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DEGRADATION KINETICS OF ASCORBIC ACID 
IN HOME-MADE JUICES 

Ana-Maria Mihailescu*1, Adina Liana Raducan1  
1 University of Bucharest, Faculty of Chemistry, Bucharest, 030018, Romania. 

 
 

Introduction 

Vegetables and fruits are an accessible source of 
food which contains a great amount of nutrients, 
including antioxidants (vitamin C, vitamin E, 
phenols, flavones, etc.). Ascorbic acid (vitamin 
C) is a powerful reducing agent and it oxidizes 
irreversibly to dehydroascorbic acid [1]. AA 
(ascorbic acid) is involved in numerously 
physiological functions, the most important 
being the synthesis of collagen. Also, the studies 
revealed great antibacterial and antiviral 
properties [2]. Degradation of AA has been 
discovered to follow a first order kinetics, but 
can be modeled also using a zero order or a 
Weibull model [3, 4]. In this article, the stability 
of AA was studied in orange, lemon, kiwi, 
mangosteen, granadilla, ginger juices and mixed 
half-lemon, half-ginger juices, during storage, at 
room temperature and refrigerated. The results 
showed the degradation of AA respects the ones 
found in literature. The degradations of the juices 
were slowed down by the low temperature, in 
comparison with the ones at room temperature. 
Also, it was discovered that the ginger and lemon 
juices degradations are faster than the mixed 
juice (half-lemon, half-ginger).             

Matherials and methods 

Juices samples 

The juices were obtained from fruits bought 
from the supermarket and were manually 
squeezed and centrifuged. Half of them were 
kept in the fridge, and the other half were kept at 
room temperature 

Matherials 

The determination was made using a JASCO V-
530 spectrophotometer and 1 cm cuvettes. The 
centrifuge used was Centric 322A. The regents 
used were: 1, 10- phenantroline 10-3M, ferric 
chloride 10-3M and HCl 1M.    

Methods 

 AA was determined using a 1, 10-
phenantroline- Fe(III) complex (yellow color), 
reaction based on its property of reducing Fe(III) 
to Fe(II), with the formation of Fe(II) -1,10-
phenantroline complex which is reddish and the 
absorbance was measured after 30 minutes, at 
515 nm.   

Results and discussions 

Calibration curve  

The calibration curve was obtained for 
concentrations of AA between 0-10 µg/ml. The 
results are sown in Figure 1. 

0 1 2 3 4 5 6 7 8
0.0

0.1

0.2

0.3

0.4

A

[AA](g/mL)

Equati y = a + b*x

Adj. R- 0.98673

Value Standard Er

B Intercept 0.044 0.00703

B Slope 0.045 0.00188

  
Figure 1. Calibration curve for AA. 

 

The determination of AA is possible in the 
ranges of 0-10 µg/ml using the following 
equation (1): 
A=0.044+0.045CAA,   (1) 
where A- the absorbance of the sample 
CAA-the concentration of AA in the sample 

Comparison of the juices 

Using equation (1) the AA content of diluted 
juices (1:10) was measured from time to time, for 
72 hours. Some of the results are shown in figure 
2 for ginger juice (comparison between room 
temperature and refrigerator), in figure 3 for 
lemon juice (also comparison) and in figure 4 for 
the mixed juice (also comparison). 
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Figure 2. Degradation of AA in ginger juice at 
250 and 40. 
 

 
Figure 3. Degradation of AA in lemon juice at 
250 and 40. 
 

 
Figure 4. Degradation of AA in mixed 
juice(lemon and ginger) at 250 and 40. 
 
From the results obtained for the three juices, it 
appears the mixed juice has a better stability than 
the single ones.   

Ascorbic acid content in juices 

The initial content of AA and the content after 24 
hours have been compared and the results can be 
viewed in Table 1. By comparing the two 
sections it is easily to see how much the 
concentration of AA decreases. Also, it gives 
great information about the amount of AA 
contained by the fruit. 

Degradation kinetics 

The degradation kinetics was studied for the 
orange juice, at 250C (room temperature). The 
concentration of AA is shown in figure 5.  
 
 
 

Juice 
[AA]0 
(mg/100ml 
juice)

[AA]24h 
(mg/100ml 
juice) 

orange 41.7 36.2 

lemon 53.7 33.5 

ginger 5.08 2.53 

ginger/lemon 48.6 35.5 

kiwi 108.2 82.1 

mangosteen 2.73 2.34 

granadilla 26.6 22.2 

Tabel 1. The initial content of AA in juices and 
after 24 hours.  
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Figure 5. AA degradation in orange juice at room 
temperature. 
 
The degradation of AA in juices can be described 
by several kinetic models. Among them, zero 
order kinetic is characterized by equation (2): 
[AA]=[AA]0-kt  (2) 
where [AA]- concentration of AA at the time of 
the measurement 
[AA]0- initial concentration of AA 
The model is shown in figure 6.  
Also, a first order and a Weibull model were 
constructed. The results are shown in table 2. 
From the results we can appreciate that the best 
model is the first-order one (R2=0.9517), but 
there is a fine delimitation between this and the 
Weibull one. Also, for the other juices, the first-
order kinetic model gives the best results (shown 
in table 3). Based on the results, we can conclude 
that the juices that are kept at room temperature 
degrade faster than the ones that are refrigerated. 
 

25oC
0

10

0 24 72
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Figure 6. Zero-order kinetic for the degradation 
of AA in orange juice  
 
Also, a first order and a Weibull model were 
constructed. The results are shown in table 2. 

Model R2 k 

[AA]=[AA]0-kt 
 

0.9296 
0.023  
(µg/mL h-1) 

[AA]=[AA]0 exp(-
kt) 

0.9517 0.0119 (h-1) 

[AA]=[AA]0 exp-
(t/α)β 

0.9484 0.0072 (h-1) 

Table 2. Results obtained for the first, second and 
Weibull model for the degradation of AA in 
orange juices. 
 

Juice k(40C)/h-1 k(250C)/h-1 
orange - 1.2 10-2

lemon 5 10-3 1.3 10-2

ginger 5 10-4 8 10-3 
ginger/lemon 6 10-3 7 10-3 
kiwi 7.8 10-3 8 10-3 
mangosteen 5 10-3 6 10-3 
granadilla 1.2 10-2 1.4 10-2

Table 3. First-order kinetic degradation 
constants for the juices storaged at room 
temperature and refrigerated ones.   
 

Conclusions 

The degradation kinetics of AA have been 
studied on a variety of juices, and the results 
obtained were consistent with the ones found in 
the literature. We can also conclude that freshly 
prepared, home-made juices, should be 
consumed in less than 24 hours in order to 
maintain the nutritive properties, also in this time 
is better to keep them in a refrigerator (this slows 
down the degradation). Interesting results have 
been obtained for the mixed juices, which can be 
an interesting point of study for the future.  
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THE IMPORTANCE OF THE AEROSOL 
MONITORING IN RENEWABLE ENERGY 

Calinoiu Delia-Gabriela1*, Trif-Tordai Gavrila2 And Ioana Ionel2 
1 Politehnica University Timisoara, Department of Fundamental of Physics for 

Engineers, Timisoara, 300223, Romania. 
2 Politehnica University Timisoara, Mechanical Engineering Faculty, 

Timisoara, 300222, Romania. 
*delia.calinoiu@upt.ro 

 
Abstract:  
The study is relying on detailed physical and optical aerosol properties, data collected from the sun 
photometer located at Mechanical Engineering Faculty, Politehnica University Timisoara during 
2016. Three days with moderate turbidity was selected by analyzing aerosol optical depth (AOD), 
Ångström parameter (α), Ångström turbidity coefficient (β) single scattering albedo (SSA) and size 
distribution. A high AOD (> 0.6), β > 0.1, α >1.5 and SSA decreases with the wavelengths which 
means that the atmosphere is loaded with biomass burning aerosol. Also, in this paper renewable 
energy production was analyzed during selected days with data taken from Transelectrica website, 
photovoltaic in particular. 
Keywords: aerosol, climate change, renewable energy, photovoltaic 
 

Introduction 

Climate changes in the recent years [1] 
and the fear that fossil fuel reserves will be 
exhausted in the coming years prompted 
scientists to focus to alternative energy 
sources. A renewable energy source (RES), 
inexhaustible and free is obtained from the 
sun (using various conversion systems, e.g.: 
photovoltaic, thermal solar), wind, water and 
biomass. The European Union has set a 
binding target of 20% in final energy 
consumption from RES by 2020, respectively 
27% for 2030 [2]. The percentages of each EU 
country are shown in table 1 [2].  In 2016, 
42.15% of Romanian electric energy 
consumption came from renewable sources, 
values taken from Transelectrica website [3], 
and represented in the figure 1. The main 
RES’s in Romania are hydro and wind power. 
Figure 1 shows that 3.47% (meaning 254.9 
MW) from the total energy resulted from 
photovoltaics (PV).  In Romania the annual 
solar energy flux is between 1000 - 1300 
kWh/m2/year, with 210 sunny days per year 
[4]. This climate allows the operation of PV 
from March until October, with a conversion 
efficiency between 40 % and 90 % [5, 6]. 

 

 
Figure 1. Energy production in Romania in 2016, 
according Transelectrica data [3] 
 
The amount of the solar radiation falling on the 
surface depends the changing characteristics of 
the atmosphere [7]. For this reason, in recent 
years, besides solar radiation, the amount of 
aerosol in the atmosphere is also measured. The 
number of ground stations is still too small to 
achieve accurate global coverage. Alternatively, 
various models for estimating solar radiation are 
exploited in many applications. Choosing a 
model is often limited by the availability of the 
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aerosol and meteorological parameters required 
for its running. In many cases the current values 
of the parameters are replaced with daily, 
monthly, yearly average values or even 
climatological reference values [8]. 
 
Table 1. Share of energy from RES in EU 
countries in 2005, 2015 and the target for 2020, 
in % of gross final energy consumption [2]. 

Country 2005 2015 2020 
Belgium 1.9 7.9 13 
Bulgaria 9.4 18.2 16 
Czech Republic 6.1 15.1 13 
Denmark 17 30.8 30 
Germany 5.8 14.6 18 
Estonia 18 28.6 25 
Ireland 3.1 9.2 16 
Greece 6.9 15.4 18 
Spain 8.7 16.2 20 
France 10.3 15.2 23 
Croatia 23.5 29 20 
Italy 5.2 17.5 17 
Cyprus 2.9 9.4 13 
Latvia 32.6 37.6 40 
Lithuania 15 25.8 23 
Luxembourg 0.9 5 11 
Hungary 4.3 14.5 13 
Malta 0 5 10 
Netherlands 2.4 5.8 14 
Austria 23.3 33 34 
Poland 7.2 11.8 15 
Portugal 20.5 28 31 
Romania 17.8 24.8 24 
Slovenia 16 22 25 
Slovakia 6.7 12.9 14 
Finland 28.5 39.3 38 
Sweden 39.8 53.9 49 
United Kingdom 1.3 8.2 15 
 
Atmospheric aerosol monitoring is done by 
remote sensing instruments (e.g. sun 
photometer) placed in ground stations, weather 
balloons, aircraft and satellites. Aerosol Robotic 
Network (AERONET) is a program founded in 
1993 by NASA - GSPC (National Aeronautics 
and Space Administration - Goddard Space 
Flight Center) (http://aeronet.gsfc.nasa.gov/) and 
LOA - photons (Lille University, CNES - Centre 
National D'études Spatiales and CNRS - Le 
Centre National de la Recherche Scientifique) 

(http://www-loa.univ-lille1.fr/photons/). This is 
a continuous database, accessible by the public, 
providing information on the aerosol optical and 
physical properties. The sun photometer from 
Timisoara has the position 645 in the AERONET 
grid. 

Experimental Data  

The experimental data was taken from sun 
photometer CE318, which is an automatic sun 
and sky radiometer, equipped with 9 spectral 
channels covering the spectral range 340 - 1640 
nm. The sun photometer is located on the roof of 
the Mechanical Engineering Faculty (Fig. 2), at 
Politehnica University Timisoara (45.74 N, 
21.22 E, 122m). 
 

 
Figure 2. Sun photometer CE 318 

 
The sun photometer accomplishes two basic 
measurements: (i) direct sun or (ii) sky 
measurement, both within several programmed 
sequences. The direct sun measurements are 
completed in nine spectral bands (340, 380, 440, 
500, 670, 870, 940, 1020 and 1640 nm), 
requiring approximately 10 seconds. The 940 nm 
channel is used for column water abundance 
determination [9]. This measurement are used to 
calculate the aerosol optical depth and the 
Ångström parameter. 
Sky measurements are performed at 440 nm, 670 
nm, 870 nm, and 1020 nm. Two basic sky 
observation sequences are recorded: the 
“almucantar” and the “principal plane”. 
Solar radiation measurements in the "principal 
plan" are obtained by scanning the sky in a plane 
that contains the sun, the tool and the surface 
normal (optical head performs a moving from -
6° to 150°). Thus, in this case, the azimuth angle 
remains constant, and the scattering angles will 
vary, being carried out up to nine times a day. 
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Size distribution and phase function is performed 
by obtaining the areola and diffuse radiation 
through a constant aerosol profile. These are 
determined by a large number of sun scattering 
angles. Thus, in "almuncantar" mode, over eight 
sequences of measurements are performed per 
day at atmospheric air mass of 4, 3, 2 and 1.7 
both morning and afternoon [9]. 
 

Results and Discussion 
The aerosol parameters analyzed in this study are: 

a) Aerosol optical depth, values in the range of 
0-2 and is dimensionless (0 for an atmosphere 
without aerosol). 
b) Ångström parameter (α) takes values between 
0 and 2, and if value is: (i) α < 1 - denote large 
particles in the atmosphere - coarse particles 
(dust or marine aerosol), and (ii) α > 1 - denote 
small particles in the atmosphere - fine particles 
(urban - industrial pollution, aerosols originate 
from biomass burning).  
c) Size distribution and effective radius. 
d) Single scattering albedo (SSA) which takes 
values between 0 and 1 (1 is for scattering and 0 
for a perfect absorber). 
e) Ångström turbidity coefficient (β) with values 
from 0 (clear atmosphere) to 0.5 (high aerosol 
load). In figure 3, the AOD values are increasing 
during the day. The aerosols resulted from 
biomass burning are usually characterized by a 
single scattering albedo decreasing with 
wavelength, by high values of the Ångström 
parameter (greater1.6), by high values of AOD 
(average is 0.409) and by an accumulation mode 
size distribution (the presence of fine particles). 
Average Ångström turbidity coefficient for 
August 6 is 0.11, which confirm the presence of 
the aerosol in the atmosphere. For a good 
interpretation of the aerosol type, HYSPLIT 
(Hybrid Single – Particle Lagrangian Integrated 
Trajectory) model [10] and Global Fire Maps 
from MODIS (Moderate Resolution Imaging 
Spectroradiometer) are used [11].  
In August 7 the average values of β is 0.13, AOD 
at wavelength 440 nm is 0.438, the size 
distribution is bimodal and the fine mode 
predominates. By figure 4 it can observed that 
the amount of aerosol in atmosphere is increased. 
The amount of energy from PV is lower on 
August 7 compared to August 6.  
 

Figure 3. Aerosol optical Depth in Timisoara, 
06.08.2016 
 

Figure 4. Aerosol optical Depth in Timisoara, 
07.08.2016 
 
The variation of the solar radiation is presented 
in figure 5. The amount of PV energy production 
in August 7 is 5.67 % (362 MW), 6.13 (407 MW) 
in August 6, respectively 6.5% (450 MW) in 
August 5.  
As expected, in the summer the amount of 
energy from hydropower plants is smaller, 
respectively the energy from wind and 
photovoltaic plants is increased (fig.6), related to 
annual values (fig.1). 

 
Figure 5.  PV energy production, in 2016 August 
05, 06 and 07 in Romania [3]. 
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Figure 6. Energy production in Romania on 
August 7, 2016, according Transelectrica data [3] 
 
Chosen episodes are not the most relevant since 
the values of β are 0.11 and 0.13, showing a 
decrease in PV efficiency. 
Aerosols are one of the most variable 
components of the Earth’s atmospheric, which 
influence the climate via two ways: the direct 
effect by scattering and absorbing incoming 
solar radiation and the indirect effect which 
modify the microphysical and hence the 
radiative properties, amount and lifetime of 
clouds. It is important to monitor the aerosol, 
because it has an impact on climate change and 
the environment, but also on our health. 
Biomass burning aerosol have a significant 
impact on local and global climate (can absorb 
solar radiation in the atmosphere, producing the 
effect of cooling), regional air quality, visibility, 
cloud processes. In this case, the amount of solar 
radiation  

Conclusions 

The study was accomplished for 3 days from 
2016 in Timisoara. The type of aerosol was 
determined by means of aerosol optical depth, 
single scattering albedo, Ångström parameter, 
Ångström turbidity coefficient and its 
dependence on wavelength, particle size 
distribution and effective radius. The origin of 
the air masses transporting the aerosols was 
investigated by running NOOA HYSPLITE 
model and by using Global Fire Maps from 
MODIS. From the analysis of the all aerosol 
parameters, concluded that the atmosphere is 
loaded with aerosol originating from biomass 
burning. In this case the amount of solar 
radiation reaching the surface of PV panels is 
smaller, and thus the efficiency is lower.  
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Abstract 
The paper briefly presents the life and achievements of Gogu Constantinescu, a model of 

engineer, formed at the schools in Bucharest and Craiova, which has achieved, based on a 
mathematical-related formation, outstanding theoretical foundations of reinforced concrete 
construction and mechanical power transmission at distance by the oscillations which spreads in 
the medium (liquid, solid) because of their elasticity.  

 
 
 
1.Gogu Constantinescu – Son Of 

Craiova 
Gogu (George) Constantinescu was born 

on 4 October 1881, in the "House Doctor" 
next to Michael Bravu Garden. His father was 
a mathematics professor, then a director of the 
School of Craiova, the current High school 
Carol I. His mother, Ana, with Alsatian 
origin, was a music lover and a perfectpianist. 
From both parents, he has inherited the talent 
for music, mathematics and engineering. His 
maternal grandfather was also an engineer.  

He attended the primary school Obedeanu. 
It is being said that during that period he has 
made a telephone for communications from 
the bedroom with his mother at the kitchen or 
in the yard. From 1892 he follows the High 
School in Craiova. In high school he has 
turned his room in a true laboratory for 
physical and chemical experiments. In this 
way he has created an electric lamp based on 
mercury, powered by batteries, and various 
motors. 

Due to the desire of helping his sister Maria 
to better handle mathematics, he has created a 
computer based on a mechanical system, 
which could make calculations up to 30 digits.  

It is being said that his father George, 
seeing that his son likes in particular physics, 
chemistry and mathematics, said: "Gogu, you 

should get no water carrier unless you have 
not the general culture which open the 
horizons for all specialities". Unfortunately, 
his father died in 1896 because of heart 
disease and Gogu will have to cope alone with 
his life. 

 

Figure 1. Gogu Constantinescu. 
 

2. Gogu Constantinescu and the 
Theory of Reinforced Concrete 

In 1899 he takes his Baccalaureate and 
entered at the National School of Bridges and 
Roads in Craiova, graduating in 1904 as the 
head of the class with the highest grade 
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achieved by that time: 18.56 out of 20. Being 
an innovative spirit, he tries to demonstrate in 
his graduation project, the benefits of new 
materials and technologies. He calculated a 
bridge of reinforced concrete, with his own 
method, although the teacher bridges, Anghel 
Saligny, warned his students not to use 
reinforced concrete, material unsafe and even 
dangerous.  This material was used, even by 
Anghel Saligny, but his theory of reinforced 
concrete, was not well implemented and a few 
buildings built during that period in Europe 
were demolished (a bridge with 23 m opening 
during the construction, at Prague - 1890, 
Bridge "Celestial Globe" from Universal 
exhibition from Paris - 1900, the "Black Bear" 
in Basel - 1903).  

 

 
Figure 2. Arched bridge in the Carol Park. 

Gogu Constantinescu's merit is that he has 
developed a correct theory of reinforced 
concrete and an original method of calculating 
bolts with fixed ends, verified in the 
beginning through the construction, from 
1906, of an arc provided bridge in Carol Park 
in Bucharest. He tries, unsuccessfully, to 
obtain the only vacant post of engineer in 
Bucharest. Following the insistent appeals of 
his former professor Elie Radu, he is 
employed at the Ministry of Public Works, 
and between 1906 and 1908 he is also the 
assistant of Professor Radu to the National 
School of Bridges and Roads. 

In 1908, as a protest against the refusal of the 
Technical Superior Council to accept his 
solutions, based on the construction of 
reinforced concrete, he resigned from state 
service and established, together with Tiberiu 
Eremia, a construction company that built more 

bridges and buildings with reinforced concrete. 
In 1906 he was asked to solve a problem at the 
Chamber of Deputies: the elliptical wall that 
encircle the room started to move. He solved the 
problem by using a belt of reinforced concrete 
building and then made the covers of reinforced 
concrete. Upon completion of his work, deputies 
refused, for fear, to enter the building. He chased 
away the fear downloading building with bags 
filled with sand. The bags was not afraid!  

Among its achievements in the 
construction industry, which can still be seen 
today, we may point: the Mosque in 
Constanta, built in 1910, entirely of reinforced 
concrete, whose dome is made of a web of 
reinforced concrete 5 cm thick although it has 
an opening 8 m; the tank from Periş (Ilfov 
county), the bridges from Lainici, two arcs of 
reinforced concrete, with openings of 60 m; 
bridges over the rivers Adjud, Răcătău or 
Roman, the former Minister of Works Public 
(now Mayor's Office in Bucharest) or the 
Casino in Constanta. 

 

 
Figure 3. Mosque in the City of Constanta. 

3.	Gogu	Constantinescu	–	In	Exile	

In November 1910 he went to England to 
implement his very bold ideas. In 1913 he 
already had 18 patents. In 1913, he goes to 
America in order to support in front of the 
Patent Office his solutions for which he 
demanded protection. Here he met Edison that 
was 66 years old at that time. Because he 
didn't find the necessary understanding and 
financial support that he wanted, he returned 
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to England. He got married in Richmond in 
December 1914, with Alexandra Cocorescu 

4. Gogu Constantinescu - Recognized 
Value 

The outbreak of the First World War will 
facilitate the implementation of his inventions 
in military technology, rejected initially as 
being fantasia. Between 1914 and 1918 he 
was an adviser to the British Admiralty, a 
position that he re-took during 1940 to 1945, 
as well.  

In 1919 he became a citizen English. At 45 
years old, he was already famous. The English 
magazine "The Graphics" from 10 January 
1926 – mentions him as one of the 17 most 
renowned scientists in the world during 1900 
- 1925 along with Einstein, Lord Kelvin, 
Marconi, etc. Recognition can be seen by the 
number of patents obtained in various 
countries:  

• England - 114 patents  
• U.S. - 45 patents  
• France - 18 patents  
• Romania - 5 patents  
Among its research in his last part of life 

we may remember: the problem of processing 
power in the sonic energy, transforming 
mechanical energy into heat and the use of 
ultrasounds in practice, including medicine. 

 
5. Gogu Constantinescu – Creator of 

The Sonic Theory 

The most prolific part of his business and 
technical scientific field is the sound domain. 
The sonic knowledge is the power 
transmission by mechanical vibrations.  

How was this science born ?  
A legend says that the famous tenor Enrico 

Caruso used to impress assistance through a 
paradox experiment. He put a glass of 
champagne on the piano, departs from a 
certain distance and began to sing. When he 
reaches a musical phrase with a high note, the 
glass began to vibrate. Caruso seemed to 
increase its effort to continue that musical 
phrase and, in font of a wondered assistance, 
the glass breaks. Obviously, great 
enthusiasm! Gogu Constantinescu read about 
one of these demonstrations. Maybe he 

remembered this story from his mother, 
notable pianist and theoretician of musical 
arrangements. Maybe he remembered it from 
his father, known mathematician. What it is 
sure is that he remembered that when he was 
17 years old when he tried to learn musical 
harmony, and afterwords when he formulated 
a scientific theory of the sound. In fact, Gogu 
Constantinescu found the laws of mechanical 
power transmission at distance by oscillations 
which spread within a continuous medium 
(liquid, solid) because of their elasticity.  

This result is a very good example to 
demonstrate that one of the barriers that stop 
creativity is linked to the previously acquired 
knowledge. In that time the scientists and the 
engineers were convinced that liquids, and 
especially water, are incompressible. In all the 
hydraulic mathematics of that time it started 
from the assumption that water is 
incompressible. 

Or, based on this new science, this is the 
phenomenon of the liquids compressibility 
and spread of regular forces and periodic 
movements in the form of elastic waves, with 
the finite speed. The first sonic equipment 
made by Gogu Constantinescu in 1912 
consists from a generator of mechanical 
vibrations applied at the end of a steel pipe 
filled with water and a sonic rotary engine 
placed at the other end which converts sonic 
wave carrying vibratory energy in mechanical 
energy. 

Laws that apply in sonic field are identical 
to those of electricity field. This was the 
analogy that Gogu Constantinescu draw and, 
as René Descartes said "the method creates 
results", this led to spectacular results 

A full tube may be associated with a 
conductor. 

A piston that moves with the speed vx 
[m/s], in a full tub of section S [m2] gives a 
instantaneous flow q [m3/s]: 

q = vxS 
Piston speed depends on the linear speed 

of the connection point between the crank and 
the driving rod:  vx = v sin (ωt +φ0) 

and:  v = ωr 
Finally:  q = ωrSsin (ωt +φ0) 
If r = ct., ω = ct., S = ct. 
 q = Qmax sin (ωt +φ0) 



   15 

Starting from tgis form we can make 
easily the analogy between the flow and the 
electric current  

 i = Imax sin (ωt +φ0) 
Pulse ω = 2πf, frequency f = 1/T, and T 

is the time of a complete rotation. Technicians 
have designed the electric synchronous 
motors, asynchronous, single and three-phase 
motors.  

Gogu Constantinescu created sonic 
synchronous motors, asynchronous motors, 
single, decay three phase series, shunt. (nu se 
intelege exact ce a creat). It is being said that 
the English physicist Lord Rayleigh seeing 
those engines in service said "The existence 
and operation of your engines are your field 
of magic. Although I have a busy life full of 
sound I could not imagine that transmission 
through water can produce such effects". 

Constantinescu wrote and published a little 
bit, as well. In 1918 he published the first 
paper in London "The Theory of Sonic. A 
treat on transmission of power by vibrations". 
On 14 November 1919 he held a conference 
reception in the Romanian Academy.  

In December 1919 the first public 
conference on sonic and its applications takes 
place. A top conference thus "It is a great joy 
for me to be able to present this information 
for the first time in public at the local National 
School of Roads and in the amphitheatre in 
which I had the honour to teach myself". And 
he continued with a conference in January 
1920 in the same place.  

As an honorary member of the Society of 
Civil Engineers in London he makes three 
distinguished speeches. The first speech, 
entitled "Scientist versus Engineer", was 
presented on 3 October 1948, just the day 
before turned 67 years old, the second speech 
was presented on 5 May 1954, being a 
summary of mechanical engineering 
development over the past 100 years. In April 
1959 the expose of the third conference in 
which his scientific paper SONIC, the speech 
was rewarded with the gold medal as the best 
of that year. 

6. Gogu Constantinescu - Engineer 
Trained at the National School of 
Bridges and Roads of London  

As mentioned above, Gogu Constantinescu 
has expressed interest to final practice and 
therefore has made every effort to find 
applications of the sound theory. 

The first application: sonic machine gun.  

In 1915 the Germans used a new system of 
drawing through the plane propellers. 
Solutions proposed by the British engineers 
were mechanical and not given desired results. 
Salvation came from sonic theory and Gogu 
Constantinescu who won the contest launched 
by British Admiralty for this purpose. In 
August 1916 there were the first tests with a 
plane equipped with what was to become 
Constantinesco Fire Control Gear or "CC 
Gear". 

 

 
Figure 4. Gloster Gladiator, the last 

airplane equipped with a sonic mitralier  
The success and superiority against the 

system used by the German aviation was clear 
and the official recognition is that, by the end 
of the war, over 50 000 American and British 
air planes were equipped with such systems. 
Considering his results, the English 
government built in West Drayton to Gogu 
Constantinescu in 1918 a very large laboratory 
for research and practical applications of the 
sonic theory, called Sonic Factories. 

 
Other important application: Torque 

converter 
By applying this converter in a car in May 

1923, Constantinescu has created the first car 
with automatic gear shift.  Another interesting 
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proposal was making the transmission 
between the turbine and propeller of ships 
about sonic to reduce costs by making the 
mechanic tree. The converter proved to be 
applicable in cases of rail transport in order to 
replace the steam engines. 

