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FOREWORDS OF THE DEPUTY EDITOR-IN-CHIEF FOR FRANCE
AND SOUTHERN FRENCH SPEAKING COUNTRIES,

GUEST-EDITOR OF THIS SPECIAL ISSUE

Professor Pierre Saint-Gregoire

It is a great pleasure for me to write the
forewords for this special issue of the
International  Scientific ~ Journal  for
Alternative Energy and Ecology, devoted
to France and french speaking (or partially
french speaking) countries of the south.
This volume is the result of a call for
papers launched in june 2007 with the aim
to give an overview on the research in the
field of alternative energy and ecology in
the mentioned geographical zone. To
stimulate the international contacts and
collaborations we proposed to publish also a short description of laboratories,
groups, and institutes participating in this activity.

Obviously, our goal has only partially been reached, even if we received about
one hundred propositions of papers: because of the “information screening”
caused by the explosive development and competition in the field of
renewable energies and related topics, several important french institutes are
not yet represented in this special issue. In contrast, we have a vast
representation of african french speaking countries that, albeit being
potentially the main consumers of the renewable energy technologies, are
frequently with an insufficient access to international journals. It is indeed
important to keep in mind that the most important solar resources are located
on the african continent, and that only few percents of the area of the Sahara
region being covered by solar powerplants could satisfy the contemporary
needs in the electrical energy!

The regain of interest in the field of renewable energies is clearly caused both
by the explosive increase of prices of the non-renewable energy sources and
by the global tendency of climate warming that is the origin of the present
collective awareness. In this respect, we are certainly still only at the
beginning of activities in this field: first because the pressure of civil societies
on the scientific community will increase in future, with the confirmation of
the emergency to find new solutions, then because a maturity of scientific
groups working in this field will occur, and finally because the corresponding
market will likely appear to be a motor of world economy in future.

This situation should reasonably result in the enhancement of north-south
collaboration in this field and in number of related fields, and we hope that the
information published in this issue about southern institutions will encourage
further north-south collaboration contacts.
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In France, activities on solar energy
have started early, with the
construction of the solar furnace of
Mont-Louis in 1947, and of the big
solar furnace in Odeillo around
1970 by CNRS, close to the former.
Then, in 1983, an experimental
solar powerplant was built in
Targasonne, also in the south of
France, but was stopped
prematurely. It is significant that this
experimental powerplant, which has
inspired several models of so called
“tower powerplants” over the world,
is now rehabilitated, and gives the
opportunity to experience new
processes in near future.

For now, several french organisms,
mstitutions, and associations, are
working entirely or partially in the
development and the wuse of
renewable energies, and for the
improvement of sustainable
development approaches. We can
mention ADEME (Agence de
I’Environnement et de la Maitrise de
I’Energie — Agency of Environment
and Mastering of Energy), CNRS
(National Centre for Scientific
Research), ANR (Agence Nationale
de la Recherche — National Agency
for Research), EDF and particularly
EDF-EN (Electricit¢ de France;
Energies Nouvelles — Electricity of
France; renewable energies),
ministries of research, for sustainable
develop-ment, etc.

In southern countries, the same tendency is appearing, in particular with the
appearance of structures for developping specifically the renewable energies.
It is highly desirable in future to follow a global approach, in particular for
optimizing the use of desert zones for energy production and for organizing
research and industrialization in the frame of the sustainable development.

For all these reasons, this special issue is certainly a pale reflect of the
forthcoming volumes in next years! If, nevertheless, this volume of ISJAEE
may modestly help in structuring collaborations between southern and
northern countries, it will play a significant role in the right direction.

© Photo O'SUGHRUE N° 059 ENJOY ENERGAIA

Opening of the international meeting “Energaia” on renewable energies,
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Introduction

The fields related to renewable energies that are relevant
for north-south (and south-north) collaborations are
numerous, and it is out of the scope of this paper to give
details in all of them. I shall nevertheless give a non-
exhaustive overview on what seems to me the most
important ones. I would like to mention also that this
paper is written in an unusual way concerning
references: instead of giving in bibliography the
references of original papers that would not be accessible
to most of southern scientists, I have preferred to list also
internet addresses and references of papers in open
access journals. This is for a practical reason, namely to
provide in direction of the south, informations that may
be used actually. I apologize with respect to authors who
should be citated and are not because their paper is
published in expensive journals, out of the means of
universities of southern countries. Another objective of
this paper is to attract attention on topics that seems to
me important for the development of southern countries,
and for the sustainable development of north; it is why

this paper contains also a call for the constitution of
research networks in the different topics.

Among different topics, I shall not neglect those based
on very simple technology, even if they are not
fashionable, because they may be important for the
scientific activities in the south, and because they are in
favour of an environmental reequilibrium of the
corresponding regions. As an example, we can mention
solar cookers, and, at a higher level, small or medium
solar furnaces. The production of electricity using
photovoltaic effect will also be discussed, together with
the thermal powerplants and biodiesels.

Universities of the southern countries cannot compete
with those of the most developed countries, but they
have an important role to play in the development of
renewable energies, in particular in fields that are not
considered by northern research groups. One of the
objectives of this paper is to attract attention on actions
that may be pursued only by universities of southern
countries, and on fields that may be developed in close
contact and collaborations between institutes on both
sites of Mediterranean Sea.
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The present situation

A trivial constat is that in the euro-african zone, the solar
resources are in the southern countries (Fig. 1), and the
strongest needs and technology are in northern ones.
However, in such poorly illuminated countries as
Germany, there are at present time more solar
powerplants than in the south (even if this will certainly
change in future, with the development of powerplants in
Spain, Portugal, Italy, etc), and the use of photovoltaic
devices and solar thermal devices is the most developed.
Such a situation is more due to a political decision than
to a market mechanism: in Germany, the price of
photovoltaic solar electricity is fixed at 0.50 € for 1
kW-h, which allows to planify the construction of
photovoltaic solar powerplants at relatively high latitude.
From financial point of view, the installation cost of PV
powerplants is nevertheless still too high to attract
massively investors, with a payback around 10 years and
an environmental payback around half that time. The
main challenge is therefore to decrease the cost of the
“solar kW-h” in order to allow the spontaneous
expansion of this production mode.

There is now a quasi consensus to attribute the cause of
climate global change to the greenhouse gases emissions
[1], mainly from industrial countries, and this led the EU
to drastic decisions, namely to decrease the greenhouse
gases emissions by 80 % before 2050, and to increase
the part of renewable energies to 20 % by 2020 [2, 3]. In
future, such political decisions could even be stronger if,
as predicted, the global warming is more pronounced
and climate changes are more evident. Environmental
problems are now already considered by all political
parties and play an important role in the public opinion,
as observed recently in France with “Grenelle de
[’Environnement” [4], an open meeting organized by the
french government on environmental problems.

In the south, under-industrialized, environmental
questions are not yet a priority, and the use of renewable
energies, in spite of its obvious interest due to the strong
solar radiation, remains marginal. In most african
countries, the main source of electricity production is
still based on fossil fuel. Poverty, finance problems, and
external constraints hinder generally the southern
countries to invest in the sector of energy. In many
countries, extreme poverty is such that more than 95 %
of the population do not have access at all to electricity,
and the unique accessible energy source is the wood,
thus leading to deforestation and to a considerable
environment degradation. This has also as consequence,
that mainly among the young generation, a lot have a
strong will to emigrate, first within the country to big
towns, and secondly to the north.

In a paradoxical way, the south may be a considerable
source of energy for the future, obtained from solar
powerplants, and from the potential exploitation of
biofuels, both having positive impacts for at least two
reasons: (i) they would tend to reequilibriate the planet
with an energy harvesting without greenhouse gases and
any environmental induced problem, (ii) they would
considerably improve the economies and standard of life
in southern countries.

In order to establish a new, more equitable, and
sustainable order at a global level, the exploitation of
solar resources and the exportation of energy from
Africa, should reasonably be organized in future.

In the following, we mention the pharaonic projects that
should be implemented in next years/decades, as a result
of heavy financial investments, but we pay also attention
to the projects that may be developed at a more modest
scale, involving universities, non governmental
organizations, researchers, and that may nevertheless
have a strong environmental and economical impact. The
next paragraph lists the different fields to be considered.

SOLAR IRRADIATION : kWh/square meter/day

pgo-1 O1-2 [@—O2-3 3-4 4-5 MWM5-6 Mob6et+
Fig. 1. World map of solar resources
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Solar energy

Solar thermal devices
Solar concentration

Solar concentration is performed through an optical
device, for collecting thermal energy at the level of a
receiver. The concentration of the system is defined as
the ratio between the area of the projected (collecting)
surface of the optical device (in principle a lens, a
mirror, or sets of lenses or mirrors) and the area of the
receiver. In most cases, the optical device is nowadays
constituted of mirrors. The thermal efficiency (the ratio
between harvested thermal energy and incoming energy)
is rather high in such systems, around 70 %. Losses are
conductive, convective and radiative, and depend on the
different geometries that are used, mainly for the
receiver.

Different systems may be used in solar concentration [5]:
the “parabolic-dish” reflectors (Fig. 2, a), the “parabolic-
trough” (Fig. 2, b) and the sets of heliostats (Fig. 2, ¢).
The “parabolic dish” is based on a revolution paraboloid,
which is well known for giving a perfect image of a
point object situated at infinity on the axis. This system
that needs a device for tracking the sun, achieves a high

& &

Focal ne

"\f’;

a b

concentration, of several thousands, that may in principle
be higher that 10*. In practice, taking account the
imperfections of the reflecting surface, the concentration
ranges between 3000 and 5000.

In the parabolic-trough, a section of the mirror is
parabolic, and in the perpendicular direction, it is linear:
the focus of this device is therefore linear, which reduces
the concentration to a value in practice close to one
hundred. The system may be oriented in two manners:
either north-south, with a continuous tracking of the sun
during the day, or east-west with only a slight regular
readjustment of the orientation.

Finally, in other technical solutions for achieving solar
concentration, several mirrors (heliostats) can be used to
focus continuously the light of the sun on a central point.
Each mirror must track the sun in such a way that the
image remains in a given direction. A compromise has to
be found for the size of mirrors, since large mirrors need
expensive bases and tracking devices, whereas smaller
mirrors need simpler and hence cheaper devices, but
should be more numerous.

Heliostats can be oriented either towards a receiver or
towards a mirror, generally vertical and of paraboloid
shape.

c

Fig. 2. Different systems used for solar concentration: a — parabolic-dish, b — parabolic-trough, ¢ — set of heliostats

Thermal powerplants
Thermal powerplants designed for the production of
electricity are based on one of the three concentrating
systems presented above for collecting thermal energy,
and on its transformation into mechanical energy and
then to electricity.

—_——

Fig. 3. The parabolic dish reflector in Odeillo (CNRS laboratory,
South of France), equipped with a Stirling engine at the focus

The idea to obtain mechanical energy from the sun was
first made real by Auguste Mouchot who placed a steam
engine at the focus of a parabolic mirror. He presented
his invention at the Universal Exposition in Paris in
1878. In 1907, the trough parabolic collector was shown
to be able to produce steam (a patent of Maier and
Remshalden), and five years later, a plant was built in
Meadi in Egypt.

Thereafter, it is only around 1970s that solar thermal
projects began to be undertaken again, using the
different concentration geometries.

Up to now, the best overall efficiency is obtained with
parabolic-dish concentration, with a Stirling engine at
the focus (see for instance Fig. 3). Efficiencies between
20 and 30 % were reported [6], but the weakness of this
system lies in the Stirling engine that has still nowadays
a limited operation time. Moreover, for obvious reasons,
the size of the system is limited and devices are
generally of few square meters; collecting more energy
is then achieved by putting together several parabolic-
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dish devices. This technical solution may be interesting
in future for producing small to large quantities of
electricity, but it will remain as a project as far as
Stirling engines will not be more reliable. Another
weakness of that system, is that it does not allow any
storage of thermal energy, so that it is able to work only
during directly illuminated day time. This may
nevertheless be interesting in warm countries where the
peak of electricity consumption is due to air conditioning
and occurs precisely at about the same moments.

The concentration using heliostats has led to an
architecture of solar powerplants where energy is
focused onto a receiver located at the top of a tower.
This was the case of the early powerplants CRS and
CESA in Spain, Sunshine in Japan, Aurelios in Italy,
Solar One, MSEE in USA, Themis in France, and C3C
in Soviet Union (nowadays in Ukraina). All these
powerplants were built between 1981 and 1985. The
concentration for these powerplants are of several
hundreds, from approximately 250 (Solar One, circular
field of heliostats) to 700 for Themis (field of heliostats
in the north of the tower).

Different materials were thus tested for the heat transfer
and heat storage: water-steam, sodium, and molten salts.
Each technology has its interests and difficulties. Molten
salts, in solid state at ambient temperature, need to be
heated well above 100 °C (140 for Themis, 220 for Solar
Two) in the whole circuit, which may appear as a
delicate task. This needs external energy, and also
energy is consumed to insure the motion of the salts in
the circuits. At the opposite, molten salts are well suited
for the thermal storage at high temperature (between 550
and 1000 °C). The thermal efficiency of this type of
system is around 73 %, and the maximal global
efficiency (conversion solar energy into electricity) is
about 23 %. Activities of research and development
continue for this technology, see for instance the paper
by Ferriere in this volume.

Finally, the most modest, with respect to expected
efficiencies and technology, but also the most robust
models, commercially available, are based on parabolic-
trough reflectors. Solar powerplants of this type are
exploited in USA in the desert of Mojave, till the mid 80s
and have an overall power of 354 MW,, divided in blocks
between 30 to 80 MW,. Nowadays, this technology is the
cheapest one. It was first produced in series in the mid
1980s by the company Luz International which installed
the mentioned powerplants in USA. Thereafter, this
company disappeared, and more recently, the activity was
pursued by Solar Millenium [7] and few others.

In this type of powerplant, the receiver lies in a glass
tube in which vacuum is achieved in order to make the
thermal losses at minimum. The thermal transfer fluid is
here heated between 300 and 550 °C, it may be a
synthetic oil, molten salts, or water. Such systems can
still work in absence of radiation, due to thermal storage
devices allowing autonomy and possibility to continue
delivering electricity during periods depending on the
storage capacity.

The mirrows for the plants come from Flabeg,
manufacturer of technical glass. The concave mirrors are
made from silver-coated white glass which is about 4 to
5 mm thick. The elementary mirrors are 2 to 2.8 square
meters in size. Over 98 % of the solar radiation that
arrives at the mirrors is reflected onto the absorber pipe
along the focal line of the collectors. For further
information see www.flabeg.com

The cost of this technology, expressed with respect to the
electric power, depends naturally on the location of the
power plant and the integration of thermal storages. Taking
as an example one of the Andasol powerplants (South of
Spain) which are currently being built, the capital
expenditure is of about 300 millions €, and the electricity
output will be of about 180 GW-h per year (Fig. 4).

e

Courtesy of Gollmer/Solar Millennium

Fig. 4. Andasol powerplant in the south of Spain:
mounting collectors

Solar Millennium projects a decrease of prices in future,
due to economies of scale. Moreover, investments in
research and development, made by Solar Millennium
(Fig. 5), are intended to reduce the costs of solar thermal
power generation considerably during the next years.
This can be achieved by the optimization of parabolic
trough collectors by the use of direct steam generation.
Water is to be directly vaporized in the absorber pipes
located in the focal line of the collectors. Up to now a
synthetic, liquid heat transfer medium is conducted
through the absorber pipes and this medium emits its
heat via heat exchangers to a steam cycle. If direct steam
generation proves to be a reasonable alternative, the
cycle with the heat transfer medium liquid and the heat
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exchangers will no longer be needed. This will increase
the yield of parabolic trough powerplants.

Another way to increase efficiency of solar thermal
power plants is to improve the collector design as a
whole. Therefore, Solar Millenium has developed a new
generation of parabolic trough collectors. A series of
innovations means that the investment costs for solar
collectors will be reduced by 15 to 20 percent in the
future (for details, see the press release [8]).

In future, the concentrated solar power (CSP) should
therefore occupy a bigger place in the production of
electricity.

Courtesy of Solar Millennium AG

Fig. 5. Parabolic-trough collectors in working orientation

In various countries, interest for such an electricity
production is renewed in reason of the recent oil price
increase and perspectives of further increase in future. In
France, a small company, SOLAR EUROMED, has
started building a prototype of solar powerplant with
parabolic trough concentrators in a moderately
illuminated region (the south of France), on the basis of
experience elaborated at Themis.

The building of such powerplants in southern countries has
started. First, of course, with Andasol in Spain, but also on
the african continent. Solar Millennium will build in
Kuraymat, approximately 95 kilometers south of Cairo
(Egypt), a hybrid powerplant using both natural gas and
solar power to produce a total output of 150 MW, with
solar field of parabolic troughs with a total mirror
surface area of approximately 130,000 square meters.
Other countries of Maghreb, Algeria and Morocco in
particular, will also build such powerplants.

The overall efficiency of such powerplants is now
significantly above 20 %, with a net annual efficiency
around 14 %.

Taking into account the high direct radiation received in
some african regions, around 2900 kW-h/m? per year, it
may be extrapolated that the production costs will be in
the medium term around 0.6-0.7 €/kW-h and that at the
same time the desertic regions of Africa should
reasonably be used for electricity production, since it is
now possible, using High Voltage Direct Current lines
(HVDC) to carry energy over large distances without big
losses. This production may then be purely solar, and not
hybrid as in less favourable regions.

Energy may also be exported as hydrogen produced from
solar energy. The water electrolysis using electricity
produced from the sun will compete with the production
via water decomposition at high temperature (in solar
furnace) using different thermochemical cycles [9]. This
still needs research. The interest of such projects will
depend particularly on the progresses of fuel cells
technology in future.

The quantity of electricity produced in this way will be
determined not by natural constraints since Sahara could
allow the production of much more than the present
world consumption of electricity, but by political
decisions and by financial volumes that may be
dedicated to such projects. A relatively small ratio of the
Saharian area, if covered with thermal powerplants,
would produce the total energy consumption of Europe
including Russia.

We only stress that such a production of electricity
would avoid the emission of huge quantities of
greenhouse gases, and that installation of powerplants in
Africa would reduce the big gap of standards of life
between northern and southern countries, that may be in
future at the origin of big political instabilities in wide
zones, and of uncontrolled migrations.

Till now, the construction of powerplants is due to
decisions of particular countries, and projections in
future on this basis led Greenpeace to predict that CSP
could allow to furnish 5 % of the world production of
electricity by 2040 (see the whole document of
Greenpeace on the Concentrated Solar Thermal [10]);
however, in future it would be highly desirable that
countries associate efforts and cooperate around such a
clean production of electricity and hydrogen, in order to
achieve the largest possible production. Electricity
production at zero emission of greenhouse gases is
indeed possible with CSP, and at the same time may be a
considerable factor of global economical growth since in
african countries the (economic) marginal propensity is
very high.

Besides such pharaonic projects, universities of southern
countries should pay attention to research and
development on CSP for rural production of electricity.
This supposes in particular to design and test smaller
size systems, and to look for solutions with minimal
costs, even if efficiency is consequently reduced.
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Solar furnaces

The first model of solar furnace for scientific purposes
was built in Mont-Louis in the south of France in
1949 by Prof. Louis Trombe. This furnace, of more
than 50 kW, is still active and is used for scientific
culture and applications [11]. Later on, between 1963
and 1969, a larger furnace was built close to this one,
in Odeillo (Fig. 6), under the responsibility of CNRS
[12]. The former is composed of a vertical parabolic
mirror and one heliostat, whereas the latter, much
larger, is composed of a large parabolic reflector
composed itself of 9500 mirrors fixed to the frontage
of a building facing a field of 63 heliostats of 45
square meters each. The power of this furnace reaches
1 GWy, and the working temperature at the focus may
be above 3500 °C.

Both furnaces have widely demonstrated the possibility
to use solar energy in material science and for applied
purposes. Mention in particular applications in the
synthesis of nanomaterials, in metallurgy, in burning,
high temperature tests of materials, etc.

It is out of present possibilities of southern countries to
build such a large furnace as that of Odeillo. However,
furnaces of approximately the size of Mont-Louis
furnace, with more modest costs may be planned. We
would like to mention a very interesting project that
follows convincing tests performed at Mont-Louis,
namely the construction of a furnace in Morocco for
burning traditional ceramics. Tests of burning ceramics
using solar energy appeared positive, with practically no

loss of items, and with very good esthetic qualities of the
burned ceramics (see in [11]).

Universities of southern countries should perform research
on the construction of solar furnaces for local purposes
(metallurgy, burning ceramics, bricks, etc) following two
directions: (i) design geometries eventually more proper to
intertropical situations, (ii) reduce the costs, for instance
by using local materials and cheap materials for mirrors —
aluminum foils, plastic mirrors, etc.

The widespread use of such furnaces could indeed
considerably reduce the environmental pressure, as will
be seen in Environmental impacts.

Solar cookers and solar dryers

Solar cookers are examples of very simple devices [13]
that could have a very strong impact on environment.
Several models exist, either using the solar concentration
on cooking recipients using a reflector, or using
greenhouse effect in a box closed with glass and
internally covered with a reflector (the cooking recipient
absorbs light in both cases). Research in southern
universities could be performed with the aims to increase
the performances of these devices, to reduce the costs
(for instance by using local materials in the conception),
and to study carefully the appropriation by population
and the preservation of woods that follows the use of
these devices. In such studies, it is important to approach
the situation with different points of view, and in
particular from those of physics, anthropology, biology,
economy.

Fig. 6. The solar furnace of CNRS in Odeillo (South of France).
A large parabolic reflector constituted of 9500 mirrors is facing a field of heliostats on the right, seen from the back

Photovoltaic cells, and photovoltageic powerplants

If more and more photovoltaic powerplants and houses are
built in Europe in reason of state helps, this type of project
has not yet been reached Africa where its future will
depend on the cost of such devices, at present much too

high to be widespread. Mainly foreigners or international
organizations do install such devices, for the electrical
supply of isolated sites or for avoiding problems of supply
interruptions. The Rwanda government has nevertheless
shown interest for such installations, by taking the
decision of building solar photovoltaic powerplants,
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starting in the neighbourhood of the capital Kigali, at 2500
m high. This country, where 99.3 % of the population do
not have access to electricity, is the first for developing
such an approach, in the frame of the Germany-Rwanda
cooperation (more precisely with Pallatinat) [14].

The challenge with photovoltaic cells is nowadays to
attain a steep decrease of costs.

Locks with silicon cells

The technology of silicon cells is robust and reliable,
with durability of cells around 25 to 30 years, and
efficiencies that do not decrease too strongly all along
the life of cells. The costs are nevertheless too high to be
widespread and to answer to the needs in the south, or to
market mechanisms in the north. It is well known that
about 70 % of the cost of a silicon solar cell is the
material itself, so that these cells are strongly dependent
on the price of Si, the remaining part being related to the
production process. To overcome these inconvenients,
other photovoltaic devices have been designed, and
exploration of new technologies has begun [15].

Second and third generation cells
In the second generation cells the problem of cost of basic
materials has been overcome since these devices are based
on thin films. Nowadays, there are several technologies and
materials used in the production of these cells: mainly
amorphous and microcrystalline silicon, CdTe, CIS
(CulnSe; and related compounds) [16, 17].
The third generation cells [18, 19] are based on research
in two opposite directions: (i) reducing price of cells
with respect to the nominal power by increasing the
efficiency at nearly constant cost, (ii) reducing
considerably the costs even if efficiency is lowered.
Increasing the efficiency above the Schockley-Queisser
limit (~ 30 %) can be realized with high technology
devices: quantum wells (quantum dots, quantum ropes,
etc) devices and tandem cells (multilayers), both based
on the absorption of light in a wide spectrum [20]. In the
tandem cell for instance, a photon that is not absorbed in
a first layer is absorbed in the following or in one of the
next ones (multispectrum cells). Reported efficiencies of
existing devices are now above 40 %, a value that lets
hope that the compatibility of these cells with solar
concentration will be soon possible. These cells will
certainly remain expensive in future.
In the opposite direction, the costs are strongly lowered
because the technologies are no more based on classical
semiconductor processes, but are very simple. This is
achieved with polymer solar cells, nanocrystal solar cells,
Dye-sensitized solar cells (“DSSC”) [21], and
photoelectrochemical cells [22]. Efficiencies around 10 %
begin to be reached for such cells, with expected costs
much lower than for the silicon technologies.

Interesting perspectives
African, and even many european universities cannot
compete in the field of high technology third generation
cells that may be designed and realized only in few

centers. However, some perspectives seem interesting in
the frame of cooperations.

A simple research direction is to increase the actual
efficiency by tracking the sun [22, 23]: the solar pannels
are then always oriented in an optimal direction, which
may increase by 20 to 30 % the global efficiency of the
device. Another simple idea is to conjugate the device
with a concentration of the incoming light on the
photovoltaic pannel, and thus harvest more electrical
power. However, in “low efficiency cells”, the energy
that is not converted into electricity is transformed into
heat, and the cells will rapidly reach too high
temperatures, in particular in Africa where the ambient
temperature is often above 30 °C during the day. Such
devices should thus include displays to dissipate the heat
that is necessarily generated, which could be performed
by a simultaneous water heating. Universities of
southern countries should perform such studies that are
not so pertinent in other places and that would be fruitful
for lowering the costs of PV pannels in Africa.

Another important direction, concerns the DSSC: these
cells can be realized without major technological
investment, and should be studied in laboratories of
southern countries in the frame of international
collaborations. Even at low efficiencies (for instance around
8 %), these cells of very low cost, that could be produced in
southern countries, could very advantageously be used in
Africa where the solar irradiation is strong and where space
is generally available.

Research studies on the conception of such cells in the
local conditions, and of their durability in real conditions
should be performed. This may also be an interesting
research direction in the frame of international
cooperation between southern and northern countries.

Possible biodiesel production

Biofuels are the object of controversial papers, because
their environmental bilan is not clearly positive. In
northern countries where agriculture is highly productive
because it consumes a lot of energy, it is relevant to keep
in mind the cost in term of CO, emission, for evaluating
the interest of producing biofuels. In southern countries,
classical biofuels as those derived from sugars have clear
negative consequences on environment: destruction of
vast quantities of forests to replace the removed trees by
cultures, and rarefaction of food in reason of the
deviation towards energy production. Prices of such
basic products as sugar, and various cereals, are strongly
sensitive on the politics of energy, and it may be
dangerous to develop such biofuels as those mentioned
without an extreme caution.

However, all biofuels do not seem to be dangerous for
the environment and for the economical equilibrium of
the society. In particular, a very interesting plant can
grow in tropical and subtropical regions, is robust, and
its seeds may produce an oil that can be used as
biodiesel. This plant, named “jatropha curcas”, belongs
to the family of euphorbiaceae [25], and though being
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originary from Caribbean, it has been spred in nearly all
tropical and subtropical regions: in Asia, Africa,
America. It is currently advantageously used in hedges,
and for stabilizing soils against erosion.

The oil, present in the seeds to an amount till 40 %, has
proven to be successfully used in diesel engines without
major problem. More and more tropical and subtropical
countries have designed projects to grow this plant for
the oil production (see for instance [26]).

Jatropha curcas grows rapidly, it may begin to produce
seeds after about three years, adapts to different soils and
climates (from North Africa — it grows in Egypt for
instance, to subtropical and wet regions as Central
Africa) and does not need a lot of water. Its productivity
is nevertheless variable because it is generally found in a
semi wild state and just begins to be domesticated. It
ranges between 400 to 800 liters per hectare.
Environmentalists have promoted a project called “green
belt’, where jatropha curcas is apparently absent till now
(see [27]). Though the environmental impact of this
plant has not been the object of studies in long term, the
observation of fields where jatropha curcas is present
since many years, does not exhibit environmental
problems and at the opposite, shows that it is very useful
to protect the vegetation in semi arid places. In Africa, it
has also been integrated with other plants, and is
currently used as medicament, or for domestic purposes
(soap production, oil for lamps...).

Jatropha curcas could change the rural situation in so
called Third World by increasing steeply the standard of
life at a moment when the price of such products as
coffee, cacao, and coton are very low, provided its
production be free. In Central America, India, and Mali,
for instance, its culture has led to a considerable
improvement of the life by giving access for the
population, to electricity produced from generators
working with biofuels and by giving supplements of
incomes, especially as the extraction of oil does not need
sophisticated technical means, and is accessible to
modest categories of population.

The large scale culture of this plant all around Sahara to
stabilize the desert (such a country as Senegal, for
instance, looses 50 000 ha of land per year to the profit
of desert) should be accompanied by scientific studies to
precise the environmental, economical, and human
(ethnological and anthropological) impacts. It would at
the same time increase the income of the concerned
regions: the expected production could amount to 50
billions liters of oil, which corresponds, taking into
account the average sale price in internal markets (~ 1
€/1) to 50 billions €. Such a “jatropha green belt” around
Sahara to stabilize the desert could concern Mauritania,
Senegal, Mali, Burkina Faso, Niger, Chad, Suddan,
Ethiopia, Egypt. Without taking into account the human
factors, its extension to other countries or other regions
more distant from the desert, is sustainable and could
allow to reach a production representing a non negligible
part of the present world consumption of diesel oil. Since
nearly all african countries have soils able to grow

jatropha curcas , and most of other intertropical countries
also, this favourable situation could in a first period
result in a decrease of the international tensions around
energy, but at long term lead to a wild competition
among producers, with price instabilities. This,
especially as diesel production by algae, which is also a
realistic perspective, has not been taken into consieration
here.

In all cases, the development of such biofuel production,
would involve several hundreds of thousands of jobs.
This is of course very important for economy in
countries where the rate of unemployment is high, and
the number of workers in a state of poverty among the
young generation has increased in last ten years to 87 %.
It should result in a steep global economic growth.
Again, as for solar thermal powerplants, the feasability
of such a project depends on political decisions and an
international project could be initiated in that sense.

Environmental impacts

In many places in Africa, an environmental degradation
is reported in the last decades. Causes are of different
origins, in some cases phenomena are related to global
climate changes, in others they are clearly due to an
environmental degradation related to a direct human
intervention. Around capitals and big towns, for
instance, a deforestation is generally observed, due to the
use of wood, even in town, as main fuel for cooking.
Bangui, the capital of Central African Republic, was
completely surrounded by dense forests at the beginning
of colonialism, whereas forests are nowadays divided
and distant of the town by several tens of km.

In this respect, it is important to consider the
preservation of vegetation that the use of solar energy
can induce. It depends naturally on the density of
vegetation.

Consider first solar cookers. Equiping a village of 1000
inhabitants with solar cookers leads each year to the
preservation of vegetation over an area of more than 100
ha — (1 million square meters), for an initial cost smaller
than 10 000 €, in regions between forest and savana with
an intermediate density of trees. In such fragile
environments as sahelian regions, this area may be much
larger and be around 1000 ha.

In the example of burning ceramics using a solar furnace
of 50 kW, it is estimated that approximately 600 cubic
meters of ceramics can be burned in one year, which
corresponds to the preservation of 2000 T of wood.
Generalizing the use of such devices for metallurgy,
bricks or ceramics burning, and cooking, would
therefore lead to a considerable environment
preservation, in regions often initially very fragil.
Concerning powerplants, it is important to have in mind
their payoff. The financial payoff determines the
spontaneous feasability by investors, and we shall rather
consider here the “environmental payoff”. For a silicon
powerplant, the financial payoff is nowadays somewhat
less than 10 years, whereas the environmental payoff is
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about twice shorter. Producing Si indeed induces direct
emission of CO, (carboreduction of SiO,) and needs
energy for processing the cells. It is estimated that the
cell will compensate these environmental costs after
operating approximately 5 years. In the case of thermal
powerplants, the environmental payoff is considerably
reduced since it is estimated to be around 5 months, and
after that period, the gain is quasi total during the whole
operating time, estimated around 20-30 years. Moreover, in
comparison to a modern coal fired power plant, a 50 MW
Andasol-type parabolic trough power plant saves
149,000 tons of CO, per year.

As far as integration of powerplants in their environment
is concerned, mention the problem in saharian zones,
where dust will deposit on mirrors and strong winds
carrying sands will damage the optics. Solutions for
protecting mirrors has to be found, otherwise
powerplants should be more advantageously located in
regions (sahelian) where the agressivity would be
reduced whereas the irradiation is of the same order.
Thermal powerplants should therefore advantageously
be developed in Africa. Moreover, in arid regions where
plants do not survive easily in reason of a too strong
solar irradiation, the shadow of reflectors would play a
protection role and permit their growth and culture,
especially as solar powerplants can be used also for the
simultaneous desalination of water. Such possibilities are
naturally important in such countries as South of
Morocco, Mauritania, and Senegal or in those at the east
side of Africa at the same latitude.

Finally, in the case of the considered possibility of
biodiesel production from the jatropha curcas plants,
mention that the environmental gain is also important in
reason of the stabilization of soils that would follow
from the culture of this species, and because these plants
were already observed to have a protection role on other
plants. Besides, carbon is naturally fixed in the leaves,
the branches, and the roots of the plants, so that the
carbon bilan of such a culture is favourable since the
very beginning of the process. Moreover, biodiesel
obtained from this plant is known to be much less
aggressive and is exempt of some pollutants contained in
petroleum derived diesels.

Risks, erroneous “good ideas”, needs for a respectous
approach with different points of view

In the past, several “good ideas” or projects
recommended by experts have appeared as disastrous in
Africa, the reason being generally due to partial analyses
of the situations and disregards of local opinions.
Neglecting aspects related to education led also to
failures.

As an example, mention what happened in some places
with the solar pumping of water; after installation,
population and herds have concentrated around equipped
wells, which led to the degradation of vegetation all
around, and to the abandonment of traditional wells
working manually. When the pumping equipments did

not work anymore, the vegetal degradation appeared
irreversible, and the traditional wells were unable to
work anymore.

Concerning any introduced device, a very cautious
attitude should be adopted. A strategy that may appear
good, though not sufficient by itself, is to involve
students in the development of their own original human
environment: they know the situation, and as such, can
explain the interests of introduced devices. They also
may give pertinent opinions. The distribution of solar
cookers, for instance, in regions where people use to
cook only inside the houses (this has happened actually,
and cookers were of course not used) leads to a failure
that may be predicted by persons knowing the habits.
Finally, the problem of maintenance is very important in
geographical zones where the distances are large. It is
crucial to analyse all the possible causes of failures in
order to prepare missing items, to form local personal for
simple maintenance, and to set up a hierarchy of
maintenance personals as a function of the degree of
complexity of the reparation to be performed on the site:
simple reparations may thus be performed rapidly by
local interveners, and more complex failures will need
equipments and interveners from more distant places.

Conclusion

In future, the situation of Africa with respect to energy
should be at the center of a sustainable development
approach both for Africa and for Europe: in the south,
the generalisation of such simple and cheap solar devices
as solar cookers would strongly reduce the pressure on
environment, of populations that otherwise use wood,
and the use of solar furnaces (in particular concerning
the burning of ceramics, bricks, etc) would also avoid
the degradation of vegetation over large zones.

Both the implantation of solar powerplants and of fields
of jatropha curcas would considerably increase the
incomes of the african continent, and at the same time
lead to a huge progress in diminishing the emission of
greenhouse gases since Africa is able to furnish enough
energy for Europe and for itself. This would be made
possible by raising large quantities of capital at this
purpose, but not doing it as soon as possible would
certainly cost much more to the humanity. Moreover, at
a moment when in the north the question of emigration is
considered by some as a problem, creating a fund for
setting up such projects would favour the economical
development of southern countries, and lead to the
reduction of the emigration pressure.

Such a scheme, where the production of solar electricity
is performed in arid zones and where biodiesel plants are
grown, can be developped in nearly all continents, and
seems to be the unique possibility for avoiding the
disaster of the global warming in future, precisely at the
moment where the permafrost and antartic ices melting
is confirmed and may accelerate the phenomena [27, 28].
International organizations, governments, and various
partners should understand that the question of energy is
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crucial in the development of the african continent and
for the world equilibrium from several viewpoints.
Universities in Africa should be encouraged to perform
research studies on the topics of energy in relation with
the possible perspectives in their country, and should be
encouraged also to form engineers able to work in the
construction of the powerplants in future.

Concerning south-north cooperation in euro-african
zone, it seems pertinent to constitute networks around
the following topics: solar concentration, photovoltaics,
and biofuels. Interested scientists wishing to take part to
such networks are invited to manifest themselves at
pstgregoire@gmail.com.
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Hydrogen economy

Introduction

Nowadays, wind energy is one of the most economical
energy sources with a well-known technology.
Nevertheless, the instability caused by the wind turbines
to the grid and the intermittence of the wind source, make
necessary to develop efficient energy storage system [1].
Hydrogen as an energy vector, together with electrolyser
and fuel cell technologies can provide a technical
solution to this challenge. Such a system has been
developed throughout the world [2-6].

Additionally, the wuse of hydrogen for a clean
transportation fuel will increase the need of renewable
hydrogen generating [7, 8]. Furthermore, the energy
available for hydrogen production is strongly dependent
on the wind energy resource [7]. In this context, the
proposed study is interested to the hybrid system wind
turbine-electrolyser. It assumes that the produced wind
energy is delivered directly to the electrolyser for
hydrogen production.

Several studies have been done on the wind power
potential resources in Algeria [9-12]. As showed in the
Fig. 1 [13], the south is the most promising region for
wind power applications with mean wind speed range
from 4 m/s to 10 m/s. The speed reaches 8 m/s in the
region of Adrar.

Therefore, we focused our study on the south of Algeria
which is characterized by a big desert, scattered
populations and remote communities.

Wind speed data of seven sites situated in the big south
of Algeria were used to provide an estimate of annual
wind energy available for hydrogen production.

The characteristics of alkaline electrolysers [14] were
used to estimate the rate of electrolytic hydrogen
annually produced. The energy efficiency has been also
considered.

Theoretical analysis

A promising option for hydrogen production from
renewable resources is electrolysis [7].

Hydrogen is produced via electrolysis by passing
electricity through two electrodes in water. The water
molecule is split and produces oxygen at the anode and
hydrogen at the cathode.

Electrolysis uses direct current (DC) electricity to split
water into its basic elements of hydrogen and oxygen.
Since this process uses only water as a source, it can
produce up to 99.9995 % pure hydrogen and oxygen [15].
Three types of industrial electrolysis units are being
produced today [14]. Two involve an aqueous solution of
potassium hydroxide (KOH), which is used because of its
high conductivity, and are referred to as alkaline
electrolysers. These units can be either unipolar or bipolar.
The third type of electrolysis unit is a Solid Polymer
Electrolyte (SPE) electrolyser. These systems are also
referred to as PEM or Proton Exchange Membrane
electrolysers. In this unit the electrolyte is a solid ion
conducting membrane as opposed to the aqueous
solution in the alkaline electrolysers.
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Fig. 1. Wind speed contours at a height of 30 m above ground (m/s) [13]
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Regardless of the technology, the overall electrolysis 12
reaction is the same: H,O — % O, + H,.
However, reaction at each electrode differs between 10

PEM and alkaline systems.
The electrolysers usually tested for wind electrolyses are

the alkaline ones [5, 8, 16], the PEM ones are in the state
of development.

Therefore, we selected the alkaline electrolysers. Their
electrical consumption is about 5 kW/Nm’h' of
hydrogen produced [5, 8, 16], with an energy efficiency 4

Power (kW)
o

minimal of 75 % [15].
Where, the energy efficiency is defined as the higher

heating value (HHV) of hydrogen divided by the energy
consumed by the electrolysis system per kilogram of

hydrogen produced [15]. 0
A schematic of the complete hybrid renewable energy
system developed at the Hydrogen Research Institute
(HRI) is presented in Fig. 2. It consists of a wind turbine

5 10 15 20

Wind speed (m/s)

Fig. 3. Power curve of Bergey BWC Exe

25

(WT), coupled with an electrolyser powered by the
excess electrical energy produced from the wind energy
source. The electrolyser converts the electrical energy 60

T~ |

into hydrogen, which is stored in the form of compressed
hydrogen. When the energy produced from the WT

source is not enough, the stored hydrogen is converted
back to electricity via a fuel cell generator [2].

In our study, we considered that the whole of the 40

electrical energy produced from the wind turbine is fed

to the electrolyser to produce hydrogen. The hybrid
system is then reduced to the wind turbine and the
electrolyser. 20

Power (kW)

HOUSE
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!

DC BUS & POWER CONTROLLER
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Fig. 4. Power curve of Entegrity Wind System AOC 15/50
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250

Fig. 2. Hybrid wind-hydrogen system diagram [2]
200

Three types of wind turbine (WT) sizes were selected:
small (10 kW), medium (50 kW) and large (250 kW).
Their power curves are represented on the Fig. 3-5.

The WT is characterised by a cut-in speed, a rated speed

150

Power (kW)

and a cut-out speed. The power increase from the cut-in 100
speed to the nominal speed at which it is nominal and it
cuts at the cut-out speed.

The hub height of tower is 30 m above the ground.

The wind ressources are requiered to estimate the wind
power available for the electrical production. 0

50
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Fig. 5. Power curve of Nordex N 29
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Hydrogen economy

Indeed, the wind power density is given at standard
conditions of 15 °C and 101.3 kPa by the equation [17]

P=3 P,)f;. (1)

where P(V;) is the wind turbine power produced at the
wind speed V, f; is the wind speed frequency at the wind
speed V; given by the Weibull distribution.

The Weibull function is a two parameter function used to
estimate wind speed frequency distribution. It is
expressed as [17]

k—1 k
1) J(K) exp[(i) ] @)
C C C

where c is called the scale factor (m/s) and £ is the shape
factor (dimensionless).

The wind speed and the Weibull shape factor are
adjusted vertically according to the power law model

[18]
v (z)
" (ZJ ©)

a=a+bInl; 4)

where V] is the observed wind speed at height Z; and /,
is the calculated wind speed at height Z,, o is the power

law coefficient, it depends on the wind speed
measurement.
1—0.0881né
b _ 10
- > (5)
ky

1—0.0881né
10

where k is the Weibull shape factor at height Z, and &, is
the Weibull shape factor at height Z,.

Results and discussion

In order to estimate the wind power delivered to the
electrolyser, the retscreen model for wind energy project
[20] was used. The model calculates the annual wind
energy delivered according the equation (1). The model
considers the temperature and pressure adjustment
coefficients and losses coefficient.

The wind speed and the weibull wind distribution
estimated at 10 m [19] were adjusted according the
equations (3), (4) and (5) at 30 m height for seven sites
of the south of Algeria. The values obtained are given on
the Table 1.

The power curves of the three wind turbines presented in
Fig. 3, 4 and 5 and the annual mean wind speed and the
weibull shape factor given in the Table 1 were used to
simulate the wind power produced annually. The
hydrogen production rate is 1 Nm®>h™ at 5 kW input with
an energy efficiency of 75 %.

The results obtained are plotted in the Fig. 6, 7 and 8 for
the three WTs. It appears clearly that the hydrogen
production depends on the wind speed and the size of the

WT. A look at the Fig. 6, 7, 8 reveals that the highest
production is observed for the highest windy site Adrar.
The lowest value of 1800 Nm® is observed for Hassi-
Messaoud. In Salah and Béchar for the 10 kW WT.
While, the Figs 7, 8 shows that the lowest production is
observed only for Hassi-Messaoud.

Table 1

Mean wind speed and shape factor at 30 m
above the ground

Site V(m/s) k (m/s)
Adrar 7,5 2.4
Béchar 49 1,5
Hassi-Messaoud 49 1,7
In Amenas 5,6 2,1
In Salah 5 1,8
Timimoun 6,6 2,1
Tindouf 5,6 2,2
5000
J L 30
Adrar
4000 —|
| Timimoun i
.2 3000 — (20
Tindouf

H.Messaoud

In Salah
In Amenas

Hydrogen production (Nm®)
L
Wind energy production (MW-h)

Site
Fig. 6. Hydrogen and wind power production by the 10 kW WT
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Fig. 7. Hydrogen and wind power production by the 50 kW WT

24

International Scientific Journal for Alternative Energy and Ecology N2 5 (61) 2008 = =
© Scientific Technical Centre «TATA», 2008 = | ol

¥



L.Aiche-Hamane, M.Belhamel, M.Hamane. Estimation of hydrogen production from wind power in the south of Algeria

120000 800

Adrar

100000 —

600

Timimoun
80000 —

In Amenas

60000 —

40000 —
i 200

Hydrogen production (Nm®)

20000 —|

|
Wind energy production (MW-:h)

Site

Fig.8. Hydrogen and wind power production by the 250 kW WT

These results indicate that for the same wind speed we
obtain different values of hydrogen rate when we
increase the WT size. Obviously, this means that the
Weibull wind speed distribution can make the difference.
On another hand, we noticed that the increase rate of
hydrogen production for the three sizes of WT is
approximately equal to the increase of the WT nominal
power.
Conclusion

To evaluate the potential viability of electrolytic
hydrogen wind production systems, it is important to
make an accurate wind energy resource assessment.

This study gives a simplified methodology to evaluate
the hydrogen production from the wind profile available
and the wind power curve of a wind turbine.

The results indicate that the hydrogen production
strongly depends on the wind speed and its frequency
distribution.

Furthermore, in order to increase the efficiency of the
hybrid wind-electrolyser system, it is primordial to
choose the right wind turbine size for the best windy site.
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MoO; thin films were prepared by spray pyrolysis technique by using 0.1 M of molybdenum chloride (MoCls)
dissolved in deionized water on glass substrates heated at different temperatures. Influence of substrate temperature 7
on structural and vibrational properties is discussed; X-ray diffraction characterization revealed that the films are
monoclinic for 200 °C and become orthorhombic above 225 °C. Raman spectra of the films were reported and

explained the transformation phase.
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Introduction

Transition metal oxide films have a great technical
interest for their optical and electronic properties.
Indeed, these materials can be switched between two
different optical states prompted by photochromic,
thermochromic or electrochromic effect [1]. Moreover, a
number of these oxides such as MoQj3, V,0s, and VO3
are promising cathode materials for rechargeable lithium
batteries [2-4].

MoO; thin films were prepared by various techniques,
such as reactive sputtering [5], chemical vapor
deposition [6], pulsed laser deposition [7], oxygen
plasma assisted molecular beam epitaxy [8] and flash
evaporation [9]. We have used spray pyrolysis technique
to fabricate molybdenum oxide thin films. The detailed
study of structural and optical properties of MoO; thin
films prepared by spray pyrolysis technique has been
reported in a previous work [10] and shows that
structural and optical properties of these films depend on
substrate temperature.

Education: Djillali LIABES University (1989-1994), Magister (1997), Doctorat d’état (2004).
Experience: Teaching (maitre de conférence) at Djillali LIABES University (1997 — today), member in
Scientific research projects (1998 — today)
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— 3 publications in Materials Science and Engineering B.
— 2 publications in Solar Energy Materials and Solar Cell.
— 1 publication in Microelectronic Engineering.

— 1 publication in Molecular Physics Reports.

The temperature dependence of the phonon spectrum has
been investigated previously by Julien et al [11], the
same authors have studied the substrate temperature
dependence of flash evaporated MoO; thin films
properties [9], but as far we know the effect of substrate
temperature on vibrational properties of MoQ; thin films
prepared with spray pyrolysis technique has not been
studied. So, in this paper, our objective is a comparative
study of the spray pyrolysed MoQ; vibrational and
structural properties according to the substrate
temperature.

Experimental details

Thin films were deposited by spray pyrolysis technique
on glass substrates at different temperatures varying
from 200 °C to 300 °C. Spraying solution of
Molybdenum chloride (MoCls) dissolved in deionized
water, with 0.1 M concentration is used. The description
of spray pyrolysis technique has been reported
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Structural characterization was been carried out at room
temperature in the 6 —26 scan mode using a Rigaku
Miniflex diffractometer (CuK; radiation, A = 1.5406 A).
Raman spectroscopy measurements were performed at
room temperature in a backscattering microconfiguration
using the 514.5 nm line from an Ar-ion laser focused on
the surface as a spot of 1 pm in diameter and with a
power density of ~ 3 MW/cm®. The scattered light was
analysed with a Jobin Yvon T64000 spectrometer,
equipped with a liquid nitrogen cooled CCD detector.
The spectrometer provided a wave number resolution
better than 3 cm™.

Results and discussion

Structural properties

X-ray diffraction patterns of molybdenum films prepared
at different substrate temperatures are given in Fig. 1.

At 200 °C, the pattern exhibits (011) and (200) peaks
with low intensity. These peaks are indexed by
comparing the experimental data (measured inter-
reticular distances d,,) with the JCPDS card No. 47-
1081, corresponding to the f-MoO; (monoclinic phase,
P2/c space group (No. 13)). This phase has been
obtained by thermal treatment of spray dried powders of
aqueous molybdic acid solutions [13] and by pulsed laser
deposition [7].

T
(040)

Ts =275°C

XRD Intensity, a.u

g Ts =250°C

(0100)

- _ Ts =225°C

i S § Ts=200°C
__4___'___"_/%.)}_.__' " I i  h— 1 i
0

60 70

20, Deg

Fig. 1. X-ray Diffraction spectra of spray pyrolysed samples
prepared for different substrate temperatures with 0.1M
of spray solution MoCls

At 225 °C, the diffraction spectrum shows a large band
suggesting a disorder in the structure due probably to the
B-MoO; and a-MoQ; mixture.

At 250 °C and 275 °C, the (0k0) peaks predominate
indicating a preferential growth and suggesting layered

structure of the films. The grains have the b-axis
perpendicular to the substrate surface. Indeed, the a-
MoO; can be described as a layered structure in which
each layer is built up of MoOg octahedra at two levels
connected in the direction to ¢ axis by edge and corner
sharing so as to form zig-zag rows, in the direction to
the a axis the octahedron are connected by corners
sharing [14] (see Fig. 2). Our result is similar to that
obtained in literature for flash evaporated MoO; thin
films [9].

At the higher temperature 300 °C, the pattern exhibits
several peaks in different directions indicating the thin
films polycrystalline nature. A good agreement is
observed between the inter-reticular distances of thin
films deposited in the range from 250 to 300 °C and
those of JCPDS file (card N° 05-0508) corresponding to
the orthorhombic phase (0a-MoOs).

The experimental lattice parameters are a = 3.973 A,
b=13.902 A and ¢ = 3.692 A [10], which are in good
agreement with the literature data (a = 3.962 A, b =
=13.858 A and ¢ = 3.697 A) [15]. Moreover, the grain
size increases with increasing substrate temperature, its
values are about 21 nm for the range (250-275 °C) and
26 nm for 300 °C [10]. The a-MoOj; spray pyrolysed
films are light colored at low temperature and become
deeply greyish when the substrate temperature
increases, This fact suggests that the number of defects
increases due to oxygen vacancies formation in the
films and induces a decrease of the optical gap of
MoO; [9, 16].

In order to confirm our hypothesis that the large band
observed on the diffraction spectrum at 225 °C is
attributed to the mixed phase during the transformation
from B-MoO; to a-MoO; and to affine our obtained
results, we present the study of spray pyrolysed MoOj;
vibrational properties according to the substrate
temperature.

Mo-0;: 1,67 A; Mo-0,: 2,25 A; Mo-O5: 1,95 A;
Mo-O4: 1,73 A; Mo-Os: 1,95 A; Mo-Og: 2,33 A

Fig. 2. Structure of a-MoOj; (zig-zag chains of octahedra [14])
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Raman micro-spectroscopy
The obtained Raman spectra in the range 80-1100 cm’
for samples prepared by spray pyrolysis at substrate
temperatures varying from 200 °C to 300 °C, are shown
in Fig. 3 and 4.

L

T T
100 200

1 1 1

Raman intensity, a.u

1

-a- Ty =200°C

T T
300 400

Raman shift, cm™

500

Fig. 3. Raman spectra in the frequency range 80 to 550 cm™ of
MoQO; films prepared at different substrate temperature
-e- Ts=300°G
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-b- Ty = 225°C

Mﬂ./k/j\* 75 = 200°C
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Fig. 4. Raman spectra in the frequency range 550 to 1100 cm™
of MoOs; films prepared at different substrate temperature

Vibrational study in 80-550 cm™ spectral region

In the range 80-550 cm™, we can observe that the
vibrational behaviors of the different samples are not
the same. Thus, the spectra can be separated on three
parts: the first concerns the vibrational behavior of the
sample prepared at 200 °C, the second part amounts to
T, = 225 °C and the thin films prepared at 7, = 250 to
300 °C correspond to the last part. All the observed
bands in Fig. 3 and 4, are summarized and compared
with previous literature data in Table 1.

For the sample prepared at 7, = 200 °C, in the spectral
range 80-550 cm™, we can only observe some very weak
peaks below 200 cm™, above this frequency value we
notice weak peak at 355 cm’. This band has been
observed for f-MoOj; phase [7, 17] and can be assigned
by deformation bending mode d0OMos. Moreover, in
Fig. 5, we present the Raman spectrum of this sample in
the range 72 to 80 cm™. A resolved doublet at the bands
76 and 77 cm’, is observed. The peak at 76 cm™ has a
width at half maximum smaller than the second peak.
However, we know the existence of a plasma ray in this
spectral range. So, it is reasonable to assign the band at
76 cm™ to this ray plasma and the band at 77 cm™ to our
material. In the literature [7], the band at 77 cm
corresponds to a vibrational mode of B-MoO;. This
result must be confirmed by the spectral study on the
range 550-1100 cm.

Table 1

Experimental frequencies (cm™) and assignment of
the Raman active modes of orthorhombic MoO;

This work E. Haro- Eda Assignement
(cm'l) Poniatowski et al [7] [18] [19]
995, s 995, s 995 A, By, v O=Mo
818, vs 819, vs 819 A, By, v OMo,
666, w 667, w 666  Bo,, B3y, v OMos
471, w 471, w 471 A, By, v OMos
37§, m 379, m 378 Bi,,6 O=Mo
364, vw 365, w 366 A, 8 0=Mo
337, m 337, m 338 Aga Blgy 8 ()1\/[03
291, s 291,s 291 Be.. § O=Mo
284", m 283, m 283 e
244, m 245.m 246  Bwd0=Mo
218, w 217, w 217 Bs; 30Moy
197, w 198, w 197 Ag 8 OMo,
158,s 158, m 159 B,,, 8 OMo,
128,s 129, w 129
116, m 115, m 117 Other
98, m 98, m 100 deformation
83, w 82,s 84 modes

w = weak, m = medium, s = strong, vs = very strong, = fitted
frequency value

T,=200°C

Raman intensity, a.u

74 76 78
Raman shift, cm™

72 80

Fig. 5. Raman spectra in the frequency range 72 to 80 cm™ of
B-MoQ; films prepared at 200 °C
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When the substrate temperature reaches 225 °C, some
weak broad peaks are observed at 158, 238, 281, 336,
372 and 447 cm’', a well resolved doublet appears at
116 and 124 cm™ and medium peak is observed at 148
cm’'. The bands at 238, 281, 336, 372 cm™! are near to
the ones observed in literature for a-MoOs [17, 18, 19]
(Table 1). In comparison with the previously Raman
studies on B-MoOj; or a-MoOs, it seems that the weak
broad peak at 447 cm™ has not indexed. However, it can
explain the disorder in the structure.

For the third part (7, = 250 to 300 °C), we always
observe in the Fig. 3 a medium peak, nearby to 337 cm™.
A strong peak with shoulder appear near 290 cm™ in the
case of the sample prepared at 300 °C, whereas we
notice a broad peaks at same frequency value for 250
and 275 °C, all theses bands are due to the Raman-active
bending modes [19]. In order to analyse the peak shape,
lorentzian fitting is used in 270 to 300 cm™ spectral
region (Fig. 6), the curve fittings confirm the existence
of shoulder bands (fitted frequencies values labeled * in
Table 1), it is clearly that the 6Mo=O vibrations
corresponding to frequencies of 284 and 291 cm™ are
closely dependant to substrate temperature and the
intensity ratio ( /,q, /1,5, ) increases as function of 7.

-e- Ts= 300°C

Raman intensity, a.u

| -b-Ts=225°C

s L A

[
[ ] gy [ ]
-
T T T 71—
250 260 270 280 290 300 310

Raman shift, cm’

Fig. 6. Analysis of the peaks 284 and 291 cm™
as a function of substrate temperature

The line shifted from 149 cm™ to 153 ecm™ (Fig. 3, ¢, d)
is assigned to B, mode (translational rigid MoO, chain
mode, T}), when substrate temperature reaches 300 °C, a
strong band at 158 cm™ is observed and assigned to 4,
mode (translational rigid MoO, chain mode, T}).

The resolved doublet at 116 and 124 cm™ is always
observed with a shift of 5 cm™ for 124 cm™ band at 300 °C,
theses bands are assigned respectively to By, B3, modes
(translational rigid MoQO, chain mode, 7).

We can notice that the different modes for MoO; thin
film prepared at 300 °C are more resolved than films
prepared at 250 or 275 °C.

Vibrational study in 550-1100 cm™ spectral region

In Fig. 4, a, the more intense peaks at 849 cm’! and
774 cm™ can be assigned to the stretching vibrations of
Mo-O bonds in the expected corner-sharing octahedral
Mo-O-Mo and the weak peak observed at 901 cm’
indicates a stronger distortion of the MoOg octahedra. The
monoclinic MoO; contains two crystallographically
independent octahedra, shown the disorder at the Mo and
O sites; its ReO; structure is analogous to WOj;. Indeed
the Raman spectrum of MoOs thin film prepared at 200 °C
(Fig. 3, a and Fig. 4, a) is similar to WO; as described in
the literature [7, 13]. This spectrum exhibits other very
weak bands at 818 and 957 cm™ that are determined by
lorentzian fit of the experimental spectrum. The very
weak band at 818 cm’ corresponds to stretching
vibration of Mo—O—Mo suggesting the slight presence of
a-MoOs in thin film deposited at 200 °C.

For 7, = 200 °C, the band at 957 cm™ was observed at
951 cm™ by S.H. Lee et al [5] for sputtered amorphous
MoO;. The authors assigned to Mo=O0 stretching mode
of terminal oxygen atoms possibly on the surfaces of the
cluster, these terminal oxygen bonds are created by
breaking of Mo—-O-Mo bonds at the corner-shared
oxygen, which are common to two octahedron [13],
T.Ono et al [20] have observed this band at 955 cm™ for
MoO; catalyst exchanged with O' that assigned to
vibration of Mo—O'® bond.

When the substrate temperature reaches 225 °C, the
peaks being particularly broad, indicate the poor
crystallization of film, confirming the X-ray diffraction
measurements. The 848 cm™ and 774 cm™ characteristic
peaks of B-MoO; becomes very weak and the band at
957 cm™ becomes more intense due to disorder increase
in film. According to 7; = 200 °C, additional peaks at
819 cm’ and 992 cm’ appear, these modes
characterizing the a-MoOs are assigned respectively to
Mo-Op~-Mo and Mo=Oy,, stretching vibrations. That’s
why it is reasonable to think that at 7, = 225 °C, we have
a mixture of a-MoO; and B-MoO;. The weak band
observed at 924 cm’ is not mentioned by other
experimental works and it can be explained by film
disorder. Above 225 °C, further the stretching vibrations
modes at 819 and 994 cm™', a weak band is observed at
666 cm’, that assigned to OMos bridging stretching
vibrations. With the increasing substrate temperature, a
shift toward the mode frequencies characteristic of
orthorhombic phase (a-MoQ;) is observed and the bands
become well resolved. The band at 994 cm™ is more
intense which confirm the layered structure of the film.
The bands corresponding to orthorhombic phase are
assigned according to a-MoQj single crystal studied by
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Py and Maschke [19] and summarized in Table 2, our
results are in good agreement with those reported in
literature [7, 9, 17-19].
Table 2
Experimental frequencies of Raman active modes

of MoO; spray pyrolysed thin films deposited
at different substrate temperatures

B-MoO, This work, °C a-MoO;
(7] (19]
200 225 250 275 300

76 (s) 76
83 83 83 85 83
91 9]
90" 93 94 98 99
116 116 115 116 116 116
130 (w) 124 124 126 128 129
148 149 153 154
158 158 158
176
194
195 195 195 197 198
214" 214 217 218 217
237 (w) 238 239 241 244 246
283 (w) 281 279" 280" 284" 283
287" 288" 291 291
310 (w)
336 337 336 337 338
349 (m) 355
365
372 373 374 378 379
391 (w)
414 (w)
447
471 473
662 666 666 666

*

774 (s) 774 784

*

819" 819 818 818 818 819

*

849 (vs) 849 855

904 (m) 901
924
957 960

992 992 994 995 995

w = weak, m = medium, s = strong, vs = very strong, * fitted
frequency value

Conclusion

MoO; thin films were prepared by spray pyrolysis
technique on glass substrate with a temperature variation
from 200 to 300 °C. The films exhibit respectively a
monoclinic structure at low temperature and an
orthorhombic structure at high temperature. The
structural results reveal that the films structure changes
with substrate temperature.

The samples were characterized also by Raman
spectroscopy; the results confirm the temperature
dependence of the nature of the film. At 200 °C the
Raman frequencies correspond to f-MoQ;. A mixture of
monoclinic and orthorhombic structure is observed at

225 °C, the spectrum is particularly broad for this
temperature, which explains the poor film crystallization
and the absence of peaks in XRD diagram. Above 250 °C,
all frequencies Raman corresponding to o-MoO; are
observed and confirm the XRD results.
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The main purpose of this investigation was to optimise an antiscale treatment to prevent scaling of a solar desalination
plant using brackish water. Scales were identified by XRD as CaSO,-2H,0. To prevent its formation, laboratory study
was performed. Three antiscalants (STP, Flocon and RPI 2000) were tested at different conditions to stop or delay
gypsum crystallisation in supersaturated solutions prepared by mixing CaCl, and Na,SO, solutions. Kinetics, XRD
and SEM data showed that the RPI 2000 was the most efficient.
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Introduction

Tunisia (North Africa) is currently confronted to the
crucial problem of the public, agricultural and industrial
feed water supply, in particular in the center and south
areas. Production of fresh water by seawater and brackish
water desalination has proved to be an alternative for these
regions. Water desalination stations that use conventional
methods such as reverse osmosis (RO), multi-stage flash
(MSF) and multiple effect (ME) distillation are large and
non- autonomous. In addition, they consume high energy
and have a heavy structure. The use of solar-powered
water desalination plants seems to offer an attractive
alternative, given the availability of this free energy source
in the arid regions, the low cost infrastructure, and the low
maintenance [1-2]. However, all the desalination
processes are based on the concentration principle of
waters already presented higher salinity. So, scale problem
can occurs by the accumulation of minerals such as
CaCO; and CaSO,. These salts form hard and strongly
adhering deposits on the surfaces and their formation is
favoured by the decrease of their solubility with increasing
temperature [3]. Calcium carbonate scale can be prevented
by several methods e.g. antiscalants and acid treatments.
On the other hand, calcium sulphate crystallisation cannot
be controlled easily. The only method that is always
applied to control its formation is the use of scaling
inhibitors at very low concentration (mg/L). Studies have
shown that these inhibitors performance strongly depend
on their structure such as the functional groups, the
chemical composition and the molecular weight [4-5].
Therefore, the choice and the optimization of the
antiscalant are important to reduce the cost of product
water. The effectiveness of a number of additives such as
aminophosphate polymers, organic phosphate, mineral
phosphates, and polyacrylate in preventing or reducing the
crystallization of calcium sulphate from supersaturated
solution has been the subject of numerous investigations
[6-10]. El Dahan and Hegazy [7] studied the effect of
organic phosphate ester on gypsum precipitation at
temperature ranging from 40-90 °C and showed that the
dose required for inhibition increases with temperature.
Linnikov and Podbereznyi [6] showed that, for the same
aminophosphate antiscalnt dose (20 mg/L), the growth
rate of gypsum scale in seawater is 6 times more
important at 82 °C than 70 °C. Jasbir [8] has examined the
influence of a polyamine Phosphonate. It was found that
this inhibitor was very effective for controlling all salts
that can be precipitated in sea water desalination.

The main objective of this study was to optimise an
antiscalant treatment to elude scaling problem in a solar
desalination unit hosted in the south of Tunisia and using
the solar multiple condensation evaporation cycle
principle (SMCEC). For this purpose, a characterisation
of the scale and feed water was performed. The effect of
three antiscalants on scale crystallisation, from
thermodynamics, kinetics and crystallographic point of
view, were developed at laboratory scale.

Problematic and unit characterisation

The unit has three major components: solar collectors,
evaporation tower and condensation tower. Fig. 1 shows a
representative schema of this unit. The structure of the
evaporation and condensation towers is completely made
of polypropylene tubes. The principle of this installation
consists of heating brackish water by solar collectors via a
heat plate-exchanger. The temperature varies between 50
and 90 °C with season. Then the hot water is injected to
the top of the evaporation tower (via the polypropylene
tubes). The latter is equipped with a packed bed (a
polypropylene vertical tissue) which has as role to
increase the surface of contact water/air and therefore to
improve the humidification rate. The saturated humid air
migrates towards the condensation tower by natural or
forced convection. This vapour is finally condensed in
contact with the cold condensation plates. The distilled
water is collected in a basin at the bottom of the
condensation tower. The basin is made of polypropylene
material. Pumps are installed to facilitate water circulation
in different parts of the desalination unit. Water which
may not be evaporated is collected in a basin at the bottom
of the evaporation tower and then recycled. This
concentrated water is thereafter discarded generally after
24 hours. After some weeks, scale deposits were observed
on the heat exchanger surfaces, on the polypropylene
tubes and on the packed bed tissue which require frequent
stoppage of the unit. Fig. 2 shows a photo of a
polypropylene conducts completely encrusted.

N e— Solar
Heat Exchange\ collector
4 Polypropylene
tubes

/Condenser

Evaporation tower

\A 3
Storage
reservoir

Well >

Brackish water

S

1
| Distilled
_Q_e water

Fig. 1. A representative schema of the desalination unit [1]

Fig. 2. Scale formation on the polypropylene conducts
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Water analyses (Table 1) show that the feed water is
brackish water (salinity < 10 g/L). It is rich in calcium
(520 mg/L) and sulphate ions (2430 mg/L) for only
51 mg/L of bicarbonate ions. The calcium sulphate
precipitation is thus more probable than calcium
carbonate one. In addition, it should be noted that the
scaling tendency of the desalination unit increases with
work time by increasing ions concentration responsible

to form scale: Ca>", SO} and HCO; (Fig. 4) [11].

XRD analyses (Fig. 3) show that the formed scales were
only gypsum.

Table 1
Physicochemical analyses of well water
Water characteristics

pH 8.1
Conductivity, uS/cm 6510
Dry residual, g/L 5.6
Calcium, mg/L 520
Magnesium, mg/L 146
Sodium, mg/L 1310
Bicarbonates, mg/L 51.24
Sulphates, mg/L 2430.5
Chlorides, mg/L 803.4
Potassium, mg/L 9
Qcasos-210 (Supersaturation) at 30 °C 1.35
Qcasos-210 (Supersaturation) at 90 °C 2.6
Qcacos (supersaturation / calcite) 3.15

4900

3900 (020)
S
2 2900
g (040) - (130)
£ 1900

900 ©an| 04D

»——-_J UJMA_JLM__“A_._
-100 T : T : :
3 13 23 33 43 53

20 (%)
Fig. 3. X-ray diffraction patterns of deposit scale

This threat of scaling is more serious when the
temperature increases; indeed, these two salts, CaCO;
and CaSOy, present the particularity to have an inverse
solubility phenomenon.

The precipitation of each salt can not occurs only if the
ion activities product exceeds the solubility constant.

Knowing the water characteristics, the supersaturation
ratios, Q, of gypsum and calcite were calculated
considering the liquid — solid equilibrium between Ca*"

and SO; and solid CaSO,-2H,0 for gypsum (1) and
Ca’ and CO3 and solid CaCO; for calcite (2):

a a

ca* “so%
Q =, O]
gypsum Ks
CaS0,-2H,0
a. ..a . o
Ca®* " co?
Qca]cite_ 4 (2)

Kscaco 3 (calcite)

where a — the ion activity and Ks — the solubility
constant of gypsum (Ks = 3.3:107 at 30 °C and Ks =
=3.5-107 at 90 °C) [12—13] or calcite (Ks = 3.09-10” at
30 °C) most stable varieties of calcium sulphate and
calcium carbonate, respectively.

0,14

I
o
~

o o
I I
I I
=3 o
= -
@ o
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g i < <
S =
S (2]
8/ uonenuasuod f9He)
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w
1

o
1

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0,00
0 2 4 6 8

desalination work-time /h

Fig. 4. Effect of water evaporation on (a) CaSO, 2H,0 and
(b) CaCOj concentrations [11]

It can be concluded that well water is initially
supersaturated on both calcium sulphate and calcium
carbonate: Qg0 = 1.35 and L¢qieire = 3.15; and therefore
susceptible to form scale. When the temperature and the
working time of the unit increase, the evaporation rate
increases and therefore the supersaturation coefficient of
gypsum and the one of calcite increase also. This
explains, theoretically, the fastest scale formation in this
unit. In these conditions, considering that gypsum and
calcium carbonate precipitate together, calcium
carbonate constitutes about 1.7 wt % of the mixture [11].
Gypsum is thus the only scale deposits. This confirms
the XRD analyses.

