideration environment problems
caused by the energy production, transport and
consumption. It is needed to include subjects as
biologv and social sciences in the engineering edu-
cation.

Lifelong education in energy engineering

It is known that the need for upgrading pro-
fessional capability of the manpower in engineering
is the result of constantly growing demand for the
increase of efficiency of technical svstem and in-
creasing awareness of the environment problems
[45]. The organized effort is streamed to meet
challenges for the benefits obrained with a new
approach to future technical systems and their in-
corporation in the human environment without
adverse effects. One of the lines in this effort is a
new lifelong education svstem. In order to meet this
requirement the distant learning education meth-
odology with multimedia is proved to be easily
accommodated for the on-job traming for the In-
dustry-University co-operation. The education pro-
grams could be designed for specific needs and
adapted in the on-job environment with limited
reaching assistance.

As most of tlie postgraduate education pro-
grams are closely linked to the specific technology
developments, it is of great interest to the design
respective courses having in mind the customer
interest and local environment. The cnergy engi-
neering postgraduate courses in this respect have to
be aimed to meet the recent strategic demands in
the modern development of the global energy Sys-
tem. The variety of opuons for the specific pro-
grams will requirc a polyvalent approach in the
design of the respective postgraduate energy engi-
neering program [46]. It will have to accommodate
the different disciplines oriented modules, to be
used in the construction of multiple options as
required by the individual learners. With this ap-
proach, it will be possible to launch the individual
cducation programs, which are to be custom-made
to the specific need of the individual learners or their
employers. The future learners will have the oppor-
tunity to connect themselves to any available edu-
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cation programs in the world network designed as
a part of the global system. In this respect, the
lifelong engineering education is at the beginning
of network formation, which will, similarly to the
existing Internet or similar global network, offer the
education commodity to any individual wishing to
increase his/her competency in the specific field of
interest.

CONCLUSIONS

It 1s shown that present energy strategy re-
quires adapration of new criterions to be followed
in the future energy system development. No doubt
that there is a link berween energy consumption and
environment capacity reduction. This isan alarming
sign, which recently has become the leading theme
for our near and distant future.

Modern engineering science has to be oriented
to those areas which may directly assist in our future
energy planning. In this respect, it is a demanding
need that our artention be oriented to the global
aspect of the energy development. Modcm tech-
nologies will help to adopt essential pr mc1p esof the
sustamablu energy development. With the appro-
priate renewable energy resources introduction in
our energy tuture and wich the increase os safery of
nuclear energy, 1t will be possible to comply with
the main principles to be adapted in the sustainable
energy strategy.

In order to promote the sustainable energy
development the respective education system 1§ re-
quired. It was recognized that the present energy
educaton system can not meet furure demand for
the knowledge dissemination. [t was shown that the
potential option for the future education svstem 1s
the distance learning with
system.

multimedia telematic
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Hanm AGTAH, Japsuw Ax TOBAUCH.
Mapua KAPBAJLO, Maypuimo KYMO

OITPABOAHU EHEPTETCKU
PA3BOJ

Y pany je aat npernen oupasaanor (oap:xmuBOr) cnep-
FETCKOT Pa3Boj €3 MHLEM 12 Ce HCTAKIY 3HAuajIH ac-
IEKTH Be3anu 32 0By akTuBHOCT. [laT je kpartax ysog, '
BE3NH 32 AKTYe 1y CHEPTETCKY MEPLNeKTHBY 11a 0CHOBY
npericaa pacnonoxnsux nogaraka, To omoryhyje na
CE MIPHKAKY MOTHBH 32 ONPABIAHN CHCPTCTCKH Pa3Boj.
Cneunjanna  naxana  je  nocsehena eI
OUPABMAUOCTH H OCIOBHOM 3HAUCILY 0BOT nojMa. Y ToM
cMueay, noceéua maxiwa je nocsehena, AUCKYCH]H
PA3TMHTHX  aCACKATA ONPaBARHOCTH Y CAfalbeM
coeTy. Y Wby NpUKA3HBAILA HIDKETHePCKOT npHcTyna
ONpaBIauOM paas()jy NpHKA3any Cy KPHTEpPHjyMH
ONPABAAHOCTH KOJH MOpAjy GUTH yrp‘xbelm y Oyayhe
npPOH3BOIC.

AKIEUaT je cTapmen na npukas noTenunjaInor pas-
BOJA'Y €HEPTETCKIM HAYKaMa, KOjI MOsKe 12 [oReqe a0
OmpaBaanor cueprerckor paisoja. Ipikas ofyxeara
CCAQM r1apuuxX o6aacTH ca cBojum cnemndiamnm
NPOGICMINA | ILHXOBHM YTHIA]EM HA OPABIAHN enep-
rercku pasnoj. To cy crexpehe ofaacti: eneprerexu
H3BOD, e(UKACHOCT, TeXHOIOTHjC Koje ooe30eby]c
THCT BA3QYX, MHQOPMALHONC TEXHOI0TH]e, HOBK H 05-
HOB/LHBH  H3BODH  CHCPFHje, KaNaIUTeT KHBOTHE
cpeanne i nonehaise CHOypHOCTH Y nyKIeapuoj enep-
reTHyu.

Cnerem 06pasonamwa je kamen Teseman cBakor eKo-
HOMCKOT Pa3Beja. Y TOM CMHCIY, OIPABIAIN CHCPICT-
CKH DA3BO] 3aXTERA 1A Ce 1HOCEHNA NAKILA MOCBeTH
M3TPAMILH HOBOT cuerema oGpasosama. O6paszopaie
Ha J216HNY je jenna og moryhinx onoun UIHpeIha 31a1ba
0 HOBUM CHCPICTCKHM TEXHOIOIHjaMa,

Kovyure pewn: enepiuja, CHEPZeUICKI 380D, HOBLL L
0OHOBUBL erepieiticht U3BOPL, M-
BOLIHA CPCOUHA, HYKACUPHU eHepilya
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