In 1933 he concluded a contract for the 
application of torque converter to engines and 
motorcars produced at the Malaxa Factories in 
Romania. The first tests were conducted in 
Bucharest - Olteniţa, the vehicle being driven 
by Gogu Constantinescu himself. Because of 
pressures from foreign companies on 
Romanian politicians the project was 
abandoned. However, engines equipped with 
this system worked for a long time.  The 
sound theory has many applications and Gogu 
Constantinescu has made many inventions 
based on these applications: sonic engines, 
sonic pumps, sonic hammers and punchers 
sonic injectors, torque converters (sonic gear 
boxes), generating sonic energy, many 
apparatus for sonic transmission and the 
receivers of this energy, sonic haveuza and so 
on. In medicine, the sonic systems can be used 
in ultrasonic scanning, neurosurgery, therapy 
etc.   

Unlike X rays, sonic vibrations are not 
harmful. Sonic currents easily penetrate 
human tissues, without burning them or 
produce shocks. In therapy, they are 
extremely beneficial with a thermosonic 
effect (heating). 

Applications in aviations and military  
In the field of aviation, the application of 

one of his inventions, Constantinescu 
proposed actuating of the propellers by sonic 
engines. He also made an engine that triggers 
a 180 HP propeller, weighting only 30 kg, 
thus reducing a lot of the plane.  

Another invention of Gogu Constantinescu 
was that of a cannon to throw bombs chase of 
100 kg to 1 500 m, "without producing any 
noise, flames or smoke." Of course, the 
invention of this field is drawn synchronized 
with the machine gun blade propeller plane. 
Because of this application it is estimated that 
first world war was shortened by about a year 

and Gogu Constantinescu became an official 
adviser to the English Admiralty.  

7. Gogu Constantinescu – Exponent of 
Romania  

He returned for the first time in his home 
country in 1919 with the desire to capitalize 
here his inventions. Surrounded by sympathy 
from technicians, he is elected honorary 
member of the Romanian Academy. 
However, the lack of understanding from 
authorities makes him leave again to England, 
where he has made important discoveries in 
the same year in November.  He came back in 
1933, for a short time, with the desire to apply 
here the torque converter (invention that 
replaced the boxes of speed) in the engines 
built by Malaxa Factories. 

In 1956 he was invited to a meeting with 
all his former colleagues at High School 
Craiova but was unable to attend due to health 
reasons. At the invitation of the Romanian 
Academy, in the Autumn of 1961 (between 8 
September and 8 October), at the age of 80, 
Gogu Constantinescu visited again Romania. 
He remained impressed by the technical 
achievements post- war, qualifying the 
economic development of Romania in that 
period as "explosive".  

During his stay, he has been awarded with 
the title of Doctor Honoris Causa from the 
Polytechnic Institute of Bucharest (former 
National School of Bridges and Roads, where 
he finished the university studies). This was 
the first degree of Doctor Honoris Causa in 
the technical field, granted in Romania, 
awarded by the Polytechnic Institute in 
Bucharest. In 1963, he has returned to 
Romania with his second wife, Eva, to spend 
holidays in Constanta and to celebrate in 
Bucharest his 82nd birthday. With this 
occasion he visits the Institute for Hydro 
Studies and Research (ISCHIA), respectively 
the for stand sonic experimental research, 
where the inventor of St. John Basgan 
presents one of his inventions using the sound 
theory.  

Conceived between 1930-1934, this 
invention was the first to achieve the 
transmission of sonic energy created on the 
surface by drilling lining to hoe, while digging 



   17 

to vibrate up and down (without lining up 
drilling), so it falls vertically with a fixed 
frequency, digging undeviating holes. In a 
televised program he expressed his regret that 
he never had the opportunity to come back 
and bring his contribution to the achievements 
of Romania in those years.   

Regret the great people! A great man, born 
in Craiova! 

 

 
Figure 5. Gogu Constantinescu at the 
Leonida Technique Museum in Bucharest 

8. Gogu Constantinescu - Always 
Present 

The avant-garde ideas of Gogu 
Constantinescu, after more than 100 years, are 
quoted by researchers who are trying to treat 
cancer and other serious illnesses through 
vibrations.  

He was a prolific inventor, with over 193 
patents, many of them explaining pioneering 
inventions. This explains why Constantinescu 
is stated in the International Patent 
Classification (international Class 
F16H33/12).  He died at 12 December 1965 
and is buried in the courtyard of the church in 
Lowick, south of Lake Coniston, England 
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Introduction 

The photoconductivity spectra can give the 
information regarding the processes of 
generation, drift and recombination of non-
equilibrium charge carriers [1-3]. Chalcogenide 
vitreous semiconductors (ChVS) of the As-S-Se 
systems exhibit photostructural transformations 
with reversible and irreversible properties, and 
are promising materials for registration media of 
optical information, for fabrication of diffractive 
elements, integrated optics, non-linear elements, 
optical fibers for IR spectrum, etc. [4-7]. 
Majority of photonic devices based on 
amorphous semiconductors functioned using the 
photoconductivity effect. From this point of 
view a special interest in a sentence represents 
the investigation of the characteristics of 
stationary and non-stationary photoconductivity.  
It was established that the amorphous films are 
characterized by a large degree of structural 
disorder which depend on the composition, 
foreign impurities, and light exposure [8]. The 
electrical, optical and photoelectrical properties 
of chalcogenide glasses can be varied and 
controlled over quite a wide range, by modifying 
the composition and production technique. 
Recently was reported the experimental results 
on the influence of Sn impurity in amorphous 
As2Se3 and AsSe thin films on electrical, 
transport properties, optical and photoinduced 
phenomena [9-14]. It was shown that tin 
impurities in amorphous As2Se3 increase the 
drift mobility and the photosensitivity.  
In the last years a special attention has been 
devoted to the influence on the photostructural 
transformation in amorphous thin films doped 
with metal impurity. In special it was shown that 
the Sn impurity introduced in the As2Se3, AsSe 
and Sb2S3 glass network reduce the 

photodarkening effect. According to Mössbauer 
spectroscopy of 119Sn in the As2Se3:Snx glassy 
system a new tetrahedral Sn(Se1/2)4 and quasi-
octahedral SnSe structural units can be formed, 
and which influence the photostructural 
transformations [15].  
The reduction in optical gap of As2Se3 glass 
upon tin alloying, most likely, results from a 
broadening of the valence band, the top of which 
is formed from Se lone-pair electrons. It was 
demonstrated that the Sn impurities have a strong 
effect on transient rather than on steady-state 
photoconductivity. The enhanced deep trapping 
of non-equilibrium carriers in doped As2Se3 
delays the recombination process and slows 
down the initial photocurrent relaxation. The 
features of transient photoconductivity are 
controlled by deep carrier trapping with the 
energy distribution and concentration of deep 
traps being determined by the structure and 
composition of doped amorphous films [16]. In 
this paper the experimental results of steady-
state and transient photoconductivity of 
amorphous (As4S3Se3)1-xSnx thin films are 
presented. In our previous work it was shown 
that the spectral distribution of the stationary 
photoconductivity for (As4S3Se3)1-xSnx thin films 
depends on the composition and polarity on the 
illuminated electrode. The spectral 
characteristics of photoconductivity were used 
for estimation of some energy parameters. 

Experimental 
The bulk chalcogenide glasses (As4S3Se3)1-xSnx 
(x=00.10) were prepared from the elements of 
6N purity (As, S, Se, Sn) by conventional melt 
quenching method. The thin film samples of 
thickness L≈2 m were prepared by flash 
thermal evaporation in vacuum (P=10-5 Torr) of 
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the synthesized initial glasses onto glass 
substrates held at Tsubstr=100 oC.  For 
photoelectric measurements were using the thin 
film samples with a sandwich configuration with 
two Al-electrodes, the one of which (top 
electrode) is semitransparent for incident light 

(λ=400-1300 nm). The dark conductivity , 

Lux-Ampere characteristic Iph=f(F), spectral 
distribution of stationary photocurrent Iph=f(λ), 
and transient photocurrent Iph=f(t) were 
measured in the constant current conditions 
using the spectrophotometer SPM-2 and the 
electrometrical amplifier U5-11, with an error of 
less than  1.0 %.  
The Lux-Ampere characteristics were 
investigated at the wavelength of the uniform 
absorption light in the sample, the light intensity 
was varied by the calibrated neutral filters. The 
voltage applied to the all samples was 5 V, which 
corresponds to the linear portion of the I-V 
characteristic. All experiments were performed 
at room temperature. For data acquisition of the 
experimental data to the PC the digital card 
Arduino Uno was used. 
 

Results and discussion 
Fig.1 represents the spectral distribution of 
photocurrent curves for Al-(As4S3Se3)0.93Sn0.07-
Al thin film structure at positive (+) and negative 
(–) polarity of applied field at the top illuminated 
electrode. It was established that the value of the 
photocurrent is higher for the positive polarity on 
the illuminated Al-top electrode, and the 
maximum of the photocurrent is shifted toward 
higher region of the photon energies, compared 
to negative polarity. This can be explaining on 
the basis of contact phenomena at the interface 
of the metallic electrode with the amorphous 
film, as well as with the surface recombination 
processes.  
The spectral dependence of the photocurrent for 
all Al-(As4S3Se3)1-xSnx-Al thin film structures 
depend on the polarity of the applied voltage on 
the illuminated electrode and has the similar 
shape. Using the obtained spectra of the 
photocurrent and the Moss rule were estimated 
the band gap values Eg

ph, according which the 
band gap corresponds to the value of the 

wavelength (λ0)  at which the 

photocurrent fall down to a half value of it 

maximum, as is shown in Fig.1 

Figure 1. Spectral dependence of the 
stationary photocurrent for Al-
(As4S3Se3)0.93Sn0.07-Al thin film structure at 
positive 1 (+) and negative 2 (–) polarity of 
applied field at the top illuminated electrode. 
The film thickness L=2.0 μm. 
 
. The magnification of the photocurrent (kph) 
represents the light sensibility, and for all 
investigated compositions is about kph ~ 102.  
Fig.2 represents the dependence of the 
position of the photocurrent maximum on the 
photon energy Iph(max)=f(h) (curve 1) and of 
the band gap energy Eg

ph, determined 
according Moss rule (curve 2), on the Sn 
concentration in (As4S3Se3)1-xSnx thin films. 
These two dependences have a similar 
tendency and represent a curve with 
minimum. With increasing of the tin 
concentration in the (As4S3Se3)1-xSnx thin 
films, the position of the photocurrent 
maximum is shifted in the region of lower 
photon energies up to x=0.06, and than is 
displacements again in the region of higher 
photon energy. The same behaviour on the tin 
concentration has the dependence Eg

ph on the 
Sn concentration. 
Fig.3 and 4 represent the relaxation curves of 
photocurrent in Al-As4S3Se3-Al thin film 
structure at positive (+) polarity of applied 
field at the top illuminated electrode at 
different wavelength excitation and different 
light intensities, respectively. 
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Figure 2. Dependence of the position of the 
photocurrent maximum on the photon energy 
Iph(max)=f(h) and of the band gap energy 
Eg

ph, determined according Moss rule, on the 
Sn concentration in (As4S3Se3)1-xSnx thin 
films. 
 

Figure 3. The relaxation curves of 
photocurrent in Al-As4S3Se3-Al thin film 
structure at positive (+) polarity of applied 
field at the top illuminated electrode at 
different wavelength excitation. 
 

The character of the photocurrent relaxation in 
Al-(As4S3Se3)0.91Sn0.09-Al thin film structure at 
positive (+) polarity of applied field at the top 
illuminated electrode at different wavelength 
excitation without filters is shown in Fig.5. For 
all investigated (As4S3Se3)1-xSnx thin film 
compositions the shape of the relaxation curves 
of the photocurrent is the same. Usually the 
photocurrent on the increasing section passes 
through a maximum before reaching a stationary 
state (so-called “spike”).The height of the 
“spike” is more pronounced for the wavelength 
of the maximum in the spectral distribution of 
the photocurrent (for the (As4S3Se3)0.91Sn0.09 
composition λmax=560 nm). 

Fig.6 represents the photocurrent relaxation in 
Al-(As4S3Se3)0.91Sn0.09-Al thin film structure at 
positive (+) polarity of applied field at the top 
illuminated electrode at different light intensities 
at the wavelength excitation from the maximum 
sensitivity. At high levels of excitation (curves 
nf-0 ÷ nf-3), the photocurrent on the increasing 
section passes through a maximum before 
reaching a stationary state. At low levels of 
excitation (curve nf-13), the photocurrent 
increase monotonously and reach the stationary 
state very slowly. 

Figure 4. The relaxation curves of 
photocurrent in Al-As4S3Se3-Al thin film 
structure at positive (+) polarity of applied 
field at the top illuminated electrode at 
different light intensity. 

The observed “spike” in the rise portion of the 
curve that after a generated free-carriers was 
captured into the traps, an intensive bimolecular 
recombination (BR) take place, and the 
photocurrent follows down up to its stationary 
value. The intensive capture process in 
(As4S3Se3)1-xSnx thin film may be associated 
with deep level traps, which appear in this case. 
These traps are situated very deeply and 
significantly retardates the recombination. The 
same situation was observed in the case of 
amorphous As2Se3 and AsSe and doped with tin 
[10, 11, 17]. It was established that the tin 
impurity introducing during thermal synthesis of 
AsSe and As2Se3 glasses has greater effect on 
transient than on steady-state characteristics of 
photoconductivity. This was confirmed also 
experimentally for optical and stationary 
characteristic of photoconductivity of 
amorphous GexAsxSe1-2x and (As4S3Se3)1-xSnx 
thin films [18]. The experimental results on 
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relaxation of photoconductivity are explained in 
framework of multiple trapping model, 
according to which the non-equilibrium carriers 
are multiple captured in the deep traps, 
exponentially or quasi-continuously distributed 
in energy in the mobility band gap in amorphous 
semiconductors [19,20]. Analysis of dispersion 
transport and photoinduced absorption leads to 
an exponential energy distribution of the density 
of localized states 

, where Nt is 

the total density of localized states, and T* is the 
distribution parameter. For As2Se3, in the energy 
interval E=0.2 – 0.6 eV above the edge of the 
conducting states kT*=0.05 eV, and Nt≤1.4x1018 
cm-3 [10].  

Figure 5. The relaxation curves of photocurrent 
in Al-(As4S3Se3)0.91Sn0.09-Al thin film structure 
at positive (+) polarity of applied field at the top 
illuminated electrode at different wavelength 
excitation. 
Fig.6 shows that the behavior the initial portions 
of the photocurrent rise depend on the excitation 
intensity. At low intensities corresponding to 
monomolecular recombination (MR) the 
photocurrent monotonously increases and 
saturates at the steady-state value (curve nf-13). 
At higher exposure intensities a quasi stationary 
portion is observed (curves nf-0 ÷ nf-3), which 
is followed by a decreasing portion of the 
photocurrent was the bimolecular 
recombination is dominant. The “spike-like” 
portion in the increasing section of the 
photocurrent follows from a model of multiple 
trapping of the non-equilibrium carriers (holes) 
with high generation levels, when the 
bimolecular recombination (BR) became the 
determining mechanism. The “spike” is due to 
time-dependent nonstationary recombination, 

whose the light intensity changes the density of 
the captured nonequilibrium holes.  

 
Figure 6. The relaxation curves of photocurrent 
in Al-(As4S3Se3)0.91Sn0.09-Al thin film structure 
at positive (+) polarity of applied field at the top 
illuminated electrode at different light intensity. 

Fig.7 and 8 represent the intensity dependence of 
steady-state (1) and maximum (2) photocurrent 
(Lux-Ampere Characteristic) in Al-As4S3Se3-Al 
and Al-(As4S3Se3)0.91Sn0.09-Al thin film 
structures, respectively. For other Al-
(As4S3Se3)1-xSnx-Al thin film structures the Lux-
Ampere Characteristic ( ) has a similar 

character, with the exception that the parameter 
α take a different values, in the dependence

, where  

0.5≤α≤1.0 is the power index. For a simple 
model, α=1.0 at low excitation intensities 
corresponds to the mechanism of 
monomolecular recombination (MR), and α=0.5 
to the mechanism of bimolecular recombination 
(BR).  

 
Figure 7. Intensity dependence of steady-state 
(1) and maximum (2) photocurrent (Lux-

)/exp()/()( ** kTEkTNEg t 
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Ampere Characteristic) in Al-As4S3Se3-Al thin 
film structure. L=1.28 μm, λexc=560 nm 
 

Figure 8. Intensity dependence of steady-
state (1) and maximum (2) photocurrent 
(Lux-Ampere Characteristic) in Al-
(As4S3Se3)0.91Sn0.09-Al thin film structure. 
L=1.24 μm, λexc=560 nm. 
 

For amorphous semiconductors with exponential 
distribution of localized states in the band gap, 
for interpretation of Lux-Ampere Characteristics 
was successfully used the Rose model [1]. 
According to model Rose [21] in the assumption 
that the mobility is constant, the parameter 

, and can takes the 

intermediate values between 0.5 and 1.0. 

Parameter ≥T describe the distribution of 
localized states in the band gap of the amorphous 
semiconductor. 
As it seen from Fig.6, for amorphous 
(As4S3Se3)0.91Sn0.09 thin films in the low intensity 
range, where the process is governed by 
monomolecular recombination (MR), the 
photocurrent is linearly dependent on light 
intensity (α=1.0). At high levels of light intensity 
where the process is governed by the 
bimolecular recombination (BR), the 
dependence of the steady-state and maximum 
photocurrent on light intensity becomes 
sublinear and takes the values α=0.52 and 0.72, 
respectively. 

Summary 

The experimental results on steady-state and 
transient photoconductivity of amorphous 
(As4S3Se3)1-xSnx (x=0÷0.1) thin films are 
investigated. It was shown, that the spectral 

distribution of the stationary photoconductivity 
depends on the composition and polarity of 
voltage applied on the illuminated electrode. The 
dependence of the stationary photocurrent on the 
light intensity is described by a power function 
Iph ~ Fα, were 0.5≤α≤1.0 is the parameter which 
describe the distribution of the localized states in 
the band gap. The kinetics of photocurrent 
produced by uniform continuous bulk 
photogeneration of non-equilibrium carriers 
reveal anomalous behavior, passing through the 
maximum before the stationary state is reached. 
The relaxation curves are described in the 
framework of multiple trapping model for 
amorphous materials. 
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Abstract: Fossil fuels are known as representing by far the majority of world-wide power 

today, they still are an abundant resource, even fundamentally limited, but continuously new 
reservoirs are still found They are blamed for not being clean and polluting the environment, 
generating irreversible effects such as climate change, human crises for the control of resources 
(such as oil and gas), depletion of natural resources, destroying eco-systems. But still energy 
demand is on continuous raise and not only because the population is growing, especially in 
developing or less developed countries from Asia and Africa, but also because population is 
struggling for more higher life standards, that requires costs, also in energy consumption raise, 
per capita!  Specialists consider fossil fuels in a hopeless long term struggle with a renewable 
energy steamroller that are in their majority sustained by the states or direct by the population, 
in not always very fair financial schemes.  

The answer to the question is: No, only with fossil fuels alone as resource no sustainable 
future can be built. Renewables and especially bio-energy must complete a stable mix offered 
to the market, and turn, after a transition period, specific to the development and political will 
of the countries, in majority, or even to 100% cover of the necessities (industrial, transport, 
house holding, social, etc.). The paper will highlight the advantages of the fossil fuels (C based 
and presently abundant but fundamentally limited resource), the possibility of their sustainable 
implementation, in parallel the disadvantages and correspondingly the disadvantages and 
advantages of the renewable sources. But man mind is active and thus the world will be kept as 
a functional eco-system also in the next future, and forever! 

Keywords: climate change, fossil fuels, renewable energy, CO2, C based economy  

 

Introduction 

Even if one is ignoring the CO2 generated 
global climate change problems, fossil fuels 
are limited in the amount Earth contains and 
also extracting, and transporting, refining and 
burning them cause large amounts of 
pollution [1]. The burning of fossil 
fuels generates pollution, since these carbon-
based fuel sources contain a lot more than just 
carbon and hydrogen in their chemical 
makeup, and using the in exothermal 
reactions (to generate energy) also generate 
all the impurities, namely pollutants, so much 
blamed today for the outdoor pollution of air, 
and not only, releasing them into the air. In 
addition, the refining and/or extraction 
process is dirty, dangerous and can pollute the 
water table and entire bodies of water, like 
rivers and lakes [1, 2].  

Figures 1 and 2 bring an example with results of 
regularly accomplished measurements of air 
quality by two station in urban areas, which are 
characterized by industry, traffic and the result of 
urban island polluting effects, including house 
holding. The two labs, that are measuring 
simultaneously proof, that the air quality is 
fluctuant along the day and night time, mostly in 
close connection to the traffic intensity. Such 
regularly campaigns are compulsory to be 
carried out by the Ministry of environment (of a 
specific country, in the example in Romania). 
The second lab is accredited (www.mediu.ro) by 
the national body (RENAR). Figure 3 brings a 
view of the stations used for monitoring [3,4]. 
The amount of pollutant emitted during a 
particular activity depends on the intensity of 
that activity, the principle underlying the use of 
emission coefficients or factors. Thus, for a 
particular economic sector, the output of 
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emissions into the air is proportional to the 
output produced. Choosing an emission factor 
depends on a number of factors such as: the 
technology used to obtain the product, the nature 
of the fuel, state of art of the technology applied, 
the national production conditions, etc 

  
Figure 1. Example of on line monitoring in urban 
area, taking into account two laboratories, one of 
the ministry of environment and one accredited 
for such purposes. 
 

 
Figure 2. Example of the lab LACIEDIN of the 
Politehnica University of Timisoara 
(www.mediu.ro) [3, 4].  
 
. Emission sources are characterized mostly. by 
the type of activity and type of the fuels 
used.Generally speaking, the formula used is [5]: 
Ei, j = Ai,j x EFi, j                    (1) 
where: E is the emissions’ source;  
   A - intensity of the activity;  
   EF - emission factor;  
   i, j - pollutant and activity. 
This formula assumes that there is a technical 
link between the activity intensity (A) and the 
emission (E). The formula shows that if the rate 
activity increases by 20 %, then the emission 
increases by 20 % (if the factor emission remains 
constant). At the level of economic operators this 

relationship is not always valid, but for national 
global calculation, the formula provides a 
sufficient degree of accuracy [5]. Thus it is 
obvious that if the tendency of developing needs 
more and more energy (heat and electricity 
generated through  classic forms non-renewable, 
based on fossil fuels and combustion processes) 
and transport (even electric ones or hybrid) and, 
if these sources are even controlled and reduced 
in the emissions’ output by technological 
removal processes, the pollution will increase, 
by the level of energy consumption 
augmentation 

 
Figure3. Location of both laboratories for on line 
monitoring of air quality in Timisoara city. 
 
Segments can be defined at different levels of 
detail or aggregation, from case to case. 
Activity rate is generally the result of (i) relevant 
scenarios for a specific sector (value-added) or 
(ii) may be based on a general scenario economic 
depending on the level of aggregation. 
The emission factor (EF) is a technological 
parameter by which the broadcasting potential of 
an activity in a direct relationship with the type 
is established fuel used in the combustion 
process or process processing with raw material. 
A central feature of the energy transition mapped 
out by the presentation is the continued gradual 
decarbonization of the fuel mix. 

Decarbonisation 

General 

Since the Paris COP 21 by 2015, Climate 
Changes policies are guided by the Sustainable 
Development spirit as a general concept & 
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commitment. A central feature of the energy 
transition is the continued gradual 
decarbonization of the fuel mix. If one looks at 
the still available fossil fuel resources, the real 
crisis might not be their limited availability, but 
the amount of climate change inducing 
greenhouses gases embedded in the known 
reserves [6]. If the humanity wants, as agreed 
internationally, to limit the global warming to 2 
degrees (based on preindustrial climate status),, 
80% of the world's known reserves of coal, 50% 
natural gas and 30% of oil need to stay in the 
ground. The amount of greenhouse gases 
embedded in the currently known reserves 
exceeds the remaining carbon budget by three 
times [6]. 
Rapid improvements in the competitiveness of 
renewable energy mean that increases in 
renewable sources, together with nuclear and 
hydro energy, provide around half of the increase 
in global energy out to 2035 [7].  Natural gas is 
expected to grow faster than oil or coal, helped 
by the rapid growth of liquefied natural gas 
increasing the accessibility of gas across the 
globe [7]. Figures 4 and 5 indicates the history 
and tendency in the population grows (that is the 
key factor for the energy growth consumption).  
Also they show that the energy intensity is 
subject of  severe reduction, as technology 
advanced.  
Figure 6 gives the profile of the primary energy 
sources, by type, including both fossil and 
renewable sources [7]. Clean energy sources 
may pollute a lot during their technological 
process of creating the facilities to exploit them. 
Example the electric cars. They reduce the 
amount of pollution in cities, but the locations, 
where the batteries are produced or deposit as 
waste, are very affected!! Such sources 
contribute to local reduction of pollution, 
meaning shifting the pollution from one place to 
another. On our opinion totally non polluting 
clean sources do not exist! For every source one 
has to pay a price "with the environment 
destruction". 
 

 
Figure 4. Population and GDP augmentation, by 
regions [7]. 

 
Figure 5.  Growth in GDP and primary energy 
[7]. 

 
Figure 6. Primary energy sources [7]. 
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Costs  
Due to the declining costs of solar and wind 
technologies as well as the anticipation of a more 
carbon-constrained future, today the global 
growth of renewable energy is increasingly 
driven by voluntary procurement by utilities and 
corporations [6]. Solar energy, as recently 
proved [8] is affected trough the air pollution, 
and thus the efficiency of the equipment can be 
reduced. Biodiesel is considered [10] one 
promising energy source. Many believe that this 
alternative source of energy will be able to 
sustain the need for increased energy security 
while at the same time being friendly to the 
environment [9]. 
 Green tariff programs are one example of how 
utilities are adapting to this growing consumer 
demand to choose their energy supply. It is still 
a major support from the end users, and this is 
not totally correct, as the effects of using 
renewable sources are global, not mentioning 
social aspects, by transforming the classic 
specialists into a new branch and era of 
professionals. In recent years, Renewables 
effectively competed against fossil fuel 
generation in power markets and for 
procurement contracts around the world [6]. 
Renewable energy markets matured these days, 
on both a global (industrial, energy producers) 
and domestic scale, through more competition 
and resource diversity [6]. A very important 
phenomenon occurs more and more often:   
Many companies produce their own energy from 
own technological waste (Waste to energy 
concept)! Thus a lot of industrial energy 
consumer turn into energy producer as well, 
majority for own use. 
Different sources of energy produce different 
amounts of heat-trapping gases are revealed by 
Figure 7. Renewable energies tend to have much 
lower emissions than other sources, such as 
natural gas or coal. 
The expected slowdown in carbon emissions 
growth reflects significant increases in the 
decline in energy intensity and in the change in 
the fuel mix, characterized by coal consumption 
slowing sharply and gas - together with 
Renewables, nuclear and hydroelectric power - 
supplying almost 80% of the increase in energy 
[6].  
 

 
Figure 7. Comparison of different sources, in 
concern to CO2 equivalent emissions [10]. 
 

 
Figure 8.  Contribution of essential factors to 
slow down the CO2 emission [6].  
 
Figure 9 [6] is completed according data offered 
from different major energy international 
organisation: 
IEA: International Energy Agency, World 
Energy Outlook 2016 , Paris, France, 
November 2016,  
EIA: US Energy Information Administration, 
International Energy Outlook 2016, 
Washington, D.C., United States, May 2016,  
MIT: MIT Joint Program on the Science and 
Policy of Global Change, 2016 Food, Water, 
Energy and Climate Outlook, Cambridge, MA, 
United States, 2016,  
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IEEJ: Institute of Energy Economics Japan, 
Asia/World Energy Outlook 2016, Tokyo, 
Japan, October 2016,  
IHS: IHS Energy, Rivalry: the IHS Planning 
Scenario, July 2016,  
PIRA: PIRA Energy Group, Scenario Planning 
Guidebook, Appendix, February 2016,  
XOM: ExxonMobil, 2017 Outlook for Energy: 
A View to 2040, December 2016,  
CNPC: CNPC Economics & Technology 
Research Institute, Energy Outlook 2050, 
2016,  
Greenpeace, Energy Revolution, September 
2015,  
BP p.l.c., BP Statistical Review of World 
Energy, London, United Kingdom, June 2016,  
International Energy Agency, Energy Balances 
of Non-OECD Countries, Paris, France, 2016,  
International Energy Agency, Energy Balances 
of OECD Countries, Paris, France, 2016,  
UN Population Division, World Population 
Prospects: The 2015 Revision, New York, 
United States, 2016 . 

 

 
Figure 9.  Fuel mix prognosis and data recorded 
[6]. 
According to [11], wind and photovoltaic 
capacities have been lately massively developed 
in Romania. Although they have already made 
an important contribution to Romania's target of 
reducing GHG emissions for 2020, decreasing 
the average wholesale price of electricity and 
decreasing import dependency, their intermittent 
nature has caused technical difficulties and costs 
of integration into National Power System, as 
well as an impact on the final consumers' bill.  
The expected slowdown in carbon emissions 
growth reflects significant increases in the pace 
of decline in energy intensity and in the pace of 
change in the fuel mix, with coal consumption 

slowing sharply and gas - together with 
Renewables, nuclear and hydroelectric power - 
supplying almost 80 % of the increase in energy.  
The need for a fair and accurate calculation of the 
CO2/kWh (electric, heat) rate is a necessity and 
must summarize not only the direct exhausted 
CO2, but also the CO2 emission associated to the 
production of equipments, organising and 
retrofitting the plant, etc. Social aspects must 
also be taken into consideration, here not only 
employment aspects, but also costs of the energy 
generated, access to a secure and healthy energy, 
assuring sustainable development being a key 
ssue as well.  