In the following, the effect of three antiscalant inhibitors,
with different chemical composition, were tested at
laboratory scale.

Experimental methods
All crystallization tests were carried out in a 0.350 dm’

double-walled Pyrex vessel thermostated by water
circulation through a constant-temperature bath at the
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desired temperature. To avoid the effect of evaporation,
especially for high temperatures, the system was fitted
with a water-cooled condenser. The total volume of the
working solution was 0.200 dm’ and the stable
supersaturated solutions employed were prepared by
mixing equal volume of equimolar CaCl, and Na,SO,
solutions previously kept at the work temperature.
Chemicals were of analytical grade. The solutions-
stirring was performed at constant speed using a
magnetic stirrer. The onset of gypsum precipitation was
accompanied by the drop of free Ca>* ions, measured by
EDTA complexometry titration of small water samples.
The experiment was stopped after the concentration of
free calcium ion had no more significant change.

Fig. 5 shows the temporal evolution of free calcium ion
concentration after mixture of Na,SO, and CaCl,
solutions in absence of any additives. Three parts can be
distinguished on this curve. The first, within =0 and ¢ =
= ty (nucleation time), corresponds to the nucleation step
where the concentration of free Ca®" remains constant.
From ty, the crystalline growth stage begins. The free
calcium ions concentration decreases gradually until ¢,
scaling time, (part II). From ¢, the precipitation rate
becomes infinitely slow.

00,0407

E 0’035,Part Part Part

= 1 I 1

.S

£0.030

=

3

§ 0,025

g

20,020 " S

Q | A

S 0,015 / ' ' / ' ' ‘
0 10 20 30 40 50 60 70

Time (min)

Fig. 5. Evolution of calcium concentration vs time in absence
of additives

From this precipitation curve, the supersaturation
coefficient Q at ¢ = ¢5 and the crystalline growth rate V'
can be determined as:

a az+a 2-
Qpm = 3)
KSCaSO4-2H20
V= d [Ca] @)
dt

Crystallisation tests were done in presence of three
antiscalant inhibitors used in the Tunisian industry:

— The STP, Sodium TriPolyPhosphate, mineral with
chemical formula Nas;P;0;,, marketed as a powder. It
represented 100 % of active matter.

— The Flocon 260, a mixture of polycarboxylate and
phosphonate. The active phase represents 35 % of which
79 % of sodium CIS (poly-2-carboxyethyl) phosphinate.

— The RPI 2000, sodium polyacrylate, has an active
phase representing 30 %.

Two addition modes of these inhibitors solutions to the
system were studied. In the first mode, the inhibitor
solution was added to the CaCl, solution before mixing.
This addition mode is referred below to as mode A in the
text for simplicity. The second mode (mode B) consists
of adding the inhibitor in the Na,SO, solution.
Throughout this study, the crystallisation temperature was
fixed at 70 °C, which is the fluently reached temperature
in the desalination plant. The supersaturation was fixed at
6. It corresponds to the one reached before a working time
of 4 hours [11].

At the end of each experiment, precipitate was recovered
by filtering the precipitating solution through a 0.45 pm
filter. The samples were dried at room temperature
before analysis by XRD and SEM (Philips Quanta 200).
XRD was carried out at room temperature with a Philips
X’PERT PRO diffractometer in step scanning mode
using Co_Ka radiation. The XRD patterns were recorded
in the scanning range 26 = 10-55°. The d spacing and the
normalized intensity of each peak were determined using
“X’Pert HighScore Plus” software.

Results and discussion

In Table 2 are recapitulated the kinetic (¢y, 5, V) and the
thermodynamic  (supersaturation  coefficient )
parameters determined for each crystallisation test in
absence and in presence of inhibitors.

It can be seen that either the addition mode (A or B), the
presence of the inhibitors delay the nucleation time #y
and prolongs the scaling one 5. The effect on nucleation
time depends on the scale inhibitor types: zy passes from
5 minutes in absence of inhibitors to 10, 14 and 35
minutes in presence of only 1 mg/L of STP, Flocon and
RPI respectively. The same effect is observed for #5. An
increase in inhibitors concentrations increases the ¢y and
decreases the crystalline growth rate V. For example, the
presence of 1 mg/L of Flocon slowed down the
crystalline growth rate by a factor 4 compared to the
base line (precipitation in absence of inhibitors). This
factor becomes 21 and 583 when the Flocon
concentration increases to 2 and 3 mg/L respectively.

It is interesting to note that the addition mode of the
inhibitors has an important effect on the kinetics
parameters. When it is added in the calcium solution, the
inhibitors prolong the nucleation time and the scaling
one and decrease the growth rate.

From Table 2, it is also remarkable that, either the
antiscalant type, the nucleation time #y and the scaling
time #s determined in mode B are less significant than
those registered when the inhibitors are added following
mode A. , in the presence of 1 mg/L of RPI #y is about 20
minutes according to the mode B and it is 35 minutes
according to the mode A. In the same way for s it is
about 130 and 145 minutes respectively according to
whether the RPI 2000 is added in the solution of sulphate
or calcium. Moreover, the crystalline growth rate V' of
gypsum was also affected. It was slowed down by a
factor 4 in presence of 3 mg/L of RPI: it passes from
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2.1-107 mmolT 'min™ to 8:10° mmol-I"-min™ if it was
added according to mode B or A, respectively.

At the end of the precipitation, marked by a constant free
Ca’* concentration value vs time, the calculated
supersaturation values Q were about 2. Therefore, it can
be concluded that, at the contrary to their effect on
kinetics parameters, the presence of the inhibitors did not

influence the thermodynamic condition of the solution at
the end of precipitation. In spite of elevated operate
temperatures, the € values remain sharply superior to 1
(thermodynamics equilibrium). This metastable state can
be explained by the presence of foreign ions in the
CaS04-H,0 system [11].

Table 2

Effect of the addition mode of the tested inhibitors on #y, 75, V" and Q

Inhibitors added in calcium solution Inhibitors added in sulphate solution
MODE A MODE B
C, tn. . v, t, ts, v,
mg/L | min fs, moin Q mmol-I"-min™ min min Q mmol-I" min™’
0 5 30 1. 88 35 5 30 1. 88 3.5
1 10 42 1.96 2 5 35 2.04 2.5
STP 2 15 | 90 | 2.04 12 10 60 2.04 0.9
3 20 120 2.04 0.3 15 106 2.04 0.2
0 5 30 1.88 3.5 5 30 1. 88 3.5
1 14 40 1.96 0.8 7 30 1.96 0.6
Flocon
2 38 300 2.04 0.2 30 230 2.04 0.2
3 55 400 2.25 6-10° 45 260 2.12 3.6-107
0 5 30 1.88 3.5 5 30 1. 88 3.5
1 35 145 1.96 0.3 20 130 1.96 0.2
RPI
2 45 395 2.04 2.8107 40 385 2.04 2.4-107
3 65 590 2.16 8107 50 520 2.16 2.1-107
The fact that the tested inhibitors are more effective 70
when they are added in the calcium solution can be RPI
interpreted by the affinity of the calcium ion to the 60
functional groups (- PO?) of STP, (-COO-) of RPI and
o =50 FLOCON
(- PO%" , -COO-) of Flocon. Indeed, the calcium ion has ‘g
the possibility to react with SO2~ or these functional & 40
groups. Because of its affinity to these groups, Ca 8 30
spends more time in their neighbour than of the sulphates 3
ion [14]. According to the mode A, the possibility of ézo STP
forming a germ is thus more probable than in the case of
mode B. 10
Fig. 6 and 7 show that, by comparing the kinetics
parameters, the RPI 2000 antiscalant is the most efficient. 0 ‘ ‘ ‘ ‘ ‘
0,5 1 1,5 2 2,5 3 3,5

It delays more the nucleation step and the crystalline
growth one of gypsum crystallisation. It can be also
concluded that the STP is the least effective inhibitor.
Indeed, it should be noted that for temperature superior to
70 °C, the polyphosphate STP molecules are hydrolysed
in shorter chains to lead finally to the orthophosphate form
which does not inhibit any more [7].

The inhibitors concentrations, mg/L

Fig. 6. Effect of the tested inhibitors concentrations on the
nucleation time ty
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Fig. 7. Effect of the tested inhibitors concentrations on the crystalline

growth rate V

In the goal to better understand the effect of the tested antiscalant
on gypsum crystallisation, SEM analyses were done. Fig. 8

3 S
5/9/2007

5/9/2007
3:17:09 PM 20.0 kV|600x SE 9.0 mm 0.81 Torr 5.0 |0.45 mm

2\"

Mag Sig WD | Pressure Spot| HFW ——50.0pm 5/9/2007
2:49:39 PM|20.0 kV|1200x SE 8.9 mm|0.75 Torr 5.0 |0.23 mm|

HV | Mag Sigl WD Préssure Spot ﬁFW ——100.0pm: 4/25/2007

shows the photos of the recuperated precipitates,
at the end of experiments, in presence of 3 mg/L
of STP, Flocon, RPI and in absence of
inhibitors. In absence of inhibitors, CaSO,4-2H,O
crystallized in a needle form (Fig. 8, @) with an
average size of 100 pum. The presence of
inhibitors did not affect the gypsum morphology
in the same way. The addition of STP influences
only the needles size (Fig. 8, b). The presence of
Flocon alters the gypsum morphology (Fig. 8,
¢). This influence is even more remarkable
when the added inhibitor is RPI 2000 (Fig. 8, d)
where the laminated structure is completely
destroyed by the adsorption of the additive
molecules on the gypsum crystalline surface.
X-ray diffraction analysis shows that the
addition of the tested inhibitors did not change
the precipitates variety which remain
CaS0,-2H,0.

.
HV | Mag Sigl WD |Pressure Spot HFW —50.0pm——

3:08:25 PM 20.0 kV/1200x SE 8.8 mm 0.81 Torr 5.0 |0.23 mm

HV 'Ma—g Sigl WD | Pressure Spot ——100.0pm——
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Fig. 8. SEM photos of gypsum precipitated at 70 °C (a) in absence of inhibitors and in presence of 3 mg/L of (b) STP,
(c) Flocon and (d) RPI 2000
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Conclusion

The scale deposit in the studied desalination unit was
identified as gypsum. Three chemical antiscalants were
tested at laboratory scale and in conditions reported
those encountered in the desalination plant. It was shown
that the tested inhibitors are more efficient when they are
added in the calcium solution. From kinetics data
analyses, it can be concluded that the RPI 2000 is the
most effective inhibitor. SEM analysis shows that the
RPI influences gypsum crystallisation by adsorption on
crystal growth sites. The X-ray diffraction analysis
showed that the addition of the inhibitors did not affect
the deposits scale structure.
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We present a new solar air collector totally integrated in a shutter. The air is moved by a fan provided in electricity by
a PV module, this air pass a first time in the cover then between the cover and the absorber, and is injected in the
house, this solar shutter is reversible and can run in all positions, The concept of this new solar air heater is described

in this article and the experiment is presented.
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Introduction

There’s no doubt that the fossil energy resources of our
Earth are being decreasing and that the strong economical
development of the developing countries as China or India
will increase the resources drop. In the other hand, it
appears that the massive utilization of fossil fuels (and
nuclear ones) endangers our Environment.
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The part of the used energy for building is very important
and hasn’t stopped increasing; to limit or to reduce this
building energy consumption, it is necessary to develop
some actions concerning the rational energy management
in parallel with the utilization of renewable energy
sources. The decreasing of the energy consumption in
abodes should not be realized to the detriment of the life
quality of its occupiers and mainly of their health.
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We present a new patented concept of solar air heater
totally integrated in a shutter and able to produce with a
total autonomy hot air from sun radiations and to
introduce it inside the house. It allows conserving the
integrity of the architecture of the house of the building.

Problems of the energy consumption in France

The residential and tertiary sector is the first energy
consumer in France (Fig. 1) with 71 MTOE in 2006 [1] i.e.
43.83 % of the total final energy. The green house gases
produced by this sector in 2000 are estimated at 119 MT of
CO, (25 % of the total emission). The part of the residential

and tertiary sector stays stable (around 42-43 %) but in
absolute value, the energy consumed in this sector increase.
The total energy consumption of the building sector
increased of about 50 % during these twenty last years
with a high penetration of electricity (+130 %) which
covers 40 % of all the needs whose 50 % for captive use
as lighting, domestic appliances, etc...).

The final consumption in the residential sector in 2002
corresponds to 452 TW-h and 100 TW-h for wood
energy. The repartition of the consumption by type of
use for a main home (i.e. 83 % of the total of the
housings) is: 69 % for heating, 12 % for specific use of
the electricity, 11 % for water heating and 7 % for
cooking.
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Fig. 1. Final energy consumption by sector in France [1]
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Fig. 2. Renewable energy production by type in France (2006) [1]
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Moreover, for housings built before 1975 (65 % of the
total of the housings), we can estimate that 50 % have
been thermally rehabilitated but it stays some energy
economies to realize in these housing which have an
energy consumption higher than in new buildings.

The final energy in the tertiary sector, with 29.2 MTOE
increases of more than 25 % in 15 years due to
particularly the multiplication of specific uses of
electricity as office automation and lighting. We note a
high and increasing part of the energy in building of
residential or tertiary type; the heating is the more
energy consumer. Improving the energy efficiency in
building is a research and development domain very
important and has a very good future. The utilization of
renewable energies to participate to the improvement of
the energy efficiency in Building is very important. In
France, the part of renewable sources in the energy
production is still very low (Fig. 2).

The house of future

An Austrian study showed that the house of tomorrow
must meet all following requirements [2-3]:

— the final or primary energy consumption must be low.
Table 1 shows the objectives to reach for a low energy
house and a passive house. These goals can be reach by:
— a decreasing of the heat losses by transmission
(minimization of the exterior walls areas, improvement
of the thermal insulation, ...);

— a reduction of heat losses by air conditioning (thermal
envelop, re-heating of exterior air, ...);

— an utilization of renewable energies;

— an utilization of high efficient appliances;

— the potable water consumption must be limited to 30
litres per day and per person. This objective can be
reached by a used water recycling and the use of raining
water;

— the polluting emissions in water, air and ground must
be low;

— a high air quality must be reached by a total air
replacement at least every three hours. The CO,
concentration must stay under 1000 ppm.

— a high thermal quality can be obtained:

— when the air and the inside surface temperatures
are between 18 and 22 °C in winter and between 22 and
25 °C in Summer;

— when the relative air humidity varies between 35
and 70 % and when the absolute air humidity is under
12 g/kg.

— a high visual quality is reached when there are a
sufficient day light and a sufficient direct lighting by the
sun;

— a high acoustic comfort must be reach with a acoustic
level less than 20 dB in life rooms.

Engineers and builders recognize that building high
energy efficient housings is a sensible, ethical,
ecological idea and workable at medium and long-term.
A lot of them think that innovation is an essential
component of their job. However, if we observe the

majority of recent or in process buildings, we note easily
that the previous considerations are not taken into
account at the moment to design or to build the house.
Often, we hear the ideas men say “we have a lot of good
ideas, but we had not been able to realize them because it
was not the good moment or because our clients did not
want to apply them or because it is too expensive, too
risky...”
Table 1
Values to reach for the energy consumption of a low
energy house and a passive house compared to an
existing house in KW-h/m? of inhabitable area
(Climate corresponding to 3500° day per year)

Consumption Existing house | Low energy | Passive
before 1980 house house
Heating 150-250 <40 <15
Final energy <70 <42
Primary energy <160 <120

To be an innovator it’s to know how to put into practice
or how to give concrete expression of its creativity.
Introduce innovating and environmentally positive
solutions is a difficult work. The obstacles are numerous
and various: financial obstacles, technical obstacles,
psychological obstacles, incompetent professionals or
building standards too conservatives [4].

Thermal comfort, healthy inside atmosphere
and energy savings

The ventilation is the process allowing to renew the
inside air (polluted air) by an outside air (new and
clean). Its function is to obtain, in an inside environment,
good health, comfort and optimal productivity conditions
for the human inhabitant:

1) in giving an air with a sufficient quality for respiration
in diluting the polluting substances existing in the inside
environment;

2) in controlling the humidity level;

3) in heating or cooling.

However using such a ventilation has a double negative
impact: creation of thermal losses and if it is not perfect,
it causes a discomfort due to a cold air-stream. From an
energy point of view and taking into account the
progressive increasing of the thermal insulation of
building, the losses due to ventilation accounts for a
larger and larger part of the heating needs (up to 30 %).
Primary, the various factors exposed before i.e.

— increasing part of the residential sector in the total
energy consumption;

— dominating part of the heating in the residential energy
consumption;

— heating losses by ventilation being able to reach 30 %
of the thermal losses of the building explain the interest
to find efficient methods to reduce these losses in
increasing the comfort of the occupants. Secondly, the
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objectives to reduce the utilization of fossil energies lead
the architects to use more and more renewable energies
in the building.

Thus these two observations conduce us to research new
technical solutions, technological and/or architectural
using renewable sources to reduce the thermal losses of
houses by aeration and to add a complementary heat gain
improving also the inside atmosphere for its occupants.

Brief analysis of existing solutions

The purpose of this paragraph is not to present precisely
the various solutions to provide a hot and heatly air in
the building but to give some general considerations
about thses solutions which are:

— Passive solar systems and buildings: bio-climatic
design of building envelopes allowing to regulate the
thermal behaviour of buildings by using natural means,
without supplementary energy contribution. These
system are walls or windows with parietodynamical
effect; The principle of these ventilated facades opaque
(wall) or translucent (windows) is to preheat fresh air by
making it circulate in one or two serial air gaps [5-8].

— Active systems: solar air collectors, the air is heated by
a solar collector and injected in the house.

The advantages of a parietodynamic envelopes are to
evacuate the heat during summer and to improve the
comfort during winter limiting the heat losses. This
solution induces adding costs and the installation must
be realized perfectly. This solution can be only applied
to new constructions and not to old ones, it is a problem
because the old buildings have always the worst energy
performances.

Concerning the classical air solar collectors, the most
important disadvantage is that they are not integrated in
the building and the visual impact is negative.

These solutions are efficient but the aesthetic problem
and the no-applicability of passive solutions to existing
buildings limit their utilization. Thus, we developped a
new solar collector with a good efficiency and without
negative visual impact (perfectly integrated). It is
applicable to existing and new buildings.

Between all the surfaces available in the house, excepted
the walls, the only part with large available area is the
shutters and we gave to them an active function. Our
new concept of solar air collector have the following
advantages:

— anew active function is added to the shutter;

— they can produce heat in all positions between open
and closed thanks to their symetrical conception;

— the wvertical inclination allow to produce more
energy during winter and less during summer;

— it can be sized and produced for all the windows
because each part of the shutter can be made-to-measure;
— the installation of these solar shutters are very easy
for old (existing) and new houses. The old shutter must
be replaced easily by a new solar one;

— the air is directly introduced into the house by a
rotative air collector without costly and big air
distribution systems;

— the classical functions of the shutter are preserved:
sound and thermal insulation and mechanical resistance;
— the solar air shutter is an autonomous heater because
the fan is directly supplied by the PV modules integrated
in the shutter and it can be used in remote areas.
However there are also two disadvantages: it is
impractical to rolling shutters, the number of windows in
the house implies the size of the heating system.

Presentation of the solar air shutter

The solar air shutter has the same aspect than a classical
shutter (Fig. 3). The internal area is used as a heat
converter and the frame can be built in various material
(wood, aluminium, PVC). The heat converter is
composed by a black aluminium absorber between two
clear covers in extruded polycarbonate. This new solar
air shutter is patented. This configuration allows not to
use a thermal insulation area as in a classical solar
collector.

x B
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Fig. 3. The new solar air collector: the solar shutter

The air flow system is composed by a rotative part
attached to the shutter, a fixed part including the fan
embedded in the wall. A a-Si photovoltaic module is
integrated in the low part of the shutter and allows to
provide electricity to the fan via an electronic device
specially conceived.

The air flows enter in the shutter by the lower part of the
extruded polycarbonate cover as seen in Fig. 4 and they
pass at first into the extruded polycarbonate cover then
the air flows are mixed and pass between the cover and
the absorber; the total air flow is collected in the lower
part of the shutter and is evacuated into the room by the
slice of the shutter.

This technic does not use a classical thermal insulation.
More the air is heated more it penetrates into the solar
collector and limits the conductive and convective losses
towards the outside and the outside surfaces of the
shutter are maintained the more cold possible limiting
the heat losses with the ambient.
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The advantage of the absence of a thermal insulation is a
reduction of the thickness of the shutter and a low
stagnation temperature reducing, during summer, the
temperature of the shutter and the radiative exchanges
between the shutter and the inside of the house. We can
consider that it is a dynamical thermal insulation what it
makes this solar collector unique and original. The air
inputs are in the lower part of the shutter to avoid the
rain to enter.

We chose a 1-3 mm cover in polycarbate because this
material is well adapted [9], it is light, supple and solid

E frame

Extruded polycarbonate
cover

aluminium
absorber

OUTSIDE INSIDE
Photovoltaic modules
Cold air input =l | 7

For the PV modules, we had some constraints: a power
and a voltage adapted to the fan, a correct size to be able
to be integrated in the shutter, a good aestheticism. Thus,
we chose ASI® OEM Outdoor solar modules from Schott
available in various power and easily to integrate [10].

The experimentation

We set up an experimentation with three objectives:
— to test the thermal and electrical behaviour of the solar

Fig. 5. The experimental wall

and usable for temperatures up to 323 K, nowadays, it is
treated againt UV and guaranted 10 years for the ageing.
In the solar air shutter, we use a double air flow and the
absorptance of polycarbonate in IR radiation is near
90 %, thus this cover participates strongly to the heat
production.

The absorber is built in aluminium with a matt black coat
of paint. It is not necessary to use a method to reduce the
IR emmissivity of the absorber because the cover
absorbs this type of radiation.

Fig. 4. Principle of the new solar air shutter and the air collector: the rotative
part on the shutter, the fixed part in the wall and a view of inside house

shutter, to collect experimental data for various
meteorological conditions and to measure its energy
performances;

— to validate a thermal model that will be developed in
a furture work;

— to make adjustments necessary to improve the
performances and the efficiency of the solar shutter.

We build an experimental wall with two window-
openings able to receive two shutters for french windows
and two shutters for classical windows (Fig. 5).
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Fig. 6. The experimentation: window shutter, french-window shutter, data acquisition system

The shutters are with a wood or aluminium frame (Fig. 6).
One shutter for french-window is implemented with
numerous temperature sensors to study more precisely the
thermal behaviour of the the solar collector, for the three
other ones, only some measures are realized to calculate
energy performances. The meteorological data measured
on the experimental wall are:

— the global solar radiations in a horizontal and vertical
planes;

— the diffuse radiation on horizontal plane;

— the ambient temperature;

— the air humidity;

— the wind speed and direction for each shutter are
measured:

— the output air temperature;

— the output air humidity;

— the air flow;

— the voltage and current for each PV generator;

— the temperature of the absorber;

— the temperature of the extruded polycarbonate cover for
the french-window shutter, a lot of temperature sensors
have been integrated in the collector (absorber, PV
modules, cover) in various positions to follow the
temperature evolution in the different parts of the shutter.

Perspectives

After having calibrated the sensors and determined the
characteristic curves of the fan, we will be able to realize
some experiments:

— experimentation with a constant flow rate (the PV
modules will be replaced by a stabilized current generator);
— research of the optimal flow rate for the best
performance;

— determination of the thermal response time of the solar
shutter;

— measure of the stagnation temperature;

— determination of the repartition of the air flow into the
shutter (using an IR camera) and optimization of the
repartition (adding some baffles in the air flow);

— estimation of the influence of the double- air flux (one
in the sunny side and the other one in the shaded side).
The experimentation will be running in October 2007
and all the tests will be able to begin. In the same time, a
thermal modelization of the solar shutter will be realized
in view to analyse the behaviour of this new solar

collector and to envisage the modifications to implement
for a optimization of this solar shutter.

Conclusion

A new concept of solar air collector with a high
integration level in the building was presented. The
“solar shutter” called “Volet’air®” can be applied not
only in new houses but also in old and existing
buildings. The technical particularities of this solar
shutter are that it works in all positions and it does not
use thermal insulation. An experiment has been
implemented and the first results concerning its thermal
behaviour will be available in some weeks.
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The idea of the passage of a light concrete product to that of a terra cotta product is fixed on the launching of a manufacturing
range of brick products satisfying some properties which will be adapted to contemporary construction and the modern
architectural tendencies. This is carried out by using a mixture of two types of clays, grey clay and yellow, plus an additing of
porogene agent “coal” which, under the effect of the heat of the furnaces of cooking, sublimates, thus creating pores. This
adaptation enabled us to develop a “recipe” of manufacture and a judicious design, by considering a method of production more
economic and obtaining a material of better quality. The nature of coal depends on its characteristics in volatile matters, calorific
value, density etc. The use of coal in the field of ceramics is to be explored. The work concerns four mixtures (M;; M,; M3; My)
corresponding to the proportions: (50 — 55 — 60 % and 65 %) for the first type of clay. As for the second the values are 30 % and
remain constant. The contents of coal corresponding to each mixture are respectively: (20 — 15 — 10 % and 5 %) with granulometry
of (0,25 — 0,50 — 1,00 and 1,60 mm). The technical values of the variant M,, with, a granulometry of 1,60 mm confers mechanical
qualities more or less interesting, for example, a mechanical resistance (compression) of the order of 361.6 kgf/cm?® corresponding
to a bulk density of 1.88 g/cm’. These structural components out of terra cotta light cumulate structural properties and insulating
qualities. In addition, this type of materials, by their porosity, contributes to a good quality of the interior air, in particular by an
effective hygrometrical regulation. Thus according to a study of the CSTB, a mono alveolar terra cotta wall absorbs a volume of
steam 5 times more important than a wall in concrete blocks, without its initial qualities.
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Introduction

The insulation of the envelope of the building is
determining for the management of energy saving and the
quality of life of the inhabitants. However -certain
carcinogenic allergens, pollutant gas emanations, support
the development of the micro-organisms. Nowadays

certificate ACERM makes it possible to guarantee the
isolating capacity and the characteristics from certain
traditional insulators (example: wool of sheep, glass,
fibres of wood etc...) The answer to a good practice of
insulation is to place the good product at the right place
such is the research orientation which takes into account a
powerful insulation, a sealing of the air controlled and a
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well dimensioned ventilation [1]. A mixture of clay to the
sawdust or other organic matter is necessary. These
substances are consumed during cooking what accentuates
the formation of pores. These pores contain confined and
mobile air favourable to the insulation [2]. The
manufacturers of bricks seek more and more to decrease
the thermal conductibility of their products to obtain high
thermal resistances and to increase the porosity of the
shard [3]. To this list of product, another component could
be added. This component with a high capacity of
accumulation and restitution could be like heat insulator
and acoustic of walls floors or roofs having good air
tightness. As porosant element one is interested in an
organic component which is coal. This last belongs to the
type of sedimentary rock organo-detrital coming from
very varied plants (vegetable various, ferns, mushrooms,
algae) composed of various fabrics (sheets, stems, barks,
resins, pollens, etc). It constitutes a heterogeneous rock
containing sufficient carbon to be usable like fuel and
others. These principal current uses are: production of
electricity in the industrial sectors like the iron and steel
industry and the production of vapor without to forget the
residential sector what confers to this later to be in use in
new light products [4]. The percentage of carbon increases
with its age. The denser it is more it burns slowly and
more it is more profitable [5]. This work is the
complement object study aiming at the sector of ceramic
industry or the addition was of vegetable type to knowing:
sawdust resulting from the pine of Alep and the
Eucalyptus,  which  provided  definitely  better
characteristics. This reveals that for the same size of
particle and a content twice less low, the value of bulk
density is lower (produced lighter) and having a value of
definitely high mechanical resistance.

Experimental methods

The analyses were carried out on raw materials local
(grey clay and yellow clay) and like addition of coal.
Initially we determined the natural moisture of each raw
material starting from a drying oven of laboratory at the
temperature 105 °C of the type: Memmert ULS0
(maximum temperature 220 °C with ventilation).

The granulometric analysis was determined by wet
process by using a series of sieve of various diameters
(& #1060; =5; 2; 1; 0.63 and 0.20 mm) and per “pipette
of Robinson” by considering the following fractions
(1to 0.063 mm), (0.063 to 0.01 mm), (0.01 to 0.005
mm), (0.005 with 0.001 mm) and those < 0.001 mm.

The chemical analysis was determined by the sequential
spectrometer of X-ray of the type SRS 303 Siemens.
Water supply: 3V min. Supply air: 2V min.; pressure
water: 4 to 8 bars, Pressure air: 4.5 to 10 bars. The
principal minerals combined with clays and natures of
phases are determined by diffractometer X-ray of the
Siemens type “500D” 20 my — 40 kV with X-ray Cu
tube. The preparation of the mixtures is carried out
starting from 04 types of compositions of masses made
up of clays grey, yellow and of coal which are: (M; — M,

— M; — M,) with the respectively following proportions:
(50 — 30 — 20 %), (55 — 30 — 15 %), (60 — 30 — 10 %),
(65 =30 — 5 %). The contents of coal are: (5— 10— 15—
20 %) with a diameter of particles which varies: (0.25 —
0.50 — 1.00 and 1.60 mm). The shaping was carried out
in a traditional draw bench. The drying of briquettes
proceeded in two stages: with the free air during 24
hours then in a drier with room during 24 hours cooking
was carried out in a tunnel kiln with the temperature
950 °C. The characterization of the mechanical and
physical properties was related to the drying and firing
shrinkage, absorption, porosity, the bulk density, the
specific mass. The mechanical resistance is given in an
apparatus of inflection Type 401 NEZSCH EN100.

Results and discussions

The results of moistures of careers of the matters
considered are carried in Table 1.

According to these results, one notes that grey clay
contains less moisture than yellow clay this is at the
season of its extraction which is probably the summer.
As for the second type of clay a drying is necessary
before any use to especially avoid the problems of filling
of the equipment during its treatment.

Table 1
Values of natural moistures of the raw materials
Types of matters | Grey clay | Yellow clay | Charcoal
Value moisture
of career (%) 5.65 15.1 10.85

The results of chemical analysis are carried in Tables 2-3.

Table 2
Chemical analysis of two clays
Contents (%)
Principal elements
Grey clay Yellow clay
SiO, 48.02 51.28
ALO; 10.63 12.34
Fe,0; 4.68 4.76
CaO 13.49 11.39
MgO 1.67 1.48
SO; 1.23 0.95
K,O 1.51 1.67
Na,O 0.61 0.57
Loss in ignition PF 17.34 14.72

According to Table 2, one notes that the two types of
clays are joint on the one hand: the rate of Al,O; which
in both cases is < 14 % what makes it possible to classify
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them in the group of acid clays [6] and in addition the
limestone rate lies between 6-20 making it possible to
classify them in the group of marly clays and where the
products cooks yellow [7].

Table 3 shows well that the chemical element which
constitutes coal comes from the carbon which in its turn

draws its origin of CO, which is released after
decomposition from limestone or dolomite. The value in
high loss on the ignition confirms the presence of the
other volatile elements which are SOz and CI.

Table 3
Chemical analysis of coal
Content of the principal elements combined with coal (%)

SIOZ A1203 F6203 CaO MgO MnO NaOz Kzo P205 SO3 CuO CI PF Total
1.44 0.32 0.17 3.70 0.34 0.014 | <0.05 | 0.29 0.035 0.05 | 0.0059 | 0.06 93.50 100
The elements playing the part of energy fluxes (KO, Table 4

Na,O) have a rate slightly more raised concerning yellow Mineralogical analysis of clays
clay, which confers better properties of cooking to him.
The principal elements which make distinguish these two Contents (%)
clays are first of all the rate of SiO, which is higher in Principal minerals
yellow clay this makes it possible to say than this type of Grey Yellow
clay is sandier and plays consequently the part of grease- clay clay
remover. It is also noticed that the rate of CaO, SO; is Quartz 32 275
higher in the case of grey clay what is in exact correlation -
with the rate raised in loss on the ignition. Calcite 21 18
According to the results of the mineralogical analysis Dolomite 3 2
(Table 4) the nimble yellow is of type illite/ -
montmorillonite and grey clay is of type Illite/Kaolinite Feldspar: potassic 1 1
/ Chlorlte: _ ] . Feldspar: sodic, calcic 2.5 2.5
The grain size analysis of the two types of clays is :
illustrated in Tables 5 and 6. According to Table 5 one | Semi gypsum hydrate 2 2
notes that grey clay contaigs mgch more .argillz.lceous Ferriguneux minerals 45 45
particles than yellow clay this is in correlation with the :
data of Table 1. Ilite 13.5 15
According to Table 6 one observes that the rate of Kaolinite / chlorite 12 135
refusal of yellow clay is weaker than that of grey clay. In
addition yellow clay is made up much more small | Montmorillonite 8.5 14
particles probably with the mineral montmorillonite
which is associated clay and which is in correlation with
the results of Table 4. Table 5
Granulometric analysis of clays “Pipette of Robinson”
Type of clay Dimensions of the particles (mm)
contents (%) 1 t0 0.063 0.063 t0 0.01 0.01 to 0.005 0.005 t0 0.001 <0.001
Grey clay 14.65 30.99 13.20 11.00 30.16
Yellow clay 12.40 25.28 13.28 22.72 26.32
Table 6
Granulometric analysis of clays “Wet process”
Type of clay Mesh sizes of sieve (mm)
contents (%) 5.00 2.00 1.00 0.63 0.20
Grey clay 0.00 0.00 0.03 0.03 0.10
Yellow clay 0.00 0.00 0.00 0.1 0.03
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While referring to the granulometric classification of the
grounds one notes that grey clay known as consists of
“fine sand” and yellow clay is of character “silt” [2].
Histogram below Fig. 1 shows the variation of the moisture
of shaping of the various mixtures according to the addition
of coal and its granulometry.
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Fig. 1. Variation of the moisture of shaping according
to the addition of coal and its granulometry

Coal tends to play the part of a grease-remover. For each
addition one notes a reduction in the moisture of the
argillaceous mixture according to the increase in the
content and the size of this last. Starting from a content
of 10% and a size of particles of 0.50 mm the capacity
binding becomes weak. For this same size of particles
and a content of coal of 20 %, the quantity of water for
the shaping reaches the value of that used to moisten
powders intended for pressing. This type of alternatives
(proportions of mixtures) are allotted low mechanical
resistances.

The drying shrinkage varies same manner as moisture of
shaping. The corresponding values are definitely higher
than the normal for the sizes of particles (0.25 — 0.50 —
1.00 mm) and a coal rate of 5 %. The recorded values are
respectively: (9.00 — 8.70 and 8.50 %). This last reaches
the values wished starting from the size of 1.60 mm for
the coal rates higher than 5 % the recorded values enter
the fork of the standards. The values higher than 8 %
pose problems of production. It is conceived that the
gradients of moisture during drying through the product
will generate displacements during first phases of drying
and thus of the constraints prejudicial to the quality of
the products [3]. The variations of firing shrinkage are
proportional to the size and the coal content. For a size
of particles of 1.60 mm, the values corresponding to (5 —
10 — 15 and 20 %) are respectively 0.67 — 0.91 — 1.50
and 2.00 %. High values are due to the CO, outburst and
the other volatile substances such as SOs, Cl as indicates
it Table 2 of the chemical analysis. These reactions are
accompanied by a rearrangement by the particles and an
orientation ordered in the crystal lattice which leads to a
texture consolidated compared to the initial state
followed by a contraction “shrinkage” [8-9].

The comparative results for the coal of contents 5 and
10 % for sizes of particles of 0.50 and 1.60 mm
(Table 7), let us to suppose that the value of moisture
16.40 % will be regarded as the quantity of water
necessary to provide a mass witch can be worked by
holding account in parallel of the natural water contained
in coal. Consequently it should be stressed that the
element responsible for the great drying shrinkage (see
Table 7) is with the quantity of high water of shaping
which one associates the natural water of coal. This fact
the threshold of plasticity is exceeded involving a rise of
shrinkage.

Table 7
Comparative results of the physical and mechanical characteristics of the products obtained
with content of coal 5 and 10% and sizes of particles of 0.50 and 1.60 %
Content of coal 5 %
Drying Firing Apparent Sealed Total
(I;f’) shrinkage | shrinkage ?:,}); porosity porosity porosity /1:[[:13 /1:11:13 kIfl/l;IleI’;Z lﬁfg;% (mq)m)
’ (%) (%) M) (%) o) | ® &

22.50 8.70 0.30 2.90 6.20 5.30 10.50 2.14 1.92 154.0 |616.00 | 0.50
19.60 8.00 0.67 5.20 10.70 7.01 71.17 2.06 1.75 145.4 | 581.6 | 1.60
Content of coal 10 %

H Drying Firing Abs Apparent Sealed Total M M R R ®

f . . . . . v s Flex Com|
o shrinkage | shrinkage o porosity porosity porosity 3 3 2 3

(%) (%) (%) (%) (%) (%) (%) g/cm g/cm” | kf/em” | kf/em” | (mm)

18.70 7.20 0.80 7.60 15.00 10.30 25.30 1.98 1.52 121.6 | 486.4 | 0.50

16.40 6.70 0.91 940 17.70 11.90 29.60 1.88 1.45 90.4 361.6 | 1.60
Legend: Hy — Moisture, Abs — Absorption, M, — Specific mass, Rpex— Bending strength, @ — Diameter, M, — Bulk density, Rcomp — Compressive
strength.
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Table 8

Variation of the characteristics of the various mixtures according to diameters of particles (1.60 mm)
and the content (10 %) of coal optimized

Diameter of the coal particles (1.60 mm)
QAT (R st B PO ot vl s BV Y o
(%) (%) (%) (%) (%) (%) (%) g/em” | g/em” | kf/fem” | kf/cm
5 19.60 8.00 0.67 5.20 10.70 7.01 17.71 2.06 1.75 1454 | 581.6
10 16.40 6.70 0.91 9.40 17.70 11.90 29.60 1.88 1.45 90.4 361.6
15 13.90 5.70 1.50 12.4 22.00 13.80 35.80 1.78 1.31 64.7 258.8
20 8.30 4.20 2.00 19.8 30.50 17.00 48.60 1.59 1.07 39.4 157.6

In addition by always considering the values indicated in
Table 7 and that of the histogram we observe that the
bulk densities and the specific masses decrease
according to the increase in the content of coal and the
size of its particles. As for the values of porosities, these
last are in correlation with those of absorption. To the
values of porosities and high absorptions correspond of
low resistances. The properties sought in this study are to
have a product equipped with a low bulk density a high
porosity and better a mechanical resistance. The
optimized physical parameters (Table 8) making it
possible to gather these three properties those are taken
into account in the mixture M, with a size of coal
particles of 1.60 mm.

Conclusion

For the moment the ceramic industries have an
increasing look on insulating and light products.

A former study to this research was the subject of a
project on the development of this type of material by
incorporating different sawdust of two woods as
porogene and insulating agent.

The products obtained showed desired characteristics.
Thus our objective is fixed on the use of another type of
addition which is coal.

This later has always been used in the production of
electricity, the residential sectors, iron and steel
industrial sector, production of vapour.

Its adding with the sizes of particles which vary of 0.25 —
0.50 — 1.00 and 1.60 mm and of the contents of 5 — 10 —
15 and 20 % in four types of argillaceous mixtures give a
range of products having different characteristics.

A low content of addition with low size of particle gives
great drying shrinkage thus making drying delicate.
Higher contents gave a rather weak capacity binding.

A comparative study and of optimization enters the
various mixtures enabled us to deduce that the mixture
answering the required criteria provided a bulk density of
M, = 1.88 g/em’ and correspondent with a value of
bending strength of Ryex = 361.6 kf/cm?.
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In this paper, the fuzzy controller is used to track the maximum power point (MPP) for a photovoltaic pumping
system. For the best use, the photovoltaic (PV) panel must operate at its maximum power point (MPP). The PV panel
efficiency, for given conditions, is maximal when its voltage equals a certain value that is optimal voltage which
depends on irradiation, temperature and panel state. The pumping system considered in this paper consists of a
photovoltaic generator (PVQG) with a power electronic converter allowing maximum power point tracking (MPPT),
the whole is feeding a DC motor coupling with a centrifugal pump. In the presence of the temperature and irradiation
variations, the duty cycle of the converter, which is chosen as the controller law, is adjusted by using fuzzy logic
controller (FLC) to track the MPP. The used FLC, incorporates expert knowledge, and doesn't depend on system
mathematical model accurate. The effectiveness of the proposed approach is investigated by simulation at different
operating conditions in Matlab/Simulink environment.
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Introduction

It is well established that energy production and use
based on consumption of fossil fuels can have
deleterious environmental and human health impacts,
including the potential of global warming of the earth
through changes in the atmosphere’s concentration of

carbon dioxide. The worldwide conventional energy
sources are rapidly depleting. The increasing of the
world energy demand, due to modern industrial society
and population growth, is motivating a lot of investments
in renewable energy source such as photovoltaic (PV)
power, since it is clean, pollution-free and inexhaustible.
One of the most popular applications of the photovoltaic
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energy utilization is the water pumping system driven by
electrical motors. A PV array is a non-linear power
source. There is a unique point on the curve (Power-
Voltage), called the maximum power point (MPP), at
which the PV array produces maximum output power
and its voltage equals a certain value that is the optimal
voltage. As it is well known, the MPP of a PV power
generation system depends on array temperature, solar
irradiation, and PV cells ageing, so it is necessary to
constantly track the MPP [1, 2, 3] of the solar array. A
switch-mode power converter, called a maximum power
point tracker, can be used to maintain the PV array’s
operating point at the MPP. The pumping system
considered in this paper consists of a photovoltaic
generator (PVG) with a power electronic converter
allowing maximum power point tracking (MPPT), the
whole is feeding a DC motor coupling with a centrifugal
pump. Instead of maximizing the PV power, we will
maximize the pump power, i.e. his rotation speed.

For years, research has focused on various MPP control
algorithms to track the maximum power of the PV array.
These techniques include methods using neural networks
[4, 5], perturbation and observation (P&O) methods [6, 7],
incremental conductance [8], slide control method [1, 9]
and computational methods. One of the computational
methods which have demonstrated fine performances
under different environmental operating conditions is the
fuzzy based MPPT technique [3, 10, 11]. In recent years,
fuzzy logic control has been widely used for industrial
processes owing to their heuristic nature associated with
simplicity and effectiveness for booth linear and non-
linear systems. However, in a number of cases, such as
those, when parameter variations take place, or when
disturbances are present, or when there is no simple
mathematical model, fuzzy logic based control systems
have shown superior performance to those obtained by
conventional control algorithms. The main advantages of
fuzzy logic controllers over the conventional controllers
are: they do not need accurate mathematical model, they
can work with imprecise inputs, they can handle
nonlinearity and they are more robust than conventional
nonlinear controllers. The aim of this paper is to present a
fuzzy control of the duty cycle of the boost converter, that
is considered as the control law of the system, to track the
maximum rotation speed of the pump for different
operating conditions. The paper is organized as follows: in
section 2 mathematical model of the photovoltaic
pumping system is given. In section 3, the structure
configuration of the fuzzy logic controller applied of the
system is presented. Section 4 presents the simulation
results and a conclusion is given at the end of the paper.

Description of the photovoltaic pumping system

A photovoltaic water pumping system is mainly
composed by a PV generator, a power electronic
converter as a control organ, and an electrical motor
usually coupled to a centrifugal pump. The schematic
diagram of the proposed system is shown in Fig. 1. It

consists of a photovoltaic generator (PVG), a DC/DC
boost converter and DC motor with a constant magnetic
flux driving a centrifugal pump.

vA¢
<9<V)Q> Sun

PVG—P

Chopper

DC/DC
L{ Regulator ‘

Fig. 1. General diagram of the photovoltaic pumping system

Photovoltaic generator model

The solar cell is a non-linear power source, the output
current and voltage depend on the irradiation level and
temperature. The equivalent circuit of a PV module is
shown in Fig. 2. The solar cell modules can only provide
maximum power at specific voltage and current levels.
So, for the PV array, there is a unique point on its P — V),
curve at which the power is maximum, and for optimum
utilization, the equilibrium operating point of the PV
array should coincide with this point.

I

ph ‘A

47
=
<~

Fig. 2. PV module equivalent circuit

The characteristic equation ¥, — [, of a PV module is

given by the following equation:
p=tm=to (eXp[A<Vp +RI, )]— 1)—w

Rsh

3
with 7, =1, _IO[TEJ explqiw [TL—%H ,
r 'Y r

and A4 1

1000 T NKT’

(M

1, =[ISCR +K1(T_Tr)]

where [,, — photocurrent, I, — cell reverse saturation
current, I, — cell saturation current at 7,, Igcp — short
circuit current at 298.15 K and 1 kW/m?, K, — short
circuit current temperature coefficient at Igcp, A — solar
irradiation in W/m?%, Ego — band gap for silicon, y —
ideality factor, 7, — reference temperature, 7 — cell
temperature, K — Boltzmann’s constant and g — electron
charge.

The PVG is composed of many strings of PV module in
series, connected in parallel, in order to provide the
desired values of input voltage and current of DC motor

@ 1S IR EE
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system. This PVG exhibits a non-linear [, — V,
characteristic given, by the following equation.
V,+R,1I
I, =1, ~I(explalv, + R, 1, )] 1)—%, 2)

shg

where V, — the PVG output voltage, I, — the PVG output
current, A, = A/N;— the PVG constant, Ry, = (N/N,) R, —
the PVG series resistance, Ry, = (N/N,), Ry, — the PVG
parallel resistance, /,,, = N,l,, — the photocurrent of the
PVG, Iy, = N,I,— the saturation current of the PVG, N, —
the number of PV connected in series and N, — the number
of parallel paths. Both N; and N, are designed carefully to
have the amount of energy required by the motor pump.
The variation of the output V, — P, characteristic of the
PVG generator as function of irradiation and temperature
is shown in Fig. 3 and Fig. 4 respectively, where P, =
= V,l, is the PVG power.

~ 6000 ] 298.15K
= 3
< 5000 1
5 1. 0.8 KW/m?
24000 X ]
H 3000 1 2.0 KW/m®
E 3.1 KW/m?
O 2000 ]
2

1000

0 50 15 25 35 45
PVG output voltage (V)

Fig. 3. Characteristic of the PVG with constant temperature
and varying irradiation

From these figures, at any value of irradiation and
temperature, there is only one point at which P, is
maximal. This point is called the MPP. Due to the
relatively high cost of the PVGs, it recommended to
operate at this MPP at all values of irradiation and
temperature to increase the efficiency of the system.

6000
~ 5000 0.9 KW/m’
g i
3; 4000 1.288.15K
z i
£ 3000 2.298.15K
2 i
£ 2000 3 11]3.308.15K
5 i
> 1000
=9

0

50 150 250 350 450

PVG output voltage (V)
Fig. 4. Characteristic of the PVG with constant irradiation and
varying temperature

Power electronic converter

In order to improve the performance of a photovoltaic
pumping system, a controlled DC-DC converter known
as a maximum power point tracker is used to match

continuously the output characteristics of a PVG to the
input characteristics of a DC motor. The power
electronic converter is a boost chopper (Fig. 5) inserted
between the PVG generator and the motor with a
variable duty cycle a. The output voltage of the PVG is
fed to the boost converter. It has to be adjusted to the
optimum value by adjusting the duty ratio to the required
value. The main function of the converter is to adjust the
PVG output voltage to a value in which the PVG
transfers maximum energy to the motor. The duty ratio
of the boost converter is adjusted with the help of a
fuzzy logic controller (FLC).

i

Ig LO

Fig. 5. Boost chopper

If the chopping frequency is sufficiently higher than the
system characteristic frequencies, we can replace the
converter with an equivalent continuous model. By
considering the mean values of the electric quantities
over a chopping period, the state equations of the
converter are:

Im=(1_(x‘)lg_CO d‘Zm > (3)

di,
V,=0-o), +L, —i il Ryl 4)

where L, — the inductor of the converter, Cy — the output
capacitor of the converter, ry — the inductor equivalent
resistance, and Rpg — the MOSFET resistance ON.

The inductor value, Ly, required such the converter
operates in the continuous conduction mode is calculated
such that the peak inductor current at maximum input
power does not exceed the power switch current rating. So

m

1.l

value calculated to give the desired peak-to-peak output

Ly is calculated as: Ly 2V, . The output capacitor

1 o
m_Om. , where f; — the switching

frequency, Al — the maximum input current ripple, AV¢ —

the maximum output voltage ripple and o, — the duty

cycle at maximum converter input power.

voltage ripple is: C, =

Electrical motor modeling

We consider a DC motor with a constant magnetic flux
and we neglect the magnetic reaction and the
commutation phenomena. The choice of a DC motor for
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a PV powered system is economical because PV arrays
supply DC power. Also, photovoltaic modules produce
direct current, so using DC motors eliminates the need
for AC/DC power converters. The mathematical relation
that describes the dynamic model of a DC motor with
constant magnetic flux can be expressed as follows:

Vm=RIm+Ld]—’”+EC %)
dt
with E. = K, Q.
The motor torque is:
Cnl = Kmlm N (6)

The parameters of the DC motor are: K, — the back emf
constant, K,, — the torque constant, L — the armature
inductance, R — the armature resistance and Q — the
rotation speed.

Centrifugal pump model

For PV water pumping systems, two types of pumps are
widely used: the volumetric pump and the centrifugal
pump. It is found in the case of the centrifugal pumps,
the operation takes place for longer periods even for low
irradiation levels, and the load characteristic is in closer
proximity to the PVG maximum power locus [12]. The
centrifugal pump opposes to the motor a resistant torque
C, that is given by the following equation [13]:

c,-C. =K,Q%, (7
where K ,— the proportionality coefficient.
The mechanical equation of the system is given by:

c,-C.=J a , ®)
dt

where J — the group inertia.

Fuzzy logic controller structure and design

The fuzzy logic permits to define control laws of any
process starting from a linguistic description of the
control strategy to be adopted. Fuzzy logic uses instead
of numerical variables linguistic a variables whose

Lo
T
/

—F—

Saturation

Fuzzy Logic Controller

values (fuzzy subsets) are labels or sentences in a natural
or artificial language.

Fuzzy logic controller structure

In a typical basic configuration of a fuzzy logic
controller (FLC) one can find:

— Fuzzification or linguistic coding of input variables,
which transforms a given set of numerical inputs
(measured or calculated) into a fuzzy linguistic variables
set composed of fuzzy subset called also membership
functions.

— Inference fuzzy rules which contains a set of fuzzy
rules in linguistic form as well as the database which is a
collection of expert control objectives. This control rules
base can be set up using IF-THEN rules, based on expert
experience and/or engineering knowledge, and learning
rule-based system which has learning capabilities.

— Defuzzification of the inference engine, which
evaluates the rules based on a set of control actions for a
given fuzzy inputs set. This operation converts the
inferred fuzzy control action into a numerical value at
the output by forming the “union” of the outputs
resulting from each rule. The deffuzification produces a
non-fuzzy output control action that best represents the
recommended control actions of the different rules.

Fuzzy logic control design

The typical power-voltage characteristic of photovoltaic
generator is shown in Fig. 3 and Fig. 4. The MPP is
reached when the PVG output voltage V, for given
conditions equals its optimal value V,,. One has also
P, =K’ the centrifugal pump power that must be
maximum. Then at the MPP the rotation speed is
maximum. The boost converter with an adjusted duty
cycle permits the maximization of the rotation speed by
an online adaptation of the PVG output voltage to steer
in finite time at its optimal value. The duty cycle o of the
converter, which is chosen as controller law is adjusted
by using fuzzy logic controller (FLC), is proposed to
keep the rotation speed at its maximum according to the
solar irradiation (A) and the temperature (7) variations.
Fig. 6 shows the block diagram of this fuzzy controller.

Derivation

Integrator

sk (&)

4 Mux

du/dt

\ Derivation

Fig. 6. Synoptic scheme of the proposed fuzzy controller
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The two input control variables of this fuzzy controller
are the rotation speed variation dQ and the PVG output
voltage variation dVy; dQ and dV, are normalized using
the two input scaling factors g, and g,. The output of the
controller is the duty cycle variation do that is
normalized by scaling factor g .

In the fuzzification process the numerical variable is
converted into a linguistic variable or subset. The
following five fuzzy levels are chosen for the controlling
inputs and output of the fuzzy controller (dQ2, dV, and
do) in fuzzification {NB (Negative Big), NS (Negative
Small), ZE (Zero), PS (Positive Small) and PB (Positive
Big)}. Membership functions for both controller inputs
and output variables are defined on the common
normalized range of [-1, 1]. In this paper, asymmetric
triangular membership functions are considered and their
representation is shown in Fig. 7.

H(dor)
A
MELARNTCS
NB NS 2B PS _PB
5
dQ oy
o
-1 -0.5 0 0.5 1oav,

Fig. 7. Membership functions of dV,, d<2 and do.

The generated rules should be done properly and
arranged in a fuzzy matrix table. Twenty five rules have
been deduced from a qualitative analysis of the influence
of the rotation speed variation dQ and the PVG output
voltage variation dV, which are given in Table 1. This
rule table can reflect experiences of the human experts
basis of Fig. 8. The fuzzy rules are designed to
incorporate the following considerations keeping in view
overall tracking performance.

1 — If a negative variation of the rotation speed is
accompanied with a negative variation of PVG output
voltage and vice versa, then we would decrease the duty
cycle.

2 — If the variation of the rotation speed is sufficiently
close to zero which means that its maximum is reached,
then we would not make any variation in the duty cycle.
3 — If a positive variation of the rotation speed is going
with a negative variation of PVG output voltage and vice
versa, then we would increase the duty cycle.

During the inference process, the product-sum inference
mechanism is used to calculate the fuzzy output of the
controller. This is achieved by forming the union of the
fuzzy output resulting from each rule, which is the

corresponding output membership function weighted by
the rule strength. The gravity center deffuzification
method is used to convert the fuzzy output of the fuzzy
controller into a numerical value. In this case, the change
of the controller output is computed by the following
equation:

.S
o = 2 MaiS;
Zp’isi
with (1<7 < 25),
where |; — represents the ith rule degree of the

fulfillment at the kth sampling period, y; — the gravity
center abscissa of the output fuzzy membership function
corresponding to the ith rule and S; — its surface.

The final control signal sent to the system is: o(K) =
= o(K-1)+ g, do (K-1).

Table 1
Rule base of fuzzy logic controller
Change of Change of the rotation speed (dQQ)
PVG output
voltage @V,) | NB | NS EZ PS PB
NB NB NB EZ PB PB
NS NB NS EZ PS PS
EZ PS PS EZ PS PS
PS PB PS EZ NS NB
PB PB PB EZ NB NB
QA
'{f.-’ '\-\.‘\\

/ \

.

| \
S dVy>0 | dV2>0\
/ o
o dQ >0 | dQ <0 \\\

A ",

ha | 5

.I-"i-\-
|
I
I
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Fig. 8. Fuzzy rules deduction from versus V, function
Simulation results

For the simulation we consider the parameters of the
system:

— The photovoltaic panel SM55:

R, =0.1124 Q, R, = 6500 Q, y= 1.7404, Iscrg=3.45 A,
Ip,=4.842 uA, K, = 410" A/K, N = 36, N, = 20,
N,=5and T,=298.15 K.

— DC motor: ABB DMI 180B: V,,, =400V, ,,= 122 A,
Q,=104.7 rad/s, R=9.84 W, L=0.12 H, J=0.06 Kg m’.

— Chopper parameters: Ly = 3.5 mH, Cy = 4.7 mF,

ro= 60 mQ, RDS: 85 mQ .
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— Centrifugal pump parameter: K, = 28:10" W (s/rad)’,
Qn = 104.7 rad/s.

— Fuzzy logic controller parameters: g, = 107,
2=710" g =12.

Fig. 9, 10, Fig. 11, 12 and Fig. 13, 14 show respectively
the good concordance between the rotation speed Q, the
PVG power P, and the duty cycle control a with the

1o 900 W/m?

2 1057 800 W/m® L]
= ]
£-100 298.15K \\ 900 W/m
o 298.15K
8 o5 338.15K
o
= 90
.8
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70

0 1 2 3 4 5 6
Time (s)

Fig. 9. Rotation speed with increasing irradiation

and temperature
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Fig. 11. PVG power with increasing irradiation
and temperature
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Fig. 13. Duty cycle with increasing irradiation
and temperature

theoretical results when the irradiation and the
temperature increase (decrease) (Table 2).

It is noted that when the irradiation and temperature
vary, the duty cycle control is judiciously adjusted to its
optimal value. Consequently the rotation speed converge
to their optimal values which is corresponding to
maximum power.
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Fig. 10. Rotation speed with decreasing irradiation
and temperature
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Table 2
Theoretical results for given irradiation
and temperature

Irradiation A and| PVG Power | Rotation speed | Duty
temperature T Pg (W) Q (rad/s) cycle a
XTZES‘;}?'EZ 4313 101.1 0.1039
XT - ggg.‘l";/ fg 5409 108.3 0.0964
XT - ggg .\1’\;/?(12 4897 105.1 0.1405
XT - ggg.‘l";/‘g 3384 97.94 0.1830

Conclusion

In this paper, a fuzzy logic controller is derived and
applied to a photovoltaic pumping system in order to
track the optimal operating point. The system is
consisting of a photovoltaic generator with a power
electronic converter that assure maximum power point
tracking (MPPT). The converter feed a DC motor
coupling with a centrifugal pump. The PV generator is
forced to operate at its maximum power point by using
fuzzy logic controller that adjusts the duty cycle of the
converter to control the motor rotation speed to reach its
maximum value. The drive system performance has been
simulated at different solar irradiations and temperatures.
The simulation shows that the use of the proposed
controller gives good results for the maximum power
tracking.
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In this work we are interested in a theoretical analysis of wind electric water pumping system of 1.5 kw and its use to
meet the domestic needs for water and irrigation in the arid regions. The monthly flow could be obtained by this
system in the area of Adrar is estimated for various heights of the tower and various total heads. The performances of
the system depend on several parameters especially of the type of pumps installed. Thus, the use of four pumps of 5,
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Introduction

Water is the primary source of life for mankind and one of
the most basic necessities for rural development. The rural
demand for water for crop irrigation and domestic water
supplies is increasing. At the same time, rainfall is
decreasing in many arid countries, so surface water is
becoming scarce. Groundwater seems to be the only
alternative to this dilemma, but the groundwater table is
also decreasing, which makes traditional hand pumping
and bucketing difficult. As these trends -continue,
mechanized water pumping will become the only reliable

alternative for lifting water from the ground. Diesel,
gasoline, and kerosene pumps (including windmills) have
traditionally been used to pump water. However, reliable
solar (photovoltaic [PV]) and wind turbine pumps are now
emerging on the market and are rapidly becoming more
attractive than the traditional power sources. These
technologies, powered by renewable energy sources (solar
and wind), are especially useful in remote locations where
a steady fuel supply is problematic and skilled
maintenance personnel are scarce. Although traditional
windmills have been used to pump water for centuries,
small wind turbines are especially appealing because they
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can be located further from the borehole, where the wind
is strongest. Because these turbines can directly produce
alternating current (AC) power, they lend themselves to
applications such as lighting and other infrastructure
services when water does not need to be pumped. In this
work, a wind pumping system of 1.5 kW nominal output
is presented. The performances of this turbine coupled
with various pumps are given in [1, 2], in the form of the
flow rate variation according to the wind speed for various
total heads, these data are used with those of the wind
atlas of Algeria. The monthly flows rate which can be
obtained with pumps of various stages and for various
depths of well are estimated for the site of Adrar; this
enables us to determine for each total head the type of
pump which is appropriate best.

Estimation of the flow rate

The annual average power provided by an aerogenerator
is given in the following form:

P =TP(V)-f(V)-dV. (1)

The variation of the provided useful output is expressed
with the assistance of the system of equations according
to, also called quadratic law (2, 3):

0 siV{V,
o+BV YV siV (VY.
P siV VAV,
0 siVyV,

With

(Y T (r\f
)] e ] o
After having calculated the power, the flow rate is given
by the following form (4):
n-P
O=—"—"7+. “
p. gH,

Another approach for evaluating the flow rate without
passing by the calculation of the power provided by the
wind turbine rests on the following relation (4, 5):

Ve
o(v)= [q(v)- f(v)dv, 5)
Va
q(v): curves expressing the variation of the flow of the
used pump according to the speed of the wind.

Results and interpretations

The principal characteristics of the wind turbine chosen in
our study are summarized on the following Table 1 [3].

Table 1
Principal characteristics
of the wind turbine Bergey 1500

Number
of blades

Power output

Constructor (watts)

Speeds (m/s)

Vd: 3.6
V,=10
V. =20

Bergey (USA) 1500 3

Fig. 1-4 represent the variation of the flow according to
the speed of the wind which would provide this wind
turbine coupled with a pump of 7, 10, 15 and 19 stages
respectively. These pumps are immersed multicellular
and of grundfos mark.

—&— Hm =20m
—#— Hm =i0m
—&— Hm =&0m
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Fig. 1. Characteristics of a pump of 7 stages coupled with
wind turbine Bergey 1500 W
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Fig. 2. Characteristics of a pump of 10 stages coupled with
wind turbine Bergey 1500 W
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Fig. 3. Characteristics of a pump of 15 stages coupled with
wind turbine Bergey 1500 W
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Fig. 4. Characteristics of a pump of 19 stages coupled with
wind turbine Bergey 1500 W

Estimation of the flow rate in the site of Adrar
in Algeria

A study of the wind potential available in the site of
Adrar is necessary, is based on the Atlas wind of Algeria
established by the ONM (National office of
Meteorology).

The wind average annual speed and the annual parameter
K have as respective values of 5.9 m/s and 2.15 m/s. The
evolution of the monthly mean wind speed on the site of
Aderar is presented in Fig. 5.

The examination of the curves (Fig. 6) enables us to
recognize a relationship between the water flow pumped
and the total head on the one hand and the height of the
tower of another share. Indeed, the volume of daily
water pumped varies according to the height of the pylon
and the depth of the well. As an example, installed on a

tower of 15 and 30 meters height, this turbine can
provide on average 35.75 and 42.30 m®/d respectively in
Adrar, and this for a total head of 70 meters. For a total
head of 20 meters, the medium flow provided by this
wind turbine is more significant, it is about 125.13 and
148.06 m’/d with 15 and 30 meters respectively. In
Tindouf, having the same heights of the pylon, the flow
is respectively 30.57 and 36.58 m*/d for a total head of
70 meters and 107.00 and 128.05 m*/d for a height of 20
m, which enables us to deduce what follows:

Mean wind speed (m/s)

Month

Fig. 5. Evolution of the monthly mean wind speed in Adrar

—— Hm=10m
—— Hm=15m ||

Hm=20m
—— Hm=25m
—— Hm=30m |

Total head (m)

(o] 50 100 150 200 250 300

Flow (m’/day)

Fig. 6. Variation of the mean flow rate provided with the total
head for various heights of the tower on the site of Adrar
(Bergey 1500 W)

— The mean flow rate proves more significant when the
height of the tower is considerable (because the mean
power produced by the wind generator increases with the
height of the pylon). So the number of hearths supplied
with water will be more significant.

— When one pumps with low depths, the medium flows
are more significant than those obtained with great
depths.

The fact of doubling the height of the tower while
passing from 15 to 30 meters makes it possible to gain
up to 12 % on the speed of the wind, approximately
20 % on pumping for the two sites (Table 2).

@ IS REE
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Table 2
Hydraulic and energy profit
for two heights of the tower

Energy Hydraulic
profit, % profit, %

15 11 11

Height of the tower (m)

30 16,7 20

Fig. 7-11 represent the daily outputs which a wind
electric pumping system of 1500 watts can provide to the
level in Adrar. Various total heads were simulated: 20,
40, 60, 80 and 100 m.
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Fig. 7. Flow rate for H,, =20 m
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Fig. 8. Flow rate for H,, = 40 m

The quantities of daily water pumped for a total head of
20 m are represented on the Fig. 7. On notices that the
flow reached more than 50 m 3 per day for the most been
windy months (March and July), we also note that the
pump with 7 stages is that which provide the greatest
flow and that for every month of the year.

The difference between the flow obtained by the pump
on 7 stages and the other pumps having a number of
more significant stages exceeds sometimes the double.

For a total head of 40 m, Fig. 8, the quantities of water
pumped decreased almost by half compared to the
preceding height (20 m). Indeed for the pump of 10 stages,
which is the most powerful pump for H,, = 40 m, the flows
maximum reached for certain months is 25 m’/day.

As regards the heads total 60 m and 80 m respectively
represented on Fig. 9 and 10, one can say that the pump
of 15 stages is the best adapted.

Il Pump 7 stages [ Pump 10 stages
23] Pump 15 stages  FEFd Pump 19 stages
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Month
Fig. 9. Flow rate for H,, = 60 m

Il Pump 15 stages [ ] Pump 19 stages

Daily flow rate (m®)
7

Month
Fig. 10. Flow rate for H,, = 80 m

[ Pump 10 stages ] Pump 15 stages
[ Pump 19 stages

Daily flow rate (m®)

Fig. 11. Flow rate for H,, = 100 m
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For Fig. 11 representative of the water flow pumped for
a total head of 100 m. We note that the pump of 19
stages provides the best flows. Therefore it is that which
is appropriate best for this height, no matter what the
quantities of water pumped are rather weak of about 2.4
to 6 m’/ day.

Conclusion

For an isolated and windy site well, the use of the wind
power for pumping water can prove to be essential and
very competitive compared to other sources of energy.
We presented in this work a method of wind pumping
electric starting from wind turbine of 1.5 kw. The
monthly flows rate of water were estimated for the area
of Adrar, for each simulated total head the optimal pump
was obtained, one can note that more the total head is
significant more the number of stage of the pump must
increase. We have to as show as:
— The mean flow is significant when the height of the
pylon is considerable (because the average power
produced by the wind generator increases with the height
of the pylon). So the number of hearths supplied with
water will be more significant.
— When one pumps with low depths, the mean flows
more significant than those are obtained with great
depths.

Nomenclature

V' — Mean wind speed, m/s
V. — Cut out wind speed, m/s
V; — Cut in wind speed, m/s

V, — Rated wind speed, m/s
A(v) — The density of probability

C — Scale parameter, m/s

k — Form parameter

Pn — Rated power, Watt

g — Average intensity of gravity, m/s’
H,, — Total head, m

O — Average flow rate, m*/s

p — Water mass density, kg/m’
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The Vortex Tower Power Stations relates to a continuously mass-producing electric power station without pollution,
greenhouse gas emission, consumption of limited natural resources, wastes and independently of irregularity of wind
conditions. The invention is embodied in the form of a hollow tower-shaped structure flared at the base thereof,
surrounded by a greenhouse area and is optimised in order to combine several natural forces and effects: chimney
effect, greenhouse effect, Coriolis force, Venturi effect and wind. The inventive plant comprises, in particular curved
structures for activating an artificial and self-sustaining vortex, peripheral flap shutters for involving a wind quantity
and pools optimised for storing calories supplied by sun and optionally by effluents of nuclear power plants, different
industrial activities or geothermal waters. The production capacity of the inventive power plant is of several hundreds
of MW and the production cost of one kW-h could be substantially low.

Alain Coustou

A- Peripheral greenhouse area

B- Inner curved baffle plates

C- Inititiation of the wirlwind

D- Rising airflow with chimney and
Venturi effects

E- Cylinder like upper portion

G- External circular gallery

H- Turbines or propellers train system

|- Vertical axial core

J- Upper outlet conical shroud

K- External envelop of the shroud
and of the top of the tower

V- Air control shutters

Vertical cross-section of a vortex tower plant

Born in France on 1940, Alain Coustou is lecturer in Bordeaux University. PhD in Economics and
university degree of Demography, he is member of the scientific council of the University and officer of
the “palmes académiques”, a high decoration granted par the French Ministry of Education.

He has been one of the main founders of the Douala University Center (Cameroun) and the founder — and
during seven years the first director — of the Economic and Business Sciences School (ESSEC) of
Douala, from 1977 to 1984.

Actually, his main scientific interest topics are energy, climate change and sustained development. So, his
two major scientific projects research are concerning the vortex towers power stations and the climatic risks.

His most recent publication is “Le réchauffement climatique, un risque majeur” (climate change, a major
risk), an important paper published in the “Cahiers de la Security” (Security Journal, No. 3. P. 38-50,
France, January 2008).