Conclusion 

Only those energy policies that are able to limit 
the Climate Change impact on our societies must 
be developed.  
Thus one do not exclude fossil fuels, nuclear 
energy sources etc, if the improoved 
technologies, such as CCS and clean 
technologies are adopted. For the present 
generation, the question is not to face a lack of 
resources, but to aply clean/green energy. 
 Photovoltaic, or Wind, Biomass (Bio-energy), 
Solar Energy offer a huge potential of magnitude 
higher that the present tannual  world energy 
demand (about 13 000 MTOE).  No risk to run 
out of energy! 
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Introduction 

There is growing scientific consensus that (i) climate change is happening, (ii) is largely 
human induced, and (iii) will have serious consequences for human health. The impact of climate 
change on global health is probably not yet large, compared with major risk factors, but will 
become greater later in this century [1]. Significant changes have occurred in climate over the 
past hundred years. Records show that mean temperature on earth rose by approximately 0.6o C 
during the 20th century. Global warming is one of those environmental issues that are most 
intimately, linked to socio-economic development [2]. Climate change is a long-term challenge, 
which can be addressed successfully only through long-term actions and international 
cooperation, at both regional and global levels. In order to achieve these goals, there is a huge 
need for analytical and forecasting tools to be applied as quickly as possible, and consistently as 
well, at national level. Lessons learned from these projections must help drastic methods and 
technologies to be developed and applied, before it will not be too late!  

 
 

National framework 
Romanian climate change policy objectives 

A. Romania ratified the UNFCCC (United 
Nations Framework Convention on 
Climate Change) by Law 24/1994 and 
the Kyoto Protocol to the UNFCCC by 
Law 3/2001. 

Also, Romania initiated and completed the 
process of setting new national targets for all 
objectives of the strategy, which was validated 
by the High Level Working Group on 8 June 
2010 and resulted in the signing by the 
Romanian Government's Memorandum 
“Approval of values Romania's objectives for the 
final of Europe 2020”. Agreed national 
objectives related to implementation of the 
Energy Package - climate change, congruent 
with the commitments of the European 
Commission are presented in Table 1 [3]. 

Factors such as climate conditions, economic 
growth, population, transport, industrial 
activities are heavily influencing the CO2 
emissions values.  
 

2020 Objectives 
EU 27 
(%)

National objectives 
(%) 

Reducing GHG 
(Greenhouse Gas)  
emissions

20 20 

Share of energy 
from RES in gross 
final consumption

20 24 

Increasing energy 
efficiency

20 19 

Romanian climate change policy objectives in 
accordance to the EU Energy- Climate Change 
Package [3] 
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Figure 1. Trends of the national GHG emissions [4] 
 
National greenhouse gas emission trends 
CO2 emissions are contributing to global 
warming and account for 80% of EU greenhouse 
gas emissions. 
According to the provisions of the Kyoto 
Protocol, Romania has committed itself to 
reduce the GHG emissions by 8% in the period 
2008-2012, considering the base year (1989) 
levels.  
As it can be deducted from the Figure 1, the 
emissions trend reflects the changes in this 
period characterized by a process of transition to 
a market economy. The emissions trend can be 
splited in the following relevant periods:  
1989-1992: decline of economic activities and 
energy consumption 
1992-1999: economy revitalization 
(1997: starting of the operation of the first reactor 
at the Cernavoda nuclear power plant) 
1999-2008: economic development 
2008-2014: due to the economic crisis, the 
emissions have significantly decreased 
According to the latest National Inventory 
Report submitted to UNFCCC  by August 2016, 
the total GHG emissions decreased with 63.40% 
in 2014 in comparison to 1989 [4].  
Estimation methodologies for greenhouse gas 
emission projections 
In this chapter are described the most 
representative models for each modelling 
category (simulation, economic equilibrium and 
optimization), as well as those with the highest 
probability to be suitable and recommend for 
Romania’s case study.  
Models used in this evaluation are the following: 

LEAP, ENPEP-BALANCE, MERCI 
MARKAL/TIMES and MESSAGE.   
Simulation models 
Simulation models simulate the environmental 
results of a selected policy option [5]. 
 
Example 1: LEAP 
Long-range Energy Alternatives Planning): 
developed in 1980 in the USA [6]. It is a widely-
used software tool for energy policy analysis and 
climate change mitigation assessment, it is 
considered both as: 
bottom-up model 
accounting model [5]. 
 
Example 2: ENPEP 
Energy and Power Evaluation Program: was 
developed in 1999 by the Centre for Energy, 
Environmental and Economic Systems Analysis 
(CEEESA - Argonne National Laboratory in the 
USA), and the U.S. Department of Energy 
(DOE) [7]. It determines the response of various 
segments of the energy system to changes in 
energy prices and demand levels, being a: 
bottom-up model, 
non-linear, iterative equilibrium model [5]. 
Economic equilibrium models 
Economic equilibrium models assess overall 
economic development and ecological impacts 
[5]. 
Example 3: MERCI 
Model for Evaluating Regional Climate change 
Impacts was built up in 2009, by the Institute for 
Advanced Studies (IHS) Vienna. It is designed 
to assess different possible future developments 
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in a complex economic and ecological sense, and 
to evaluate them with respect to the criteria 
important to the user, being a  
top-down bottom-up hybrid model, and/or 
dynamic general equilibrium model [5]. 
Optimization models 
This optimization models identify optimal 
policies of identify optimal policies of climate 
change [5] 
 
Example 4: MARKAL 
MARKet Allocation: developed in the late 
1970’s by the Brookhaven National Laboratory 
[8]. It facilitates the analysis of different future 
energy system pathways over a medium to long 
term, by integrating energy, environmental, and 
economic factors, as a: 
bottom-up model, or/and 
dynamic partial equilibrium model [5]. 
 
Example 5: MESSAGE 
The named model for Energy Supply Strategy 
Alternatives and their General Environmental 
Impact is developed in 1980’s, by the 
International Institute for Applied Systems 
Analysis (IIASA) [9]. It contains technology-
rich energy systems model with economic and 
environmental modules, defining a: 
bottom-up model, and/or 
systems engineering optimization tool model [5]. 
 
Models evaluation 
These models serve as means to estimate costs 
and benefits of climate policy options, always 
related to a possible future development of the 
social, economical and environmental system, 
all of them being dependent on each other, to a 
certain extent [5]. The selection of the optimal 
model for climate change mitigation, for 
Romania, from the list of the models previously 
presented, raises the issue of their comparative 
evaluation and through them the selection of the 
optimum alternative.The proposed models were 
evaluated in a multi-criteria analysis against a 
number of criteria/sub-criteria that reflect: 
flexibility, transparency, required data intensity, 
limited skill requirements / user-friendliness. 
Following this analysis, and based on own 
experience, the author demonstrates in the 
following and concludes that the LEAP model 
can be successfully used to predict the evolution 
of GHG emissions and to determine the 

environmental impact of government policies at 
national level. 
 
National greenhouse gas emission projections 
generated by the LEAP model 
LEAP is an integrated modelling tool that is used 
to track energy consumption, production and 
resource extraction in all sectors of an economy, 
as can be seen in Figure 2. In addition to tracking 
GHGs, LEAP can also be used to analyse 
emissions of local and regional air pollutants, 
making it well-suited to studies of the climate co-
benefits of local air pollution reduction [6].  

 
Figure 2. Input and output data of LEAP analysis 
model [10] 
 
LEAP presents a complex energy analysis 
concepts in a transparent and intuitive way. It is 
flexible enough for being used by customer with 
a wide range of expertise, such as leading global 
experts who wish to design policies, and 
demonstrate their benefits, as well decision 
makers, and trainers who intend to build capacity 
among analysts who are learning to understand 
the complexity of energy systems [10]. In order 
to elaborate the national GHG emission 
projection three scenarios were, developed, by 
comparing their energy requirements, their 
social costs and benefits, and their environmental 
impacts, under various assumptions. These are: 
The Business “As – Usual” Scenario – BAU: in 
this scenario the key drivers are assumed to 
develop based on their historical trends. 
The Optimistic Scenario – OPT: this policy 
portfolio established mitigation targets in all 
sectors. It is oriented towards the principles of 
the EU climate change policy and adjusted 
according to the needs of Romania. The 
Pessimistic Scenario – PES: in this scenario the 
key drivers are assumed to be developed based 
on their historical trends towards the EU energy 
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policy [3]. 
 

 
Figure 3. The evolution of the GHG emissions 
for the three analyzed scenarios for Romania 
 

As it can be seen in the Figure 3, the 
OPT scenario continuously presented the best 
energy demand results – in terms of mitigation 
policy - followed by the PES and leaving the 
BAU with the highest and worse energetic 
request. The data are considerable large and 
must raise efforts in the next future, both by 
the stakeholders, producers and consumers, 
not mentioning the legislation developer and 
governmental agencies. This analysis was 
developed in order to understand and increase 
awareness of the impact of increasing energy 
demand over the amount of GHG emissions at 
national level and to assess effectiveness of 
proposed climate policies [10]. 

Conclusions 

Climate change is a global challenge that 
requires a responsible approach and concrete 
actions at international, regional, national and 
local level. 
This paper presents the current status of GHG 
national emissions in Romania, and provides an 
overview of the models that should be 
considered to be used for developing and 
quantifying adaptation and mitigation scenarios, 
for GHG projections at national level. 
The author concludes that the LEAP model can 
be successfully used to predict the evolution of 
GHG emissions and to determine the 
environmental impact of government policies at 
national level. 
Also, this article aims to identify various policy 
tools through which GHG emissions could be 
reduced at national level, in the perspective of 
the year 2050, under different scenario 
assumptions. 
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Abstract: The created situation, the factors, what contributing at it, are characterized. The 

necessity of return and revision of elaborative stage of constitution of the economic informatics 
systems (E.Ic.S.) it’s substantiated. Also, the idea of opposite order of the concept of invention, 
elaboration, production and application of the informatics resources, as well as, and the concept 
of them estimation and selection are formulated. 

Keywords: estimate, selection, informational situational (informative, descriptive) 
resources, economic informatics systems, conceptual criteria. 

 

Introduction: In conditions of the approach 
completely informational society, except the 
problems of the invention, production and using 
the informatics means and technological 
methods in any sphere of the human activities, of 
decisive importance disposing the rational 
selection, what directly affecting the working of 
the E.Ic.S. That is why, off the scientificaly 
positions and economical raison, alwais itself 
soliciting the such works, which precede herself 
the projection and implementation of these 
systems, as the establishing of the composition 
and elaboration of the criteria of selection of 
informational resources. 

A. The circumstances and 
contributive factors  

Today and in predictable perspective the rational 
organization and efficient working of unitary 
economic informational process are conditioned 
of through application of the advanced 
informatics means and methods in the named 
sphere. Also, it’s awared what the systemic (in 
interconnection and interaction) approach and 
achievement of these two components (means 
and methods) are finded your accomplishment in 
the shape of economic informatics systems 
(E.Ic.S.). 
Among other resources of vital functional 

importance are those informational, without 
wich not may be achivied the E.Ic.S.. These 
resources disposing of the very much diverse 
composition, excessive volumes and works, 
wich need to effect a one complexe of 
preparatory works of projection content. 
As a motivation of justification of created 
situation are the directly physical acces of the 
user at the informatics technical means, in first 
hand, at the computer, them relatively cheap 
cost, “simplified” of the procedures of 
programming, because that them becoming more 
“friendly”, the progressive “reduction” of 
informatics technologies at the manual 
(according to content, composition and 
succession of them realization, but not and 
according to the modality them execution), a.s.o. 
The necessity to return and review the 
elaborative stage of the E. Ic. S. is based not only 
on the scientific awareness of them 
establishment and functioning, but on the 
household raison. The existing economic 
informational medium, that is characterized by 
fragmented informatics covering, complex 
variety of the informatics means and methods, 
the lasts to being explaining for the same neglect 
of the systemic approach of achievement of the 
sphere in cause. 
 Following further on such motivation, it may be 
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establish that the conception of the invention, 
elaboration, production and application of 
informatics means and methods require the 
inversion of the orientation comparatively with 
the existing outlook.  
The essence of this inversion itself reducing to 
the fact that the technical means and 
technological methods must having elaborated 
and implemented in basis of the qualitative 
(composition, structure) and quantitative 
(volume of activities, information, etc.) 
parameters of the sphere of them application.  

B. The selection of the methods of 
the organizing of economic 
situational information  

At once, those most elaborated, more 

conceptually and unusual achieved in 
informatics practice, are methods of organization 
data on the physical space of computer memory. 
Such situation oneself explained of the 
circumstances of need of to keeping of data 
values which are required by the particularities 
of economic informational problems. So, in 
dependence of the physical environment of the 
computer memory, all the methods of the 
physical packing of data can be systematized into 
two groups – the methods one´s own for physical 
space of the operative (internal) memory and the 
methods own for the milieu of the external 
memory.  
 

Table 1. The interconnections and interactions of proceedings of the data physical packing on the operative 
memory (O.M.) and external memory (E.M.), depending of the type of data structures (D.S.) *) 

NN 
ord 

Type of the data 
structures 

Physical packing proceedings 

On operative memory (O.M.) On external memory (E.M.) 

The method
Organized areas 

The method Organized areas 
on O.M. on E.M. 

1 
The succesive data 
structures – S.D.S.

S - R.A. S D.A. 

2 
The row data 
structures – R.D.S.

C L.A. R.A. 
S D.A. 

D D.A. 

3 
The compound 
data list structures 
– C.D.L.S. 

N L.A. R.A. 

I.S. D.A. 

R. I.A., D.A.,O.A. 

S D.A. 

4 

The tabular 
(matrixly) data 
structures – 
T.(M.)D.S. 

B.R.Z. A.T.C. 
A.O.V.,A.O.C., 
A.K.R. 

S D.A. 

I.S. R.A.,D.A.,O.A. 

L.P. L.P.A. 
A.O.V.,A.O.C., 
A.K.R. 

S D.A. 

I.S. I.A.,D.A.,O.A. 

C.I. A.C.I. 
O.V.A., O.C.A. 
K.R.A. 

S D.A. 

I.S I.A.,D.A.,O.A. 

5 
The arborescent 
data structures – 
A.D.S. 

S.(D.)A. 
L.A. 
(R.A.A.) 

R.A. (E.A) I.S. I.A.,D.A.,O.A.. 

T.N. 
L.A. 
(N.E.A.) 

R.A. (E.A.) I.S. I.A.,D.A.,O.A.. 

*) The organized areas: 
 
 
 
Taking in consideration the fact that the packing 

of data on the operative memory (O.M.) not can 
be achieved without of the organization of 
certain areas  in the external memory (E.M.), 
itself requiring the necessity to establishing the 
interconnections and interactions between of the 
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both groups of above mentioned methods. 
Moreover, herself taking into account not only 
the functional compatibility, but also the 
posibilities of these interdependences, regarding 
the ensurance of promptness of data 
manipulation in base of the concordant joing of 
the in cause methods.Starting from the cleared 
up resons, the possible interconnection and 
interaction between the physical methods of data 
packing on the space of the internal and external 
millieu of computer memory are presented in 
table 1[1,286-292;4,150-162].  
The presented in this table concordance between 
the methods and physical proceedings of data 
packing on the O.M. and E.M. spaces are more 
efficacious in cause of correctly selection of data 
structures for any informational entity of the 
respective problemOn the basis of the 
particularities of transformation of functional 
economic informational entities, on the 
conceptual level was determined the orientative 

composition of the data structures indicated for 
the any group of the problems of economic 
management undersystem and presented in the 
table 2. [1,290-292; 4,153-154] 
 
      C. The estimation and selection of 
economic situational data structures. 

Are known many criteria of estimation of data 
economic structures, on the basis of which 
tacking place them selection, however, 
fundamental itself though the nexts: 
1) the promptness of forming (systematization, 
sorting, arranging) of the data structures; 
2) the rational (thrifty) level of utilization of 
memory space ; 
3) the comform and promptness of the correction 
of data structure  
4) the promptness of the recovering of the  
structural elements ; 
5) the general criterion [1 ; 4]. 
 

 
Table 2. The conceptual selection of the data structures convients for the informational entities of 
the any group of problems of economic management undersystems. 

Undersystem of 
economic 
management 

The group of the 
problems of undersystem 
of economic management 

The categories of 
involved information 
in the solving group 
of problems 

The data structures 
selected for 
informatics 
organization of 
categories of the 
information 

The rate-
settings and 
regulation of the 
economic 
material 
activities  
(R.S.E.M.A.) 

The calculation of the 
values of primary rates 

Primary 
measurement data 

The succesive data 
structures 

The calculation of the 
applicabilities 

The rates of 
applicabilities 

The arborescent, 
reticular data 
structures 

The calculation of the 
values of general rates 

The primary rates 
The arborescent, 
reticular data 
structures 

The forecast 
(F.P.) and 
current 
foreseeing 
planning 
(C.P.) 

The calculation of the 
values of forecast 
foreseeing indicators of 
the evolution of economic 
material activities. 
The calculation of the 
values of indicators of 
another compartments of 
current planning 

All categories of the 
technical, economic, 
social information. 
The financial admini-
strative (account 
statement) data, the 
values of the current 
planning, economic 
analysis and rate-
setting indicators 

The reticular data 
structures 
The compound data 
list structures 
The reticular data 
structures 
The compound data 
list structures 
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The operative 
planning and 
directing of 
economic 
material 
activities 
(O.P.D.E.M.A.) 

The calculation of the 
values of indicators of 
operative planning of 
evolution of economic 
material activities. 
The calculation of the 
values of indicators of 
another compartments of 
operative planning 

The financial-
administrativ 
(account-statement), 
evidence operative 
data, the indicators of 
economic operative 
analysis, the rate-
setting indicators 
The evidence general 
indicators

The compound data 
list structures 
The reticular data 
structures 

The evidence 
and financial 
administration 
(E.F.A.) 

The problems of 
operative evidence. 
The problems of book-
keeping. 
The problems of the 
financial administration 
(account) 

The evidence general 
indicators. 
The indicators of 
estimation and 
hauling time of the 
economic resources. 
The indicators of 
account (financial 
administration)

The successive data 
structures. 
The arborescent, 
tabular (matrixly) 
data structures 

 
 
a) on the O.M. space : L.A. – the list area, I.D.A. 
– the indicators area, A.T.C. – the area of the 
table of concordance, L.P.A. – the logical plate 
area, A.C.I. – the area of the couples of the 
indexis, R.(D.)A.A. – the relation (dart) 
addresses of area, N.E.A. – the area of element 
numbers ; 
b) on the E.M. space : R.A. – the recordings area, 
O.V.A. – the objects vectors area, O.C.A. – the 
object characteristics area, K.R.A. – the keeping 
rows area, E.A. – the elements area, D.A. – the 
data area, I.A. – the indexis area, R.A. – the 
references area (the relation adress of D.A.), 
D.C.A. – data collections area, D.A. – the 
outrunning area ,T.N. – “ trace notation”, 
R.A.A.- relation addresses of area. The methods 
of the physical packing of data : on O.M. space : 
S – succesiv, L – in chain, N – in nest, K – in 
knot, B.R.Z. – the basic and reserve zone, L.P. – 
logical plate, C.I.- couples of addresses; on E.M.: 
I.S.- indexed- successive, O.A.- objects area. 
The enumerated criteria are caracterized by 
certain values, which are calculated in 
accordance with the respectively formula [1, 290 
300; 4, 170 - 175]. 
The estimation of any data structure on the basis 
only of one at the essential enumerated criteria is 
unilateral, and therefore, erroneus, because each 

criterion characterizing such structure in  
accordance with the value exclusively of one 
them parameter. Moreover, some criteria are 
unaccepatable for any data structures. That is 
why with a view to generalizing them values can 
be applied the synthesizer of weighing, 
assignement of concrete values for them is 
enough dificult, if not impossible. So started 
from the principle that any of the criteria is not 
we given priority, assigning each a special 
parameter - points. 
The calculus of the size of this parameter is 
bazed on the such concept, in concordance with 
the value of the criterion is all the diminished as, 
the structure is more its concordant. If some 
structures have the equal values of one and the 
same criteria, then all are assigned the equal 
points. For other structures such value may be 
determinated through comparing of the them 
values with the value of the comparable 
structure. Through the addition of the every 
peculiar values to obtain the generalizing value 
of the structure [1,302-303]. 
The results of the estimation of data structures on 
the basis of generalizing criterion may be 
concluding under of following table : 
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Table 3. The example of the generalizing criteria of estimation of the data structure 

NN 
ord 

The varietes of data 
structures 

The criteria of the estimation The sum of the 
points 

Time of 
formation 
(sorting) 

The suppli-
mentary 
space of 
memory

Time of 
recovering 

Time of 
correction 

 

1 Succesive structure 2,5 1 1 13 17,5 

2 
In succesion one-
directional data 
structure 

2,5 4 8,5 7,5 22,5 

3 
In succesion two-
directional data 
structure 

5 5 8,5 9 27,5 

 
The generalizing estimation of the data 
structures can tacking place and through 
comparing of the couples of such structures on 
the basis of calculation of values of two them 
criteria. 
The calculation of the values of estimation 
criteria of the data structures for them further 
organization and informational or structural 
processing is need tacking place after «junction 
» of functional organizing of the informational 
entities with the possible variants of informatics 
them organization and processing. Therefore, the 
determination of the variety of data structure, 
which is concordant with concrete informational 
entity is necessary to effectuated in following 
succession: 
the determination of the composition of the 
functional informational entities, of them 
structures, methods of organization and 
transformative procedures proper them ; 
 the selection for them informatics achievement 
of possible data structure, proceedings (methods) 
of physical packing on the espace of the 
opertaive and external memories, as well as of 
respectively informatics transformational 
procedures ; 
the calculation of the estimation criteria of data 
structure, them physical methods of packing and 
transformation procedures already selected (at 
the second stage). 
D. The presentation, estimation and selection of 
transformation of the values of situational 
economic data 
At present for the examination and 
understooding of processing process exercized 
concerning data values oneself applieding 
various algorithms, which after forme of the 

presentation are systematized in such three 
essential groups – oral (textual), mathematics 
(under forme of formula) and graphics (under 
forme of various schemes). At the moment, the 
last group is on of the most developped and in 
combination with mathematical methods of 
formalizing in the most detalied and clearly mod 
presents the logical sequence of solving 
problems. The most spreads ways of graphical 
describing of processes of the solving of 
economic informative problems found them 
realization in the form of block diagram, diagram 
of programmed lines and scheme of the 
operators. Still are known and applied the modul 
schemes and informational-technological 
schemes. After volume of the presentation of in 
cause processes, the last cathegorie of such 
schemes (of operators) is one of the most 
economical, but they can help determine on the 
general level only the scheme of the succesion of 
achievement of procedures and operations data 
processing, which is insufficient for that goal. 
Very much as initially the informatics technique 
prevalent achievementing the calculation 
processing, in graphically shape itself presenting 
only this cathegory of operations. At present the 
such technique automatic fullfilling the 
informational and structural processing, in 
examination schemes them are comprised 
incompletly and fragmentally, that more through 
are presented in informational-technological 
schemes. But, and here not are presented the 
mathematical algorithms,its being replacing of 
the certain programme moduls, what creating 
obstacles in the revealing of calculable content 
of problem, of going and succession of it solving 
stages. From his raison, such schemes are 
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resembling more with informational models of 
solving of the informativ content problems. 
Therefore, such cathegory of schemes solicit the 
perfecting, which himself reduced to them 
completion with all necessary of calcul and 
incalcul procedures data processing, as well as 
with respectively identifiers of the informational 
units. 
But, in created situation not always himself 
following the principal – obtaining of qualitative 
informational products. 
In such cause the criteria of estimation of the 
transformative procedures and operations 
perhaps expressed in values of the indicators of 
quality of informational products[1,304–306; 2, 
93-132 ;4, 94-106]. 

Conclusions 

The necessity of the selection of informatics 
resources starting from them domain of 
application, is founded for the logic of scientific 
approach and the careful management raison. 
Such selection contributing at the prolongation 
of the working period of informatics 
components; requiring of starting at the 
informational domain towards informatics 
resources. 
Anticipated of the selection itself soliciting the 
certain preparatory works,. 
In accordance with the cleared up concept so that 
imposing the selection primary the methods and 
procedees of organizing, structuring and 
transformation of informational resources. 
It’s necessary for these resources to elaborate or 
making in evident the new collections of criteria 
for them selection. 
It imposing the accomplishing of the such 
selection in complex, the decisive remaining the 
informational resources. 
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Abstract: Air quality is a very important issue for the contemporary society, in order to sustain its 
future. Due to the fact that in Timişoara city, as in most metropolitan areas with urban 
agglomerations and developed transport system, atmospheric pollution rules and maximum 
admitted values are frequently exceeded, an air quality monitoring system, more simple and not 
costly, is needed, to complete the real time pollution level/picture, in areas that are not constantly 
monitored by national grid systems. Its usefulness is to prevent possible major air pollution, which 
can put people's life, sustainable development and wellbeing at risk. The present paper refers to a 
proposal is to design and develop a mobile air quality measurement device. Measurements will be 
accomplished in real time. There are two ways to realize this device: (i) first, to operate 
autonomously, with a led display, on which real-time measurements are taken; (ii) And the second 
variant is that the device works with a mobile device and communicates through a data protocol. 
The transducer will measure the concentration of PM2.5, PM10, NOx. Throughout this paper 
highlights the advantages and disadvantages of each of the two solutions (gadgets) proposed above. 
 
 

Introduction 

From the beginning of his existence on the 
planet, the human beings, through  its  activities 
had negative influences on the environmental 
factors -air, water, soil-elements without which, 
life and standards cannot be conceived. There is 
a critical point that influences, irreversible on 
most cases, especially the pollution level of the 
environmental factors. Even nature’s defense 
capacity intervenes, one has to develop as well 
strict regulations (international, national) hoping 
for rebalancing, or at least reduction of the 
present level, versus a basis, that is selected 
according to the effects registered.  
Presently, it seems that the pollution of the 
environment through the uncontrolled activity of 
man is reaching a critical point, surpassing the 
defense limits of nature. As result climate 
changes, irreversible and inflexible fauna and 
flora mutations occur, life style must be changed, 
access to food and water resources, that are most 
and most more reduced for poor countries, must 
be covered and solved. 
Pollution is a phenomenon that does not take into 

account the physical boundaries of states, the 
level of development or the wishes& nest 
intentions of the population. This means that the 
responsibilities and the means of prevention are 
attributed to all states. 
The economical industrial development of 
Romania, in the past decades, has raised 
important problems regarding the fight against 
pollution of the atmosphere. The interest was in 
finding the most effective ways to captivate and 
purge residual gases before their evacuation in 
the surrounding environment as well as in 
perfecting the technological equipment and the 
fabrication technology by using primary sources 
that are less traumatizing for man. It is expected 
that through these methods, the creation of 
optimal work conditions, which can prevent 
work accidents and professional illness as well 
as diminishing the emission of harmful 
substances into the environment, can be achieved 
[1]. In the National Network of Air Quality 
Automatic Monitoring the following pollutants 
are measured: SO2, NO, NO2, NOx, suspended 
dusts – PM10 and PM2.5, CO, O3, benzene and 
lead. Currently, in Romania the National 
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Network of Air Quality Monitoring (RNMCA) 
comprises permanent air quality monitoring 
stations, and 17 mobile labs, endowed with 
automatic equipments to measure the 
concentrations of major air pollutants. RNMCA 
includes 41 local centers, which gather and 
disseminate to public information panels data 
from stations and transmit them after primary 
validation for certification of the Bucharest 
National Reference Laboratory (LNR) [2].  
According to the simulation made with program 
ISC3 View is observed that the level of NOX in 
Timisoara is not strongly affected by emissions 
from the power plant CET South (Thermo-
electrically power point Timisoara South. One 
concluded that the main polluting factor in urban 
areas is road traffic. It is noticed that the 
concentration of NOX during the day at peak 
hours is 6 times higher than the values measured 
at night [3]. 
 

Air pollution is a major problem  

In general 

From the beginning, it needs to be specified that 
the atmospheric air is one of the environmental 
factors that is hard to control because the 
pollutants, once they get into the atmosphere, are 
quickly dispersed and can no longer be captured 
and purged on ground. The pollutants in the air 
may be substances foreign to the background 
composition of the air or to the substances, which 
are found in this composition and which, 
according to their concentration and time of 
action, exercise a harmful effect on man and 
environment.  
Air pollution is a serious global public health 
problem that is managed most effectively by 
collective (societal) action to control emissions 
of both primary air pollutants and precursors that 
react to form secondary air pollutants [4]. 
According to their nature, the pollutants may be 
classified in two groups: 
Suspensions and aerosols,  
Gases and toxic vapors. 
Suspensions and aerosols are formed of liquid or 
solid particles with a dimension between 100 and 
0.001 µm.  
At a larger dimension the stability in the 
atmosphere is so low that the disperse system 
cannot be made, causing the particles with 

dimensions under 1µm to be part of the 
molecular dispersion domain. This disperse 
system is classified according to size and 
behavior in the atmosphere into three categories:  
Suspensions bigger than 10 µm, 
Suspensions with a diameter between 10 and 0.1 
µm, 
Suspensions with a size smaller than 0.1 µm. 
The pollutant aerosols may be solid or liquid, 
according to their state of aggregation, gases and 
toxic vapors represent the pollutants, which exist 
in the atmosphere in the shape of gas. With a 
great diversity in their chemical nature, they have 
high stability in the atmosphere as well as high 
diffusion power.  
The sources of air pollution can be classified in 
two groups: 
Natural sources, 
Artificial sources (results of human activity, 
anthropogenic). 
All the pollutants produced by these sources are 
called “primary pollutants”. The term secondary 
pollutant is linked to the term secondary effect 
on the environment. 
Natural sources can cause only in exceptional 
cases important pollution of the environment. 
The most common natural pollution is the one 
with powders formed from the erosion of the 
soil’s superficial layers and lifted by the wind at 
a certain altitude.  
Anthropogenic sources are more important and 
their multiplication is a cause for which air 
protection represents a vital problem of the con-
temporary world.  
In particular 
The artificial sources of air pollution can be 
classified in: 
Stationary pollution sources, 
Mobile pollution sources.  
The stationary pollution sources comprise the 
combustion processes and various industrial 
processes. The combustion processes, like fuel 
combustion for energy, are used in industrial 
purposes in order to obtain the necessary caloric 
energy for heating.  
Of all the industrial sources, the thermoelectric 
plants represent the most important source of 
air pollution through combustion processes. 
However, the polluted area is limited to the 
territory found under the influence of the plant. 
Home heating, is a very important source of air 
pollution because pollution sources are wide 
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spread in communities.  
Various industrial processes represent sources 
of atmospheric pollution of great importance 
due to the large diversity of emitted pollutants 
as well as due to their intense aggression. 
Practically, any process of obtaining a material 
or an object can become, in lack of preventive 
measures, a source of pollution.  
The chemical industry pollutes the atmosphere 
with products resulted from chemical reactions. 
The effect of pollution is felt on a vast area 
around these industrial locations. 
The mobile sources of pollution are represented 
by the road, railway, air and marine means of 
transport. Auto vehicles occupy the first place, 
from the point of view of pollution.  
Transportation based on internal combustion 
fuels (running fossil fuels) is an especially 
important source of atmospheric pollution. The 
pollutant emissions of auto vehicles have two 
particularities: elimination is done very close to 
the soil, fact that leads to the achievement of 
high concentrations on low altitudes. Secondly, 
the emissions are made on the entire surface of 
the area and the differences between 
concentrations depend on the intensity of traffic 
and the possibilities of street ventilation [5].  
Air quality in Europe is slowly improving. 
However, between 2000 and 2014, a 
significant proportion of the urban population 
in the EU-28 was exposed to concentrations of 
certain air pollutants above the EU limit or 
target values. Even more people were exposed 
were even higher in relation to the more 
stringent World Health Organization (WHO) 
air quality guideline values set for the 
protection of human health [6]. 
Improving air quality is a significant aspect of 
promoting sustainable human settlements. 
Data1 may be used to: 1. To monitor trends in 
air pollution as a basis for prioritizing policy 
actions; 2. To map levels of air pollution in 
order to identify hotspots or areas in need of 
special attention; 3. To help assess the number 
of people exposed to excess levels of air 
pollution; 4. To monitor levels of compliance 
with air quality standards, in order to assess the 
effects of air quality policies; 5. To help 
investigate associations between air pollution 
and health effects [7]. 
Air quality is very often confronted with 
odours, that even in small amounts, generate 
discomfort. Unfortunately these odours can 

very difficult measured and monitored, but still 
proposals and methods exist to depict, at least 
major representatives. In the above paper it is 
indicated that. The Cair CLIP sensors12 have 
been developed recently. These gas sensors are 
based on electro-chemicals or semi-
conductors. They are used to ensure health and 
safety, mostly in open spaces or even on closed 
ones, at work, by measuring occupational 
exposure values in ppm. In the original time 
display mode, the level of pollution measured 
appears on the screen only when a specific 
threshold is reached. In the air quality 
measurement mode, the concentration of H2S 
and mercaptans is given continuously [8]. 
Proposals of the gadgets. Short description  
First proposal for the simple gadget to measure 
air pollution  
In the figure 1, we can notice the simplicity of 
this gadget. The device will have the following 
main components: 
Measuring sensors for: PM 2.5, PM 10, NOX; 
LCD for each sensor; 
Microcontroller 
LI-Ion battery 
The necessary materials are not costly, fact that 
will bring about a high profit. The small 
dimensions offer it high portability.  The device 
can be attached on backpacks or bags for 
example or it can even be worn.  Its utility 
stands in the ability to measure the following 
pollutants: PM2.5, PM10, and NOX.  
The main characteristics of the device are: 
Complete autonomous use from other devices; 
Portability; 
Setting of a pre-established critical limit for 
each pollutant; 
Alarming the user when the critical value is 
overpassed; 
Extremely simple use, accessible to all age 
categories; 
Real-time pollutant measurements 
This is a device, which mainly addresses 
children and old people because of its very 
simple way of use. 
 Instructions to be achieved:  
Turn on the device; 
Select the desired pollutant; 
Verify that the value measured is displayed on 
the LCD screen; 
For a new measurement of the same pollutant, 
press reset; 
A led will indicate the moment in which the 
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battery needs recharging  
If the maximum admitted value is reached for 
one of the pollutants, an alarm will go off.  
All three pollutants can be measured at the 
same time.  

 
Figure 1. Principle rough draft of the first 
device. 
Second proposal for a more complex gadget to 
measure air pollution  

 
Figure 2. Principle rough draft of the second 
device. 
 
The second device that we propose, functions 
together with a mobile device with which it 
communicates.  
It consists of the following main components: 
Measuring sensors for PM 2.5, PM10, NOX, 
Bluetooth mode, 
LI-Ion battery or photovoltaic panel. 
Due to the fact that this device communicates 
with a mobile device, a mobile application must 

be created in order to install the device on the 
mobile phone. Python or another programming 
language will be used to write the code. The 
application will be written both for mobile 
devices (telephones, pads) with an Android 
operating system as well as for IOS. 
This device can be easily put absolutely 
anywhere in the outdoors as long as it 
communicates with another device for data 
transmission. For example, it can be put on the 
hood of a car while being connected to the 
driver’s mobile phone.  The driver will receive 
real-time data for all three pollutants. If the 
device is put on the hood of a car then 
photovoltaic panels could be used to charge it. 
The data can be stored on the mobile device, 
shared with other users, or sent directly to 
institutions authorized in air pollution 
measurement. 
A notification will be sent on the mobile device 
when the maximum pre-established value for 
one of the pollutants is reached. 
The main characteristics of this device are: 
Real time measurement of all three pollutants; 
The possibility to choose photovoltaic panels as 
energy source; 
It addresses most people who have a mobile 
phone or a pad with Bluetooth; 
The mobile app will have a graphical interface, 
making the usage of the device easier; 
Possibility to share the measurement data 
The functioning mode is described in the 
following, by instructions: 
Turn on the device, 
Install the mobile app on the phone or pad and 
activate your Bluetooth; 
Connect the devices using Bluetooth; 
Start measuring the pollutants using the app 
Measurement data will be displayed on the 
mobile phone. 
Comparison between the two proposed gadgets 
Each of the devices mentioned above has certain 
advantages and disadvantages. I will proceed in 
listing them: 
Advantages of the first device: 
Autonomous function; 
No lag in data displaying 
No radiations 
100% portability 
Disadvantages of the first device: 
It cannot use photovoltaic panels as power 
source. 
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No graphic interface  
Measurements cannot be stored or shared; 
It has limited functionality. 
Advantages of the second device: 
It can be powered through solar energy; 
Usable in the automotive industry 
Graphic interface which makes interaction with 
the device easier; 
Storing and sharing data 
It can be used with any other mobile device with 
Bluetooth; 
Disadvantages of the second device: 
The necessity to use it with another mobile 
device; 
It emits radiation 
Higher production costs; 
Lag in data transmission. 

Conclusions 
The article presents a novel method, based on 
two gadgets proposed in a simple and more 
complex form, in order to achieve the local air 
quality, in an easy but still representative way. 
The devices can be mobile or static in use, on 
line, and transmit the data for relevant alert. The 
pollutants selected to be monitored are the most 
dangerous, thus representative, for urban areas. 
The next step is to finalise the mounting of the 
sensors in the proposed outfit, and start testing 
and interpreting the results, also in 
correspondence to an accredited laboratory  
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Introduction 

Over the last decades, there has been a strong 
competition between ferrous versus non-ferrous 
metallurgical industries in the production of low 
density alloys, as a result of increasing end-user 
demands for high-performance and cost 
effective materials for structural applications, 
which have also additional safety requirements 
in operation [1-5]. The answer of the steel 
industry producers to these requirements was to 
develop a new class of Advanced High Strength 
Steel (AHSS). The main advantages of the 
AHSS class are the high deformability and 
impact resistance compared to the high strength 
steels currently in use [1]. If the conventional 
high strength steels own their properties to the 
hardening of solid solution, precipitating of some 
hardening phases or refining of grain size, the 
AHSS alloys are hardened by phase 
transformations and develop nanocrystalline 
structures that may contain different types of 
phases, depending on their chemical 
composition, processing and the chosen thermal 
and thermomechanical treatment parameters [5-
9]. 
The properties of these materials are determined 
by the nanocrystalline structure and by the 
possibilities of finishing the nanostructure by 
thermal and thermo-mechanical treatments. In 
fact, these materials can be considered as iron-
based metal matrix nanocomposite materials. It 
is clear that the production technologies involve 

rapid processing techniques followed by proper 
thermal and thermo-mechanical treatments that 
lead to the production of materials with specific 
properties. In this paper, the research on 
obtaining AHSS materials using spark plasma 
sintering process (SPS) and induction melting – 
cooper mold casting (IM-CuMC) techniques is 
presented. SPS technique is based on the 
simultaneous application of pressure and pulsed 
electrical current for a short period of time during 
the densification process in order to obtain dense 
sintered compacts at temperatures lower than 
those used in classical sintering processes, while 
maintaining a minimum growth of the grain size 
and preserving the refinement of the 
microstructure [10]. The IM-CuMC technique is 
a rapidly solidified technique which avoids 
segregation of the constitutive elements and the 
grain size growth during cooling. 
 

Experimental Procedure  

The AHSS alloys with the chemical composition 
presented in table 1 were obtained by spark 
plasma sintering (SPS) and induction melting – 
cooper mold casting (IM-CuMC) techniques. 
For the SPS process, alloyed powders were used, 
which were obtained from a melt spun strip 
(Figure. 1a) by the melt spinning according to 
our method presented elsewhere [11]. The strip 
was mechanically milled using a planetary ball 
milling system. The average particle diameter of 
the powders was 125 µm. The sintering was 
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performed using a HPD 25 – FCT Systeme spark 
plasma sintering equipment. The sintering cycle 
consisted in sintering at 1050 oC and 1100 oC 
and a dwell time of 10 minutes, followed by 
controlled cooling with a cooling rate of 50-75 
oC/min of a desired amount of alloyed powder, 
in order to obtain cylindrical shaped samples 
with 20 mm in diameter and about 4 mm in 
height, (Figure. 1b). During sintering, a pressure 
of 40 MPa was applied. After die extraction, the 
samples were mechanically processed to remove 
the graphite foils and to obtain a roughness Ra of 
the sample surface in the range of 0.06 – 0.14 
µm.  
 

Type 
of  
Alloy 

Chemical composition, wt%  

Fe Cr Ni Zr B Si 

AHSS 68.07 10.92 6.89 10.45 2.06 1.61 
Table 1. The chemical composition of the 
synthesized AHSS materials, (wt %) 
 

a)

b)

c)
Figure 1 Starting raw material a) and the AHSS 
obtained samples b) SPS and c) IM-CuMC

 
The sintered samples were homogenized at 1000 
oC in vacuum atmosphere for two hours and 
cooled with the furnace.  
The IM-CuMC technique involved the melting 
of the raw materials in amount according with 
the chemical composition presented in table 1 
using a Heraeus Induction melting furnace in 
vacuum atmosphere and then poured into a 
copper mold with the inner space size of 100 x 
90 x 3/1.5 mm. The as cast samples were 
homogenized at 950 oC (TT1) and 1100 oC (TT2) 
respectively, for one hour followed by slow 
cooling to 750 oC and then fast cooled in ice 
water. 
 Slow cooling from 950 oC and 1100 oC to 750 
oC was achieved by passing an argon stream with 
a pressure of < 0.5 bar, (Fig. 1c). The obtained 
materials were microstructural and mechanical 
characterized in order to assess their potential for 
structural applications. 

The crystalline structures of the phases present in 
the synthesized materials were identified by X-
ray diffraction using an D8 Advance- Bruker 
Diffractometer in Bragg-Brentano geometry in 2 
, equipped with Cu anode with wavelength  = 
1,54 Å, and Ni Kβ filter. The X-ray analysis was 
carried out at room temperature with an 
increment of 0.05 and a measurement time per 
step of 4 s/step. The indexing of the obtained 
results was done using the EVA analysis 
software and the ICDD database of the 
equipment. 
The microstructural characterization was 
performed by scanning electron microscope 
(SEM) using the Auriga Carl Zeiss equipped 
with secondary electron detector of In-lens type. 
The samples for SEM analysis were taken by 
electroerosion milling with Mo wire and 
successively polished on Buehler abrasive grains 
800, 1000, 1200, 2500, 4000 then polished with 
alumina suspension in 3 micron and 1 micron at 
500 rpm without a clamp, using a LaboPol5 
Struers machine. 
Determination of the Vickers hardness, Young's 
modulus and elastic contact stiffness (S) was 
performed by microindentation tests on a Micro-
Combi Tester (CSM Instruments, Switzerland) 
equipped with a microindentation module 
(MHT) and a Vickers diamond indenter. The 
tests were performed at room temperature with 
linear loading from 0.01 N to 10 N, holding time 
of 15 s and approach speed of the indentation of  
4 µm/min. The calculation method used to 
determine the values is the Oliver & Pharr 
method. The compression tests were made on the 
cylindrical test samples with 8 mm in diameter 
and 12.8 mm in height using an Instron 3382 
testing machine with the maximum applied force 
of 100 kN, a resolution of 0.1 N and a test speed 
in the range of 0.1…100 mm/min.   

Experimental results and discussions 

XRD characterization 
The indexed XRD pattern shown the formation 
of a multi-phase structure consisting of a 
majoritary bcc phase of  ferrite type with a 
constant lattice of 2.86 Å and a secondary phase 
of zirconium diboride type with hexagonal 
structure and crystalline parameters, “a” and “c”, 
of 3.16 Å and 3.89 Å, respectively (Fig. 2). 
A small amount of residual iron with the crystal 
parameter of 2.89 Å, which is coherent with the 
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 ferrite phase, is present in the sintered 
materials, at both processing temperatures. 
Increasing of sintering temperature contributes 
to the completion of the new formed phases and 
to the increase of the intensity of diffraction 
peaks. 
Compared with the crystal parameters indexed in 
the PDF file (for ZrB2: a = 3.16 Å, c= 3.53 Å, for 
 ferrite: a= 2.87 Å and for residual Fe: a = 2.856 
Å), the materials were synthesized with 
modification, expanding or shrinking the crystal 
parameters, depending on the type of the formed 
phase and the sintering process parameters. 

 
Figure 2. XRD analyses of synthetized AHSS 
material 
 
In the case of IM-CuMC samples, the X-ray 
analysis identified a bcc phase of  ferrite type 
as the majority phase, together with a secondary 
phase with a tetragonal structure consisting of 
Fe4Si7Zr4 intermetallic compound and residual 
iron.  

Microstructure of the synthetized 
materials 

Figure 3 shows the electron microscopy images 
obtained on the synthetized AHSS materials. 
The SEM images depict different evolution of 
microstructure depending on the type of 
processing route. In the case of sintered 
materials, the microstructure consisted of 
equiaxed grains of metallic matrix with grain 
size of 50 - 60 μm in which is relatively 
homogeneously dispersed a fine precipitated 
phase with polyhedral shapes and rounded edges 
of submicronic sizes, highlighted in dark color. 
(Figure. 3a and b) 
At the grain boundaries, a reticular phase whose 
thickness increases with the increase of the 
sintering temperature was also present. This 
reticular phase is the result of the fact that the 

sintering process occurs by persistent liquid 
phase sintering mechanisms as it was shown by 
[9]. Boron also acts as sintering aid for ferrous 
alloys [12]. These precipitates are located within 
the matrix grains and in the vicinity of the grain 
boundary, their size being less than 1 μm.  
It is also noticed the presence of a very fine 
porosity consisting of spherical and triangular 
pores located inside the grains but also at the 
grain boundaries. 
 

   
a) SPS 1050oC TT         b) SPS 1100oC TT 

  
c) IM-CuMC TT 1        d) IM –CuMC TT 2 
Figure 3. Microstructure of synthesized 
materials 
 
As the sintering temperature increases, there is a 
decrease in porosity. The IM-CuMC samples 
exhibit a different microstructure that changes 
with the increase of the thermal treatment 
temperature. At low temperatures, materials 
have a multiphase type structure consisting of at 
least two types of grains and a coarse acicular 
phase, (Figure 3c). With the increase of thermal 
treatment temperature, the acicular phases are 
dissolved in the metal matrix. (Figure 3d).   
 

Microindentation tests 

Table 2 shows the values of Vickers hardness, 
Young's modulus, and elastic contact stiffness 
obtained from the microindentation tests on the 
synthetized AHSS materials.  
The hardness of the materials in as sintered state 
decreases with the increase of the sintering 
temperature, probably due to the increasing of 
the amount of reticular phase disposed at the 
grain boundaries. The annealing treatment 
produced a smooth softening of the materials 
sintered at     1050 oC. A substantially increase in 
hardness was obtained for the materials sintered 
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at 1100 oC. The Young modulus increases with 
the increase in the sintering temperature, while 
their evolution after annealing treatment is 
different as a function of the temperature at 
which the materials were processed.  
 

Sample code 
Hardness 
HV 

Young 
Modulus 
GPa 

Elastic 
contact 
stiffness 
N/µm 

SPS 1050 571±54 98±4 4.58±0.1 

SPS 1050 - TT 516±41 89±3 4.42±0.1 

SPS 1100 394±44 127±7 6.87±0.1 

SPS 1100 - TT 486±43 155±5 6.55±0.1 

As cast 626±32 185±6 7.67±0.1 

Cast, TT1 477±19 166±8 7.99±0.3 

Cast,TT2 491±37 171±9 8.08±0.1 

Table 2. The values of Vickers hardness, 
Young's modulus, and elastic contact stiffness of 
the AHSS sintered materials 
 
From The cast alloys present the higher values of 
the both mechanical properties: hardness and 
Young’s Modulus. The chosen heat treatment 
regimes resulted in a decrease of mechanical 
property values, due to the dissolution of the 
hardening phases during heating. the point of 
view of the elastic contact stiffness that is given 
by the tangent to the unloading curve and is 
defined as the ratio between the indentation force 
(dF) and the penetration depth (dh), it can be 
concluded that the materials undergo significant 
plastic deformation, no matter what the 
processing route is (Fig.4). 

Compression tests 

Figure 5 show the stress-strain curve of the cast 
and thermal treated material sample test.   
The analysis of the compression-strain curves 
shows very high values of the mechanical 
resistance in compression mode test of 2 GPa at 
a deformation of 30%, indicating a plastic defor-
mation on a large stress level applied to sample 
test. The curve aspect in the first half indicates 
that the settlement faces are not parallel 
planesThese results point to the need to conduct 
additional research in order to improve the 

properties of these materials. 
 

 
Figure 4. A typical load-displacement curve 
giving information about elastic contact stiffness  
 

 
Figure 5. Stress-strain curve obtained on the 
AHSS sample test. 

Conclusions 

AHSS alloys were obtained using spark plasma 
sintering and induction melting - copper mold 
casting methods, followed by homogenizing heat 
treatments.  
The main conclusions that can be drawn are:  
- The future evolution of materials characteristics 
depends on the chosen processing route for their 
synthesis. 
- The chosen heat treatment parameters have 
produced a decrease in mechanical properties 
due to the fact that the hardening phases 
dissolved during heating.  
- The compression test performed on the cast and 
thermal treated material samples shows very 
high values of the mechanical resistance of 2 
GPa at a deformation of 30%, indicating a plastic 
deformation on a large stress level applied to 
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sample test. 
- The AHSS alloys presented a very promising 
compressive strength, which make them suitable 
for structural applications. 
- More approaches are to be performed in order 
to improve the properties of these materials. 
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Abstract: The strength of green compact is influenced by the characteristics of the powders 
(apparent or tap density, particle size and shape, internal pores etc.), the processing parameters 
(applied force, pressing type, temperature) and testing conditions (strain rate etc.). For 
elucidation the phenomena that arise in the compaction of metallic and ceramic powders 
mixtures, in the first part of the paper, we present the mechanisms that influence the 
densification behaviour, the post-elastic effect, the compressibility of different (e.g. Al or Cu 
alloys – SiC/Al2O3 /TiO2) mixture powders and the particularities of each of them during the 
three stages of compaction. 

Keywords: Densification mechanism, Stages of compaction, Compressibility, Elastic-
Plastic deformations, Metal-ceramic powders. 

 

Introduction 

The basic purpose of compaction is to 
obtain a green compact with sufficient 
strength to withstand further handling 
operations. Successful powder cold 
compaction is determined by the densification 
mechanisms and the behavior of the powder 
during compaction. The compressing of 
powder mixtures to obtain metal-ceramic 
composite parts can be done in different ways 
(with isostatic press, by rolling, extrusion) but 
compaction in dies using conventional 
hydraulic presses is the easiest method to 
obtain a green compact. For understanding the 
factors that determine a required strength, is 
necessary to investigate the densification 
mechanisms of mixture powders. 

 

Densification Mechanism. Elastic-
Plastic Deformations of Powders 

According to the densification theories of 
the compaction powders proposed by Gethin, 
Sheppard, McShane, Fischmeister & Artz [1-
3], generally accepted, structural trans-
formations at compaction operations are 

carried out in the following three stages (fig. 
1) [4-10]:  

 
Figure 1. Structural transformations in three 

stages, during compaction operations according 
with Gethin & Arin [9], Sheppard and McShane 
[10], Fischmeister & Artz [[11]; 
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In the first stage of compaction, it takes 
place the decreasing the distance between the 
powder particles at the maximum level (form 
a closely packed mass) and the larger voids 
fill by reorienting, sliding, and 
interpenetrating the particles at very low 
pressures, according to Jones theory at around 
0.05 -1 MPa [5]. The particles retain most of 
their original properties, although energy is 
dissipated due to inter-particle and particle to 
wall friction. 

The second stage occurs at an intermediate 
pressure when the powder mass decreases 
continuously its volume. Due to the plastic 

deformation of the metal particles and the 
fragmentation of the hard/brittle - ceramic 
particles, the increase of the contact surfaces 
between the particles results.  

The number of contacts increases as 
particle rearrangement and sliding occur. 
Cold welding and/or mechanical interlocking 
of the particles contribute towards the green 
strength of the compact. For brittle particles, 
the onset of plastic deformation can lead to 
fracture, giving way to fragmentation of the 
original particles and causing densification by 
repacking of the fragments.  

 

. 

 
Figure 2. Variation of Contact area, Number of contacts and Porosity of spherical bronze  

particles with applied pressure [10]. 
 

Quantitatively, the contact surface area S is 
directly proportional to the applied pressure P 
to the mass of powders and also depends to 
the critical stress of plastic deformation or 
yield strength c of the material powder. The 
correlation between the above mentioned 
parameters is 

c S 

c is closely related to the hardness of 
powders. As the hardness of the metallic 
powder increases during the compaction 
(strengthening mechanisms), then the 
compression force must be chosen to be 
greater than the value calculated on the basis 
of Eq. (1). The contact area variation, the 
number of contacts and the porosity of the 
spherical bronze particles is shown in Fig. 2. 
According to Fig. 2, the number of contacts 

and the contact surface between the particles 
increases with the increase of the pressure, 
without decreasing the porosity [11, 12]. 

Stress-Strain relations in densification 
mechanism 

According to the mixture rule, the 
composite yield strengths is the weighted 
average of the yield strengths of the 
components:  

c pVp+(1-Vp)m

where c, m, p, represent the yield 
strengths of the composite, matrix or particles 
and the Vp represent the volume (fraction) 
proportion of the particles. Due to the 
resistance of the material against deformation 
(external stress), the internal stresses in the 
particles increases. If the applied load is 
released before the deformation reaches a 
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specific critical value, the particles will 
deform elastically. 

 Thus, when increasing the volume 
fractions Vc of hard ceramic (e.g. SiC) 
particles in soft matrix (e.g. Al alloys), the 
yield strength of the composite increases and 
the contact surface areas of the mixtures at the 
same pressure will decrease. The deformation 
is reversible, and the particles return to their 
original shape. Before this critical value, the 
stress is linearly proportional to the 
deformation [9] and is characterized by the 
elastic or Young’s modulus (E, Fig. 3a). [10]. 

The second stage can be divided also into 
two major mechanisms: (i) the brittle ceramic 
particles are fractured at a certain stress value 
of the f (fracture strength). The brittle 
particles may fracture under stress, leading to 
mechanical interlocking (brittle behaviour 
(Fig. 3b); (ii) after reaching the critical stress 
y, the ductile particles begin to deform 
plastically: (1) ductile behaviour with normal 
plastic flow (Fig.3 c1) or (2) they have ductile 
behaviour with strain-hardening (the material 
breaking eventually occurs at very high 
deformations, Fig. 3 c2.).  

 

 
Figure 3. Macroscopic stress-strain relations: 

a) reversible elastic deformation; b) brittle 
behaviour; c) ductile behaviour (c1. normal plastic 
flow; c2. strain-hardening) [10]. 

The way when powdered materials behave 
ductile, fragile or ductile-fragile under the 
action of compressive forces depends on the 
material and its physical conditions. 

 In order to model the cold compression 
behaviour of metal-ceramic powder mixtures 

(a mixture of hard and soft particles) several 
simplifications have been made, such as that 
the mixtures are homogeneous, the contact 
forces between the particles are equal in the 
same direction. The particles have a spherical 
shape of the same or different dimensions [13] 
or dimensions or take into account the 
frictional forces between the particles.  

For elucidation of the phenomena that arise 
in the compaction of metallic and ceramic 
powders mixtures, Lange et al. [14] have 
developed a model of hard and soft spheres of 
different dimensions. The authors suggest two 
main mechanisms for explaining cold 
compression behaviour:  

(1) the densification of each composite 
mixture in comparison with densification of 
exclusively soft powders (the powders for 
soft, metallic matrix). In this case, the 
densification can be inhibited by the presence 
of hard particles, which is confirmed by the 
fact that the soft particles of metallic material 
suffer an additional deformation due to the 
partial filling of the areas around the hard 
particles;  

(2) the loads are not entirely transmitted to 
the soft particles due to the formation of a 
continuous network of hard particles that take 
up some of the load. 

 Martin and Bouvard [13] have also come 
to the same conclusion by modelling the 
compression behaviour of hard and soft 
powder mixtures by DEM method, namely 
that the hard particles carry a large part of the 
pressing load as well as a part of the 
deformation of the soft particles. Bouvard and 
Lange [15] proposed an analytical approach 
combined with a numerical simulation of the 
infiltration of the hard particles between the 
soft particles according to the size and fraction 
of the hard and soft particles and confirmed 
that according to the experimental 
investigations densification is much more 
difficult for mixtures of metallic and ceramic 
powders over metallic ones [16].  The degree 
of densification is influenced by the size, 
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shape, surface state and particle distribution. 
Cazotti and others [7] have shown that the 
large particles are deformed more easily than 
thick ones, and densification is greater in this 
case, ie at much lower pressures than fine 
powders. 

 C. Ghita and I.N. Popescu [6] respectively 
S. Sivasankaran et. al. [17] have been 
demonstrated by them experimental 
researches that by adding the hard and fragile 
powders in the soft aluminium alloy powder 
mixtures, the compressibility decreases, this 
decreasing is in accordance with the 
experimental compressibility curves (Fig.4 
and 5). 

 

 
Figure 4. The densification curves for 

Al4Cu/SiCp composites [6]. 