He is also the author of a book titled “Terre, fin de partie? La dérive climatique, un risque majeur” (Earth,
end of game? The climate drift, a major risk) (205 pages, Eons Editions, France, September 2005).

Introduction

The Vortex Tower Power Stations or Self Secure Vortex
Towers (“Tours Aérogénératrices” or “Tours Vortex a
Sécurité¢ Intrinséque” in french) are an innovative
solution for continuous mass production of electrical
energy at a low cost, without the emission of greenhouse
gas, without the use of scarce natural resources, without
waste, and without being adversely affected by the
irregularity of wind conditions.

These towers are neither wind turbines nor ordinary solar
chimneys, but they belong to the family of the vortex
towers, whose geometry is intended for the obtaining
and the permanence of a controlled artificial twister
(vortex).

COUSTOU-ALARY VORTEX
TOWER POVER STATION

Origin of the vortex towers
and environmental concerns

The first example of this type of project has been
developed forty years ago by the french engineer and
precursor Edgard Henry Nazare, who named it
“Artificial Cyclone Generator” (1964)' or “Aerothermal

'French patent No. 1439849/PV 983953, registered at INPI
(National Institute of Industrial Property), August 1964.
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Power Station” (1982)%. The others projects of vortex
towers were the one presented in 1975 by the Canadian
engineer Louis Marc Michaud (Vortex Power Station)’
on one hand, and two projects very close to the invention
of Nazare on the other hand. The first of them has been
proposed in the ex-USSR by Georges Mamulashvili in
1985*. A demonstration model of the second is actually
experimented by the French engineer Francois Maugis
and the Sumatel Corporation”.

Meanwhile, in comparison with Nazare’s project and
with all that have succeeded it, the Vortex Tower Power
Stations bring about substantial changes. These changes
concern at once the number of the used natural forces
and effects, the variety of the heat sources under
consideration, numerous structural details, the
characteristics of the peripheral greenhouses and of the
calories storage system, an unfailing security guaranteed
by the absolute control of the artificial twister generated
in the structure and, finally, a probably better efficiency
than the one of the rival projects.

Those towers have been conceived by the author of the
present article, lecturer at the University of Bordeaux
(France), energy, climate and sustained development
specialist, and by the french computer scientist Paul
Alary. They are patented in thirty countries in Europe,
America and Asia®.

Combined with the classic nuclear or thermal power
stations, the Self Secure Vortex Towers could at first
increase their energy efficiency by a substantial increase
of the electric production. So the oldest or the less safe
nuclear plants and the most polluting thermal power
stations could be shut down quickly.

In addition, the Vortex Tower Power Station can also
function in total self-contained operation with only
renewable energy supplies, or recover the heat energy
lost by the cooling effluents of the industry, while
reducing their thermal impact on the environment. And
that, whatever the Ilatitude or the climate of the
concerned country.

Later, they finally could take the place of the last thermal
power stations and guarantee a soft substitution for the
nuclear energy.

In the present world, more than the 2/3 of the electricity
is generated by the thermal power station, burning coal,
oil or gas. Such a situation contributes to intensify
dramatically a greenhouse effect, whose the
consequences threaten to be beyond all control. In
addition, with the oil prices rise, the production costs of
thermal electricity often tend toward an increasing, to the
detriment of all the users, companies and citizens.

French patent No. 8205544 (publication No. 2524530),
registered at INPI, Mars 1982.

3US patent No. 2004/0112005A11, belatedly registered in USA.
June 2004.

*Ex-URSS invention certificates No. 13119654 and 1526335.
SSUMATEL, Allée Les Perce-neiges, 73540, La Bathie
(France).

SInternational demand No. PCT/FR2005/050659, August 2005.

So the creation of really no polluting power stations,
capable of producing a low cost kW-h, is a fundamental
target towards the aim of a sustained development. All
the more because the hydroelectricity is near of its limits,
the solar and wind energies at once suffer of a high cost
kW-h and a low average availability in the day and the
biomass can supply no more than a minor contribution.
For its part, the nuclear power is questioned because of
the involved worries, particularly about the reprocessing
and the long-term safety of the storage of its waste.

A solution happily exists for a short time: the one that’s
proposed with the Vortex Tower Power Station project,
presented in this article. This invention has been patented
in France after a demand deposed in 2004’. On august
2005, a request for patent has been registered in about
thirty others countries.

We expose here the general principles, the description,
the functioning, and some of the multiples advantages of
this invention.

General principles

The invention is in the form of a hollow tower-shaped
structure flared at its base and optimised to combine four
and even five forces and natural effects:

— The chimney effect.

— The greenhouse effect.

— The Coriolis force (or effect).

— The Venturi effect.

— Optionally, the wind can add additional energy,
without being necessary to the functioning of the tower.
— Lastly, it is possible — and even recommended — to
exploit the recovery of heat energy, even low calories,
from industry, nuclear power stations, great incinerators
or from geothermic, otherwise often needlessly lost.

Description of the structure and functions
of the different parts of the plant

The detailed description, the plans and the text of the
international patent may be consulted on the Vortex
Tower Power Station designer’s site®.

Optimum envisaged measurements
The tower has a minimum height on the order of one
hundred meters, and preferably a height on the order of
300 m, not including the outlet shroud. However, it is
possible to apply the principle to towers of different
sizes. The tower has a base diameter on the order of 150
to 200 meters (for 300-meter tower) and an internal
diameter at the base of the conversion means 18
(cylindrical or quasi-cylindrical portion ) on the order of
25 to 30 meters (estimation for a 300-m tower).
Summary of the optimum measurements:
— Height: 300 meters.
— Base diameter: 200 meters.

"French patent No. 0408809000, registered at INPI, August 2004.
$Http://groups.msn.com/ToursAerogeneratrices2/
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— Top internal diameter, at the level of the lower turbine:
25 to 30 meters.

— Greenhouses area, all around the base of the plant: 3 to
5 square kilometers in totally self-contained functioning,
infinitely less when combining natural forces and effects
with the recovery of industrial cooling calories, or other
renewable calories (geothermic).

Lower sizes are conceivable, according to the available
calories and the needs, the concept operating effectively
with all heights equalizing or exceeding one hundred
meters. The concept is valid for different dimensions,
with heights exceeding one hundred meters and tours
over 300 meters being capable of being envisaged.

Description, from the base to the top
The tower includes, in the lower portion, a plurality of
air inlets with baffle walls curved so as to cause the air to
rotate and to generate in the tower a whirlwind
phenomenon maintained and amplified by the Coriolis
force, upstream of the air inlets means for heating the air
suctioned into the tower by a chimney effect, means for
converting the kinetic energy of the air column into
electrical energy, said tower being flared at its base and
gradually shrinking so as to accelerate the air by the
Venturi effect.
The flared base, which provides perfect stability for the
assembly, is painted black. Air inlets are arranged around
the periphery of this base and can be screened to prevent
the accidental ingress of birds or the suctioning of debris
brought by the wind.
Between each of the inlets is an inner and/or outer baffle
plate. The inner plates, which may be extended to the
outside under the windows, simultaneously have a
structural frame function and are interrupted at the
central portion of the structure. The inner baffle plates
have a curved (plan) form, so as to initiate a rotation
movement of the air suctioned in the tower, which
rotation (vortex) is amplified in a spiral revolution from
the base to the apex and maintains itself by the Coriolis
force.
A vertical core is placed in the axis of the tower and
ensures the symmetry of the rotation of the air column.
This core can join the axis of the turbine or propeller
system 18. If necessary, it can be held in the axis of the
tower by stretched cables. This core can consist of a
hollow structure with a round cross-section, in which the
use of cables, a lift and/or an emergency escape is
possible.
The base of the tower is surrounded by greenhouses
hanging over an area of different type, if the structure is
constructed in a region having water resources or not.
In a region having hydraulic resources, communicating
basins with a hexagon or quadrangle shape act as relative
heat reservoirs for the night. Each basin may be
equipped with a black floating cover, intended to prevent
evaporation.
In dry or desert areas, a ground surface covered with
bitumen or black painted concrete provides the same
functions.

In both cases, the area considered is on the order of
several km® (2 to 3 km’, for example, in a very sunny
area) for a self-contained tower, over which glazing
hang. This area can, however, be very substantially
reduced when combined with a source of industrial heat
energy (nuclear power plants, iron and steel works, etc.).

The diameter of the tower shrinks gradually from the
base. This specific feature should cause a considerable
acceleration in the rising airflow by a combination with
the chimney effect and the Venturi effect.

The upper portion of the tower to the base of the turbines
or propellers has a shape similar to a cylinder, possibly
slightly truncated or conical, preferably painted a light
colour, such as white.

A device for converting the energy of the air column into
electricity, capable of being constituted by turbine or
propeller stages, controlled by sensors and managed by a
computer program, is installed just before the apex of the
structure. This device may be accompanied by a flare of
the tower at its level so as to better evacuate the air
column in spite of the conversion of a large portion of its
kinetic energy. This device can optionally be preceded
by one or more compressor and discharge valve stages in
order to remove any excess pressure.

This cylindrical, quasi-cylindrical or flared portion can
be covered by a shroud at the turbine outlet so as to
optimise their efficiency and reduce any sound
disturbances.

Functioning

Greenhouse effect
In the self-contained operation of the system, the
ambient air around the base of the tour, which is
generally naturally warmer than that at the apex, is
increased in temperature by the greenhouse -effect
created by the glazings surfaces.
A heat energy reserve is created by the heating of the
bitumen ground or black-tinted concrete-covered ground,
or, better yet, water basins with a hexagon shape
(optimal configuration) or any other shape allowing for
regular tessellation of the ground. The capacity for
diurnal storage of heat energy is much higher in the case
of basins than in the case of bitumen or concrete.
These intercommunicating basins can each be equipped
with a floating cover, preferably rigid or semi-rigid. This
cover is black, which enables it to absorb solar heat. It
would be used as needed to prevent evaporation,
depending on the availability of water, which is variable
according to the site and possibly the period. Its use
would also limit the appearance of a vapour plume at the
top of the tower.
To complement the solar heating of the air, the flared
base of the tower can itself be painted black and
insulated with windows on the portion of which the
slope is less than around 60°.
The black absorption and heat energy reserve area
surrounding the base of the structure (i.e. an envisaged
area on the order of several km’ of basins and/or bitumen
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or concrete) is covered by glazings. The air circulates
under them, which air is thus heated before being
suctioned by the base of the tower.

This glazing area is encircled by a system of
electronically controlled shutters, in order to optimise the
use of the heated air according to the possible wind. It is
thus possible to obtain a slight overpressure capable of
reinforcing the chimney effect. The shutters are normally
open in the portion facing the wind and closed in the
opposite portion. The opening of these shutters or these
valves can be modulated if there is too violent wind, in
order to prevent an excess overpressure.

The placement of the tower on the site of a nuclear or
classic power plant should enable the use of low heat
energy of the water of the external cooling circuit of the
power station. In winter, this water would be diverted
toward the basins relatively close to the tower, from which
it would spread closer and closer to the outer basins. In
summer, the process would be reversed, with the water
coming from the plants supplying the outer-most basins.

A classic or nuclear plant could thus provide a surplus of
energy to one or more towers, surplus varying with the
type of plant and with the temperature of the recovered
effluents. This solution would have the dual advantage of
substantially reducing the area of the greenhouses
(therefore reducing the investment cost) and recovering
the heat energy unnecessarily discarded into the
environment with a hydraulic flow that is often high.

The evaporation would then ensure an evacuation of the
heat energy making it possible at least partially to do
away with the cooling towers of the plant while
increasing the energy of the whirling air, which would
increase in humidity. This phenomenon is well known to
meteorologists in the case of natural tornadoes, which
are often strong above the ocean and weaken or
disappear after reaching solid ground.

If the recovered water is hot enough, it may be cost-
effective to provide a system for transferring the heat
energy from the water to the air that is more effective than
the simple interface between the surface of the basins and
the suctioned air. Three alternative solutions, among
others, may be chosen, optimising the availability of a
volume of hot water that is sometimes very large, on the
order of some dozens of m*/second with regard to nuclear
power plants in which the cooling is not done in a closed
circuit, but uses water from a stream or from the sea.
According to a first solution, a network of more or less
narrow pipelines, or even actual radiators, is traversed by
the air suctioned by the base of the tower and in which
the water circulates, providing heat energy, before it is
evacuated into the basins or toward the outside.
According to a second solution, there is a system of
cascades from the apex of the greenhouses to the basins.
These cascades would constitute water curtains coming
from the plant and supplied from pipelines placed under
the windows of the greenhouses. An alternative of this
solution could consist of creating one or more water jets
above each basin or the surface for receiving and
discharging water.

According to a third solution, in the ideal case in which
the water is available under pressure and/or at a high
enough temperature, it could be sprayed directly into the
air of the greenhouses (fogging), above the basins or the
surface for receiving and discharging water.

In addition, the area of the greenhouses could be further
reduced, which would make it possible to envisage the
use of double glazings without excessive additional
costs. It could even be possible to totally do away with
the greenhouse effect if enough hot water is available,
and to replace the windows by any material with good
mechanical qualities, in which the covered space would
then be intended solely to guide the outside air toward
the base of the tower while allowing it to be heated by
the heat energy extracted from the water.

Finally, it is possible to envisage reducing the flow of the
cooling circuit by pumping less water out of the streams,
which would be less disruptive for the environment and,
by reducing the dilution of the heat energy coming from
the plant, would be capable of providing a warmer water
flow to the wind turbine tower. In every case, this
placement of the towers should allow for a considerable
reduction in the cost of the kW-h.

Other activities, such as iron and steel works, cement
works, smelting works, incinerators, and so on, produce
a flow of heat energy that is often wasted. This heat
energy could also be recovered so as to significantly
increase the energy production of the towers. Indeed,
even low-calorie liquid or gaseous effluents can increase
the energy production of the tower with respect to what
is possible in a self-contained operation. This production
does depends not on the absolute temperature of the air
at the base, but on the difference between said
temperature and the temperature of the air outside the
apex of the plant.

Similarly, it is possible to use a thermal spring or
geothermics to provide the basins with comparable
advantages at the level of the preheating of the basin
water. In every case, even a spring with a temperature
lower than that desired for the air at the base of the tower
can be advantageous, since its temperature is greater
than that of the outside air. The greenhouse then has only
to contribute to a complement of the heating, which
reduces the number of basins and the windowed area
needed.

Combination of chimney effect,
Coriolis force and Venturi effect
Chimney effect

The warm air trapped under the greenhouses area and
under the flared base of the tower rises in the hollow
structure by the chimney effect. This well known
phenomenon by itself would not be enough to ensure the
efficacy of the device for a tower of which the height is
only one to a few hundred meters. A tower using only the
chimney effect and the greenhouse effect should reach a
prohibitive height of around 500 to 1000 meters in order
to be effective, presenting serious problems of
placement, construction and cost.
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It is here that the very specific architecture of the device
of the invention is involved, making it possible to
maximise and concentrate the energy produced by using
two other complementary natural effects, the Coriolis
force and the Venturi effect, and possibly to take
advantage of an overpressure effect due to the wind.

Coriolis force (or effect)

The air that enters the base of the tower is guided by
curved baffle plates that activate its rotation, this
movement being maintained by the Coriolis effect or
force. The internal plates, which are formed between
each air inlet recess, can also perform a structural
frame function. The axial core of the tower contributes
to support the alternators and turbines and it is intended
to ensure satisfactory symmetry of the air rotation in
spite of any variations when it is suctioned into the
tower.

A whirlwind (vortex) phenomenon is thus triggered, and
is maintained and amplified by the Coriolis effect. In this
way, we obtain a captive and self-maintained twister.
The warm air no longer needs to rise, but is animated by
a rapid rotational movement in the same direction as that
set for the turbine stages.

Venturi effect

The Venturi effect is generated by the specific
architecture of the tower, flared at the base, with its
internal diameter shrinking as the air rises by the
chimney effect. This feature causes a considerable
acceleration of the rising and rotating airflow, by the
Venturi effect. With an internal diameter in the upper
portion of the tower equal, for example, to 1/7™ that of
the base, and a temperature difference of some thirty
degrees, the speed of the air column can reach several
hundred km/h. It is only preferable to prevent this speed
from exceeding 0.7 times the speed of sound.

Thus, the energy carried by the air column is considerably
concentrated, compared with what would be obtained by
the simple chimney effect in a tubular structure with a
constant diameter from the base to the apex.

The conversion of the kinetic energy of the air column
into electric energy

The energy of the captive and self-maintained air
whirlwind is collected in the upper portion of the tower
by a train of several turbines or propellers with a
variable pitch, with a diameter slightly smaller than the
internal diameter of the tower. The blade-span of these
turbines or propellers may be on the order of 25 to 30
m for a 300 m height tower. Flaring the highest portion
of the tower in the line of the turbine or propeller train,
of which the diameter increases from lowest to highest.
This increase in the diameter ensures the evacuation of
a constant air volume in spite of the disruption of the
air column by the turbines, and increases the efficiency
of the assembly.

Finally, the upper outlet of the tower can usefully be
covered by a shroud intended both to prevent the

appearance of turbulence at the outlet of the turbine or
propeller train and to minimise any sound disturbances.
This shroud has a frusto-conical (truncated) or a
progressive shape. It can be a double shroud, intended to
cause a cool air suction phenomenon and cool the
periphery of the warm air column after it leaves the
turbine or propeller train, this solution being capable of
effectively reducing the sound disturbances. This double
shroud can be extended downward to reach the portion
of the tower containing the turbines or propellers. This
enveloping shroud would suction a layer of cool air
along this portion, which, optionally combined with
external radiators, could help to ensure the cooling of the
turbines (or any other system for capturing energy. This
formula should be particularly advantageous.

The percentage of conversion of the kinetic energy might
exceed 75 %. The production of electricity thus obtained
is permanent. In particular, it is practically independent of
the wind, unlike in conventional wind turbines, limited by
the Betz’s law. The possible production fluctuations can
hardly result from variations in the difference between the
temperatures of the air at the base and at the apex of the
tower. The wind can nevertheless help to amplify the
chimney effect by a double effect of overpressure at the
base of the tower and suction at the apex.

The power established can be several hundreds of
megawatts for each tower, on the order of 500 MW in
optimal activity with some thirty degrees of difference
between the air at the base and that at the apex, for a tower
300 m high. The power could be even higher in the case of
a vortex tower near a nuclear or thermal power station or a
major heat-generating industrial activity. The effluents
thereof would ensure the supply of the basins with
preheated water and therefore a difference in temperature
that is both more stable and greater for the same
greenhouse area. They could also be placed directly in
contact with the air of the greenhouse area by various
methods (spray, cascades, water jets, etc.). According to
this hypothesis, it is possible to consider reaching and
even exceeding a power on the order of 700 to 1000 MW,
reaching the order of magnitude of the power of a nuclear
reactor for a particularly low cost.

Certain industrial plants sometimes simultaneously have
large electrical energy requirements and a need for
cooling water. The placement of a wind turbine tower
can in this case both generate the energy needed for the
plant and reduce the thermal waste in the environment.

Some bonus and conclusions

Some bonus

Outside, the structure may comprise a station for
surveillance, maintenance and/or control, places for
antennas, transmitters and retransmitters. The access to
the base of the lifts and the tower can be provided
underground so as to avoid the need to pass through an
overheated greenhouse space.

In regular wind areas, annular wind turbines, wind turbines
with vertical-axis cups or other wind turbine devices can
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optionally encircle the cylindrical or quasi-cylindrical
portion of the structure, with the tower constituting the axis
of rotation of at least one wind turbine device.

Conclusions
To conclude, the mass production of electrical energy at
a particularly low cost (on the order of 2 cents per kW-h
in the first estimation) by the new aerothermal power
plants, i.e. the Vortex Tower Power Stations, would
constitute an extremely beneficial economic advantage.
They would also have the advantage of making it
possible to recover the heat energy lost both by the
power plants and by other industrial plants and to reduce
the thermal disturbances of said plants while supplying
them with energy.
They can produce electricity with excellent efficiency
from low-temperature sources, since a temperature some
thirty degrees higher than room temperature is already
enough to allow them to perform very well.

There are no environmental hazards. The artificial
whirlwind absolutely cannot escape the tower since it is
self-maintained by the specific structure of the plant and
most of its energy is converted into electricity. In
addition, the tower uses the heat energy available,
provided by the Sun, geothermics or an industrial plant,
without producing it itself and without generating waste
or greenhouse gases.

The power range is relatively broad between the 100 m
tower and the over 300 m tower so as to provide a wide
variety of uses, and the power of a 300-m tower with
preheating by recovery of heat energy is capable of
reaching up to several hundred MW, and even approach
the power of a nuclear reactor, while improving its
overall efficiency and making it economically and
environmentally more beneficial.
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This article presents the result of an experimental investigation of the wind speed — power output transfer function
of a Squirrel Cage Induction Generator (SCIG) wind turbines cluster in the Guadeloupean archipelago. The
analysis shows that the fluctuations of the power output and the wind speed are correlated only for time scales
larger than 8 minutes. A probabilistic transfer function, based on the conditional cumulative distribution function
of the power output, given the mean wind speed, is also presented. It gives a synthetic view of the dispersion of the

aggregated power output.

Keywords: wind energy, power curve, wind variability

Introduction

Throughout the last two decades, wind energy has
become a common component for electricity generation
in many energy systems [1-4]. Wind energy is currently
the world’s fastest growing renewable power source. In
Europe, the wind energy installed capacity has grown
600 % between 1997 and 2003. Wind energy with
60 TW:-h, already represents 2.3 % of European
electrical energy consumption [1]. Worldwide, wind
energy capacity rises from 4,800 MW in 1995 to 73,904
MW at the end of 2006 [3]. The technological evolution
of wind energy conversion systems has been fast. Today,
conventional wind turbine’s rated power often exceeds
2 MW, almost ten times the rated power of a state of the
art wind turbines fifteen years ago [5].

Although wind energy is often described as an unreliable
energy source because of its variability, it can be argued
however, that many component of a power system (both
on the supply and on the demand side) are indeed
variable and some drawbacks can be hardly predictable
[1, 6]. Moreover, wind energy is not the only electrical
network component that varies with the meteorological
conditions: the electrical demand is also dependent on
the weather; a heat wave may induce consumption peak,
a thermal power plant may be affected by a
thunderstorm, tree falls on power lines can cause sudden
interruptions of supply.

Network operators have long experience in dealing with
variability within the power system; they have, routinely,
to cope with changeable demand and unanticipated
transmission and power generation breakdown.

Efficient forecasting scheme based on a better
knowledge of the wind variations characteristics along
with their influence on power output variation is of key
importance for the optimal integration of wind energy in

power system. It is the uncertainty of the forecasts that
cause balancing difficult, not the variability of the wind
power [7]. Numerous studies have been devoted to wind
power forecasting [8-16]. Hourly averaged wind speed
data variations can be predicted to a great extent [13].
Concerning the wind speed to electrical power
conversion, many studies have investigated wind
turbines response to wind variations. Under the influence
of meteorological conditions wind speed fluctuates over
time. These variations occur on different time scales:
from seconds to years. The response of a wind turbine, in
term of power output variations, depends on the wind
turbine technology [5, 17-19]. Some smoothing effect
can also be obtained due to the turbine inertia and size.
For a group of turbines; further smoothing can be
expected due to the spatial distribution of the turbine
within the area. For large area, wind energy overall
variability can be much lower than the variability of a
single wind turbine since the meteorological fluctuations
do not affect each wind cluster at the same time [1].

To anticipate for wind power variability is even more
crucial for island power system management. Their
small size and the fact that they are not connected to
large utility network impose supplementary constraints
to wind power integration. In the Guadeloupean
archipelago (French West-Indies), by the end of 2006,
the total installed wind energy capacity reached 21 MW.
Moreover, wind power can already contribute up to 5 %
of the instantaneous electricity consumption. At this
level, wind energy contribution can be equivalent to the
current network primary control reserve. Increasing wind
power penetration rate could make it necessary to
provide some warranty on wind power production in
order to optimize the conventional back-up capacity
intended to palliate wind production shortages.
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The common approach to investigate wind farms power
output is based on wind measurement within the site.
Often, a single point wind speed measurement campaign
is used to assess the site’s wind power potential.
However, the electrical power variations observed for a
wind farm are the consequences of the actual wind
variations as seen by each wind turbine as well as the
electricity network shortcomings and the various
maintenance problems that may affect the wind turbines
efficiency. Therefore, it is necessary to complete the
power curve obtained for the group of wind turbines
with a probabilistic approach that gives for a specified
wind speed range, the distribution of the expected wind
farm power output.

Petit Canal
Désirade 3

=

Désirade 2

N\~
&P

Vo = - 3 P,
O Morne Constant
Fig. 1. Schematic view of the Guadeloupean archipelago, the
dots point to the location of the major wind turbines clusters

In this article, we present the result of an experimental
investigation of the wind to power output transfer
function of the larger wind cluster of the Guadeloupean
archipelago. This wind turbine cluster consists of 32
SCIG (Squirrel Cage Induction Generator) wind turbines
positioned at the top of a sea cliff at Petit-Canal, on the
east coast of Guadeloupe (see location on Fig.1).

The proposed analysis is based on an experimental data
set that consists of wind speed and electrical power
output samples measured simultaneously during a one
and a half year measurement campaign within the wind
farm site.

The wind energy production site

The measurement campaign was conducted at the wind
energy production site of Petit-Canal in Guadeloupe
Operated by the Vergnet Caraibes Company (Fig. 1).
The wind turbines are provided by the Vergnet Company
and have been designed to resist wind speed intensity of
more than 200 km/h. The turbines are mounted on 60 m
masts that can be lowered, in case of a major hurricane,
with an attached motorized hosting gear. They can be
promptly dismantled and laid on the ground. No
particular equipment is needed for their installation.
These wind turbines are fixed speed Squirrel Cage
Induction Generator (SCIG). Therefore, their rotational
speed is dictated by the electrical grid frequency (in
Guadeloupe the grid frequency is 50 Hz). Consequently,
at the lower end of its wind speed operational range the
turbine rotates too fast, and at the higher end it rotates
too slowly in respect with its optimal angular speed.
Therefore, the SCIG operates below its maximum
efficiency at most wind speeds. Nevertheless, the SCIG
technology is proven to be robust and cost-effective. The
rotor blades are rigidly fixed to the hub and are designed
to stall for wind speed above 25 m/s. The stalled
regulation is intended to limit the rotor angular speed in
case of high wind speed.

Experimental set up

The measurements were carried out during one year and a
half from December 2003 to June 2005. Wind speed and
direction along with the wind turbines cluster electrical
power output were collected during this measurement
campaign. The wind speed V,,;, was measured, in a
horizontal plane, with a three-cup anemometer (model
AT100L2 from Vector Instruments). The anemometer was
mounted on a 40 m (131 ft) tall mast erected 20 m (66 ft)
from the cliff edge, at 38 m (125 ft) from the ground. The
response time of the anemometer is 0.15 s. This remains
compatible with a sampling rate of 1 Hertz for the sake of
a statistical analysis of the wind speed variations. Table 1
gives the specifications of both the anemometer and the
wind vane.

Table 1
Anemometer and wind vane specifications
A100L2R W200P
Size Height = 200 mm; Diameter = 55 mm; Weight = 350 g | Height = 270 mm; Diameter = 56 mm; Weight =350 g
Supply Voltage |12 V (6,5 Vto 28 V) 5V (20 V max)
Materials Anodized aluminium, stainless steels and ABS plastics for all exposed parts
Range of Threshold: 0.15 m/s; starting speed: 0.2 m/s; Max. Sp e?d: i 75 H.)/S; ranse: 360 mfzchamcal angle
Operation stopping speed: 0.1 m/s: Max. wind speed: 75 m/s Accuracy: +2° obtainable in steady winds over 5 m/s
P pping speed: B ’ ’ peed: (3.5° gap at North)
Analogue Calibration: 0 to 2.500 V DC for 0 to 75 m/s (32,4 mv
Output per m/s). 0to 5V for 0° to 360°
Response Time | 150 ms first order lag typical
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The electrical power of a cluster of 32 wind turbines was
measured simultaneously with the wind speed; a power-
to-volt converter was used to gauge the electrical power.
In this paper, the electrical power P, is expressed as a
percentage of the total power capacity of the wind
turbines cluster.

The measured data were downloaded to a PC connected
to the RS232 port of a Campbell Scientific CR23X data
logger. This data acquisition system was set-up to
operate continuously and the PC can be administrated
via a phone line, which allows a remote control of the
data acquisition operation. The data analysis is
performed using the Matlab® software package.

Wind velocity and electrical power Fourier analysis

A one week sample of wind speed and electrical power
signals are plotted in Fig. 2 and Fig. 3. Both signals
exhibit variations on various time scales. On large time
scales (larger than 1 hour), the temporal behaviour of
Viina and Pg., are almost similar as seen on Fig. 4
where the 1-hour-moving-average wind speed and power
output are plotted. But for the shortest time scales, the
two signals exhibit different behaviour.
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Fig. 3. One week sample of wind farm electrical power

To go further into the investigation of the wind speed —
electrical power relationship for the short time scales, we
use various tools from the Fourier analysis. The plots in
figure 4 are the power spectral density of both V,;,, and
Puser- The spectra are plotted for the frequency range
between 1/2 hours (1.3-10* Hz) and 1/1 minutes (2-10” Hz)
using the periodogram method. Within this frequency
range, no frequency peak can be observed from the two
spectra. Moreover, we calculated the magnitude square
coherence between the wind velocity V,;,, and the
power signal P, The magnitude square coherence is
defined by:

2
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Fig. 4. Power spectral density of the wind speed and
the wind cluster power output
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Fig. 5. Magnitude square coherence between wind speed and
electrical power as a function of wind oscillations frequency

It is equal to the cross spectrum of V,;, and P
divided by the product of the power spectra of V,,;,; and
P50 This quotient is a real number between 0 and 1
that measures the correlation between V,,;,s and Py, at
the frequency f. The plot of Fig. 5 shows the coherence
Cyp to drop below 0.2 for frequency above 1/8 minutes
(2:10” Hz). This indicates the coherence between wind
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speed and power fluctuations associated with time scales
lower than 8 minutes are low (frequencies larger than
2:10° Hz). The plot of the magnitude square coherence
is completed by the plot of the gain of the wind speed
(Vwina) — wind turbine cluster electrical power output
(P.user) transfer function. The transfer function is the
quotient of the cross spectrum of v and P, and the
power spectrum of V,;, The gain of this transfer
function, plotted in Fig. 6, drops by more than 10 dB
below its maximum value (obtained for large time
scales) for frequencies larger than 1/8 minutes
(2:10° Hz). The phase of the transfer function, plotted in
Fig. 7 remains close to zero for frequencies below
2-10° Hz. From both the magnitude square coherence and
the transfer function plots, one can deduce that on large
time scales, power variations are well correlated with
wind speed variations; the large time scales wind
variations affect the whole wind farm almost
simultaneously. On the other hand, the variations on the
short time scales of the power output are not correlated
with those of the wind speed.
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Wind velocity and electrical power statistical analysis

So far we have investigated the response of the wind
cluster to wind variations in term of frequency response.
In this section, we examine the distribution of the wind
cluster power output P, and its relation with the wind
speed. The power generated by a wind turbine is a
function of both the properties of the wind and the
turbine electromechanical characteristics. For a wind
cluster, the power output also depends on the turbines
scattering within the production site. In Fig. 8, the 10

minutes averaged power output P,

cluster is plOtted versus
the 10 minutes averaged wind speed I7W,-nd. This plot

displays a cloud of points, thus showing evidence that
the mapping between the electrical power and the wind
speed is not a bijective function.
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Fig. 8. 10 minutes averaged power versus wind speed

The theoretical power curve of the wind turbines cluster,
obtained by considering that each wind turbine is
affected by the same wind speed and operates
simultaneously, is also plotted in Fig. 8. The theoretical
power curve remains greater than the clouds of points
except for low mean wind speed value. The observed
dispersion of the power output highlights:

1) The existence of turbulence on wind energy
production site. The site faces the wind along the coast
line on approximately 2 km. It is likely that the wind
turbines are not affected by the same wind.

2) The variation in the number of wind turbines actually
available. Maintenance operations can require shutting
down one or several wind turbines, in that case, the
aggregated power capacity is reduced.

3) The unsteady meteorological conditions that induce
fast wind speed fluctuations.

Another way to represent this wind to power mapping
is to consider the conditional probability that the

observed mean electrical power P, takes on a value

cluster
less than or equal to a given threshold P, given a mean
wind speed V,,,. This conditional probability is the

conditional cumulative distribution function noted
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Me>XxayHapoAHbIN Hay4HbIV XKypHan «AnbTepHaTUBHas SHepreTuka v skonorus» Ne 5 (61) 2008 71
© Hay4yHo-TexHu4eckum LeHTp «TATA», 2008



Wind energy

F(P,10)= probP

cluster

SP|I7wmd) and is expressed in
percentage. In Fig. 9, the iso-percentages of the
function F (P I7wind) are plotted in the (Z,ind, P) plane
for an averaging time equal to 10 minutes. The value of
the threshold P is expressed as a fraction of Pypaciy-

Also in Fig. 9, we have plotted three power curves

associated with 60 %, 50 % and 40 % of the installed
power capacity of the turbines cluster. For mean wind

speed between the cut-in wind speed and 10 m/s, the
actual power output stays below the 60 % power curve.
For mean wind speed ranging from 10 m/s to 14 m/s, the
actual power output varies mainly between 40 % and
60 % of the cluster’s capacity. For wind speed large than
14 m/s, the wind output decrease faster than the
theoretical power curves as the mean wind speed
increases. Works is continuing to better characterise and
understand the wind turbines cluster behaviour.

Conditional cumulative distribution functions of the power output

o e =
w = n

Aggregated Power Output {x Pcapacity)
o
[
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T T
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12 14 16 18 20
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Fig. 9. Conditional cumulative distribution functions of the wind turbines cluster power output plotted
along with 60, 50 and 40 % power curve

Conclusion

This paper presents the first experimental results of an
investigation of the wind speed to power output transfer
function of a wind turbines cluster in Guadeloupe (FWI).
A first approach, based on Fourier analysis, shows that
the fluctuation of the cluster’s power output is correlated
to those of the wind speed only for time scales larger
than 8 minutes. For short time scales, the two signals are
not correlated. In order to evaluate the actual production
of a wind farm, we have plotted the conditional
cumulative distribution of the electrical power provided
by a SCIG wind turbines cluster, given the mean wind
speed. This plot gives a quantitative view of the power
output dispersion. During the measurement campaign,
the probability to have the 10 minutes averaged electrical
power to take on a value larger than 50 % of Peapqciy
equals 11 %. This probabilistic transfer function gives a
practical estimation of the electrical power produced by
a cluster of wind turbines as a function of the mean wind
speed. Future works should address the unsteadiness of
this map throughout the year.
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A hybrid model of kind “actuator surface” has been developed to represent the flow past a wind turbine rotor. The
model uses a Navier-Stokes solver and permits calculation of rotor power and wake if the aerodynamic properties of
the blade sections are known. The rotor geometry is simplified; the blades are replaced by their mean surfaces and a
“pressure jump” boundary condition is applied to these surfaces. Thus, the proposed model is economic compared to
full geometry simulation, because it is not needed to have fine grid around the blade. The hybrid model couples the
Navier-Stokes solver with a blade element method (BEM). The solving process is iterative: at the beginning of each
iteration a BEM determines the pressure discontinuities on the blade by means of rotor inflow and blade section
performances. Then the CFD solver applies this pressure discontinuity in order to model the blade forces and
calculate the flow past the rotor. The obtained velocity field is compared with results of previous iterations and if the
required precision is attained, the calculation stops. The proposed hybrid model is tested in the case of a horizontal
axis wind turbine (HAWT). The obtained results for rotor power and axial trust are satisfactory. Thus, this model can
be employed for simulation of aerodynamic interaction between the wind turbines installed in the wind farm.
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Fawaz Massouh

Introduction software tools developed especially for wind farm

design. These software tools take into account wind

The proximity between the wind turbines installed in
wind farm creates problems of aerodynamic interactions.
Generally the wind farm development is complex
problem and multiplicity of factors comes in play when
the wind turbines are positioned. To optimize the energy
production and the operation costs, engineers use

turbine data, wind speed and direction, site topography,
etc. However, in all cases it is needed to avoid the
negative effect of aerodynamic interference between the
wind turbines.

The simplified aerodynamic models used for wind farm
design are not well adapted and cannot describe correctly
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the behavior of wind turbine rotor. These models cannot
obtain with sufficient precision the velocity field
downstream the rotor and therefore they are not capable
to evaluate the development of the wind turbine wake.
To obtain numerical results with sufficient quality, a
CFD simulation with an appropriate fine grid mesh is
needed, but the solution is computationally very
expensive. As result, modeling the interaction between
more than two machines is impossible in practice. To
reduce the computational cost, it is possible to use a
simplified equivalent representation of the real rotor
blades geometry that needs less grid points. This
representation must be able to describe the behavior of
the wind turbine rotor without modeling the exact blade
geometry in the CFD computations. This kind of
numerical modeling belongs to what is called hybrid
modeling.

The hybrid models comprise two modules. In the first
module a CFD solver computes the velocity field around
the wind turbine rotor. Here, the presence of the rotor is
modeled with source terms, pressure or velocity
discontinuity. To prescribe these source terms or
discontinuities, one second module uses a conventional
method based usually on the blade element method
(BEM). Here, the forces applied to the blades are
calculated using the upstream velocity field and also the
drag and lift coefficients of the blade sections. Thus,
there is no need to model the flow around real blade
geometry and the grid around the rotor may be
coarsened. As results the need of computer power is
reduced significantly.

In the field of wind turbine aerodynamics, [1] presents a
comprehensive review on wake aerodynamics of wind
turbines and several hybrid models are discussed. It is
shown that many hybrid models use an actuator disk
with the application of pressure or source terms. In these
axisymmetric models, the source terms are distributed
uniformly in the azimuthal direction and as a result the
individual presence of blades is lost.

To overcome this limitation and to represent more
realistically the flow field downstream the rotor, a three-
dimensional representation of the rotor blades is
developed in [2]. In this model named as “actuator line”,
the geometry of real blades is replaced in CFD by source
terms distributed radially along the blade axis. Here, the
blade forces are determined by means of two
dimensional airfoil data and the results of CFD
computations are used to obtain the relative velocity and
angle of attack. Compared to actuator disk, this model
permits to represent individually each blade with its tip
and root vortices and thus to improve rotor wake
representation. The comparison of the actuator line with
experimental data reveals the effectiveness of this
proposed model in case of yaw and non-yaw compared
to actuator disk model [3].

This paper is intended to develop the model of “actuator
surface” proposed by authors in [4] and [5]. Compared to
actuator line model the actuator surface model goes
further in the blade representation. Here, each blade is

replaced by a surface of pressure discontinuity. The
distribution of this discontinuity varies along the span
but also along the chord. Thus the actuator surface model
improve the blade representation and therefore the initial
conditions of wake development compared to active line.
Finally, to validate the proposed model, the results of
hybrid calculation in the case of wind turbine will be
presented and will be compared with experimental data.

Hybrid modeling

Hybrid models like actuator disc and actuators line, are
presented in details in [3] and therefore no additional
explanations are required. However, the active surface
model has some differences and this paper is intended to
present them. Actuator surface model like other hybrid
models also combines a blade element method with a
Navier-Stokes solver. In the CFD domain, the rotor
geometry is simplified and the blades are replaced by
thin surfaces. The specified boundary condition on these
surfaces is “pressure discontinuity”. Hence, the imposed
surface forces replace the rigid blade wall and the
number of nodes is significantly reduced, as there is no
need to model the blade boundary layer.

In the beginning of each iteration from the upstream
velocity, the blade geometry and the airfoil data, the
BEM module calculates the pressure jump distribution
on the surface replacing the blade. Then the CFD module
computes the flow velocity field, using as boundary
condition the pressure distribution previously obtained
from the BEM module. The solution is carried out
iteratively, exchanging data between the BEM and CFD
modules; it stops after convergence is reached.

The calculation of pressure discontinuity is based on the
blade element approach. At the blade radius r, the
elementary forces acting in the normal and tangential
directions on a blade element with span dr and chord ¢
are:

1 2
dF, = P C, (o) cdr (1)
and
1 2
dF, = P C,(a)cdr. )

In the above formulas the force coefficients C, and C, are
determined using the aerodynamic blade sections
performances C, = C,(a) and C, = C(a). The angle of
attack o may be expressed as:

o=¢-B, (3)

where B is the blade section pitch angle and ¢ is the
angle between the plane of rotation and the reference
relative velocity W. In the vortex line methods or BEM
the flow angle is easy to evaluate because the axial
induced velocity w;, and tangential velocity w; are
known explicitly:
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where ¥, is upstream velocity and Q is rotor angular
velocity.

However, in actuator surface model the angle of attack o
cannot be calculated explicitly because in the case of
CFD modeling there is no means to separate the induced
velocities in equation (4) from the rest of velocity field.
Also the exact location, where flow angle must be
calculated is not possible to define. Thus a different
approach is needed to obtain the angle of attack.

The flow around the wind turbine may be presented as
the sum of a non-perturbed flow and another flow
induced by the rotor blades. Then, the induced velocity
field by the rotor also may be presented as a sum of two
components:

— Local induced flow, created by the presence of the
blade airfoils.

— Global induced flow, due to the presence of the rotor
like an actuator that extracts kinetic energy from the
wind and that slows down the velocity of the mass of air,
which passes through the disk.

Upstream of the blades sections, at a distance of some
chord lengths, the flow is slightly perturbed by the
presence of local blade section. Therefore for the
reference place, where the velocity and angle of attack
must be determined, it is acceptable to use one line
located upstream of the blades, where the flow is slightly
perturbed by the presence of blade sections. However,
this line must be sufficiently close to the rotor plane of
rotation to have the same global induced field.
Obviously, the proposed line is closer to the airfoil
compared to the appropriate plane usually specified in
“infinity”. Therefore, for the same airfoil force
coefficients the reference angles of attack are different
and the airfoil performances must be corrected.
However, this approach is very advantageous when
airfoil performances are known from experiment in case
of rotating blades [6] or from numerical simulations. In
this case the normal and tangential force coefficients are
obtained after normalizing the blade forces with
velocities measured close to the blade. Thus the results
may be used immediately without any correction if the
same reference place is used.

In the BEM module the obtained normal force from
equation (1) permits to calculated the force applied to
blade element. Usually, in the case of HAWT, the blade
section tangential forces are low compared to normal
forces and therefore may be neglected. Then normal
force is used to calculate the pressure discontinuity along
the chord. In order to make the velocity induced by this
discontinuity more adequate, it is preferable to use a
chordwise distribution proposed in [4]. The pressure
shape is close to the thin flat plate pressure distribution
but at leading edge the pressure have no singularity. The
pressure is linear in the intervals between leading edge
and 1/4 chord and also between 1/4 chord and trailing

edge. The pressure value is 4p at the leading edge, p at
the 1/4 chord and zero at the trailing edge. Hence, the
normal force F), is equal to pc and also the moment of
pressure forces with respect to the point at 1/4 of the
chord is equal to zero.
The hybrid model proposed, Fig. 1, is based on the CFD
code Fluent 6.3 and the solution is obtained iteratively.
In the CFD model, which computes flow field around the
wind turbine, the blades are replaced by surfaces defined
s “fan” boundary condition. This boundary condition
corresponds to an imposed pressure difference between
adjacent cells, located at the opposite sides of the
boundary. Once at the beginning of the current iteration
the CFD code executes a user-defined function UDF in
C language. This function plays the role of the BEM
solver and calculates the pressure distribution from blade
geometry, rotor inflow and aerodynamic data of blade
sections.

CFD flowefield
modeling
(FLUENT 6.3)

Rotor loading AP(ry)
model >
(BEM)

A

Coupling model

(inflow flowfield [®
extracting)

Fig. 1. Hybrid modeling

Fig. 2. Normal force coefficient along the blade radius
depending of local flow angle

The UDF function has access to all flow variables, which
are needed to calculate the relative velocity vector along
one reference line. Consequently, the normal force
coefficient for all blade section along the span is
interpolated from the blade geometry and airfoil data,
Fig. 2. Then the resulting pressure is imposed on the
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blade equivalent surfaces using the simplified pressure
distribution. The solution is obtained after thousands of
iterations depending of the number of nodes, demanded
residuals, etc.

Numerical results

The studied wind turbine is the NREL Phase VI case.
The turbine has two-bladed rotor of 10-meter diameter
with blade sections of S809 airfoil [6]. The choice of
NREL wind turbine was made because of its large
experimental database obtained in NASA Ames wind
tunnel. There are available inflow measurements at five
blade radii for different upstream velocities between 5
and 25 m/s. For these five blade sections, there are also
measurements of the pressure distribution both on
suction and pressure side. These measurements permit to
calculate for each upstream velocity the coefficients of
normal force reduced with measured local velocity. For
each upstream velocity corresponds different local flow
angle (LFA) and using techniques of interpolation a two-
dimensional function C, = C, (LFA, r/R) can be created,
Fig. 2.

It must be noted that the reference velocity is measured
only at 0.5 chords upstream of the blade section leading
edge. Thus, the local perturbation caused by the blade is
relatively important. However, in [4] it is shown that the
velocities induced by a line with pressure discontinuity
are very close to the velocities induced by an airfoil
upstream of leading edge for distances greater than 0.5
chords. This similarity between the induced velocities
permits to apply the obtained experimental relations
between the normal force coefficient and local flow
angle directly without any correction.

During calculation in order to obtain the pressure
distribution, for each node of pressure discontinuity
surface the velocity, the LFA, the relative distance s/c
from the leading edge and the relative radius #/R are
determined, Fig. 3. Using the 7/R and LFA, the force
coefficients can be obtained from the experimental data,
Fig. 2. Then using the distance s/c and the shape of
chordwise pressure distribution it is possible to calculate
the node value of pressure discontinuity that Fluent will
apply as “fan” boundary condition.

reference lin®

Fig. 3. Blade representation

The simulation model presents case “H” of the NREL
test [6]. Here the rotor is in upwind position with blade
tip pitch of 3° and average section Reynolds number
about 1-10°. A cylinder that has a radius of 3.316R
represents the flow field around the wind turbine rotor
with radius R. It has also the length of 6R upstream and
of 25R downstream the rotor plane. Here the value 3.316
is used because it leads to the same ratio as between the
wind tunnel cross-section and the area of the wind
turbine rotor. Hence, experiments and numerical
simulations have the same coefficient of blockage.

The actuator surface replacing the blade is represented
by 4.000 nodes from the 500.000 ones used for the
whole model. This surface is divided in the chordwise
direction into 40 intervals, which are refined near the
leading edge, where the pressure discontinuity gradient
is strongest. In spanwise direction the blade is divided
into 100 intervals equally spaced. The initial cells size in
normal direction is 0.01 chords and the growth factor of
1.5 is used. To improve the wake calculation the mesh
enclosed in a cylinder with length of 10R and diameter
of 1.25R downstream the rotor is refined. The applied
interpolation function, Fig. 2, for the normal force
coefficients is based on the inflow measurements at five
spanwise stations (#/R = 0.30, 0.47, 0.63, 0.80, 0.95)
obtained for the case “H” [6]. To apply these data
without any correction, the reference line passes through
the same geometrical points where experimental
coefficients are obtained.

Calculation is carried out iteratively. After numerous
iterations, according to the number of the nodes and the
required residual value, the convergence process is
achieved. Usually, the computed rotor power reaches a
constant value quickly, but additional iterations are
needed to obtain the wake development.

The comparison between wind turbine performances
obtained experimentally and numerically by means of
actuator surface is presented in Fig. 4 for the power and
Fig. 5 for the axial trust. Some incertitude is involved
because it is difficult to extrapolate the force coefficients
near tip and root regions. To overcome this problem,
more experimental or additional CFD results are needed.
It must be noted that the numerical result for the power
is close to measured values for upstream velocities up to
12 m/s. The disagreement in case of high velocities is
due to the fact that the effect of “centrifugal pumping” is
not modeled. In this case the flow in vicinity of the blade
ends becomes highly three-dimensional and the hybrid
model is non-adequate, similarly of all models that use
the airfoil performances. However, it is useful to employ
a correction for the circulation distribution near the blade
tip and root region and also for the induced velocity
angles. The comparison between the measured and the
computed angles of local flow is shown in Fig. 6. The
obtained results are good but there exist some
discrepancy near the root, where the effect of
“centrifugal pumping” is important.
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Fig. 6. Local flow angle along the blade span
Conclusion

In this paper the new hybrid model based on the actuator
surfaces is proposed for simplified CFD calculation of
the flow around wind turbine rotors. The objective is to
validate the feasibility of this model to calculate the

aerodynamic performance of rotor. The rotor is
simplified; the blades are replaced by thin surfaces
constituted by the blade mean surfaces. Thus, the surface
that replaces blade has the same pitch angle and chord as
the original. On these surfaces, a pressure discontinuity
is applied. This discontinuity is similar to thin flat plate
chordwise pressure distribution, but without singularity
in the leading edge point. The applied pressure
discontinuity is calculated from aerodynamic properties
of the blade section airfoils, the local flow angle and
local velocity. Compared to active line model the present
model improve the initial conditions of the wind turbine
wake development because chordwise pressure is
variable. Also the pressure discontinuity is comparable
to that created by the real blade. This permits to create a
velocity field similar to that around a blade section with
the same normal force coefficient.

In the case of wind turbine simulation the actuator surface
model is capable to reproduce rotor mechanical power and
forces, but for high wind velocity some disagreement with
experimental results is revealed. This is due to fact that in
case of high wind velocity the flow is detached. Therefore
the flow is highly three-dimensional and the actuator
surface model is non-adequate.

The suggested model here has two significant
advantages compared to the other hybrid models. The
first advantage is the possibility of using the 3-D airfoil
data without applying any correction. The second
advantage is that the velocity field downstream the
blades is closer to reality compared to the models that
use actuator disk or actuator line. Compared to the CFD
methods, which use the complete three-dimensional
rotor geometry, this model have the advantage of using a
limited number of nodes. Hence, the size of the model is
now suitable for studying wind farm design.
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STUDY OF THE REGULATION OF A MICRO HYDROELECTRIC
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In this article we present the study of the regulation of a micro hydroelectric power plant (MHPP) prototype. The
Prototype is installed in our laboratory in the Faculty of Science and Technology. A model of the MHPP was
developed with simulink based on some of our preceding works. The downstream regulation ensures good frequency
regulation results. The used controllers are the “P” and “PI”. The practical results obtained are not far from those in
simulation. Measurement and the command are done by an acquisition card controlled by computer.

Keywords: micro hydroelectric power plant, modelling, regulation, simulation.
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Introduction

A Micro Hydroelectric Power Plant (MHPP) is equipped
generally with an upstream hydraulic system which
forwards water to the turbine equipped with a motorized
injector which controls the turbine’s flow. The MHPP is
coupled with a generator that supplies a mini electrical
network. The regulation system must guarantee a good
level of voltage with an industrial frequency (50 Hz). In
the event of low consumption, it act on the opening of
the injector to adapt the production to the needed power.
The surplus of energy is switched on a resistance. Some
departures are disconnected in the moment of overload.

In this article, we present a model of the MHPP
developed with simulink [1, 2]. The simulation results of
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the downstream regulation are compared with the
practical ones used on a prototype of the MHPP. The
downstream regulation used on the prototype uses a
resistance of dissipation controlled by an electronic
variator. Measurement is made by a acquisition card and
the regulations used are P (proportional) and PI
(proportional and integral) implemented in computer and
control permanently the system.

Description of the MHPP

Real MHPP
The upstream hydraulic part of the MHPP consists of
[3]: water supply on a river, a feeder canal, a regulation
basin, a pressure pipeline whose section is accorded to
the flow and the available power.
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Nozzles direct water jet against a series of spoon-shaped
buckets mounted around the edge of a turbine. The
system ensures the hydraulic energy transformation into
mechanical energy. The wheel of the turbine is coupled
to a generator. The general diagram of this system is
represented in Fig. 1. The servo-motor related to the
nozzle must be relatively slow to minimize the water
hammers effect.

reg ulator
:_ FD Ballast
b4 /
—
—

Regulation basin -
Pressure pipeline ...
Turbine
Generator
Electrical network

Fig. 1. Synoptic diagram of a micro hydroelectric power plant

Description of the MHPP prototype
The nominal values of the system parameters are:

Electric power: 185 W
Frequency: 50 Hz
Voltage: 220V
Flow: 10 I/s
Speed of racing: 1400 tr/min

The installation allows to impose a variable flow
between 0 and 20 I/s. The functional plan of the
installation is represented in Fig. 2. The used turbine is
of type “Pelton”. The generator is a synchronous
machine which feeds directly a load formed by lamps.
The frequency is measured by a frequency sensor
“ARDETEM DIP 605”. The numeric regulation is done
using an acquisition card. The actuator is an analogue
power controller “Type ACI 30-1”. In the Fig. 3, we give
the real system prototype photo.

Electronic
variator : _E
Generator
ko e
Load of network
dissipation
Turbine
gate frequency
Sensor c'_)“":"
signal
Measure e D
signal card I" -

Computer

Fig. 2. The functional plan of the installation

Fig. 3. The real prototype

Modelling of the MHPP

Model of the Pelton turbine

The Pelton turbine is used for the high falls and small
flows. It Consists of a set of specially shaped buckets
mounted on the periphery of a circular disc. It is turned
by jets of water discharged from one or many nozzles
which strike the buckets (see Fig. 4).

The flow is adjustable using a mobile needle inside the
nozzle, which is moved by an electric servo-motor.

inheele

Bucket

Fig. 4. The geometrical shape of a Pelton turbine

The water fall power is given by:
b =pg0.H, (D

with: P, — turbine power [W], O, — water flow of the
turbine [m’/s], g — gravity acceleration [m/s*], p =
= 1000 kg/m’ — water’s density, H, — effective high [m].
The parameter H, in (1) is calculated by the following
expression [2, 4, 5]:

H, =W, -U)1+mcosp) @)
g

with: U — drive speed of the turbine, V; — water speed in
the contact of the jet with buckets, m — report of V; and
V, the water speed at the exit of the bouckets, f — angle

between 171 and 172 .
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The torque provided by the turbine is:

==t 3)

with: (1, —angular speed of the turbine (rd/s).
The linear speed of the turbine expression is:

U :Q,% “)

with: D, — Diameter of the turbine (m).
With the relations (1) — (4) we obtain:

G, =thQ£(VI _%Qz )(1+mCOSB)- ©)

t

In this paper we use the “IS” unities for the physical
values and the reduced sizes “per unit system: pu” for
the model.

g, — Turbine flow (pu), Y, — Jet speed (pu), n, — Turbine

speed (pu), ¢, — Turbine torque (pu), Q,, — nominal flow
of the turbine (m3/s), C,, — nominal torque of the turbine
(N.m), Vy, — nominal speed of the jet (m/s), Q, —
nominal speed of the turbine (rd/s).

The relation (5) becomes:

D D
¢ = thQm _I(YtVln __thnnt )(l +mcos B) . (6)

2C, 2
We note:
D,Q
k, =——", 7
T (N
For nominal values: ¢, =1; vy, =1; n,=1; ¢, =1.
From the relations (6), (7) we can write:
2C
O v (®)

- pD,V,, (1= k,)(1+mcosP)
Replacing Q,, in (6) by its expression in (8) we end at:

c. = qt(Y[ _ktnt) .

Vi=vV, (13)

from where the expression of the turbine speed in (pu) is:

v =h, . (14)

The turbine can be represented by the following model
(Fig. 5):

.

@
Yy

Fig. 5. Simulink model of a Pelton turbine

Model of the injector
The injector is formed by a needle which moves in a
conical form, its model is obtained by calculation of the
area trough which the water jet passes [4, 5]. By taking
an injector with the following form (Fig. 6):

Fig. 6. Diagram of an injector
The surface by which water passes is:

D, —d

S, =7 X, sina

(15)

‘ -k 9 with: D, — external diameter of the injector, d —
! tangential diameter of the needle with the opening of the
The turbine power is given by: injector, o — aperture angle of the punch, X; — opening in
meter of the punch (advance).
Pu =0 (10)  However:
By considering some approximations, we have: d=D,- 2X,-sina-cosq . (16)
Vi=42gH, , (11) By replacing d in (16) we obtain S
where H, the effective fall is given by: S, =msin oc(DdXd — Xj sin 20 1 17)
J
H, =nH, (12) . .
The flow in the turbine is:
with: H n?—nomlr?al fa.ll, h,— eff?ctl\‘/‘e f.'ill 1n. pu’. 0 =SV (18)
The relation (11) is written by using “pu” units as:
@ ; . = = Me>xayHapoAHbIN Hay4HbIV XXypHan «AnbTepHaTUBHas SHepreTuka v sxkonorus» Ne 5 (61) 2008 81
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In pu, surface S, and the needle advance X, are expressed
by:
S, =5,Dy,, (19)

Xy =x,X,,. (20)
By combining the relations (19), (20) and (17) we end:

_ D, X ;,sino (Xd —kdxj) @1

s
! Sdn
sin20.”
with: ky=——— X, (22)
2D,
For nominal values: s; =1; x; =1 we have:
1= nD, X, sino (-k,). (23)
Sdn
Thus:
Sy, =msinoD, X, (1- kd) . 24)
After replacing S, by his value we will have:
S, = M (25)
¢ -k,
and:
9 =SV, (26)

from where the following model of the injector (Fig. 7):

Fig. 7. Simulink model of the injector

Regulation of the MHPP and simulation results

Speed regulation of the MHPP
The regulation of a MHPP consists in maintaining fixed
the frequency of the electrical network by action on the
injector position [2, 5, 6]. This usual regulation is
represented in Fig. 8.

. e .
Turbine | )
‘ Water Fall H Injector }—b + J/_’I Users
Y Generator Jl/—*

Fot B

Fig. 8. Synoptic of an upstream regulation with PID

The regulation based on a simple PID becomes
insufficient in case of an important discharges [5, 7] (see
Fig. 9). At the moment of important overload, the
needle’s speed saturates and generates oscillations of
frequency. The stability of the system can be completely
lost as show in Fig. 10, 11.

1 : : :

oot : : : 4
081

07k > E: -
— 0B} ; : |
=

o 051
@

=]
i - 1 S

03|

02

0 5 iz

0 i ; i ; ;
0 20 a0 80 80 100 120

Fig. 9. Charge and discharges implemented to the turbine:
discharge from 70 % (dotted line) and 30 % (solid line)
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Fig. 10. Upstream regulation with PID: stability
for the small discharges
B8 : ; ; : !
2
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Fig. 11. Upstream regulation with PID: instability
for the important discharges

Downstream regulation
The downstream regulation is used in order to simplify
the MHPP regulation systems and to limit damages
caused by the motorized injector [8]. It consists in
putting a resistance of dissipation in parallel with the
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mini electrical supply network (see Fig. 2). The regulator
ordres an electronic variator whose time reponse is very
short, that makes it possible to absorb immediately the
disturbances of the netwark and guarantee a better
stability.

The injector is opened to the maximum then the stability
is obtained by the dispatching of the electrical power
between the load and the resistance of dissipation.

The P controller gives good simulation results with a
tiny static error. PI controller cancels the static error and
gives good simulation results [9-10] (Fig. 12).

55 | !
54t : : .

o AN YU, RO SV A— R 4

Hz)
o
L]
i

o
i

Frequency |
N T
~—~ <0 [{=) (==}
=
=
: <
L.
: y
i i i

I
o=
T
I

45 I | i i I
0 5 10 15 20 25 30
time (z)
Fig. 12. Downstream regulation with PI controller: stability

after an important discharge at 20 s

Practical results and discussion

The practical study is made on MHPP prototype
described previously. The electrical load will be
considered as a disturbance. It causes the variation of
prototype’s output (Frequency), as shows in the
following Fig. 13.

70

G5

o
o

Freguency (Hz)

i)
Liip]

a0

] 05 1 15 2 25 3
Tirne (=)

Fig. 13. Evolution of real system’s output after a variation of

disturbance (P = — 85W) in open loop

The functional plan of our system regulation which we
proposed, is given by the Fig. 14. The Fig. 15 shows the
components of the real chain of regulation.

Simulation with measured or calculated parameters of
the MHPP, gives good result of regulation.

Disturbance:
Loads network
Yvef l
—b
Caleul U | Actuator: @ .
e of U onA " Electronique variator SyStem 5
Vies Controller
Frequency Frmes

sensor

Fig. 14. Functional diagram of the regulation chain

Fig. 15. The real chain of regulation

regulator gives an excellent frequency response after an
important discharge (see Fig. 12).

This is practically confirmed with the MHPP prototype
(see Fig. 16). The system finds stability in approximately
2 s after the important discharge at 0.3 s and the
important overload at 5 s.
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Fig. 16. Downstream regulation with PI (MHPP prototype):
stability after the important discharge at 5 s
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Conclusion

Hydroelectric energy is renewable, clean and free. Its
exploitation requires good regulation systems to produce
alternative current with an industrial frequency (50
Hertz). The simulation allows us to test various
techniques of regulation: upstream regulation, mixed and
downstream regulation.

The technique tested practically and in the simulation is
the downstream regulation. It gives good results with
few equipments.

The prototype allows the realization of the simulation; the
obtained results are satisfying with a PI controller. The
regulation is implemented on a PC connected to an
acquisition card. Our system can be installed on the existing
MHPP and ensure an alternative replacement solution of the
complicated and irreparable systems after failure.
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Olive-mill waste water is produced in large quantities during the manufacture process of the olive oil in mills. This
by-product has been used as raw material to produce activated carbons by both chemical and physical activation
methods. In the first case, ZnCl, and H3PO, were used as activating agent and in the second case, CO, at 600 °C for
different periods of time. Obtained results indicate that the chemical activation with ZnCl, and H;PO,4 at 600 °C, in an
inert atmosphere, yielded activated carbons with the highest area and more developed microporosity, mesoporosity
and macroporosity. Adsorption of rate of phenol onto activated olive-mill was studied as a function of several
physical-chemical parameters such as temperature, initial concentration in solution and hydrodynamic conditions.
Equilibrium parameters of adsorption have been determined using Langmuir constant K.
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Introduction

The origin of our research has as valorisation of olive-
mill in the field of effluent treatment. This waste is
produced each day in huge quantities in several countries
and rejected in the nature. But, currently, there is no
specific utilisation for it. This type of waste has,
however, all the characteristics needed to be processed
by means of chemical and heat treatments, in order to
produce an adsorbing material valuable in different
fields because of its physical structure, its adsorbent
carbon compounds and the polar and non-polar
properties of its constituting molecules [1]. We have
then noticed that the activated material presents an
important adsorbing power toward organic compound.
We decided therefore to apply this type of valorisation in
the domain of liquid effluents purification. Furthermore,
this type of treatment could be used with several other
waste products of vegetal origin.
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Boumedes. Faculty of Engineer
Science.

Experience:

Chief scientist (1999-2007).
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We must emphasise also that activated carbon is a
substance of great interest, its adsorbing properties are
used in to separate mineral and organic compounds or to
purify liquid solutions by extraction of pollutants [2, 3].
There are numerous industrial applications for this
product such as water treatment, sugar refining and
precious metal recovery [4]. Activated carbon can also
be used for the adsorption of numerous trace organic
compounds present in treatable drinking water such as
chlorinated phenol after pre-chlorinating [5, 6, 7].
Nowadays, industrial water rejects containing large
quantities of phenol are of great concern. During normal
activity, a refinery can reject 0,5 mg/l of phenol whereas
catalytic cracking of hydrocarbons can reject up to
1 mg/l [8] knowing that the allowed phenol
concentration in drinking water is up to 0,001 mg/1 [9].
Among the interesting references dealing with adsorption
of phenol on activated carbon, are those of the analysis of
adsorption isotherms at different temperature putting into
evidence a physical process [10, 11].
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The making of activated carbon can be done from 0D A
different materials: woods, coconut, pets, mineral 1,4
carbon, bone and blood [12, 13]. Commercial
activated carbons are activated under atmospheres 12
of CO,, O,, vapour of water or other gases at
temperatures between 800 °C and 1100 °C [14,
) o ) L 1,0
15] or by chemical activation using oxidising
agents such as: H,SO,4, H;PO,, HCL, NaOH [16,
17] burned after exposure to temperatures 0.8 7
between 300 °C and 700 °C. The activation of
activated carbons causes the elimination of 0,6
volatile substances and a partial internal
consumption giving therefore important physical 0,4 - X
and chemical properties. Activated carbons
present at their surface some functional 02 | X
groupings dependent on their preparation mode C(mg/)
[18] which can be considered as adsorption sites 0 >
of ions. 20 40 60 80

The objective of this work is to valorise olive-

mill in the field of water treatment. We have been
particularly interested in adsorption of phenol.

We will present the results obtained successively

for this purpose during the study of conditions of

the phenol adsorption realised under static
system. We would like to point out that preliminalary to
this study a work has been done to adapt an experimental
protocol of activation. Conclusions hence established
have allowed us to do our experimentation on adsorption
of phenol using activated olive-mill with a maximum of
information.

Experimental part

Products
Activated carbon (A) used comes from a MERCK
granulated carbon (diameter between 0,4 and 1,7 mm)
that has been grounded, and sifted to get a particle size
below or equal to 50 um. The dimension of the specific
area given by the manufacturer is 1100 m*/g, determined
by B.E.T. The dimension of the specific area determined
by a micro-calorimeter [19] is 1075 and the meso-porous
volume between 2 to 50 nm would be 37 % [20].
The activated olive-mill is finely pulverised and sifted in
PROLABO equipment with AFNOR standardised
sieves. The particle size is then less or equal to 50 pm.
Since low concentrations of activated carbon and small
size particles have been used, there has not been any
noticeable change in particle size of olive-mill at the end
of the experiment. The phenol used comes from a
PROLABO pure product (99 %).

Titration
The olive-mill is mixed at 1/4 (W/W) with a blend of
chemical agents of activation (H;PO, + ZnCl,), and
burned at 600 °C in muffle furnace for 30 min. Assays in
series of adsorption (of power activated carbon) are done
on 1 1 distilled water volumes (pH = 8,5) containing
phenol at different concentrations. The mixture is stirred
in an air free container and after a given period of time,

Fig. 1. Evolution of the optical density (O.D) against phenol
concentration (mg /)
(C varying 0 to 60 mg /1 and O.D of 0 to 1,2 to pH = 8,5)

filtered in a mill-porous filter. The residual concentration
of phenol Cy is determined by spectrophotometer. A
standard curve (Fig. 1) is then drawn by optical density
(OD) at 269.7 nm of aqueous solutions of phenol at
different concentrations (0 to 60 mg / 1).

Preparation process of activated carbon
The raw material used is a waste of olive-mill. This
product must undergo several treatments that will affect
drastically its physical-chemical properties which
become more efficient to the de-pollution of waters.

Olive-mill

washing to the water then

drying to 40-50 °C

dry and clean waste

——» Impregnation (H;PO,4, ZnCl,)

waste impregnated

——» carbonisation (500-700 °C)

coal activated

p Wwashing with water distilled
and drying 40 to 50°C

dry activated coal

——— pounding

activated carbon

Schema. Preparation process of activated carbon
from coffee grounds
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Adsorption capacity of the activated olive-mill
The adsorption capacity depends on several
parameters. Hence, in order to understand the
mechanisms of optical usage of the adsorbent, it
was necessary to study the effects of these
parameters. Some assays on activation of olive-
mill have taken place and given the following
results.

— Carbonisation temperature 600 °C
— Carbonisation time period 30 min
coffee grounds quantity _ 1

— The mass ratio — -
oxidising agent quantity 4

Consequently, this material has become able to

adsorb solutes because:

— of its physical structure (as a result of heat and

chemical activation): the macro-porous allows

diffusion of solutes. Small particle size gives the

material an important specific area.

— of its chemical structure for:

o the presence of numerous functional chemical
groupings capable of establishing links.

e polarless characteristics of coffee grounds
macromolecular allowing hydrophobic interactions
with other molecular.

This activated material should have a great
affinity with organic solutes such as phenol.

Adsorption protocol

Experiments on adsorption have been done in
discontinuous “batch process”. It is by treating constant
volume solutions of different concentrations of
pollutants prepared with distilled water and pure
pollutant (from 1 to 30 mg/l) with a constant quantity of
activated carbon (1g) that we obtain different residual
quantities in solution (Cg). For this purpose we stir the
solution and activated carbon during a period of time
corresponding to a pseudo-equilibrium, at a constant
temperature, we separate the adsorbing material by
filtration.

Results and discussion

Kinetic study
From experimental results of the adsorption, we obtain
the adsorption kinetic C,; /m against time (Fig. 2). The

examination of both curves puts into evidence the
affinity of such compound with both adsorbing materials
(activated carbon A and activated olive-mill); the
equilibrium is obtained after 30 to 40 min. This can lead
to the conclusion that not only retention on hydrophobic
sites is easier but also that there is a further interaction of
the electron donor-acceptor between aromatic cycles of
the graphitic network and those of phenol. The
hydrophobic adsorption is obtained by a horizontal
orientation of the solute at the surface of the substrate in
such a manner that the number of hydrophobic
interactions between solute and substrate is maximum.

ACad/m (mg/g)

3,0
2,5
2,0—
1,5—
/ : Activated carbon A
) ¢ : Activated olive-mill
1,0 I/
#
0,54/,
t (min)
0
10 20 30 40 50 60

Fig. 2. Adsorption kinetic of phenol: Evolution of the adsorbed
quantity C,,/m against time (Cy=30mg/l; m =1 g)

The curve therefore presents a horizontal levelling
corresponding to the formation of a single layer of solute
at the surface of the material.

Effect of temperature

Fig. 3 shows a marked effect of temperature on the rate
of adsorption. The influence of this parameter is highly
significant. The temperature increase disturbs the
existing physical forms. It affects mainly the adsorption
equilibrium of the activated coffee grounds.
Furthermore, this parameter acts on the structure of the
substrate. Its increase causes pores expansion. In such
conditions, the solute diffuses more easily in the
material and the adsorbing area increases. Hence, the
number of adsorbing sites increases. These must
therefore be as much important as the molecule of
solute is big, to allow its diffusion. Improvement of
phenol fixing when the temperature increases can be
explained by intervening of endothermic-bonds such as
hydrophobic interactions. Note that this influence of
temperature appears between 15 and 25 °C as well as
between 25 °C and 40 °C even though the increase in
temperature is lower.

These results are in accordance with those on adsorption
of phenol type compounds [21] that show their great
adsorbing power on either granulated or powdered
activated carbon. However, the result is reversed when
the adsorbing material is more polar (i.e. carbonised
wool) hence increasing retention capabilities of polar
molecules.
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3,0+

40°C (A) 40°C

d 25°C 15°C (A)
!
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Cr (mg/1)
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Activated olive-mill Activated carbon A

0:T=25°C +: T=15°C
o:T=40°C ¢:T=40°C
:T=15°C x:T=25°C

Fig. 3. Saturation curves of the activated olive-mill and
activated carbon A by phenol at varying temperatures

Effect of stirring
Examination of experimental results shows that the
greater the adsorbed quantity of phenol, the higher the
speed of agitation for a given concentration.
This can be explained by the fact that the speed reduces
the limit layer of the system and increases therefore, the
external diffusion of mass flow.

1

— (g/m
AT (g/mg)
0,40 + X
B /
0,35+ /
B /
0,30 + /
- //
0,25 1 /

0,20 + y
] /
¥
0,15+ /
010+ 7

0,051 7
L/ 1/Cr(Vg)

»

150

50 100
Fig. 5. Langmuir isotherm in reverse co-ordinates invert:
evolution of 1/I"against 1/Cy for phenolics of initial
concentration: Cy = 10 mg/l of the temperature
(+:22 °Cand x: 40 °C)

A
3,04+ C,/m(mg/g) Activated olive-mill ¢: 30 tr/min
e: 80 tr/min
x: 120 tr/min
2,54 d Activated Carbon A o: 30 tr/min

! +: 80 tr/min
: 120 tr/min

Cr (mg/1)

»
»

8§ 9 10

Fig. 4. Saturation curves of the activated olive-mill and
activated carbon (A) with variable stirring speed

The different isotherms obtained during adsorption
assays of phenol are drawn on Fig. 5 and the [~ values
and K are reported in Table 1.

Table 1
The extrapolated ultimate values adsorption capacity I'”
from the Langmuir isotherms for different temperatures
and the values of the K constant corresponding to the
adsorption equilibrium

Temperature, Langmuir Freundlich
°C I (mgle) | K(lg) | KUg) 1/n
22 27,77 9,61 121,50 0,65
40 42,86 52,64 104,58 0,527

Thermodynamic study

Determination of the enthalpy or heat of adsorption:
Assumptions:

1 < H,4 < 10 Kcal (physical-sorption)

10 < H,4 <25 Kcal (chemical-sorption)
The heat of adsorption is determined by a relationship
linking the constant relative to the adsorption energy K
and the temperature 7 which is given by:

'Hads

H
K=Kpe ®T | Lnk=Lnk, - —*,
RT

where R — Perfect gas constant (cal/mol.°K), 7 —
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In drawing Lnk against 1/7, we get a straight line the
slope of which can determine AH,, and the ordinate at
the origin allows us to calculate adsorption entropy AS,

(Fig. 6).
The slope of this line is AH,4, = 11.40 Kcal / weak.

A nK
5.0—

45—
40 -
35—
3,0

25—

2,0

According to the value AH,4, we can conclude that the
adsorption is chemical where reactions in the surface are
endothermic, which confirms our previous results (effect
of temperature).

_ /T(KH10?

3,09 3,14 3,19 3,24

3,29

3,34 3,39 3,44

Fig. 6. Determination of the heat of adsorption

Conclusion

The olive-mill, considered up until now as waste, can be
valorised by adapting an activation protocol in view of its
use in the field of liquid effluent treatment. In this study, we
have focused on the adsorption of phenol with
concentration levels usually found in waters by using
powdered activated olive-mill. The experimental results
obtained under static conditions show a great retention
power of phenol on activated olive-mill, which leaves us to
suppose the existence of specific interactions between
aromatic compounds and the graphitic network of substrate.
However, the adsorption capacity of this material remains
low compared to the commercial activated carbon. The
experimental assays we have done have given good results
and show that the activated olive-mill has a significant de-
polluting action and its use could offer real advantages. The
extension of these results to other food industry wastes is
promising as far as the application of this type of
valorisation to all food industry wastes is concerned.
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We have measured the electrical resistivity p and the magnetoresistance in n-type CulnSe, samples with dopant
concentration below the critical concentration for the metal insulator transition. Electrical conduction by variable
range hopping (VRH) mechanism of Mott type is observed below 20 K in the same sample of n-type CulnSe,. The
strong magnetic field dependence of the positive magnetoresistance, which shows a saturation behaviour, is analyzed
with the existing theoretical models. Good agreement with the theory of the variation of the Mott VRH parameters T,
and & with B is found up to 35 T from the analysis of the interpolated magnetoresistance data obtained from the
linearly extrapolated plot of Ln p(B)/p(0) against B'”. This suggests that the departure of the hopping parameters
from the expected variation with B above 10 7 is due to the effect of saturation of the magnetoresistance whose origin

is not yet clear.

Keywords: semiconductor, variable range hopping, magnetoresistance

Organization(s): Cadi Ayyad University, Marrakech, Morocco.

L. Essaleh

Introduction

The electrical conductivity of n-type CulnSe, (CIS), a
promising material for opto-electronic and photovoltaic
devices [1-3], down to liquid helium temperature in the
variable range hopping (VRH) of Mott type and metallic
conduction regimes are studied extensively [4-6].
Experimental efforts have been concentrated mainly to
study in the low temperature range the magnetic field and
temperature dependence of both negative
magnetoresistance (NMR) observed at lower fields and
positive magnetoresistance (PMR) observed at higher
fields. Strong evidence supporting the validity of quantum
interference model, that explains the origin of NMR in very
low fields, is observed [7]. At higher fields, above the
critical field B, that defines the crossover from the weak to
strong field regime, the PMR can be explained quite
satisfactorily by the expression proposed by Efros and
Shklovskii [8] that takes into account the shrinkage of the
wave functions. It is also observed that at low temperatures

Education: Cadi Ayyad University (1984-1992).
Experience: Cadi Ayyad University, Professor from 1999.
Main range of scientific interests: solid state physics
Publications: 25 papers in international scientific journals

the magnetoresistance at very high fields (B >> B,) tends to
saturate [4]. This saturation of the magnetoresistance,
whose origin is not yet clear, has strong effect on the
magnetic field dependence of the localization length €.
Continuing our earlier works on Mott type VRH
conduction in #n-CIS [4-7], we report in the present paper
a detailed analysis of high field magnetoresistance data up
to 35 T in the temperature range between 1.9 and 20 K.
The effect of saturation of the magnetoresistance on the
localization length is discussed. The results are
compared with the existing theoretical models.

The samples used in the present work were cut from the
ingot that was grown by the vertical Bridgman technique
using elements of at least SN purity. Slight excess of
indium in the stoichiometry was used to produce n-type
CIS. Electrical measurements were made with current
flowing either perpendicular or along the <112> axis. The
samples are accordingly named CIS1 and CIS2,
respectively. Other experimental details about the sample
preparation and contacts are reported elsewhere [9].
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Experimental results

The donor concentration Np, the compensating acceptor
concentration N, and the activation energy Ep were
calculated, using the approach of Emel’yanenko et al.
[10] for the two bands model, from the temperature
dependence of the Hall coefficient of CIS1 and CIS2
samples. These are, respectively, 6.82:10" cm?,
1.82:10'° cm™ and 6.50 meV for CISI, and 4.74-10'° cm”,
7.40-10" cm® and 8.64 meV for CIS2. With the
dielectric constant €, = 9.3, the electron effective mass
m,* = 0.09 m,, the Bohr radius is calculated to be
a =54.3 A. The critical concentration n,, calculated from
the Mott’s criterion n.a'® = 0.25 for the metal-insulator
(MI) transition, is found to be 9.80-10" cm.

This indicates that both samples are in the strong
localization regime on the insulator side of the MI
transition. The logarithmic variation of the electrical
resistivity p of a representative sample CIS1 of »n-
CulnSe, is plotted in Fig. 1 as a function of 7""* at
different values of the magnetic field B up to 35 7. The
straight lines, in the temperature range between 1.9 and

20 K, agree with Mott’s law p=p, exp[TO(B)/T]”4 for
the VRH conduction in the impurity band when the

density of the localized states at the Fermi level is
constant.

The values of the pre-exponential factor p, and the
localization temperature 7, obtained from the least

Values of the parameters p, and 7, in the Mott’s law p=p, exp[T0 (B)/T ]” 4

square fit to the experimental data of Fig. 1, are given in
Table 1. Their variations, as a function of B, are shown
in curve a of Fig. 2. The localization temperature 7, can
be expressed in terms of the localized density of states
N(Er) at the Fermi level and the localization length & by
the relation [8]

=t . 1)
ksN(Ep)G
where [ is a numerical coefficient and kp is the
Boltzmann constant.

2.0 b
15 .
C_ Cl1S1
g 1.0 e 0T
Ne| O 5
F 0.5 ® 10 H
‘5’ o 15

o 20
0.0 v 30 ]
® 35
0.5 . . . i
0.5 0.6 0.7 0.8
T-1/4(K-1/4)

Fig. 1. The variation of the electrical resistivity p of a
representative sample CIS1 as a function of temperature in the
range 1.9-20 K at different fixed magnetic field values
up to 35 T. The straight lines show the linear behavior

Table 1
at different magnetic fields,

obtained from a theoretical fit to the experimental data in the temperature range 4.2 — 20 K

B(T) 0 1.5 5 8 10 15 20 30 35
Po (Q cm) (-10™) 866 925 1172 963 1000 2587 6062 12484 14044
Apo (Q cm) (107 70 10 70 63 100 300 700 1100 900
Ty (K) 324 278 187 557 813 440 147 39 7
ATy (K) 4 8 21 50 60 55 35 9 0.9
10° - It is assumed, for the analysis of the data, that N(Er)
CIS1 - v " (©) does not vary with the magnetic field and the variation
10'k of Tj, depending on Eq. (1), is entirely due to the change
e, in the localization length &. As observed in curve a of
< 10°F «* 7 M Fig. 2, the field dependence of T; can be separated into
A & . three well — defined regions that are between 0 to 5 T, 5
10° A to 10 T and 10 to 35 T. For the analysis, these ranges
‘ will be referred to as I, II and III, respectively. In the
10 NC/ region I of low field, where NMR is observed (see
@ ‘ . ‘ reference [7]), T, decreases with the increases of B.
0 10 20 30 40 This implies, from Eq. (1), that the localization length at
B(T)

Fig. 2. The variation of the localization temperature Tyas a
function of magnetic field. The values T,obtained from the fit by
the Mott’s law pe< exp [To IT]"* to the experimental data are
shown in curve a and those obtained from extrapolation up to 35 T
of Lnp(B)e< B data in curve b. The values of Ty calculated with
the method of Tokumoto et al. [11] are represented in curve ¢

first increases with the magnetic field. This increase of
with B is associated with the magnetic field induced
delocalization effect that originates NMR. In the range
I, above 5 T, the shrinkage of the wave functions of the
impurity states is expected to decrease the localization
length & and thereby increase Tp. However, at higher
field above 10 T, in range III, 7, as in range I, decreases
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with B. This abnormal behavior is in contradiction with
the theoretical predictions [8, 11] of the magnetic field
dependence of the localization temperature. In the high
field region, above the critical field B., when the
magnetoresistance is  completely  positive,  the
localization length & decreases, T, increases and tend to
saturate at very high fields [11].

Cls1

o 19K
42K

o

Ln(p(B)/(p(0))

1.5 2.0 25 3.0

Fig. 3. A plot of In[p(B)/p(0)] of a representative sample CISI
as a function of B'” at 1.9 and 4.2 K. The dotted lines show the
linear behavior

6
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<
&
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0,5 0,6 0,7 0,8
T-1/4(K-1/4)

Fig. 4. The variation of Inp of a representative sample CIS1 as
a function of T at different fixed magnetic fields. The data

are obtained from extrapolating the Lnp(B)e< B 3 curves up
to 35 T. The straight lines show the linear behavior

The observed anomaly of T, decreasing with B in range
III is, according to our interpretation, related to the fact
that the magnetoresistance saturates below 10 K and
above 10 7. This can be observed clearly in Fig. 3. A
similar behavior has also been reported in other works
[12-14]. The physical origin of this saturation is not yet
clear. It is shown that at fields greater than B, the
logarithmic variation of the magnetoresistance in two
samples CIS1 and CIS2 of n-type CulnSe, [4] is
proportional to B"*. This is in agreement with the theory
of Efros and Shklovskii [8]. The expected
magnetoresistance, in the absence of the effect of
saturation, is obtained from the experimental data in the
high magnetic field region from the linear part of
Lnp(B)/p(0) versus B'"® curves at different temperatures
that are extrapolated up to 35 7. This is shown for two

representative temperatures at 1.9 and 4.2 K in Fig. 3 by
dotted lines. The values of Lnp, thus obtained, are
plotted in Fig. 4 as a function of 7" for different values
of Bup to 35 T. The observed linear dependence at fixed
B indicates that the electrical resistivity follows Mott’s
law. It can also be noticed that the slope of the
corresponding straight line increases with increasing B.
This means that, contrary to what is shown in curve a of
Fig. 2, T increases with B if the effect of saturation were
not present and would thus be consistent with the
decrease of the localization length & with the increase of
the magnetic field. This is shown in curve b of Fig. 2.

It is mentioned that in the low magnetic field, the effect
of correlations increases the dielectric constant €, which
increases the density of states at the Fermi level and
decreases T, [11]. However, as the magnetic field is
increased, the correlation effect is reduced and T,
increases. In the literature, different expressions for the
field dependence of T, are proposed but only for the
high field region where the shrinkage of the wave
functions becomes important and the magnetoresistance
is completely positive, that is, it is not affected by the
negative component. In this regime, according to
Shklovskii and Efros [8], T is expected to vary with B
through the relation 7;,(B)e« B/a(B), where a(B) is the

effective Bohr radius at a given field. This is expressed
as:

a(B) = h/bm E,(B))"?, )

where m; is the effective mass of the electron and E,B)

is the ionization energy at field B.

Thus, the increase in 7, with the field can be explained
by the increase in E4B) and thereby the decrease in
a(B). In a recent work [15], in the same sample CIS1, we
have shown, from the analysis of the temperature and
magnetic field dependence up to 35 T of the Hall
coefficient data, that E, remains practically constant at
low fields and increases as B'* at higher fields above
around 8 7.

In the case of a sufficiently weak field defined by A >> a,
where a is the state radius in zero field and

L =(ch/eB)"? is the magnetic length, the magnetic
potential, which is proportional to A~*, is small

compared to the Coulomb term —e” /€7 at distances of

the order of a. Hence, for low field (A >>a), the electron
wave function should not be affected and as reported in
reference 15, the ground state ionization energy E (B)
should remain the same as £,4(0) in zero field.

In the high field regime where A << g, the magnetic field
localizes an electron in a much narrower region than does
the Coulomb potential. Hasegawa and Howard [16]
proposed to express the wave function y(r, z) in the form

2
\ o (NF(2) , where y,(r) = _7\'\/1% exp{—:?].

92

International Scientific Journal for Alternative Energy and Ecology N° 5 (61) 2008 "
© Scientific Technical Centre «TATA», 2008 ) == R



L. Essaleh. Effect of the strong magnetic field on the Mott-variable range hopping parameters in n-type copper indium diselenide

The corresponding expression for the ionization energy
is given by

E,(B)=E,0) [In(@/n)?] . 3)

This increases with B but only for fields greater than the
field By where B, = cmzze3 /eih’ is obtained from the

condition A = a. In the case of n-CulnSe,, with m, =

=0.09 m, and €, = 9.3, By is calculated to be 22 T. The
increase in E; with B corresponds to the condition
In(a/\)* >1 and thereby B > 2.7B,. This condition
leads to B > 60 T for n-CulnSe,. Since our
measurements are only up to 35 T, this requirement is
not satisfied in our case.

Tokumoto et al. [11], using the percolation model, have

proposed another relation for the localization
temperature. This is expressed as
ky Ty(B)= 0372[N(E, )ala,] ™, )

where a, and a; are the two principal electronic orbital
radii in the presence of the magnetic field. To calculate
the field dependence of T the values of N(Er), a, and ay
are needed. By assuming a constant density of states for
the impurity band and an energy spread comparable to
the effective Rydberg, N(Ey) for n-CulnSe; is estimated
by employing the method used in the case of n-CdSe
[17]. This is calculated to be 7.0-10" eV'em™. The
values of a, and a, for different values of B are obtained
from the hydrogen-like impurity formalism used by
Yafet, Keyes and Adams [18]. These values are shown
in Table 2 together with the calculated values of 7, for
some representative field values of 20, 25, 30 and 35 T.

Table 2
Values of the two principal electronic orbital radii
with the corresponding calculated values of 7 for the
representative fields of 20, 25,30 and 35 T

B () 20 25 30 35
a, (A) 2391 21.42 18.43 16.44
an (A) 34.37 32.38 30.89 29.39
To(K) | 31396 41523 58796 77662

The values of T, thus obtained by this method for
different values of B are plotted in curve ¢ of Fig. 2.
Although the experimental and theoretical curves are
very nearly parallel above 20 T, discrepancy of nearly
one order of magnitude is noted. This could be related to
the approximation used in the calculation of N(Er). A
similar behavior has also been reported in InSb [18].

In conclusion, it is established that the electrical resistivity
below 20 K in n-type CulnSe, at different field values up to
35 T follows Mott type variable range hopping conduction

mechanism. The field dependence of the localization length
€ and the localization temperature 7 below 5 T can be
explained as due to the presence of the negative
magnetoresistance that is associated with the magnetic field
induced delocalization effect. However, the observed
decrease of 7 with increasing B above 10 7T is in
contradiction with the theoretical models. It is suggested
that this behavior has its origin in the tendency of the
magnetoresistance to saturate at higher field values. The
expected variation of the localization temperature with the
magnetic field is found when 7 is estimated from the linear
extrapolation of the magnetoresistance above 10 7, in the
region of saturation. The variation of 7, with B above 20 T
shows the same tendency as predicted by the theory.
However, smaller magnitude could be related to the
estimated values of M(Er), a, and a; used in the calculation.
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Variable range hopping conduction of Mott type, where the magnetoresistance follows the relation
p(B)=p, exp[T0 (B)/T ]” *, is observed in n-type CulnsSes in two different temperature ranges at different magnetic

field values up to 27 tesla. The positive magnetoresistance data are analyzed using the theoretical models of
Shklovskii and Efros. We obtained a good but only in the lower temperature range. The observed discrepancy in

range | needs to be investigated.
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Introduction

Electrical conduction due to Mott type variable range
hopping mechanism of (M-VRH) has been reported in
many materials [1, 2] and explained as a result of the
presence of strong localization of the charge carriers in
the impurity band. Under this mechanism, electrical
resistivity (p) follows the relation p = p, exp [Ty/T]",
where Ty is the characteristic temperature and p, is taken
as a constant. This is for a 3-D system when the electron
density of states around the Fermi energy level is
constant or varies very slowly.

In the present work, we report on the effect of the
presence of ordered arrays of donor-acceptor defect pair
(DADP) on the localized states in n-type Culn;Ses
samples. The ordered defect compound (ODC) Culn;Ses
can be derived from a repeat of one unit of the
interacting donor-acceptor (InCu'?, 2VCu™") defect pair
in each 5 units of CulnSe, (CIS) [3, 4]. The temperature
dependence of the electrical resistivity (p) below 70 K
and the positive magnetoresistance (PMR) up to 27 T are
measured. The experimental results are analysed with the
existing theoretical models. The details about the crystal
growth and the techniques used to measure p and PMR
are reported earlier [5].

Experimental results

In Fig. 1, we plot the logarithmic variation of p with
7", This variation can be separated into three well-

Education: Cadi Ayyad. University (1984-1992).
Experience: Cadi Ayyad University, Professor from 1999.
Main range of scientific interests: solid state physics.
Publications: 25 papers in international scientific journals.

defined temperature regions that are between 67 and
24.5 K, 24.5 and 9 K, and below 9 K. These are referred
to as I, II, and III, respectively. The linear dependenceon
this plot establishes that the electrical conduction by
VRH mechanism of Mott type (M-VRH), where p =
=po exp [Ty/T]", is dominant in the first two ranges.
From the theoretical fits, we find po = 2.37-107Q°™,
Ty= 8.01-10° K and poy = 3.01:10% Q" To; =
=2.44-10°K in I and II, respectively. This suggests that
the localized states, caused by the ordered arrays of
DADPs or defects, start to form just below 70 K. Tne
variations of the relative magnetoresistance Ap/p = (p(B)
— p(0))/p(0) as a function of the magnetic field B up to
27 T for different fixed temperatures from 10 to 77 K is
shown in the insert. The magnetoresistance is positive
and decreases when the temperature increases.
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Fig. 1. The electrical resistivity p and the magnetoresistance
of a representative sample of n-Culn;Ses
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A similar behaviour around 20 K in »n-CulnSe, with
conduction by a M-VRH mechanism both above and
below this temperature with different 7; has been
reported [6]. PMR in the hopping regime is caused by
the shrinkage of the electronic wave function in a
direction perpendicular to the applied magnetic field. To
analyze the data, the model proposed by Efros and
Shklovskii [7] for the field and temperature dependence
of the PMR in the variable range hopping conduction
regime is used. The main mathematical expressions,
although reported by us earlier [5], are as follows:

mrwq K¢B*; B<B, (1)
p(0)
and

1/3

3+ 103K
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In these expressions K, is proportional to 7°* and
depends on the effective Bohr radius aj, and the zero
field characteristic temperature 7y, whereas Ty(B), in the
high field region, is proportional to B and depends on the
constant density of states N(Er) at the Fermi level and
aj; . The critical field B. that separates the low from high
field regime is expected to vary with the temperature as
7 [5]. From Eq. (1) and (2) one should expect that at
fixed temperatures In[p(B)/p(0)] should vary as B> and
B" below and above B, in the case of Mott type VRH
conduction and at fixed magnetic fields it should be
proportional to 77 and 777, respectively. Also, the
variation of InK; and InP with In7 should give a
respective slope of -3/4 and -1/3. As in Fig. 1 of Ref. 5,
we plot in Fig. 2 Ln[p(B)/p(0)] as a function B* and B"?
at several fixed temperatures from 10 to 54 K.
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Fig. 2. Ln [p(B)/p(0)] as a function of B’ (a) and B3 (b) at various fixed temperatures

We can see the linear dependence, represented by the
straight dotted lines, of Ln [p(B)/p(0)] with B* for lower
fields and B'? for higher values of B. The cross-over
from B* to B'” dependence occurs at a critical field B,
that separates the low from the high field regime. As in
the case of n-CulnSe, [5], these linear behaviours thus
observed in low fields (Fig. 2, @) and in high field region
(Fig. 2, b) show that our data are in agreement with the
variable range hopping theoretical model of Shklovskii
and Efros [7].

In Fig. 3, we plot LnKj (left scale) and LnP (right scale),
where K and P are the slopes of Ln[p(B)/p(0)] vs B*
and Ln[p(B)/p(0)] vs B"? dependence, against LnT.

The expected theoretical dependence [7] is shown by
straight lines. An excellent agreement is found, but only,
in range I1. Although M-VRH conduction is also valid in
range I, the origin of nearly three times higher slope of
Kgand P is noted and yet not clear.

In conclusion, it is established that the electrical
resistivity in  n-type Culn;Ses follows M-VRH

conduction in two different temperature ranges. The
observed variation of Ln[p/pe)] with the magnetic
field is in complete agreement with the theoretical
model. However, the corresponding temperature
variation of the slopes agrees only with the data of range
II. The observed discrepancy in range I needs to be
investigated.
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Fig. 3. LnKjg (left scale) and LnP (vight scale)
as a function of LnT
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In this work, we study numerically the two dimensional coupled heat transfers through a honeycomb structure formed
by a vertical cavity separating two alveolar walls. Heat transfers are assumed to be two-dimensional and the air
motion in all cavities of the system is laminar. The left and right vertical sides of the hollow structure are considered
isothermal. The top and bottom horizontal sides are adiabatic. Equations governing natural convection in the cavities,
heat exchange by radiation between the surfaces of the different cavities and heat conduction in the solid partitions
are solved by the SIMPLE algorithm. Effects of convection and radiation on the linearity of the global heat transfer
through the system are studied. Overall heat exchange coefficients for the hollow structure are derived based on the
simulation results.

Keywords: honeycomb structure, vertical cavity, coupled heat transfers, conduction, convection, radiation, numerical simulation
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Introduction

The honeycomb structures intervene in several thermal
systems. In particular, they are used very currently in the
construction of building walls because of the advantages
that they present on the material and energetic plans. The
prediction of the heat flow through such building
components using the analytical transfer functions
methods is not possible because of the non-linearity of
the heat transfers by convection and radiation in the
alveolar of hollow blocks.

The heat transfer within such structures is done
simultaneously by conduction in the different solid
partitions, by natural convection inside the cavities and
by radiation between the internal faces of the last ones.
These three heat transfer processes are intimately bound.
Therefore, a fine study of the thermal behavior of the
hollow blocks needs a simultaneous resolution of the
complex and non linear equations modeling the different
mechanisms of heat transfer.

However, the available studies in the literature are
generally limited to simple configurations consisting in
rectangular cavities with one or several conducting
walls. Earlier investigations were conducted by
Balvanz and Kuehn [1] and Kim and Viskanta [2] on
the interaction between the natural convection in a
square cavity and the heat conduction in the adjacent
walls. Effects of surface radiation on natural convection
in a square enclosure filled with air were studied by
Balaji and Venkateshan [3, 4], Akiyama and Chong [5],
Ramesh and Venkateshan [6] and Ramesh et al. [7]. In
these studies, it has been shown that natural convection
heat transfer is significantly reduced by conduction in
the walls and/or radiation exchange between the cavity
surfaces. Coupled heat transfers by conduction, natural
convection and radiation in cellular structures with two
vertical series of square cavities has been studied
numerically by Abdelbaki and Zrikem [8]. Application
was presented for building walls made of hollow clay
tiles. Later, numerical solution of combined heat
transfers in hollow clay tiles, with two air cells deep,
submitted to transient thermal excitations was
performed by Abdelbaki et al. [9]. Based on the
simulation results the authors derived empirical transfer
function coefficients (TFC) for the hollow clay tiles by
applying an identification technique. It should be noted
that such TFC cannot be derived using analytical or
semi-analytical algorithms available in the literature
[10, 11].

In the present work, we study numerically the two
dimensional coupled heat transfers through a honeycomb
structure formed by a vertical cavity separating two
alveolar walls. Analysis of the flow structures and the
temperature fields in the different alveolar is presented.
The influence of the non linearity of convection and
radiation heat transfer on the global heat transfer through
the honeycomb structure is studied. Finally, appropriate
overall heat exchange coefficients are determined.

Mathematical formulation

The geometry of the two dimensional configuration to be
studied is presented in Fig. 1. It represents a honeycomb
structure of width L and height H formed by a vertical
cavity confined with air and separating two cellular walls.
The width and height of the vertical cavity are
respectively / and 4. Each cellular wall is formed by a
vertical range of Ny rectangular alveolar of width /” and
height /’. The total numbers of cavities of he studied
honeycomb structure in x and y directions are respectively
Nx and Ny. The different cavities are surrounded by
vertical solid partitions of thickness ex; (1 < i <4) and
horizontal ones of thickness ey; (1 <j < Ny + 1).

For the thermal boundary conditions of the problem, the
left and right vertical sides of the honeycomb structure
are considered isothermal and are maintained at constant
temperatures 7, and 7; respectively. The top and bottom
horizontal sides are assumed to be adiabatic.

=
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Fig. 1. Schematic diagram of the studied honeycomb structure

In formulating governing equations, the fluid motion and
the heat transfer are considered to be two-dimensional
and laminar. The solid and fluid properties are assumed
to be constant except for the density in the buoyancy
term where the Boussinesq approximation is utilized.
Viscous heat dissipation in the fluid is neglected. The
fluid is assumed to be non-participating to radiation and
the cavities inside surfaces are considered diffuse-grey.
Dimensionless equations governing the conservation of
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mass, momentum and energy for the air in the internal
cavities are given by:

Q)

U

oU , dV _
ax Tor =9 M
U , ;90U , ,oU _ op 9’U | U
or "Vax T E)XJrPr(aXﬁaY2 )’(2)
a_V+Ua_V+Va_V:

ot X Y

oP %V 9V
:—a—Y+Pr[aX—2+87J+Ra-Pr-9/~, (3)
9, 0, 00 2’0, 9%, @
ot X Y  ax?* oy?’

where U, V, P and Oy are the dimensionless variables

associated, respectively, with the velocity components in

X and Y directions respectively, the pressure, and the

fluid temperature, Pr is the Prandtl number and Ra is the
3 .

gBL (Tf_T’)Pr
v

Rayleigh number given by: Ra=

B

v . .
Pr=—/ where v and o, are respectively the fluid
o,
f
kinematic viscosity and the thermal diffusivity.
The dimensionless equation of heat conduction in the
solid walls is:

oy 00, _0°0, 9’6,

o, 0T Jx* oay?’ ©®)

where o is the solid thermal diffusivity and 6, is the
dimensionless solid temperature. The boundary
conditions of the problem are:

* U= V=0 on the inner sides of each cavity.

*9,(0,Y)=1 and 0,(1,Y)=0 (0:Y: A=HIL)
%, _9%, =0 *(0<X<).
oY Y=0 aY V=4

The continuity of the temperature and the heat flux at the
fluid-solid interfaces gives:

0,(X,Y)=6,(X.Y), (6)
09, 00,
—W——NkW‘FNVQN (7

where 1 represents the dimensionless coordinate normal
to the wall, N is the thermal conductivity ratio K;/K;, O,
is the dimensionless radiative heat flux and N, is the
dimensionless radiation to conduction parameter defined
oT'L

by: N=—F——.
V@ oT)

The dimensionless radiative heat flux Q, is related to the
4q,

csTe4 '

The net radiative heat flux g, .(7,) exchanged by the

finite area dSj, located at a position 7, on the surface £, is
given by:

radiative heat flux ¢, by: Q,=

Qr,k(rk)=‘]k(rk)_ Ei(ry), (3

where Jy(ry) is the radiosity and Ey(ry) is the incident
radiative heat flux on the surface dS; given respectively
by:

Jk(rk)zekG(Tk(rk))4+(1_8k)Ek(rk)9 9

4
E )= [J;0)dFus, s 0 (10)

7=l 4;

where €, is the emissivity of the surface k and dF g, . ds; is
the view factor between the finite surfaces dS; and dS;
located at 7, and 7; respectively. Taking into account
equations (8) to (10), the dimensionless radiative heat
flux can be expressed as:

1 4
Q,.,k(r,:)=ek(G—1)“[ek(r,:)+ﬁ) -

4
e > 0L s an

J=LS;
where G is the temperature ratio 7./T;, J}(r}) is the

dimensionless radiosity at the position 7; on surface j. By
dividing the walls into finite isothermal surfaces,
equation (11) leads to a set of linear equation where the
unknowns are the dimensionless radiosities J’(r7).

The dimensionless average heat flux across the structure
is given by:

29,
oX

1 ]‘aes

Cu==71% dx (12)

4 X=1

srecd]
0

X=0

The previous equations are discretized using the finite
differences method based on the control volumes
approach with a power law scheme and are solved by the
SIMPLE algorithm. The resulting system of algebraic
equations is solved by the Tri-Diagonal-Matrix-
Algorithm. To accelerate the convergence of solutions,
the governing equations are solved in their instationary
form. The numerical code had been tested in previous
studies [8, 9, 12]. A study on the effects of both grid
spacing and time step on the simulation results has been
conducted. The compromise between accuracy and
computation time is found for a 75x91 non-uniform grid
with a 16x16 non-uniform grid in each small cavity and
29x%85 in the big cavity. The dimensionless time used in
the simulation is 10™*. The convergence criterion is based
on the relative changes in the variables U, V, P, 6 and O,
at the different nodes of the calculation domain:
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)= "))
| G))

f'value at node (i, j) calculated in the iteration ».

I <107, where f"(i, j) is the variable

Results and discussion

Results presented in this study are obtained for structures
having the geometrical parameters given in Table 1.The
values of H and /4 depend on the number of alveolar in the
vertical direction (Ny) and are calculated from the values
of ey, yi, »» and h’. The solid partitions thermal
conductivity and emissivity are respectively K;= 1 W/mK
and € = 0.8. The dimensionless parameter N depends on
the temperature difference AT = (T, — T;) that takes values
between 5 °C and 40 °C in accordance with the practical
conditions. The air thermal conductivity K, is equal to
0.0262 W/mK and the Prandtl number is Pr=0.71.

Table 1
Geometrical dimensions of the different components
of the honeycomb structure, cm

l r h’ | ex; | ey; | eyi | eyy | Wi ¥z
5 3,5 | 3,5 1 1,5 1 1,51 051 05

Streamlines and isotherms

Fig. 2 presents the streamlines contours (at the left) and
the isotherms (at the right) obtained for a structure of
(Nx = 2)X(Ny = 4) alveolar in addition to the big cavity and
for the temperature differences AT = 5 °C, AT = 20 °C and
AT = 40 °C. The results of Fig. 2 show that the nature of
the flow structures is characterized by a single cell
turning clock-wise as well in the small alveolar that in
the big cavity. As foreseen, the distortion of the
streamlines in the big cavity becomes more pronounced
when AT increases indicating an increase of the natural
convection intensity. In fact, the values of the maximal
stream function ¥, in the big cavity are 20.2, 25.3 and
28.8 for AT = 5 °C, AT = 20 °C and AT = 40 °C
respectively. The exam of the streamlines in the first
vertical rows of alveolar shows that the size of the
central cell deceases slightly when moving from the low
cavity (j = 1) toward the one situated in top of the
structure (j = 4) indicating a weak reduction of the
intensity of the flow in this sense. This can be assigned
to the interaction between the heat transfer by convection
and radiation. This situation is reversed for the other
vertical row of alveolar located at the right of the vertical
cavity where the size of the flow intensity increases
slightly from the cavity (j = 1) toward the cavity (j = 4).

Concerning the temperature field, the distortion of the
isotherms in the central regions of the different cavities
reveals a very marked two dimensional heat transfer that
becomes nearly unidirectional in the solid partitions
separating the cavities where the isotherms are

perpendicular to the main direction of heat transfer
(direction 0x). As expected, near the walls of the central
cavity, the movement of air is faster and the gradients of
temperature are more important. Then, the convective
heat transfer is relatively important in these regions.
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Fig. 2. The streamlines contours (at the left) and the isotherms
(at the right) obtained for a structure of (Nx = 2)X(Ny = 4)
alveolar
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Heat transfer

In order to show the effect of the number of alveolar in the
vertical direction (Ny) on the global heat transfer through
the honeycomb structure, the Fig. 3 presents the variation of
the dimensional heat flux crossing the structure O (W/m?)
as a function of the temperature difference AT between the
vertical sides of the latter. Fig. 3 gives the results obtained
for different values of Ny using adiabatic boundary
condition. As it can be seen, the differences between heat
fluxes obtained for Ny = 4, 8 and 16 are negligible
especially for temperature differences lower than 25 °C.
Discrepancies that appear for AT superior than 25 °C are
lower than 10 %. It should be noted that the global variation
of O as a function of AT is almost linear because of the
predominance of the conduction heat transfer which
represents more than 50 % of the overall heat transfer
through the honeycomb structure.
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Fig. 3. Effect of the alveolar number in the vertical direction
Ny on the average heat transfer through the alveolar structures

The linear behavior of O with AT is very important because
it permits to derive a overall heat exchange coefficient
(overall conductance U) for the studied honeycomb
structure. This overall conductance permits a fast and
accurate prediction of the heat transfer through the system
without solving the complex equations governing the heat
transfer mechanisms which are coupled and locally non
linear: Q = (U-AT). For a honeycomb structure with Ny = 4,
the overall conductance value obtained here is: Upyegenr =
=2.59 W/m”. This value is markedly inferior to the overall
conductance given in reference [12] (U = 3.01 W/m?)
that corresponds to a hollow clay tile with three vertical
ranges of alveolar constructed from the same material and
having the same dimensions as the honeycomb structure
treated here with Ny = 4. This result is expected because the
central range of alveolar of the hollow block in reference
[12] is replaced here by the vertical cavity. Then, the hollow
clay tile studied in the present work permits a reduction of
heat transfer about 15 % with respect to the hollow clay tile
with three ranges of air cells deep mostly used in practice to
construct building envelopes.

Conclusion

Coupled heat transfers by conduction, natural convection,
and radiation in a vertical cavity with alveolar walls have
been studied numerically. Analysis for the temperature

differences that occur in practice shows that the flow
structures in the different cavities are characterized by a
single cell turning clock-wise. The variation of the number
of alveolar of the vertical walls between Ny =4 and Ny = 16
have not large effect on the global heat exchange through
the honeycomb structure. The variation of the overall heat
flux through the structure is found to be almost linear.
Based on this result overall heat exchange coefficient had
been derived for hollow clay tiles formed by a vertical
cavity separating two alveolar walls. Also, it had been
shown that the latter reduces considerably the heat transfer
compared to the hollow clay tiles with three air cells in the
horizontal direction which are mostly used in the
construction of building envelopes.
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Introduction

The global warming is everyday a bigger problem for the
inhabitant of our planet. Even if nobody can still
precisely predict all the consequences of the warming,
some of them are already visible, as for instance the
thawing of glacier. Thus, more and more people are

realizing the huge environmental, economical and social
impact of this phenomenon. Some important
commitments, as the Kyoto protocol [1], have been made
to cope with the warming effects. Unfortunately these
commitments seem to be insufficient, and moreover,
they are often not honored. It is why it is very important
to increase the public awareness of this problem.
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The causes of the global warming are various [2]. The
increase of energy consumption is one of these causes.
The processes for the generation of electricity which
produce greenhouse effect gases are another cause.
These processes generate, unfortunately still most of
electricity [3]. Thus two measures against the global
warming could be to decrease energy consumption, and
in particular electrical energy consumption, and to
generate electricity with processes which does not
produce greenhouse effect gases. Among these processes
renewable energies are the cleanest ones, and generally
those which respect the best the environment.

Everybody is concerned by the global warming and the
attitude of each person influences, in the positive or
negative sense, this warming. Nevertheless, it is obvious
that some persons have more influence than other ones on
these problems. Politicians have for instance a big
influence, as they can vote and apply laws which could
have an appreciable positive or negative effect on the global
warming. To a lesser but still important extent, engineers
can also take decisions which affect this problem.

The precedent analysis explains why ESTIA has carried
out, these last years, some measures in order to reduce its
electricity consumption and to increase public awareness
of renewable energies. As you could see below, ESTIA
is an engineering school. Some professors and lecturers
from ESTIA have formed, in the frame of the LIPSI
research department, the EneR-GEA research group
working on renewable energy issues. This group has
been the instigator of a project whose objective was to
promote renewable energies for the generation of
electricity, and the reduction of the -electricity
consumption

The following chapter describes ESTIA, EneR-GEA
research group and some renewable energy installations.
The third section presents a Public Awareness Kit
designed and constructed in ESTIA. Some other
approaches for the reduction of the electrical energy
consumed in ESTIA are described in chapter 4 and
section 5 gives the conclusions of the paper.

Presentation of ESTIA

ESTIA [4] (Ecole Supérieure des Technologies
Industrielles Avancées, Institute of Advanced Industrial
Technology) has been built as a tool of economic
development of its territory, the Basque Country. It
regroups several realities today:

® A school of engineers and a research laboratory (500
students and 70 employees and researchers).

® A technology transfer team (ESTIA Innovation, 10
persons).

® An incubator and a cluster of firms.

The school trains trilingual engineers with solid
scientific and technological foundations in mechanics,
electronics, energetics, advanced computer science and
telecommunications.

Three specialized fields are proposed to students
choosing this curriculum:

® Mechanical and electronic products design.

® Mastery of automatized processes.

® Industrial organization and management.

Basic knowledge on renewable energies for the
generation of electricity is introduced in some courses of
ESTIA. For instance, in the electronics, control and
electrical engineering courses, the theoretical parts of the
courses are often illustrated by examples related to
renewable energies, in the frame of practical classes and
works. These classes are designed to help the students to
develop skills for implementing renewable energy
applications based on PV panels, wind turbines, Hybrid
Power Systems (HPS)... Thus, these courses are used to
increase students’ knowledge and awareness of these
alternative energy sources.

The ORLI department, which is the maintenance service
of ESTIA, has an important role in the approach
presented in this paper. It is in particular responsible for
buying all the electrical equipment of ESTIA. Thus, its
choices have an appreciable influence on the electrical
consumption of ESTIA.

As part of ESTIA, LIPSI research department [5]
(Laboratoire en Ingénierie des Processus et des Services
Industriels, Industrial Services and Process Engineering
Laboratory) contains different research groups. EneR-
GEA [6] is one of these groups made up of PhDs, PhD
students and technicians who use their skills on control
engineering, electrical engineering and power electronics
for renewable energies development. They specially
work on wind turbines control, renewable energy
integration in weak grids or HPS applications. Another
important aspect treated by the EneR-GEA team is the
increase of public awareness of renewable energies and
on the need of managing better the electrical energy
consumption.

Fig. 1. Grid connected PV system and Hybrid Power System
(HPS) installed in ESTIA 1 and ESTIA 2 buildings
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To validate the research work and increase public
awareness of renewable energies, EneR-GEA has
installed two renewable energy systems on the roof of
the two ESTIA’s buildings. The first installation is based
on PV panels connected to the grid with a rated power of
5.6 kWc in ESTIA 1 building. The second one is a HPS
based on two PV panels with a rated power of 330 Wc, a
small wind turbine with a rated power of 400 W¢ and
storage batteries in ESTIA 2 building. Both installations
are illustrated in Fig. 1.

A Kit has been made by EneR-GEA group in the frame
of the approach of increasing public awareness of
renewable energy and managing of energy consumption.
The Kit constantly monitors the electrical production of
both systems illustrated in Fig. 1. The renewable energy
sources are equipped with sensors and data
communication units (signals conditioning, digital
controllers...). All the information concerning the
renewable energy production (power production,
rejection of CO, avoided...) is presented to the public in
general and to the students in particular, through some
graphic interfaces. The details of the hardware and the
software parts of the system that allows monitoring the
renewable energy production, hereafter called Public
Awareness Kit are presented henceforward.

Hall

Graphic
interface

Acquisiti
module

v

Informatics’ Network

Public Awareness Kit

The Public Awareness Kit is the core of the approach
presented in this paper. The whole of the Kit has been
designed and made in ESTIA. Fig. 2 presents its
different components. Two data acquisition modules
allow capturing produced electrical energy from the PV
panels of ESTIA 1 building and from the HPS of ESTIA 2
building. The energy produced by the HPS is transmitted
to the EneR-GEA laboratory of ESTIA 2 building.

The two acquisition modules transmit the captured data
to a server containing a database where all the history of
the produced energy is stored. A PC with a specific
screen saver has been installed in the hall of ESTIA 1 in
order to show the produced energy to all the users of
ESTIA 1 and in particular to the students. As shown
below, the produced energy is compared, in terms of its
impact on the environment, to the same quantity of
energy produced by processes which produce
greenhouse effect gases. The captured data can also be
seen and analyzed from a web site specially made for
this [7]. Moreover, every month, a Newsletter showing
the same kind of information of that of the web and the
screen saver is sent to every students and employees of
ESTIA, as well as to every people registered to the
mailing list from the Kit web site.

Acqisiti
module

Fig. 2. Presentation of the different components of the Public Awareness Kit designed and made in ESTIA
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Used methodology to design the Kit
Special attention has been paid to the methodology
used to design the Kit. Actually, taking into account
that the objective is public awareness by the means of
didactic interfaces, it was difficult to define some
design specifications in order to be sure that the
awareness objective would be reached. The success of
the Kit is specially linked to the graphic interfaces. It
is why they have been specified first. The definition
of the interfaces’ specifications has allowed
specifying the database and the data acquisition
module.
The first step in the design of the graphic interfaces
was to draw up a list of ergonomic criteria to be
respected, among the standards in the fields of
ergonomics and informatics. Thus were defined the
adequate bills of character, the colors to be avoided,
the maximum size of the pages of the web site, the
presence of a title in each paragraph or of the names
of suitable HyperText bonds in relation to the
dependent pages.
After, it was decided to solicit the personnel and the
students of ESTIA to assess their knowledge on topics
such as global warming, renewable energies,
reduction of energy consumption or energy in general,
and to obtain their needs for information on these
topics. On the one hand an interview of ten people
(employees having various functions and students of
ESTIA) has been carried out. In addition, a
questionnaire was sent to all the members of ESTIA
(personal and students). The results of the study made
it possible to adapt the contents of the interfaces
according to the concerns of the public.
Lastly, the potential users were still solicited to
evaluate the designed interfaces. After the definition
of a protocol of evaluation including tasks to carry out
and questions of debriefing, the users were timed on
the various tasks and were encouraged to formulate
their thought and their criticisms on the interface
which they were testing. The evaluations gave
considerable results on the level of comprehension
(vocabulary) and use (in particular navigation on the
web site) of the interfaces.
Finally, it must be highlighted that many students
have participated in the design and the manufacturing
of the Kit during their training-courses.

The user interfaces
As written before, the public awareness Kit has two
interfaces, a screen saver and a web site. Moreover a
Newsletter is spread every month to a mailing list.

The screen saver
The screen saver is a non-interactive interface (only
reading and automatic transition to the next page)
which:
® Describes the Kit: the screen saver proposes a
dynamic description of the Kit (Fig. 3).

. Kit de sensibilisation
\aux énergies renouvelables

g e g et fedkits

Le KIT

oitinr da cakcul des dnecgioe

1 Alfichage de la production

r‘[!-%‘-r[

Praductian

|~

Fig. 3. Presentation of the Kit in the screen save

® Increases public awareness of renewable energies:
during a short time (more or less 4 minutes), public is
informed about the potential of renewable energies for
generating electricity, as an alternative energy to
conventional polluting sources. The production of
ESTIA’s PV panels and wind turbine is compared with
the consumption of domestic electrical devices. With this
comparison, people from very varied backgrounds can
have a better idea of the benefits of using renewable
energies. Moreover the public is informed about the CO,
emissions avoided by the use of renewable energies in
comparison with traditional polluting sources (coal, fuel,
gas), as shown in Fig. 4.

Kit de sensibilisation
aux énergies renouvelables

kg ferrgea ntia fr fKin S

Rejet de CO2 évité dans I'atmosphere :

£ e jour, naus avons evics le rejet de 109.23 kg de CO2
dans 'atmosphére (par rapport au gaz).
Et vous ?

Fig. 4. CO; emissions avoided shown in the screen saver

® Increases public awareness of electricity
consumption reduction: for the daily production, the
screen saver highlights the consumption of a classical
incandescence bulb of 100 W in comparison with a low
consumption bulb of 20 W, equivalent in luminosity.
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The screen saver uses information contained in the
database. The corresponding data are restored in each
page changing. Like this, the production of renewable
energies and the avoided CO, emissions are shown in
live. Moreover, for tehcnical reasons, the screen saver
needs a permanent access to internet.

The content of the screen saver can be fully
parameterised from a web site designed for the system
administrator. Thus, it is possible to answer to the
expectations of different kind of public.

The web site

The Kit web site [7], whose address is given in the
screen saver, allows completing the information given by
the screen saver. The following section can be accessed
from the site:

® Presentation: this page presents the project and the
Kit, explaining what are the objectives, the resources, the
participants and the locations, and giving the list of the
different components.

® The production: an interactive interface allows
seeing the actual and the passed production data acquired
by the Kit (Fig. 5). These data can be observed daily,
monthly or annually. They can be compared with the

® Photovoltaigue

time needed for different electrical devices to consume
the same energy. Other kinds of comparisons can be
made from the En comparaison subsection. The
produced energy, since the installation of the Kit, can be
analyzed in different ways:

o Avoided CO, emissions: the CO, emissions
corresponding to the same amount of the produced
energy in ESTIA for gas, fuel, coal or combined cycle
plant are shown.

o Equivalent trees: the page shows the number of
trees necessaries to absorb the CO, emissions of gas,
coal, fuel and combined cycle plants to produce the
energy produced by ESTIA’s generators.

o Money: the site shows the sum of money
corresponding to the sold energy for PV panels
integrated or not in the building (the price is different for
each case, French government having voted a law to
encourage PV installation integrated in the buildings).
The sum corresponding to the money which would be
spent to buy the same quantity of energy is also shown.

o Raw materials: this section gives the equivalent
volume or mass of gas, coal and fuel for the produced
energy.
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Fig. 5. Presentation of the produced energy in the web site

® Contacts: this section allows the user contacting the
administrator and the persons who took part in the project.
® Glossary: technical and non usual terms are
explained in this section in order to do the site
understandable to any kind of user.

® Links: the users can find more information about
renewable energies, global warming, associations,
institutions, events... Moreover, visitors can propose new
links to the web manager.
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The Newsletter

A Newsletter showing some production data is sent to a
mailing list every month. The Newsletter gives the
energy produced by each generator installed in ESTIA
(PV panels of ESTIA 1, PV panels of ESTIA 2 and wind
turbine) during the actual day, the actual month and the
actual year. The avoided CO, emissions comparing the
emissions of ESTIA’s generators with those of a gas,
fuel, coal or combined cycle plant are also shown, as in
the web site. Similarly, some equivalent of money, trees
or raw materials for the produced energy in ESTIA can
be observed, as explained in the precedent section.
Finally, important news about renewable energies, global
warming and ecology in the whole are introduced in the
Newsletter.

Links with the data server and used software tools
In order to compute the energy value, the voltages and the
currents given by the sources are measured with a period of
1 second. The instantaneous power obtained by multiplying
the voltage by the current is integrated on a 10 minutes
interval to obtain the energy information. A text message
containing this information must go to the data server.
Our system uses the ESTIA informatics network to send
the text message to the data server. Finally the
information is presented to the public using a real time
graphic interface in HTML format. This interface is also
available for the computers connected to the local area
network (LAN) of the school (ESTIA users) or for
external users by means of Internet network.
The routing, recording, storage, representation and
disclosure of the information contained in the character
string (energy produced by the renewable systems)
provided by the hardware module are the principal
objectives of this part. The information disclosure is made
using a dynamic interface which shows in a didactic way
the evolution of the energy production in real time.
This part of the system is made up of five stages
illustrated in Fig. 6.
® The starting point is the recovering and the recording of
the character string provided by the hardware module. For
that, a Visual Basic program which automatically directs
the data towards a database has been developed. These data
are received and recorded every 10 minutes. The Visual
Basic program that runs on the server receives the message,
extract the information and put it in the MySQL databases.

The header of the message contains the sender identifier
and this permit to choose the adequate Table.

| Neiwork |

Tt

A
I PHP m
| HTML k:ﬂ S —-

Apache Server

Fig. 7. Routing, recording, storage, representation and
information disclosure

® The management of the database is made by the open
source MySQL software. MySQL can manage a great
quantity of data by organizing them in tables. Simple
instructions permits to add, remove, update and search data.
This software is very often used with the PHP language.

® The PHP language is used for the creation of the
dynamic Web pages. PHP allows executing easily the
repetitive tasks, in particular those related to the
communication with the database.

® The development of the graphic interfaces is made in
HTML language for posting information of the database
which must be accessible from the ESTIA internal
network and providing a comparative illustration
between the pollution avoided by the renewable system
and other types of energy production.

® Finally, Apache is used as Web server. On this server
are installed the MySQL database and various
components (PHP scripts, HTML pages) of the graphic
interface allowing customers (Web navigators) to reach
information of the project.

Apache is software able to interpret HTTP requests
arriving on the port associated with HTTP protocol
(normally the port 80) and to provide an answer with this
same protocol.

The hardware module
As shown in Fig. 7, the acquisition, data processing and
communication system is composed by:.

Power
circuit

0-5V

Voltages and
current
measurement

Card12

(@ signals :
- ) e — 4 F‘b : .. P

Ethernet

A —

EZL 60

=0 2 0 'Z

Fig. 7. Acquisition, data processing and communication
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® A voltage and current measurement card

® A microcontroller card (Card12 with the MC912DG128
microcontroller).

® A RS232 to Ethernet adapter (EZL 60

Voltage and current measurement module

This module consists of current sensors and voltage
dividers followed by filtering circuits. This makes
possible to obtain appropriate voltage values that are the
image of the values of current and tension produced by
the PV panels in the case of the first building and by the
HPS in the case of the second building. These voltages
are lead to the analog input of the microcontroller, so the
values must fitin 0 V to 5 V interval.

Microcontroller card

Card12 is a credit card sized controller module with a
MC912DG128 microcontroller. It was programmed to
compute and send periodically a character string
containing the information of the value of the energy
produced by the renewable sources. This value is
calculated from the signals provided by the measurement
module.

One of the principal objectives is to have a sufficient
quantity of data to be able to determine for on one day,
one month or one year, the quantity of energy produced
by the renewable sources. These statistics could be used
thereafter as a basis for enterprises or associations which
wish work in the field of renewable energies. Using
almost the same structure of the acquisition system it is
possible to obtain helpful information on the electrical
power consumption allowing private persons to be able
to find an interest to invest in this type of systems.

The microcontroller converts the analog signals into
numeric values, compute the produced energy, create
and send the message to the server using the RS232
interface. All these tasks are implemented in a C
language program which contains instructions and
variables specific to the HC12 microcontroller. A
compiler especially designed for the development of this
type of programs generates the object code which is
transferred in the MC68HC912DG128A microcontroller
memory.

RS232 to Ethernet adapter
The routing of the information towards the server is
made using a series Ethernet adapter which makes
possible to connect the RS232 port of the Card12 to the
local area network.
EZL 60 is part of the ezTCP family. These products
relates to the Ethernet series interfaces offer a material
and a software solution to the manufacturers who wish
add very simply and quickly possibilities of network
connectivity to their applications.
The use of the EZL 60 module in partnership with
Card12 allows connecting it to the network without
limitation of distance, making it accessible to a multitude
of PC (including via Internet by distant PC).

The RS232 to Ethernet adapter has its own IP address. It
reads the information provided by the microcontroller
and sends it to the server. If the server is down, this
module can store the information during one day.

Other initiatives

Other initiatives have been adopted in ESTIA in the
frame of this project. Their objective is to reduce the
energetic consumption in ESTIA. These initiatives have
been carried out or supervised by the ORLI department
of ESTIA. The following actions can be highlighted:

® All the PCs and the associated screens of ESTIA
have been configured to shut down automatically
themselves if they are not used during half an hour.

® For each new computer which is bought, a flat screen
is also bought and it replaces a cathode ray tube display.
Thus, the electrical energy consumption is reduced for
each workstation.

® The air-conditioning system of ESTIA 1 building has
been replaced by a new one which is much efficient and
thus spends less energy.

® All new bulbs installed in the two buildings of
ESTIA are of low consumption.

® The video projector installed in different rooms of
ESTIA are automatically shut down if there are not used
during ten minutes.

Conclusions

ESTIA engineering school has carried out a specific
approach during these last years in order to fight the
global warming. The core of this approach has been the
design, manufacturing and installation of a public
awareness Kit of renewable energies. Important
measures have also been taken to reduce the electric
consumption of ESTIA.

There are few months the Kit was installed and it is still
difficult to say if its awareness impact is good or not.
However, some signs let us to think that the ESTIA's
approach in the whole has been a success. Actually, the
ESTIA’s electric consumption has decreased this last
year, comparing it with the consumption of precedent
years. Moreover, some surveys carried out among the
student shows that they have more knowledge on
renewable energies and on the importance of reducing
energy consumption since the Kit has been installed. A
questionnaire with simple questions about renewable
energies and global warming was sent to the student of
the first year of ESTIA in September 2006. Similar
questions have been sent to the same students this year to
do a comparison. The analysis of the answers shows that
these students have more knowledge on these topics and
that they are more aware of the need to act against global
warming.

The Kit presented in this paper has been designed to be
easily installed in others sites. Thus, ESTIA will try to
spread this public awareness solution.
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Nowadays terra cotta industry is interested in the manufacture of a new reduced produced whose design deviates from
the traditional models. The recycling of chips of wood such as the sawdust seems to be the best insulator which offers
the properties of required ceramic products. Two types sawdusts were considered in this study, pertaining to two
wood (pine of Alep) family of coniferous timber and the other (the eucalyptus) family of timber broad leaved and
which differ by their origin, structure, their physical properties, chemical etc. These sawdusts were introduced into
various argillaceous mixtures made up of yellow clay, of grey clay more of the tuff. The work was concerned
moistures of shaping varying from 22, 24 and 26 % with contents of sawdust of 3, 6 and 9 % and diameter
dimensions of particles of 0.5; 1 and 1.6. Cooking was carried out at temperatures of 850 and 950 °C. The
characterization of the ceramic products obtained during drying and of cooking made it possible to raise the
considerable differences with regard to the physical and mechanical properties. A comparative study and of
optimization enters the various products obtained made it possible to fix the choice on the products having been
worked with a moisture of 22 %, a content of sawdust resulting from wood eucalyptus of 9 %, with a diameter of
particles ¢ =1.6 mm corresponding to a density of 1.48 g/cm’ and a mechanical resistance of 138.60 kgf/cm®.
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Bachir Chemani

Introduction contribute to the total objectives of recycling while

fitting in a range of 55 to 80 % and to await a minimum

The increasing obligation to manage and develop the
industrial and domestic waste leads to the development
of new recycled products [1]. To develop waste is a
choice which meets at the same time the economic and
environmental requirements [2]. Each material must

of 60 % of valorization. The principal innovation
consists of the fixing of targets differentiated by
materials (Glass: Sciences, Technology, Industry,
Produced, Art, History) [3]. Wood is a material which
seems to be very appreciated for these mechanical
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properties, its calorific value and other. It has many uses
in the building and industry as a fuel [4]. Constituted
mainly of organic matter (1.0-1.5 %) of biogenic salts, it
also contains a variable share of moisture: Cellulose (40
to 50 %), lignin (20 to 30 %), hemicellulose (15 to 25 %)
and other organic substances (polysaccharides, resins,
waxes etc) [5, 6]. Nowadays, it is extremely interesting
to fix its vision towards new insulating materials because
the insulation plays the part of barrier for the thermal
transfer by means of this type of material having the
capacity to transmit the lowest possible heat. In the
Seventies the need for heat insulation to save energy
became an obsession. The industrialists then rushed on
very powerful and not very expensive insulators often
resulting from polystyrenes and polyurethans. Alas these
materials are not safe for health and require a great
quantity of energy of manufacture. Thirty years later an
increased sensitivity appeared coming from the countries
of Europe and spreading little by little towards the south
concerning the elaborate ecological insulating products
starting from vegetable and animal fibres, of mineral
insulators as well as other renewable materials such as
cellulose, cork, sawdust etc [7]. To achieve these goals
our principal efforts in this study were dedicated on the
use of the sawdust in a ceramic mixture of mass which at
the same time plays the part of grease-remover and
amongst other things gives the possibility of obtaining
terra cotta bricks having an alveolar aspect, of low
density and higher mechanical resistance in comparison
with traditional bricks.

Experimentation

The analyses were carried out on raw materials local
grey clay, the yellow clay of the tuff and sawdust
coming from two types of wood “pine of Alep and
eucalyptus”. The results of analyses are based on the
preparation of sawdusts to various granulometry
obtained in sieves (0.5 — 1 — 1.6 mm). The drying of the
sawdust is carried out in a drying oven of laboratory at
the temperature 105 °C of the type Memmert ULS5O0.
Maximum temperature 220 °C with ventilation the
granulometric analysis was determined by wet process
by using a series of sieve of various diameters (5 —2 — 1
— 0.63 and 0.20 mm), and by “pipette of Robinson”. The
optimization of ceramic pastes is related to: preparation
of briquettes starting from 03 types of mixtures made up
of clays grey, yellow, tuff and sawdust. These mixtures
are named M;, M,, M3, My of which the proportions are
respectively: (65 —30 —2 — 3 %), (65 -27 -2 — 6 %),
(65 — 24 — 2 — 9 %). The water contents of shaping are
22, 24 and 26 %. The contents of sawdusts are 3, 6 and
9 %. For some moisture we considered the 3 types of
contents of sawdusts and for each content one considered
the 3 types of granulometry. The drying of briquettes
proceeded in two stages: with the free air during 24
hours then in a drier with room lasting 24 hours.
Cooking was carried out in a tunnel kiln with

temperatures of 850 and 950 °C. The characterization of
the physical and mechanical properties was related to the
drying and firing shrinkage, absorption, porosity, the
bulk density and the specific mass. The mechanical
resistance is given in an apparatus of inflection of the
type 401 NEZSCH EN100. The chemical analysis was
determined by the sequential spectrometer of X-ray of
the type SRS 303 Siemens. Water supply: 3V min.
Supply air: 2V min.; Pressure water: 4 to 8 Bars;
Pressure air: 4.5 to 10 Bars. The principal minerals
combined with clays and natures of phases are
determined by diffractometer X-ray de type Siemens
“500D” 20 my — 40 kV with X-ray Cu tube.

Results and discussions

The results of chemical analysis are carried in Tables 1, 2.

Tablel
Chemical analysis of two clays
Contents (%)
Principal elements
Grey clay Yellow clay
SiO, 48.02 51.28
ALO4 10.63 12.34
Fe,04 4.68 4.76
CaO 13.49 11.39
MgO 1.67 1.48
SO; 1.23 0.95
K,0 1.51 1.67
Na,O 0.61 0.57
Loss in ignition PF 17.34 14.72
Table 2
Chemical analysis of the tuff
Tuff
Element (%)
SiO, 33.66
ALO; 15.78
Fe,04 4.42
CaO 2.27
MgO 2.42
P,0s 0.08
K,0 4.34
Na,O 3.40
TiO, 0.40
MnO 0.08
PF 2.92
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According to Table 1 one notes that the two types of
clays have one propriety in common on the one hand: the
rate of Al,O; which in both cases is < 14 % which makes
it possible to classify them in the group of acid clays [8],
in addition the limestone rate ranging between 6-20 %
makes it possible to classify them in the group of marly
clays. The products cooks yellow [9].

The elements playing the part of energy fluxes (K,O,
Na,O) have a rate slightly more raised concerning
yellow clay, which confers better properties of cooking
to him. The principal elements which make distinguish
these two clays are first of all the rate of SiO, which is
higher in yellow clay this makes it possible to say that
this type of clay is sandier and plays consequently the
part of grease-remover. It is also noticed that the rate of
CaO, SO; and Loss in ignition PF is higher in the case of
grey clay what exact correlation is with the rate raised in
loss on the ignition.

One notes according to Table 2 that the prevalent
elements in the tuff are silica the iron alumina and oxide.
This last element colours the tuff in red. The tuff
presents an aspect of perfectly consolidated ash what
makes it possible to classify it in the group of pumice
tuff [10, 11, 12]. In addition it is noticed that the rate of
the alkaline elements is considerably important and
makes it possible to conclude that the tuff plays the part
of flux in the ceramic mass.

According to the results of the mineralogical analysis
(Table 3), yellow clay is of type illite/ montmorillonite
and grey clay is of type Illite/ Kaolinite/chlorite.

Table 3
Mineralogical analysis of clays
Contents (%)
Principal minerals
Grey clay Yellow clay
Quartz 32 27.5
Calcite 21 18
Dolomite 3 2
Feldspar: potassic 1 1
Feldspar: sodic, calcic 2.5 2.5
Semi gypsum hydrate 2 2
Ferriguneux minerals 4.5 4.5
Tllite 13.5 15
Kaolinite / chlorite 12 13.5
Montmorillonite 8.5 14

According to Table 4 one notes that grey clay contains
much more argillaceous particles than yellow clay this is
in correlation with the data of the Table 1.

The grain size analysis of the two types of clays are
illustrated in Tables 4 and 5.

Table 4
Granulometric analysis of clays
“Pipette of Robinson”

Dimensions of the particles (mm)
Type of clay
contents (0/0) 1 to 0.063to | 0.01 to | 0.005 to <0.001
0.063 | 0.01 0.005 0.001 ’
Grey clay 14.65| 30.99 13.20 11.00 | 30.16
Yellow clay | 12.40 | 25.28 13.28 | 22.72 | 2632
Table 5
Granulometric analysis of clays “Wet process”
Type of clay Mesh sizes of sieve (mm)
Contents (%) | 500 | 200 | 1.00 | 0.63 | 0.20
Grey clay 0.00 0.00 0.03 0.03 0.10
Yellow clay 0.00 0.00 0.00 0.1 0.03

According to Table 4 one observes that the rate of
refusal of yellow clay is weaker than that of grey clay. In
addition yellow clay is made up much more small
particles probably with the mineral montmorillonite
which is associated clay and which is in correlation with
the results of Table 3.

Among the principal studied physical mechanical
properties, one notices that the drying shrinkage the
products manufactured containing sawdust of the pine of
Alep is higher than that of those manufactured containing
eucalyptus. This last A tendency to decrease according to
the increase in granulometry and the content of sawdust
but the values become definitely high when the moisture
of shaping of the ceramic paste passes from 22 to 26 %.
This variation remains identical in the case of adding the
two types of sawdusts. This is with the structure of the
wood of origin [5]. The sawdust of the pine of Alep
belongs to the family of coniferous timber tender with
structure made up of large channels which have the
capacity to absorb much water and to give a great
shrinkage compared to the family of leafy trees
“eucalyptus” which them consist of vessels [13]. The
absorption of water is done by the hydrogen bonds of the
hydroxyls groups accessible from hemicelluloses, lignin
and cellulose. Water, occupying a space in polymers,
inflates the cellular walls and wood dilates as water is
absorbed until the cellular walls are saturated. Wood east
defines as a hygroscopic material which inflates by
absorbing moisture and contracts by losing moisture
below the point of saturation of the fibres [14]. For firing
shrinkage, one notes the same case of variations of values.
On the other hand clay containing sawdust of the pine of
Alep varies proportionally with the temperature of
cooking, and preserves values always higher than those of
the eucalyptus. The highest shrinkage is recorded for
moisture of shaping of 26 %, a content of sawdust 3 %
with a diameter (@) of particles 0.5 mm. The values of the
firing shrinkage temperatures of cooking of 850 and
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950 °C are respectively 2.44 and 2.79 %. The high values
shrinkage of result in a rearrangement of the particles
which leads to a texture consolidation compared to the
initial state followed by contraction [15, 16]. The sawdust
plays the part of grease-remover of paste in a believed
state and porogene agent. During cooking the specific
values of mass obtained with the pine of Alep remain in
their turn higher than those of the eucalyptus. The specific
mass is inversely proportional to the content of sawdust to
size of the particles and moisture the paste, but varies
proportionally with the temperature cooking. The values
of bulk density as for them are inversely proportional to
the content of sawdust, with the size of the particles, the
moisture of the paste and the temperature cooking. These
values remain always higher than those of the sawdust of
the eucalyptus. The rise in the temperature leads to a
swelling and a reduction in volume of material obtained.
There is a direct correlation between the values of

absorption and apparent porosity. To low values of
absorption corresponding to low apparent porosities and
on the contrary. These values are proportional to the
content of sawdust, with its size but are inversely
proportional to the temperature. Because during the
cooking of the ceramic product there is appearance of
liquid phase which takes part in the elimination of the
vacuums and the pores allowing the bringing together of
the particles following a formation of zones of contact
inter granular [17]. The products leading to the bulk
density lowest are those obtained with the sawdust
mixture of the eucalyptus with the moisture of shaping of
22 and 24 %, diameter (D) of particles 1.6 mm, of content
of sawdust of 9 %, temperature of cooking 950 °C. The
values corresponding to these two types of moistures of
shapings are respectively 1.52 and 1.43 g/cm’. Table 6
gathers the values the physical and mechanical properties
of the cooked eucalyptus with 950 °C.