 

The effect of the nanocrystallite matrix 
particle size reduction due to incorporation of 
nano-sized titania considerably reduced the 
relative density at low compaction pressure 
(250 MPa). This decreased relative density 
with the increase of nano-sized titania content 
in the nanocrystallite matrix in the particle 
rearrangement mechanism domain was due to 
work hardening effect. On the other hand, at 
high compaction pressure the rate of 
decreased relative density in the plastic 
deformation domain was lower than particle 
rearrangement mechanism due to drastic 
powder morphology reduction. Also, this 
decreased relative density was also due to 
increasing of stress shielding effect by titania 
addition [17]. 

 

 

 

Figure 5. Compressibility curves of AA6061-
x wt.% TiO2 (x=0, 2, 4, 6, 8, 10 and 12) 
nanocomposite powders as a function of 
compaction pressure at Various TiO2 [17]. 

 

Also, Cazzoti et.al. [7] confirm that the 
presence of the Al2O3 reinforcing particles 
with larger size in aluminium matrix 
composite produces an increase in the 
compressibility of the powder when 5% and 
10% by volume of reinforcement is added. 
But the addition of 15% Al2O3of this 
reinforcement causes the opposite effect, that 
is, it decreases the compressibility of the 
powders [7] (Fig. 6).  

Roberts and Rowe [18, 19] demonstrated 
that materials possess a critical particle 
diameter at which the densification 
mechanism turns from fragile to ductile and 
the particle size decreases (Fig. 7).   

The stress necessary to cause particle 
fracture increases when the particle size 
decreases, whereas the stress causing plastic 
deformation of a material is independent of 
the particle size. 
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Figure 6. Compressibility curves of ALUMIX 
123® aluminum powder (0% reinforcement) 
and reinforced composites with different 
amounts of Al2O3 powder of smaller size (a) 
and larger size (b). 

 

 
Figure 7. Schematic representation of the 
particle size effect on yield strength or 
fracture strength [18, 19]. 

 

When the fracture stress reaches the level 
of the yield strength, particles with diameters 
lower than the critical diameter will yield 
instead of fracturing. Achieving a dense 
packing of particulate powders involves a 
large particle mobility (powders fluidity) 
characterized quantitatively by the apparent 
and relative density of the powders, the 

porosity of the material and the flow rate of 
the powder. 

Powders with irregularly shaped particles 
with laced edges and rough surface flow more 
heavily than spherical shapes due to friction 
between the particles and thus will have a 
lower packing degree and a less compaction 
behaviour. Instead, particles with spherical 
particles (in the case of a mixture of un-
reinforced aluminium powders or low 
reinforcement particles with SiC particles 
[20]) and a smooth surface, perform better 
when pressed, giving more compact powders 
by a better interlocking of particles, sliding 
and rotation of them.  

Additionally, the packaging is more 
regular, resulting in a uniformly distributed 
porosity when powders are compressed. 
Better packaging has been shown to be in the 
case of different grains - for example a 
mixture of two spherical particle fractions, a 
fraction of 1 mm in diameter and the other one 
with a diameter of 0.001 mm - when fine 
particles can hypothetically occupy the largest 
voids. In this ideal case, the compaction 
increasing to about 80%.  

For this reason, the actual porosity of the 
experimental powders is higher than that 
calculated on the basis of systematic 
packaging models. [21]      

Similarly, Zavaliangos and Laptev [22] 
demonstrated the importance of the relative 
particle arrangement during compression. 
These authors have shown that cyclical 
pressures greatly enhance composite material 
consolidation, leading to better packaging. 
Another important factor of the density of the 
respective densification is the ratio of the 
particle sizes in the mixture: the high ratio of 
the particles increases the degree of 
compaction but in a proportion that does not 
cause separation of the large particles by the 
fine particles. If there is a large amount of fine 
powder in relation to the thick (coarse) ones, 
the porosity will increase [20]. With further 
increase of applied pressure, the number of 
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contacts increases and the density of the 
compacted bulk tending towards to the true 
densities of the component ingredients, leading 
to porosity decreasing (stage III) [4-12].  

This is explained by packaging - 
repackaging of metallic and ceramic particles 
at higher pressures. In the course of 
compaction not only plastic deformation of 
the particles occurs, but in some particles the 
deformation is elastic. When removing the 
green compacts from the die, these elastic 
deformations (compression) disappear and a 
sudden expansion of the workpiece volume 
occurs (the post-elastic effect appears) [23]. 

The post-elastic effect 

During and after the removal of the applied 
load, a compressed powder generally shows 
an elastic recovery of its volume as an effect 
of stress relaxation. In case of a permanent 
deformation, the volume expansion will be 
small, whereas large compact powder 
relaxations are caused by an important elastic 
component The compact powder relaxation is 
commonly expressed by a change in compact 
height, volume or porosity [23].  

The green compact expansion expressed as 
porosity expansion was found to be 
independent of the applied load. The green 
compact relaxation is influenced by the 
compaction speed [24] and particle size. The 
post-elastic effect of hard and fragile green 
compact powder mixtures is higher than that 
obtained from soft and plastic materials. This 
is explained by the fact that, at the same 
compression pressure, the strength of the hard 
particle compact is lower than the soft 
particles, thus increasing the role of the elastic 
deformations compared to the plastic ones[20, 
25]. 

 

Conclusions  

The high powder compression capacity 
(best densification) is given by:  

(a) smooth, regular particle surface;  

(b) different particle size grains, thus 
choosing the fine particles to fill the voids 
created by the coarse particles;   

(c) the most part of the pressing die volume 
is occupied by coarse particles; the difference 
in size between the fine particles and the thick 
ones is very high;  

 (d) the quantity of fine particles is not very 
large in relation to the thick ones in order not 
to separate them;  

 (e) lower hardness (high plasticity) of the 
particles or the existence in the smallest 
quantities of composites of hard ceramic 
particles; (f) particles with as little oxide as 
possible (the oxygen content of the powder 
must not exceed 1.5%).  
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Abstract: In the second part of paper are presented the old and new compression equations 

that describe the densification mechanism of one phase (metal/ceramic) powders or two-phase 
metal-ceramic powders during compaction and also the effect of ceramic particles additions in 
metallic matrix quantified by densification equations or compaction models. We studied the 
applicability of compaction models on different metal-ceramic powder mixtures for better 
understanding the possibilities and limitations of  metal-ceramic powder compaction.  

Keywords: Metal-Ceramic Powders, Composites, Empirical compression equations, 
Classical models of compaction 

 
Introduction 
The compaction of metal-ceramic 

powder mixtures, in contrast to the pressing of 
a single metallic or ceramic phase, requires 
special attention, taking into account a 
number of aspects such as:  
(i) the different deformation of the 

metallic powder particles from the 
ceramic particles, 

(ii)  the different (non-uniform) 
distribution of the loads during the 
pressing (the hard-ceramic particles 
take on most of the loads compared 
to the soft metal ones),  

(iii)  the size of particles,  
(iv) the shape of particles, and  
(v) the granulometric distribution of 

them. 
As a result, it is necessary to study 

qualitatively and quantitatively both the 
degree of densification of materials from 
metallic or ceramic powders compared to 
those in metal-ceramic mixtures. In order to 
better quantify the phenomena occurring 
during their processing, a mathematical 
description of the pressing process of the 
powder mixtures is required, taking into 
account: powder specific characteristics, 
pressures and equipment used. 

The mathematical descriptions of the 
compaction process (powder compression 
equations) express the theoretical and 
experimental relationships between density – 
applied pressure, strength – density of the 
consolidated material, their pressing 
conditions and the different properties of the 
powders (composition, the morphology of the 
powders, granulometric distribution, 
apparent/tap density, porosity, 
compressibility and fluidity) using correction 
factors [1-17].   

The interest in powder compaction 
equations was initially motivated by a 
practical problem—the need to be able to 
predict the compaction pressures to achieve a 
certain density, in order to provide the 
optimum required properties to the green 
compact and implicit to the final product.  

Over time, numerous researchers (Jones, 
Walker, Shapiro, Kolthoff, Konopicky, 
Balshin, Heckel, Cooper, Eaton, Kawakita, 
Lüdde, Athy, Tanimoto Ge Rong-de, Panelli-
Filho, Gerdemann, Jablonskietc,) try to find 
and /or validate a ‘simple but adequate’ 
mathematical description of experimentally 
observed compaction curves and to determine 
and explain quantitatively the predominant 
mechanisms of powders’ densification, such 
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as the compaction stages [4-21]. They 
proposed a number of empirical equations to 
characterize compression behaviours and 
densification mechanisms of one phase (metal 
or ceramic) powders or two-phase metal-
ceramic powder mixture or composites. Many 
of proposed equations are valid also for 
pharmaceutical powders. In the next section 
are presented the most common models 
developed by above mentioned researchers. 

Compaction behaviour modelling 
Powder compression equations 
Shapiro – Kolthoff and Konopicky (1947-
1948) [15, 17], Balshin (1949) [5,15, 19], 
Heckel (1961) [5,15,19] Cooper-Eaton (1962). 
[3,6,12,15,17], Kawakita and Lüdde (1971) 

[5,15,19]. Later, Ge Rong-de [5,8,10,17] 
(1991), Panelli and Ambrossinni - Filho 
(1998) [4,5,7,17], Parilák and Dudrová (2004) 
[11,14, 18], Castagnet & Leal Neto 2008 [8] 
Gerdemann and Jablonski (2011) [9] evaluate 
the validity and applicability of the old 
equations to the new powder mixture, at wide 
range of pressure, composition of mixture, 
average sizes, etc.)  and/ or developed new 
compaction models.   
      In Table 1 are shown the compression 
equations that describe the compaction 
behaviours and densification mechanisms of 
one phase (metal or ceramic) powders or two-
phase metal-ceramic powder composites of all 
above mentioned researchers.  

 
Table 1 Powder compression equations that describe the compaction behaviours and densification 
mechanisms of one phase (metal or ceramic) powders or two-phase metal-ceramic powder composites 

Authors Equation(s) Remarks 

Shapiro –  
Kolthoff  
and 
Konopicky 
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D- relative density at pressure P; D0 –relative 
density at “zero pressure”; A1 (k)  and B1  are 
constants ; the Shapiro and Kolthoff  made the 
following assumption: the powder mass could 
be treated as if it were a solid body subject to 
isostatic compression forces.  
Konopicky investigated materials: Iron, steel, 
magnetite, quartz and magnesite powders; 
Shapiro and Kolthoff investigated materials 
are: silver bromide powders. 

Bal'shin 22 ln
1

BPA
D

                              (3) 

D- the relative density of green compact; P- 
applied pressure; A2 and B2  are constants;  
Balshin investigated materials: metallic 
(electrolytic copper, spherical aluminum 
powder)  and ceramic powders; 
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03
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D- relative density at pressure P; D0 –relative 
density at “zero pressure”, or relative apparent 
density of the powder; (1-D) is the pore 
fraction. According with Heckel [1], “zero-
pressure” densities means the densities 
measured after the compacts are removed from 
the die.  
After experimental observations, Heckel have 
shown that he constant k (or A3) could be 
related to the nominal yield strength 0 of the 
powdered metal, represented quantitatively in 
Eqs. (7) and (8). The constant B3, which is 
always somewhat larger than ln(1/l-Do) 
represents the degree of packing achieved at 
low pressures (low limit at linearity) as a result 
of rearrangement processes before appreciable 
amounts of interparticle bonding take place 
[1]. In addition, it was found that the constant 
B from Eq. (6) is a function of the size and 
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shape of the powder particles [1]; B decreases 
as the particle size decreases and as the shape 
of the particles becomes more spherical. For 
spherical particles, B is approximately zero 
(Eq.6).  
Heckel investigated materials: metallic (iron 
steel, nickel, tungsten) and ceramic (graphite) 
powders [5,15,19]; 
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D- relative density at applied presure P; D0 –

relative density at “zero pressure”; 
*

V - 
fractional compaction; V- volume of compact 
at pressure P; V0 – volume of compact  at “zero 
pressure”; Vs- void-free solid material volume 
 

A4, B4, A’4, B’4  (a1, a2, k1, k2) are Cooper-
Eaton model constants; B4 and  B’4 represent 
dimensionless coefficients indicating the 
fraction of theoretical compaction that would 
be achieved at infinite pressure by each 
mechanism. Cooper-Eaton investigated 
materials are ceramic (Al2O3) powders 
[3,6,12,15,17]. 

Kawakita 
and Lüdde 
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Where: 

ab
A

1
5   ;

a
B

1
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C – the reduction of volume by compression; 
P-applied pressure; V0- the initial apparent 
volume; V- the volume under the applied 
pressure P; D- relative density at presure P;  
D0 –relative apparent density of the powder; a, 
b - Kawakita-Lüdde model constants related to 
characteristic of the powder . The constant  
„a” corresponds to the limit in value of the 
relative reduction of the volume by 
compression and is equal to the initial porosity 
of a powdered mass (Eq. 13), where 

V is the 

net volume of the powder. The „b” constant 
shoud be equal to the reciprocal of the pressure 
when the value, C, reaches one-half of the 
limiting value (C= 2/C ); A5, B5-constants 

(Eqs. 15 , 12) can be rewritten as (Eq. 14). 
The Kawakita's equation has been shown to 
give an excellent fit over the widest range of 
pressures. The Kawakita and Lüdde Eq. is 
widely applicable for metallic, cerramic (i.e. 
spherical glass), composites and medical 
powders in the fields of powder metallurgy 
and pharmaceutics [3,5,15]. 

Ge Rong-de 
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0 log
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1
lnlog BPA

D

D
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For D0=0, result the simplified rel.: 

66 log
1

1
lnlog BPA

D







     (17) 

D- relative density at pressure P; D0 –relative 
apparent density of the powder; The 
coefficients A6 and B6  are constants and 
represent, the fractional dominance of a 
densification mechanism. Ge considered that 
D0 approached zero when total pressure 
reached zero. Ge investigated materials: 
metallic powders (Atomized Pb and Sn, 
Electrolytic Cu, Stainless steel), ceramic 
powders (WC, TiC) [5, 8, 10, 17]. 
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Panelli and 
Ambrozio-
Filho 
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D
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D- relative density at pressure P; D0 –relative 
density at “zero pressure”; A7, B7-constants; 
The constant A7 stands for plastic deformation 
capacity and B7 expresses the density in the 
absence of pressure. Panelli and Ambrozio-
Filho are investigated the following materials: 
metallic (Pb, Sn, Cu, Mo, steel AISI M2 type), 
ceramic (TiC, NbC , Al2O3)  and composite 
(AISI M2+ 10%NbC) powders. 

Parilák and 
Dudrová 88

0 lnln
1

1
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D

D










 (19) 

D- relative density at pressure P; D0 –apparent 
density of the powder; A8, B8-constants; The 
constant A8 is related to the capacity of powder 
particles to undergo plastic deformation, the 
constant B8  is related to the geometry of 
particles. Parilák and Dudrová investigated 
metal powder as Ni–Fe-based alloy 
(permalloy) [11, 14, 18]. 

Castagnet & 
Leal Neto 9

6.0
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1
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D
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D- relative density at pressure P; A9, B9-
constants 
Castagnet & Leal Neto investigated metal 
powders: Niobium and aluminium powder 
mixtures [8].

Gerdemann  
and 
Jablonski )1(

)1(

10

100
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eB

eADD






          (21) 

D- relative density at pressure P; D0 –the 
initial density,  
A10 and B10 - parameters that  reflect the 
relative contribution of powder rearrangement 
and work hardening mechanisms to 
densification; a and b – exponents that reflect 
how much pressure P is required to bring each 
mechanism to completion. The maximum 

density achievable by compaction alone, D   
is the sum of D0, A and B. Gerdemann and 
Jablonski invetigated materials are sponge Ti 
powders, TiH2 powders, Ti 6 4 alloy powders 
[9]. On basis of Gerdemann and Jablonski Eq. 
(21) Machaka and H. K. Chikwanda [21] 
studied Ti powders (sponge Ti, CP TiH2, 
Grade 2 CP Ti) and also TiH2-SS316L 
nanocomposite powders. 

 
In most used mathematical equations 

(Shapiro – Kolthoff and Konopicky, Bal'shin, 
Heckel) and also  in the new equations  of Ge 
Rong-de , Panelli and Ambrossinni-Filho, 
Parilák and Dudrová, Castagnet & Leal Neto 
or Gerdemann  and Jablonski (see Table 1) , 
the Ai (i = 1-3, 6-9) parameter is used to 
demonstrate the plastic deformation capacity 
of the powders or powder mixture and 
corresponds to the inclination angle of the 
compressibility curve (the higher Ai, the 
greater the deformation). And the parameter 
Bi (i = 1-3, 6-9) can be used to calculate the 
relative density of the powder at” zero 
pressure” (Do) or at lowest pressure applied 

and corresponds to the intersection of the 
compressibility curve with the ordinate axis.  

There is an imprecision inherent in 
parameter Bi because of rearrangement of the 
powders inside the matrix at the beginning of 
compaction. However, considering that this 
rearrangement represents only a small part of 
the total densification, the parameter Bi gives 
a good approximation of the initial bulk 
density.  

The equation of Bal'shin [5,15,19] in 
logarithmic form expresses the dependence 
between relative density and applied pressure 
(Eq. 3). Konopicky-Saphiro's equation, as 
well as the Heckel equation, are mainly used 
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for metallic powders. These are derived from 
a differential equation expressing the 
proportionality between the relative density 
variations with pressure and porosity Eqs. (1), 
(2), (4)-(6).  

The Kawakita equation [5,15,19] is a 
commonly used expression to linearize 
compression data, both from continuous 
compression experiments and from tapping 
ones. The basis for the Kawakita equation is 
the assumption that a powder held in a 
confined space and subjected to an applied 
force is a system in equilibrium at all stages of 
compression, so the product of the increased 
applied pressure and the volume reduction is 
constant. The linear relationship (Eq. 11) 
between P/C and P allows the constants „a” 
and „b” to be evaluated graphically. Thus, by 
plotting the curves P / C = f (P), we can get 
the slope value „1 /a,” and we put the 
condition P = 0 we obtain the value of “1 /ab” 
on the P/C axis.   

Cooper and Eaton introduced a new 
concept based upon the idea that the size of 
the pores relative to the size of the 
surrounding particles determines the kind of 
pore closing mechanisms [6].  For the sake of 
simplicity they considered two broad classes 
of compaction mechanisms; the filling of 
large holes by particle sliding (involving only 
slight particle modification by fracture or 
plastic deformation) and the filling of small 
holes by plastic flow or fragmentation [6]. 

 

Applications of Compaction Models 
on different metal-ceramic powder 
mixtures 

A literature survey on the applicability 
of the densification models indicates that 
different researchers have used different 
models to verify their experimental data.  
There are those who have fitted experimental 
data to a single model to capture the 
densification of their powders. For example, 
Cazzoti  et. al [4] for a better understanding of 
the effect of the Al2O3 particulate addition on 
the compressibility of aluminium powder 
alloys  they applied  the Panelli Ambrosio 
equation to linearize the compressibility 
curves (Fig. 1), while Alizadeh et al. used a 
modified Heckel equation [17].  Cazzoti 
observed that the compressibility depends on 

the powder characteristics and can be altered 
by hard particles addition, as in the Al MMC 
particulate reinforced. . 

 

 
Figure 1. Compressibility curves linearized 

with Eq. (18) for the unreinforced Al alloys 
powders and the Al- 10% vol. Al2O3 mixture 
powders, for both particle sizes. 

 
 

The results show that the hard (ceramic) 
particulates change the Al powder 
compressibility and it is extremely dependent 
of the hard (Al2O3) particulate size. Smaller 
particles cause a decrease in compressibility 
(downward movement of the curve), while 
larger particles cause inverse effect, at the 
same proportion (10%) of Al2O3 particles. 
Fig. 2 shows that larger sized alumina 
particles increase the A parameter when 
added Al2O3 to the metal powder alloy, and 
this increase is quite significant.  

Already the smaller alumina particles 
cause a decrease of the parameter A, and this 
decrease is more significant for the amount of 
10% Al2O3. 

 

 
Figure 2. Parameter A for reinforced 

ALUMIX 123 powder of different sizes and 
amounts of Al2O3 [4]. 

 

But  the other researchers studied metal-
ceramic mixtures /composites and  they 
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compared more densification equations. For 
instance, Oliveira in his Thesis [7] has  
obtained and characaterized the Fe-Cu-
Diamond system according with Bal’shin, 
Panelli & Ambrosio Filho, Rong-De and 
Heckel densification equations and observed 
that (Fig. 3) a visible difference was reached 
between the curves of stages I and II.  

  

 
Figure 3 The densification curves of the Fe-
Cu/ diamond composite according to the 
Heckel equation [7]. 

The two-stage variation occurs at a 
pressure of 250 MPa - necessary plastic 
deformation of the particles and fracture at the 
points of contact, showing precisely the limits 
of each compaction stage. In this sense, the 
Heckel  equation is the best alternative for the 
study of composite consolidation Fe-Cu / 
Diamnond powder mixture.  

Castagnet [8], after compressibility 
evaluation of mechanically activated Nb-Al 
powders mixtures with the same above 
metioned compaction equations , including ,  
Kawakita and Lüdde  one, they proposed a 
new densifiation equation  Eq. (20) that fit 
very well on the  Nb-Al compressed, with a 
regerssion coefficient better than 0.9953.   

Hafizpour et al. [12] compared the Heckel, 
Panelli-Filho, Cooper- Eaton, and Ge models 
and found that the highest regression 
coefficient was achieved by the Paneli- Filho 
equation, while Sivasankaran et al. [15, 20] 
compared, among others, the Heckel, Ge, 
Panelli and Ambrosio Filho, Kawakita, etc. 
compaction models (linear Eqs. (3), (6), (14), 
(17) and (18) and nonlinear ones (9)  
presented in Table 1) on  nanocrystalline 

AA6061 alloy reinforced with TiO2 
composite and determined that experimental 
data was best fitted by the Panelli-Filho model 
(Fig.4). The different line types show the 
fitting of experimental data with different 
compaction equations. 

 

  

Figure 4 Relative density versus compaction 
pressure of AA 6061–12 wt.% TiO2 
nanocomposite powder [20].  

Moreno and Oliver (2011) [16] working 
on Al-based powders reinforced with short 
Saffil fibres showed that the Kawakita and 
Konopicky equations best fitted the 
densification behaviour while the Panelli-
Filho equation was applicable only over a 
limited compaction pressure range.  

 

Figure 5 The obtained densification curves 
according with Kawakita equation (Eq. (11). 

 
Also, Ghita and Popescu [19] studied the 

compressibility of Al–Cu/SiCp mixture 
powders and verify on the obtained 
experimental mixtures the Balshin, Heckel 
and Kawakita and Lüdde equations, and 
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concuded that that Kawakita models best 
describe (in proportion of 99%) the 
compaction behaviour of Al–Cu/SiC 
composites, used in this experiments, the 
regression coefficient are better than 0.993.  
Thus, using linear regression equation 
presented in Fig. 5 they [19] could predict the 
compaction behaviour for pressure higher 
than 500 Mpa, determine the optimum 
pressure for obtaining maximum densification 
especially for composites with larger amount 
of ceramic particles. 

Conclusions 

In this paper we reviwed the most 
commonly and the new compression 
equations (compaction  models) of one phase 
(metal or ceramic) powders or two-phase 
metal-ceramic powders (composites) based 
on relative density -pressure relationship 
during the stages of compaction. We studied 
the applicability of  compaction models on 
different metal-ceramic powder mixtures for 
better understanding the possibilities and 
limitations of  metal-ceramic powder 
compaction.   
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RESTORING THE CARDIAC CONTRACTILE 
FUNCTION USING IMPLANTS WITH NEURAL 
BUNDLES IN THE SINOATRIAL NODE OF THE 
HEART IN DILATED CARDIOMYOPATHY AT 
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Abstract: The survey deals with a diagnostic method of dilated cardiomyopathy in dogs, related to 
a new method of treatment. Dilated cardiomyopathy is the main disease causing death in large dog 
breeds, having genetic determinism and palliative methods of treatment. The disease consists in the 
dilation of the cardiac muscle and the progressive decreasing of the heart contraction strength. The 
hypothesis of the treatment, which offers hope to be revolutionary, is based on the histological 
similarity between nodal cells and neurons from the brain. The treatment is in a theoretical phase 
and consists in using culture neurons in order to supply the contractil function and the cardiac 
automatism. 
 
Introduction:  

Dilated cardiomyopathy is a progressive1 disease 
of the myocardium, the dilatation initially 
concerning the left ventricle2, but it extends to all 
cardiac cavities, being accompanied by 
alterations of ventricular kinetics and 
arrhythmias3. Dilated cardiomyopathy is the 
most common of chronic cardiomyopathies1. It 
is demonstrated the predisposition of large dog 
breeds towards dilated cardiomyopathy 
(Doberman, Pincher, Great Dane, Cane Corso, 
Presa Canario, Bulldog American, Leonberg, 
Bullmastiff, Mastiff Tibetan, Schnautzer26, Irish 
wolfhound19) and the genetic transmission of this 
disease4. 
Currently applied treatment regimens are 
symptomatic of secondary heart failure and 
arrhythmias, as an adjuvant or in a prophylactic 
way6. There is no form of treatment for in situ 
changes5.  
The purpose of this article is to present a new 
concept for the treatment of dilated 
cardiomyopathy, dealing with the contractile 
dysfunction of the heart6. Developing and testing 
this hypothesis raise tremendous possibilities for 
the future, including the adaptation to other 
cardiac diseases or human medicine. In order to 
be able to compensate for the contractile 
function, it is necessary to thoroughly study the 
structure that naturally deals with this - the nodal 

system. Cardiac tissue regeneration attempts 
using human induced pluripotent stem cell 
(hiPSC)18 or cellular cardiomyoplasty15 using 
stem cells residing in the heart are known. 
The study presents current attempts to restore the 
cardiac contractile function6 and brings to light a 
new hypothesis: the use of culture neuronal cells7 
to supplement the nodal system5 and stem cells 
to replace the decompensated myocardiocytes1 
in the cardiac dilatation process. 
The treatment hypothesis is based on the 
histological resemblance8 of nodal cells to 
neurons in the encephalus9. The method of 
treatment is in an early phase, the theoretical one, 
and cumulates aspects and hypotheses of 
existing studies to establish the most effective 
technique in restoring the cardiac contractile 
function in dogs affected by dilated 
cardiomyopathy. 
 
Materials and Methods 

The treatment consists in the use of culture 
neurons54 to compensate the contractile 
function6, the cardiac automatism10 and 
autologous stem cells by creating patient specific 
hiPSC18 systems. The clinical translation15 
requires the isolation of stem cells from surgical 
or biopsy samples11, ex vivo expansion, and 
relocation19 in the affected heart. 
Stem cells - the highest rate of success was 
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achieved in the monostratum approach using 
Roswell Basal Medium (RPMI), ascorbic acid, 
recombinant human albumin and Wnt pathway 
inhibitors18. After obtaining functional myo-
cardiocytes in vitro19, from stem cells, relocation 
to the left ventricular myocardium can be 
achieved by ecoguided puncture22 through the 
transverse wall of the ribs14. Cultures of neuronal 
cells - maintenance on modified polypeptide 
media (PNW) in microfluidic system15. They 
will be transplanted by injection33 into the 
sinoatrial node. The recipient organism of the 
two cell types, respectively the dog with dilated 
cardio-myopathy24, requires preoperative 
preparation12 and complex induced 
immunosuppression15, to avoid the immune 
reaction of graft rejection34. 
It is necessary to use the flow cytometry for 
sorting cells according to the markers expressed 
on the surface45, the selection of neurons54 which 
have the capacity to bind to nodal cells and 
myocardiocytes multiplied in vitro35, with the 
highest cardiac regeneration potential36.  
The biopsy puncture has made numerous 
contributions12 to the knowledge of the structural 
aspects of myocardial fibers in chronic 
cardiomyopathies14. It was possible to establish 
the localization, nature and dynamics of 
structural and ultrastructural changes14 in 
chronic cardio-myopathies and the correlation 
with the clinical signs16.The study proposes using 
the same type of puncture in the sense of 
introducing reconstructive elements to the 
myocardium. 
 
Justification of the theoretical concept 

Generally, the pathology of the heart in 
veterinary medicine has a high frequency and 
involves major therapeutic problems. 
Cardiospheres15 or stem cells obtained directly 
from the heart of the patient provide a potential 
source for myocardial regeneration therapy, 
lowering the degree of immunosuppression 
required for the intervention36. 
The cardiac dilatation process leads to 
overcoming the adaptive functions of the 
myocardium6. Its response consists in the 
elongation of supra modum myocardiocytes7 to 
functional disability or destruction13. It is 
necessary to replace them and ensure a rate of 
gradual replacement8 of the destroyed ones, by 
the hiPSC systems44. These can be adapted on 

the basis of cardiospheres40 to increase the 
compatibility with the myocardium at 
implantation17 and the rate of transformation of 
these stem cells into adult myocardiocytes. 
For the restoration of the nodal tissue, a cell with 
functional capabilities and a nodal cell-like 
structure is required. The neuron is, in turn, a cell 
with electric potential21 and its adaptability to the 
surface markers27 of other cells is known54. 
These aspects support the study hypothesis and 
make the neuron the perfect candidate for 
restoring the cardiac contraction function.  
The nodal tissue (or the excito-conductive 
system of the heart) is considered to be part of 
the myocardium1, although the nodal cells are 
very different from the myocardial muscle 
fiber2 ; the nodal tissue is characterized by the 
preservation of the embryonic self-contractile 
properties27. 
The excito-conductive system of the heart is a 
complex of highly specialized cells3 with the role 
of generating rhythmic excitations and of leading 
them into the myocardium, providing rhythmical 
and continuous contraction of the heart4. It 
consists of a dispersed portion - the Purkinje 
network1 represented in the form of a fine 
subendocardial network and a dense voluminous 
portion2. The agglomerations form the sinoatrial 
node4, located in the wall of the right atrium and 
the atrioventricular node, located at the base of 
the interatrial septum5. The atrioventricular node 
continues, without a precise demarcation, with 
the atrioventricular bundle. 
The nodal tissue consists of 3 cell types: P or the 
pacemaker – it produces the electric impulse, T 
– it transmits and propagates the pulse produced 
by the P cell and the Purkinje cell – it has the role 
of stopping the access of premature or ectopic 
electrical impulses. P cells show branches of the 
cell membrane and form anastomoses with 
adjacent cells7, making electron exchanges at 
this level (Ca 2+, Na+, K+). The potential for 
action spreads from one myocardial cell to the 
other through intercalated discs4. 
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Figure 1. The histostructure of the nodal tissue 
vs. Organizing the nodal tissue in the heart 
(scheme). The HE colour was used for the 
preparation, the cells are larger than the 
myocardiocytes, and they are slightly coloured 
(at x60 magnification). 
 
A particular feature of the cardiac muscle 
excitability is the long duration of action potency 
of 100-250 msec21, 100 times more than the 
potential of the skeletal muscle, as it is 
determined by the change in the membrane 
permeability for potassium, sodium and calcium 
ions8. 
The duration of a contraction is almost equal to 
the duration of the action potency12, thus equal to 
the duration of the refractory period32. Due to the 
long refractory period, the cord cannot sustain a 
continuous contraction and prevents the fusion 
and summation of the cardiac contractions 
(phenomena encountered in the skeletal 
muscle)27. This provides the time to relax the 
myocardium23 and to refill the cavities with 
blood, between systole6. 
The existence of the refractory period, also 
known as the "law of periodic inexcitability of 
the heart," explains the impossibility of tetanus 
occuring in the myocardium. The cardiac muscle 

does not respond to stimuli during the absolute 
refractory period. If stimulus are applied during 
the period of excitability4, before the 
physiological nodal stimulus, they can cause 
premature depolarization of the heart muscle17, 
with interruption of the heart relaxation and the 
appearance of a systole outside the normal 
rhythm - an extrasystole6. This prevents, through 
its own refractory period3, the cardiac response 
to the next sinus stimulus, which is why the 
extrasistole is followed by a prolonged rest, the 
myocardium contracting to the next sinus 
stimulus4. 
 

 
Figure 2 | Morphology of human cardiospheres. 
Isolated by myocardial biopsy and grown in 
vitro. The cardiospheres in the image have 5 days 
after harvesting and form an adherent 
monolayer. 
 
The potential for action generated by the cells of 
the sinoatrial node propagates in the atrial mass 
at a speed rate of 0.3-0.5m/sec32. 
Atrioventricular node cells22 represent the only 
functional link between atria and ventricles27. 
They are separated by a layer of connective 
tissue that does not produce or drive potential 
action5, so an insulator25. The speed rate of 
propagation of action potentials through the 
atrioventricular node is only 0.02-0.05 m / sec32.  
The reduced speed ensures the temporal gap 
between the atrial and ventricular contractions5, 
respectively the end of the atrial systole before 
the ventricular systole begins6. 
The cellular cardiomyoplasty or the grafting of 
cardiomiocytes15 is an attempt to regenerate the 
affected myocardium33, bringing a new 
hypothesis. The mammalian cord is in a 
continuous state of cellular fluctuation34 and has 
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intrinsic regenerative potential, but it is limited23. 
In adulthood, the myocardium also stores small 
populations of multipotent cardiac-progenitor 
cells35, identified by surface expression of the 
receptor for stem cell factor (c-kit), P-
glycoprotein, and the antigen stem cells 1 (Sca-
1)35. Cardiac stem cells were identified using 
flow cytometry36. Cells expressing Sca-1 and not 
expressing CD31 had the greatest potential for 
differentiation37.  
A distinct population of cardiac stem cells was 
isolated in the adult rat heart. These primitive 
cells do not express markers for blood lines and 
express the c-kit39. They are renewed, 
multipotent by cloning40, and have the ability to 
generate myocardiocytes, smooth muscle cells 
and endothelial cells in vitro (in the presence of 
10% fetal calf serum and dexamethasone) and in 
vivo15. 
They were injected into the border area 5 hours 
after the induction of myocardial infarction in 
adult rats15, and they induced the formation of 
myocardiocytes, capillaries and arterioles, in the 
infarct area35.  
The improvement of the cardiac dysfunction was 
found 5 weeks after the infarction15. A Sca-115-
like protein was detected by confocal 
microscopy and Western blot tests in human and 
dog myocardiocytes36. Like Sca-1, it belongs to 
the Ly6 family of surface antigens and it is still 
unarrayed15. A population of cardiac stem cells 
having the Isl-1 transcription factor15 has been 
described; they have shown an extremely 
efficient conversion to adult  myocardiocytes in 
the absence of cell fusion40. However, up to this 
point, they have been detected only in neonatal 
samples in humans and rats15. 
Residual cardiac stem cells are involved in the 
slow replacement of myocardiocytes7, replacing 
cells lost occasionally8 but inaccessible to the 
rapid regeneration of a large number of cells in 
response to lesions such as myocardial 
infarction15. In addition, bone marrow stem cells 
have been found to undergo a process of 
mobilization towards the cord after the 
myocardial infarction33. However, in myocardial 
damage, the lymphoproliferative response 
produces a fibrous tisue. The isolated cells form 
groups called cardiospheres15, in the suspensions 
of cultures. They mimic the biological situation 
in vivo when incorporated in a three-dimensional 
environment40, they develop upper-order 

intercellular structures facilitating proliferation, 
differentiation and angiogenesis15. The 
cardiospheres extended as adherent monolayer15 
were transplanted to mice with severe induced 
immunodeficiency in the pre-infarcted area41. 
The replacement of the necrotic tissue with 
neoformation myocardiocytes and the functional 
improvement of the myocardium occurred 
within 18-20 days15.  
 

 
Figure 3 | The role of hiPSC systems, integrated 
in humans. Obtaining pluripotent stem cells 
specific to the individual phenotype by gene 
expression and DNA sequence analysis will 
correct the structure of the modified organs 
regardless of the nature of the disease. 
 
There are attempts, quoted in literature (Chen I. 
Yan, 2016), regarding the use of pluripotent stem 
cells in cardiovascular disease called hiPSC 
(human induced pluripotent stem cell)18. The 
possibilities were unlimited, the cells were 
reprogrammed and differentiated into several 
types of cardiovascular cells19: myocardiocytes, 
vascular endothelial cells and smooth muscle 
cells corresponding to the arterial mean42. At the 
time, a revolutionary approach was the use of 
stem cells of the patient, depending on the 
genetic variability of the individual and their 
own genetic markers43. 
The hiPSC differentiation protocol in 
myocardiocytes is based on the use of 
embryoloid organisms (EB)44. These are mouse 
embryonic fibroblasts, irradiated and grown in 
suspension culture, where they form 
spontaneous cell aggregates45. The obtained cells 
resemble the early-stage myocardiocytes with 
respect to the myofibrillar organization and 
catecholamines response46. These can be 
structurally and electro-physiologically 
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differentiated50. Subsequently, the hiPSC system 
has been used in diseases such as: arrhythmias, 
cardiomyopathies, valvulopathies, blood vessel 
diseases, cardio-metabolic disorders51, but it 
cannot be used on a large scale. Major issues 
were related to low efficiency and considerable 
variability18, including in terms of aggregate 
size. 
The next evolutionary step was the creation of 
enzyme-adapted cultures49, selected from the 
point of view of size by centrifugation18. These 
have resulted in uniform aggregates having a 
consistent cardiac differentiation52. 
The precise modulation of the mesodermal 
induction53 was achieved by timely introducing 
and removing the growth factors that influenced 
four major pathways of development: the 
pathway of the bone morphogenetic protein 
(BMP), the beta factor or the nodal pathway, the 
Wnt pathway and the pathway of the Fibroblast 
growth factor (FGF)18. Dubois and his 
colleagues47 achieved 98% purity 
myocardiocytes using an EB approach based on 
the sequential addition of multiple growth 
factors (BMP4, VEGF, activin A and DKK1 
protein) followed by a flow cytometry 
purification, against a new patient-specific cell 
surface47. 
The differentiation was confirmed by the 
position of the troponin T and cardiac 
markers47. The complexity of the technique 
and the intensive work required by the 
protocol has prevented the use of the method 
on a large scale. Laflamme and co-workers48 

cultivated embryonic stem cells as 
monolayers and induced the sequential 
addition of cardiac differentiation and the 
subsequent elimination of activin A and 
BMP4; the purity of cultures was only 30%48. 
Burridge and co-workers53 improved and 
simplified the monolayer approach using 
Roswell basal medium (RPMI), ascorbic acid, 
recombinant human albumin and Wnt 
pathway inhibitors, thus obtaining 95% purity 
myocardial fibers differentiated into 11 cell 
lines53. As far as in vitro neuron cultivation is 
concerned, Bakmand54 has developed a 
microfluidic system adapted for cerebral tissue 
cultivation that combines conventional systems 
and fluid culture systems with the possibility of 
integrating a sensor system54. Primary neurons 
are grown on a modified peptide substrate 

(PNW) mimicking in vivo conditions54. It was 
found that tissues grown in the microfluidic 
system were superior in quality compared to 
those maintained on conventional plastic 
substrates54. As a support, biological 
membranes are used on which electrode 
sensors have been fixed to measure the nervous 
cell parameters in real-time54. 

 

 
Figure 4 | Types of neuronal linkages in the 
structure of the nervous tissue (scheme). The 
neuron establishes links of the type of cell 
anastomoses with no electrical capacity 
(ependymal cells, capillary endothelium) or 
synapses (astrocytes, microglia, 
oligodendrocytes). 
 

Discussion 

Histologically, in the myocardium affected by 
cardiomyopathy, the disorganization of 
myofibrils occurs7. In the cytoplasm of 
myocardiocytes, myofibrillar subunits and 
neurofilaments may occur without Z-membrane 
organization and regular sarcomas7, and in 
strongly dilated areas the myofibrillar 
disorganization and myofibrilolysis occur8. 
Different degrees of disorganization of actin and 
myosin filaments are observed in sarcomeres20. 
The nodal tissue is an essential element in the 
heart that initiates the contraction through the 
pacemaker cells from its structure21. 
Experimenting a method to improve its function 
and structure in dilated cardiomyopathy is vital 
in order to discuss about the success of treatment. 
In order to have clinical utility, cardioplasty 
using cardiospheres15, in vitro multiplied cardiac 
stem cells, requires a strategy that permits the 
activation, isolation, expansion and 
reintroduction into the cardiac lesion for the 
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autologous therapy. More research is needed on 
the administration, the ability to differentiate and 
maintain a mature and functional cardiac 
phenotype, the mode of fusion with the host 
myocardium, the longevity of the grafts15, the 
risks and long-term side effects, especially 
immune responses and the rejection of the graft. 
Collectively, the studies previously presented on 
hiPSC systems18 show that chemical protocols 
have had notable scientific results but have been 
very little applied and are not suitable for large-
scale use. Among the successes, the patient-
specific hiPSC derivatives allowed in vitro 
modeling of a large number of cardiovascular 
diseases and allowed the cardiotoxicity testing of 
some drugs18. By combining several 
experimental methods that have had notable 
success rates, each of them, but which could not 
be developed on large scale, I tend to think that 
the common approach presented in this study 
may increase the practical applicability rate of 
these implants. 

Conclusions 

The three-dimensional organization of cardiac 
stem cells and neurons couldimprove the 
contractile heart function and restore the main 
changes in dilatation cardiomyopathy. The 
concept of proliferation and differentiation of 
cardiac stem cells requires more in-depth studies 
in order to control these properties in vitro and in 
vivo. 
HiPSC systems have an endless capacity for 
using; the challenge is to find exact specific 
phenotypes clinically adapted to each individual 
patient. More experimental research is needed to 
determine the degree of adaptability of the two 
types of cells in the receiving myocardium, the 
degree of improvement in the contractile 
function, and last but not least, the rate of post-
interventional survival of affected dogs. 
On the basis of the vital prognosis, a comparison 
can be made between the method presented in 
the study and the current symptomatic and 
adjuvant drug treatment. 
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   Abstract. 
   Information Society preceded Knowledge Society, which, in turn, preceded Consciousness 
Society. Consciousness Society is characterized by equality of structured Natural Intelligence 
(NIstructured) and Artificial (AI) ROBO-Intelligence: AI = NIstructured. 
   The purpose of research constitutes adaptable algorithmic process of robotic implementation of 
Artificial (AI) ROBO-Intelligences elements. There are created creative, emotional, temperamental, 
and sensual matrices (tables) of items which are to be implemented in ROBO-intelligences. 
Creative, emotional, temperamental and sensual items are situated on one axe of robotic tables. It 
represents first level of ROBO-intelligences elements. Another dimension of these tables represents 
items’ evolution functions. Functions are located on other axe of robotic matrices. This second axe 
represents intellectual, emotional, sensual, and spiritual evolution steps.    On the intersections of 
elements from one axe with the elements of other axe are situated next, superior level of ROBO-
intelligence elements. One of the next level elements is developed on the base of functions of 
previous level elements. Using adaptable tools of algorithmic definitions of robotic elements are 
defined superior, next level elements of ROBO - intelligences.    Presented adaptable information 
technology for ROBO-intelligence’s creation process is used in the institutional project "Creating 
Consciousness Society" that is developed in the period 2008 - 2018 by the team of AESM and 
supporters. 
Key words: robot, creativity, emotion, temperament, sentiment, intelligence, conscience, society 
 

 
Introduction 

   Consciousness Society is characterised by the 
equality of Artificial Intelligence and structured 
Natural Intelligence (AI=NIstructured). It is 
predicted that Consciousness Society will be 
created in the period from 2019 to 2035 years. 
   About 90 research teams in the World are 
working intensive in the branch of creation of 
robots. It is demonstrated (Carnegie Mellon 
University) that from the 7 million of human 
work functions about 5 and a half million today 
can be done by the robots. These human work 
functions are mostly of the physical type. The 
intellectual, sensual, emotional, temperamental 
and other human functions are in the phase of 
investigation.  
   1. Adaptable tools [1] represent the algorithmic 
basis to be implemented in first three stage of 
robotic creation: formulation the problem, its 
formalization, and its algorithmic definition. The 
Kernel of adaptable tools in presented be its 
Adapter, which defines pragmatics (utility), 
syntax (structure), semantics (content, mining), 
context (user environment) and examples of 

ROBO-intelligence elements. Very important 
subject constitutes the utilization of Adapters in 
definition 
the higher level elements of ROBO-intelligences 
through its  lower-level elements. Adapter is the 
tool, engine of information technology to create 
adaptive ROBO - intelligences. 
   Computer Based Information Systems define 
functional elements of ROBO – intelligences. 
CBIS of each of elements of ROBO-
intelligences represents components part of 
elements and evaluation stages of these 
components. Components parts of ROBO-
intelligences elements are presented by software, 
hardware, people, methods-models-algorithms-
procedures, information-data-knowledge-
conscience, and distribution of robotic elements. 
Evaluation stages of these CBIS components of 
ROBO-intelligences are presented by initiation 
and capture of elements, its saving, processing 
and distribution-implementation. 
   The Adaptable Evolution Method (AEM) is 
investigated, developed, and implemented in 
creation process of Consciousness ROBO-
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intelligences. It is done analysis and 
development of the AEM to be used for the 
adaptable algorithmic processing of robotic 
elements from the point of view of its definition 
(pragmatics), its presentation forms (syntax), its 
meaning (semantics), its usage environment 
(context), and its examples. 
 

   2. ROBO-intelligence’s creation 
process as AESM institutional Projects 
began to be developed in 2008 year.  

   In the years 2008-2011 research results in the 
field were discussed especially by the 
researchers – participants at the international 
annual symposia at the AESM. Beginning with  
2012 year results were discussed at the 
international TELECONFERENCES of young 
researchers from Moldova, Romania, Germany, 
Italy, Poland, and the USA. 
   The TELE - 2012 Conference was dedicated 
especially to the discussion of research results of 
creativity of ROBO-intelligences. Volume work 
was published in 2012 by ASEM [2]. 
   It is analyzed and developed the AEM to be 
used for the adaptable algorithmic processing of 
robotic creativity’s features: Inspiration, 
Imagery, Imagination, Intuition, Insight, 
Improvisation, Incubation and its evolutions: 
Acquire Knowledge, Develop Curiosity, 
Become Interested, Passion, Dedication, and 
Professionalism. Obtained table of higher level 
elements of Creative ROBO-intelligences will 
be adaptable algorithmic defined with the help of 
special developed AEM.    
   At the TELE -2013 Conference was presented 
research results obtained in the branch of 
emotional elements of ROBO-intelligences. The 
results were published in the Volume nr. 1 of  
newly founded by the University "Vasile 
Alecsandri" of Bacău  ISSN Journal "Computers 
Consciousness Society" [3]. 
   It is analyzed and developed the AEM to be 
used for the adaptable algorithmic processing of 
the basic emotion elements: Happiness, Fear, 
Amazement, Disgust, Sadness, and Anger in 
combination with its evolutions: Self-awareness, 
Managing emotions, Motivation, Empathy, 
Handling relationships. Obtained table of higher 
level elements of Emotion ROBO-intelligences 
will be adaptable algorithmic defined with the 
help of special developed AEM.    
   Temperament elements of ROBO - 

intelligences were studied, analyzed, presented, 
and discussed in sections of the TELE - 2014. 
The research results were published by ASEM 
[4].    The TELE – 2015 [5] and TELE – 2016 
[6] were discussed the implementation of the 
AEM in the process of creation the sensual 
elements of ROBO –intelligences - positive and 
negative sentiments. Gifts from the Pandora's 
Box represent negative sentiments of ROBO-
intelligences, and their opposites - positive ones.  
   It was implemented the AEM in the process of 
algorithmically definition of Sensual (positive) 
ROBO-intelligences characteristics. It is 
analyzed and developed the AEM to be used for 
the adaptable algorithmic processing of main 
positive sensual robotic characteristics: 
Meekness, Modesty, Satisfaction, Pleasure, 
Simplicity, Lavishness, Tolerance,   Frigidity, 
Love, Health, Diligence, Joy, Courage, Fidelity, 
Issue, Life, and Despair. Obtained table of higher 
level elements of positive Sensual ROBO-
intelligences will be adaptable algorithmic 
defined with the help of special developed AEM.  
   Present TELE-2017 [7] is concerned to the 
investigations in the next research directions: 
Robots in Society, Robot’s Conscience 
processing, robotic information technologies, 
Robotic Information, Knowledge, and 
Conscience, Robots and SME. 
   It is implemented the AEM in the process of 
algorithmically definition of Sensual (negative) 
ROBO-intelligences characteristics.  Will be 
done analysis and will be developed the AEM to 
be used for the adaptable algorithmic processing 
of main negative sensual robotic characteristics: 
Pride, Wrath, Sorrow, Deceit, Misery, Glory, 
Cowardice, Hate, Arrogance, Gluttony, Envy, 
Vanity, Lust, Fear, and Greed. Obtained table of 
higher level elements of negative Sensual 
ROBO-intelligences will be adaptable 
algorithmic defined with the help of special 
developed AEM.     
   There are investigated the measure of 
intellectual and spiritual human features, the 
physical places of the brain from where such 
features are directed and managed, the type of 
signals and its intensity these places produce. 
Such investigations are in the great interest for 
the mixt teams of researchers from the biology, 
psychology, physics, nano-technology, bio-
informatics and other sciences. Results of such 
investigations represent the digital basis for the 
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adaptable algorithms of reproduce the intelligent 
and spiritual robotic features. 
   Intelligent robots have to have the creativity’s 
evolutional features, which depends from the 
intensity of corresponding intelligent signals.  
   Spiritual robots have to possess emotion and 
sensual features. Its algorithmic adaptation 
depends of digital emotion, temperament, and 
sensual correspond digital basis. 
   Our goal is to investigate the process of 
algorithmic adaptation of robots based on digital 
basis for the algorithms of creation of intelligent 
and spiritual robotic features.  

   3. IQ vs EQ 
   IQ is genetic potential with which you are born 
and that is fixed after the age of 12 years. IQ can 
be developed or improved after this age. IQ is a 
threshold that can only show you the way to a 
particular career or field. 
   EQ, emotional quotient can be learned, 
developed and improved at any age. It is the 
combination of personal skills with experience, 
because emotional maturity which support your 
chosen career promotion. If you create a balance 
between IQ and EQ, the road to a remarkable 
success and you open 
   EQ evaluats through the following creative 
stages: 
* Better understanding of their emotions 
* Effective management of their emotions and 
significantly increase the quality of life 
* Better understanding of others and coexistence 
with a high degree of comfort 
* Creating better relationships at all levels with 
others and increase productivity and personal 
image 
   Research shows that emotional intelligence 
may be even more important than the 
combination of cognitive ability and technical 
skills. In fact, some studies indicate that 
emotional intelligence is twice more important 
than IQ. 
 

  4. Creativity 
   Consciousness Society will be created in the 
years 2019-2035 according to the results 
reported by researchers of approximately 90 
collective of researchers from the World 
Conscience Society will be created in the period 
from 2019 to 2035 years. Such society will be 
characterized by the equality of structured 
Natural Intelligence and Artificial (robotic) 

intelligences. Conscience Society will be based 
on the strong correlation between natural and 
artificial (robotic) intelligence’s creativity, 
emotions, temperaments, and sensuality. 
Creativity is mental process. Intelligences in 
Conscience Society will possess the Piirto’s 
inspiration, imagery, imagination, intuition, 
insights, improvisation, and incubation features 
which characterize highly creative people. 
Creativity top of intelligences will be touched by 
the process of acquiring knowledge, developing 
curiosity, becoming interested, and successive 
culminating with passion, dedication, and 
professionalism as highest level of activity. 
Correlation between creativity, temperament, 
emotional, and sensual features of robotic 
intelligences and its interactivity represent 
Robotic Intelligence Kernel of Consciousness 
Society. Case studies illustrate that adaptable 
tools can represent algorithmic engine to develop 
Robotic Intelligence Kernel, it’s levels and 
dialects in Conscience Society 
 
   5. Emotions  
   Creative intelligence quotient (IQ) and 
emotional intelligence quotient (EQ) are 
complementary and their measurement allows 
you to assess your ability to succeed in life. 
Explore what IQ and EQ and if IQ tests are 
relevant to your career, you can develop yourself 
to succeed and become a successful person.    
Base emotions are: Happiness, Fear, Surprise, 
Disgust, Sadness, and Anger 
   Happiness is a mental state of well-being 
characterized by positive emotions or pleasant, 
from contentment to intense joy. Different 
approaches to biological, psychological, 
religious and philosophical strove to define 
happiness and identify its sources. 
   Fear is a survival mechanism occurring as a 
human response to a specific threat, usually 
negative. Fear is related to anxiety. It depends on 
the person and can range from phobia and 
paranoia caution. It takes several states, 
including care, anxiety, terror, paranoia, horror, 
panic. A fear of extreme intensity, persistent 
seized by the subject as phobia. Phobia is only 
determined by the presence or anticipation of the 
presence of an object, of a life or situation. 
   Disgust is an emotion that is usually associated 
with things considered unclean, inedible, 
infectious etc. A disgusted man may be primarily 
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a food that does not smell unpleasant. 
   Sadness is an emotion characterized by 
feelings of disadvantage, loss, and helplessness. 
When sad, quiet man often becomes less 
energetic and withdrawn. 
   Anger is an emotion that physical effects 
include increased heart rate, blood pressure, and 
levels of adrenaline and noradrenaline. Anger 
becomes the predominant feeling in terms of 
behavioral, cognitive, physiological, when a 
person consciously choose to act against the 
danger came from outside 
   Correlation between temperament’s and 
emotion’s features of robotic intelligences 
represents Robotic Emotional Kernel of EQ in 
Consciousness Society. Next examples show 
definition’s component parts of the adaptable 
algorithms which describe the emotional 
evolution of sanguine ROBO-intelligences: 
Happy ROBO – intelligence: Won the football 
loved team; Fearful	ROBO-intelligence: Have 
the fear that it will not be able to arrive on time; 
Surprised ROBO-intelligence: His roommate 
was working better than it; ROBO-intelligence 
with disgust: Was awakened from sleep with a 
frog on the nose; ROBO-intelligence sadness: It 
was sick and could not get to a business meeting; 
Anger ROBO-intelligence: At the meeting was 
not presented not one of the group co-workers	
 

   Conclusion 
   Research results in the AESM institutional 
Project “Consciousness Society Creation” are 
announced in tens other publications, inclusively 
in two books [8, 9]. 
   1. Detailed information about discussed 
subject is presented in the Book: “Creativity in 
Conscience Society. Creativity and 
Adaptability” [8]. This book was edited by 
LAMBERT Academic Publishing, Saarbrucken, 
Germany, 2012 with next structured 
presentation: 
   1.1. Consciousness evolution. Information 
Society. Knowledge based Society. 
Consciousness Society. 
   1.2. Conscience. Conscious competence. 
Conscious incompetence. The subconscious 
mind. The power of Subconscious. Conscious 
vs. Subconscious. Unconscious. Unconscious 
competence. Unconscious incompetence. 
Cognition. Consciousness and thought. Our 
Behaviour is Driven by our Subconscious Mind. 