Physical and mechanical properties of light bricks containing sawdust eucalyptus fabled
(Temperatures 950 °C)
H, @ Content of Dl'"ying Firing Abs Appar.ent Seale.d M, M, Rypee Reon
(%) (mm) sawdust | shrinkage | shrinkage (%) porosity | porosity g Jem® g Jem® | kffem? kf/cmpz
(%) (%) (%) (%) (%)
0.5 13.93 1.83 2.37 4.42 23.83 1.84 2.61 165.20 | 660.80
3 1 12.65 1.75 3.30 4.70 24.03 1.82 2.56 | 158.00 | 632.00
1.6 10.89 1.68 5.28 5.69 24.18 1.75 2.51 150.80 | 603.20
0.5 13.51 1.67 5.19 4.46 24.49 1.82 2.59 | 162.80 | 651.20
22 6 1 11.98 1.64 8.35 491 24.62 1.80 2.54 | 15440 | 617.60
1.6 9.28 1.59 10.66 5.74 25.26 1.71 2.45 147.20 | 588.80
0.5 12.99 1.60 7.36 5.46 24.78 1.79 2.53 15442 | 617.68
9 1 11.66 1.56 11.18 6.31 24.81 1.72 249 | 148.40 | 593.60
1.6 8.66 1.49 12.86 6.39 26.15 1.68 243 144.80 | 579.20
0.5 15.91 2.35 4.07 4.68 24.34 1.81 2.55 162.80 | 651.20
3 1 14.58 2.04 5.27 5.44 24.37 1.76 2.51 153.21 | 612.80
1.6 12.67 1.85 6.80 6.74 24.98 1.70 2.49 | 148.41 | 593.64
0.5 14.94 1.98 5.46 4.77 24.67 1.78 2.53 158.02 | 632.08
24 6 1 12.98 1.81 8.99 5.56 24.77 1.74 2.48 149.60 | 598.40
1.6 11.42 1.73 10.97 6.87 25.40 1.67 243 146.00 | 584.00
0.5 14.23 1.82 8.06 5.67 25.15 1.75 2.51 152.02 | 608.08
9 1 12.53 1.67 11.63 6.71 25.30 1.69 246 | 14722 | 588.88
1.6 10.86 1.61 13.45 7.05 26.89 1.65 241 143.60 | 574.40

Legend: Hy— Moisture, Abs — Absorption, M, — Specific mass, Rpex— Bending strength, @ — Diameter, M, — Bulk density, Rcomp — Compressive

strength.

By considering the results carried in Table 7 one notes
that the pine of Alep provides the same mechanical
resistance as that of the eucalyptus mentioned in table 6
for a value of moisture of shaping of argillaceous paste

of 24 %, to which corresponds a bulk density of 1.65 %.
As for that of the eucalyptus the values of bulk densities
and mechanical resistances are lower to 26 % of
moisture of shaping. To avoid the problem of sensitivity
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of drying it would be thus necessary to remain in an
interval limited enough by humidifying the argillaceous
mixtures and to fix our assumption on moisture 24 %.

The rates of shrinkage of the pine of Alep are
considerable as the moisture of the argillaceous paste
increases which could make drying rather slow and

delicate It is advisable to consider that the characteristics
of the sawdust of the eucalyptus for a water content of
paste of 24 % as it was underlined in fat in Table 5
remains the best recycling wood product.
The latter enabled us to acquire the required properties
of light brick.

Table 7

Physical and mechanical properties of light bricks containing sawdust of pine of Alep — sawdust of eucalyptus
with 26 % of moisture of argillaceous paste

Parameters of Physical and mechanical Sawdust of pine of Sawdust

manufacture characteristics Alep eucalyptus
Sawdust ® 1.6 mm M, (Bulk density) 1.48 % 1.43 %
Content 9% Abs (Absorption) 13.85% 15.70 %
Moisture of the paste 26 % Ritexion (Bending strength) 134.00 kf/cm? 126.80 kf/cm®

Fig. 1 shows well a considerable difference between the
two sawdusts in comparison with the values obtained in
a former study and where addition was of the organic
type such “coal”.
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Fig. 1. Physical mechanical characteristics of the sawdust of the
eucalyptus (a) and that of the pine of Alep (b) for a content of 9 %
and one diameter of particles of 1.6 mm

Conclusion

Before developing a waste it would be advisable to know
its origin, to analyze it, characterize its current state, its
behavior like addition in the mass or mixes to analyze
and evaluate its traitability.

Thus the global solution of waste will make it possible to
define some its to become with knowing which type of
valorization choose.

The sawdust as a matter of recycling introduced into
various mixtures of clays plays at the same time the part
of grease-remover in the raw paste and porogene agent
(insulators) during cooking.

The sawdusts considered and pertaining to two wood
different pines of Alep and eucalyptus give products
which show definitely different characteristics.

This difference comes owing to the fact that the cells
constituting the structure of wood form an assembly
according to a true architecture whose plan differs from
one wood turpentine to other what confers no identical
properties to us.

The sawdust addition resulting from the pine of Alep in
the argillaceous mass gives values of definitely high
shrinkage becoming increasingly large with the rise in
the moisture of the paste. This remains related to the
structure of the pine of Alep which is porous compared
to that of the eucalyptus. The properties which
characterize the quality of required insulating materials
are obtained starting from the mixtures made up of 24 %
of moisture of shaping, sawdust 9 % of eucalyptus and
having a diameter of particles of 1.6 mm.

The value of recorded bulk density is of the order about
1.48 g/cm’ corresponding to a mechanical resistance of
about 134.60 kf/cm®. The latter is definitely high in
comparison with that of a traditional terra cotta brick
which is of the order about 100 kf/cm®.
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In the High Atlas of Marrakech, the watershed areas are submitted to important and frequent floods, associated with
landslide and rockslide. Morphological and lithological characteristics of the basins watershed have a clear influence
on the rising waters strength and the hydrogram’s shape. The products of erosion accumulated in the upstream part as
gravity accumulation and fans are remobilised during high floods when the discharges increase. This situation make
flows muddy and torrential. The consequences of these natural risks can be grave in term of damage and cost. In the
Ourika valleys, we are confronted to the amplification and repetition of this process owing to its deepness and
narrowness. Furthermore, the degradation of environment speeds up because of the development of tourist activities.
All these conclusions suggest the management of these suddenly beating of flows.
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Introduction

In arid environments rising waters accompanied by
landslides, the consequences of which can be very
serious in terms of damage and cost, are quite frequent.
In the Ourika basin (High Atlas of Marrakech,
Morocco), the rising waters rapidly turn the roads

dangerous and consequently out of use, especially as the
valley is linked to the outside world by a unique fragile
and vulnerable road.

On August 17", 1995, the High Atlas of Marrakech, and
most particularly the Ourika valley witnessed floods of
enormous strength which occurred in an unexpected
brutal way [1, 2]. In an unprecedented short time, the
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floods caused human casualties (more than 200 death
and unaccounted for) and huge material damage. The
torrential rain and the mudslides whish followed swept
away road infrastructures, agricultural lands, houses,
hospitals and schools as well as a great part of the
irrigation infrastructures [3]. On the whole, the material
damage (vegetable and animal production, hydro-
agricultural network and properties) are estimated at 155
million dirhams (about 15 millions US dollars) [4]. This
catastrophe caused a great imbalance as far as the
production system and the ecological environments is
concerned.

This paper is a study of the hydrological, lithological and
geomorphological aspects of the Ourika basin. The
primordial purpose of this study is: 1 — to understand the
dynamics of this natural fragile environments, 2 — to
provide indications allowing for a characterization of its
hydrological behaviour.

Characterisation of the Ourika basin watershed

The hydrological behaviour of a basin watershed
depends mainly on its climatic and geomorphological
characteristics. In fact, just like the weather, the physical
environment can provide appropriate grounds for brutal
pulsations of rising waters. A heavy rain, whish falls on
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a sloppy basin with deep watershed and with little
permeable substratum, can cause flows on the surface
with a very short time response of water concentration.

Geographic and climatic situation

The Ourika basin at Aghbalou, about forty kilometers south
of Marrakech (Fig. 1), is situated between 31° and 31°20’
North and between 7°30" and 8° West. Several aridity
indexes place the sector in a semi-arid zone with a sub
humid tendency where oceanic (west perturbations),
continental and mountainous influences interfere. The
average annual temperature is 17.6 °C at Aghbalou, but the
difference in temperatures between the hottest mounts
(July) and the coldest (January) can reach 15 °C. The region
is characterized by precipitations of a spatio-temporal
variability and by relative irregularity in superficial flows.
The average annual rainfall is 584 mm per year at the
Aghbalou station with a 34 % variation rate. The monthly
and seasonal variability is even more marked respectively
by 50 and 55 % variation rate. According to the Marrakech
hydraulic regional office, the average annual discharge at
the basin vary from 0.59 m’/s to 29.6 m’/s. However, the
marked trace of the Ourika flows corresponds to the highly
occasional flow discharge which can reach several hundred
of cubic meters per second.

’; 5 Km
e

3727

Fig. 1. Ourika basin watershed: location map and hydrographic network
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Morphological characteristics Table 1
The basin watershed shape can have important Morphological characteristics of the Ourika basin
hydrological consequences, mainly the rain-discharge watershed
relationship and the evolution of the flows in periods of -
rising waters. In other words, and besides the nature of | Perimeter (km) 104
the rainfal.l,. it is basin’s morphological characteristics Surface (km?) 503
that condition the shape of hydrograms observed .
downstream the basin. Several formulae and indexes | Compactness index 1.3
illustrate these characteristics (Table 1). Length of the main (km) 455
The Gravelius compactness index (K¢ = 0.28 PAS); -
where P is the perimeter and S the surface) offers and Length of the equivalent rectangle (km) 39.2
idea of the basin’s geometrical shape; it is the range of Width of the equivalent rectangle (km) 12.8
1.3. This relatively mediocre compactness grants the Maxi titad 4001
basin with an elongated shape. The main flow forms a aximum altitude (m)
linear valley, fed on the two banks, by a succession of Minimum altitude (m) 1070
tributary ravines (Fig. 1). This situation allow; for j[he Average altitude (m) 2500
waves of rising waters to swell downstream while being
fed by the tributaries. Average slope of the main flow (%) 2.15
The analysis of the distribution of the altitude parts is L .
made of the basis of a topographical map at 1/100 000 m Average slope of the main tributaries (%) 935
Oukaimeden-Toubkal. The altimetric distribution at the Average slope of the basin watershed (%) 35
Ourika basins shows the predominance of sites situated
between 1600 and 3200 m (75 %); the average altitude
reaching 2500 m, Fig. 2.
800 m
I:l Moins de 1200
1200 - 1600 m
D:D 1600 - 2000 m
1] 2000 - 2400 m
% 2400 — 2800 m
7
= 28003200 m
= 3200 - 3600 m
B oius de 3600 m
Fig. 2. Hypsometry of Ourika basin
@ % P = i MexayHapoaHbI Hay4HbIN XXypHan «AnbTepHaTUBHas sHepreTuka v akonorus» Ne 5 (61) 2008 119
L=t . =g =

© Hay4yHo-TexHu4eckum LeHTp «TATA», 2008



Energy and ecology

The calculation of the Ourika slopes shows that the main
flow slopes are not particularly high (0 to 5 %).
However, the speed and the violence of the flows are
mainly governed by the most important slopes of the
tributaries. All the tributaries feed the main flow with
very important slopes. The Tarzaza that drains the
Oukaimeden massif follows an average slope of 11 %,
but the most sloppy little valleys are situated upstream
the basin with slopes reaching, in some places 30 to
40 %, Fig. 1 and 2.

Geological context of the basin
On the geological side, the basin slope offers two types
of facies (Fig. 3):
— The upstream part, situated at heights superior to
2000 m, is composed of igneous and metamorphic rocks
wish form the Atlas chain platform. We found especially
plutonic, mainly granite and granodiorite rocks, volcanic
(andesites, rhyolites, ...) rocks and metamorphic rocks
(such as gneiss and migmatites).
This crystalline mosaic is appropriate for a rapid flow of
the rain waters.

— The septentrional part, situated at heights inferior to
2000 m, is composed of permo-triasic and softer
quaternary deposits. These facies are formed by
conglomerates, sandstones, siltites and clays [5].

The lithological observations deduced from the
geological map at 1/500 000 m and from land
prospections show that soft to averagely soft rock
represent an outstretch inferior to 40 % while the hard
substract represents about 65 % of the basin outstretch.
Thus, the source of the blocks and the drifting pebbles
carried by Ourika came essentially from the platform
which constitutes the axial part of the Atlas chain. As for
lateral softer materials coming from the watersheds, their
entrances into the main drains are very varied: alluvial
materials (contact with the cones of dejection and the
tributary confluences) and non alluvial materials (debris
cones and landslides). Nevertheless, the geomorphological
environments is marked by two major groups of forms of
deposits: the dejection cones and fluvio-torrential terraces.
These two units are intimately linked in time and space.

- Triasicbasalts
Detrital Trias

VRV ;
Palaeozoique
‘:] Precambrian

~ Major faults

Fig. 3. Geology of Ourika basin
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Consequence over the flowings
and the solid discharge

Flowings
All the analysed morphological and lithological
characteristics have a clear influence on the rising
waters strength and the hydrogram’s shape. The rising
waters of Ourika are generally violent and of short
duration [1, 2, 6]. The observed hydrograms
downstream (Fig. 4) are often marked by quite brief
mounting waters (generally about 10 minutes) and by
subsiding waters that lasts several hours. The
concentration time, relatively short, is estimated at 5
hours, calling, thus, for the necessity of installing
warning system stations upstream. As a response of this
worry a network of measurement stations have actually
been put in place in four spots upstream the Ourika
basin. These instantaneous informations will be of
paramount interest in the prevention of floods
downstream where it is highly frequented by tourists.
One of the most deadliest and devastating floods was
that of August 17", 1995 [1, 2]. It was a consequence
of a meteorological situation favouring the
development of thunders according to the national
meteorology. In fact, in altitude, a south flux carried
humid, cold and convectively instable air over the High
Atlas region from the Canary islands. On the surface,
the hot air of continental origin followed a cyclonic
curvature and produced upon the High Atlas chain from
the North getting humidified in its way in contact with
maritime air coming from the Atlantic. This air arrived
in the afternoon with a temperature exceeding 40 °C
producing a sudden outbreak of instability caused
partly by the thermic convection and partly by the
orographic effect. A local formation of thick thundery
clouds was the result. The cloudy cell over the Haouz
takes a remarkable dimension at about 19.00 h and
begins to dissipate while moving towards the east at
about 21.37 h. The thunderstorm hit the mountains in a
restricted zone between 2000 and 3000 m of altitude.
The intensity of precipitations is estimated at
100 mm/h, over a 228 km? surface [4].
The floods only lasted for three hours, but the rising
duration was particularly short (hardly a quarter of an
hour). The highest delivery rate at Aghbalou reached
1030 m’/s with a volume of 3.3 million m’. The
hydrogram (Fig. 4) illustrates the characteristics of a
simple monogenic flood with very strong rising level.
According to the instantaneous annual maxima rate of
the delivery established by the Marrakech regional
hydraulic office, and with the help of a statistical
computerised data we have managed to adjust a certain
number of statistical laws with a sample of the Ourika
flood. The result obtained shows that the most adequate
laws of these floods are the log Gamma, log Pearson and
normal log laws; they allowed us to estimate the heights
of certain rising waters as follows.
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Fig. 4. Hydrogram of the 17th August 95 floods of Ourika
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Erosion and solid load
Up to now, the studies devoted to the erosion and to the
fluvial transport estmation in Morocco have all focused
on the quantitative importance of the exported loads
through the basin watersheds in semi-arid climate [7, 8].
Nevertheless, the global approach often used for the
result estimation of the transported materials in semi-arid
zones is confronted to the big hydrological irregularities
of Moroccan rivers [8, 9].
In normal flow period, the solid load constitution of the
water flows, carried in suspension, is mainly the result of
contributing surfaces rather than the entire basin
watershed [10]. This load comes generally from sectors
submitted to intense erosion. At the level of watersheds
formed by furniture, the erosion is particularly
accelerated by the reduction of the vegetal layout, for
reasons of natural fragility and anthropic over
exploitation. The fine sediments can have three origines:
— Permo-triasic argillaceous-siltic dominated lands
favourable for erosions and landslides despite their weak
argillaceous swollen proportions [11];
— Argillaceous-muddy lands corresponding to soils;
— Terrace alluvia and dejection cones.
On what concerns the massive rocks of the platform and
of the rigid layout temporarily covered by snow, the
erosion can be equally important in places. In this
region, where the peri-glacier and the arid (two extreme
climatic models) coexist side by side, the alternation of
the cold and the hot favours the thermoclastic and
cryoclastic process whish facilitates the desegregation of
the granitic and schistic rocks. Therefore, the abundance
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of inverse faults in the platform and their Triassic bites
favours the swelling of plastic rocks, whish fragilises
even further the rigid rocks and which paves the way for
the development of massive movements. The size of the
materials produced in these sectors varies from sands to
pebbles and blocks reaching several meters in diameter.
These materials of varied crystalline nature (Palacozoic
and Precambrian rocks) are generally stocked upstream
scattered in form of debris and dejection cones, in the
slopes ruptures at the bottom of watersheds or
confluences.

In flood period, the accelerated erosion consumes
progressively a mass of furniture sediments corresponding
to big dejection cones. Thus, we observe an
hyperconcentrated flow which 10 to 35 % of alluvionary
particles  concentration [12]. A few kilometres
downstream Setti Fatma, the Ourika valley has opened a
deep button whole in the complex structures of the north
side of the High Atlas of Marrakech. These button wholes,
present a slope reaching 10 % in some places. The strong
slope, the narrowing as well as the increase of the depth of
the flow that follows create a drilling effect for blocks
reaching 50 cm of diameter, which need a transport speed
of 4 to 5 m/s and a system of supercritical turbulent flow
with a shooting effect as commonly known in mountain
torrents [3]. Examining the profiles length (Fig. 1), the
Ourika valley presents the junction of several tributaries,
mainly the Tifri, the Oufra, the Tighzirt and the Tarzaza.
These different junctions are distinguished downstream by
a relative loading, the slope declining more than 12 to 5
%, so the great part of the gross load coming from the
watersheds is stocked on torrential cones consumed in
rising periods.

Socio-economic consequences and preventive
measures

Since August 17", 1995 catastrophe, the interventions
concerned all the sinistered sectors. The various
researches undertaken on the sites during these last
years, and in comparison with the existing data and
situations before this date, show a significant
improvement on the socio-economic side of the
sinistered zone [4]. These interventions concerned
mainly the hydrographic and road networks. However, in
the protective function of the works realized in effective
concerning the average and even strong rising waters, it
is, on the contrary, not so concerning very strong rising
waters of rare occurrence. At the level of certain
tributaries of the Ourika river, certain works have been
recently realized to intercept the solid discharge carried
by the river. The observations made following the recent
strong rising flows show that these work are insufficient
and are along way from guaranteeing a full interceptive
function of the discharge correctly during strong intense
rising flows.

Therefore, despite the protective actions, the valley
suffers from a lack of reforestation, a lack of means
fighting against erosion, and a lack of adequate hydro-

meteorological equipment. The erosion is always
continuing, which imposes the choice of great works
such as:

— the construction and the reinforcement of works of
discharge breakers, of protective walls, to limit the
damage and to enhance the downstream soil;

— the installation of warning systems upstream;

— the fixation of dykes set up to stop erosion;

— the reforestation of watershed slopes and the addition
of fruit-bearing trees likely to preserve the soil and to
prevent it from sliding;

— the installation of well-equipped meteorological
stations at key sites allowing for the constitution of a
data bank that is liable both for studying the rising flows
and for being used for agricultural purposes.

Conclusion

The morpho-climatic environment and the litho-
structural context of the Ourika watershed basin, mainly
the deep slopes and the impermeable lands of varied
lithological nature, grant the flowings a torrential muddy
character, and offers an environment favourable for
sudden pulsations for water flows.
The damaging impacts, either on the environment in
general, or on the road network, the agricultural lands
and on the housing sites are visible in the valley wherein
we are confronted to the amplification and repetition of
the phenomenon because of the collecting nature of the
valley and its ability to concentration the flowing.
Therefore, the degradation of the site is accelerated by
the housing and tourist activities.
All these conclusions call, then, for a better management
of the sudden pulsations of the rivers by improving the
hydro-meteorological equipment, by taking preventive
hydraulic measures in form of dykes and appropriate
works and by sensitising the population about the
dangers of this natural risk in order to avoid human
losses.
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This study has been realized on the agglomeration of Sidi Bel Abbés, north western Algeria in North Africa. Its main
goal is the determination of the atmosphere pollution intensity and the noxious probability risk (at short term) over the
exposed populations.

Nevertheless, this very huge 200,000 inhabitants city is deprived from any air quality surveying organ or structure.
The atmospheric pollutants metrology achieved in this paper, from 2005 to 2006 showed very elevated episodic
concentrations of principals’ urban pollutants.

Comparing with international guide values, these concentrations are susceptible to cause respiratory alterations on the
exposed populations.

This study aims to sensitize decision makers, researchers as well as the civil society on the real existence of a noxious
risk upon the city, and the necessity of taking in account the atmospheric pollution question in quality of public health
problem.
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Introduction

Former several scientific papers have shown the intimate
relation between atmospheric pollution and public health
[1]. Since this, pollution researches and studies have
been diversified, and the question becomes a
multidisciplinary problem [2].

Currently it is well-known and proven that with
determined contents, the pollutants in the air, water and
the food, human health can be seriously deteriorated and
these can even lead to death. This report is very
confirmed by all the publications, which gives, with
precision, thresholds and amounts presenting health
risks, in particular those published by the specialized
agencies (NCEA, the EPA-US and the ATSRD) [3].
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Our work is based on the method validated by these
organizations, and is interested by the evaluation of the
risks of the air pollution of Sidi Bel Abbés which is an
agglomeration of average density, located in a forest area
and of agricultural vocation with a weak industrial
activity.

The problems is that several years later, the area were
recommended to the suffering people of respiratory
insufficiencies, because of the purity of its air, but
currently there appears a prevalence of the asthmatic
cases close to the national average which is about 9 %,
and the frequency to hospitalization due to respiratory
deficiencies has grown increasingly.

More, the area is deprived of structures of air-quality
monitoring, from where follow the ignorance and the
absence of data to evaluate the exposure of the
population to the air pollution.

The study was carried out over a period of two years,
from January 1, 2005 to December 31, 2006 and
comprises two aspects; the metrology of the atmospheric
pollutants, and in parallel analysis of the frequency of
the hospital admissions for respiratory causes.

The expected objectives of the study are multiple, where
the most important would be:

— The metrology of the pollutants present in the
atmosphere of Sidi Bel Abbes.

— The impact risk evaluation of the air pollution by
comparison between the variation of the concentration of
the pollutants and the frequency of hospitalization for a
respiratory cause.

— To exhort the decision makers to set up measurements
centres and monitoring for the forecast and the risk
managing.

— The responsibility assumption of this public health
problem by the constitution of a data base on the
exposure of the population and the impact risks.

Description of the studied zone and the factors
acting on the pollutants

For the evaluation of the medical risk the study of the
zone is very important for the estimation of the exposure.
In our case, one considers that the population concerned
is residential, then with an occupation of time of 100 %
in urban environment. In an arbitrary way, one estimates
that the urban air pollution is identical inside, and then
the exposure of the population can be regarded as
homogeneous and suitably estimated.

A very brief study of the zone is necessary, because the
environmental factors influence the pollutants, the latter
are not stationary and undergo variations of the climate
factors (humidity, precipitations, temperatures and
winds) [4, 5].

In addition an outline on the population, its
characteristics and distribution makes it possible to
determine the most exposed populations.

The department of Sidi Bel Abbés located at the North-
West of Algeria, is distant approximately fifty kilometres
of the Mediterranean. It extends on 15 % of the north

western Algeria, being stretched in the plain of Mekerra
and remaining under the screen of the Tessala mounts in
the north and Dhaya in the south. Its geographical site
makes it a crossroads, crossed by the principal road axes
of the west Algerian, thus constituting a transit centre of
the western area with the south of the country.

The climatic factors are important for the study of the air
pollution, because they interact with the it to act on
human health. They have an action on the transport and
the dispersion of the pollutants [5].

Our studied zone belongs to the semi-arid bioclimatic
stage characterized by the rain concentration in autumn
and winter and of dryness during the summer. The
seasonal mode is of the HAPE type (see Fig. 1 and 2).
These last show the maximum of the rains in winter
followed by the autumn, spring and finally the summer.
However the number of days of rain per period remains
weak.
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Fig. 1. Importance of rain/season
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Fig. 2. Ombrometric curve of Sidi Bel Abbeés

The wind is a dominating factor in the transport and the
space concentration of the pollutants. It acts on the
dispersion of the pollutants, such as more the wind is
strong; more the levels of pollution are lowered. On the
other hand, a low speed wind favours the accumulation
of the pollutants [4]. In the Sidi Bel Abbes district, the
winds are of the North-West or North-East, weak to
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moderated during the day and calm during the night
(National office of Meteorology, 2005). The weakness
of precipitations and winds permit pollutants to
accumulate and persist in the atmosphere of the city.
The topography of Sidi Bel Abbes district is
appreciably plane allowing a certain liberty of air
movement. The only obstacles are the buildings, where
which the average height is about 15 to 20 meters.
Ground surface is at the origin of atmospheric
turbulences on the level of the rough underlayer. These
turbulences can be due to the thermal instability of air
masses, or have mechanical origin, due to the surface
obstacles [4]. It is the size, the form, the density of the
obstacle and its environment which condition the air
flow on the surface of the ground, the time of residence
and the exchanges with the bordering layer; thus, in an
insulated and ventilated street, the time of residence of
an air mass is, perhaps, of a few seconds only [5]. The
short outline on the characteristics of the city enables
us to draw three conclusions:

1. From its geographical situation, the city is a
crossroads crossed by a dense road traffic, composed
mainly of heavy vehicles of the diesel functioning type
functioning.

2. The weakness and the absence of precipitations and
humidity during the dry season allow the persistence
and the concentration of the pollutants in the
atmosphere of the agglomeration.

3. Despite of the flatness of the city, the weakness of
the winds make that the pollutants circulate more
slowly and are thus maintained longer in the urban
atmosphere.

Finally, according to the National Office of Statistics
data, the district population is estimated of 537,276
inhabitants, where 187,042 are living in the town, with
a rate of 34.81 % of town resident, representing the
urban atmospheric pollution most exposed population.

Materials and methods

The evaluation methodology of the medical risk
followed is that validated by the US-EPA (United
States Environmental Protection Agency) [3], which
follows four standardized stages:

1. Identification of the danger (metrology of the
pollutants in the atmosphere). The pollutants are
measured uninterruptedly and in real time, directly by
fixed sensors analysers installed in precise points of the
agglomeration. The measured substances, are the
nitrogen dioxides (NO,), ozone (Oj3;), carbon dioxide
CO; and the sulphur dioxide (SO,) [6]. The levels of
NO,, CO, and SO, are evaluated by an average
concentration during 24 h and expressed in mg/m’. The
level of O3 is evaluated by 8 consecutive hours
averages per day and expressed in pg/m’. The
identification of the dangerous potential of these
substances and the determination of the risk probability
are done according to the method validated by the
National Institute of Research and Safety (NIRS), the

Agency for Toxic Substances and Diseases Registry
(ATSDR), the US-EPA, and the WHO international
agencies [7, 8, 9].

2. Toxicological characterization which is a
comparison between the concentrations measured and
the guides’ values. The characterization of the danger is
established by comparison between the concentrations
measured (estimated like values of exposure) and the
recommendations or guides’ values based on
observations on human or by extrapolation of the
animal experiments [8]. The estimation of the exposure
on the populations is rated with the amount Daily
Estimated Ratio (DER).

3. Determination of the exposed populations. It is
estimated that the population exposed to the pollutants
is equal to the total population of the town of Sidi Bel
Abbes and its periphery. In the same way, this exposure
is supposed to be homogeneous for the whole of the
population. Since the lung is the air pollution directly
exposed organ, the medical impact selected is the
individuals’ hospitalized total number for a non-
infectious respiratory pathology during the period of
the study [4]. We recorded the frequency of the
respiratory due hospitalizations, during the period
going of January 1, 2005 to December 31, 2006 to the
pneumological service of the Sidi Bel Abbes University
Hospital Centre.

4. Estimation of the risk. For a defined geographical
area, the populations are subjected to the same level of
exposure [10]. Evaluation of the air pollution impact
risk on health in the area have been done by the study
of the connection between the variations of the
measured  pollutants and the frequency of
hospitalization for a respiratory cause [11, 12].

The measurement of the air pollution was carried out
by sensors fixed on four selected stations according to
well-defined criteria, in order to cover various spaces
of the city [7]. The sensors are connected by Intranet
network to a measuring apparatus connected to a
computer, and the unit is managed by software
allowing the recording of gases concentrations in the
atmosphere, hour per hour continuously.

The measuring apparatus used is an IMR 1400-
Compact type combustion gas analyser, able to
measure and analyse, uninterruptedly, the following
atmospheric parameters: temperature of the air and
concentration of gases such as oxygen, carbon oxides,
nitrogen oxides, and the sulphur dioxide. It displays,
simultaneously, eight measured variables on LCD in
the set of units: ppm, mg, pg/k., and a minimal
resolution of 1 ppm. It is provided with a memory for
220 measurements, and appropriate for connection with
a computer.

Four stations were selected according to two criteria:
the pollutants zone exposure and the importance of the
population circulating there. A third requirement of a
sedentary and technical nature (connection by Intranet
of the equipment) was taken into account in the choice
of the site of the sensors. The sensors were installed on

@ 1S IR EE

Me>xayHapoAHbIN Hay4HbIN XXypHan «AnbTepHaTUBHas SHepreTuka v skonorus» Ne 5 (61) 2008
© Hay4yHo-TexHu4eckum LeHTp «TATA», 2008

127



Energy and ecology

university buildings with heights of 3 and 4 meters over
the ground, covering great sectors of the city:

1. Station 1 in downtown, to measure the importance of
pollution resulting from the road traffic and the density
of the exposed population which circulates there the day
long.

2. Station 2 on the periphery of the city (by-pass) to
measure the road traffic pollution risk which crosses the
area.

3. Station 3 close to the industrial area to measure
possible risks of industrial pollution.

4. Station 4 in a zone apparently with a weak risk, since
located in a residential environment, around the UHC,
where there remain gardens and agricultural farms.

The study have regarded exclusively four urban
pollution indicator gases, like ozone Oj;, the nitrogen
dioxide NO,, the sulphur dioxide SO, and carbon
dioxide CO,.

Results and discussion

The Sidi Bel Abbés department is of an agricultural
vocation. The industrial activities present in the
periphery of the city are very low polluting the
atmosphere; put aside a complex of electronic
instruments manufacture and a factory of farm
equipment assembly. The remainder is composed by
small and average agro-alimentary units, cosmetic, and
clothing.

The most important sources of urban pollution would be
the solid wastes incinerators in open air and the road
traffic.

An analysis of the cars park reveals that this latter
doubled in the last 10 years. Currently, it is estimated to
90571 vehicles, whereas the road infrastructures only
evolved very little. This situation is worsened by a
degraded state of the roads and strewn with speed
reducers. It results from this frequent congestions and
obstructions which slow down circulation, while
remembering that the idling engines produce more
pollution.

In addition the analysis of the components of the
automobile set of the area shows that:

a) 84.55 % of the vehicles are of 11 years old and more
(see Fig. 3), in consequence that this amount of
vehicles is aged. The old vehicles are generally badly
regulated and consume up to 10 % additional fuel,
leading to a significant increase in the pollutants
emissions in the air.

b) 51 % of the vehicles of the district function are
diesel type, while knowing that this kind of engine
strongly emits nitrogen oxide, sulphur oxides and fine
particles (from 30 to 100 times more emitted particles
than those running on the gasoline) [13, 14, 15].

11 years + - I: '
6 to 10 years f_‘
0 to 5 years
0 20000 40000 60000 80000

Fig. 3. Cars’ repartition by age

To these factors is added all the west Algerian road
traffic which crosses Sidi Bel Abbés, while waiting for
the finalization of the by-pass of the town avoidance.
By what precedes we estimate that automobile transport
constitutes the principal source of air pollution.

The studied zone measurements homogeneity and the
good agreement of measuring sites provided data were
controlled by the calculation of the correlation
coefficients for each pollutant.

Thus, one notes for the two years that the
measurements of the stations are very well correlated.
The correlation coefficients of the stations vary from
0.68 to 0.99 for Ozone and from 0.83 to 0.99 for other
pollutants (Table 1). The monthly averages measured
of gases are variable with peaks in January, March,
June and September of the principal atmospheric
pollutants NO,, SO, and O; (Fig. 4).

Correlation coefficients between gases measuring stations favle
Station 1 Station 2 Station 3 Station 4
NO, | SO, | CO, | O; | NO, | SO, | CO, | O3 | NO; | SO, | CO, | O; | NO, | SO, | CO, | O;
Station 1| 1.00 | 1.00 | 1.00 | 1.00 | 0.96 | 0.96 | 0.83 | 0.99 | 0.83 | 0.83 | 0.99 | 0.88 | 0.97 | 0.97 | 0.81 | 0.79
Station 2 | 0.96 | 0.96 | 0.83 | 0.99 | 1.00 | 1.00 | 1.00 | 1.00 | 0.86 | 0.86 | 0.83 | 0.87 | 0.97 | 0.97 | 0.99 | 0.80
Station 3 | 0.83 | 0.83 | 0.99 | 0.88 | 0.86 | 0.86 | 0.83 | 0.87 | 1.00 | 1.00 | 1.00 | 1.00 | 0.81 | 0.81 | 0.82 | 0.68
Station 4 | 0.97 | 0.97 | 0.81 | 0.79 | 0.97 | 0.97 | 0.99 | 0.80 | 0.81 | 0.81 | 0.82 | 0.68 | 1.00 | 1.00 | 1.00 | 1.00
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Fig. 4. Pollutants monthly average variation in 2006

The amplitude of the variations of the gas concentrations
versus time is very important (see Table 2). One notes
important peaks, as SO, varies from 0.16 mg/m” in April
to 0.29 mg/m’ in September (see Fig. 4 also). Ozone
oscillates from 00 pg/m® in January to 0.96 pg/m’ in
June. The high level of the latter at this period is justified
by the fact that it is secondary photochemical pollutant.
The recorded variations can be explained by the action
of the climatic factors. One observes, thus, that the
pollutant averages remain high during the dry season,
without precipitations and with strong heats (Fig. 4 and
Table 2).

The quantitative differences between the measuring sites
are negligible, cause of the flatness of the city and the
weakness and even the absence of winds. Pollution
disperses more slowly and in a homogeneous way in all
the urban area.

SO, is always present in the atmosphere and with
important concentrations. This is explained by the
concentration of the heavy road traffic all the year.

The quantities of CO, and NO, vary from 0.30 mg/m” to
0.62 mg/m’ and 0.19 mg/m’ to 0.37 mg/m’, respectively
(see Table 2).

It is noted that the annual average is in progression in
2006 compared to that of 2005 (see Table 2 always).

Monthly averages of the pollutants measured in the four stations fable
(unit: pg/m’® for Ozone and mg/m’ for other gases)
0; NO, SO, CO,

Month average

2004 2005 2004 2005 2004 2005 2004 2005
January 0.02 0.00 0.205 0.210 0.290 0.376 0.40 0.50
February 0.17 0.22 0.208 0.251 0.220 0.295 0.50 0.58
March 0.25 0.25 0.225 0.212 0.570 0.251 0.32 0.42
April 0.60 0.60 0.160 0.194 0.220 0.263 0.47 0.49
May 0.52 0.45 0.167 0.187 0.200 0.203 0.43 0.39
June 0.84 0.96 0.232 0.251 0.370 0.297 0.60 0.56
July 0.76 0.80 0.252 0.272 0.220 0.209 0.45 0.55
August 0.45 0.55 0.228 0.241 0.250 0.223 0.62 0.52
September 0.32 0.42 0.290 0.310 0.100 0.237 0.60 0.62
October 0.10 0.09 0.222 0.267 0.100 0.320 0.62 0.59
November 0.10 0.10 0.185 0.198 0.120 0.256 0.35 0.45
December 0.12 0.02 0.209 0.214 0.350 0.294 0.30 0.38
Annual average 0.35 0.37 0.215 0.233 0.250 0.268 0.471 0.504
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The characterization of the danger is highlighted by the
identification of the dangerous potential of the measured
substances in the atmosphere of Sidi Bel Abbots using
the bibliography which recognizes the referenced
toxicological values (see Table 3). The guides’ values
used in this study are those validated by the US-EPA,
and the WHO recommendations.

environment passes, which represents the exposure
time [18].

Moreover, one took into account the fact that the urban
environmental exposures, other than all other exposures
of professional nature (pollen, pesticides and solvents
used by industry), can probably have an action on public
health or a synergistic effect.

Table 3  The atmospheric pollutants emissions measured inside
Guides’ values for current pollutants. the town of Sidi Bel Abbés approach strong values.
Source: WHO (2003) Average concentrations of measured gases, exceed in, all
- cases, amounts recognized by the various specialized
Guide’s | Concentration where organizations as presenting a toxic health risk [19, 20,
Pollutant | value effects on the health | Exposure | 517 )| hogpitalized for a respiratory cause in the UHC
3 could be observed in | duration . . . .
(ng/m’) ng/m’® pneumological service are listed in Table 4.
10,000 15 min Table 4
60,000 . 30 min e e . TN
CO, No object Monthly distribution of the hospitalizations
30,000 1 hour f irat (2005-2006)
10,000 3 hours or a respiratory cause -
160 ) 1 hour Hospitalisation
0; 110 No object 8 hours for J|F|M|a|m[J|an|a|s|o[N]|D
a respiratory
500 1000 10 min cause
SO, 350 700 1 hour 2005 year |33|51|58|73|65|57|60|27]46|51[43|57
125 250 24 hours
50 100 1 year 2006 year [36|62]|60|69|51(62(49|21|37|42|38|61
200 400 1 hour L
NO;, 40 20 1 year One notes that there are small monthly variations, except

The determination of the danger occurrence probability
has been established by the relation between the
exposure for a certain amount of pollutant and an effect
or the occurrence probability of an effect. The risk is
calculated by the relationship between the measured
values and the referred guides’ values

A proportion, equal or higher than 1, of a contaminant
present in the environment indicates the probability of a
noxious effect on health [16].

Concerning the exposure, one considers that the total air
pollutant exposure index is the same one for the whole of
the population (inside and outside) dwelling in the urban
environment [17, 11].

It should be noticed that for this type of study it is very
difficult to measure duration that the population in an

for February, May and July when an important variation
is distinguished. However the respective fluctuations
vary in the same direction (see Fig. 5).

The patients distribution by residence zone, shows that
the frequency of hospitalization among the urban
population, resident with Sidi Bel Abbots and its
periphery, presents a rate of 74,78 % of the total
population of the department. The quality of the air have,
probably, a part of responsibility in this important
variation.

The morbidity nature analysis shows that the asthma
and asthma crisis are the most frequent hospitalizations
with a rate of 45.76 %. Various pathologies such dry
coughs, pleurisies, bronchitises, laryngitides account
for 28.24%. Infectious diseases (tuberculosis,
infectious pneumopathies,..) 7.90 %, and finally
cancers 3.95 %.

1501
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—@—Morbidity 33 51 58 73 70 53 60 47 50 57 48 47

Fig. 5. Hospitalization variations for respiratory cause in 2006

130

International Scientific Journal for Alternative Energy and Ecology N2 5 (61) 2008

© Scientific Technical Centre «TATA», 2008



B. Djahed, Y. Amar, A.B. Kandouci et al. Evaluation of the Sidi Bel Abbés atmospheric pollution grade and its risks over health

Analysis of the asthma distribution (Fig. 6) indicates that
the peaks appear during the winter and spring seasons.
The pollution level varies according to seasons and
climatic hazards, such as scrubbing by precipitations in
the winter and a strong concentration in dry period.
Ozone, him, increases from April to September, period
of strong luminosity.

The Sidi Bel Abbes atmosphere pollutants metrology and
the hospitalizations frequency for a respiratory cause for the
risk situation evaluation, led to study the intensity of the
existing connection between their variations in the year.

40 1
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0 T T T T T

Hospitalized

This relation is measured by the population exposures to
the atmospheric pollutants and the hospitalization
(medical impact).

Thus, graphs (in Fig. 7) illustrate the existence of a
correlation between the curves variations, while this
statistical relation between pollutants and morbidities
does not, inevitably, mean the existence of direct
causality bond, since other factors could influence each
of both first and explain the correlation observed.
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Fig. 7. Hospitalization variations for respiratory cause versus pollutants:
a— S02, b — 03, Cc— COZ andd—N02
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As we can see on the graph (Fig. 4), the pollutants
variations are, themselves, well correlated, which makes
difficult the understanding of their respective influences.

However, and being based on the literature, their
convergences indicate an influence of the air pollution
on the breathing apparatus.

One can, therefore, admit that there is an effective
impact even if the epidemiologic analysis does not make
possible to identify with precision which components of
pollution is the true determinant of this impact [22, 23,
24,25, 26].

Moreover, to certain asthmatics, the air pollution is over
added to other factors such as nervous tiredness, anguish,
efforts, passive nicotinism, allergy, climate, etc. [26]. Let
us notice that certain irritants are natural, like the cold,
moisture or pollen.

The results obtained show that there are strong increases
in the hospitalizations for respiratory causes during the
cold winter period and of pollen in spring (Fig. 5 and 6).

According to the expertise organizations published
recommendations which are founded on human
observations or by extrapolation of animals experiments,
the relationship between the pollutants concentrations
found in the atmosphere of Sidi Bel Abbés and the
guides’ values, show the probability of possible impact
on resident public health who is permanently exposed
[10, 19, 20, 22, 23].

It is noted that the pollutants concentrations (SO, and
03) reach raised levels in comparison with the noxious
found thresholds, being able to cause or worsen
respiratory morbidities.

In addition recent results in epidemiologic research led
to think that even on levels of concentrations usually
observed, there is a measurable impact of pollution on
human health [23].

Thus, it has been demonstrated, by many research and
scientific studies, in particular in the industrialized
countries that at the asthmatic or respiratory deficient
people, the air pollution can have consequences,
sometimes tough, at certain periods (heat wave,
anticyclone, stormy heat), hence a certain pathology
indicating the presence of an allergen factor which could
be polluting [9, 10, 24].

The phenomenon of these pathologies is in a constant
rise for few years in Algeria and in the area of Sidi Bel
Abbes, particularly. By this fact, it has been deduced that
the factor pollution is not foreign with this increase in
the prevalence of asthmatics in the region.

Conclusion

The noxious effects on health of the air pollution are
currently well-known and the epidemiologic and
experimental studies highlighted the role of the air
pollution in the appearance or the aggravation of
respiratory and cardiovascular pathologies. Because of
the absence of threshold, the medical effects of the air
pollution can be observed for levels of exposure lower
than the legal guides’ values.

The question is a problem of public health, and currently,
many research tasks are carried out in order to better
understand dispersion and the become of pollutants in the
urban environments and to establish with precision the
existing correlation between the presence of these
substances in the air and health for better risks preventing,
health preserving and the environment.

To be unaware of the level of pollution of our
atmosphere is not equivalent to the absence of risks for
the population. Our evaluation of the air pollution in Sidi
Bel Abbés has given concentrations, often, higher than
the recommended guides’ values as limiting thresholds
for health protection of health. Thus the risk probability
of short-term public health harmfulness exists,
particularly the exposure of the people presenting a
cardiovascular and/or a respiratory insufficiency.

In conclusion, our risk evaluation is of an interest at the
decisional plan to deal with this problem of public
health by:

1. The creation of inspection networks of the quality of
the air, determining element for better apprehending the
importance of the problem.

2. To better know the quality of the air than we breathe
and thus the possibility of intervening by reducing the
rejections and the pollutants emissions in the atmosphere
within non-noxious recognized limits for health.

3. The approach can be developed and generalized to
envisage medical and environmental impacts on the
urban environments before setting up new projects and
activities.
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The steppe in Algeria is a strategic space that opposes the desert extension; it covers more 20 millions of hectares and
is actually exposed to an important deterioration. The different programs aimed at the protection and rehabilitation of
this space that have been implemented have failed, further more they generated an aggravation of this deterioration.
An analysis of the reasons of this failure allowed us to propose a new approach centred on the introduction of a very
rustic plant and whose ecological impact could save the steppe.
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Introduction

The economical and social development of a region
depends upon a rational management of its physical,
biological and socio-economic environment. Enormous
potentialities in terms of natural resources risk to be
irreversibly compromised by the climate evolution and
the socio-economic mutations in the steppe which
remains the ultimate natural barrier against the desert
extension. This space is seriously threatened by the
desertification process [1].

basins of Western northern Algeria”, “Protection and development of the ecosystems”.
Member of research projects nominate: Chief of two projects: “Biosedimentary diagnosis of a
limnic ecosystem” and “Improvement of the production of cereals in semi-arid zone”.

Many specialists have insisted on the necessity of
adopting urgent and adequate solutions to remedy to this
situation.

Numerous works done in the last four decades reveal
progressive degradation of the steppe vegetal cover and
the soil. The aim of this work is the evaluation of the
phyto-ecological impact of the implementation of a
rustic vegetal specie; the Tetraclinis articulata which
presents interesting characteristics such as the adaptation
to the climate conditions, the soil and the social context
of the area.
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Theoretical analysis

Socio-economic and ecological generalities
of the steppe

a. Geographical delimitation of the steppe

The Algerian Steppe constitutes a vast region that
spreads from the South of the Atlas of the Sahara,
(Fig. 1) forming a band of 1000 km length and 300 km
large, and is reduced to less than 150 km in the East. It
occupies a surface of 36 millions of hectares but counts
20 millions of hectares of course [2]. The Annual
average rain precipitations in the northern limits are
400 mm while those of the south are 100 mm [3].

Légende
N g

+

| Tellian area

B Substeppic area

Steppic area
O Subsaharian area

O Saharian area

Région saharienne

Scale: 1/200.000°™

Fig. 1. The card of situation of the steppe area [4], saharian
area, subsaharian area, steppic area, tellian area

b. Climate, vegetation and soil

The steppe is characterized by a semi-arid climate in the
northern regions and an arid climate in the South. The
average rain precipitations are comprised between 400
mm and 100 mm, which is not enough for an intensive
agricultural usage. In dry years, the whole steppe
receives less than 250 mm of rain; these isohyets spread
up until the Tell.

The vegetation of the steppe is short and discontinuous,
composed of herbaceous plants, generally in tufts. This
vegetation varies by its floristic composition and its
density and constitutes the fundamental stake of the
pastor's life. It determines human displacements and his
parking areas with his herds [5].

There are four zones in the Algerian steppe [6].

Zone 1: 700,000 to 1000,000 hectares; with an annual
average of 400 mm of rain, it is mainly the domain of
scrubs, the garrigues and the forests of the Saharian
Atlas.

Zone 2: 3.5 to 4 thousands hectares, it receives 300 to
400 mm of rain. It is t the most favoured zone, situated
on the South fringe of the tellian Atlas. It is the zone of
the big tracts which is exposed to an important pastoral
load (2 to 4 sheep in the hectare). It is occupied however
by the profitable culture of cereals in rainy season.

Zone 3: 5 to 6 thousands hectares with an annual average
of 200 to 300 mm of rain. It is la region of the high

central and southern plains and the South side of the
Atlas of the Sahara. The courses are of unequal quality
and the pastoral load is there weaker (2 sheep to the
maximum ha).

Zone 4: 10 thousands hectares, with an annual average
rain fall of 100 mm to 200 mm. It is situated in the south
of the Hodna and South of the Atlas. The pastoral load is
very low (20 to 60 times less than that of zone 2).

The real potentialities of these regions represent,
actually, half of their surface, because of the immense
abandoned areas, due to a lack of points of water.

The Steppe is essentially composed of a varied
herbaceous stratum of vivacious and ephemeral species.
Generally there are thee dominant flora species: the
esparto (Stipa tenacissima L.), the Artemisia (Artemisia
herba Alba L) and the false esparto (Lygeum spartum),
(Fig. 2 and 3) [7].

Fig. 3. The ground of the Stipa deteriorate and association
with the Artemisia

More than thirty other species vegetate at different
periods of the year. The esparto and the Artemisia
occupy for their part almost 7,000,000 hectares while the
Lygeum occupies 3,000,000 hectares. Generally,
numerous halophytes species occupy the salty soils in
the vicinity of the chotts [5].

The pastoral surfaces offer substantial food diversity
considering the species diversity [8].
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c. Entropic factors

The national ovine livestock is the first supplier of red
meat, with 68,000 tons in 1983. It provided 75 % of the
2,996,000 produced quintals. Its contribution to national
economy is important insofar as it represents a capital of
more than 1000000000 dinars.

In 1985, on a national 15,500,000 heads, some 11,500,000
heads remained confined in the steppe. In 1996 the
number of the ovine livestock rose to 17,301,000 heads of
which 75 % concentrated in the steppe zone [9].

The steppe and its difficulties

An arid steppe is an environment which, by definition,
offers extreme conditions for the establishment and the
survival of perennial vegetation which plays a
fundamental role in the structure and the functioning of
the ecosystem. Despite all the national programs applied
to it the steppe zone remains subjected to the
degradations and very low rate of successful plantations.
The consequences which ensue are alarming, and are
characterised by the alteration of soils, the intense
erosion and a diminution of its biological potential [10].
The natural vegetal cover is continuously subjected to a
double impact: that of the soil and the climate on one
side and the anthropogenic on the other side [11].

a. Chronicle of the applied strategies

The steppe has been the object of many development
projects since 1962.

This period is characterised by too significant steps:

* The First period 1962 to 1980: the state attempted to
organize the pastoral populations by grouping them in
cooperatives on much delimited territories, the objective
was to organize these populations to allow a rational use
of the courses. The number of created cooperatives was
very low in relation to the autochthonous population, the
delimited zones were not in adequacy with the habits of
the breeders and the way of life of these inhabitants has
been disturbed. It resulted in an abandonment of this
politics and a pure and simple disappearance of these
cooperatives.

This period is also characterised by the enactment of the
charter carrying agrarian revolution notably the pastoral
code. Its objective was the planning integration of the
space and the radical transformation of the social
behaviour and the system of production without a real
knowledge their social system. This period distinguishes
itself by three important facts but without positive effects
on the steppe.

— The agrarian revolution: with a strategy based on the
organization of the agro-pastors in cooperatives those
impact on the behaviour of the breeders was negative.
This phase did only concern 3 % of the breeders of the
whole region and solely 5 % of the livestock of the
steppe. The state also sustained the food of the ovine by
importing barley those consequences were negative upon
the traditional systems of breeding.

— The green dam: the primary objective of this project
was to oppose the desertification by the timbering and

reforestation on more of 3 millions hectares with the
introduction of the rustic arboriculture and fodder
species. All launched operations have been made
beforehand without studies and the obtained results were
not satisfactory. Among the main reasons of this failure
it is necessary to note the bad choice of the plant specie
and the techniques of plantation, the transformation of a
space of course in forest zone, the absence of integration
of the population in the project and the unsuitability of
the vocation of the lands and the projected planning.

— The creation of the state Secretariat to the forests and
to the reforestation in 1980 allowed some corrections by
stopping reforestations which were most often
improvised. A policy of lands classification and the
elaboration of planed development in pilot zones, as well
as the reconstitution of the degraded forest massifs were
the principal action undertaken. Other actions were
undertaken: the pastoral plantations, the fixing of the
dunes, track initializations. These actions remained
modest with regard to the importance of the steppe
surface (20 millions hectares).

*The second period: 1980-1996, it corresponds to a new
orientation of the agricultural politics of the country with
the enactment of four laws: the one carrying accession to
the agricultural real property by an enhancement in
1983, the law carrying exploitation modes of the
agricultural lands in 1987, the law carrying fundamental
orientation in 1990 and the law carrying integration in
the privet state domains of the pastoral lands in a special
protective regulation, management and exploitation in
accordance with the pastoral code. The creation of an
organism in charge of the management of the steppe in
1985 constitutes another fact of this period; this
institution had to control the environment was in charge
of planning the steppe zone [10].

b. Analysis of the successive strategies failures

The traditional system of breeding and management of
the steppe zone guaranteed a biologic balance with
control of the size of the livestock which avoided over
grazing.

The reproduction of the livestock remained traditional
and the transhumance allowed the hope to regenerate, in
doing so the biological equilibrium was respected with
regard to the phenological cycle. The rule was to never
remain too long in one place. The pressure on the
environment was distributed therefore in the time and in
the space, according to the rhythm of the seasons
respecting precise rules adopted by all breeders.

The extent of the sedendarisation which resulted from
the new villages implantations caused the end of the
seasonal mobility of the herds. The mechanisation is one
of the principal reasons of the sedentarisation with all the
negative consequences on the steppe ecosystem: the
surface clearing for cereals cultures, overgrazing, and the
use of ligneous species for domestic purposes. The
introduction of bovines and last but not the least the
absence of regulations aimed at the protection of the
esperato.
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Experimental methods

Introduction impact of the Tetraclinis articulata
Masters vahl

In order to evaluate the state of degradation and the
impact of the introduction of Tetraclinis articulata,
twenty observation stations were installed all over the
steppe. The measures were performed in situ, the data
collected by local technical services and the results of
multiple analyses in laboratories allowed to appreciate
the impact of Tetraclinis articulata on steppe.

Five main species showed the strongest contribution,
they represent to them only 74 % of the total of the
specific contributions of the cash of the plant carpet. It is
about Lygeum spartum with 23.6 %, Atractylis
serratuloides with 19 % and Thymelea microphylla and
Noaea mucronata respectively 13.8 and 9.06 %.

Table 1
Measures of phyto-mass and number of species the
20 stations [1]

At the level of the 20 stations measures of the total Phyto-mass
biomass and the number of species were undertaken in | Stations Cash (Kg of M-S/ha)
order to appreciate the induced dynamic by the initial final
Tetraclinis articulata (Table 1). ) .
The Stipa tenacissima presents the most elevated ! Stipa tenacissima 1254 1578
indications. The mineral indication for the Sparta 2 Lygeum spartum 1972 1895
decreases 0.43 to most elevated mineral 0.35. L’indice
. . LT 3 Noaea mucronata 96 1002
corresponds to the station 2 that is a setting in defense
and 0.35 correspond to the station 12 that is an 4 Lygeum spartum 1048 4.29
abandoned ded?r plantation. . . 5 Stipa tenacissima 471 2.11
The graph which follows gives an outline on the
evolution, calculates it covering of the first dominant 6 Atractylis serratuloides 144 0.40
species, mgkes it possible to note that Lygeum spartum, . Salsola vermiculata 109 022
is the species with a stronger covering (12 %), followed
by Thymelia microphylla (6 %). it is about species 8 | Lygeum spartum 581 2.15
Which develops, on sandy, and sablo-muddy ground 9 Lygeum spartum 288 1.10
(Fig. 4, 5).
10 Thymelea microphylla 280 0.71
12 Lygeum spartum 1283 4.48
8.60% 5 Lygeum spartum
S 23,60% @ Atractyiis serratuloides 14 Atractylis serratuloides 164 0.42
9,06%
: B Thymelea microphylla 15 Thymelea microphylla 86 0.25
BINoaea mucronata 16  |Salsola vermiculata 195 0.53
B Stipa tenacissima
13,80% 19% 17 | Noaea mucronata 124 0.28
18 Lygeum spartum 69 0.30
Fig. 4. Specific contribution of the main cash [12] 19 Thymelea microphylla 91 0.29
20 Thymelea microphylla 222 0.76
Y
X
-
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Fig. 5. Recovery of the first dominant cash [12]
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Generalities of Tetraclinis articulata

All authors having studied this specie agree to say that
Tetraclinis articulata has small exigencies with respect
to the environment because of its faculty to adapt to
different types of soils and bioclimatic (sub humid, semi
arid and arid). The dry soils are more appropriate for its
growth that the humid soils. It grows well on the fixed
dunes which allow the fixing
of the sand.

Tetraclinis articulata is a
specie that showed a large
capacity of adaptation and
resistance and resists to the
most difficult environmental
conditions; it has an
exceptional seeds r or
suckers regeneration faculty,
it grows under all bioclimatic
lands of Algeria (from sub-
humid to the arid) and on all
types of the soils with the
exception of the saline [13].
The Tetraclinis articulata
resists to the drought and the
heat as well as the cold
weather. Well adapted to
extreme conditions, it
develops within a range of
250 to 30 mm yearly average
rain, a yearly average
temperature of 11.2 °C, an
average temperature of the
coldest month of 1 °C and
the average temperature of
the hottest month of 33.5 °C [14].

It is utilised in polishing white woods that is used for
making furniture, its fibers could be used in the paper
industry [15].

AIN TEMOUCHENT

TLEMCEN

Methodology adopt

A test of assessment of the potentialities of this specie to
grew in this expanse, through the evaluation of the it’s
germination rate and growth will allow us to estimate the
ecological impact of this specie on the steppe.

Ben Badis

Results and discussion

According to the results of the development test, we can
state that Tetraclinis articulata found a favourable
biotope in the steppe zones, with a rate of maximal
germination of 80 % and a 10 weeks rate of germination
which is remarkable compared to the results obtained in
the Tell zone with the same seeds. (Tables 2-4).

ORAN

Ain EIl Ber.

Sehala

Sidi Bel Abbes
Sidi Khaled
Sidi Ali

B oriak Tenira

Moulay Slissé

Taffasour

Ras El Ma

Redjem Demmouche

EL BAYADH

Fig. 6. Localisation of the Wilaya of Sidi Bel Abbés

Table 2
Number of the seed sprout according to the time

Num
of week

*NSS | 08 | 20 | 30

4Lh 6th Sth loth lzth 14th 16th 18Lh Zoth

40 | 50 | 55 | 60 | 70 | 80

*N: Number, *S: the seed, *S: Sprout.

Table 3
The test of germination gives the results

The plant’s seeds were harvested on 10 to 15 years aged Capacity of germination 80 %

trees of Tetraclinis articulata situated in Tessala area

(Wilaya of Sidi Bel Abbes Fig. 6) and which is situated | Speed of germination 60 days

in the cold semi-arid level. All seeds were washed with The forwardness 8%

distilled water, then planted and watered every week in -

order to help the germination and the raise. The latency time 35 days

A 20 weeks period of time was necessary before

performing the first observations and measures. The . Table 4

quantified parameters are: The average growth in cm

— The speed of germination. Number of the weeks 20 | 30 | 40 | 50 | 60

— The germinative capacity [16].
The average of the 06 | 09 |12.50|15.5018.70
growing in height in cm

International Scientific Journal for Alternative Energy and Ecology N2 5 (61) 2008 = REE

138

. 1 T = £
© Scientific Technical Centre «TATA», 2008 =00 00 |0 i @



F. Toumii, M. Benyahia, A. Rahmani, M. Aicha. Analyses of the development schemes of the steppe and role of Tetraclinis articulata...

Tetraclinis articulata recorded a growth of 18.70 cm in
height in a 60 weeks period. The average height growth
is of 1.2 cm per month, which results in a 15 cm yearly
growth. This is quite important for these areas.

Conclusion

This study showed the importance of the Tetraclinis
articulata in the preservation of secluded areas through
its generation in the damaged areas. It constitutes a
prime factor in the struggle against the extension of the
desert.

It is necessary to note also that the species has a power
suckering very important and therefore even though the
conditions of culture are un favorable provoking the
drying up of the plant mother, the Thuya of Maghreb
will give some dismissals quickly.

The desertification of the steppe zone is a reality. It has
been measured scientifically on the basis of an
ecological diagnosis. In the dynamics of deterioration of
the plant table setting in some years, one passed on state
3 graminean steppe in Stipa tenacissima, stage 4
chamaephytic steppe to Artemisia herba alba (on slimy
soils) or to Artemisia campestris (on sandy soils) to the
stage 5 steppe to Peganum harmala and Noaea
mucronata, it is unfortunately the ultimate stage of
deterioration.

The climatic conditions constitute a factor of this
regressive evolution. However, the factor anthropique is
multilevel determinant:

To the level of the breeders, operators of the zone who
have privileged the profit to the protective imperative of
place. The mechanization and the motorization gave to
these operators the means to attack the courses more and
more greatly and on extents more and bigger.

To the level of the decision-makers that had resort to
strategies that gave the proof of their limits extensively.
The main mistakes concern:

® The absence of integral global economic vision for the
regional development.

® The predominance of the sartorial approach.

® The brutal change of operating system that provoked
the disequilibrium

Procures/chapter.

The problems are known, however the identification of
the problems constitutes a stage important of the analytic
phase that could clear on a correct scheduling and the
formulation of applicable projects.
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Tetraclinis Articulata (The Thuya of the Maghreb) is one of the threatened species, in its ecological area where it is
endemic, not only under pressure of animal and human effects, but especially fire, currently, this formation knows an
alarming regression although it has the ability to regenerate very often quickly, so it plays an important role
preserving the vegetable covertures in the semi-arid areas.

The purpose of this work is to check the regeneration of Thuya through dendrometric characteristics: annual increase
of height and diameter, this will allow us to know more about this vegetable formation bringing to light all its
potentialities in the eco-development of spaces and to emphasize the degraded and marginalized zones.

The results obtained in the three facies will prove the resistant aspect of Thuya against alternations such as fire
meanwhile it’s imperatively advised to fight against all risks of regression of this vegetable formation.
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Introduction degradation, fire) [2], its resistant aspect makes it one of
the most important and dense species which needs more

Thuya covers about 143,000 hectare [1], this is one of effective studies.
the rare species in Algeria, and it is going to disappear A wide field of Thuya still dominates the national forest
because this useful rustic forest which needs to be given  of Tenira which is situated in the mountains of Dhaya.
more care is permanently harmed, (cutting — Its superficies counted about 16630 hectare [3] while it
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is now only 8800 hectares. The degradation of forest
ecosystems is a problem that worries all searchers in
general and ecologists in particular.

The main cause of this degradation is the antropozoogene
pressure: many searchers such as [4-6], [7-9] were
interested in studying the causes of the forest ecosystem
degradation, both [10] and [11] studies were established in
western Algeria.

Fire keeps its dominating pressure with a destructive
impact on the Tetraclinaie, which is the only vestige of
the Thuya species, it’s a warning diminution in which
Thuya formations are dealing with.

The danger of fire is a notion resulting of the combined
action of many factors; we can mention the most
important factors responsible of the wide sensitivity of
Algerian forests:

— The length of the dry season of summer.

— Structure and nature of the vegetation.

— Frequency of the stormy dry winds

— Uneven relieves.

— Eroded ground which is often over-passing.

— Terrorism taking the forests as a refuge in the1990,
especially in Tenira.

Fire is an important factor that affects the vegetation
because of its high frequency; many authors agreed that
the successive regression of vegetation is due to it,
however, it is necessary to follow the evolution of this
vegetation for a period of time either controlling it with
an experimental devices or in nature where the
vegetation came under fire but in both cases, the exact
date of when fire happened must be known [12].
According to him — [12] — the evolution may be done
within four ways:

— Checking the different steps of the previous vegetation
remaining to a long time.

— The gaps that became more overt than they was before
the fire, associated to decreased proportion of ligneous
vegetables.

— Instant checking the previous vegetation with no
transition.

— Progressive evolution to different vegetations

Presentation of the studied area

Climate and soil
The forest of Tenira is 16 km south of Sidi Bel Abbes,
12 km from Teghalimet and 9 km from Boukhanifis; it is
crossed by the national road No. 13 linking Sidi Bel
Abbeés to Telagh.
The forest lies on the secondary Jurassic, relieves are bad
enough and formed of porous calcareous layers giving
the ground a superficial aspect, the forest lies on
superficial enclaved soil between emerged rocks. The
superior horizons are constituted of a mixture of sand
and calcareous pebbles. The local climate has been
realized through two meteorological stations; of Sidi Bel
Abbes and of Teghalimet (Table 1).
According to [13] the forest of Tenira has a superior
semi-arid bio-climate [14].

Table 1
Climatic data of the studied area
Station Altitude, | Rainfall, M —m, °C Q,
m mm

Sidi Bel Abbes 476 395 332-19 | 432
Teghalimet 650 334 34-1 34.8
Tenira
PH 840 468 306-2.8 | 57.7
PB 628 393 32.1-3.6 | 472

PH: It’s the most high point of area.

PB: It’s the most low point of area.

M: The avearge of maximals temperature of the hot month.
m: The avearge of minimals temperature of the cold month.

Vegetation
The forest consisted on a populating of young and old
timber-trees of Pinus halepentis Mill and Tetraclinis
Articulata Wahl before the fire took place, in under-
stages with an average covering of 20 % as a dense high
copse. Thuya formed in the particular stationary
conditions, pure formations with some vestiges of forest.
Quercus Rotundifolia L., it was third in position with a
rate of covering of 10 %. The secondary species were
especially dominated by Quercus Coccifere L., Phillyrea
media L. and Pistacia Lentiscus L.
Tetraclinis articulata reached in this forest the treelike
stage with an under-wood characteristic of this formation
with three different facies:
The first one to Rosmarinus tourneforti L.
The second to Ampelodesma mauritanica L.
The third to Stipa tenacissima L.
In spite of a quasi-permanent animal and human
pressure, the Thuya formed a plant grouping and
dominated the pine of Alep relegating it to secondary
specie.
Tetraclinis articulata is present essentially in the form of
copse in under-wood of Pinus Halepensis in such
conditions the Thuya vegetates and this is what explains
its strong density [15].
Tetraclinis articulata presents three facies:
* Ampelodesma when the ground is deep, slightly
muddy, in the north and in depressions.
* Rosmarinus when the ground is of type rendzine,
strong presence of limestone in the south.
* Stipa in the most extreme conditions [16].

Identification of Tetraclinis articulata

Monographic quality of Tetraclinis articulata
The Thuya of North Africa (Tetraclinis articulata Vahl.)
has been defined by (Vahl, 1979) under the name of Thuya
articulata, it is one of the spermaphyte gymnosperme
branches, belonging to coniferous family [17].
The botanic characters as given by [3] are: the Thuya of
Maghreb (North Africa) is resinous with a light foliage,
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(see Fig. 1) when it’s still young plant, its port is
pyramidal, leaves are reduced to two opposed scales,
fruits are like a cubic cone, can be opened by four valves
in hot conditions, giving away six seeds, the longevity of
Thuya can exceed 400 years, it’s reproduction is generally
done with rejects or sowing [18].

The Thuya of North Africa is an endemic essence of the
southern occidental Mediterranean sea [17, 19], in

particular in the Maghreb countries where its density
floats from the east to the west [2].

However [20] consider that Thuya in North Africa
covers a surface of million hectares, all the searches that
studied this specie: [1, 2, 3, 16, 19, 21-26], and others
have agreed that Thuya does not require edaphic factors,
it is indifferent to the chemical nature of the substratum,
can be found in poorest and dries soils, meanwhile it
seems that it prefers more calcareous and deep soils.

Fig. 1. Picture of different parts of Thuya three (Tetraclinis articulata)

It is doted with a faculty of adaptation to different types of
bio-climates, hot semi-arid in particular, temperate or sub-
humid and cool [24], it supports the drought and hot
weather conditions but not cool humid weather. Adapted
to extreme conditions, the Thuya of the Maghreb can

develop on an annual pluviometric slice of 300 mm, an
annual average temperature of 15.2 °C and a minimal
temperature of 2 °C, average of the temperatures of the
warmest month (M) is 32.5 °C [15], [25-27].
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Dendrometric characteristics
Thuya is present, as underlined previously, whether in
the form of copse or of timber-tree. Exceptionally, the
following dendrometric parameters (density averages,
height, diameter and volume) for every type of formation

and for every facies give an outline onto these
populating. Small squares m” among 3 types of
formation  informing about the dendrometric
characteristics of the formations of vegetable as showed
in Table 2 [23].

Table 2
Dendrometric characteristic of the Thuya formations

Evaluated Copse Timber-tree

parameters F1 F2 F3 Average F1 F2 F3 Average
Density 1680 1120 510 1100 320 210 130 220
Height in cm 2.60 2.10 1.60 2.10 3.70 2.90 2.30 2.90
Diameter in cm 10 8 6 8 21 16 11 16
Volume in cm 34.20 11.80 2.30 16.10 12.20 2.80 18.60 17.30

F1: Facies of Ampelodesma; F2: Facies of Rosmarinus; F3: Facies of Stipa.

These averages of dendrometric data constitute ecological
indicators and inform about the dynamism, the potentialities
and the development of this plant grouping threatened in its
three facies before the fire destroys them. The obtained
results constitute a reference in western Algeria where no
work is carried on.

Phyto-ecologic Statements

The floral characterizations of these three facies were
recapitulated through three representative average
statements of the floral composition of this grouping.
The phyto-ecologic description of the forest of Tenira
confirms these statements of vegetations for the same
period [24] (Table 3).

Table 3
Phyto-ecologic average of facies
Facies Ampelodesma Rosmarinus Stipa
Constant species 1 2 3 1 2 3 1 2 3
Quercus coccifera 2.1 1.1 2.1 +
Phillyrea angustifolia 2.2 2.1 2.1 2 1.1 +
Pistacia lentiscus + 1.1 2 2.2 1.1 2.2 2.2
Cytusus triflorus + +
Cistus villosus 1.1 + 1.1 1.1 1.1 2.2 2.1 2.1 2.2
Vhamaerops humi + + + 1.1 + 2.1 1.1
Juniperus osycedrus + 1.1 + +
Differential species
Stipa tenacissima
+ 1.1 + + 2.1 1.1 2.1 3.2 2.2
Arbutus unedo 11 . 11
Genista quadriflora ’ ' N 11
Ampelodesma 2.2 2.1 2.2 1.1 1.1 +
Mauritanicum
Globularia alypum N - g * 21
. . + + 1.12.2 2.2 1.1 +
Rosmarinus tournefortii
Campaign species
Astragalus lusitanicus +
Asphodelus + 1.1 + 2.1
Microcarpus + + 1.1 1.1
Elichrysum stoechas 1.1 + 1.1
Helanthemum + 1.1 +
Halimifoliums
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Materials and methods

The objective of this work is follow the dynamism of
Tetraclinis atriculata after the 1991 fire that affected
most of our forests (the case of Tenira forest in this
study), this dynamism needs a long period of time to
obtain satisfactory results, concerning the regeneration,
development and their comparison with other
neighbourhood species.

As we have seen previously, the Tetraclinetum is
affected with human and animal alterations, it became
more fragile after being affected by fire in 1991, due to
terrorism who took the forest as a refuge.

This vital plant grouping for a perpetuity of the
vegetable cover in semi-arid conditions, its capacities of
rejecting and to colonize space every time it is destroyed
needs to be protected.

The work will be methodologically based on observing
Thuya in the forests of Tenira (western Algeria) after it
was destroyed by fire and to know its behaviour, these
observations will be taken in a period of 15 years along,
with a periodicity of 5 years in which we will determine
the number of stalks, as well as the height and diameter
of two formations which are (timber-tree and copse) and

then of three identified facies: F1, F2, F3, then we will
determine the annual increase of height and diameter
taking into account their age.

The observations of 15 years from 1991 to 2006 took
place some months after the fire of 1991, with a
periodicity of 5 years, which means three measures
concerning:

— The number of copses by hectare.

— The number of stalks by copse by hectare.

— The average diameter of stalks.

— The height averages stalks.

Obtained results

Three years after fire took place, Thuya started rejecting
and colonizing destroyed spaces, after some floral sorts
of its procession The dendrometric parameters measured
after five years on small squares of 100 m” and those
measured after ten years and fifteen years began to give
refusals and to colonize the space as shown in Table 4, 5
and 6 respectively. Table 7 constitutes the global result
of our study, and then we have to underline annual
growth average in height, and in diameter of this specie.

Dendrometric parameter 5 years after fire on small squares of 100 m” faled
Copse Timber-tree
Evaluated parameters
F1 F2 F3 Average F1 F2 F3 Average
Number of copse 530 460 290 426 310 260 160 243
Number of stalks of copse 2120 1380 870 1456 1550 1300 960 1270
Height average of stalks in cm 55 48 37 46.6 83 76 65 74.6
Diameter average of stalks in cm 2.8 2.1 1.8 2.2 43 3.5 2.2 33
Annual growth average in height 11.0 9.6 7.0 9.3 16.6 15.2 13.0 14.9
Annual growth average in diameter 0.5 0.4 0.30 0.4 0.8 0.7 0.4 0.6
FI: Facies of Ampelodesma; F2: Facies of Rosmarinus; F3: Facies of Stipa.
Table 5
Measure of dendrometric parameters ten years after fire done on the same small squares of 100 m*
Copse Timber-tree
Evaluated parameters
F1 F2 F3 Average F1 F2 F3 Average

Number of copse 510 430 270 403 290 230 140 220
Number of stalks of copse 2550 1290 1620 1820 1740 1150 840 1343
Height average of stalks in cm 112 103 81 98.6 178 157 137 157.3
Diameter average of stalks in cm 4.9 4.6 4.1 4.5 5.1 4.9 43 4.7
Annual growth average in height 11.2 10.3 0.8 9.8 17.8 15.7 13.7 15.7
Annual growth average in diameter |  0.49 0.46 0.41 0.45 0.51 0.49 0.43 0.4
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Table 6
Dendrometric parameter 15 years after fire
Copse Timber-tree
Evaluated parameters

F1 F2 F3 Average F1 F2 F3 Average
Number of copse 510 420 250 393 280 230 120 210
Number of stalks of copse 2040 1260 1000 1433 840 920 480 746
Height average of stalks in cm 162 145 98 135 251 237 214 234
Diameter average of stalks in cm 6.7 6.2 5.8 6.2 7.3 6.8 6.1 6.7
Annual growth average in height 10.8 9.6 6.5 9.0 16.7 15.8 143 15.0
Annual growth average in diameter 0.4 0.4 0.3 0.45 0.4 0.4 0.4 0.4

Table 7 The annual average growth in height and in diameter of

Annual growth average in height and in diameter

Growth

. Under timber-tree
average in cm

Under copse

Age, years 5 10 15 5 10 15
Height 93 | 98 | 9.0 | 149 | 15.7 | 15.0
Diameter 04 | 045045 | 06 | 04 | 04

The obtained results over a relatively short period are
interesting and allow appreciating the evolution of
Thuya after fire destroyed the formation of copse and
forest. The data obtained by stuffed and by type of
formation help to better understand the dynamics of this
plant grouping.

Synthesis and interpretation of the results

Five years after fire, the regeneration is strongly present
but the dominant sort is not Tetraclinis articulata,
because its increase in height is weak compared with the
other sorts affected by the fire as Phillyrea, Pistacia,
Cistus.

The annual average increase both in height and in
diameter remains considerable compared with other
species often used in reforestations.

The forest where Thuya was destroyed by fire presents a
lower regeneration than that of the copse which is 15 %.
Ten years after fire, the registered differences are
constant and the average increases both in height and in
diameter remain rather stable. The same observations
would be made on the results obtained 15 years after
fire.

15 years after fire of the copse of Thuya, stalks
stemming from refusal among 1433 present an average
height of 135 cm and an average diameter of 6.2 cm
while in forest, the averages are sharply superior, the
height is 234 cm while the diameter is 6.7 cm and the
number of stalks is 746. The growth in height and in
diameter remains superior to 30 % in the results obtained
in the destroyed copse.

all Thuya facies is recapitulated in the Table 7.

The growth in height remains sharply superior for the
developing forest after fire. They are 9 cm for the copse
and 15 cm for the young forest. The density or the
number of stalk by hectare constitutes a determining
parameter in the growth average especially in height.
The growth remains relatively stable for the diameter no
matter what conditions of the destroyed vegetable
formation are.

The increases both in height and in diameter and under
three fancies and type of formation (copse or timber-
tree) affected by fire remain slightly lower than those of
other species considered as fast growing in semi-arid
floor and which remain widely used in Algeria. In this
range we can mention Pinus Halepensis Mill. Quercus
ilex L, Pinus pinaster L.

Comparison with other species

After fire, growth in height and in diameter are
respectively estimated at 9.3 cm and 0.4 cm: for the pine
of Alep (the most used specie in reforestation and
afforestation and repopulation) under bioclimatic semi-
arid conditions, the floor the average increases in height
and in diameter and is estimated for the first one between
14 and 18 cm and for the second between 1 and 2 cm.
Analyzing the development in height and in diameter of
the Pinus halepinsis of 13-year-old in the green dam
[28], advance an annual average growth of 0.2 c¢cm in
diameter and 17 cm in height.

Conclusion

The fire does not seem to modify in any important way
the floral composition the vegetable training formations
of Tetraclinis articulata. It is competed by species with
strong power of covering as Pistacia lentiscus, Quercus
coccifera, Phillyrea angustifolia, Rosmarinus
tourneforti, Thuya, with its small domination of space
starts again slowly but certainly its colonizing area.
Thuya, after fire develops and to reconstitute its plant
grouping in all climatic, edaphic, and antropozoogene
pressure conditions.
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The results of growth in height and in diameter obtained
under three facies of Thuya confirm the resistance of this
specie to changes in general and fires in particular.
Annual growth average in height and in diameter
oscillates respectively between 9.3 and 15.7 cm for the
first parameter and between 0.4 and 0.6 cm for the
second.

The hasty condemnation of which Thuya was the
subject, imputed to its very slow growth, seems to be
wondering by comparing the results obtained after fire to
other species. The difference is not important, the faculty
of refusal and resistance of Thuya often militates in
favour of this relegated specie giving a second plan in all
repopulations and reforestations.
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The composition of “health care waste” or “hospital waste” does not differ significantly way from urban waste. An
analysis of selected hospital waste made it possible to differentiate two sorts and furthermore two different sorts in the

second case.
The following results deal with:

— the differentiation of ashes resulting from the incineration of radiological plates by the presence of silver halides.
— the difference in the nature of medical gloves according to their formulation (sterile or not sterile) by the more or

less significant quantity of calcium.

Keywords: problems of factory and domestic waste utilization

Khadija Boulaajoul is a 4" year Ph.D. student at Marrakech Cadi Ayyad University (Morocco). Two
laboratories are involved in her research work: The Chemistry laboratory of mineral solid, Department
of Chemistry (Pr. M. Mesnaoui) and the Laboratory of Cleansing, hydrology, ecotoxicology and
environment (Pr. A. Sedki). In 2001 she obtained a “licence” in analytical chemistry (applied to the
analysis and control of water), followed in 2003 by a “diplome d’études supérieures avancées” in
management, protection and valorization of water resources.

The physicochemical studies were carried out throughout several missions at L2MP laboratory in
Toulon, France (Dr. J.A. Musso). The former Laboratory is associated with the French National
Centre of Research CNRS.

The results obtained were the subject of several presentions at several international congresses
(Mohammedia, 2004, Marrakech, 2004, Marrakech, 2005, El-Jadida, 2005, Meknes, Morocco, 2005,

Introduction

The management of urban waste, in general, and of
hospital waste, in particular, is an economic and
environmental problem becoming more and more
extensive everywhere in the world. Incineration
currently appears to be one of the solutions. However,
the problem is delayed because it is necessary to manage
the residues from a double point of view of storage and
pollution: the matter is not destroyed — it simply changes
form. Waste incineration residues are often complex
physico-chemical systems. Their heterogeneity mainly
results from the type of incinerated refuse and the
operating mode of the incinerator.

This work aims at trying to bring an answer, at least
partial, to the characterization and differentiation of
“health care waste” incineration ashes, of the city of
Marrakech. We initially carried out a total characterization
of the residues resulting from the incineration of this
waste. Several techniques of analysis of the solid were

Albi, France, 2007, Oujda, Morocco, 2007), and national (Rabat, Morocco, 2004).

used (differential scanning calorimetry DSC and
thermogravimetry TG, X-ray diffraction DRX, scanning
electron microscopy SEM and transmission electron
microscopy TEM, impedance electric spectroscopy IES,
inductive coupled plasma ICP ...).

The first results of the analyses of ashes of non-sorted
incinerated waste show that the composition of those
different ashes do not differ significantly from ashes
resulting from the incineration of urban waste [1]. It then
appeared necessary to seek one or more characters which
would make it possible to differentiate the nature or the
origin of the waste. The analyses were carried out after a
selective sorting (radiological plates and medical gloves
of two different origins) although this sorting is not
currently carried out in hospitals. The following results
deal with:

— the differentiation of ashes resulting from the
incineration of radiological plates by the presence of
silver halides. The negatives in Transmission Electron
Microscopy and the diffraction image show an amorphous
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phase which corresponds to a glass and another one to the
cubic centered faces structure of the atom of silver.

— the differentiation of the nature of the medical gloves
according to whether they are sterile or not sterile. Sterile
gloves are made of natural latex Nonsterile gloves are
made up from synthetic polymers containing ligno-
sulphonate of calcium [2]. Calcium is also used to
increase the kinetics and the regularity of polymerization.
That results in the abundant presence of calcium and
sulphur in spectra EDAX of ashes resulting from the
incineration of these synthetic gloves.

Characterization of “rough” ashes
General observations

The Table 1 below gathers the results of the analyses
carried out by analysis by the atomic emission

spectroscopy with inductively coupled plasma (ICP).
The incineration was carried out at a temperature of
500 °C for 30 minutes. These conditions are very close
to the two recommendations of the World Health
Organization WHO [3] and the European Union EU [4].
This waste contains non negligible proportions of Nb
and Y. Their presence, although unusual, is explained by
their medical origin: yttrium is in the form of silicate in
two medicines used in radiotherapy; niobium is present
in alloys used in orthopedics.

Analysis by scanning electron microscopy SEM
and transmission electron microscopy TEM
The two analyses (Fig. 1) confirm the starting
assumptions: the significant presence of silver coming
from radiological plates and an atomic fraction of
calcium higher than that usually observed in waste.

Table 1
Analysis by ICP
Si0, (%) | ALO; (%) | Fe;03 (%) | CaO (%) | MgO (%) | K;0 (%) | MnO (%) | TiO, (%) | P05 (%)
17.57 12.45 2.05 22.36 2.64 1.13 0.04 2.44 0.94
B (g/t) Ba (g/t) Be (g/t) Bi (g/t) Cd(g/t) | Co(g/t) | Cr(g/t) | Cu(g/t) | Ge(g/t) | As(g/t) | Ag (g/t)
201 860 <0.2 <20 15 <7 135 319 <10 41.39 71
Mo (g/t) | Nb (g/t) Ni (g/t) Pb (g/t) Sb (g/t) Se (g/t) Sn (g/t) Sr (g/t) Y (g/t) | Li(g/t) | Zn (g/t)
<8 63 202 246 145 57 393 286 2 34 8062
Znld o
17.7 Fe Fla104 Sild
Cu 1.3 ¢4l 523P13
Fe 204g
Cu
Fe
Z Cl506
6.96 1.86 2_78 3.60 4_.56 5_48 6.38 7_28 818 9_@
a b
2 Fe 2.0

Fig. 1. Analysis by SEM and TEM: a — EDAX analysis; b —

C1812

2352 Ca

Oa0s

Nali

0.58 5 067 F
Mg 166

116281 A18.72

d

atomic composition; ¢ — SEM spectrum; d — atomic composition

148

International Scientific Journal for Alternative Energy and Ecology N2 5 (61) 2008
© Scientific Technical Centre «TATA», 2008



K. Boulaajoul, J.P. Dallas, S. Villain et al. The differentiation of hospital waste incineration ashes...

Comparison with urban waste
The reference [1] summarizes the average composition
of the residues of four treatments of urban waste (it
should be specified that hospital waste is not incinerated
with domestic waste in accordance with the European
directives).
The Table 2 below gathers this average composition in
mass fraction:
Table 2
Compared compositions of urban waste
and hospital ones

Urban waste Hospital waste

Sio, 28 11.35
Al O; 5 5.65
P,05 2 1.67

CaO 6 15.77
TiO, 1 1.26
Fe,0; 2 1.45
MgO 1 1.23

K,O 1 0.91

The comparison of the results in this table shows that,
the residues, although of different origin (urban or
hospital) usually have rather close compositions. The
greatest composition in SiO, in domestic waste can be
explained by a more significant presence of natural
silicates in this waste. The greatest composition in CaO
in hospital waste is explained by a significant presence
of polymers.

The thorough analysis of the composition of ashes
resulting from the incineration of hospital waste reveals
two characteristics:

— silver as a new element resulting from the incineration
of radiological plates.

— a very different proportion of calcium according to the
use of gloves (sterile or nonsterile).

Ashes resulting from the incineration of
X-ray photography

Composition of the photographic plates

The whole photographic process is based on the
sensitivity of silver halide crystals to luminous radiations
or to the action of X-rays. A black and white photographic
film consists of a flexible matter sheet, usually out of
acetate or transparent polyester, covered with a sensitive
layer of silver halide in suspension in a gelatine emulsion.
When this film is exposed to light or X-rays, the silver
halide undergoes an electrochemical reduction forming a
latent image on the film. The “revelation” of the image
results from an electrochemical oxidation of both
hydroquinone/quinone. Metal silver particles are formed
then in the zones exposed to the light. This silver metal
deposit might be used as an indicator of the origin of
ashes.

Characterization of the radiological plates

The plates were collected in the radiological department
and were incinerated at the laboratory in a tubular
furnace matching as closely as possible the running
parameters of the hospital incinerator.

The different methods of analysis in solid chemistry
science were used: scanning electron microscopy SEM
and transmission one TEM at high resolution HREM, the
diffraction of X-rays XRD, the analysis by inductive
coupled plasma ICP and the electric impedance
spectroscopy EIS compared with the differential scanning
calorimetry coupled with thermogravimetry DSC-TG
(Table 3).

Table 3
Mass composition of ashes resulting from the incineration of radiological plates
SiOZ A1203 Fe203 MgO MnO P205 KzO Ca0O TiOz Ag
% % % % % % % % % pPpm
1.07 0.18 <0.1 1.85 <0.01 0.12 <0.1 0.15 <0.001 71
Cr Cu B Cd Li Ba Be Mo Nb Ni Zn
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
42 46 <5 4 <15 13 <0.02 <8 9 46 <2
Bi Pb Ge Sb Se As Sn Sr Y Co W
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
<20 90 42 440 <40 <8 78 6 14 <7 <23

Analysis by inductive coupled plasma ICP
The interest of the method is a relative dosing of in the
form slight traces of free elements or oxide: about one or
two percents mass and a few grams per ton, i.e. about the
mass part per million.

X-ray diffraction analysis
The spectrum of ash X-ray diffraction of was compared
with the spectrum of silver metal spectrum of the ASTM
library. The result is consolidated by the TEM-HREM
observations (Fig. 2).
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Fig. 2. Spectra of DRX of ashes resulting from the incineration
of radiological plates and ASTM library
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Analysis by transmission electronic microscopy
TEM-HREM

Within the microscopic scale, two shapes of grain can be
observed: grains of dark colour and silver plated grains
(Fig. 3) The images of electron microscopy transmission
show that:
— the dark grains are composed of aluminosilicates
(Fig. 3, a). The absence of diffraction (Fig. 3, ) shows
that these grains are in an amorphous or vitreous state
— the grains, of silver plated appearance (Fig. 3, ¢), are
made up mainly of silver. The image of diffraction
(Fig. 3, d) shows that these grains are crystallized (cubic
centered faces system of the silver atom).
These results show, as one can expect, that silver metal is
dominant. The atomic fraction is very high: it is only an
impression. In fact, a radiographic plate is made up, of
silver halide and the traces of developer containing
sulphur. In addition, it contains organic substances mainly
including “light” atoms (carbon, oxygen, nitrogen,
hydrogen) which are not highlighted by TEM (Fig. 4).

d
Fig. 3. Grains of dark colour and silver plated grains: a —dark grains composed of aluminosilicates;
b —absence of diffraction, ¢ —silver plated grains, d —image of diffraction
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Note: Copper is not taken into account in the calculation of the atomic composition because the sample-carrier contains copper.

Fig. 4. HREM spectrum analysis of ashes resulting from the incineration of radiological plates:
a — EDAX analysis; b — atomic composition

Electric impedance spectrometry and differential
scanning calorimetry-thermogravimetry
1. Electric impedance spectroscopy EIS: ashes are
compacted under 10 kbar and placed between two
nonreactive plane electrodes, an alternate field of variable
frequency is applied to the electrodes; the analysis of the
associated current is then carried out. The analyzer
measures an impedance, function of the frequency from
which conductivity or conductance can be deduced.
Conductimetric measurements are carried out in cells under
controlled atmosphere and at variable temperatures (Fig. 5).
2. Differential scanning calorimetry and thermogravimetry
DSC-TG: the reactivity according to the temperature is
studied by the usual method of differential scanning
calorimetry coupled to thermogravimetry. This method
makes it possible to follow the thermal effects (dehydration,

decomposition...) and the possible losses of mass associated
to these effects according to the temperature (Fig. 6).
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Fig. 5. Ig(conductivity) vs 1/t of ashes resulting from
the incineration of radiological plates
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Fig. 6. Differential scanning calorimetry and thermogravimetry vs temperature of ashes resulting

from the incineration of radiological plates
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Discussion
Two thermal accidents have been identified:
— An accident at a temperature close to 140 °C with a
loss of mass of 2.54 % corresponding to the surface
water loss. The small quantity of this loss means that
water was primarily brought by hydration in free
atmosphere.
— A significant loss of mass (86.44 %) is observed
between 300 °C and 700 °C. The DSC-TG is carried out
under air; this loss of mass can correspond to the
degradation of the photographic support made up mainly
of light atoms.
A very strong evolution of the characteristics (thickness
and diameter) of the pellet was observed. This
degradation of the pellet makes it difficult to interpret
the sharp increase in the electric conductivity of the
sample beyond 700 °C: an increase which may come
from the remainder of the pellet (11 % in mass) made up
of silver or silver salt or a unwanted contact between the
electrodes.

Ashes resulting from the incineration
of medical gloves

Composition
The properties and the different compositions of medical
gloves are stated in national and international standards,
for example the ISO 11 193 standard. These gloves are,
most of the time manufactured either from rubber
(natural or synthetic), or from thermoplastic polymers.

New materials are currently being studied for the
manufacture of these gloves; Particularly copolymers of
ethylene and methyl or butyl methacrylate. These
materials give the gloves particular characteristics of
flexibility, solidity and extensibility [S5]. Various
additives are included in the polymeric matrix: a
vulcanization agent containing sulphur and zinc salt, an
antioxydant, titanium oxide and zinc oxide used as dyes,
a stabilizer, dispersants, ions such as Ca®" [6]. The inside
of each glove is coated with talc to make it easier to use.
The theoretical formula of talc is Mgz[Si,05],(OH),. As
in any natural mineral, a few cations replace other
cations in the lattice by respecting the neutrality of the
crystal and its structure: for example two ions AI’*
permute with three ions Mg”" and reciprocally. The same
substitution can be observed, but to a lesser extent, with
an Fe*" ion or a Cu®" ion.

Characterization of medical gloves

The gloves were collected at the civil hospital and at the
blood transfusion center (City of Marrakech), both these
places correspond to a specific formulation of the
material (sterile and nonsterile gloves). It is interesting to
know if these two formulations can be distinguished by
means of the usual methods solid physicochemistry.

The gloves were incinerated separately in the laboratory
under conditions which reproduce real incineration
(Table 3).

Mass composition of ashes resulting from the incineration of sterile gloves fabled
SiO, ‘ AlLO; ‘ Fe,0; ‘ MgO | MnO ‘ P,0s ‘ K,O | CaO ‘ TiO, ‘ ZnO
(%)

35.11 ‘ 29.01 ‘ 0.90 ‘ 2.78 | <0.01 ‘ 0.19 ‘ 2.25 | 0.52 ‘ 393 ‘ 3.8
Cr ‘ Cu ‘ B | Cd | Li ‘ Ba ‘ Be | Mo | Nb ‘ Ni ‘ Co
(ppm)

21.00 ‘ 26.00 ‘ 185.00 | 5.00 | 208.00 ‘ 175.00 ‘ <0.02 | <8 | 45.00 ‘ 44.00 ‘ <7
Bi ‘ Pb ‘ Ge | Sb | Se ‘ ‘ Sn | Sr | Y ‘ W ‘

(ppm)
<20 ‘ 161.0 ‘ 39 | <32 | <40 ‘ 30.0 ‘ 92.00 | 68.00 | 19.00 ‘ <23 ‘

Sterile gloves
1. Analysis by ICP: Analysis by ICP showed two

unexpected elements in these formulations: yttrium and
lead. Yttrium can come from crucible ceramics in the
form of Y,0; which is not usually found, or only in
negligible quantity in the measurements carried out in an
Al,O5 crucible.

Lead is used as protection against ionizing radiations and
the radioactive contamination

2. Analysis by HREM: The quantitative analysis of the
transmission electron microscopy TEM and of scanning
electron microscopy SEM allowed us to highlight the
presence of zinc (32.1 % at.) and of titanium (32.6 % at.)
in great quantity which comes from dyes, in the form of
oxides (Fig. 7).
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Fig. 7. HREM ashes analysis resulting from the incineration of sterile
gloves: a— EDAX analysis; b — atomic composition

Nonsterile gloves
The nonsterile gloves correspond to a different

formulation. An HREM analysis followed by an EDAX
analysis makes it possible to highlight the characteristics
of this formulation (Fig. 8).

a
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Zn si cl
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Fig. 8. HREM ashes analysis resulting from the incineration of
nonsterile gloves: a — EDAX analysis; b — atomic composition

Discussion

Gloves of different origin were studied. Nonsterile
gloves feature a significant quantity of Ca. A possible
explanation lies in the specific use of the gloves.
Surgical gloves are manufactured from natural latex and
are free of contamination; the other nonsterile gloves are
made of synthetic polymer; an organic compound of
calcium, calcium ligno-sulphonate, is used as an agent of
polymerization by increasing speed and regularity. This
explanation is backed by the change of one of its
physical properties: Gloves sticking to each-other: sterile
gloves contain anti-sticking agent inserted in natural
latex [6].

Conclusion

Practically, “Health care waste” is separated from urban
or domestic waste and incinerated separately but without
any other sorting process. An analysis of the ashes
resulting from “Health care waste” showed that their
composition is rather close to those of urban waste. It
then appeared necessary for us to seek which elements
were specific to hospital waste. We concluded from it
that silver enhances the presence of radiological plates.
The change in the physical property of glove sticking
made us seek the origin of this change. The more or less
significant quantity of calcium allowed us to sort out
sterile gloves (made of natural matter) from nonsterile
gloves (made of synthesis polymer).

Waste storage, even incinerated is very costly. The
current tendency is valorization (road surface, building
materials...); the word “incineration” is replaced
moreover by the word “energetic valorization” in
international recommendations. The recovery of the
silver metal from radiological plates is an industrial
process usually performed by electrolysis without
incineration of the plates, but these plates need to be
sorted by the staff hospital. The quantity of recoverable
silver in an hospital is not economically profitable.

Experimental part

Physical measurements are carried out jointly on the
spectrometers of the University Cadi Ayyad of
Marrakech and those of the Sud-Toulon-Var University.

a) ICP: inducted coupled plasma.

The light elements are proportioned with an apparatus
ULTIMA.

The heavy elements are proportioned with an apparatus
PANORAMA.

b) XRD: X-ray diffraction.

The apparatus used is a diffractometer BRUCKER-
SIEMENS DS5000 with radiations K; and K, of a
copper anticathode bombarded by electrons accelerated
under a tension of 35 kV. The source of electrons is a
filament of tungsten. A nickel filter makes it possible to
mainly  eliminate radiations K, from copper.

e i ==
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Wavelengths used are AK,; = 154.0 pm and are AK , =
=154.5 pm the identification of the samples is carried
out by comparing the experimental diagrams and the
diagrams of reference of JCPDS file or ASTM file.

¢) IES: impedance electric spectroscopy.

The apparatus used is composed of a potentiostat-
galvanostat of model EGG 273A coupled to an analyzer
of model frequency SOLARTRON IF 1260. The
ceramics pastilles are placed between two electrodes of
gold maintained by a light pressure ensuring a stable and
reproducible contact. Measurements are taken in AC
current in a broad field of frequency of 10" Hz to
10"Hz. The conductivity of the samples is measured
under air in the temperature range of 40 to 700 °C.

d) DSC-TG: differential scanning calorimetry and
thermogravimetry.

The apparatus used standard DSC TG- 92 SETARAM is
equipped with a microbalance and a graphite furnace
(maximum temperature 1600 °C). The unit, controlled
by a computer, allows the simultaneous layout of the
curve of the variation of the masses of the sample and
the curve of differential thermal analysis. The
temperature is measured with a thermocouple (rhodium
Pt-Pt with 10 %).

¢) SEM: scanning electron microscopy.
Images are performed with a JEOL, JSM-5500.
The ultimate analysis is done by EDAX-Falcon.

f) TEM-HREM: transmission electron microscopy.

The apparatus used is an electron microscope with high
resolution TECNAI G* having an accelerating tension of
200 kV, that is to say a wavelength associated 2.51 pm
and an objective with the super-twin type. The electron
beam is emitted under a vacuum of about 30-10° Pa by
the heating, towards 1550 °C, of a crystal of hexaborure
of lanthanum (LaBg). The images are carried out with a
growth going up to 1,000,000. One can point by point
reach resolutions of 0.248 nm what makes it possible to
colour reticular distances. This aircraft is equipped with
a system of analysis by X-ray spectrometry in dispersion
of energy EDAX making it possible to obtain qualitative
and quantitative information on the chemical elements
present in the samples.
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More than one century ago French physicist Jacques Arsene d’Arsonval was the first to propose tapping the thermal
energy of the ocean for producing useful energy. The relevant process was named Ocean Thermal Energy Conversion
— OTEC. Surface and deep water of the ocean, which have different temperatures, can be used as a heat source and a
heat sink in a thermal engine ruled by the Carnot principle. The first plant, that demonstrated the process feasibility
and permitted assessing the engineering problems and financial risks stemming from its implementation, was
constructed in 1930. The background of setting up diverse facilities on the basis of OTEC in different countries is
provided. It is emphasized that in recent decade many countries abandoned their activities aimed at OTEC
development. The USA and Japan can be mentioned as the exception, as both countries continued research in OTEC,
their efforts being aimed at expansion of possible applications for deep ocean water, besides improving the OTEC
processes and studying their potential impacts on the environment. OTEC impact will essentially consist of massive
seawater intakes and effluent discharge, the latter having a temperature and composition a priori different from
ambient values. The magnitude of this impact will mostly depend on the scale of OTEC operations (overall power
generation capacity), on the spatial distribution of power plants and on the effluent discharge strategy.

This paper is linked to the first contribution of the Club des Argonautes to the International Scientific Journal for Alternative

Energy and Ecology 2007: OTEC — STATE OF THE ART AND PRESENT STATUS.

Keywords: solar energy, OTEC, ETM, environmental impact, hydrogen economy

The “Club des Argonautes” is a small group of retired scientists and engineers who happened
to work with French public institutions such as IRD, IFREMER, Météo France, CNES, CNRS,

and MNHN

Introduction

Ocean Thermal Energy Conversion (OTEC) has recently
received renewed attention as the search for renewable,
clean energies capable of replacing costlier fossil fuels
has intensified. The most accessible reserves of oil, coal
and natural gas have actually started to decline. Stored as
heat in the surface layer of tropical oceans, solar energy
can be partially converted into mechanical and electrical
power by utilizing the existing thermal stratification
between warm surface water and cold deep water.

The conversion process, conceived by the end of the 19th
Century and tested in the 1930s, uses warm surface water
and cold deep water to respectively feed an evaporator and
a condenser on either side of a turbomachine operating on
a so-called Rankine cycle. Operational parameters are
well adapted to the small vertical temperature differences,
of the order of 20 °C, that are available in the warmest
regions of the tropical oceans. Small temperature
differences, however, lead to low process efficiency.
Consequently, large seawater flow rates are required, of
the order of several cubic meters per second per net
megawatt generated. Typically, this seawater intensity

For edeakr e

rgonautes

would be 5 m’s"™MW™! and 2.5 m’s"MW™' for warm and
cold water, respectively (Nihous [1], 2005).

It follows that the impact of OTEC on the ocean
environment will essentially consist of massive seawater
intakes and effluent discharge, the latter having a
temperature and composition a priori different from
ambient values. The magnitude of this impact will
mostly depend on the scale of OTEC operations (overall
power generation capacity), on the spatial distribution of
power plants and on the effluent discharge strategy. In
the latter case, multiple choices are available and
environmental responses will vary according to the depth
at which effluents (from evaporator and condenser) are
released, mixed or not. It is therefore critical to carefully
evaluate impacts from OTEC seawater intakes and
effluent discharge under various scenarios in order to
simultaneously optimize OTEC power production and
minimize its potential disruption of the ocean
environment.

Such studies concern the global impact of future
intensive OTEC exploitation. They are different from
those necessary to evaluate the local impact of any
OTEC plant construction.
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Optimization itself could be based on different metrics
according to possibly different objectives: e.g. to
maximize power production, or to promote biological
production from the artificial upwellings generated by
the discharge of nutrient-rich OTEC effluents into the
photic layer.

The importance of upwellings
on the marine ecosystem

Natural upwellings are produced by wind stress over the
ocean under certain conditions that favor a divergence of
surface waters (proximity of a coastline or of the
Equator). This locally induces the upward motion of
deeper, colder nutrient-rich waters toward the surface.
Upwellings play an important role in the global energy
balance of the ocean and of the Earth. In tropical regions,
they allow an accumulation of heat that is later
transferred to higher latitudes by major currents (Gulf
Stream in the Atlantic and Kuro Shiyo in the Pacific).
They also strongly mediate interactions between the
ocean and the atmosphere by inducing meteo-oceanic
oscillations that affect climate across the entire tropical
belt, such as the phenomenon known for centuries as El
Nifio (ENSO).

Wherever they occur, upwellings boost biological
productivity as well. The high nutrient concentrations
generally found in deeper waters are advected upward
into the photic layer where photosynthesis is promoted.
This increase in primary productivity benefits the entire
food chain. In certain cases (cf. below), artificial
upwellings related to OTEC operations could contribute
to a local increase in primary production. While
seemingly positive, the consequences of such biological
effects should be assessed from a long-term perspective
involving multiple trophic levels.

In view of the foregoing, potential impacts of artificial
anthropogenic perturbations of the thermal and chemical
structures of the ocean upon ocean dynamics itself,
atmospheric dynamics and marine biological processes
must be evaluated carefully in the context of an ultimate
and massive deployment of OTEC plants within tropical
regions. Thresholds could exist beyond which such
perturbations could permanently alter oceanic circulation
and, possibly, atmospheric circulation as well. This could
substantially constrain the acceptable scale of OTEC-
related perturbations upon the environment. Such
thresholds should be assessed as precisely as possible.

Problem fundamentals: energy needs
and OTEC potential

World annual electric consumption in 2001 reached
15500 TW-h. It could rise to 36000 TW-h by 2040
(EREC scenario [2] to 2040). This future demand
typically would be met with a total power-plant installed
capacity of 5 TW (assuming a capacity factor of 80 %).
What is the theoretical amount of ocean energy that
could be converted toward such a target?

Solar radiation absorbed by the oceans corresponds to an
overall mean flux of 52 PW (Huang [3], 2004). References
from the technical literature suggest that it should be
possible to extract 10 TW of OTEC resources in a 60
million km® region where temperature differences between
the ocean surface and a water depth of 1000 m exceed
22°C (Avery [4], 1994). These estimates are obviously
theoretical and most likely beyond practical limits.

Beyond a strictly thermal consideration of the problem,
another important limiting factor in the deployment of
OTEC technologies consists of the magnitude of the
process flow rates. All natural upwellings, for the most
part located in the intertropical region, amount to about
30 Sverdrups (Sv). This is a flow rate equivalent to the
downwelling of deep and bottom waters in the Arctic
and Antarctic convective zones, so that a meridional
thermohaline circulation is maintained to keep the
overall system’s balance as we know it today. Any
perturbation of the mechanisms related to this ocean
circulation, for example from artificially upwelled deep
water, intuitively should remain much smaller than this
background flow rate, lest the overall ocean circulation
change substantially. One should keep in mind (Nihous,
2005) that the net production of 1 GW by OTEC plants
would require the pumping of 2500 m?/s of deep water
(that is 25 Sv for 10 TW, a theoretical value of the same
order as the magnitude of natural upwellings). In truth,
even with a rapid expansion of OTEC operations, for
example with 5000 plants rated at 100 MW generating
10 % of the predicted electrical power demand in 2040,
the corresponding deep water flow rate would not exceed
1.25 Sv. The primary goal of this study would be the
definition of optimized scenarios and the identification
of potential thresholds.

Potential OTEC resource limits

At face value, a theoretical OTEC potential of 10 TW
would represent an electrical power generation capacity
twice as large as that predictably needed by mankind in
2040 (5 TW). This amounts to a significantly large
value, but it does not take into account a number of
limiting factors arising from technical difficulties,
physical and geographic constraints, and environmental
concerns which undoubtedly would reduce the
exploitable OTEC resource. Political issues, such as a
nation’s sovereignty over its EEZ, are susceptible of
imposing further constraints.

The exploitation of OTEC resources will therefore
necessitate hard choices based on technical, economic and
political parameters. Such choices will in turn influence
the nature and magnitude of the environmental impacts
which represent the object of this research proposal. For
example, OTEC plants and their artificial upwellings
located in the warm western most margins of the inter-
tropical zone, where OTEC temperature differences are
the most favorable, will not cause the same effects on
ocean dynamics and climate as OTEC plants sited in the
easternmost regions where natural upwellings occur.
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Environmental impacts associated with ocean thermal energy conversion

Environmental impact also will depend on the selected
method of effluent discharge: should effluents be mixed or
not before being released into the ambient water column?
at what depth(s) should the discharge take place? What are
the time scales of the perturbations of the oceanic thermal
structure induced by OTEC itself?

Some of these questions recently were tackled with very
simplified simulations (Nihous, 2005; Nihous, 2006) that
show the likely existence of a limit for exploitable OTEC
resources beyond which a degradation of the oceanic
thermal structure may take place. In order to sustain
OTEC operations, it is necessary to preserve a sufficient
vertical thermal gradient. The upper bound of sustainable
OTEC power generation may be as low as 3 TW.

Beside such theoretical limits, the effects of OTEC
seawater streams on the coupled dynamic behavior of the
ocean, the lower atmosphere and marine biota clearly
must be assessed in order to be able to quantify OTEC
impacts and to determine thresholds beyond which these
impacts would become unacceptable. This is the object
of this research project.

Research project objectives

Many environmental issues arise from a prospective
deployment of OTEC technologies, the more so as
effluent discharge options may vary with different
targeted outputs.

For a given design configuration, the following questions
should be addressed:

a) How will ocean dynamics adapt to a perturbation of
the oceanic thermal structure?

b) What effects perturbations of the ocean surface
temperature and the onset of an artificial heat sink may
have on the atmosphere and its dynamics?

¢) How can marine biota respond to nutrient enrichment
and different temperatures?

These questions give rise to research priorities which can
be articulated along three axes, with a definite
dependence on the selected effluent discharge option:

1. Study of the perturbations of the thermal structure of
the ocean and of the dynamic response of the ocean as a
result of OTEC operations.

2. Study of the coupling of thermal and dynamic oceanic
perturbations with atmospheric behavior.

3. Study of the impact of artificial nutrient enrichment in
the photic zone on the marine ecosystem.

These three research areas involve modeling as a
necessary simulation tool for scenarios that cannot be
tested in the field.

Boundary conditions for the proposed studies

OTEC operations rely on the existence of sustained
vertical temperature differences through the water
column, and therefore on elevated surface temperatures
generally found in inter-tropical areas, but more
precisely toward western boundaries.

A vpriori, one will only consider regions where
temperature differences between surface and deep waters
exceed 20 °C, i.e. approximately between latitudes 20° N
and 20° S. Among possible strategies to better define this
OTEC zone, one could fix the deep-seawater withdrawal
depth at 1000 m; this choice reflects a realistic
evaluation of current and short-term technological
capabilities in ocean engineering. Generally speaking,
one will strive to select parameters consistently in order
to facilitate the comparison of results among peers
involved in this research field.

Possible tools

A) Computer simulations of the thermal and dynamic
perturbations of the ocean will be performed with Ocean
General Circulation Models (OGCMs) run in a
predictive mode. At first, it won’t be necessary to resort
to high-resolution versions of these models. A horizontal
mesh size of 1 to 2 degrees will help trim down the
problem by allowing multiple cost-effective simulations
for a few standard scenarios corresponding to an
increasing overall OTEC production as a function of
time. The number of power plants, their positions and
rated capacity would all be input parameters.

B) The coupled effects of oceanic perturbations on the
atmosphere could be studied with models currently used
for seasonal forecasts. Coupled OGCM/AGCM models
which deal with ENSO predictions would be a tool of
choice to test the impact of artificial upwellings on
ENSO dynamics along the Pacific tropical belt (regions
dotted with islands where preliminary tests of OTEC
plants have been performed or are under consideration).
C) The coupling between biological models and ocean-
atmosphere physical models has been a strong
developmental focus for many research teams.
Experimental models already exist, soon to be replaced
by operational models. The study of the ocean’s capacity
to increase its biological productivity in response to
nutrient-rich upwellings is a topic of current interest that
recently prompted international panel of experts to draft
a specific resolution (Bergen Declaration [5]).
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More than one century ago, French physicist Jacques Arsene d’Arsonval was the first to propose tapping the thermal
energy of the ocean for producing useful energy. The relevant process was named Ocean Thermal Energy Conversion
— OTEC. Surface and deep water of the ocean, which have different temperatures, can be used as a heat source and a
heat sink in a thermal engine ruled by the Carnot principle. The first plant, that demonstrated the process feasibility
and permitted assessing the engineering problems and financial risks stemming from its implementation, was
constructed in 1930 (see http://www.clubdesargonautes.org/histoirestem/etmclaude.htm, in french). The background
of setting up diverse facilities on the basis of OTEC in different countries is provided. It is emphasized that in recent
decade many countries abandoned their activities aimed at OTEC development. The USA and Japan can be
mentioned as the only exception, as the countries continued research in OTEC, their efforts being aimed at expansion
of possible applications for deep ocean water, besides improving the OTEC processes and studying their potential
impacts on the environment. At present there is no OTEC power plant of large enough power (several megawatts),
which impedes a better estimation of economic opportunities offered by this renewable energy source.

See also another contribution of the Club des Argonautes to this issue of the International Scientific Journal for Alternative Energy
and Ecology 2007: ENVIRONMENTAL IMPACTS ASSOCIATED WITH OCEAN THERMAL ENERGY CONVERSION.

Research Proposal.
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The “Club des Argonautes” is a small group of retired scientists and engineers who happened
to work with French public institutions such as IRD, IFREMER, Météo France, CNES, CNRS,

and MNHN

Introduction

Ocean Thermal Energy Conversion — OTEC — is the
process that uses warm water from the surface and cold
water from the depth of the tropical ocean to produce
useful energy. For more than one century OTEC has
been addressed a possible alternative for traditional
sources of energy supply. During the 1930s, OTEC
demonstrated its feasibility and an OTEC commercial
plant was developed that allowed assessing the technical
difficulties and financial risk inherent in the use of the
OTEC resource. After World War I1, several projects for
building OTEC electric plants were studied with the idea
of supplying some French overseas territories with
electricity. Nevertheless, these projects were abandoned
in the mid 1950s, as they did not appear competitive
with local hydroelectric resource. Then, OTEC has been
“forgotten” for almost 20 years until the 1973 oil crisis.

A continuing rise in oil prices through the late 70s
highlighted the defects of oil market, vulnerability of oil
supply, and ineluctable limits of the oil resource itself.

Har efaafn efess
rgonautes

The crisis reactivated public interest in renewable energy
including OTEC, therefore 1975-1985 became a golden
period for OTEC. Strong political support encouraged
important funding from both public and private sectors.
In the USA, under the Carter Administration, this
support was expected to lead to a vivid demonstration of
commercial-sized OTEC plants by 1990 [1]. However,
the drastic drop of oil market price in 1986 killed this
ambitious prospect and OTEC activities were shut down
in many countries, except in the USA and Japan. These
two countries got adapted to the situation and focused
their attention on the development of technology helping
reduce construction and operation costs of future OTEC
plants as well as study other commercial applications of
deep cold water.

OTEC process and components
On a large area of the tropical ocean, the temperature

difference between the surface water and the water at the
depth of 800 to 1000 m is in the range of 20-25 °C. This
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Ocean thermal energy conversion (OTEC) — state of the art and present status

thermal gradient between the surface water and the deep
water results from the wind driven global circulation of
the ocean. The surface water and the deep water can be
used respectively as a heat source and a heat sink of a
thermal engine ruled by the Carnot principle. A very
simplified scheme of OTEC system is shown in Fig. 1.

Surface seawater

Evaporator

Fig. 1. Simplified OTEC diagram

The main components of the system are:

— supply pumps and pipes;

— evaporator with warm sea water;

— condenser with cold sea water;

— working fluid that is vaporized;

— steam turbine driven by the working fluid that
generates mechanical energy.

The details of the process and technology of the
components for OTEC systems depend essentially on the
choice for the working fluid. There are basically two
types of OTEC processes: closed-cycle and open-cycle.
In the closed-cycle process the heat from the warm
surface seawater is transferred through the evaporator to
a working fluid, such as ammonia, with an appropriate
vapour pressure at the temperature of the available warm
to turn it into vapour. The expanding vapour drives a
turbo alternator, which produces electricity. The cold
seawater, passing through a condenser that contains the
vaporized working fluid, turns the vapour back into a
liquid, which is then recycled through the system in a
“closed cycle”.

Open-cycle OTEC uses the warm surface water itself as
a coolant. In the near vacuum evaporator the water
vaporizes at surface water temperatures. The expanding
vapour drives a law-pressure turbine attached to a
generator, which produces electricity. The vapour (which
is indeed fresh water vapour) is condensed back into
liquid water by mixing with cold deep ocean water. If a
surface condenser is designed to keep the vapour from
direct contact with the seawater, the condensed water
can then be used for drinking or irrigation. A “direct
contact” condenser that mixes the vapour and the cold
seawater is more thermodynamically efficient, but the
effluent is salty and not recycled. The process is repeated
with a continuous supply of the surface seawater to the
evaporator. The cycle of the coolant is “open”.
Variations of OTEC open cycle include mist lift and
foam lift processes, which use a hydraulic turbine

Deep seawater ’

instead of a very low vapour pressure steam turbine
applied in Claude's open cycle, have been proposed and
tested on a small scale in laboratory conditions. More
investigation is required to establish their industrial
potential that will not be further discussed in the present
article. Also hybrid systems using parts of both open-
cycle and closed-cycle systems are
used to optimise the production of
electricity and fresh water and better
answer the users demand.

OTEC history

Jacques Arsene d’Arsonval, a French
physicist, was the first to propose
tapping the thermal energy of the ocean
(1881) and Georges Claude, a former
student of d’Arsonval, was the first to
build an experimental open-cycle
OTEC electric plant to demonstrate the feasibility of the
process at sea. The plant was built onshore in Matanzas
Bay, Cuba, in 1930. The system using a low-pressure
turbine produced 22 kW of electricity. Later, in 1935,
Claude constructed a 2.2 MW open-cycle floating plant
aboard a 10000-ton cargo vessel “La Tunisie” to be moored
off the coast of Brazil. Claude planned to sell industrial ice
to Rio de Janeiro and give evidence of the economic
potential of OTEC. Unfortunately, during the installation
the cold-water pipe was destroyed by the effect of the
waves and Claude became bankrupt (La Tunisie, 1991)
(see: http://www.clubdesargonautes.org/otec/vol/ vol2-1-
10.htm).

After W-W-II, French researchers designed a 3 MW
electric open-cycle plants for two French Overseas
Territories. However, the projects were not completed
because the cost of OTEC energy was not competitive
with inexpensive hydroelectric power available on both
sites.

In 1974, the Natural Energy Laboratory of Hawaii
(NELHA, formerly NELH) was established at Keahole
Point on the Kona coast of the big Island of Hawaii. It
has become the world’s foremost laboratory and test
facility for OTEC technologies. In 1979, the first 50 kW
electric closed-cycle OTEC demonstration plant went up
at NELHA. Known as “Mini-OTEC”, the plant was
mounted on a converted U.S. Navy barge moored 2
kilometres off Keahole Point. The plant used a 0.7 m-
diameter, 670 m-long cold-water pipe to produce 15 kW
of net electric power.

In 1980, the U.S. Department of Energy built OTEC-1, a
test laboratory for closed-cycle OTEC ammoniac heat
exchangers installed onboard a converted U.S. Navy
tanker. The results of the test identified the methods for
designing commercial scale heat exchangers for OTEC,
and a new design for a suspended cold-water pipe was
validated at that test site. The OTEC-I experiment has
demonstrated that OTEC systems can operate from
slowly moving ships with little effect on the marine
environment.
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In 1981, Japan built a shore-based 100-kW(el.) closed-
cycle plant in the Republic of Nauru in the Pacific
Ocean. This plant employed cold-water pipe laid on the
sea bed at the depth of 580 m. The working fluid was
Freon-22 and a titanium shell-and-tube heat exchanger
was used. The plant produced 31.5 kW (el.) of net power
during continuous operating tests from October to
December 1981.

The golden age for modern OTEC peaked in 1980 when
the US Administration enacted laws [1] to promote
commercial development of OTEC (US ACT,1980) and
called for demonstration of 100 MW(el) OTEC power
plant by 1985 and 500 MW installed by 1990.
Unfortunately the construction program was not funded
and then abandoned.

During the same period, France launched a study run by
IFREMER for a 5 MW(el.) OTEC plant to be created in
French Polynesia. The project was abandoned in 1986.

In 1986 a severe drop in the oil price led to a worldwide
reduction in political support and funding of OTEC
development. Only the USA and Japan continued
significant activities. Their efforts were more or less re-
oriented with the objectives to:

— Improve knowledge of OTEC systems and possible
environmental impact.

— Two examples of activity illustrating this objective are
the construction and test of a 210 kW open-cycle OTEC
with 50 kW Net Power Producing Experiment (NPPE)
performed by the Pacific International Center for High
Technology Research (PICHTR) at NELHA Keahole
Point in 1993-1998, and the Japanese world’s first
experiment on artificial up-welling on the “Hoyo”
(“Hoyo” means “productive ocean” in Japan) floating
platform in 1989-1990.

— Develop technologies to cut OTEC capital and
operation costs.

The activity included the development of aluminium
alloys and constructlon of plate exchangers for OTEC
close cycle. These were much cheaper than those
previously used with titanium tubing. The activity also
involved a research of material for the construction of
cold water piping several meters in diameter and a
research to adapt aerospace light materials to the
construction of low-pressure turbine blades for large
OTEC open-cycle plants. Development activities for
such specific components are most often under the
responsability of private companies and detailed results
might not be fully available to public.

— Study a broader field of Deep Ocean Water
Applications (DOWA), other than OTEC itself.

The deep ocean water is not only cold, but it is also richer
in nutrients, “cleaner”, and has fewer pathogens than
surface water. These characteristics of Deep Ocean Water
(DOW) are also stable with time and DOW is recognised
as a favourable medium for growing marine organisms.
By opening its facilities, including the supply of deep
ocean water (NELHA, 2002), to public and private
research teams the NELHA greatly contributed to

increasing the vision of DOWA and has become an
“incubator” for a wide range of new commercial DOW A
for aquaculture of fish and sea food, (or cultivation of
marine organisms of industrial interest, etc. Also, being
available in the tropical region, DOW can be used as a
cooling fluid for traditional thermal plants to improve their
efficiency. Another simple and promising application is
the usage of DOW as a “chilling” fluid for air-
conditioning systems in big buildings and hotels. Visiting
the NELHA web site to learn more about NELHA
“tenants” and DOWA products is an exciting experience.
In Japan, similar smaller facilities exist in several
Prefectures, Kochi being the first to be operated. All the
above-mentioned make a convincing demonstration of
new DOWA commercial success and substantial incomes.
— Identify best target sites and search for possible OTEC
funding.

There are two main types of plant sites: the sites “on
shore” or “close to shore” which are under the
jurisdiction of nations within the limits of Exclusive
Economic Zone (EEZ) and the sites located in “high
seas” where the resource is accessible to any user.
Beginning with the search of Georges Claude and his
choice in favour of Cuba in the 1920s, the search for the
best favourable sites to install OTEC plants has been —
and still is — a “routine” activity for OTEC promoters.
There exist long lists of favourable sites for which
technical risks and costs have been evaluated and
benefits for the local population clearly identified.

OTEC - the state of the art

The history of OTEC as briefly reviewed above recalls
past technical successes in building and operating small
experimental OTEC plants, but does not give evidence
for any reliable assessment of a long-term future for
commercial OTEC. Nevertheless, the analysis of the past
activities addresses the following assertions and
reservations.

The Ocean Thermal Energy resource is abundant and its
usage to supply useful energy neither creates, nor adds
new heat or chemical substances to the environment.
OTEC just introduces a perturbation in the natural
process of the Ocean Circulation. On the whole, OTEC
is environmentally friendly, but limits and consequences
of an intense exploitation of the resource are still to be
studied.

OTEC requires rather “low” technologies readily
available to build OTEC electric plants with a net
production capacity up to several tens of MW — either
“open” or “close” cycle, “on” or “close” to shore. They
represent the “first generation” of OTEC commercial
plants built and operated to supply small isolated
communities with base load electricity and other
products, e.g. desalinated water, cooling fluid,
aquaculture, etc. When carefully planned and executed,
the environmental impact caused by the construction of a
plant will be similar to that of standard civil works with

160

International Scientific Journal for Alternative Energy and Ecology N2 5 (61) 2008
© Scientific Technical Centre «TATA», 2008 B =2 e |

¥



Ocean thermal energy conversion (OTEC) — state of the art and present status

very limited local consequences. In order to prevent
adverse effects on the local environment during plant
operation, the plant design can be adapted to the site
characteristics. Since Claude’s “La Tunisie” attempt and
failure in 1935, a high capital cost and lack of experience
in long-term operation for OTEC have dissuaded private
investors to go commercial before a pilot OTEC plant of
reasonable size — at least 1| MW — has been built and
operated during a reasonable period of time — at least 1
year — with the support of public funds.

Analysis of the results gained from operating OTEC
plants of the “first generation” is necessary before
building big floating OTEC electric plants of 100 MW or
more. The main technical issues for these OTEC plants
of the “second generation” are related to the cold water
pipes, transfer of electricity to land, and a big low-
pressure turbine in case of an open-cycle OTEC.
Industrial study of construction design and materials for
floating OTEC plants of 20 to 400 MW have been
conducted [2] yielding a primary conclusion that there is
a solution to build closed-cycle OTEC plants with
metallic heat exchangers and cold-water pipes made of
light concrete when located at a reasonable (10 miles)
distance from land (Avery 1994). Uncertainties exist as
to long-term effects of intensive exploitation on the
environment on a regional and global scale. Also
intensive exploitation should not be authorized before an
international legislation is established to set the rights
and duties of OTEC industry.

For a long term, conceptual designs and cost evaluation
exist for big OTEC plants of the “third generation” whose
goal is to produce synthetic fuels and supply liquid fuels
for direct use in transportation, or for electric power
production via fuel cells. Meeting all imported motor
vehicle fuel demand in the US with OTEC fuels would
require “only” three decades to develop (Avery 2002).

Conclusion — OTEC status at the dawn of the third
millennium

Despite the fact that OTEC technology is available and
offers many advantages compared to others, including
such resources as solar PV, wind, biomass, etc., no
OTEC plant of decent size (one to few MW seems
appropriate) has been operated for a long period of time
to permit a better evaluation of OTEC economy. Usual
arguments to explain this situation are high capital
investment costs and potential marine hazards. These
factors dissuade promoters from stepping forward in
OTEC development. When considering what is really at
stake with OTEC, this explanation seems politically
correct, but highly disputable.

Opening the OTEC tap would open access to an energy
resource that could probably cover as much as the annual
world demand for primary energy as predicted for 2020
(the total power that could be continuously tapped by
using the OTEC resource is of the order of magnitude of
10000 GW, equivalent to the power of thermal plants
burning 15 G to.e. a year), but exploring this

opportunity is not a priority for rich and powerful
countries which directly or indirectly control the present
global energy market. Indeed, in the present state of the
world, OTEC can be viewed as best adapted to
developing nations. Many are located in the South (close
to or within the tropical zone) where the OTEC resource
resides, and OTEC technology is better adapted to their
present industrial capacity than oil and nuclear
technologies. Opening the OTEC tap could be a promise
to soften their dependence, decrease the vulnerability of
their supply, reduce the burden of their energy bill, and
give them new development for opportunities to face
their predicted increase in population.

OTEC detractors claim the OTEC costs are not
competitive with traditional supplies. However, this
categorical general statement might be erroneous in
isolated zones where traditional fuel prices are very high
and nuclear energy inappropriate. OTEC by-production,
e.g. fresh water, aquaculture, cooling, etc. is also a
promising approach to economic viability. Moreover, the
market price of traditional energy does not reflect its real
cost due to ignoring many social, environmental, and
political expenses, known as “externalities”. A fair
evaluation of externalities is a prerequisite to comparing,
production costs of energy from different sources (The
ExternE Project [3]).

One step for OTEC progress is the construction of a pilot
plant of adequate size to build up the confidence of
private investors. The main obstacle to that step is the
high capital investment required. It is financially out-of-
reach for those poor nations that would need it the most.
After 1985 it appeared that only an international co-
operative effort could gather the expertise and the
necessary funding. The IOA International OTEC/DOWA
Association was established in 1990 to promote such co-
operation (the IOA was established in 1990 at the
initiative and with the support of Taiwanese Authorities).
Its attempt failed and the IOA was disbanded in 2003.
Looking back, in the OTEC history there was no
evidence of any real will on the part of developed
nations to invest and proceed within an international
project. So, the excitement was great within the World
OTEC community when Saga University of Japan and
NIOT( National Institute of Ocean Technology) of India
announced in 1997 that they agreed to a joint
development of OTEC in India: a country with a large
access to an abundant OTEC resource (The Indian
1 MW OTEC Plant [4]) that faces a dramatic increase in
population and future demand in clean) energy. This
IMW floating plant has been built and installed at sea.
The success of this pilote operation plant could be an
important milestone in the development of OTEC
industry. Unfortunately to our knowledge the results
obtained by the Indian-Japanese venture have not been
release to public yet.
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9. ST, 2003. California's Energy Future and Cold Ocean
Water // Sea Technology, July; www.ocees.com.

Note: The IOA Newsletter are accessible at: http:
/Iwww.clubdesargonautes.org/
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A CLIMATIC HELL ... IN PARADISE
EMERGENCY CALL FOR THE FIRST CLIMATIC REFUGEES

P. Saint-Grégoire

®2007

Google”

Altitude 468 m

Space view of lolassa island in Carterets atoll as obtained with Google Earth

As seen from the space, some islands of Pacific area
appear as these small paradises that most of us have seen
only on postcards; their populations have a legendary
hospitality and an incommensurate kindness. However,
when looking more carefully, a true nightmare is
happening to some of them, with the complete collapse
of their environment, ignored by our public opinion.

For these populations of Pacific islands, the anxiety is
indeed already the every-day life: they have to face the
concrete consequences of a concept that, for the public
opinion, is still an abstraction: the sea level increasing
due to global warming and to the melting of considerable
quantities of ices. Already more than a decade ago, the
scientific prediction was given, for this type of event and
it actually occurs now, unfortunately.

What is the situation nowadays? The demoniac angels
have appeared first in the paradise of Carteret islands, in
Papua New Guinea, under the form of sea level rise,
storms and floods over the lands. These idyllic south
pacific islands have thus rapidly experienced a great
disaster.

120 km northeast of mainland Bougainville, the
Carterets are six small islands around an atoll about 25
km across. They are about Im above high tide and made
of sand. All six islands have been damaged. In 1995 a
wave washed away most of the shorelines of Piul and
Huene islands. Han island was then totally inundated and
another was cut in half by the sea. The inhabitants have a
very hard life. Some homes are regularly washed away.

Since several years (and events now accelerate) the
erosion of the costs increases. The area of the islands
diminishes, and as the sea level rises, salt water is
invading the land the inhabitants have for cultivation.
They are now forced to survive on coconuts, fish, and
occasional food supplies from outside, whereas they
used to grow tropical fruits and vegetables in gardens,
today unusable. A terrible situation of malnutrition has
spred and, now that wells are contaminated with salted
water, even drinking water is a problem. Thus, water is
now collected from rain, and when the rain-water is
exhausted, the only drinkable liquid is from coconuts.
For some years the islanders, who have nearly no money,
have depended on emergency aid, arriving at random
since without any air service, a government boat goes
there only few times a year.

This situation, characterized by the increasing number of
swamps with brackish water led to the appearance and
extension of mosquitoes and their natural consequence:
malaria.

Hunger, malnutrition, insecurity, anxiety for entire
populations are unexpected consequences of the
greenhouse effect. This shows that any problem
concerning environment must be treated in a
multidisciplinary approach, considering fully the human
dimensions. This is a lesson for forthcoming similar
situations in several other places in the world that will be
submitted to the problem of rising waters.
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Information

But besides talks, what is the short term solution for the
inhabitants of these pacific islands? What is proposed?
Which countries or international organisms have reacted,
to save these people?

The answer is sad and inacceptable: whereas the
contribution of these populations to the greenhouse gas
emission is zero, whereas their ecological footprint is
zero (there is no car on these islands, no use of fossile
fuels except for a small electric generator working few
hours a month for a DVD player), no solution is
proposed! Schematically, what is said to them is “leave
your sinking islands if you don't want to die”, but no real
means for that are available.

Can we, if we pretend to be humans, leave these
innocent populations alone facing the force of Ocean?
Can we pretend now to ignore their situation?

The fate of the Carteret islands inhabitants, and soon the
fate of the inhabitants of other low-lying islands (Tuvalu,
Kirabati, Fiji, Vanuatu, the Cook Islands, Marshalls, etc)
will prefigurate the fate that will be reserved to any one
that will have to be confronted to ecological disasters:
either there will be an international action to help them,
or they will disappear either as humans or as groups.
Such an event, that can be named genocide, would be a
shame for any human being on the surface of our small
planet.

The 1951 International Convention on Refugees does not
include people displaced by a changed climate, such as
rising seas, expanding deserts and shrinking ice. In the
neighbooring Australia, Senator Christine Milne of the
Australian Greens tried to change this. She proposed a
motion, that the government should use its influence in
the U.N. in order that people displaced by consequences
of global warming can be recognized as refugees. Both
major parties voted against and Australia will not accept
such refugees in its wide territory.

“Unless people can be relocated as a group we run the
risk of people losing their languages and becoming
socially, culturally and economically isolated, said
representants of Carteret's islanders. If the convention
could be expanded to recognize climate refugees, then
resettlement could be done in a way that keeps language
and culture together”.

An estimation is given, that a 2 degrees rise in
temperature could create at least 100 millions refugees
by the end of the century. On the basis of scientific
estimations, the Canadian environment Minister, David
Anderson has warned that “if climate goes unchecked

(’V‘ﬂ SCI

.

there could be 500 millions refugees created in one
human lifetime”.

Ignored by the other nations, the nations of these pacific
islands have the feeling that they are victims of
something that they are not responsible for. A lot of
inhabitants of these islands claim they love their island
and they are prepared to die there...

Why is the international community not more active with
respect to this problem? This question merits
interrogation. Does this innocent population, so full of
kindness, not attract the international sympathy? Or is it
because what is happening is the cruel result of a
situation that was not yet recognized few years ago,
namely the global warming?.. whose expected
consequences are already happening, thus confirming
scientific predictions? Is there a fear to panic our public
opinions? Or is this because these populations are far
away from the world decision centers?

Whatever the cause of the silence and of the lack of
action, it is highly time to wake up and to act.

Human rights exist also for the inhabitants of Pacific
islands!

Call for solidarity towards Carteret islanders

Pacific islanders need concrete solutions with respect to
the cruel problem they are facing. All aspects of helps
are needed: financial supports to provide them with food
and medicaments, financial supports to allow them to
relocate to other places.

As scientists, we have also the possibility to help them
with expertizes and scientific studies of what is
happening there.

Whereas some countries build completely artificial
islands, larger than Carteret's islands, whereas other ones
build dams in much more extended regions, why would
the international community be unable to finance and
organize backfilling and construction of dams for
stopping the floods and making islands of Pacific
inhabitable?

We call all scientists over the world, having a
conscience, to join an action in favour of the inhabitants
of these islands.

CONTACT: scientia.association@yahoo.fr

Supported by Scientia ad Progressum
association of scientists for the progress
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BH1MaHMe!

Hauwnasa ¢ 31 mapra 2007 roga Bcem wienam Pemxosierun

CTOMMOCTb NOANUCKN AN Pa3NYHbIX KaTeropum
noanmc4MKoB Ha nepsoe nonyroame 2008 rofa

MeskIyHAPOLHOIO HAYYHOI'O JKyPHAJIA « AJIbTePHATUBHAS SHEPTre- Tabnuua 1 Tabnuua 2
THKA ¥ 9KOJIOTUA» IIPEJOCTABIAETCA CKUAKA HA IIOJINUCKY:
~ 4jeHaM PenakiuonHoro Hayusoro komurera — 40% ot Poccus CrpaHbl CHI
0a30BOI1 CTOMMOCTH*;
— 3aMeCTHTeJAM IIaBHOro pegakropa — 30% ot 6asoBoit Crommocts, Crurere,
CTOMMOCTHU*; Kareropus s Kareropus e
— J— 0,
IeHaM MemayﬂafouHoro peaxkuuoHHOro Komurera — 25% J— 3000 PR, 4800
oT 6a30BOII CTOMMOCTH*;
— unenam Mesk/IyHAPOAHOTO HAyYHO-KOHCYJIbTATUBHOTO COBe- | LIercronepst 3300 PUPMBI-PACTIPOCTPARATEII 4200
Ta pegaknuu — 20% ot 6a30BO CTOUMOCTH*; Pusuueckue Tuma 4200 Hayunbre 6u6am0TeKH 5400
—unenam Cosera sKcreproB — 20% oT 6a30BOI CTOMMOCTH o N 3900 opraHuzanuit
— wirenam CoBera pereaseHToB — 15% oT 6a30Boit cTomMOC- D pecpoc ey
—_— Hayunsre 616mmoTexn opranusanii 4800 Hayuno-ncesezopareseiie 6000
M opraHusanuu
Hpn OCYIIIECTBJICHU U IIOAIIVICKY Cpa3y Ha BeCh I'0J 6asoBas CTo- Hayuno-uccnenosarenbckue
o o o 5600 Hay4uHO-IIPOM3BO/CTEBEHHEIE
MMOCTb F'OZI0BO# IIOANICKY PaBHA YABOEHHO 6a30BO CTOMMOCTH | opramusammn e 6600
Ha epBoe noyrozue 2008 r. ¢ IOMONHUTENBHOM CKUAKOHA 5 % . [ Hayuno-nponssoncrsenmme L -
3afaBKa Ha MOANNCKY HalpaBiaderca B PelaKIuio KypHATIA | opranusaun 6000 HanuonabHbIe HAYIHEIE IEHTPEI 7200
B IPOM3BOJIbHOH (hopMe TI0 azpecy: gusev@hydrogen.ru uiu mo - R —.
(baxcy: 8-83130-63107. Poccuiickne HayIHbIE IEHTPBI 7200 accommarm 8100
Poccuiickue Hay4HbIE ACCOLMALIUI 7800 M
* [Ipu onpeseseHny 6a30BOI CTOMMOCTH IOANIACKY Ha TIePBOe CHAYHAPONHPIC HAYIHBIC 8400
. MeskayHApOAHBIE HAYYHBIE ACCOIHATIIN 8700 acconmanun
nosyrogue 2008 r. Heo6xoaMMO pyKOBoACTBOBaThCA Tabuuei 1
uyn Tabauneit 2 nus PasINYHBIX KATEeTOPUI ITOAIUCINKOB. HanuonanbHble 1 MyHUIUTATbHbIE 9000 HanuoHabHbIE 1 MYHHUITUITATb 9000
Hay4yHbIe OUOINOTeKHN Hble Hay4Hble OUOIUOTeKN
r——>—>"F"""~" ~""~" "~~~ ~—F~—F~————— Y — —/ —/ —/ —/ /1
|MH¢opMauMH O IJlaTeNblVKe : |
| (¢.1.0., ampec IUlaTeJIbINKa) |
| (HH HajloroIylaTelbIMKa) |
™ |
(HOMep mnuiIleBOTO cdYeTa (Kom)
| TJaTenbImuKa ) |
|MH¢opMauMH O IIjlaTesbluKe : |
| (¢.1.0., ampec rulaTesbluKa) |
| (HH HalorolaTelbIMKa ) |
I |
| (HOMep NMIIEBOTO cdYeTa (KOmH) |
| IIJIaTenbInKa ) |
|

BHHMAHHE! ITo amoii keumanyuu Bol mosxceme onnamums kax 20006y nodnucky,
max u omdenvHbvle HOMepa Hawezo xypHhana 3a 2002-2007 zz.
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PEKJIAMA B MEXKOYHAPOOHOM HAYHYHOM XXYPHANE
«AJIbTEPHATUBHAY SQHEPTETUKA N SKOJ10INd»
MeskayHapOIHBIN HAYUHBIH sKyPHAJ « ATbTepHATUBHAA SHEPTETUKA U 9KOJOTUS » IIPUTJIAIIAET HayYHbIE MHC-

TUTYThHI, OPTAHUBAI[UY U IIPOMBIIILJIEHHBIE TPEATIPUATAA PASMECTUTh MHMOPMAIIHNIO 0 KOH(MEPEHIUAX,, BLICTABKAaX,
paspabaThIiBaeMOIi U BBIITYCKAEMOU IPOAYKIINY B 00JIaCTH aIbTEPHATUBHOI SHEPTETUKU U DKOJIOTHH.