Subconscious. 
   1.3. What is Subconscious Mind? The power 
of Subconscious Mind. What goes in our 
Subconscious Mind? Our behaviour is driven by 
our Subconscious Mind. How to discover the 
Subconscious? Subconscious Learning. 
Reprogramming your Subconscious Mind for 
success. . The incredible power of intent. Are 
Your beliefs holding You back? The 
Subconscious contains our unused potentials and 
our blockages. Dark shadow. Light Shadow. 
How to come into relationship with your 
subconscious? Dialogue with your 
subconscious.  
   1.4. Creativity in Conscience Society. 
Information, Knowledge Based, and Conscience 
Societies. New orientations in actual informatics. 
Creativity in Conscience Society. What 
Creativity Is, why It Is Important, where It Is 
Used. Analysing Creativity. Creativity is a Brain 
Activity. Mastering the Daily Life. Creativity 
and Profession. The Piirto’s Six Steps. The 
Piirto’s 7i. Creativity’s Kernel. When and where 
Creativity Occurs. How Creative People are 
Looked upon. Managing Individual Creativity 
and Company Goals. Individual Creativity. 
Teams, Creativity and Product Development. 
Company’s Product Development Goals. 
Entrepreneur’s and Small Companies’ Product 
Development. 
  1.5. Adaptable Support for Creativity. 
Difficulties in porting Office. Criticisms of 
Microsoft Office. Adaptive and Evolvable 
Hardware. Adaptable Software.First level 
Adaptable Processors.             
The second level Adaptable Processors. The 
third level adaptable processors. Adaptable 
Tools’ perspectives. Adaptable Software 
advantage.    
   1.6. Adaptable Human - Machine Interface. 
Memory requirements. Human - Machine 
Interface (HMI). BI - dimension computer 
graphic. 3D - computer graphic. Adaptable 
computer graphic. Modern evolution of 
Computer graphic. Next Generation Graphic & 
Thunderbolt I/O Technology. NVIDIA 
Quadro® 400 graphics processing unit. Video 
Editing Requirements of Creative Professionals. 
   1.7. Creativity’s Kernel Extensions-Dialects. 
The First Seven Years in Conscious Life. 
Millennium’s Personalities for Conscience 
Society. Religion and social moralities in 



   77 

 

Conscience Society. Religious views of 
conscience. Ecologic Business in Conscience 
Society. Ecologically pure production in 
Conscience Society. Beauty - a conscience’s 
element. Conscience elements.                     
Conscience elements & Creativity’s Kernel.  
   1.8. Education and research in Conscience 
Society. Educational environment. Educational 
components. Educational Development. 
Conscience domains. The first 7 years of life. 
Primary education. Secondary school. Higher 
education. Bologna process. Education and 
research in current decade. The decade of change 
in European Higher Education.        
Sustainability through reform on a European 
scale. Increasing Responsiveness. Sustainability 
through more cooperation. Improving capacity 
to manage change. Next decade in the European 
education and research areas. 
   2. The 2nd book “Creative Robotic 
Intelligences” [9] is published by Editions 
Universitaires Europeennes, Saarbrucken, New 
York, 2017 with next contents 
   2.1. Conscience Society will be created in the 
period from 2019 to 2035 years. Such society 
will be based on the strong correlation between 
natural and artificial intelligences. Intelligences 
in Conscience Society to our opinion will 
possess the Piirto’s inspiration, imagery, 
imagination, intuition, insights, improvisation, 
and incubation features which characterize 
highly creative people. Creativity top of 
intelligences in Conscience Society will be 
touched by acquiring knowledge, developing 
curiosity, becoming interested, and successive 
culminating with passion, dedication, and 
professionalism as highest level of activity. 
Correlation between intelligence’s features and 
creativity levels of activity and its interactivity 
represent Creativity Kernel. Case studies 
illustrate that adaptable tools can represent 
engine to develop Creativity Kernel and it’s 
dialects in Conscience Society 
   2.2. Creativity is man’s (in our opinion not 
only man’s (Natural Intelligence) but and 
exclusive important computer’s, that is, 
Artificial Intelligence’s) capacity to produce 
insights, new ideas, inventions or artistic objects, 
which are accepted of being of social, spiritual, 
esthetic, or technological value. Creativity is a 
mental process [1]. The Piirto’s Six Steps of 
Creativity development (acquire Knowledge, 

develop Curiosity, become Interested, Passion, 
Dedication, and Professionalism) interference 
and interaction with Piirto’s 7i features 
(Inspiration, Imagery, Imagination, Intuition, 
Insights, Improvisation, and Incubation) which 
characterize highly creative people represents 
the Base Creativity’s Kernel to be developed in 
Conscience Society. Tools for Base Creativity’s 
Kernel’s development are represented by both 
[2] it’s information (adaptable environment) and 
it’s operational (adaptable system) parts 
   It was studied the interest and passion, 
evolution steps of creativity in Conscience 
Society. That first level Creativity’s elements are 
based on the creativity’s base elements in 
Conscience Society.  
   2.3. Creativity is a mental process. 
Intelligences in Conscience Society will possess 
the Piirto’s inspiration, imagery, imagination, 
intuition, insights, improvisation, and incubation 
features which characterize highly 
creative people. Creativity top of intelligences 
will be touched by the process of acquiring 
knowledge, developing curiosity, becoming 
interested, and successive culminating with 
passion, dedication, and professionalism as 
highest level of activity. Dedication is: complete 
and wholehearted fidelity; a ceremony in which 
something is dedicated to some goal or purpose; 
a message that makes a pledge; a short message 
dedicating it to someone or something; the act of 
binding yourself (intellectually or emotionally) 
to a course of action; an act or rite of dedicating 
to a divine being or to a sacred use; a devoting or 
setting aside for a particular purpose; self-
sacrificing devotion; a ceremony to mark the 
official completion or opening of something. 
Professionalism is often defined as the strict 
adherence to courtesy, honesty and 
responsibility when dealing with individuals or 
other companies in the business environment. 
This trait often includes a high level of 
excellence going above and beyond basic 
requirements. Work ethic is usually concerned 
with the personal values demonstrated by 
business owners or entrepreneurs and instilled in 
the company’s employees. The good work ethic 
may include completing tasks in a timely manner 
with the highest quality possible and taking pride 
in completed tasks. When Creativity features 
Dedication and Professionalism Creativity tops 
are working, the individuals, the team and the 
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company hit success!    
   2.4. Creativity is a mental process; it is a result 
of brain activity which differentiates individuals 
and could ensure an important competitive 
advantage for persons, for companies, and for 
Society in general. Very innovative branches – 
like software industry, computer industry, 
machines industry – in Information Era and in 
special, in Conscience Society of this Era, 
consider creativity as the key of business 
success. 
   2.5. Intelligences in Conscience Society will 
possess the investigated inspiration, imagery, 
imagination, intuition, insights, improvisation, 
and incubation intelligence’s features which 
characterize highly creative people. Creativity 
top of intelligences will be touched by the 
hierarchical process of acquiring knowledge, 
developing curiosity, becoming interested, and 
successive culminating with passion, dedication, 
and professionalism as highest level of activity. 
   2.6. Dedication is: (1) complete and 
wholehearted fidelity; (2) a ceremony in which 
something is dedicated to some goal or purpose; 
(3) a message that makes a pledge; (4) a short 
message dedicating it to someone or something; 
(5) the act of binding yourself (intellectually or 
emotionally) to a course of action; (6) an act or 
rite of dedicating to a divine being or to a sacred 
use; (7) a devoting or setting aside for a particular 
purpose; (8) self-sacrificing devotion; (9) a 
ceremony to mark the official completion or 
opening of something.  
   2.7. Professionalism is often defined as the 
strict adherence to courtesy, honesty and 
responsibility when dealing with individuals or 
other companies in the business environment. 
This trait often includes a high level of 
excellence going above and beyond basic 
requirements. Work ethic is usually concerned 
with the personal values demonstrated by 
business owners or entrepreneurs and instilled in 
the company’s employees. The good work ethic 
may include completing tasks in a timely manner 
with the highest quality possible and taking pride 
in completed tasks.  
   When Creative features Dedication and 
Professionalism Creativity tops are working, the 
individuals, the team, and the company hit 
success! 
   Taking "A machine can act intelligently" as a 
working hypothesis, many researchers have 

attempted to build such a machine. The purpose 
of the research is to find out the common moral 
principles for Artificial and Natural Intelligence 
that would serve a basis for successful 
interacting of robots with humans. 
   Creative ROBO-intelligences will possess 
features which characterize highly creative 
people (natural intelligence). Character’s 
creativity and emotion intelligences which are to 
be implemented in Character ROBO-
intelligences and Emotional ROBO-
intelligences are analysed and developed. 
   3. The last time in European Community 
   Our publication [8,9] confirm the European 
Community international interest [10] for our 
research in the Branch of Conscience Society 
Creation process and its engine ROBO-
intelligences algorithmically supported by the 
Adaptable Tools. 
   3.1. Robots in Homo - Robotic Conscience 
Society       
Committee on the problems of the European 
Parliament endorsed the draft recommendations, 
as well as the administrative regulations on the 
civil-engineering production of robots.  For that 
document voted PRO: 17 deputies, Against: 2 
deputies, and Obtained: 2 deputies. 
   3.2. Robot’s Econometrics 
According to data of the European Parliament, in 
the period 2010-2014 the average sales of robots 
was 17% annual and in 2015 has risen to 29 
percent. Growth of robots developed the volume 
of patents in relation to robots - in the last 10 
years the volume has doubled.  
Artificial intelligence will determine economic 
efficiency in such spheres as manufacturing, 
commerce, transport, medical service, education, 
case-law and agriculture.  
   3.3. Robot - legal status 
It is not yet determined the legal status of robots, 
which soon will overwhelm us.  
Scientists are, as some carriers of artificial 
intelligence, provided with self-education 
capacity, separately, will need to be identified as 
"electronic faces" with corresponding Passport. 
The document will contain the framework 
conditions for producers and users of robots, 
formulated since the great writer Isaac Azimov: 
3 principles - the basic conditions in 
collaboration with robots and humans.  
   3.4. Isaac Azimov: 3 principles 
   Asimov's Three Laws of Robotics, as they are 
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called, have survived to the present: 
1. Robots must never harm human beings or, 
through inaction, allow a human being to come 
to harm.  
2. Robots must follow instructions from humans 
without violating rule 1.  
3. Robots must protect themselves without 
violating the other rules. 
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Abstract: Scope of work: justification of development strategies for the cultural religious 
tourism, harmonization of the interests of religious cultural institutions and management of 
economic agents providing special and general services. Design /methodology/ approach: the 
work shows the strengths, weaknesses, threats and opportunities of religious tourism in the 
Republic of Moldova providing for the continued discussions as to the further development of 
this domain.  Statements: based on the performed analysis one may conclude that the religious 
tourism is a quite important branch of tourism in the Republic of Moldova, as the monasteries 
are the main tourist attractions in the country. Limitations / research suggestions: this work 
considers the discussions relating to the position of religious tourism in the Republic of Moldova 
and offers several methods and development methods. Applied value: the results of this work 
are upheld by the value of useful statements, conclusions and recommendations: studies in the 
manner of cultural religious tourism, didactical staff in public and private education, editing of 
scientific-didactical works. The work may be useful for the students in mastering and examining 
the dimensions of cultural religious tourism, for the tourist agencies practicing this form of 
tourism, for the statistical analysis and prognoses, as well as for the determination of new 
development directions of tourism in the Republic of Moldova. Scientific novelty and 
originality: the need to justify new forms of tourism and their integration into the offers of 
specialized tourist agencies; elaboration of development plans and diversification of tourist 
offers in collaboration with all institutions. Conclusions and perspectives: the submitted 
results represent a logical continuation of research performed under the Project „Anti-migration 
management in the rural sector of the Republic of Moldova”. 
Keywords: strategy, accommodation structures, competition, religious tourism, anti-migration management 

 

Introduction 

Religious tourism is a motivational form of 
tourism is aimed at visiting cultural objects and 
points of interest with or without divine services. 
Religious tourism implies a higher cultural level 
of tourists capable of appreciating the visited 
objects from the point of view of architecture, 
history and architecture, as well as their spiritual 
and religious significance. Religious tourism is 
an important sector of global economy with a 
tendency of permanent growth at international 
level. The tourist industry covers a wide range of 
public and private institutions, generators of 
economic and social benefits, of new jobs for 
various categories of employees, offering 
employment opportunities, especially for 
women. The Republic of Moldova must be 
promoted efficiently as a tourist destination on 

the international tourist markets, raising thus its 
degree of competitiveness. 
Scope of work: justification of development 
strategies for the cultural religious tourism, 
harmonization of the interests of religious 
cultural institutions and tourist management of 
economic agents providing special and general 
services. 

Design / methodology/ approach: 

SWOT analysis of tourism 

Strengths (S) 

1. Positioning of tourism as a priority branch of 
economy of the Republic of Moldova 
2. Availability of natural and artificial tourist 
resources 
3. Existence of legal and normative framework 
4. Implementation of tourism projects with 
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financing from state budget 
5. Implementation of strategies and development 
programs in various districts  
6. Availability of modern accommodation and 
boarding structures 
7. Existence of conference halls with modern 
equipment 
8. Existence of 3 professional development 
centers for the persons employed in the tourism 
industry 
9. Activity of various specialty associations 
 

 
Saharna Monastery, Rezina region 
 
10. The Republic of Moldova is member of 
international organizations supporting the 
development of tourism (the UN Global Tourism 
Organization, the Danube Competence Center, 
the Black Sea Economic Cooperation 
Organization, the CIS Tourism Council, etc.) 

Weaknesses (W) 

1. The legislation is not aligned to the European 
standards 
2. Insufficient legal and normative framework 
3. Insufficiency of qualified staff in the 
management of branch and provision of quality 
services  
4. The institutional framework needs the 
implementation of relevant state policies at the 
central level 
5. Lack of Tourist Information Office and its 
branches in the diplomatic missions of the 
Republic of Moldova accredited abroad 
6. The limited number of tour operators and 
agencies establishing and selling national tourist 
products. 
7. Insufficiency of 2-3 star hotels that would 
contribute to the development of tourism 
receptive to attractive costs, competitive on the 
international market 
8. High accommodation costs in the national 

objects  
9. Small number of accommodation facilities in 
the rural area 
10. Small number of classified accommodation 
facilities 
11. Insufficiency of indicators for tourists  
12. Lack of informational boards in the 
proximity of tourist attractions  
13. Lack of specially equipped places for 
camping 
14. Old fleet of tourist buses 
15. Lack of staff with knowledge of 
internationally spoken languages at the most of 
tourist objects and museums 
16. The statistical figures are calculated 
erroneously and do not reflect the real situation 
in the domain 
17. The individual tourists are not accounted by 
the statistics 
18. Low efficiency of the mechanism of control 
over the quality of rendered tourist services 

Opportunities (O) 

1. Traditional hospitality 
2. Favorable strategic positioning of country 
(borders with CIS and European Union) 
3. No need for visas for the citizens of EU 
countries, USA, Japan 
4. Smaller number of countries with a raised 
migration risk status, bearing in mind the list 
approved by the European Union  
5. Airway connections with the major airports 
6. Liberalization of prices for the air tickets and 
de-monopolization of air transportation 
7. Existence of external assistance projects for 
the development of tourism 
8. Numerous events of interest for tourists: 
cultural-artistic, sports, entertainment 
9. Known brand of winemaking country 
10. Existence of unique winemaking and wine 
tasting facilities  
11. Massive spreading of information 
technology and communications in the sphere of 
services 
12. Existence of political support. 

Threats (T) 

1. Weakly developed infrastructure at the tourist 
facilities of national and international level 
2. Low level of recognizability of Moldova as a 
tourist destination in Europe and in the world 
3. Lack of favorable investment climate for the 
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investors in tourist infrastructure with 
accommodation and boarding functions for mass 
tourism 
4. Reduced competitiveness of the tourist offer 
of the Republic of Moldova (high entry visa 
costs for the Republic of Moldova, high air 
transportation costs provided by the national 
airway companies) 
5. Extremely limited number of objects included 
into the UNESCO patrimony list and the 
Guinness Record Book 
6. Insufficiency of financial resources for 
promotion: exhibitions, promotion materials, 
financial support of projects, etc. 
7. Insufficient management at local level 
8. Inadequate road infrastructure 

9. Lack or inadequate condition of 
sanitary facilities at the entry to the 
country, as well as at filling stations, 
meant to serve groups of tourists 
 
Statements: 

6 medieval stone fortresses;  
over 1000 monuments of architecture protected 
by the state;  
over 15000 outdoor museums; 
5698 protected monuments;  
66 museums with 673 objects of patrimony 
 
 

.  
Vărzăreşti Monastery, Nisporeni region 
UNESCO global heritage in the Republic of 
Moldova includes a single monument and two 
objects are in the examination list. The Republic 
of Moldova has ratified the UNESCO 
Convention on the protection of global cultural 
heritage in the year 2002. 
The Struve geodetic arc is a network of 265 
viewpoints made of stone cubes with two meter 
faces installed on a relative trajectory between 
Hammerfest (Norway) and Necrasovca-Veche 
(Ukraine). This network has been conceived for 
the determination of the shape and dimensions of 

Earth. The Struve geodetic arc underwent certain 
changes during the 40-years  period, between 
1816 and 1855. Nowadays it is 2.820 kilometers 
long and has 34 observation points included into 
the UNESCO heritage since 2004.  
Objects in the examination list 
The list below contains the monuments or places 
currently being examined but not yet registered 
as global heritage. 
Chernozems of Balti steppe – Riscani district, 
Balti municipality
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Historical-archeological complex Orheiul Vechi-Trebujeni, Orhei district. 

 

 
Not approved due to the failure of Moldavian 
party to comply with a set of requirements as to 
the maintenance and rehabilitation of monument. 
Research suggestions: 
To identify the main objects of patrimony for 
development. 
To establish efficient collaboration between the 
proprietors or the administrators of tourist 
facilities and local authorities for the installation 
of signs, facilitation of access, arrangement of 
parking areas and structures for hosting the 
visitors. 
To elaborate and implement a training program 
for the guides. 
To organize trainings for the owners of tourist 
facilities as to the interpretation techniques – 
boards, signs, brochures, audio materials; 
navigation. 

To organize the edition of promotion materials in 
several internationally spoken languages. 
To organize, with the support of the Department 
of Development of Tourism, training courses on 
the techniques and basic elements of designing 
promotion materials for tourists. 
Construction and development of 
accommodation facilities for visitors in the zones 
of special cultural potential. 
Modernization of accommodation facilities in 
monasteries  and other cultural objects. 
Modernization of parking bays with modern 
toilets, filling stations. 
Creation of boarding possibilities at the boarding 
houses in the vicinity of religious objects.  
Creation of a web site that would offer thorough 
information on the monasteries’ services, as well 
as the pictures of their interesting sites and 
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religious masses. 
Creation of touristic programs that would allow 
visitors to take part in the monks’ and nuns’ daily 
activities as well as observe the religious masses. 
Creation of a promotional video depicting the 
monasteries, and later on creation of a 
documentary about their historical heritage. 
Location of Arts and Crafts schools on the 

monasteries’ sites as well as shops selling their 
products. 
Specialization of the monasteries in the areas 
they find more profitable (horticulture, fruit-
growing, vegetable-growing, forestry, 
vinification, sheep breeding, beekeeping, 
stitching, etc.) 
. 

 

 
The interior of „Bunăvestire” Monastery, Străşeni region  
Participation at fairs with the products of the 
monasteries’ activities (vine, meat, vegetables, 
fruits, handmade gifts, etc.) 
Applied value: the results of this work are upheld 
by the value of useful statements, conclusions 
and recommendations: studies in the manner of 
cultural religious tourism, didactical staff in 
public and private education, editing of 
scientific-didactical works. The work may be 
useful for the students in mastering and 
examining the dimensions of cultural religious 

tourism, for the tourist agencies practicing this 
form of tourism, for the statistical analysis and 
prognoses, as well as for the determination of 
new development directions of tourism in the 
Republic of MoldovaScientific novelty and 
originality: the need to justify new forms of 
tourism and their integration into the offers of 
specialized tourist agencies; elaboration of 
development plans and diversification of tourist 
offers in collaboration with all institutions. 
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Conclusions and perspectives: the submitted 
results represent a logical continuation of 
research performed under the Project „Anti-
migration management in the rural sector of the 

Republic of Moldova” and can further be 
employed in the development of religious 
tourism in Southeast Europe. 
 

 
Hîrjauca Monastery, Călăraşi region 
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 Introduction 

The European Union is currently faced with 
manifold challenges within and beyond its 
borders. Internally, growing inequality 
undermines its potential to create prosperity and 
provide stability. Six million people lost their job 
during the crisis, more than 120 million people 
are at risk of poverty and fourteen million youth 
(15-29 years) are not in education, employment 
or training 
  Beyond the need to find new sources of growth 
and employment, the need to deliver quality 
public services and renew the legitimacy of 
public policy-making across Europe put 
additional strain on governments. At the same 
time, the inclusion of fairness in the objectives of 
the European Commission means that social 
dialogue should be enhanced in order to meet the 
social demands of inclusive growth.  
The innovation divide is evident, private 
investment in research and innovation is falling 
short of the target, while there is a growing brain 
drain mostly from regions strongly hit by the 
crisis and the austerity that followed.  
Externally, the Union’s neighborhood has 
become an area of high risk with an increasing 
number of open conflicts challenging Europe's 
security. Developments like the crisis in Ukraine 
and the increasing influence of radical Islam in 
the Middle East and Africa put the EU’s reactive 
capacity to a test. They pose immediate threats to 
Europe’s security and trigger asylum seeking 
and immigration that puts pressure on EU 
external borders and relevant policies – from 
migration to humanitarian assistance and 
development cooperation.  
Migration is one of the stringent problems [1] 
that Republic of Moldova is facing today.  
According to World Bank data, in our country 
about 700 thousand citizens are working abroad, 
which constitute about half of the working 

population. Meanwhile, the sociologists consider 
that the real number of Moldovan migrants 
exceeds one million. Around a quarter among 
them decided not to return to home [2]. 
 From the above presented we conclude the 
negative impact of migration such as family 
breakdown, brain migration, the abroad money 
transferred dependence of Moldovan young, 
crisis in the rural sector, rapid liquidation of 
small and medium enterprises. 
In this way, mass migrations contribute to a 
demographic decline, economic potential 
decrease of the country that leads to devaluation 
of the national currency, predominance of 
imports, narrowing of the manufacturing sector. 
 The main reasons for population exodus are 
considered (Figure 1) population low-income in 
the country (45%), lack of jobs in the country 
(24.5%) and poor condition of rural localities 
(15.6%). One of the Moldovans migration 
reason is considered also the lack of professional 
career opportunities (10.2%). 
 

Figure 1: The graphical presentation of the main 
reasons of population migration from the RM 
The study reveals that the majority of 
respondents would prefer to work in EU 
countries (53.4%), but also in Canada, in the 
USA (27.4%), in CIS countries (13.7%), and 
5.5% (37 people) - in Australia  [3]. 



   87 

 

Due the effectuated examination the main rural 
sectors which are affected by the crisis of the 
absence of work places in rural sector in the 
Republic of Moldova were identified the 
necessity to create small and middle enterprises 
(SMEs) in:  
- The ecology, education, and health sector, 
- The small rural industry sector, 
- The middle rural industry sector, and 
- The regional industry sector. 
The figures presented above show the timeliness 
and the necessity of a project that has as an 
ultimate goal the improvement the situation with 
the absence of work places in rural sector of the 
Republic of Moldova. The project is addressed 
to the specialists to help them in initiating, 
implementation, and development of individual 
and collective SME from rural sector of the 
Republic of Moldova. 

1. The project environment. 

One of the pillars of the Republic of Moldova 
crisis solving we hope to be the involvement of 
Members of “Parlament 90” those, who 
established the State of the Republic of Moldova 
declared its independence and initiated the 
development of a new state in Europe. These are 
not statements or "strong words", but a cry of the 
unsatisfied soul regarding the country's 
evolution that was created by the first democratic 
parliament of Republic of Moldova. 
Today we have a crisis in the Republic of 
Moldova, a catastrophic situation of the 
republic's population especially in rural sector: 
an exodus huge of the population from the 
villages, it is a situation of deep crisis, a situation 
of the Republic of Moldova pre-default. 
Social Association “Parlament 90” must 
intervene to improve the crisis of the Republic of 
Moldova. 
I. Rural sectors affected by the crisis of migration 
in the Republic of Moldova 
Mostly the rural sector of the Republic of 
Moldova is affected at such small and middle 
enterprises (SME) as: „ Ecology, Education, 
Health”, „The small rural industry”, „Rural 
Middle Industry”, and „Regional Industry” 
Sectors. 

1.1. The „ Ecology, Education, Health” 
Sector 

In this sector are affected different branches of 

human rural activities of the types: 
- regional ecology;- human, ground, water, and 
air ecology;- barber shop;- bathroom;- library;- 
science, school, kindergarden;- culture, theatre;- 
small light;- medical & pharmacy place;- post & 
Internet. 
For such directions of rural sector human 
activities can be supported by the SMEs of Micro 
and Mini types. 

1.2. The „The small rural industry” 
Sector 

In this sector are affected different branches of 
human rural activities of the types: 
- ecology in the small industry sector;- human, 
ground, water, and air ecology;- security;- oil 
mills;- mills;- bakery;- collection of individual 
households production (PGI);- processing, 
drying, storage PGI;-realization PGI;- 
shoemaker workshop;- tailoring;- garbage 
For such directions of rural sector human 
activities can be supported by the SMEs of Mini 
types. 

1.3. The „Rural Middle Industry” 
Sector 

In this sector are affected different branches of 
human middle rural activities of the types: 
- ecology in the middle industry sector;- human, 
ground, water, and air ecology;- mechanization 
of rural activities such as: sowing, harvesting, 
territories preparing; 
- collection of collective households production 
(PGC);- processing, drying;-conservation PGC;- 
storage, realization PGC;- series, planting, 
monitoring;- fruits, planting, care, orchard 
monitoring;- winemaking, planting, care, 
vineyards monitoring; 
- vegetalnes, initiation, care, monitoring;- water 
supply;- fishing, local resources monitoring;- 
cattle occupation, local resources monitoring;- 
swine, goats, local resources monitoring;- 
shepherd, local resources monitoring. For such 
directions of rural sector human activities can be 
supported by the SMEs of Mini & Middle types. 

1.4. The „Regional Industry” Sector 

In this sector are affected different branches of 
human middle rural regional activities of the 
types: 
- ecology in the regional industry sector;- human, 
ground, water, and air ecology;- water 
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monitoring: pools, lakes, rivers;- solar, water and 
wind power;- bioenergetics;- dump goods 
energetics;- roads;- irrigation;- fishing, local 
resources monitoring;- cattle, local resources 
monitoring;- pigs, goats, local resources 
monitoring;- sheeping, local resources 
monitoring. 
For such directions of rural sector human 
activities can be supported by the SMEs of 
Middle types. 

2. Cracking Creativity projecting 
method.  

Most people of average intelligence, given data 
or some problem, can figure out the expected 
conventional response to the problem. Typically, 
we think reproductively, on the basis of similar 
problems encountered in the past. When 
confronted with problems, we fixate on 
something in our past that we worked before. 
Then we analytically select the most promising 
approach based on past experiences, excluding 
all other approaches, and work a clearly defined 
direction toward the solution of the problem. 
Because of the apparent soundness of the steps 
based on past experiences, we become 
arrogantly certain of the correctness of our 
conclusion. 
In contrast, geniuses think productively, not 
reproductively. When confronted with the 
problem, they ask themselves how many 
different ways they can look the problem, how 
they can rethink it, and how many different ways 
they can solved it, instead of asking how they 
have been taught to solve it. They tend to come 
up with many different responses, some of which 
are unconventional, and probably, unique. With 
productive thinking, one generate as many 
alternative approaches as one can, considering 
the least as well as most likely approaches. It is 
the willingness to explore all approaches that is 
important, even after one has found a promising 
one. 
We propose teaching productive thinking in our 
training process in lieu of reproductive thinking. 
The creative-thinking techniques will show the 
specialists from rural sector SMEs how to 
generate the ideas and creative solutions they 
need in their business and personal life. Each 
technique contains specific instructions and an 
explanation of why and how it works. When the 
specialists use the techniques, they will rethink 

the way they see things and will look at the world 
in different way. 
 The techniques change the way the specialists 
think by focusing their attention in different 
ways and giving them different ways to interpret 
what they focus on. The techniques will allow 
them to look at the same information as everyone 
else and see something different. It is not enough 
to understand the strategies. To create original 
ideas and creative solutions, the specialists from 
rural sector SMEs must use the techniques.  If the 
specialists from rural sector SMEs organize their 
thinking around these strategies, they will learn 
to see what no one else is seeing and how to think 
what no one else is thinking. The Cracking 
Creativity Method is organized into two parts.  
Part I presents strategies of geniuses who look at 
problems differently from the conventional ways 
we have been taught. They will learn how to look 
at their problem in many different ways.  
Part II presents seven creative thinking strategies 
that geniuses use to generate their breakthrough 
ideas and creative solutions. These are the 
strategies that are common to the thinking styles 
of geniuses in science, art, and industry 
throughout history. These strategies will show 
the specialists from rural sector SMEs how to 
multiply their ideas and how to get ideas they 
cannot get using their usual way of thinking. 
Part I: “Seeing what no one else seeing” 
incorporate two strategies: “Knowing how to 
see” and “Making Your thought visible”. These 
strategies demonstrate how geniuses generate a 
rich variety of perspectives and conjectures by 
representing their problem in many different 
ways, including diagram-matically. 
The Part II’s first strategy “Thinking fluently” 
presents a set of timeless and solid principles on 
how to produce a quantity of ideas. In addition to 
producing many ideas, an important aspect of 
genius is the means to produce original and novel 
variations in ideas, and for this variation to be 
truly effective, it must be “blind”. The next five 
strategies, “Making novel combinations”, 
“Connecting the unconnected”, “Looking at the 
other side”, “Looking in other worlds”, and 
“Finding what You’re not looking for” 
demonstrated how geniuses get novel and 
original ideas by incorporating chance or 
randomness into the creative process in order to 
destabilize their existing patterns of thinking and 
reorganize their thoughts in new ways. The last 
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strategy, “Awakening the collaborative spirit”, 
presents the conditions for effective group 
brainstorming and a collection of world-class 
brainstorming techniques.  

3. Project objectives  

Social Association “Parlament 90” have to 
intervene to improve the crisis of the Republic of 
Moldova by initializing the Horizon 2020’s 
Project “Anti - migration management in the 
rural field of the Republic of Moldova”. For the 
better evolution of the Project the consortium 
sets five major objectives that have to be 
achieved in 24 months. These objectives are: 

3.1. Problems of migration crisis in the 
rural sector of the Republic of Moldova 
supported by the AO „Parlament 90”.  

First objective of the project includes:  
- analytical and statistical data collection; 
-  stabilization the activities of the AO 
“Parlament 90” and consortium group,  
-  international collaboration of AO in order to 
involve the developed countries in the society 
and economy of the Republic of Moldova,  
- creation and management of the „Center of 
Consulting and Project Management”,  
- involvements of the “Parlament 90” 
Association in creation of the European projects 
of SMEs for the rural sector of the Republic of 
Moldova,  
- evolution and sustainability of the European 
projects of SMEs in the rural sector of the 
Republic of Moldova 

3.2. Suspension of labour force 
migration from the Republic of Moldova  

Second objective of the project includes:  
- analysis of the entire situation and the 
demographic aspects in the rural sector of North-
East-West-South (NEWS) regions of Republic,  
- correlation between the basic labor force and 
the population which is not capable to work: 
elders, handicapped, children,  
- creation a data base for evidence of the 
employed, free, in search, periodic labor force,  
- evidence of the skilled labor force: unqualified, 
in perspective of qualification,  
- provide programs of EU wages, ensure the 
sustainability of the project. 