Mnowaan peknamMHoro mMoayns

Passopor ITosoca

1/2 mosnocsr 1/3 momocsr 1/4 momnocsr

TpebGoBaHUs K MakeTaM peKaMHbIX
Mopaynen, U3roToBsieHHbIX 3aKa34ynKoM

MakeT peKJIaMHOI'O MOAYJIA IOJKEH
UMeTb pa3Mep, COOTBETCTBYIOIIUNI Pa3Mepy
IeYaTHOTO OTTUCKA. POpPMATHl MAKETOB:
pactpossiit — TIFF (cm. TpeGoBaHUs), BEK-
Topublii — Corel Draw (cm. TpeGoBanms).
Ucnons3oBanue pegakropa Microsoft Word
[JI IPOEKTUPOBAHUA MaKETOB PEKJIAMHBIX
MOJyJIeli He JOIyCKaeTC .

IMomyckaercss npenocTaBieHNe MaKeTa
monyJisa (kpome 0010:KkKM) B hopmare Adobe
Pagemaker Bepcuii 6.0, 6.5, 7.0. Barowm ciry-
Jae JOJKHBI IPEJOCTABIATHCA BCE CBABAH-
HBIE BJIEMEHTHI, & TAK’Ke BCE UCIIOJb3yeMbIe
mIpu@THI.

TPEGOBaHVIﬂ K NCXOAHbIM peKllaMHbIM MaTepuanam

Bce sieMeHTHI PEKJIaMHOTO0 MOZYJIsA (UJIIOCTPAI[UY, JOTOTHUIIBI,
TEKCT U JIP.) IPEeJOCTABIAIOTCA B OTAEIbHBIX (haiiiax.

1. Tekct

Texct Habupaetcsa rapautypoir Times New Roman, kerap 14,
MHTEPBaJI TOJIYTOPHBIA. [lomycKkaeTcs BbIAeJIeHNEe BaXKHON MHQMOP-
MaIluy MOy KUPHBIM Hauepranumem. @opmar Microsoft Word for
Windows.

WcnonnzoBanue OLE-00bexkTOB (rpaduku, caaii bl Ipe3eHTaui,
nuarpaMMsl B opmate Microsoft Excel, pesyibTaTsl BEIYUCIEHUHA B
MaTeMaTUYeCKUX U MHBIX, B TOM UKCJIe COOCTBEHHBIX IIPOrpaMMax)
B JOKYMEeHTaXx He fgonyckaercd. Takue o0ObeKTHI IPUCHLIAIOTCA B
dopmaTe UCXOIHOM IPOrPAMMBI U JyOIUPYIOTCSA N300paKkeHreM (CM.
TpeOOBaHUA K UJLJIIOCTPAIIUAM).

Vcnionb3oBaHMe JOTIOJTHUTEIBHBIX IIPUPTOB (HAaIPUMED, JIOTOTUI
BBINOJIHEH clenu@uyecKoil TapHUTYPOH) OroBapUBAETCsA AOIIOJ-
HUTeJIbHO. B 9TOM ciayuae npegocraBiserca (aii, cogeprramumii
Haueprauue OykB B popmare TTF. UcnonssoBanue PS-mrpudTos He
OIyCKAaeTCs.

2. Miumocrpanuu

Bce niutiocTpanun, HaXOQANMECA B PEKJIAMHOM MOLYJIE, JOJIMKHBI
MIPEIOCTaBIATHCA B OTAENAbHBIX (haiinax B popmatax TIFF uiu BMP.
He gomyckaercs ncnoab30BaHNE MHOTOCJIOMHBIX n300pakeHuii. Yep-
HO-6eJible 300paKeHUs JOJIKHEI ObITE B Moenu Grayscale. IIBeTHbIE
(o6mosxkka) — B momenu CMYK. Bce u/6 pacTpoBble n300paKeHUs
nosKHBI mMeTh pasperenue 200 dpi, nerabie — 250-400 dpi.

i BEKTOPHBIX M300paKeHUN MPEeAIOYTUTEeIbHBIM ABJISIETCS
ucnosb3oBanue popmara Corel Draw (*.cdr) mo Bepcun 12.0 BKJIIO-
YUTEJIbHO.

Bce BeTpoenHbie 9hGEKTHI (JIUH3BI, TEKCTYPHbIE 3aJIUBKY, TEHU U
T.JI.) JOJIXKHBI OBITH ITIePeBeIeHbI B pacTpoBoe usodpaskenue (bitmap).
Bexkropusre addexts: (Extrude, Envelope, Contour, Add Perspective,
Blend, Distortion, Artistic media) qoakHBI GBITH TPEOOPA30BAHEBI B
KpuBble. Bce TeKCTOBBIE 00BEKTHI JOJKHBI OBITH IePEBEIeHbI B KPU-
Bole. Pagmerrenue pacTpoBbIX PUCYHKOB B fokymeHTte Corel Draw
He JIO0MYyCKaeTcs.

CToumocTb pa3mMelleHunsa peKiiaMHbIX Mop,yne|7|

O06beM PEKJIAMHOTO MO YJISA Texnuueckue napamerps! | Ilena nybnaukamuu B oqHOM HOMepe (py6.)

006102 Ka (IIOJTHOI[BETHAST) 285x205 mm 300 000

2-1 minu 3-s1 CTPAHUIBI 00JI0KKY (ITOJTHOIIBETHAS) 285x205 mm 50 000

IlostHbIi pa3BOPOT HA ABE IIOJIOCHI* 257x336 mm 25000

ITonnasa momoca 1/1% 257x168 mm 10 000

1/2 Ilonocer* 128x168 mm 7500

1/3 ITonocer* 85x168 MM 2500

1/4 Ilonmocer* 64x168 MM 2000
CHUCTEMA CKHUIOK

IIpu ny6aukanuu B 2-3 HOMepax 10%

IIpu ny6nukamnuu B 4-6 HOMepax 15%

IIpu ny6aukanuuy B 7-9 HOMepax 20%

IIpu ny6aukamuu B 10-12 HOMepax 50%

I s 3akasza peKJIaMHOM IJIOMIAAN U TOJYUeHUA cueTa HeoO0X0AUMO 3aMI0JTHUTE (DOPMY 3aABKU
1 OTIIPAaBUTH ee 110 aapecy gusev@hydrogen.ru unu no gaxcy (83130) 6-31-07.
Pepaknusa sxypHaia ocTasisier 3a cOO0M IpPaBo 0TOOPA MOCTYIUBIINX PEKJIAMHBIX 00'bABICHUIMA.
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ADVERTISEMENT IN INTERNATIONAL SCIENTIFIC JOURNAL
FOR ALTERNATIVE ENERGY AND ECOLOGY
The International scientific journal “Alternative energy and economy” invites scientific institutes,

organizations and industrial enterprises to place advertisements on conferences, exhibitions, designed and
production products in the field of alternative energy and ecology.

Spaces for advertisement module

Opening Full page

1/2 page 1/3 page 1/4 page

General information on lay-outs
of advertisement modules fabricated
by a customer

The lay-out of an advertisement mod-
ule is to have the dimension in accordance
with that of a print. Lay-out formats:
raster — TIFF (see General informa-
tion), vector — Corel Draw (see General
information). The use of Microsoft Word
editor to design lay-outs of advertisement
modules is not allowed.

The module lay-out (except the cover)
in the format of 6.0, 6.5, 7.0 Adobe
Pagemaker versions is allowed to be pro-
vided. In this case, all combined elements,
and also all available fonts that are not
included in the Microsoft Windows struc-
ture are to be provided.

Information on original advertisements

All elements of the advertisement module (illustrations,
symbols, text, etc.) have to be put in individual files.

1. Text

Text is has to be composed by Times New Roman types, font
14, print interval: one and a half. Important information can be
printed in italics. Format — Microsoft Word for Windows.

OLE-objects (graphs, presentation slides, diagrams in Mi-
crosoft Excel format, results of computations in mathematical
and others including own programmes) are not allowed in docu-
ments. The objects as such are required to be sent in original
programme format, and are copied by illustrations (see General
information on illustrations).

The use of additional fonts (for example, a symbol is
given by a specific type) is additionally specified. In this case,
a file containing letter design in TTF format. PS-fonts is not
allowed.

2. Illustrations

All illustrations available in the advertisement module are
to be displayed in TIFF or BMP formats. Multilayer displays
are not allowed. Black-and white displays are to be used in
Grayscale model. Coloured displays (cover) are in CMYK model.
All black-and-white raster displays are to be of resolution of
200dpi, colour — of 250—-400dpi.

The use of Corel Draw (*.cdr) format to 12 version inclusive
is considered to be advantageous for vector display.

All incorporated effects (lenses, texture fillings, shadows,
etc.) are to be converted to raster display (bitmap). Vector effects
(Extrude, Envelope, Contour, Add Perspective, Blend, Distortion,
Artistic media) are to be transformed to curves. All text objects
are to be converted to curves. Raster figures are not allowed to
be placed in Corel Draw document.

Advertisement space price

Advertisement module space Technical parameters Publication price in one issue ($US)

1%t page of the cover (full-coloured) 160x145 mm 15000

Full opening in two pages 257x336 mm 2000

2™ or 34 pages of the cover (full-coloured) 257x168 mm 4000

Full page 128x168 mm 1000

1/2 page 85x168 MM 500

1/3 page 64x168 Mmm 150

1/4 page 64x168 MM 100
Price rebate

When published in 2-3 issues 5%

When published in 4-6 issues 7%

When published in 7-9 issues 10%

When published in 10-12 issues 15%

To order an advertisement space and make up a bill, please fill in an order form and send it using
the following address: gusev@hydrogen.ru or by fax +7 (83130) 6-31-07.
The editorial board reserves the right to choose advertisements entered.
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NMEPEYEHDb
HEOBXOAUMbIX MATEPUAJIOB AN NYBJIMKALUA
B MEXXAYHAPOAHOM HAYYHOM XYPHAJIE
«AJIBTEPHATUBHAA SHEPITETUKA U 3KOJ1OIrnNd»

IlJ151 CBOEBPEMEHHOI'0 BBIX0/Ia JKYPHAJIA U OBICTPOH My0AnKauy paboT aBTOPSI JOJIMKHBI IIPEJIOCTABISITE B PEJaKI[II0 Ma-
TepUaJIbl IO IePEeUHI0, IPUBEAeHHOMY B Ta0auIle HiKe. ABTOPBI JOJPKHBI 3aIOJTHUTH 3HaKaMmu (+) uiu (-) rpadsl B cTOJIOIE
«Hanuuwne»

Ne Marepuaja Hamnuue
/I

1 | TBepmas KonmaA PYKOINCH CTATHHU

2 | DyneKTPOHHAA BePCUS PYKOIINCH CTaThH

3 | HasBanue craTby Ha PyCCKOM SA3BIKE

4 | HasBaHue cTaThy Ha aHTJINIICKOM SI3BIKE

5 | YVOK (PACS)

6 | ABTop(®I) cTaThU

7 | KoopauuaTs! opranusainuii aBTopoB (BKJIouad TeaedoHbI U e-mail)

8 | Pucyuku (¢pororpaduu, cxemsr)

9 | lloapucyHOUHBIE TOAINCY HA PYCCKOM SI3bIKE

10 | IloagpucyHOUYHBIE IOAINCH HA AHTJINHCKOM A3bIKe

11 | Tabauisr

12 | HasBaHudA Ta6/IUIl HA PYCCKOM A3BIKE

13 | HasBanusa Tabiui Ha aHIVIUIICKOM S3BIKE

14 | CcbLIKY B TEKCTE HA TaOJIUIBI ¥ PUCYHKHI

15 | Criucok aurepaTypsl (0ubamrorpadms)

16 | BubnuorpaduyecKure CCHLIKHU B TEKCTE B COOTBETCTBUU CO CIIUCKOM JINLTEPATYPHI
17 | CTpyKRTypHpPOBaHHOCTH TEKCTA, HAJINUNE I10/I3aT0JI0BKOB

18 | AHHOTaAUa HA PYCCKOM A3BIKE

19 | AHHOTAnVA HA AHTJIUICKOM A3BIKE

20 | Pedepar Ha pyCCKOM SIBBIKE

21 | Pedepar Ha aHTJINIICKOM SIBBIKE

22 | Pesrome Ha KaXJa0T0 aBTOpA (€CcIu aBTOPOB He 6oJiee 6) miu Ha TJIaBHOTO aBTOpa®
23 | ®ororpadusa aBropa (aBTOPOB)*

24 | Pasperrienue Ha Oy0JINKOBaHNE B OTKPBITON ITeUaTu (9KCIIePTHOE 3aKJII0UEHUE)
25 | uTepHeT-cOO0IMEHE HA PYCCKOM SA3BbIKEe™

26 | MuTepHeT-cooObIeHMe HA aHTJIUHCKOM SA3BbIKe™

27 | CorsaiieHue aBTOPOB Ha TYOJUKAIINIO CTAThU B sKypHAJIE

28 | Peuensun

29 | CompoBoguTeabHOE MUCHMO PYKOBOAUTEJIA OPTaHU3anuy (11U TUCHMO aBTOPa)
30 | AKT IpOBeEHHBIX HCIBLITAHUM (€CJU B CTaThe IPUCYTCTBYET SKCIEPUMEHTAIbHAA YacTh),

IONNVCAHHBIN YUaCTHUKAMU UCIIBITAHUN*

* MarepuaJibl, IPeLOCTaBJIsIeMbIe 110 JKeJIAHUIO
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CONSENT TO PUBLISH &TRANSFER OF COPYRIGHT

For the mutual benefit and protection of Authors and Publishers it is necessary that Authors
provide formal written Consent to Publish and Transfer of Copyright before publication of the
Work. The signed Consent ensures that the Publisher has the Author’s permission to publish the
relevant Contribution. The signed Transfer entitles the Publisher on behalf of the Autor to protect
the Contribution against unauthorised use and authorise dissemination by means of offprints,
legitimate photocopies, microform editions, reprints, translations, and secondary information
sources such as abstracting and indexing services including data bases. The Publisher hereby
request the Authorto complete and return this form promptly so asto ensure the proper conduct
of business.

Title of Contribution:
Author (s):

Title of Work:
Editor(s):

1. The Author hereby assigns to the Publisher the copyright to the Contribution named above whereby the Publisher
shall have the exclusive right to publish the said Contribution, and translations of it wholly or in part, throughout the
‘World during the full term of copyright and all renewals and extensions thereof. These rights include without limitation
mechanical, electronic and visual reproduction; electronic storage and retrieval; and all other forms of electronic publica-
tion or any other types of publication including all subsidiary rigths.

2. The Author retains the right to republich the Contribution in any collection consisting soley of the Author’s own
Works without charge and subject only to notifying the Publisher of the intent to do so and to ensuring that the publica-
tion by the Publisher is properly credited and that the relevant copyright notice is repeated verbatim.

3. In the event of receiving any other request to reprint or translate all or part of the Contribution the Publisher shall
endeavour to obtain the approval of the Author prior to giving any such permission.

4. The Author warrants and representshat the Contribution does not infringe upon any copyright or other right(s),
and that it does not contain infringing, libellous, obscene or other unlawful matter, that he/she is the sole and exclusive
owner of the rights herein conveyed to the Publisher, and that he/she has obtained the customary permission from the
copyright owner of his legal representative whenever a passage from copyrighted material is quoted or a table or illustra-
tion from such material is used. The Author will indemnify the Publisher for, and hold the Publisher harmless from any
breach of the foregoing warranties as a result of publication of the Contribution. The contribution shall be delivered to
the Publisher free of copyright charges.

5. The Author quarantees that the Contribution to the Work has not been previosly published elsewhere, or that if it
has been published in whole or in part, any permission necessary to publich it in the work has been obtained and provided
to Scientific Technical Centre “TATA” Ltd. together with a statement of the original copyright notice.

6. The Author declares that any person named as co-author of the Contribution is aware of the fact and has agreed to
being so named.

7. Each first-named author will receive 5 free offprints of his/her article. If additional offprints are required, the editor
should be informed upon delivery of the article.

Date Name Date Name

Signature* Signature#*

“*To be signed by the Author, also on behalf of any co-authors, or to be signed by the Employer, where appropriate
*%* To be signed by the Editor-in-Chief

NAME

ADDRESS

CITY POSTAL CODE
STATE COUNTRY

TEL. FAX
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K cBegenuio aBTOpoOB.

Pepaknusa MexIyHapoJHOTO HAYUHOTO JKypHaJia «AJbTepHATUBHAS SHEPreTUKA U 9KOJIOTUA»
CUMTAET, YTO aBTOPHI, HATIPABJAA PYKONUCh B PeTaKInio, COTJIACHBI TTepeaTh YUPEeAUTENAM U Pel-
KoJmernu Me)XKAyHapoAHOTO HAYUYHOTO JKypHaIa « AJbTepHATUBHAA 9HEPTeTUKA 1 9KOJIOTUA» IIPABO
OIy0JIMKOBATh PYKOIINCH HA PYCCKOM SI3BIKE U B IIepeBOJie Ha aHTJINIICKOM A3bIKe. IIpocuM aBTOPOB
MIPUKJIAABIBATE K HampaBiasieMoil pykonucu Corialinenue mo (popme, IpuBeIeHHON HUKe. I[1pu sTOM
33 aBTOPaMU COXPAHAIOTCSA BCe OCTAJIbHBIE IIPaBa KaK COOCTBEHHMKOB 9TON PYKOIINUCH.

COINMALWLEHME O NEPEAAYHE ABTOPCKOI'O NPABA
HA NYBJIMKALUNIO

Mpz1, HUMKeTmoITICaBIINEC, ABTOPHI PYKOIINCU

mnepefaeM yUPeAUTEIAM U peAKoJierunu MeKIyHapOoHOTO HAYYHOTO JKypHaa «AJbTepHATUB-
Hasd DHEPreTHKAa M 9KOJIOTUA» IIPABO OMyOJMKOBATh 3Ty PYKOINUCH Ha PYCCKOM SBBIKE U B IIEPEBOE

Ha aHTJINHCKOM si3bIKe. MBI TOATBEPIKAAaeM, UTO 9Ta MyOJIUKAIIUA He HapyIllaeT aBTOPCKOTO IIpaBa
IPYTUX JIUI] UJIA OPraHU3AIUA.

IToamucu aBTOPOB: (¢p.u.o., mara, agpec).

Pepaknusa MexIyHapOoJHOTO HAYUHOTO JKypHaJia «AJbTepHATUBHAS SHEPreTUKA U 9KOJIOTUA»
MIPUHUMAET CTAThM KaK Ha PYCCKOM, TaK U Ha aHIVIMHACKOM A3bIKaX. B mocieqHem ciaydae KauecTBO
sI3BIKA MOJABepraeTrcsA AOIOJHUTENbHOI sKcmepTusde. KpoMe Toro, pegakius oCcTaBJsAeT 3a COOOM

IPaBO IPU HEOOXOAMMOCTH 3alIPOCUTH PYCCKOA3BIYHYIO BEPCHUIO CTaThu. PyKomucu HEOOX0quMO
HAIIPaBJATH 11O aJIpecy:

Poccua,

Huocezopodckas obracms, Capos, 607183,
a/a687,

Pedaruyus AS9,

E-mail: gusev@hydrogen.ru

ITogmucs I''mtaBHOTO pegakTOpa
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E)KEMECSNHVbIVI PELUEH3VPYEMbIV N PEDEPUPYEMbIN MEXXAYHAPOOHbBIN
HAYYHbIN XXYPHAN «AJIbTEPHATUBHAS DHEPTETUIKA U SKONOIrns»
BHumaHuio aBTOpOB!

Kaxknast pykonuch mogsepraeTcs 00513aTeIbHOMY PelieH3npoBa-
HUIO TPeX PeIleH3eHTOB U3 YucJja perneH3eHTOB MeKAyHapOLHOTO
HAYYHOI'O JKypHAaJIa « AJbTepHATUBHASA dHEPreTUKA U 9KOJIOTUI» U
JIBYX PelleH3eHTOB U3 YncJIa IPUTJIAIIeHHBIX pegKrosierueii. Kasxknasa
CTaThs IPOXOJUT STAII IPEJBAPUTEIHHOTO PEIIeH3UPOBAHUS U UTOTO-
BOTO PeIleH3UpoBaHuA. B ciryuae BOBHUKHOBEHUSA CIIOPHBIX CUTYaIHI
0 HAYYHBIM BOIIPOCAM PYKOIIKUCH IIePeJaeTcss Ha PaCCMOTPEHUE B
CoBeT pereH3eHTOB MeKAyHapOJHOTO HAYUHOTO KypHaIa «AJb-
TepHATUBHAS SHEPreTUKAa U HKOJOTUsI». B ciayuae BOSHUKHOBEHUS
CIIOPHBIX CUTYAaIMil 110 BOBMOYKHOCTY T€XHUUYECKOT'O BOILJIOIIEHUSA
ugeu, BRIABUHYTON B PYKOIUCHU, IOCHeLHsAsA nepegaercss B CoBer
9KcnepToB MeXAyHapOJHOTO HAYYHOTO JKyPHAJa « AJbTepHATUBHAA
9HEPTeTUKA U 9KOJIOTUS» .

CpoK ny0IrKaIuy KasK/I0i PyKOIIMCH He IIPEBRINIAeT 5 MecAIeB.
B cayuae Hanmmuyusa peKOMEHIATEIHHOTO MIUCHMa OLHOTO U3 UJIEHOB
pexnkoseruu Me:xIyHaApOZHOI'O HAYYHOTO KypHajia «AjbTepHa-
THUBHAS SHEPTeTUKA U 9KOJIOTUS» BPEMs PACCMOTPEHUS PYKOIUCU
MOJKeT OBITh COKpallleHo 10 2 MecAneB. CpoK MyGJIUKaIuu PYKO-
nucel, HAIPaBJIEHHBIX Ha KOHKYPC, IIPOBOAUMBIN peIKOJIeTHe,
He npeBblmaeT 4 MecaneB. Cpok MyOoJIMKanuy 3aKa3HBIX HAYYHBIX
0030pOB He IPEBLIIIAET 3 MECSAIIEB.

B cayuyae He06X0AMMOCTY CPOYHOM ITYyOIMKAIIAY aBTOP (MU aBTO-
PCKUi KOJJIEKTUB) MOYKET 00PAaTUTHCSA B PEJAKIIUIO C MOTUBUPOBAH-
HOI IPOCh00#i OITyOJIMKOBATh PYKOIINCH B TEUEHNE TPEX MECAIEeB.

Penxossierusi 6eCKOPBICTHO U ONEPATUBHO OKA3bIBAe€T MAKCU-
MaJIbHOE COJIeICTBHE BCEM aCIIMPAHTaAM U COUCKATEIAM yUeHO cTe-
IeH! B KaUeCTBEHHOM IIPeJCTAaBJIeHNY UX MaTepuaJia B JKypHaJIe U B
MesxayHapoaHOI HayuHOI nHGOPMAaIIMOHHOI cucTeMe « Bomopoa» B
KpaTuaiimnme cpoku. Bee nyOanKanuy B JKypHAJIE OCYIIeCTBIISIOTCS
HUCKJIIOUUTEJIHHO Ha GeCIlIaTHON OCHOBE.

B sn060M ciydyae Bce DyKONUMCHU, HAampaBjseMble B JKypHAJI,
peleH3upYIOTCA U peepUpyIOTCs B U3BECTHBIX MEXKIYHAPOAHBIX
HAYYHBIX UBTAHUAX.

Pyxkonucu B :xypHase Iy6INKYIOTCS Ha DPYCCKOM U Ha aHTJINHCKOM
s3pIkax. Kask ol pyKonmcy, DOCTYIUBIIEH B peJaKI[NI0, IPUCBAN-
BaeTCA PeJaKIMOHHOI HOMED U [jaTa IOCTYILJIeHU .

JKypHas ny0InKyeT NCKII0UNTEbHO OPUTMHAIBHEIE CTaThU. ABTOD
HeceT ITOJTHYI0 OTBETCTBEHHOCTH 3a COOJIIO/IeHYIE STOI0 TPEOOBAHNUA.

I. ;11 cBOeBpeMeHHOr0 BBIX0/a KyPHAJIa yoe uTeIbHO MPOCHM
CcO00TI0ATH ClIeayIoNIe IpaBuiIa 0(hOPMIIEHUST PYKOIUCeH.

1. Pykonuch mpeacraBisercsa KaK B MAIIMHONUCHOM, TaK U B
9JIEKTPOHHOM BuJe. Pykonuch Ha OyMasKHOM HOCHUTeEJIE IIPeJOCTaB-
JIsIeTCs B 2-X 9K3., BTOPOI 9K3eMILISIP 00513aTeIbHO IOINCHIBAETCSA
aBTOpamu Ha obopore.

O6peM pyKomuceit:

e KpaTKue coobuieHus — 10 5 crpanuil (1800 meuyaTHBIX 3HAKOB);

e 00'BeM cTaTell, KaK MPAaBUJIO, He AOJIKEH [IPEBBIIIaTh 9 CTpaHNUII;

e IUCbMa B PelaKINI0 — 0 3 CTPAHUII;

e 00'beM Hay4YHBIX 0630poB — He Oosree 30 cTpanwuil.

2. PyKomnuch COIPOBOIKIaeTCA:

® COIPOBOAUTEIbHBIM IUCHMOM DPYKOBOJUTEJISI OPraHU3alluu,

IPEeJCTaBJIAIOIIETO PYKONNCH, ODOPMIEHHBIM 9KCIIEPTHHIM
3aKJIIOUEHUEM WJIU APYTUM JOKYMEHTOM, Pa3pelrarmiiuM
ony06JIMKOBaHME B OTKPBITOM meuaTu (1 9K3.), YTBeP:KIeHHBIM
PYKOBOJUTEIEM OPTaHU3AIUY U 3aBEPEHHBIM rep00OBOii meya-
TBHI0. JKCIIEPTHOE PaspellleHNe IPEICTABIAIOT TOJIHKO aBTOPBI
u3 Poccum;

® KOMIIAKT-JUCKOM WUJIU AUCKETOI, comeprKalieil 00a3aTesb-

HBIH MaKeT JJIEeKTPOHHBLIX (PAyIOB, IEPEUNCIEHHBIX HU)KE B
pasngexe II1.

3. TekcT aHHOTAIIY HA PYCCKOM U aHTJIMHCKOM S3bIKaX I1€YaTaeTCsI
mpudrom Times New Roman (12 Kersib) B ofHOM (haiise B CIeyIOIIEM
TOpsiIKe: HAMEHOBAaHIE CTAThbU, ABTOPBI, HAMEHOBaHIe OPTaHU3aI[1N,
aHHOTAITVA Ha PYCCKOM ABBIKE; ajiee, Yepes 2 CTPOKU, B TOH JKe ITOCIIe0-
BaTeJILHOCTY — HA aHTVINHACKOM sI3bIKe. B aHHOTAIIVN TEKCT U3JIaraeTcs B
UHANKATUBHOH (hopme, 00beM — He 6osiee 600 3HAKOB. AHHOTAIUA TaKKe
myOJUKYyeTCs Ha caiiTe MeKAYHAPOAHOTO HAYYHOr0 NH(POPMAIIIOHHOTO
nopraJa «Bomopos» (Ha pycCKOM 1 aHTJIMHCKOM S3bIKaX).

4. Texcr pesiome (15 crpok) neuaraerca mipudrom Times New
Roman (10 Kersib) Ha pyCCKOM U aHTJIMHCKOM SIBBIKAX U COIAEPIKUT

cjleAyIoIye CBeJeHUsA: MeCTO paboThl, JOKHOCTh, 00pasoBaHue,
Hay4YHOe 3BaHUe, yUeHas CTelleHb, HArpaAbl U Hay4YHbIE IPEeMUH,
npodecCHOHANBHBINA OIBIT, OCHOBHOM KPYI' HAYYHBIX WHTEPECOB,
KOJIMYECTBO MyOJIUKaIuii aBTopa(os).

5. @ororpadun aBTOPOB [JIs1 pe3f0Me IIPeCTABISII0TCA B opMaTe
TIFF unu JPEG.

6. Texcr pedepara (ogHa CTPAaHUIIA) — [JIsI OYOJIMKOBAHUSA B Pe-
deparuBHbIX :KypHaIax (P¥K) BUHUTU, «IIluckma B sKypHAT “Ab-
TepHATUBHASA SHEPreTUKA U 9KOJIOTus” » (Ha aHTJIUIICKOM A3BIKeE).

ITapameTpbI CTPAHUIIBL:

e (opmar A4 (210 x 297 mm);

® MEeXXCTPOYHBII HHTEPBAJI II0JIyTOPHBIH;

o mpudt Times New Roman (12 kersis) B ogaoM (aiisie B cie-
IyIOIeM NOopAAKe: HAUMeHOBAHUE CTAaThbU, aBTOP (aBTODHI),
HaUMEeHOBaHUe OpraHM3anuu, pedepar Ha PYCCKOM fABBIKE;
nasee, 4yepes 2 CTPOKH, B TOM »Ke IIOCTIe0BATEJbHOCTA — Ha
AHTJIUHCKOM A3BIKE.

7. InTepHET-CcOO0IIeHNe 1A pasMellleHUsA CUTHAJIbHON nHpopMa-
MUY Ha caiiTax nHGOPMAaMOHHOTO mopTaia « Bogopon» u Ha caiTax
uHOOPMAIMOHHON CeTH, IOCBANIEHHON dHepPreTUKe U HBKOJIOTHUH.
Coob1ienre pasMmepoM He OoJiee OJHON CTPAHUIBI M3JIATaeTCs B
IIPOMBBOJIBHOM (hopMme:

e dopmar A4 (210 x 297 mm);

® MEeXXCTPOYHBII HHTEPBAJI II0JIyTOPHBIH;

o mpudt Times New Roman (12 kerusb).

Coo01ieHre MOYKeT BKJIoYaTh (hoTorpaduu u rpauru.

II. Odopmirenne pyxonucu:

® PeJKOJIIeTuA PeKOMEeHAYeT aBTopaM 0030POB U CTATeH CTPYK-
TYypPUPOBATH IPECTABIAEMBII MaTePUAJ, NCIOIb3Y A IOA3ar0-
no0BKU (Haupumep: «BBemeHue», «Teoperuueckuili aHaIU3»,
«MeTropuKa sKCIIEPIMEHTa» , « Pe3yIbTaTsl 1 X 00CYKIeHUE» ,
«3akJioueHue», « CIIICOK JIUTepaTyphI»);

e TEKCT Marepuaja AJA MyOJUKAIUN SOJKeH ObITh TIATeJIbHO
OTpeJaKTUPOBAH aBTOPOM, cjelyeT u3beraTb IOBTOPOB, He
cienyet 6e3 HEOOXOJUMOCTH OJPOGHO OIUCHIBATE MJLJIIOCTPA-
TUBHBIH MaTepua;

TEKCT A0JI’KeH ObITh HaleyaTaH Ha OeJioii Oymare:
dopmat A4 (210 x 297 mm);

MEeXKCTPOYHBINA HHTEPBAJI IIOJTyTOPHBIN;

mpu@dT Times New Roman (12 kerus).

Pyxkonucs mosker BRIOUATH (hoTorpadmu u rpapuKu.

Texcr pykonuceil opopMIAeTCA B CIeLYIOIeil TI0CIef0BaATeb"
HOCTH:

* WHJIEKC YHHBEPCAJIbHOH JecATHYHOH Kiaaccudpuranuu (YK
i PACS);

Ha3BaHMe CTATHH HA PYCCKOM U Ha aHIJIMICKOM s3BIKe (IIPO-
NUCHBIMU OyKBamMu 6e3 KaBBIUEK, KeTJb 14 MOy KUPHBI,
BBIDABHHUBAHUE II0 II€HTPY; IIePEHOCH He JOoIycKaioTcd,
TOYKA B KOHIIe CTPOKY He CTABUTCH, IOJYePKUBAHUE HE UC-
TOJIb3YeTCs);

aBTOPSBI (MHUIHAABI, GaMUINA, KerJab 14 MoJTyKUDPHBII
KYPCUB, BHIDAaBHUBAHUE II0 IIeHTPY, TOUKA B KOHIE CTPOKU He
CTaBUTC)

Ha3BaHWe OPraHM3alMH, aJpec, ropoj, CTpaHa, HHIEKC, Te-
aedoH, dakc, e-mail (keras 12, BEIpaBHUBaHUE 110 IIeHTPY. B
ciydae, eCJId aBTOPhI — IIPEICTABUTENN PA3JIMYHBIX OPraHU-
3aIuii, NCIIOIB3YETCA METO HAZCTPOUHBIX CCHIJIOK, HAIIPHIMED:
A.B.lBanos, }0.C.Cenos¥*);

3aroJI0BOK paszea (kerib 14, BoIpaBHUBaHUE I10 IEBOMY KParo,
TOYKA He CTABUTCA);

Teker cratsu (mpudt 12, ab3anuslit orcTyn 1 ¢M, BBIpaBHU-
BaHMe 10 GopMaTy);

0A3aroJoBoK (IIpudT KyPCUBHBIH, Kerib 14, BBIpaBHUBaHUE
110 JIEBOMY KPaio);

CIINCOK JMTepaTypsl (IIPUdT OOBIYHEI, Keryb 14, BBIpaBHU-
BaHMe II0 IIEHTPY).

IIpu HanMCaHUY CTATHU UCIIOJIB3YIOTCA OOIIEIPUHATIE TEPMIHEI,
eJUHUIIBI U3MEePeHUsA U YCIOBHbIe 0003HAUEHUA, eJUHO00pas3HbIe
1o Bceil crarbe. Pacmugposka Beex (1) HCIOAB3yeMbIX aBTOpPaMH
0003HaYeHNI JaeTcd P IEPBOM yIIOTPeOJeHHH B TEKCTe.
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IIpu HaGope cTaThY HA KOMIIBIOTEPE BCE JIATUHCKIE 0003HAYeHU A
dusnveckux BeanyuH (A, I, d, h uT. 11.) HabupawTCad KyPCUBOM, I'pe-
yecKue 0003HaueHusi, HagBaHusa QyHKuuil (B, sin, exp, lim), xumu-
yeckux syemenTos (H,0) u enuaun usmepenus (MBr/cvM?) — npamMbiM
(06brunbIM) mipudTom. CumBoisl (R, ¢, ®, € U T.11.) OrOBAPUBAIOTCS
Ha IOJIAX PYKOIIUCH.
Ta6auusl, pucyHku, ¢pororpaduu (:KerateJbHO YepHO-0eJbIe)
pasMeIaoTcsa BHYTPU TEKCTAa U MMeEIOT CKBO3HYIO HyMepamuio Io
craTbe (He Mo paspesnam!) u coOCTBeHHBIE 3ar0I0OBKU. ByKBeHHO-
nudposBasa nymepanuda (la, 26) HexesareabHa. Haspanus Bcex
PUCYHKOB, ¢oTorpacdumii u TaGaMI NPUBOAATCI HA PYCCKOM M Ha
AHTJINIICKOM A3BIKAaX!
Hywmepanus 0603HaueHn Ha PUCYHKAX JAETCS 110 TOPAAKY HOMe-
POB 110 (IIPOTHUB) YACOBOI CTPEJIKY (IJId UepTerKell) NI CBePXy BHU3
(cHU3Y BBepx). Paityipl UITIOCTPANUN NIPEJOCTABIAIOTCA B (hopmaTe
TIFF wiau BMP c paspemreruem ne meree 300 dpi.
DopMyJIBI CO3AIOTCA C IOMOIIIBIO BCTPOEHHOI'0 pejaKkTopa hopMyt
(Math Type, Microsoft Equation) ¢ Hymepaiiueii B KpyIribix CKOGKax
(2), BEIDAaBHUBAIOTCA IO IIEHTPY; pacmudpoBKa BceX 0003HAUEHUT
(6yxB) B popMyIax maercd B IOPALKe YIOMUHAHUA UX B GopMyJIe.
Bo usbexanue HefopasyMeHU A U OIITNOOK PeAaKIis PEKOMEHAYeT
aBTOpPAM KCIIOJIB30BATh B GOopMyIax 6YKBBI JATHHCKOTO, IPEYECKOT0
U Ipyrux (He pyccKux) aadaBuToB.
OdopmiaeHne TUTEPATYPHBIX CCHLIOK (CIUCKA JIUTEPATYPHI):
Bce siuTepaTypHbIe CCHLIKY 0003HAYAIOTCS IOPSALKOBOM UMPOI B
KBaJpaTHBIX CKOOKax (Hanpumep, [3]). JIuTepaTypHbIM CCBLIIKAM IIPU-
CBauBaeTCs MIOPAAKOBBIA HOMED II0 Mepe UX YIIOMUHAHUA B TEKCTE.
Bubnmorpaduyeckue CChIKY B CIIMCKe JINTEPATYPhI paciojara-
I0TCA B TOU IIOCJIEIOBATEIBHOCTH, B KAKOHM YIIOMUHAIOTCA B TEKCTE,
u 0OPMIIAIOTCA IO CIEAYIONUM IIPaBUIaM:
® NJISIKHMUI: !haMI/IJII/IH W MHUIIVAJIbL aBTO[!a! 'OB), Ha3BaHUE KHUT'U,
MeCTO UBJAHUA, U3aTeJIbCTBO, T (114 TPYI0B KOH(PepeHInit
— ropox, crpaHa, ron). Hanpuwmep: Jlangay JI. ., JIusmurg,
E. M. KBauroBas mexauuka. M.: Hayka, 1988. Wau: Elton R.
C. X-Ray Lasers. Boston: Academic Press, 1990;

e I cTaTeil B JKypHaje, cOOpHUKe, rasere: GaMuInsa U UHU-
nuanasl aBTopa(oB), Ha3BaHHUe CTaTbH, Ha3BaHHUe KypHaIa
(cOopHUKA), TOJ, TOM, HOMED (MJI HOMED BBIIIYCKAa), CTPAHUIIBI.

Hanpuwmep: ITonsaxkosa A. JI., Bacunser B. M., Kyneuxko 1. H.
u ap. IsMeHeHUe 30HHOW CTPYKTYPHI MOJIYIPOBOJHUKOB O]
nasienueM // PusMKa U TeXHUKA MOJYIPOBOAHUKOB. 1976.
T.9,Ne11.C. 2356—2358. Nnu: AdanaceeB A. M. OnTumusa-
s pacIpe/iesIeHIs SHEPrOBBIZIeIeHISA B PEAKTOPE C IIOMOIIIHI0
«COBETOB oIepaTopy» // Bompochl aTOMHOM HAYKU U TEXHUKH.
Cep. PusuKa 1 TEXHHUKA AIePHBIX peakTopoB. 1986. Berm. 2.
C. 32—-36. WUnu: Mezain I. H. Rolling circuit boards improves
soldering // Electronics. 1977. Vol. 34, No. 16. P. 193-198;

e s guccepranuii 1 apropedepaToB JUCCEPTALMUA: KpOMe
dbaMuInu aBTOpa M €ro WHUIMAJIOB CJIeJyeT YKasaTh HasBa-
HUe [UCCEePTAINU, CTENeHb, MECTO 3AIIUTEI (TOPOJ) U TOL;
JJIA IIPENPUHTOB — Ha3BaHWe, MeCTO M3JIaHudA, I'0Jl, HOMEpP.
Hanpuwmep: I'opmikosa T. U. TepmoaguHnamMuuecKue CBOMCTBA
¥ IIPUMEeHEeHVe HEKOTOPHIX CILIABOB Iiepusa: ABroped. guc. ...
KaHJ. XuM. HayK. M., 1976;

® A IIaTeHTHOﬁ JOKYMEHTAllMU: BUO IMATEHTHOI'O JOKYMEHTa
(aBTOPCKOE CBUAETEJHCTBO WJIU MATEHT), HOMED, Ha3BaHUeE
CTPpaHBbI, BBI]J aBIJ.IefI JOKYMEHT, UHIEKC MemngapogHoﬁ
KJaccuUKAINY N300peTeHn i, NIN NHAEKC MeXIYHAPOIHOM
KJaccu@UKANUY OIPOMBINIJIEHHBIX 00pa310B, UJIN MHIEKC
MeXKIYHADPOIHOM KIaCCU(DUKAILINY TOBAPOB U YCIYT, Ha3BaHUe
mareHTa (a. c.), aBTOPHI, HA3BaHNe N3AHNSA, OIIYOJINKOBABIIIEIO
IOKYMEHT, ToA W HoMep mananud. Hampumep: A. c. 100970
CCCP MKW B 251 15/00. YcTpoicTBO AJIs 3aXBaTa HEOPUEHTH-
pOBaHHBIX feTajeli Tuma Banos / Bayauu B. C., KenaiikuuB.T'.
// Orkpbitus. Usobperenns. 1983. Ne 11.

IIpu HEOOXOAMMOCTH B 3aT0JIOBKE OO IrorpauuecKoi CChbLIKY Ha
paboTy ueTsIpex u 6ojiee aBTOPOB MOTYT OBITh YKa3aHBI MMEHA BCEX
aBTOPOB WJIU IIEPBBIX TPEX C JOOABJIEHUEM CJIOB «H [P.».

B criucke iuTepaTypbl HHUIIAAIBL ABTOPOB LOJIKHEI CTOSATH IIOCJIE
damMuanii.

III. ITpaBuIa npeacTaBIeHUs DJIEKTPOHHOH BePCHU MATEPHUAJIOB
IJIs1 GBICTPOI MYyOIANMKAIMH.

Ily1s1 MaKCUMAaJIbHOTO YCKOPEHU [IPOIIecca IPOX 0K e HUSA CTaTb
aBTOD AOJIKEH HAIIPABUTH B aJpec IJIaBHOrO pegakropa (e-mail:
gusev@hydrogen.ru ) o6a3aTeIbHBIN TaKeT dJIeKTPOHHEIX (aiiIoB
(cMm. HIKE).

Ilepeuenb 00513aTeJILHOTO MAKEeTa 3JEKTPOHHBIX (PAMJIOB:
Daitnpl 0003HAYAIOTCSA CIEAYIOMIUM 00pasoM (IIpumep):
Article#1_Gusev AL_Hydrogen detectors_(1300).doc,

rae: Article — pykonucs, #1 — 0003HauaeT HOMED PYKOIIMCH, IPUCBOEHHBIN aBTOPOM (PYKOIIKMCEN MOKET ObITh HECKOJIBKO
Ha 3JIeKTPOHHOM HocuTesie), Gusev AL — damuins mepBoro aBropa u ununuaiasl, Hydrogen detectors — mepsbie aBa ciaoBa
u3 HagBaHUA pykonucH, (1300) — HOMEp TeMaTUUECKOr0 HAIIPABJIEHUS WM TeMaTUUECKOHN ceKiuu u3 TeMaTUKU KypHAIa
(IpuBefeHa B KOHIE KAXKJOTO HOMEpA sKypHAaJIa).

1.Pykonucs — Article#1 Gusev AL Hydrogen detectors (1300).doc

2. Annoramusa — Summary#1_ Gusev AL _Hydrogen detectors (1300).doc

3. Pepepar — Abstract#1_Gusev AL _Hydrogen detectors (1300).doc

4. Pestome — Resume#1_ Gusev AL_Hydrogen detectors (1300).doc (pestome u (hoTrorpadmu Ha BceX aBTOPOB B OZHOM (haiiye)
5. ®ororpaduu u pucynku — Pic-1#1 Gusev AL Hydrogen detectors (1300).bmp (Pic-1 — momep pucyHka)

6. Paspeurenue Ha OImy0JInMKOBaHME B OTKPHITOM meuatu — Sanction#1 Gusev AL _Hydrogen detectors (1300).pdf

7. Uuarepuer-cooomenne — Internet#1 Gusev AL _Hydrogen detectors (1300).doc

8.Cornamenue — Agreement#1 Gusev AL_Hydrogen detectors_(1300).pdf

9.DopMa mepefauyd PyKONHMCH M MaTepuHayuoB aad myouuxamuum — Form#1 Gusev AL Hydrogen detectors_(1300).doc
(MANUSCRIPT TRANSMITTAL FORM)

10.Penensnu — Review-1#1 Gusev AL _Hydrogen detectors (1300).doc (Review-1 — mHOMep pereHsun).
11.ConpoBoauTebHOE HMHCHMO PYKOBOAUTENs OpraHu3anuy (MM IHCBMO aBTOPA, €CJIM aBTOP — YacTHOE JHI0)—

Letter#1_ Gusev AL_Hydrogen detectors (1300).doc

Baumanne!!!
BmecTe ¢ 9eKTPOHHOII Bepcuell BceX IEePEUUCIeHHBIX JOKYMEHTOB HEOOXOLUMO HAIIPABUTH B PENAKIINIO OPUTHHAILI BCEX
IOKYMEHTOB OOBIYHOI IIOUTOI 3aKa3HBIM ITMCHMOM.
Penronnerus obpalaeT BHMMAaHUE aBTOPOB Ha TO, UTO HECOOJIIOfEeHVE NPUBENEHHBIX BBIIIE NIPABUJI MOYKET 3aJepiKaTh
ny6anKanuo Marepuasal
OTKJIOHEHHBIEe PefKoJIIernell pykonucu (B OyMakKHOM U 9JIEKTPOHHOM BHJ€) aBTOPAM He BO3BPAII[AIOTCA.

AIPEC PEOAKLNIN
607183, Poccusa, Hukeropoackasa o6Ji., Capos, a/a 687, HTIL «TATA»
Ten.: 8(83130)63107,97472 Paxrc:8(83130)63107
Mo6. Tea.: +7-961-63-99-126, +7-962-50-77-914
E-mail: gusev@hydrogen.ru http://isjaee.hydrogen.ru, http://www.hydrogen.ru
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MONTHLY REVIEWED AND ABSTRACTED INTERNATIONAL SCIENTIFIC JOURNAL
“ALTERNATIVE ENERGY AND ECOLOGY”

GUIDE TOAUTHORS OF MANUSCRIPTS

To submit manuscripts to be published in the International Scientific Journal
for Alternative Energy and Ecology, authors are to follow guides as follows

Each manuscript is compulsory reviewed by 3 referees, two
of whom are referees of the International Scientific Journal for
Alternative energy and Ecology, and 1 of those being invited by
the Editorial Board. Each article is put through a preliminary and
final reviewing. In the event of controversies on scientific problems
occur, an article is submitted to the International Reviewers Board
of the International Scientific Journal for Alternative energy and
Ecology to be criticized. In the event of controversies on feasible
implementation of the idea, presented in the manuscript the lat-
ter is submitted to the Experts Board of International Scientific
Journal for Alternative energy and Ecology.

The publication period does not exceed 5 months. Assuming
a letter of introduction from a member of the Editorial Board of
the International Scientific Journal for Alternative energy and
Ecology, the period for reviewing a manuscript may be kept down
to 2 months. The publication period of manuscripts submitted to
the competition organized by the Editorial Board does not exceed
4 months. The publication period for registered scientific reviews
does not exceed 3 months.

In the event of pressing need for publication, the author or a
team of authors may address the Editorial Board to make a justi-
fied request to publish a manuscript in the course of 3 months.

The Editorial Board will promptly and without any interest
assist all post-graduates and competitors in publishing their mate-
rials in the journal and in the International Scientific Information
System “Hydrogen” in the shortest possible time. All publications
in the journal are issued free of charge.

In any event, all manuscripts submitted to the journal are
criticized and abstracted in popular international scientific
journals.

Articles are published in Russian and English. Each commu-
nication submitted to the Editorial Board is assigned a number
and date.

The journal publishes nothing but original articles. The author
is responsible for following this guide.

1. For publishing the journal in due time, please follow the
guide given below:

1.Manuscript must be submitted either in a typed form or
in e-mail: The hard copy of the manuscript must be submitted
in 2 copies, the authors must necessarily sign the second copy
overleaf.

Manuscripts words:

=brief communications are up to 5 pages (1800 symbols);

=articles, as a rule, are up to 9 pages;

=letters to the Editorial Board are up to 3 pages;

=scientific reviews should not in general be longer than 30
pages.

2. Manuscripts should be accompanied by:

=a letter of the head of the institution who presents the
manuscript with the experts’ opinion or other document permit-
ting the publication in the press (1 copy) confirmed and affixed
by the head of the institution. Authors must present the experts’
permission from Russia.

=a CD-disk or diskette containing the essential text of elec-
tronic files listed in Section III.

3. Abstract text in Russian and English should be typed in
normal font Times New Roman in one file as follows: article title,
authors, name of an organization, abstract in Russian, and then
in 2 lines in the same sequence — in English. The abstract should
be given in indicative, and is up to 600 symbols in length. The
abstract is also published on site of the International Scientific
Information Portal “Hydrogen” (in Russian, and English).

4.The abstract text (15 lines) in Russian and English is printed
in font Times New Roman (font size 10) and shall contain the place

of organization, title, education, scientific degree, rewards and
scientific prizes, experience, main range of scientific interests,
number of publications.

5.Authors’ photos in TIFF or JPEG format to be published
in abstract text.

6.Compact text (one page) to be published in Compact journals
(CJ) VINITI, «Letters to the “Alternative energy and ecology”»
(in English).

Page format:

=format A4 (210x297 mm)

=print interval: one and a half

=font: Times New Roman (font size 12) in one file as follows:
article title, authors, name of an institution, abstract in Russian,
and then in 2 lines in the same sequence — in English

7.Internet information for announcing an express-information
on sites of the International Scientific Information Portal “Hydro-
gen”, and also on sites of the information network devoted to energy
and ecology. Information is given in an arbitrary way:

=format A4 (210x297 mm)

=print interval: one and a half

=font: Times New Roman (font size 12)

The information may include photos and diagrams.

II. Information on manuscript writing

=the Editorial Board recommends authors writing reviews
and articles organize their materials using subtitles (for example:
“Introduction”, “Theoretical Analysis”, “Experimental Methods”,
“Results And Discussion”, “Conclusion”, “References”);

=text for publication must be reviewed carefully by authors;
no replica, and one does not need to describe the illustrations
in detail;

=text must be typed on white paper:

=format A4 (210x297 mm)

=print interval: one and a half

=font: Times New Roman (font size 12)

A manuscript may contain photos and diagrams.

Text section sequence:

=universal decimal classification (UDC or PACS);

=paper title in Russian and English (capital letters, font size
14, bold, center-alignment. No division of words is allowed. Do
not use quotation marks. Do not use underlining;

=authors (initials, surname, font size 14, italic bold, center-
alignment, no period in the end);

=name of organization, address, city, country, postcode, tel-
ephone, fax, e-mail (font size 12, center-alignment. If the authors
are from different organizations, the method of superscript refer-
ences shall be used; for example: A.V.Ivanov, Yu.S. Sedov¥);

=gection title (font size 14, center-alignment, no period in
the end);

=text of the article: (font size 12, left justification —
lcm);

=subtitle: (italic, font size 14, full justification);

=references: (font normal, size 14, full justification).

‘When drawing up the article one should use generally accepted
terms, units and symbols. All designations being used by the au-
thors shall be determined at their first appearance in the text.

When the article is typed on the computer, all Latin desig-
nations of physical quantities (4, I, d, k, etc.) shall be typed in
italic, Greek designations, names of functions (f, sin, exp, lim),
chemical elements (H,0) and units (MW /cm®) — in upright (nor-
mal) font. The symbols (R, @, ®, €, etc.) shall be specified in
the manuscript margin.

Tables, figures, photos (black-and-white only) shall be placed
inside the text and be consecutive over the article and have own
titles. Notation numbering in figures shall be given clockwise
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(counter-clockwise) (for drawings) or from top to bottom (from
bottom to top) (in numerical order). No figure or diagram plotting
by Microsoft Word tools is allowed. All figures legends shall be
given in Russian and English.

Formulae shall be constructed by means of the integrated
formula editor (Math Type, Microsoft Equation) and numbered
in parentheses (2), centre-aligned; notation (letters) deciphering
in formulae is given as they are mentioned therein. References
numbering shall be given in square brackets [3].

If is not allowed to denote different notions by a common
letter. Indexes for literal signs in the article text are given in
Lation or Russian only (for example, in a Russian-written paper
ane should use T — melting point).

References in the reference list shall be placed in the sequence
with which they are mentioned in the text and shall be written
according to the following rules:

= for books: surname and initials of the author(s), title of the
book, then the place of publication, publishing house, year (for
proceedings of conferences — city, country, year). For example:
Landau L. D., Lifshits E. M. Quantum Mechanics. Moscow,
“Nauka”, 1988. Or: Elton R.C. X-Ray Lasers. Boston: Academic
Press, 1990;

=for articles in a journal, collection, newspaper: initials of the
author(s), title of the article, name of the journal (collection), year,
volume, No. (or Issue No.), pages. For example: PolyakovaA.L.,
VassilievB. M., KupenkoI. N. et al. Variation of the zone structure
of semiconductors under pressure // Semiconductor Physics and
Technology. 1976. Vol. 9, No. 11. P.2356-2358. Or: Afanasiev
A. M., Optimization of energy release distribution in a reactor by

means of “advices of operator” // J. of Nuclear Science and Tech-
nology. Physics and Nuclear Reactor Engineering Series. 1986.
No.25. P. 32—-36. Or: Mezain I. H. Rolling circuit boards improves
soldering // Electronics. 1977. Vol. 34, No. 16. P.193-198;

=for dissertations and dissertation abstracts, besides the
author’s surname and initials, one shall indicate the title of the
dissertation, degree, place of defence (city) and year, and for
preprints — title of the preprint, place of publication, year and
number. For example: Gorshkova T.I. Thermodynamic properties
and application of certain cerium alloys: Dissertation Abstract.
... Candidate of Chemical Science. Moscow, 1976;

=for patent documentation: type of the patent document
(Authors’s certificate or Patent), its number, name of the country
issuing the document, index of the international classification of
inventions, name of publication where the subject of invention
was published, year and number of publication. For example:
Author’s Certificate 100970 USSR Inc?® V251 15/00. Adevice for
gripping non-oriented shaft-type parts/Vaulin V. S., Kenaikin
B.G. // Discoveries. Inventions. 1983. No.11.

If the title of a bibliographic reference is to contain four and
more authors, all the names can be indicated or only three first
names shall be indicated plus the words “et al.” The initials in
the reference list shall be placed after surnames.

III. Guides to authors presenting e-mail version of materials
for expr

To foster the process of reviewing the article the author should
submit a required packet of electronic files to the Editor-in-Chief

(e-mail: gusev@hydrogen.ru).

List of required electronic files:

A files is described as follows (example):

Article#1_Gusev AL_Hydrogen detectors_(1300).doc,

where: Article is the manuscript, #1 is the number of the manuscript given by the author (there may be several
manuscripts on one electronic file), Gusev AL is the name of the first author, Hydrogen detectors are first two
words from the title of the manuscript, (1300) is the number of the topics or topics section in the Journal topics
(given in the last page of the journal).

1. Article — Article#1 Gusev AL Hydrogen detectors (1300).doc

2. Summary — Summary#1 Gusev AL Hydrogen detectors (1300).doc

3.Abstract — Abstract#1 Gusev AL_Hydrogen detectors (1300).doc

4. Resume — Resume#1 Gusev AL Hydrogen detectors (1300).doc (resumes and photos of all authors in one file)

5. Photos and figures — Fig-1#1 Gusev AL Hydrogen detectors (1300).bmp (Fig-1 — number of figure)

6. Internet information — Internet#1 Gusev AL Hydrogen detectors (1300).doc

8.Agreement — Agreement#1 Gusev AL Hydrogen detectors (1300).pdf

9.Form to submit manuscripts and materials to be published — Form#1 Gusev AL Hydrogen detectors (1300).doc
(MANUSCRIPT TRANSMITTAL FORM)

10.Reviews — Review-1#1 Gusev AL _Hydrogen detectors (1300).doc (Review-1 — number of review).

11.Official letter (or author letter if author is the individual person) — Letter#1 Gusev AL _Hydrogen detectors (1300).
doc

Attention!
The Editorial Board calls the authors’ attention to the fact that the ignorance of the recommendations
mentioned above may impede the publication of the material!
Manuscripts (in hard copy and e-mail form) declined by the Editorial Board will not be returned.
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HISIREE

TEMATUKA MEXAYHAPOAHOIO HAYYHOI O XXYPHAJA
«AJIbTEPHATUBHA{A SHEPITETUKA U 3KOJIOINs»

1. BogoopogHas aKoHOMUKa

@. Kapaocmanozny (Typyus, Cmambyr, Cmambyrvckuil mexnuyveckuil
yHusepcumem ) (MPK)
3. Cen (Typyus, Cmamobyan, Cmambynvcruil mexnuieckuil ynusepcumem) (MPK)

1-1-0-0 WicTopusa BOLOPOAHON 3HEPreTUKn
T.H.Besupozny (CILIA, Maianu, MABS, UNIDO-ICHET) (IITP)
A.T. TI'anees (Poccus, Cepeues ITocad, PI'VII «HUH xummaw» ) (MPEK)

1-2-0-0 Be3onacHOCTb BOJOPOAHOW SHEPreTUKN
A. T.Tanees (Poccus, Cepeues ITocad, PI'VII «HHHxummaw» ) (MPK)
A.J.Tyces (Poccus, Capos, HTL] «TATA»)
A. Knenepuc (Jlameus, Puza, Yuueepcumem Jlameuu) (MPK)
JI. @. Benosodcxui (Poccus, Capos, POAI-BHUHUAD) (MHECP)
1-2-1-0 PekombuHaTopbl BOAOPOAa
A.J.Tyces (Poccus, Capos, HTI] «TATA»)
1-2-2-0 Cuctembl 064yBa MHEPTHBIMW ra3amm
1-2-3-0 Be3onacHOCTb KPUOTEHHbIX CUCTEM
1-2-4-0 TexHonorun BesonacHoro UCMornb30BaHWA BOAOPOAA
Ha 6OpTY TPaHCNOPTHbLIX CPEACTB
1-3-0-0 MasoaHanUTU4ECKME CUCTEMbI 1 CEHCOPLI BO4OPOAA
A. Knenepuc (Jlameusa, Puza, Ynueepcumem Jlameuu) (MPK)
A. M. Ionanckuti (Poccus, C.-Ilemep6ypz, 000 «HIIK daexmponHvie
nyukosvie mexuonozuu» ) (MPK)
B.M.Apymionan, axad. HAH Apmenuu (Apmenus, Epesan, Epesancruil
2ocydapcmeennwiii ynueepcumem) (PHC)
I0. lllynman (Hudeprandvt, Jeagm, Jeapmeruil mexnuseckuil yrueepcumem.)
(MHECP)
JI. H. Tpaxmenbepz (Poccus, Mockea, Hnemumym xumuieckoil Quauku
um.H.H.Cemenosa PAH )
1-4-0-0 XpaHeHue Bogopoaa
A. Knenepuc (Jlameusa, Puea, Ynueepcumem Jlameuu) (MPK)
0. H. Cpusacmasa (Hndus, Bapanacu, Ynusepcumem Banapac Xunou)
(MPE)
C.M.Andowun, axad.PAH (Poccus, HIIXD PAH, Yeprozonosra, Poccus)
(PHC)
B.I1.Tapacoé (Poccus, Yeprozonosxa, HIIXP PAH) (MPK)
1-4-1-0 B yrnepoaHbIX HaHOCUCTEMAX
O0.H.Egumoe (Poccus, Yeprozonosxa, HIIXP PAH) (MPEK)
B. K. I'ynma (Hudua, Bapanacu, Yrnusepcumem Banapac Xundu) (MPK)
A. B.Baxpyweé (Poccus, Hiuesck, Hucmumym npurxiadnol MeXGHUKU
¥YpO PAH) (MPE)
1-4-2-0 B vHKancynMpoBaHHOM ra3oobpa3HOM COCTOSHUM: B
MUKpocpepax, neHomeTannax, Lueonurax u apyrux coegu-
HEHUAX
B.C.Kozan (Yxpauna, Xapvros, XPTH) (MPK)
E.®.Medeedes (Poccus, Capos, POAI[-BHUHIP) (MPK)
A. @.Yabax (Poccus, Mockea, Axademus nepcneKmueHblx mexHOL02ull)
(MPE)
1-4-3-0 B ra3oo6pasHom COCTOSHWM MoA AaBNeHem
A.C.Kopomees, axad. PAH (Poccus, Mockea, @I'YII «IJenmp Kendviwa» )
(PHC)
1-4-3-1 B ra3006pa3HOM COCTOSIHWW B KPYMHbIX XpaHUIULLAX
1-4-3-2 B razaoobpasHoM COCTOSIHUM B BannoHax
1-4-4-0 B %npaKxoM cocTosiHUM
A.M.Apxaposé (Poccus, Mocxkea, MI'TY um.H.d.Baymana) (MPE)
A. M. Jomawenko (Poccus, Barawuxa, OAO «Kpuozenmaw» ) (MPK)
B.H.Kynpusanoe (Poccus, Barawuxa, OAO «Kpuozenmaw» ) (MPK)
A. A. Maxapos (Poccus, Cepzues ITocad, PI'VII « HUHxummaw») (MPK)
I'.T. llesaxos (Poccus, Barawuxa, OAO «Kpuoezenmaw» ) (MPK)
B. C. Tpaskun (CIIA, Jloc-Ansxcenec, Kanugopruiickuii ynueepcumem) (MPK)
B. C. Kozan (Yxpauna, Xapvros, XPTH ) (MPK)
H. ®. Kysvmenko (Poccus, Banrawuxa, OAO «Epuozenmaw» ) (MHKCP)
A.T.Taneeé (Poccus, Cepeues Ilocad, PI'YII «HHHxummaur» ) (MPK)
1-4-4-1 B KPMOreHHOM XUAKOM COCTOSIHUM B CTALMOHAPHBIX
XpaHunuuax
1-4-4-2 B KpUOTEHHOM XMOKOM COCTOSIHUM Ha BOpTy TpaHc-
NOPTHLIX CPeacTB
B.A.Cokxonoe (Poccus, Kopones, PEE «dnepeus» um.C.I1.Koponesa)
(MPR)
1-4-5-0 B xumnyeckmn cBA3aHHOM COCTOSIHUM B XMIKUX Cpeaax
1-4-6-0 B TBepaodasHOM CBSI3aHHOM COCTOSIHUM B METaso-
rMapPVAHbIX cUCTEMaXx
M. JI. Xamnmon (CIIIA, Oparando, Ynusepcumem Ilenmpanvroii @aopudv)
(3rP)
B. I1. Tapacoe (Poccus, Yeprozonosxa, HIIXP PAH) (MHECP)

C. II. T'abyda (Poccus, Hosocubupck, HHX CO PAH) (MPK)

B. JI. Kosxcesnukos (Poccus, Examepunoype, AXTT YpO PAH) (MPK)
P. H. IInemnes (Poccus, Examepunbype, AXTT YpO PAH) (MPK)
-4-7-0 B apcop6rpoBaHHOM COCTOAHUM Ha KproaacopbeHTax
-4-8-0 B KOMOMHMPOBAHHbIX CUCTEMAX

-4-9-0 HoBble cnocobbl XpaHeHWst BOAOPOAa

0-0

Metoapl nonyvyeHuna sogopona
@. Kysvmenko (Poccus, Banawuxa, OAO «Kpuozenmaw» ) (MHECP)
B. JIynun, axad.PAH (Poccus, Mocksea, MI'Y) (PHC)
1-5-1-0 Paguonus
M. A. IIpenac (CIIA, Korambus, Ynueepcumem Muccypu-Konamous) (MPE)
1
1
1
B.A
u.

1
1
1
5-

1-
H.
B.

-5-2-0 OnekTponu3
-5-3-0 Tepmoxummnyeckoe pasnoxeHune Bogpl
-5-4-

0 Pasnoxexve ammmnaka
Kupuzmos (Poccus, Hosocubupck, Huemumym kamaausa
xm. I'. K. Bopeckosa CO PAH ) (MPK)

-5-5-0 Katanutuyeckasi koHepcus (pucopmmHr) rasoobpas-
bIX M XXWMOKWX YrneBogopoaoB
-5-6-0 HenonHoe okvcnexue yrnesogopoaos
-5-7-0 BbicokoTemnepaTypHbIi MeTof
-5-8-0 l'mgpathbl
H. IInemnes (Poccus, Examepuntype, UXTT ¥pO PAH) (MPK)
C. II. I'abyda (Poccus, Hosocubupck, HHX CO PAH) (MPK)
1-5-9-0 BopTOBbIE KOHBEPTOPHLIE YCTPOICTBA NPe0bpa3oBaHS
OpraHnYeckux BeLLECTB B BOAOPOA
1-5-10-0 l'eHepupoBaHue Bogopoaa Ha 6opTy B peakuuu B3a-
MMOZENCTBUS BOAbI C Pa3nNUYHbIMW MeTannamu (antoMuHUR,
MarHuii n T.4.)
1-5-10-1 MexaHn4yeckue n anekTpuyeckme cnocobbl yaane-
HWS OKUCHOW NMEHKN BO BPEMS peakLmu
1-5-10-2 Xumunyeckne cnocobbl yaaneHmst OKUCHON NNEHKN
BO BpeMSs peakLmm
1-5-10-3 YnbTpa3BykoBble CNOCOOLI yAaNeHNUst OKUCHOM
NMeHKN BO BPEMS peakuum
1-5-10-4 Cnocobbl yBENUYeHNs yAenbHON MOBEPXHOCTU
METasoB peareHToB
1-5-10-5 Tepmuyeckne n Gapuyeckne MeTOAbI MHTEHCUGU-
Kaluu peakumu reHepaumm Bogopoga
1-5-10-6 YcTponcTBa Ans reHepauum Bo4OpOAa B peakumm
B3aUMOAENCTBUSI BOAbl M METannos Anst 6opToBoro npume-
HEHUs
1-5-10-7 YcTpolcTBa Ans reHepaumy BoAopoaa B peakuum
B3aMMOAENCTBUS BOAbI M METANNOB A1 GbITOBOrO npuMe-
HeHus
1-5-10-8 YcTtpowcTBa Ans reHepauum BO4Opoda B peakLumm
B3aUMOLENCTBMS BOAbI M METannoB Ans NPOMbILUIEHHO
3HepreTuku
1-5-10-9 dun3suko-maTemaTyeckne MO OnmncaHus npo-
LIeCCOB reHepauuu Bogopoaa
1-5-10-10 MepcnekT1BHbIE HaMpaBMEHVs PasBuTI St MeToda Ans
BOMMOLLEHNS €70 Ha BOPTY TPaHCMOPTHLIX CPEACTB
1-5-11-0Monyyexne Bogopoaa w3 rnyGUHHOTO MOPCKOro Ce-
poBogopoda
H.M.Hexntodos (Ykpauna, Xapvros, Xapvkosckuil pusuro-mexnuieckuil
uncmumym) (MPK)
H.A.A3apenxos (Yrpauna, Xaporkos, Xaporo6cKkuil pusuko-mexnuyeckuil
unemumym) (MPEK)

B.H.Txravwenko (Yrpauna, Xapvros, XapbKoscKuil Qusuro-mexruieckuil
uncmumym) (MPK)

1-5-12-0 HoBble cnoco6bl nonyyeHnst Bogopoaa

1-6-0-0 TpaHcnopTupoBaHue Bogopoaa

A.T.Taneee (Poccus, Cepeues Ilocad, PI'VII «HUH xummaw») (MPK)
1-6-1-0 TpaHCnopTMpOBaHWE XWOKUX KPUOrEHHBIX NPOAYKTOB
no Tpybonposogam
A. M. Jomawenko (Poccus, Barawuxa, OAO «Kpuozenmaw») (MPK)
1-6-2-0 OxnaxaeHne MarvcTparnei KpUoreHHbIX CCTEM
1-6-3-0 HeycTaHoBMBLUMECS NPOLECCHI B KPUOTEHHbLIX
cuctemax

1-7-0-0 TonnuBHbIE 31IEMEHTbI

B. A. Coxonos (Poccus, Kopones, PEK «3nepeus» um.C.I1.Kopoaeea) (MPK)

I0. H. lllanumos (Poccus, Boponesx, BITY) (MPK)

B.II. ITaxomos (Poccus, Mockea, PHI] «Kypwamosckuii uncmumym» ) (MPE)

1
H
1
1
1
P.
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1-7-1-0 PaspaboTka 1 Mpov3BOACTBO TOMMMBHBIX 3NIEMEHTOB
1-7-1-1 MembpaHbl AN TONSIMBHLIX 3IEMEHTOB
1-7-1-2 KomnbtoTepHOE MoaenmpoBaHue hyHKLMOHUPOBaHUA
TONJIMBHBIX 3MIEMEHTOB
1-7-2-0 MNpuMeHeHMe TONMBHbLIX 3NEMEHTOB
1-7-2-1 YCTpoWCTBa NMUTAHUS Ha TOMMMBHBIX 3NEMEeHTax C
KOHBEpCHEN MeTaHona B BOAOPOS
1-7-3-0 TonnmBHbIe 3aNeMeHThI C NpeaBapuTenbHoi 06paboTkoi
BOAOPOACOAEPXKALLEro ToMNMBa
1-8-0-0 KoHCTpyKUMOHHbIE MaTepurans!
I1.T. Bepescko (Poccus, Capos, POAIL]-BHUHUIP) (MPE)
A. M. Ionanckuii (Poccus, C.-Ilemepbypz, OO0 «HIIK OnexmporHble
nyukosvie mexronozuu» ) (MPEK)
B. M. Yepmos (Poccus, Mockea) (MPK)
I0. H. lllanumos (Poccus, Boponex, BI'TY) (MPEK)
I1.Can-I'pezyap (Ppanyus, Tyron-Bap, Ynueepcumem Tynon-Bapa) (3I'P)
A.T.Ilonomapenko (Poccus, Mockea, Hncmumym cunmemuieckux
noaumepHvix mamepuanos um.H.C.Enuxononosa PAH) (MHKCP)
JI. B. Cnueak (Poccus, ITepmv, IITY) (MHECP)
A. A. Kypowmoe (Poccus, C.-Ilemepbype, CIIOI'Y) (MHECP)
M. B. I'onvyosa (Ykpauna, Joneyk, JJonHTY) (MHECP)
A. H. Brawxko (Poccus, C.-Ilemepbypz, AO3T « MHTO HHCOT») (MPK)
H. M. Bracog (Poccus, ITodorvcr, HUU HIIO «JIyu» ) (MPK)
H. H. ®edur (Poccus, ITodonvck, HUH HIIO «JIyu») (MPEK)
1-8-1-0 Bopopog B meTannax 1 cnnasax
B. A. I'onvyos (Yxpauna, Joneyk, JonHTY) (MPE)
J. @. T'onvyosa (Yrpauna, Joneyk, JonHTY) (MPK)
1-8-2-0 BogopogHas gerpagaums
1-8-3-0 Cuctembl HaBOJOPOXMBAHUSA KOHCTPYKLIMOHHBIX Ma-
Tepuanos
1-8-4-0 CraTudyeckas v AMHammyeckas npoYHOCTb MaTepuanos
H. H. I'epdioxoe (Poccus, Capos, HPB POAI[-BHUHIP) (MPK)
1-8-5-0 Masapel. MpumeHeHne rasapos
1-8-6-0 SnekTponeyn Ans TepmMoBaKyyMHbIX NpoLeccoB. Baky-
YMHbIE 3M1EKTPONEeYn ConpoTUBINEHNS
3J. H. Mapmep (Poccus, Mockea, OAO «BHUHITO») (MPE)
1-8-7-0 HoBble KOHCTPYKUMOHHBIE MaTepuanbl ANt 06beKToB
ansTepHaTUBHOWM SHEPreTUKM
1-9-0-0 MeToabl nonyyeHus cuHTes-rasa
A. A. Cmonapesckuii (Poccus, Mockea, PHI] «Kypwamosckuil uncmumym» )
(MPEK)
1-9-1-0 AnnabaTtuyeckasi KOHBepCUs NPUPOAHOTO rasa
1-10-0-0 TpaHcnopTHble cpeacTsa W NpUBOAbLI HA BOAOPOAHOM
Tonnvee
T. I'epmuz (I'epmanus, Bepaun) (MPE)
A. JI. Imumpues (Poccus, C.-Ilemepoypz, PHI] «IIpuxaiadnas xumus»)
(MPE)
A. M. Jomawenxo (Poccus, Barawuxa, OAO «Kpuozenmaw» ) (MPK)
B. A. Coxonoeé (Poccusa, Kopones, PEK «dnepeusa» un.C.II.Koponesa)
(MPE)
A. IO. Pamencrut (Poccus, Mocxea, «Aydum-IIpemvep» ) (MHECP)
B. C. Cokxonosé (Poccus, C.-ITemepoypz) (MHKCP)
1-11-0-0 BogopoaHble aBTo3anpaBoyHble CTaHLMK
1-12-0-0 Bogopog ans sHeproobecneveHns 3aHuii (BogopoaHble

MWHW3INEKTPOCTaHUMN Ha 6a3e TONNMUBHbIX SJ'IeMeHTOB)

2. TepmoanHaMUYECKNI aHaNu3
B anbTePHATMBHOW 3HEPreTuKe

B. A. Xycnymounos (Poccus, Mockea, PAO «ESC Poccuu» ) (MPK)
2-1-0-0 TepmoanHaMMYECKWiA aHaNN3 OCHOBHbIX SHEPTETUYECKNX
NPOLIECCOB B anbTEPHATUBHOW 3HEPreTuKe

2-2-0-0 JkcepreT4eckMn aHanmm3 OCHOBHBIX HEPreTUYECKMX
NPOLECCOB B anbTepHATUBHON SHEpreTuke

3. AToMHasi aHepreTuka

10.A.Tpymnes, axad. PAH (Poccus, Capos, POAI]-BHUHUIP) (IITP)

A. 4. Cmonspesckuii (Poccus, Mocksa, PHI] «Kypuamosckuil uncmumym» )
(MPE)

A. B. Hexun (Poccus, Capos, POAL-BHUHOP) (MHKCP)

A.T. 9ydun (Poccus, Mockea, Pedepanvroe Azenmcemeo no amomHol JHepeuy
P®) (MHECP)

B.A.Aganacves (Poccus, Capos, POAI[-BHUHIP) (MPK)
M. A.IlIpenac (CIIA, w.Konranobus, Ynusepcumem Muccypu) (MPK)
3-1-0-0 ATOMHO-BOZOPOAHASA 3HEpPreTuka
H.H.Ilonomapes-Cmennoi, axad. PAH (Poccusa, Mockea, PHIJ
«Kypuamosckuii uncmumym» ) (PHC)
A. A. Cmonapeeckuti (Poccus, Mockea, PHI] «Kypuamoseckuil
uncmumym» ) (MPK)
B. H. ®amees (Poccus, Mocxea, PHI] «Kypuamosckuii uncmumym» )
(MPE)
A.J.T'ycese (Poccus, Capos, HTI] «TATA»)
3-1-1-0 UcTopust aTOMHO-BOZOPOAHON 3HEPreTUKU
H.H.Ilonomapes-Cmennoi, axad. PAH (Poccusa, Mocxea, PHIJ
«RKypuamosckuii uncmumym» ) (PHC)
A.A.Cmonapesckuii (Poccus, Mocksea, PHI] «Kypuamosckuil uncmumymy )
(MPE)
A.J.T'ycee (Poccus, Capos, HTI] «TATA»)
3-1-2-0 BbicokoTemnepaTtypHble rasoBble peaktopbl (BTIP)
Aana npou3soacTtea BogopoAda BbiCOKOTEMNeEpaTypHbIMU
(T=1000°C) MeTonamu
3-1-3-0 BricTpble peakTopbl C HATPUEBLIM OXxnaxaeHveM (BH) ans
rionyyeHvs cpegHetemnepatypHoro Tenna (T = 500 °C), npoussoacTea
CUHTETMHECKOTO rasa 1 Boaopoaa
3-1-4-0 bbICTpble peakTopbl CO CBUHLOBLIM OXNaXaeHnem
(BPECT) kak peakTopbl CrieAytoLLero NOKONeHUs Ans nonyveHus
BbicokoTemnepartypHoro Tenna (T>500°C)
I. JI. Xopacanos (Poccusn, O6nunck, ®I'YIl «I'HI] P® - Pusuxo-
anepzemuyeckuil uncmumym um. A. H. Jetunyucrozo» ) (MPK)

3-2-0-0 ATomHas SHepreTvKa AN TPAHCMOPTHBIX CPEACTB
M. A. Kasapan (Poccus, Mockea, PHAH un. II. H. Jlebedesa) (MPE)
H. B. Hlamanun (Poccus, Tomck, Tomckuili norumexnuueckuil
yuueepcumem) (MPK)

3-2-1-0 PaguoHyknuaHble UCTOYHKKKM Tenna

3-2-2-0 PapyoHykraHble TEPMOAIEKTPUHECKVE FEHEPATOPbI

3-2-3-0 Tepmo- 1 pagnaLMOHHO-CTUMYNMPOBaHHbIE ha3oBble
MpeBpalLLeHI s B CrinaBax BHeapeHs (kapbuaax, HUTpuaax, HUTpu-
forvapuaax, kapboruapuaax v mapuaax nepexoaHbIX MeTarsios,
BbICOKOTEMMEPATYPHbIX CBEPXMPOBOASALLMX MaTepuanax, HTepMe-
TarnM4YECKNX COEANHEHNSIX)

A. IlITmeiingend (Ilseiyapus, L{wopux, Il eeliyapcruil pedepanvrblii uncmumym
mexHoanoeuit) (MPEK)

I'.H.Hcakos (Asepbaiidxan, Baxy, Hnemumym @usuxu HAH ) (3IP)

H.T. Xudupoe (Ys6exucman, Tawxenm, Hnemumym sdeproi gusuxu HAH
Ysbexucmana) (MPK)

C. I'epynu (Apmenus, Epesan, Epesanckuil zocydapcmeennulii yrusepcumen )
(MHECP)

C. M. Pasa (IIakucman, Keemma, Ynueepcumem Benydmucmana) (MPK)
C. 3. Hnvsac (ITaxucman, Keemma, Ynusepcumem Beaydwucmana) (MPK)
A.M.Ilendnues (Typxmenucman, Awxabam-32, Typxmencruil
noaumexnudeckul uncmumym) (MPE)

B. @. I'pemenok (Benopyccus, Munck, O6sedunennbiil, uncmumym Qu3uKu
meepdozo meaa u noaynposodnuros) (MHECP)

4-1-0-0 VicTopusi CONHEYHON 3HEPreTUKN

0 ConHe4yHo-BOAOpOAHAs 3HEpreTuka

-0 Martepwars! 4151 CONHEHHO-BOAOPOOHOM SHEPrETUKN
ConHeyHble ANeKTpoCTaHumn

0 KpemHveBble COMHEYHbIE SMEKTPOCTAHLMUM

0 Kocmnyeckne conHeyvHble CTaHLmm

0 ®oTo3NEMEHTHI

0 doToBoONLTaNECKU 3PDEKT B NOMYNPOBOAHUKOBBIX
Y|

2-
4
3-
4-
4-
4-
4-
CTpyKTypax. ®OTO3NEKTPUIECKIE MOLYNN
4-4-
4-
4-5-
4-
4-
4-
4-

4. ConHeyHas aHepreTtuka

4-2-0-
2-1
4-3-0-0
3-1-
3-2-
3-3-
3-4-
Y

HaseMHble ConHeYHble CTaHLUum

0 ConHeYHble KONneKTopbl

ConHeyHble ropopa

0 ConHeyvHbIn AoM

0 ConHeyHble XOnoAMbHbIE YCTaHOBKM
0 ConHeyHble BOAONOLbEMHbIE CUCTEMBI
0 lennoaHepreTnyeckme yCTaHOBKM
4-6-0-0 ConHeyHbIN TpaHcnopT

4-7-0-0 KoHueHTpaTopbl CONHEYHOrO U3nyYeHus

0-0
4-1-
0-0
5-1-
5-2-
5-3-
5-4-

5. BeTposHepreTuka

H. 3. Bozycnasckuii (Poccusa, Mockea, 09911 PAH) (MPK)
5-1-0-0 UcTopmsi BETPOSHEPrETUKM
5-2-0-0 Betpo-BogopoaHas saHepretuka
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5-3-0-0 OnekTporeHepaTopbl Ansi BETPOSHEPrETUKM
5-4-0-0 BeTposHepreTuyeckme yCTaHOBKM
5-5-0-0 BeTporenunoaHepreTmyeckme yCTaHOBKM
6. MpununeHas aHepreTvka

== N SHEepreTMka MOPCKMX TEYEHUI
6-1-0-0 McTopusa NpunmnBHON SHEPreTUKM

6-2-0-0 SHepreTMka MOPCKUX BOSH
6-3-0-0 SHepreTvka MOPCKUX TEYEHUN

7. TeoTepmarnbHas aHepreTvka

7-1-0-0 VicTopus reoTepmManbHON SHepreTukmn
7-2-0-0 dyHOoameHTanbHble UCCnefoBaHns B obnacTu reotep-
MarnbHOW 3HEpreTuKn
7-3-0-0 Mpobnembl 0CBOEHNS reoTepMarnbHO 3Hepru
7-4-0-0 Ponb mMoaenupoBaHna 1 MOHUTOPUHIA MpU OCBOEHWUU
reotepmarsbHoi aHeprum. OueHka reoTepManbHOro pesepsa
7-5-0-0 NeoTepmarnbHble CTaHUMK

7-5-1-0 leoTepmarsbHble aNeKTPOCTaHLMK

7-5-2-0 leoTepmanbHble TENOBLIE CTAHLMK
7-6-0-0 OchheKkTMBHOCTb M HAOAEXKHOCTb reoTepMarsibHbIX TEMMo-
BbIX W 3NIEKTPUYECKMX CTaHLMIA
7-7-0-0 MeoTepmanbHble pecypchbl CTpaH M1pa U NepernekTuBbl UX
0CBOEHUSA

N\ AL

8.B3pbIBHas aHEpreTuka

B. E. ®opmos, axad. PAH (Poccus, Mockea, HHcmumym menaopusuku
IKCcmpemanvHolx cocmoanull O0se0uHeRH020 UHCMUMYMA 6blCOKUX
memnepamyp PAH) (PHC)

A. JI. Muxaiinoe (Poccus, Capos, HPB PPAIL] BHUHUIP) (MPK)

H. H. I'epdioxoé (Poccus, Capos, HPB POAL[-BHHUHIP) (MPK)

A. A. Imepyep (Poccus, Hosocubupck, 000 «HIIII “MATEM”» ) (MPK)
B. H. I'epman (Poccus, Capos, HPB PPAL-BHUHOP) (MPK)

8-1-0-0 B3pblIBHLIE TEXHOMOMMM
8-2-0-0 KomnbtoTepHoe MoaenMpoBaHue 3agad B3pbIBHOW 3HEP-
reTUKM
8-2-1-0 MocTaHoBKM 3aa4 B3pbIBHON SHEPrETUKM
8-2-2-0 MoaBwxHbIEe NarpaHXeBo-3nnepoBbl CETKN
8-3-0-0 BapblBHas aenTepueBas aHepreTuka
8-4-0-0 B3pbiBHas 3HepreTvka Ans CYHTE3a HOBbIX BELLECTB
8-4-1-0 CuHTe3 1 cnekaHne maTepuanos B3pbIBOM
8-4-2-0 YnapHo-BOINMHOBOE CMeKaHune Matepuanos
8-4-3-0 KomnbtoTepHOE MOAENMpOBaHue NpoLLEeccoB yaapHO-
BOITHOBOTO CrekaHus MaTepuarnos
8-5-0-0 BapbiByaThle BellecTBa

8-6-0-0 B3pbIBHbIE Kamepbl
A. A. Illmepyep (Poccus, Hosocubupcr, 000 «HIIII “MATEM”») (MPE)

8-7-0-0 OkcTpemanbHble COCTOSIHMS BellecTBa. [leToHauus.
YnapHble BOMHbI
8-8-0-0 OHepreTnyeckme matepuansl 1 uanka AeTOHaLMK
8-9-0-0 YpaBHeHus coCTOSIHMS 1 (ha3oBble nepexoabl

\%ﬁ 9. SHeprus Gromaccel
9-1-0-0 brorasosble yCTaHOBKY
9-2-0-0 TepmoxmMuyeckme rasoreHepaTopsl

10. Manble 1 MUKPOrMaPO3NEKTPOCTAHLIMM

C. Illameopan (Apmenus, Epesan, dnepzemuyeckuil cmpamezuieckuii yewmp)
(MHECP)

10-1-0-0 O6opyaoBaHue Manbix ¥ MAKPOTrMAPO3NEKTPOCTAHLMNA
10-2-0-0 lep1BaLMOHHbIE MAKPOTMAPO3NEKTPOCTaHLIMM

A.M.J/Iunanos, axad. PAH (Poccus, Hxceeck, HHcmumym npuxiadroil
mexanuxku ¥YpO PAH) (MPK)

11. YrnepogHble HAHOCTPYKTYpb!

0. M. Illynvea (Poccus, epuozonosxa, HIIXP PAH) (MPK)

B. H. Kodonoeé (Poccus, Hucesck, Hayuno-obpasosamenvrulii yenmp
xumuieckol pusuxu u mesockonuu YOHI] ¥YpO PAH) (MHKCP)

IO. C. Heuaes (Poccus, Mockea, PI'VII «'HI] PP — I]enmpanbHolii uncmumym
uepHol. memannypeuu um.M.II. Bapduna» ) (MHECP)

B. I1. Tapacoe (Poccus, Yeprozonosxa, HIIXP PAH) (MHECP)
10.1.Tpemvakos, axad. PAH (Poccus, Mockea, PHM MIY) (PHC)
11-1-0-0 HaHocvcTeMbI: CUHTES, CBOCTBA, NPUMEHEHWE

E. A. I'younun (Poccus, Mockea, PHM MIY) (PHC)

11-2-0-0 dynnepeHoOBbIE CTPYKTYPbI U YIMEPOAHbLIE HAHOMATEPU-
anbl Ang Tennounsonaumn

11-3-0-0 PynnepeHoOBbIE CTPYKTYPbI U YIMEPOAHbLIE HAHOMATEPU-

anbl And ceHcopoB BoAopoada

M. B. BopoGvesa (Poccus, Mocxea, THPEJMET ) (MPK)
B.M.Apymionan, axad. HAH Apmenuu (Apmenus, Epeean, Epesanckuil
2ocydapcmeennuiii ynusepcumem) (PHC)

11-4-0-0 KomnbtoTepHoe MofenupoBaHue CuHTe3a yrnepoaHbIX
HaHOMaTepuaros C 3aAaHHbIMM CBOWCTBaMY
11-5-0-0 YrnepoaHble HaHOCTPYKTYPbI A1s aBTOTPaHCTopTa

12.Karanus

3. P. Hcmazunos (Poccus, Hogocubupck, Hucmumym kKamaaiuia
um. I'. K. Bopeckosa CO PAH ) (MPE)

C.M. Andowwun, axad.PAH (Poccus, HIIX®D PAH, Yepnozonoeka, Poccus) (PHC)
B.H.Ilapmon, axad. PAH (Poccus, Hosocubupck, Hucmumym kamaaiusa
um.I'.K.Bopeckosa CO PAH ) (PHC)

B. A.Kupunnoe (Poccusa, Hosocubupcx, Hncmumym xamaau3ia
um. I'. K. Bopeckosa CO PAH ) (MPK)

0. H. E¢pumoe (Poccus, Yeprozonosxa, HIIXP PAH ) (MPK)

12-1-0-0 Katanutuyeckue METOAbl CMHTE3a ankTepHaTUBHOTO
Tonnmea

12-2-0-0 KaTanua B COBMeLLEHHbIX CXeMax «NpPOU3BOACTBO SHEP-
UM 1 NMOJTyYeHWe NOMe3HbIX NPOAYKTOB M3 NPUPOLHOTO rasa
12-3-0-0 Karanwus B reHepauumu paboyero Tena B razoTypouHHbIX
yCTaHOBKaXx

12-4-0-0 Katanus B TONNMUBHLIX 3NeMeHTax

12-5-0-0 Katanu3 B npoueccax nony4YeHWst CUHTE3-ra3oB M BO-
gopoga

12-6-0-0 Katanutnyeckme metogbl 04MCTKM BOgopoaa

12-7-0-0 KaTtanma B 04MCTKe NMPOMBILLNEHHbIX ra30BbIX BbIOPOCOB
3HepreTMyecknx CUCTeM

12-8-0-0 KaTtanusa B cuctemax O4nUCTKM TEXHUYECKMX BOA
12-9-0-0 doToKaTanUTUYECKME 1 ANEKTPOKaTaNUTUYECKNE METOAbI
nonyyexusi Bogopoaa

12-10-0-0 Paspabotka 1 nccnenoBaHvWe CBOMCTB MaTepuanos
anst popMUPOBaHUS KaTamUTUYECKUX CIIOEB B TOMMMBHBIX 3J1e-
MeHTax

12-11-0-0 O mexaHM3max kaTtanuTU4eckoro AencTeus. BnmsaHue
NpUpPOabl METANIIOB U CTEMEHM UX OKUCTIEHMS HA KaTanMTUYeCKyo
aKTUBHOCTb

12-12-0-0 HaHOKOMNO3UTbI Ans NPUMEHEHUS B KavyecTBe KaTa-
nunsatopo.. BnnsiHue pasmepHOro ¢haktopa Ha KaTtanuTuyeckyto
aKTMBHOCTb

12-13-0-0 AnbTepHaTuBHbIe kaTanuaaTtopbl 6€3 npUMeHeHus
nnaTuHbl

12-14-0-0 MpoGnembl OTpaBMNeHUs kaTanu3aTopos

12-15-0-0 Hocutenu katanv3atopoB: An3aiH, CUHTE3, CBOMCTBA
12-16-0-0 Katanutuyeckue croun Ans TONMBHbLIX 3TIEMEHTOB B
nnaHapHOM UCTONHEHUN

12-17-0-0 3onb-renb MeTOA AN NOMyYeHWs KaTanua3aTopos W
HOCUTEeNen KaTanm3aTopoB

13. TepmorpagueHTHas aHepreTuka

B. A. Xycnymounose (Poccus, Mocksa, PAO «E3C Poccuu» ) (MPE)

14-1-0-0 MNMpumeHeHne nbaa B 3HepreTuke. JleasHble anekTpo-
CTaHLmn

14-2-0-0 icnonb3oBaHWe xonoga BEYHOM Mep3noThl A4ns TEPMO-
CTaTMPOBaHMS BbITOBBIX U TEXHUYECKUX OOBEKTOB

14. llegHvkoBas aHepreTuka
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14-3-0-0 ®n3nKo-xMMMYeckne CBoncTea nbaa

14-4-0-0 Tennoguanyeckne CBoOMCTBa Nbaa

14-5-0-0 TepmMoguHamm4eckve OCHOBbI NMOMNYYEHWS U MPUMEHEHWS
nboa

14-6-0-0 ObopynoBaHWe 4ns uccnefoBaHWs nbaa

14-7-0-0 YcTaHoBKku Ans nonyyeHus nbaa

14-8-0-0 Crnocobbl M MexaHM3Mbl 3KCTPEHHOTO BCKPbITUA Nbaa
[Nsi cnaceHust nof, Boaown

14-9-0-0 BuHapHbIv e 1 ero NpMMeHeHve
A.JI.T'ycee (Poccus, Capos, HTIL] «TATA»)

14-10-0-0 MpumeHeHue nba Ans co3naHNst UHXEHEPHO-TEXHU-
YECKUX U apXUTEKTYPHBIX COOPYXEHUIA

14-11-0-0 QuHamuka u npoyHocTb NbAa. OuHamuka Xpymnkoro
paspyLieHns. JKcneprMeHTanbHble MEeTOAbl AMHAMUYECKO
MEexaHuKy pa3pyLUeHus nbaa

14-12-0-0 YucneHHble 1 CMeLLIaHHbIE YACNEHHO-3KCNEPUMEHTab-
HblE€ METOAbl AUHAMUYECKOW MEXaHUKW paspyLUeHus Nbaa
14-13-0-0 Cnocobbl yaaneHust negsHbIX MOKPbITUAA HA BOAHBIX
obbekTax

14-14-0-0 AKkyMynupoBaHue Xornoga v NpuMeHeHue 3Heprum
nbaa

14-15-0-0 TpaHcnopTupoBka aicbeproB v Nony4YeHne npecHom
BOZbI

®o, 15. TepMosiiepHast HepreTuka

B. H. JIo6anosé (Poccus, Capos, POAI[-BHUHIP) (MPK)

15-1-0-0 WiccnepoBaHus B 06nacTi ynpaenseMoro TepMosaep-
HOTO CHHTE3A

15-2-0-0 PeHTreHOBCKUIA TEPMOSIAEPHBIN CUHTE3

15-3-0-0 MNMy4koBbIN TepMOSIAEPHbIA CUHTES

15-4-0-0 ViHepuuanbHbIn TEPMOSOEPHBIN CUHTE3

15-5-0-0 N3oTONHBLIN adhdhekT

15-6-0-0 KpuoreHHble TpUTMEBBIE MULLEHN

15-7-0-0 MuLLeHM BLICOKOrO AaBMEHMS A1s UCCNeaoBaHWs npo-
LIeCCOB MIOOHHOTO KaTanusa saepHbIX peakumin CuHTesa
15-8-0-0 MexayHapodHbI NPOEKT TEPMOSIAEPHOIO 3HepreTuyec-
Koro peaktopa TP

15-9-0-0 Pagnonoruyeckas sawyra u sgepHas 6e3onacHocTb

15-10-0-0 Mpor3BoACTBO Paanon3oTorNoB v UX NPUMEHEHWE
M. A. Kasapan (Poccus, Mockea, PHAH un. Jle6edesa) (MPK)

15-11-0-0 TonnMBHBbINA LMK 1 3KONOrUs

15-12-0-0 MpoekTupoBaHue, CTPOUTENLCTBO U 3KCMNyaTaums
SAEPHBIX NCCIEA0BaTENLCKNX U 3HEPTETUYECKUX PeakTopoB
15-13-0-0 MpombILLNEHHOE NPOU3BOACTBO KOMMOHEHTOB M MaTe-
puanoB, Heo6XoaMMBIX 4715 UCTIONb30BaHNS B IAEPHBIX peakTopax
1 NX TONMMBHBIX LMKNax

15-14-0-0 CHsaTue ¢ akcnnyaTtaumm, esakTmauus n obpalleHue
C OTXOAaMW HEePreTUYeCKNX PeakTopoB

15-15-0-0 UccnepoBaHus B 06nacT TEXHOMOTMM NPOM3BOACTBA
nasepoB W UX NPUMEHEHNS

15-16-0-0 Cuctembl TOKAMAK

15-17-0-0 MNpomexyTo4HbIE CUCTEMbI C MarHUTHLIM YAEPKaHWEM

16. KpuoreHHble 1 NHeBMaTU4eckue
TpaHCMopTHbIE CPeacTBa

A.J.Tyces (Poccus, Capos, HTI] «TATA»)

16-1-0-0 KpuoreHHbI a30THbIN TpaHCnopT

16-2-0-0 ABTOMOBWNM Ha MHEPTHbIX rasax Ans onacHbIX 0BbEKTOoB
(noxapHble, CryxebHble aspornopToB, CKIaQ0B rOpHYECMa30HHbIX
maTtepuanos, Ans B3pbIBOOMACHbIX XMMUYECKIX NPOU3BOACTB 1 Ap.)
16-3-0-0 MNMHeBMaTnyeckve TpaHCNoOpTHbIE CpeacTsa

17. OCHOBHbIe NPOBIIEMbI SHEPTETUKA
N ankTepHaTUBHOW 3HEPreTukx
17-1-0-0 AKKyMynupoBaHue aNeKTpU4YECKoN aHeprum
17-2-0-0 Ceepxnposogsiume matepuansl. CBepXnpoBOANMOCTb.
CBepxnpoBoAMMOCTb B 3HEPreTUKe

17-3-0-0 HoBble Lyiknibl 1 Cxembl TepMOTPaHCHopMaTopoB

17-4-0-0 Mpobnembl 0cBeLLeHNs MeranonucoB

18. MNpumeHeHne renus u cneuunanbHbIX
= mMartepuarnoB B TPaHCMOPTHLIX CPEACTBaX

0. A.Puviacos, axad.PAH (Poccus, Mockea, MexOyrnapoOrbviii uHMceHepHbLIL
yHueepcumem) (PHC)

18-1-0-0 Anpwxabnu ons nepeBo3ku KpynHorabapuTHbIX rpy3oB
18-2-0-0 qupwxabnm ans KOHTPoONs 3a Ype3BblYalHLIMKU CUTYaLM-
SMM B Meranonucax: aBTOMHCMEKUMs, noxapHas 6e3onacHoCTb,
aHTUTEeppOpV3M, HabNAEeHVE 32 TEXHNYECKUM 1 3KOTOTMYECKM
COCTOSIHUEM MPOMBILLNEHHBIX 30aHUIA U COOPYXXEHUIN. QHEproHa-
30p (KOHTPOIb TENMOBLIX yTeYek 34aHui B Maclutabe ropoaa)
18-3-0-0 lMoxapHble, HENTpanW3aUMoHHbIe, NonMuenckue au-
pvxabnm
19. lOBEHUILHBIA BOAOPOA B MpoLieccax
rEOTEKTOHUKW U reoXnMun
C.B. Jluzonckuii (Poccus, Examepunbype, PI'VII «Ypanzeonozopaszeedra» )

(MPE)
B.JI.Cvi6opomxun (Poccus, Mocxea, MI'Y um. M. B. Jlononocosa )(MPK)

19-1-0-0 Ponb Bogopoaa B XMMUYECKOM CTPOEHUU MUPO3AaHUs
19-2-0-0 [ABnxyLLme cunbl pa3BuTMS 3emMnu 1 nnaHeT

19-3-0-0 Bogopon B sigpe 3emnu

19-4-0-0 Meonorus 1 reoXxMmns NPUPOAHBIX ra30B 30H FYBUHHBIX
pa3nomoB

19-5-0-0 TpaHCnopT HOBEHMBHOTO BOAOPOAA Yepes TonLly 3emnm
1 (hOpMUPOBaHWE 3NEKTPO3APSKEHHBIX 30H

19-6-0-0 MpupoaHbIN CMHTES YrNepoancTbIX BELECTB

19-7-0-0 My6uHHasa gerasaums 3emnu, rmobanbHble KatacTpodbl
1 aHOMarbHbIE SBNEHUS

20. bopToBbIE aKKYMYNATOPLI SHEPTUK

20-1-0-0 TennoBble akKyMynaTopbl 3HEPrm
A.JI.I'yces (Poccus, Capos, HTL] «TATA»)

20-1-1-0 Temnepartypa Bbiwwe 273 K

20-1-2-0 Temnepartypa Huxe 273 K

20-1-3-0 Temnepatypa Huxe 77K
20-2-0-0 MaxoBuWYHblE akKyMynSTopbl 3Heprum
20-3-0-0 AnekTpuyeckne akkyMynsTopbl 3HEpPrum
20-4-0-0 Mpy>XMHHBIE aKKyMYnaTOpbl 3Heprum
20-5-0-0 MHeBMaTHYeCKue akkyMynsaTopbl SHEPruv
20-6-0-0 Xvmmnyeckue akkyMynsaTopbl SHepruu

=

II. B. Illenuw, (Poccus, Mockea, I'ocydapcmeennas Jyma PP, npesudenm
HAB9) (MHEKCP)

21-1-0-0 3akoHopaTtenbHas 6asa ansTepHaTUBHON 3HEPreTHKM
B Poccum

21-2-0-0 3akoHogaTenbHoe obecneyeHne NHHOBALIMOHHOIO pas-
BUTWSI BOLOPOLHOW 3HEPreTuKu

21-3-0-0 3akoHogaTenbHas 6asa ansTepHATUBHON 3HEPreTUKM
cTpaH CHI

21-4-0-0 3akoHogaTenbHasa 6a3a aKkonorum

21.3akoHogatenbHast 6asa

22. KOHOMUYECKUE acmeKTbl

22-1-0-0 ViHBECTULIMOHHAs NPUBREKATENLHOCTb Pa3NYHbIX
CTpaH Mupa u pupm

22-2-0-0 3anacbl TpagMUMOHHBIX 3HEPrOPECYPCOB CTPaH IKCMop-
TEPOB U MMPOBbIE 3anachbl

22-3-0-0 MocynapCTBEHHbIE HAaYYHO-TEXHWYECKME NpOorpaMmbl
pasBUTMSI BOOOPOAHON SHEPTETUKM

22-4-0-0 SKOHOMUYECKUNI aHaNM3

B. A. Xycnymounoe (Poccus, Mockea, PAO «E3C Poccuu» ) (MPK)
22-5-0-0 busHec-nnaHnpoBaHue
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Q{%} 23. OHepreTuKa 1 3Konorvs

0. JI. Duzosckuii (Hspaunv, Muzdanr Xa’Ener, H3paunvcruil
uccaedosamenvcruii yenmp «Polymate» ) (MPK)

M. B. Bopo6vesa (Poccus, Mockea, THPETMET ) (MPE)

23-1-0-0 MapHukoBbIn agpcpekT

23-2-0-0 Skonornyeckvie npobrembl MeranonMcos

23-3-0-0 Skonorus BO3gyLUHOW cpedbl U KOCMWUYECKOro npo-
CTpaHcTBa

23-4-0-0 Skonorus BoaHbIX PECYPCOB

23-5-0-0 MNpobnembl BpegHbix BbIGPOCOB B aTMocthepy TENNoBbI-
MU 3MEKTPUHECKUMY CTAHLMSAMU

23-6-0-0 Mpobnembl 3arpsisHEHNSI NOYBbI TPAANLMOHHBIMU 3HEpP-
FOHOCUTENSIMUA

23-7-0-0 Skonoruyeckuii TYypuam 1 3KOKypopTbI

23-8-0-0 Mpobnembl nepepaboTkn NPOMBILLNEHHbLIX U BbITOBLIX
0TXOLOB

2l 24. DHeproahdekTBHbIE CNOCOODDI
Ei W YCTPOICTBA Pa3meneHmns U 04UCTKM
arpeccmBHbIX ra3oBbiX CMecel

A.JI.T'yces (Poccus, Capos, HTI] «TATA»)
M.A.Kasapan (Poccus, Mockea, PHAH un. I1. H. Jle6edesa) (MPK)
A.A.Bo6posa (Poccus, Capos, POAI]-BHUHIPD)

26. ObpasoBaHue
M Hay4HO-uUccrnegoBatenbCkie LEeHTPbI
JI. A. Hnvkaesa (Poccus, Capos, POAI-BHUHUIP) (MHECP)
B. @. Peymoé (Poccus, Mockea, Pedepanvroe azenmcemeo o6pa3o6anus

u Hayku P®) (MPK)
A. B. Yyeuroecxuii (Poccus, Capos, HIIK POAI[-BHUHOPD) (MPK)

I10.11.IlTep6ax (Poccus, Capos, Cap®TH ) (MHECP)
/K .-I1. Konyen (Benveus, Kapmanosckuil unemumym 2udpoza3o0uHamury )
(MPEK)

26-1-0-0 Obpa3soBaTenbHble NporpammMbl B 0611acTi Bo4opoa-
HOW 9KOHOMUKU

26-2-0-0 BogopoaHble TexHonapku, Haykorpagpl

26-3-0-0 Monogexb B Hayke W TeXHUKe

A.H. Canuxos (Poccus, Mockea, [JOP ITHHHamomunpopm)
(MHECP)

E. M. Tapapaesa (Poccusa, Mocxea, JJOP I[HHHamomungopm)
(MHECP)

E.A.I'younun (Poccus, Mocxea, PHM MIY um. M.B.Jomonocosea)
(PHC)

T.H.Kondwpuna (Poccus, Capos, HTI] «TATA»)

27-1-0-0 MNepunogmyeckne n3gaHms

27-2-0-0 NiHTepHeT-pecypchbl

27-3-0-0 HayuHble 6uorpacum y4eHbix mupa

27-4-0-0 Hayy4Hble hoHAab!, Hay4Hble NPOEKTHI

27-5-0-0 MexgyHapogHble Hay4Hble KOHepeHLum

27-6-0-0 PeknamHble matepuanbl MHBECTULMOHHBIX UPM 1
durpm-nponssoguTenen

27-7-0-0 HoBble Hay4Hble KHUMM

27-8-0-0 MNaTeHTsl

27-9-0-0 QHUMKIONEaMS anbTepHaTUBHON SHEPTeTUKN. TEPMUHBI
1 onpeaeneHns

27-10-0-0 OT3bIBbI, NUCbMa B pefakuuio, kpaTkue coobLueHns
27-11-0-0 ObpalLeHns YneHoB pefakLMOHHOMO Hay4HOro CoBETa

27. Nuchopmauus

ITo mpocebam aBTOPOB pemakiuei MeXayHApPOIHOTO
Hay4YHOTO KypHaja «AJbTepHATUBHAS SHEPTETUKA U
9KOJIOTHS» IIPEAOCTABIISETCSA BOSMOYKHOCTH CBEPXCPOIHOM
OyOIUKAIUKA PYKOIIUCEH 00beMOoM 10 9 CTpaHMII.

J1J151 TOTO, YTOOBI BOCIIOJIB30BATHCS YCIYTOM CBEPXCPOYHOM
MyOIUKaIUN, He00XOQUMO HAIIMCATE 3aBJICHIE B PEIAKIIIIO
¥ IIOJITOTOBUTH PYKOIVCH ¥ COIIPOBOUTEIHHBIE JOKYMEHTHI
B COOTBETCTBUM C IPaBUIaMU 0hOPMIEHUS PYKOIIUCEH.

B cnyuae mybaukanuu pykomnucu aBropa(oB), Boc-
IIOJIb30BABIIINXCHA YCIYroll CBEPXCPOUHOU HYyOIMKAIIMN
paHee YCTAHOBJIEHHOTO CPOKA, JOIOJHUTEJIbHASA IIJIaTa
He B3UMAaeTCs.

B cayuae oTcyTcTBUA 3aABIEHNUA U B CIIyYae, ECJIU PYKO-
uch MyoIuKyeTcs paubiie 60 gueil, miaTa He B3UMaeTCH.

B cayuae mpeBhIIIeHnsT 00beMa PYKOIUCH 9 CTpaHMI]
CTOMMOCTH YCIYIU yBeauunBaercs Ha 25% .

Yeayra cBepXCpOYHOM IyOJUKAIMY BKIIOUAET CIeLY-
[oIe paboThI:

1) paccMOTpeHVIE BO3MOXKHOCTH ITYOIUKAIIY PYKOIICHA
Ha HAYYHO-TEXHUYECKOM COBETE PeaKIINN KypHAJIa;

2) B caydae IOJIyUYEHUS IIOJOKUTEIHHOr0 PEeIeHuns
PYKOIIMCH IPOXOAUT PEIeH3NPOBaHME (5 PEIeH3eHTOB);

3) mocJie MOy YeHU A ITOJOKUTEIbHBIX OT3BIBOB DEIleH-
3€HTOB IPUHUMAETCA OKOHYATETIHbHOE PEIIeHE O BOSMOK-
HOCTHY OIYy0JIMKOBAHUS CTATHY B JKypHAJIE;

4) pasmeIleHre NHTEPHET-BEPCUU CTAThU (pPa3BepHY-
Tasgd aHHOTAIMs) Ha caiiTax WHGOPMAIMOHHON CHCTMBI
«Bomgopon» (http://www.hydrogen.ru, http://isjaee.
\_ hydrogen.ru)

CBepxcpoyHas nybonukaumsa B MexayHapogHOM Hay4YHOM XypHane
«AnbTepHaTMBHasi 3HepreTuka 1 3KONornsa»

~

5) CTPYKTYypPUPOBaHUE PYKOIIVICH;

6) HayuYHOE pPeTaKTUPOBAHUE;

7) muTepaTypHOe peLaKTHPOBaHUE, KOPPEKTYDa;

8) BepcTKa CTaThy B sKypHAJE U rpaduuecKoe opopm-
JeHue;

9) manpasiernue PDF-Bepcuu craThu 9J€KTPOHHOMN
IIOYTO¥ AJIA aBTOPCKOM IPaBKY (CPOK OTOBAPUBAETCS 3apa-
Hee). Ha corsacoBanue PDF-Bepcuu aBTopy oTBOgUTCA 48
4. B ciryuae 3aiepsKKu 0TBETa OT aBTOPA CPOK ITYOJIMKAIIAN
YBEJIMUNBAETCA HA KOJIMYECTBO 3aJ€PIKAHHBIX JHE;

10) BHeceHUE aBTOPCKUX IIPABOK U 3aMEUaHUIA;

11) mepecsLIKa aBTOPY OKOHuUaTenbHO! PDF-Bepcuu
CTaThU B JEHB OT YKA3aHHOTO CPOKA ¥ OTIPABKA CPOUHOI
mouTOI 2 TBEPABIX KON JKypPHAJa CO CTaTheit aBTopa(oB)
B JIeHb BBIXO/Ia JKypHAaJIa.

CTOMMOCTb YCIyrut
CBEPXCPOYHOM MybnvKaLmn

Cpoxk niy6su- | CroumocTs,
Kaluu, JHei pyo.

Cpoxk my6siu- | CroumocTs,
Kaluu, JHei pyo.

15 10000 40 5000

20 9000 45 4000

25 8000 50 3000

30 7000 55 2000

35 6000 60 u Gostee OecriaTHO

J
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EISIAE

TOPICS OF THE INTERNATIONAL SCIENTIFIC JOURNAL
FOR ALTERNATIVE ENERGY AND ECOLOGY

1. Hydrogen economy

F.Karaosmanoglu (Turkey, Istanbul, Istanbul Technical University)
(IEB)
Z.8Sen (Turkey, Istanbul, Istanbul Technical University) (IEB)

1-1-0-0 History of hydrogen economy
T.N.Veziroglu (USA, Miami, IAHE, UNIDO-ICHET ) (HECH )
A.G.Galeev (Russia, Sergiev Posad, JSC “NITHIMMASH”) (IEB)

1-2-0-0 Safety of hydrogen energy
A.G.Galeev (Russia, Sergiev Posad, JSC “NITHIMMASH”) (IEB)
A.L.Gusev (Russia, Sarov, STC “TATA”)
J.Kleperis (Latvia, Riga, University of Latvia) (IEB)
L.F.Belovodskiy (Russia, Sarov, RENC-VNIIEF) (IEAB)
1-2-1-0Hydrogen recombinators
A.L.Gusev (Russia, Sarov, STC “TATA”)
1-2-2-0Systems of inert gas blowing off
1-2-3-0Ensuring of the safe operation of cryogenic systems
1-2-4-0 Safeapplication of hydrogen onboard the vehicle
1-3-0-0 Gas analytical systems and hydrogen sensors
J.Kleperis (Latvia, Riga, University of Latvia) (IEB)
A.M.Polyansky (Russia, S.-Petersburg, OOO “Electronic & Beam
Technologies Ltd.”) (IEB)
V.M. Aroutiounian, Academician NAS of Armenia (Armenia, Yerevan,
Yerevan State University) (SEB)
J.Schoonman (Netherlands, Delft, Delft University of Technology)
(IEAB)
L.1.Trakhtenberg (Russia, Moscow, N.N.Semenov Institute of Chemical
Physics RAS) (IEB)
1-4-0-0 Hydrogen storage
J.Kleperis (Latvia, Riga, University of Latvia) (IEB)
O.N.Srivastava (India, Varanasi, Banaras Hindu University) (IEB)
S.M. Aldoshin, Academician RAS (Russia, Chernogolovka, IPCP RAS) (SEB)
B.P.Tarasov (Russia, Chernogolovka, IPCP RAS) (IEB)

1-4-1-0 Hydrogen storage in carbon nanosystems
O.N.Efimov (Russia, Chernogolovka, IPCP RAS) (IEB)

B.K.Gupta (India, Varanasi, Banaras Hindu University) (IEB)
A.V.Vakhroushev (Russia, Izhevsk, Institute of Applied Mechanics of
Ural branch of RAS) (IEB)

1-4-2-0 Hydrogen storage in an incapsulated gaseous state:

in microspheres,in foam metals,in zeolites and others
V.S.Kogan (Ukraine, Khar’kov, NSC Kharkov Institute of Physics and
Technology) (IEB)

A.F.Chabak (Russia, Moscow, Academy of perspective technologies) (IEB)
E.F.Medvedev (Russia, Sarov, RENC-VNIIEF) (IEB)

1-4-3-0 Hydrogen storage in gaseous state under pressure
A.S.Koroteev, Academician RAS (Russia, Moscow, Keldysh Research
Center) (SEB)

1-4-3-1 Hydrogen storage in gaseous state in large res-

ervoirs

1-4-3-2Hydrogen storage in gaseous state in tank
1-4-4-0Hydrogen storage in liquid state
A.M.Arkharov (Russia, Moscow, Bauman Moscow State Technical
University) (IEB)
A.M.Domashenko (Russia, Balashikha, JSC “Cryogenmash”) (IEB)
V.I.Kupriyanov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)
A.A.Makarov (Russia, Sergiev Posad, JSC “NITHIMMASH” ) (IEB)
G.G.Shevyakov (Russia, Balashikha, JSC “Cryogenmash”) (IEB)
V.S8.Travkin (USA, Los Angeles, University of California) (IEB)
V.S.Kogan (Ukraine, Khar’'kov, NSC Kharkov Institute of Physics and
Technology) (IEB)
I.F.Kuz’menko (Russia, Balashikha, JSC “Cryogenmash”) (IEAB)
A.G.Galeev (Russia, Sergiev Posad, JSC “NITHIMMASH”) (IEB)

1-4-4-1Hydrogen storage in cryogenic liquid state in large

reservoirs

1-4-4-2 Hydrogen storage in cryogenic liquid state on

board the vehicles

B. A.Sokolov (Russia, Korolyov, S.P.Korolyov Energia RSC) (IEB)
1-4-5-0 Hydrogen storage in chemically-bonded state in
liquid media

1-4-6-0 Hydrogen storage in solid phase state in metal
hydride systems
M.D.Hampton (USA, Orlando, University of Central Florida)
(DECH)
B.P.Tarasov (Russia, Chernogolovka, IPCP RAS) (IEB)
S.P.Gabuda (Russia, Novosibirsk, IIC SO RAS) (IEB)
V.L.Kozhevnikov (Russia, Ekaterinburg, ISSC Ural Branch of RAS)
(IEB)
R.N.Pletnev (Russia, Ekaterinburg, ISSC Ural Branch of RAS)
(IEB)
1-4-7-0 Hydrogen storage in combined systems
1-4-8-0 Hydrogen storage in adsorbed state in cryogenic
adsorbents
1-4-9-0 Novel methods of hydrogen storage
1-5-0-0 Hydrogen production methods
I.F.Kuz’'menko (Russia, Balashikha, JSC “Cryogenmash”) (IEAB)
V.V.Lunin, Academician RAS (Russia, Moscow, M. V. Lomonosov MSU )
1-5-1-0 Radiolysis
M.A.Prelas (USA, Columbia, University of Missouri-Columbia) (IEB)
1-5-2-0 Electrolysis
1-5-3-0Hydrogen production via thermochemical dissociation
of water
1-5-4-0 Hydrogen production by ammonia decomposition
V.A.Kirillov (Russia, Novosibirsk, Boreskov Institute of Catalysis)
(IEB)
1-5-5-0 Method of catalytic conversion (reforming) of gas-
eous and liquid hydrocarbons
1-5-6-0 Hydrogen production by partial oxidation of hy-
drocarbons
1-5-7-0 High-temperature process for hydrogen production
1-5-8-0 Hydrates
R.N.Pletnev (Russia, Ekaterinburg, ISSC Ural Branch of RAS)
(IEB)
S.P.Gabuda (Russia, Novosibirsk, IIC SO RAS) (IEB)
1-5-9-0 Hydrogen production onboard of thevehicle from
organic fuels
1-5-10-0 On board hydrogen production via reaction of interaction
of water and metals (aluminium,magnesium etc.)
1-5-10-1 Mechanic and electric methods of removal of
oxide layer during reaction
1-5-10-2 Chemical methods of removal of oxide layer
during reaction
1-5-10-3 Ultrasonic methods of removal of oxide layer
during reaction
1-5-10-4 Methods of increase of specific surface of
metals
1-5-10-5Thermal and pressure methods of intensification
of hydrogen production
1-5-10-6 Devices for on board hydrogen production via
reaction of interaction of water and metals
1-5-10-7 Devices for hydrogen production via reaction of
interaction of water and metals for domestic apllications
1-5-10-8 Devices for hydrogen production via reaction
of interaction of water and metals for commercial
apllications
1-5-10-9 Physico-mathematical model of processes of
hydrogen production
1-5-10-10 Novel lines of development of method for on-
board application
1-5-11-0 Hydrogen production from deep-sea hydrogen
sulphide
I.M.Neklyudov (Ukraine, Khar’kov, Khar’kov Physical Technical
Institute) (IEB)

N.A.Azarenkov (Ukraine, Khar’kov, Khar’kov Physical Technical
Institute) (IEB)
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V.I.Tkachenko (Ukraine, Khar’kov, Khar’kov Physical Technical
Institute) (IEB)
1-5-11-0 Novel hydrogen production methods
1-6-0-0 Hydrogen transport
A.G.Galeev (Russia, Sergiev Posad, JSC “NIITHIMMASH”) (IEB)
1-6-1-0 Transport of liquid cryogenic products by pipelines
A.M.Domashenko (Russia, Balashikha, JSC “Cryogenmash”) (IEB)
1-6-2-0 Cooling of cryogenic system mains
1-6-3-0 Transient processes in cryogenic systems
1-7-0-0 Fuel cells
B. A.Sokolov (Russia, Korolyov, S.P.Korolyov Energia RSC) (IEB)
Yu.N.Shalimov (Russia, Voronezh, VSTU ) (IEB)
V.P.Pakhomov (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
1-7-1-0 Research and production of fuel cells
1-7-1-1 Membanes for fuel cells
1-7-1-2 Computer simulation of fuel cell operation
1-7-2-0 Fuel cells application
1-7-2-1 Power supply on fuel cells with methanol conver-
sion for portable devices
1-7-3-0 Fuel cells with hydrogenous fuel pre-processing
1-8-0-0 Structural materials
P.G.Berezhko (Russia, Sarov, RFNC-VNIIEF) (IEB)
A.M.Polyansky (Russia, S.-Petersburg, OO0 “Electronic & Beam
Technologies Ltd.”) (IEB)
V.M.Chertov (Russia, Moscow) (IEB)
Yu.N.Shalimov (Russia, Voronezh, VSTU) (IEB)
P.Saint-Gregoire (France, Universitii de Toulon et du Var) (DECH )
F.A.Lewis (Great Britain, Belfast, The Queen’s University of Belfast) (SEB)
A.T.Ponomarenko (Russia, Moscow, Enikolopov Institut of Synthetic
Polymer Materials of RAS) (IEAB)
L.V.Spivak (Russia, Perm’, Perm’ State University) (IEAB)
M.V.Gol'tsova (Ukraine, Donetsk, Donetsk STU ) (IEAB)
N.M.Vlasov (Russia, Podol’sk, SRI SIA “Luch”) (IEB)
I.1.Fedik (Russia, Podol’sk, SRI SIA “Luch”) (IEB)
1-8-1-0 Hydrogen in metals and alloys
V.A.Gol'tsov (Ukraine, Donetsk, DonSTU) (IEB)
L.F.Gol'tsova (Ukraine, Donetsk, DonSTU ) (IEB)
1-8-2-0 Hydrogen degradation
1-8-3-0 Structural materials hydrogenation systems
1-8-4-0 Static and dynamic strength of structural materials
N.N.Gerdyukov (Russia, Sarov, Institute of Experimental Gasdynamics
and Physics of Explosion RFNC-VNIIEF) (IEB)
1-8-5-0 Gasars. Application of gasars in marine and air fleet,
motor-car construction
1-8-6-0 Electrical furnaces for thermovacuum processes
E.N.Marmer (Moscow, VNIIETO)
1-8-7-0 New structural materials for renewable energy structures
1-9-0-0 Synthesis-gas production methods
A.Ya.Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”)
(IEB)
1-9-1-0 Adiabatic conversion of the natural gas
1-10-0-0 Hydrogen fuel vehicles and engines
T.Gaertig (Germany, Berlin) (IEB)
A.L.Dmitriev (Russia, S.-Petersburg, RSC “Applied Chemistry”) (IEB)
A.M.Domashenko (Russia, Balashikha, JSC “Cryogenmash”) (IEB)
B. A.Sokolov (Russia, Korolyov, S.P.Korolyov Energia RSC) (IEB)
A.Yu.Ramenskiy (Russia, Moscow, Audit-Premier) (IEAB)
V.S.Sokolov (Russia, S.Petersburg) (IEAB)
1-11-0-0 Hydrogen filling stations
1-12-0-0 Hydrogen for providing buildings, structures and
houses with energy. Micro hydrogen power plants based on
fuel cells

2. Thermodynamic analysis

in renewable energy

V. A. Khusnutdinov (Russia, Moscow, RAO UES of Russia) (IEB)
2-1-0-0 Thermodynamic analysis of basic energy generation
processes in alternative energy

2-2-0-0 Exergetic analysis of basic energy generation processes
in alternative energy

Yu.A.Trutnev, Academician RAS (Russia, Sarov, RENC-VNIIEF)

(HECH)

A.Ya.Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”)

(IEB)

A.V.Ivkin (Russia, Sarov, RFNC-VNIIEF) (IEAB)

A.G.Chudin (Russia, Moscow, Federal Agency for Nuclear Energy)

(IEAB)

V.A.Afanas’ev (Russia, Sarov, RENC-VNIIEF) (IEB)

M. A. Prelas (USA, Columbia, University of Missouri) (IEB)

3-1-0-0 Atomic-hydrogen energy
N.N.Ponomaryov-Stepnoy, Academician RAS (Russia, Moscow, RRC
“Kurchatov Institute”) (SEB)
A.Ya.Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”)
(IEB)
V.N.Fateev (Russia, Moscow, RRC “Kurchatov Institute”) (IEB)
A.L.Gusev_ (Russia, Sarov, STC “TATA”)
3-1-1-0 History of atomic-hydrogen energy
N.N.Ponomaryov-Stepnoy, Academician RAS (Russia, Moscow, RRC
“Kurchatov Institute”) (SEB)
A.Ya.Stolyarevskiy (Russia, Moscow, RRC “Kurchatov Institute”)
(IEB)
A.L.Gusev (Russia, Sarov, STC “TATA”)
3-1-2-0 High-temperature gas reactors (HTGR) for hydrogen
production via high-temperature processes
3-1-3-0 Fast reactors with sodium cooling (SC) to produce
mid-temperature heat,and synthesis gas and hydrogen
3-1-4-0 Fast reactors with lead cooling as reactors of future
generation to produce high-temperature heat
G.L.Khorasanov (Obninsk, SSC of the RF — Institute for Physics and
Power Engineering Named After A.1.Leypunsky) (IEB)

3-2-0-0 Atomic energy for vehicles

M. A. Kazaryan (Russia, Moscow, P.N.Lebedev FIAN ) (IEB)

1.V. Shamanin (Russia, Tomsk, Tomsk Polytechnical University) (IEB)
3-2-1-0 Radionuclide heat sources
3-2-2-0 Radionuclide thermoelectric generators
3-2-3-0 Thermo- and radiation-stimulated phase transfor-
mation in alloys incorporated (carbides, nitrides, nitrides-
hydrides, carbohydrides and hydrides of transition metals,
high-temperature, super-conducting materials, intermetallic
composition)

o

A.Steinfield (Switzerland, Zurich, ETH-Swiss Federal Institute) (IEB)
G.I.Isakov (Azerbaijan, Baku, Institute of Physics of NAS of Azerbaijan)
(DECH)

I.G.Khidirov (Uzbekistan, Tashkent, Institute of Nuclear Physics of NAS
of Uzbekistan) (IEB)

S.Geruny (Armenia, Yerevan, Yerevan State University) (IEB)
S.M.Raza (Pakistan, Quetta, University Of Balochistan) (IEB)
S.Z.Ilyas (Pakistan, Quetta, University Of Balochistan) (IEB)
A.M.Pendjiev (Turkmenistan, Ashkhabat-32, Tutkmenian polytechnic
institute) (IEB)

V. F. Gremenok (Belorussia, Minsk, Joined Institute of Solid State and
Semi-conductor Physics) (IEAB)

4-1-0-0 History of solar energy
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-0 Solar transport
-0 Solar radiation concentrators

5. Wind energy

1.Z.Boguslavskiy (Russia, Moscow, DBREPE RAS) (IEB)
5-1-0-0 History of wind energy

5-2-0-0 Hydrogen-wind energy

5-3-0-0 Electric generators for wind energy
5-4-0-0 Wind energy plants

5-5-0-0 Wind-solar energy plants

6. Tide energy and sea tide energy

6-1-0-0 History of energy of tides
6-2-0-0 Sea waves energy
6-3-0-0 Sea tide energy

A
7-1-0-0 History of geothermal energy
7-2-0-0 Basic research into geothermal energy
7-3-0-0 Problems of geothermal energy assimilation
7-4-0-0 Role of modeling and monitoring in geothermal energy
assimilation. Appraisal of geothermal resources
7-5-0-0 Geothermal plants

7-5-1-0 Geothermal power plants

7-5-2-0 Geothermal heat plants
7-6-0-0 Efficiency and reliability of geothermal heat and power
plants. Major ways to improve the efficiency of geothermal
heat and power plants
7-7-0-0 Geothermal resources of world countries and prospects
of their development

7. Geothermal energy

8. Explosion energy

V.E.Fortov, Academician RAS (Russia, Moscow, Institute of thermal physics
of extremal state RAS) (SEB)

A.L.Mikhailov (Russia, Sarov, Institute of Experimental Gasdynamics
and Physics of Explosion RFNC-VNIIEF) (IEB)

N.N.Gerdyukov (Russia, Sarov, Institute of Experimental Gasdynamics
and Physics of Explosion RFNC-VNIIEF) (IEB)

A.A.Sterzer (Russia, Novosibirsk, MATEM Co. Ltd) (IEB)
V.N.German (Russia, Sarov, Institute of Experimental Gasdynamics and
Physics of Explosion RFNC-VNIIEF) (IEB)

8-1-0-0 Explosion technologies
8-2-0-0 Computer simulation of problems for explosion
energy

8-1-1-0 Setting up problems for explosion energy
2-0 Mobile Lagrangian and Euler grids
0 Explosion deuterium energy
0 Explosion energy for syntheses of new materials
1-0 Materials synthesis and sticking by the explosion
2-0 Shock-wave sticking
3-
k-

OOOO

O\U‘IV‘ oooooohuuoo

-1-
-0-
-0-
4-
4-
-4-3-0 Computer modelling of processes of material
hock-wave sticking

-0-0 Explosives
-0-

8-
8-6-0-0 Blasting chambers
A.A.Sterzer (Russia, Novosibirsk, MATEM Co. Ltd) (IEB)

8-7-0-0Extremal state of matter. Detonation. Shock waves
8-8-0-0Energy materials and physics of detonation
8-9-0-0Equations of the state and phase transition

\%Eﬂ 9. Energy of biomass

eyl

S.A.Markov (USA, Greencastle, DePauw University) (IEB)
9-1-0-0 Biogas plants
9-2-0-0 Thermochemical gas generators

10. Small and micro hydro-power plants

S.Shatvoryan (Armenia, Yerevan, Energy Strategy Center) (IEB)
10-1-0-0 Equipment for small and micro hydro-power plants
(HPP)

10-2-0-0 Derivation micro hydro-power plants

A.M.Lipanov, Academician RAS (Russia, I1zhevsk, Institute of Applied
Mechanics UB RAS) (IEB)

Yu.M.Shul’ga (Russia, Chernogolovka, JSC “Cryogenmash”) (IEB)
V.I.Kodolov (Russia, Izhevsk, BRHE Centre of Chemical Physics and
Mesoscopy) (IEAB)

Yu.S.Nechaev (Russia, Moscow, Bardin Research Institute of the Ferrous-
Metals Industry) (IEAB)

B.P.Tarasov (Chernogolovka, IPCP RAS) (IEAB)

Yu.D. Tretiakov, Academician RAS (Russia, Moscow, FMS MSU)
(SEB)

11-1-0-0 Nanosystems: synthesis, properties,and application
E.A.Goodilin, Member Corresponding RAS (Russia, Moscow, FMS MSU )
(SEB)

11-2-0-0 Fullerene structures and carbon nanomaterials for
heat insulation
11-3-0-0 Fullerene structures and carbon nanomaterials for

hydrogen sensors

M.V.Vorobiova (Russia, Moscow, GIREDMET ) (IEAB)

V.M. Aroutiounian, Academician NAS of Armenia (Armenia, Yerevan,
Yerevan State University) (SEB)

11-4-0-0 Computer simulation of synthesis of carbon nano-
materials with specified properties
11-5-0-0 Carbon nanostructures for vehicles

11. Carbon nanostructures

12. Catalysis for renewable energy

Z.R.Ismagilov (Russia, Novosibirsk, Boreskov Institute of Catalysis)
(IEB)

S.M.Aldoshin, Academician RAS (Russia, Chernogolovka, IPCP RAS)
(SEB)

V.N.Parmon, Academician RAS (Russia, Novosibirsk, Boreskov Institute
of Catalysis of SD RAS) (SEB)

V.A.Kirillov (Russia, Novosibirsk, Boreskov Institute of Catalysis of SD
RAS) (IEB)

O.N.Efimov (Russia, Chernogolovka, IPCP RAS) (IEB)

12-1-0-0 Catalytic methods for synthesis of alternative fuel
12-2-0-0 Catalysis in combined schemes «energy generation and
production of useful products from natural gas»

12-3-0-0 Catalysis in generation of working fluid in gas turbines as
an effective alternative flare generation method

12-4-0-0 Catalysis of fuel cells

12-5-0-0 Catalysis in processes of production of synthesis gas
and hydrogen

12-6-0-0 Catalytic methods of hydrogen treatment

12-7-0-0 Catalysis in treating of power reactor waste gases
12-8-0-0 Catalysis in process water treatment systems
12-9-0-0 Photocatalytic and electrocatalytic methods for hy-
drogen production

12-10-0-0 Development and study of material properties to
form catalytic layers in fuel cells

12-11-0-0 On mechanism of catalytic action. Effect of metal
nature and degree of oxidation thereof on catalytic activity
12-12-0-0 Nanocomposites for application as catalysts. Effect
of dimension factor on catalytic activity

12-13-0-0 Alternative catalysts with no platinum

12-14-0-0 Problems of catalyst poisoning

12-15-0-0 Catalyst carriers: design,synthesis,and properties
12-16-0-0 Catalytic layers for fuel cells in planar design
12-17-0-0 Sol-gel process for production of catalysts and
catalyst carriers
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13. Thermogradient energy

V.A. Khusnutdinov (Russia, Moscow, RAO UES of Russia) (IEB)
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2 14. Ice energy

14-1-0-0 Application of ice in energy. Glacial power stations
14-2-0-0 Application of cold of permafrost for thermostatic
control of domestic and process structures

14-3-0-0 Physical and chemical properties of ice

14-4-0-0 Thermal properties of ice

14-5-0-0 Thermodynamic basis for production and application
of ice

14-6-0-0 Equipment for ice testing

14-7-0-0 Facilities for ice production

14-8-0-0 Methods and machinery for ice emergent break up
for safety depth devices and over-land vehicles undergoing
disaster

14-9-0-0 Binary ice in science and technique
A.L.Gusev (Russia, Sarov, STC “TATA”)

14-10-0-0 Application of ice for construction of engineering
and technical,and architecture structures

14-11-0-0 Ice dynamics and strength. Embrittlement dynamics.
Experimental methods of ice breaking up dynamic mechanics
14-12-0-0 Numerical and combined numerical and experimental
methods of ice breaking up dynamic mechanics

14-13-0-0 Techniques for removing ice from water reservoirs
14-14-0-0 Cold storage and application

14-15-0-0 Transport of icebergs and production of fresh
water

, 15. Thermonuclear energy

V. N. Lobanov (Russia, Sarov, RFNC-VNIIEF) (IEB)

15-1-0-0 Investigations on the controlled thermonuclear fu-
sion

15-2-0-0 X-ray thermonuclear fusion

15-3-0-0 Beam fusion

15-4-0-0 Inertial fusion

15-5-0-0 Isotope effect

15-6-0-0 Cryogenic tritium targets

15-7-0-0 High-pressure targets designed for research of nuon
catalysis processes in nuclear fusion

15-8-0-0 International project of thermonuclear fusion reac-
tor,ITER

15-9-0-0 Radiological protection and nuclear security

15-10-0-0 Production of radioisotopes and application
M. A. Kazaryan (Russia, Moscow, FIAN Lebedev Institute of Physics of
RAS) (IEB)

15-11-0-0 Fuel cycle and ecology

15-12-0-0 Design, construction and maintenance of nuclear
research and power reactors

15-13-0-0 Production of components and materials required
for application in nuclear reactors and fuel cycles thereof
15-14-0-0 TOKAMAK  systems

15-15-0-0 Auxiliary magnetocumulative systems

N
16. Cryogenic and pneumatic vehicles

A.L.Gusev (Russia, Sarov, STC “TATA”)

16-1-0-0 Cryogenic nitrogen transport

16-2-0-0 Inert gas-based cryogenic vehicles for hazardous struc-
tures: fire engines,air port auxiliary vehicles, fuel and lubricant
storage,vehicles in dangerously explosive chemical production

16-3-0-0 Pneumatic vehicles

Eg; 17.Basic problems of energy
LI and renewable energy

17-1-0-0 Electric energy storage
17-2-0-0 Superconductive materials. Superconductivity. Super-
conductivity of energy
17-3-0-0 New cycles and schemes for thermotransformers
17-4-0-0 Problems of megapolise illumination

18. Application of helium

He

and special materialsin vehicles
Yu.A.Ryjov, Academician RAS (Russia, Moscow, International University
of Engineering) (SEB)
18-1-0-0 Airships to transfer large-sized cargoes
18-2-0-0 Airships to control states of emergency in mega-
polises: car inspection, fire safety, terrorism combat, techni-
cal and ecological state control of industrial buildings and
structures. Energy control (heat leak control in buildings on
a city's scale)
18-3-0-0 Fire fighting airships, counteracting, and police air-

ships
19. Juvenile hydrogen in geotectonics

and geochemistry processes

S.V.Digonskiy (Russia, Ekaterinburg, FGUP “Urangeologorazvedka”)
(IEB)
V.L.Syvorotkin (Russia, Moscow, M.V.Lomonosov Moscow state university)
(IEB)

19-1-0-0 Role of hydrogen in chemical composition of the
universe

19-2-0-0 Diving forces in the evolution of Earth and planets
19-3-0-0 Hydrogen in the Earth’s core

19-4-0-0 Geology and geochemistry of natural gases in deep
fault areas

19-5-0-0 Transport of juvenal hydrogen through the Earth
stratum and formation of electrically charged zones
19-6-0-0Natural synthesis of carbon-based substances
19-7-0-0 Deep degasifying of the Earth, global disasters and
anomalous phenomena

20. On-board energy accumulators

20-1-0-0 Thermal energy accumulators
A.L.Gusev (Russia, Sarov, STC “TATA”)

20-1-1-0 Temperature above 273K

20-1-2-0 Temperature below 273K

20-1-3-0 Temperature below 77 K
20-2-0-0 Flywheel energy accumulators
20-3-0-0 Electrical energy accumulators
20-4-0-0 Spring energy accumulators
20-5-0-0 Compressed-air energy accumulators
20-6-0-0 Chemical energy accumulators

i
P.B.Shelishch (Russia, Moscow, RF State Duma, President of National
Association of Hydrogen Energy) (IEAB)

21-1-0-0 Legislation basis for renewable energy in Russia
21-2-0-0 Legislation assurance for innovation development
of hydrogen energy

21-3-0-0 Legislation basis for renewable energy in CIS
21-4-0-0 Legislation basis for ecology

21. Legislative basis
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ﬁi!ég 22. Economical aspects

26. Education and scientific research centres

%

22-1-0-0 Investment attractiveness of various countries and
companies in renewable energy

22-2-0-0 Resources of conventional energy sources in exporting
countries and world resources

22-3-0-0 National scientific and technological programmes of
the development of hydrogen economy

22-4-0-0 Economical analisys in renewable energy
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