3.3. Management the process of 
returning of labour force in the Republic 

of Moldova  

Tired objective of the project includes: 
- registration the labor force working abroad with 
periods of their work evolution of the foreign 
labor force (”foreign”) with its periods of 
evolution: the year of foreign work beginning, 
country of activity, constant occupation, 
temporary occupation,  vagrancy,  
- creation the possibility of returning of labor 
force from abroad in the Republic of Moldova,  
- fitting the work activities in the already created 
SMEs,  
- fitting in creation of SME,   
- management the processes of returning the  
labor force in the rural sector of the Republic of 
Moldova,  
- management the sustainability of the project 
during the implementation of this objective. 

3.4. Management the process of 
creation of small and middle European 
enterprises in the rural sector of the 
Republic of Moldova 

Forth objective of the project includes: 
- creation the SMEs of Republic of Moldova in 
the” Ecology, education, health”, the ”Small 
Industry”, the ”Middle Industry”, and in 
the ”Regional Industry” Sectors;  
- management the sustainability of SMEs  
- management the creation process of work 
places with European remuneration  
- management the process of their occupation 
into the European SMEs in the rural sector of the 
Republic of Moldova. 
3.5. Employment in the European SMEs in the 
rural sector of the Republic of Moldova  
It includes:  
- creation of workplaces in the European SMEs 
in the rural sector in such sectors as: 
-- the Ecology, education, health,  
-- the Small Industry,  
-- the Middle Industry, and 
-- the Regional Industry;  
- management the sustainability of workplaces in 
the SMEs with European remuneration in the 
Republic of Moldova. 

Suggestions and Sustainability. 

While this context demonstrates a need to reflect 
on the past to better understand the emergent 
instability and risks, it also provides the 
opportunity to actively contribute to shaping 
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more inclusive, innovative and reflective 
societies that empower and protect all citizens in 
Europe and can help to enhance the EU's 
capacity to tackle regional and global 
geopolitical changes. This requires the 
development of a long-term vision and pathways 
to support policymakers, public and private 
actors to deliver on it. Horizon 2020 has the 
scope and breadth to take on this task. 
This Societal Challenge 6 Work Programme 
addresses key challenges of the beginning of 21st 
century like radicalization and migration that 
appear in cross-cutting way in several Topics 
throughout the Work Programme and 
complementarily with Societal Challenge 7 - 
Secure societies "Protecting freedom and 
security of Europe and its citizens". Many of the 
Topics of this Work Programme aim also to 
reduce the gap between institutions and citizens 
- through better understanding, analysis and 
practical solutions - in order to build a more 
trustful European society. Many Topics also 
integrate the gender dimension as a key element 
of inclusive societies.  
Modes of economic organization relying on 
creativity and collaboration are driven by 
continuously increasing interconnections in 
society and have further been triggered as a 
response to the crisis. 
In many European cities and communities, 
citizens, together with public and private sectors, 
are engaged in jointly identifying issues and 
needs, trying to solve problems through 
innovative and inclusive responses. They co-
create the future through new solutions that have 
the potential to ensure sustainability, 
participatory governance, openness and 
transparency in policies and markets, the respect 
of the rule of law and social cohesion. Inside the 
Union, this process could lead to more inclusive, 
collaborative and participative societies via 
greater engagement of all involved parties. In the 
same vein, it could also help to reinforce the 
necessary measures to reverse inequalities 
within societies, including reviving social 
dialogue.  
For the Union's role in the world, the above 
mentioned external risks can be faced 
effectively, and the external opportunities can be 
better implemented if the EU’s foreign policy 
players possess insightful knowledge and are 
fully empowered to jointly address risks, and if 

international research and innovation dialogue 
and cooperation are enhanced. All these efforts 
to make Europe a more resilient continent 
internally and in its external relations will be 
greatly helped if informed by reflections of 
Europe's cultural and social diversity and a 
thorough understanding of its past.  
At the end of the project with deployment 
duration of 24 months follows to decrease the 
number of labour migration from Republic of 
Moldova by 40% by creating new working 
places and the grafting of abilities of working 
according to European and international 
standards. Under the project has been raised the 
ideological and cultural spirit of the citizens. The 
small and medium enterprises acquires 
knowledge and skills about drawing up draft of 
local, regional and national projects and the 
attraction of investments into the country in 
order to increase the economical, cultural, 
technological level and increasing the quality 
and quantity of the products for export. All these 
skills will be obtained following the 
development of the project in question. This will 
contribute to raising the living standards, the 
wage increase, will open the perspective of 
increasing the market share at nationally and 
internationally level of domestic production. 
Likewise, the project provides raising the living 
standards in the rural area of Republic of 
Moldova. 
With the increasing number of medium and 
small enterprises (SMEs) of European type in the 
rural area of Republic of Moldova, the chances 
of adhering to EU space will grow and will open 
up new perspectives for the entire Republic. 
Using presented Teaching Method in our 
training process of the specialists from rural 
sector of the Republic of Moldova it can be 
obtained the maximum effect of the Project.  
The selected teams of specialists from rural 
localities of the Republic of Moldova will be 
initiated in preparation of the real projects of 
SMEs in their localities. These trained specialists 
will create the real SMEs in republican rural 
sector.  
Will be achieved the possibilities to incorporate 
and employee a lot of people without work in the 
feature created SMEs in rural sector of the 
Republic of Moldova. Such project’s results will 
constitutes the partial solution of the poverty in 
republican rural sector and the partial solution of 
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migration process from the Republic of 
Moldova.  
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Abstract: Due to its complexity air pollution is posing multiple challenges in terms of management 
and mitigation of harmful pollutants. The sources of air pollutants are either natural or anthropogenic 
and might be emitted directly (primary pollutants) or formed in the atmosphere (as secondary 
pollutants). Furthermore the sources might be characterized as point, linear and surface depending 
on the type. As a result of air pollution policy implementation, Romania’s pollutants emission have 
decreased over the last decades but for fulfilling a level of air quality that do not give rise to 
significant negative impacts on and risks to human health and the environment, action and 
cooperation at national and local levels as well as public engagement are needed.The paper 
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and local level. Taking into consideration the impact of air pollution on human health and 
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perspective considering the local actions in air pollution domain. 
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1 Introduction 

Air pollution a very important environmental 
and social issue is posing multiple challenges in 
terms of management and mitigation of harmful 
pollutants due to its complexity [1].  
The sources of air pollutants are either natural or 
anthropogenic and they might be primary (direct 
emissions of pollutants) or secondary (pollutant 
emissions are formed in the atmosphere). Air 
pollutants may be transported or formed over 
long distances and they may affect large areas 
impacting health, ecosystems, the built 
environment and the climate [2]. Air pollution 
has caused in 2010 over 400 000 premature 
deaths as well as substantial avoidable sickness 
and suffering including respiratory conditions 
(such as asthma) and cardiovascular problems, 
becoming the first environmental cause of 
premature death in the EU [3]. In view of 2025 
and 2030 and considering the full 
implementation of current legislation the 
expected impact of air pollution on human health 
(premature mortality due to particulate matter 

and ozone) and on ecosystems will slightly 
improve. Thus, the impact on human health will 
decrease with 37% in 2025 and with 40% in 
2030 relative to 2005, whilst the impact on 
ecosystem area exceeding eutrophication limits 
will decrease with 21% in 2025, respectively 
40% in 2030. The overall external costs 
associated with air pollution would remain 
substantial ranging between €212-740 billion 
[4].  

2 Legal framework 

2.1 European policy 

The approach of European air pollution policy 
involves both the implementation of legal limits 
for ambient concentrations of air pollutants 
(Ambient Air Quality Directives (EU, 2004, 
2008), [5], [6]) and, emission mitigation 
controls, to national totals as well as to specific 
sources or sectors (National Emission Ceilings 
(NEC) Directive (EU, 2001, 2016), [7,8]).  
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The outcome of European air policies consisted 
in a decrease of pollutants emissions released 
into atmosphere and noticeable improvements in 
air quality since the late 1970s. Europe’s air 
policy is in agreement with other conventions, 
such as Convention on Long-range 
Transboundary Air Pollution (CLRTAP) and 
international instruments. In order to protect 
human health and the environment against air 
pollution impacts the role of national, regional 
and local authorities is crucial both in 
implementing EU legislation and in adopting 
additional measures to reduce emissions and 
improve air quality. In late 2013 the Clean Air 
Policy Package for Europe has been published to 
ensure improvements of Europe's air quality and 
the decrease consequently of premature deaths 
by more than half of the number in 2005 relative 
to 2030. Clean Air Policy Package resulted in: 
- Directive (EU) 2015/2193 on the limitation of 
emissions of certain pollutants into the air from 
medium combustion plants (thermal input from 
1 to 50 Thermal Megawatt) entered into force in 
2015 (EU, 2015), regulatingemissions of sulphur 
dioxide (SO2), nitrogen oxides (NOx) and fine 
particulate matter (PM) in order to reduce them 
and the human health and environment 
associated risks. Furthermore, rules to monitor 
emissions of carbon monoxide (CO) are also 
provided.  
- A new NEC Directive (repelling2001 NEC 
Directive (2001/81/EC)) on the reduction of 
national emissions of certain atmospheric 
pollutants establishes new national emission 
reduction commitments applicable from 2020 
and stricter commitments from 2030 for SO2, 
NOx, non-methane volatile organic compounds 
(NMVOCs) [1], and fine particulate matter with 
a diameter of 2.5 μm or less (PM2.5). The new 
commitments are intended to reduce the health 
impact of air pollution by about 50 % in 2030 
(compared with 2005). 

2.2 National policy 

The national policy of air pollution is in line with 
the European one.  
NEC Directive (2001/81/EC) has been 
transposed in national legislation through 
Government Decision (GD) no.1856/2005 on 
national emissions ceilings for certain 
atmospheric pollutants with subsequent 
modifications and additions. 

Directive 2016/2284/EU on the reduction of 
national emissions of certain atmospheric 
pollutants, amending Directive 2003/35/EC and 
repealing Directive 2001/81/EC has not been 
entirely transposed yet but its provisions shall be 
complied.  
Romania has transpose Directive 2008/50/EC on 
ambient air quality and cleaner air for Europe 
through the Law no. 104/2011 on ambient air 
quality. 
The National Air Quality Assessment and 
Management System was set up to implement 
the provisions on ambient air quality. The system 
provides the organizational, institutional and 
legal framework for unitary cooperation for 
ambient air quality assessment and management 
and includes two systems: 
- National Air Quality Monitoring System; 
- National Atmospheric Pollutant Emission 
Inventory System. 
All these legal and institutional arrangement are 
foreseen to assure “levels of air quality that do 
not give rise to significant negative impacts on 
and risks to human health and the environment” 
[8]. 

3 Pollutants Emissions and Projections 

The chapter focuses on the evolution of main 
pollutants emissions (SO2, NOx, NMVOCs and 
PM) during 2005-2015 period and the foreseen 
emissions for the 2020-2030. 

3.1 National pollutant emissions and the 
commitments under European air policy 

According to the national emissions inventories 
reported under the CLRTAP Romania’s 
pollutant emissions have decreased substantially 
over 2005-2015, the trend being in line with the 
European one.  
The emissions decrease is due mainly to the air 
policy implementation. 
For the year 2015 the emissions have been split 
on type of sources: 
- Point sources; 
- Linear sources: road transport, railway, 
domestic aviation and national navigation;  
- Surface sources: urban/rural fuel consumption 
for residential/ commercial/ institutional heating, 
agriculture, waste. The share of each category in 
the total emissions is presented in the figure 2. 
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Figure 1 Evolution of national emissions during 
2005-2015 

 
Figure 2 National emissions by sources 
 
As for the contribution of sources to total 
pollutant emissions the main source of NMVOC 
and PM are surface sources, the main source of 
NOx are linear sources and those of SOx are 
point sources.   
For the future period 2020-2030 the trend of 
Romania’s pollutant emissions assuming that all 
the policies and measures regarding air 
pollutants emissions reductions are implemented 
is presented in the figure 3. 

 
Figure 3 Forecast of national emission evolution 
during 2020-2030 
Directive 2016/2284/EU sets national emission 
reduction commitments for 2020 and 2030 
relative to year 2005, as a base year. Thus 
national emissions ceilings for the targeted years 
2020 and 2030 are presented in  table 1. 
  

Table 1 Romania emissions ceilings in 2020, 
2030 

2020
NMVOC NOx PM2.5 SOx 
290,958 174,208 82,447 138,27 
2030
NMVOC NOx PM2.5 SOx 
213,369 126,696 48,094 72,142 

 
Analyzing the data it seems that Romania is able 
to fulfill its 2020 commitments with the current 
legislation and measures in place but in the view 
of 2030 are needed additional measures to 
comply with the targeted ceilings. 
Reducing the emissions requires effective 
policies, action and cooperation at national and 
local levels as well as public engagement.  

3.2 Air quality in Constanta County 

Contanta County is a located in southeastern part 
of Romania. It occupies an area of 7071 km2, 
accounting for 3 municipality, 9 cities and 247 
villages.  The county is limited by the Black Sea 
to the east, by Tulcea County to the north, by the 
Danube to the west and by the state border with 
Bulgaria in the south part. 
Since 2008, Constanta County air quality 
surveillance has been carried out through 
continuous measurements by way of the 
automated monitoring network consisting of 
seven automatic stations (three industrial type 
stations, two traffic type stations, one station for 
urban background and one station for urban 
background).  
The evolution of annual mean concentration of 
emissions in air during 2012-2016 is presented in 
the figures 5-8:  
For the protection of human health and the 
environment as a whole the Law no. 104/2011 
on air quality establishes limit values, alert 
threshold and critical levels for the main 
pollutants presented in the table no. 2: 
In the analysed period the concentration of 
pollutant emissions in ambient air have been 
smaller than the legal limits values, and the trend 
was generally declining (NO2 emissions from 
traffic, SO2 emissions from industry and traffic, 
PM10 emissions from industry and traffic) due 
to the measures took at national and local level. 
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Figure 5 NO2 mean annual concentration 
evolution 
 

 
Figure 6 SO2 mean annual concentration 
evolution 
 

 
Figure 7 PM10 mean annual concentration 
evolution 
 

 
Figure 8 PM2.5 mean annual concentration 
evolution 
 
 
 
 
 

Table 2 Limit values for the protection of human 
health and the environment  

Pollutant 
Law no. 104/2011 on air quality 

provision 

NO2 

Limit 
values  

200 µg/m3 NO2 – one hour 
limit value for human 
health protection, not to be 
exceeded more than 18 
times a calendar year 
40 µg/m3 NO2 – calendar 
year limit value for human 
health protection  

Alert 
threshold 

400 µg/m3 NO2 – to be 
measured over three 
consecutive hours at 
locations representative of 
air quality over at least 
100 km2 or an entire 
zone or agglomeration, 
whichever is the smaller  

Critical 
level 

30 µg/m3 NO2 – calendar 
year critical level for the 
protection of vegetation 

SO2 

Limit 
values 

350 µg/m3 – one hour limit 
value for human health 
protection 
125 µg/m3 – one day limit 
value for human health 
protection 

Alert 
threshold 

500 µg/m3 – to be 
measured over three 
consecutive hours at 
locations representative of 
air quality over at least 
100 km2 or an entire 
zone or agglomeration, 
whichever is the smaller 

Critical 
level 

20 µg/m3 – calendar year 
and winter critical level for 
the protection of 
vegetation (1 September– 
31 March) 

PM10 
Limit 
values 

50 µg/m3 – one day limit 
value for human health 
protection 
40 µg/m3 – calendar year 
limit value for human 
health protection 

PM2,5 
Limit 
values 

25 µg/m3 – – calendar year 
limit value for human 
health protection, to be 
achieved until 1.01.2015 
20 µg/m3 – calendar year 
limit value for human 
health protection, to be 
achieved until 1.01.2020 

3.3 Pollutant emissions and projections 
in Constanta County 

According to the Inventory Emissions Report of 
Constanta Environmental Protection Agency the 
evolution of NOx, SO2 and NMVOC emissions 
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during 2010-20015 is presented in the figure 9. 
Emissions of particulate matter are not reported. 

 
Figure 9 Pollutant emissions during 2010-2015 
in Constanta County 
 
SO2 emissions have decreased with 97% 
compared with 2010 due mainly to the 
implementation of NEC Directive provision (GD 
no.1856/2005) and Directive 1999/32/EC 
relating to a reduction in the sulphur content of 
certain liquid fuels [10] (GD no.470/2007). The 
emissions of  PM are not reported. Using a 
methodology developed by author the data for 
2015 have been splatted on the type of sources, 
furthermore PM10 and PM2.5 emissions have 
been estimated and projection for 2020 were 
performed. 

 
Figure 10 Constanta County emissions by 
sources 2015 

Projected emissions by sources in 2020 

  
Figure 11 Constanta County emissions by 
sources 2020 
According to figure 10 point sources are the 

main contributors for SO2 emissions, surface 
sources are the main contributor for PM10 and 
PM2.5 emissions and linear sources are the main 
contributor for NOx emissions. 

4 Results and discussions 

Taking into consideration the result of sources 
emissions estimations and modelling the data the 
air quality in Constanta County have resulted  

Pollutant
Mediation 

period 
Type of 
source 

Estimated 
value 

(μg/m3) 

Limit 
value 

(μg/m3) 

NOx 

One hour 

Point 96,06 

200 
Surface 14,06 
Linear 81,21 

TOTAL 140,4 

Calendar 
year 

Point 3,56 

40 
Surface 1,86 
Linear 5,6 

TOTAL 6,8 

SO2 

One hour 

Point 92,36 

350 
Surface 16,81 
Linear 65 

TOTAL 112 

One day 

Point 46,06 

125 
Surface 28,5 
Linear 35 

TOTAL 57 

Calendar 
year 

Point 2,91 

20 
Surface 0,5 
Linear 2,3 

TOTAL 7,2 

PM10 

One hour 

Point 126 

50 
Surface 45,2 
Linear 11,5 

TOTAL 127,5 

Calendar 
year 

Point 9,5 

40 
Surface 8,2 
Linear 0,9 

TOTAL 8,5 

PM2.5 
Calendar 

year 

Point 4,2 

20 
Surface 6,2 
Linear 0,68 

TOTAL 6,7 
 
According to county’s Statistical Yearbook 2016 
the population of Constanta on 1 July 2015 was 
682,375 inhabitants of which about 0.68% 
inhabitants in the urban area and 0.31% 
inhabitants in rural areas. During 2012-2015 a 
slight decrease in the total number of the 
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population was registered as well as an increase 
of the rural population to the detriment of the 
urban environment. 

 
Figure 4 Constanta’s population evolution 

 
Evolution of respiratory diseases during 2008-

2015 

5 Conclusions 

Air pollution is significantly impacting human 
health mainly in urban areas. Exposure to air 
pollution conducted in Romania to 27230 
premature death (25 330 attributable to PM2.5 
and 1900 attributable to NO2) and to 285600 
years of life lost (265700 attributable to PM2.5 
and 19900 attributable to NO2) 
Considering the medical cost increase, the 
reduction of labour productivity, of crop yield 
and of life expectancy it can be stated that air 
pollution not only impacts humans and 
environment but also impacts the economy. 
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Abstract The EU ETS is a policy tool used to promote investment in clean, low-carbon technologies 
and has placed climate change on the companies’ agenda, by putting a price on carbon. The EU ETS 
cap and trade concept were the first policy tool used and implemented in the world for the 
greenhouse gas emissions (GHG).  Metals process sector is the largest industrial source of 
greenhouse gases, with steel as the main culprit. Traditional methods of extracting iron from it or 
require a carbon-based reductant produce large quantities of CO2. The proposed methodology for 
achieving emission forecasts for GHG emissions is based on historical data from the National 
Emissions Inventory (NIGHGE) between 1989 – 2015, and, on the forecasts of macroeconomic 
indicators considered in the strategies of the Romanian Government and policies adopted for the 
economic and social development of the country. In the paper one analyzes the GHG emissions 
from industrial processes for Romanian for iron and steel sector and GHG emissions projections for 
this sector until 2035 will be presented. Keywords: iron and steel production, GHG emissions, 
projections 
 
 

1 Introduction 

 
In order to comply with all commitments 
assumed under the Kyoto Protocol, the European 
Union has introduced the emissions trading 
scheme for greenhouse gases (EU ETS), a 
mechanism based on commercial principles in 
order to encourage GHG emission reductions, in 
an effective technical and economic manner. The 
EU ETS scheme reduces costs to achieve 
specific targets, taking advantage of reducing the 
various incremental costs of the participants 
involved, with different emission sources. 
Purpose of the scheme is to contribute to the 
reduction of GHG emissions from the industrial 
activities listed in Annex I to the ETS Directive.  
The EU directives adopted so far establish a 
system for trading greenhouse gas emission 

allowances within the European Community. 
The measures to reduce GHG emissions and the 
process of adopting policies include periodic 
estimation of the projected effects associated 
with the measures or emissions projections at 
different time horizons. 
GHG emission reduction targets will pay 
particular attention to the emission projections 
process in order to ensure a permanent process 
of assessing and adjusting policies and measures 
previously adopted to ultimately achieve the 
GHG emission level assumed [1].  
It is estimated that emissions from industry 
sector represent over 30 % of global GHG 
emissions in 2010, and are greater than 
emissions from either the buildings or transport 
end-use sectors [2]. Also, emissions from 
industry sector in 2010 are projected to increase 
by 50–150 % till 2050, unless energy efficiency 
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deployment measures are not accelerated 
significantly [3]. 

2 Industrial processes sector – metal 
industry 

Steel production is an emissions intensive 
process. CO2 emissions released by iron and 
steel industry represent an important part from 
the total amount of global emissions [4]. An 
adequate assessment of the CO2 emissions 
released at the national, sectorial or industrial 
plants level, gives the first indications for the 
localization and the amplitude of the actions 
route to be used, in order to control and to reduce 
these emissions. Also, to know the evolution of 
the emissions amounts in a certain period, such 
information could be obtained through the 
elaboration of adequate technical-economic 
forecasts  The main technological flows 
generally available worldwide in manufacturing 
of steel products are: 
• integrated route (BF-BOF) based on iron ore 
and coking coal used in blast furnaces, followed 
by oxygen steelworks and rolling mills; 
• electric route (EAF) based on the use of scrap 
in electric arc furnaces, followed by rolling mills; 
• "direct reduction" route, following the chain: 
iron ore used in reduction furnaces - electric 
steelworks – rolling mills. 
The first flow is specific to large integrated 
factories, the last two being found in smaller 
factories. Currently, in Romania, steel 
production is based on the first two flow types 
presented above. 
The iron and steel industry in Romania was 
initially developed based on local reserves of 
iron ore and coal. In the integrated factories, 
process flow structure underwent several 
changes over time. Maintaining the main stages 
of the flow (pig-iron production, steel making 
and rolling), changes were accomplished, mainly 
in intermediate stages.  
Factories, and, in recent years, mini-mills, based 
on electric arc furnaces, were widely developed 
as Siemens Martin furnaces (BF-OH flow). They 
were decommissioned and the amount of 
available scrap increased. At the same time, 
relatively low cost of scrap used in electric arc 
furnace compared with the high cost of pig-iron 
used in Linz-Donawitz converters (BF-BOF 
flow) made the share of electric steel in steel 
production to increase. 

Table 1 shows the main iron and steel producers 
in Romania and changes in the types of 
steelmaking processes. 
 
Table 1. Overview of factories and steelmaking 
processes in Romania 
Factory location Year of 

foundat
ion 

Steelmaking route 

Past (in 
1989) 

Actual 

Galati 1961 BF - BOF BF- BOF 
Hunedoara 1882 BF- OH EAF 
Targoviste 1973 EAF EAF 
Campia Turzii 1920 EAF EAF 
Resita 1771 BF-OH EAF 
Otelu Rosu 1796 EAF EAF 
Calarasi 1976 EAF EAF 

EAF = Electric Arc Furnace; BF = Blast 
Furnace; BOF = Basic Oxygen Furnace; OH = 
Siemens Martin/Open Hearth Furnace 
 
The main sectors that use steel are construction, 
with a share of around 38%, followed by 
automotive industry (16%) and mechanical 
engineering (14%) [5]. 
Because on the BF-BOF route, the CO2 
emissions per tonne of steel are much higher 
(around 5 times) than those resulted on EAF 
route, nationwide manufacturing structure 
significantly influences the emissions level. 
The most important quantity of steel in Romania 
is made on BF-BOF route. It must be noted that 
the entire production of BOF steel are made in 
only one facility.  Worldwide steel production 
has an exponential increase in last years. Thus, 
in 2001, world liquid steel production was 
851,073 kt, and in 2015 reached a value of 
1,620,408 kt, representing a increase with around 
90 % [6]. With concern to the weight of the 
steelmaking route, worldwide, in 2015, the BF-
BOF steel weight was 74.2 %, the EAF steel 
represented 25.2 %, and the rest (0.6 %) was OH 
steel. In the same year in the EU-28 the BF-BOF 
steel represented 60.6 %, and the EAF steel was 
39.4 %. 

3 Methodology 

GHG emission projection methodology is based 
on historical data from the National Greenhouse 
Gasses Emissions Inventory (NIGHGE), over 
the period 1989 – 2015 and on projected 
macroeconomic indicators, considered in the 
strategies of the Romanian Government, as well 
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as policies adopted for the economic and social 
development of the country, in conjunction with 
the EU Directives. 
Projections of GHG emissions are performed for 
three scenarios, specifically: 
• a reference scenario "business as usual" 
(scenario without measure s- WOM) feasible in 
the future that does not include special activities 
to reduce GHG emissions; 
• a reduction scenario that is similar to the 
reference scenario in terms of development of 
socio-economic indicators, but contains policies 
and measures to reduce GHG emissions 
(scenario with measures - WM); 
• a reduction scenario with additional measures 
that is similar to the reduction scenario but 
contains additional measures to reduce GHG 
emissions (scenario with additional measures - 
WAM) 
The process of achieving the GHG emission 
projection and evaluation of alternatives to 
reduce them is particularly difficult, and 
therefore the authors based the research on 
special programs, which allow identification of 
sectors of low importance to GHG emissions, 
correlated with the socio-economic development 
of the country. 
According to the IPCC 2006 methodologies, the 
GHG emissions resulted from non-energy 
industrial activities for iron and steel production 
sector are CO2 and CH4 [7]. 
GHG emissions in non-energy sectors were 
calculated using models based on spreadsheets, 
considering the activity data and production 
structure of sub-sectors. The emission factors 
used are specific for the sector (determined by 
analysing data from previous years), according 
to the IPCC guidelines. Assumptions specific to 
sub-sectors were considered. 
Emissions projections could be considered as 
inventories for the future emissions in which the 
historical data are replaced by a number of 
assumptions and interpretations. [8] 
To estimate emissions, the following formula 
was used: 

        tEFtr1p1tAtE k,gjk

n

1i

m

1j
j

p
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where Eg(t) - emissions projected for the 
greenhouse gas g in year ( t); 
i - activity sector, which is a source of GHG 
emissions; 

j - activity sub-sector, which is a source of GHG 
emissions; 
k - product or material used for whose 
manufacture or from whose use GHG emissions 
result; 
pk - share of the product/quantity of material 
used in the activity data of the sub-sector;  
rj (t) - growth or decrease factor of the activity 
data at the activity sub-sector level; 
EFg, k (t) - Emission factor for the greenhouse gas 
g for the product or material used, in the year t. 

4 Results and discussions 

At national level, in terms of the weight of steel 
producing processes, in 2001, the share of BOF 
steel was 72.2% , steel produced in EAF was 
33.8%, the rest (3.2%) being produced by the 
OH process. 
In 2011 the share of BOF steel was 48.7% and 
EAF steel share 51.3%. 2011 is the first year that 
production of EAF was greater than the BOF 
steel. This trend was maintained in 2012 (50.4% 
EAF steel vs. 49.6% BOF steel). However, from 
2013, due to the insolvency of the group Mechel, 
national production of EAF steel has decreased 
and consequently the share of this steel type 
(38% in 2013). 2015 production structure by 
types of flows was: 59.7% BOF steel and 
40.3%EAF steel. 
The economic crisis has seriously affected the 
steel production in Romania, who decreased by 
about 4 5% in 2009, compared to 2008 and 
around 55 % compared to 2007. The year 2010 
marked an increase in the amount of steel 
produced (with 37% higher than previous year) 
to a value of 3,734 kt , but still with 27 % lower 
than in 2008. By 2011, the steel production was 
maintained at a value close to the 2010 
production (3,813 kt), and in 2012 it dropped 
again, to a value of 3,452 kt. In terms of 
production values in the years 2013 and 2014, 
they were about 3,200 kt, and in 2015 the 
recorded a value is of 3,480 kt. 
It should also be noted that over 99 % of the steel 
produced in Romania is carried out in industrial 
facilities, covered and governed by the EU-ETS. 
Given the current economic status, one considers 
the following assumptions for the GHG 
emissions projection: 
• In the short term, a reduce capacity using of 
some EAF steel production units (i.e. Mechel 
Group); 
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• In the medium-term, the opening of an 800 
kt/year production (500 kt in the first stage and 
another 300 kt in the second stage) facility in 
Oltenita, which will produce EAF steel. 
Taking into account the evolution of national and 
international market request, for GHG emissions 
estimations will be used the following activity 
data, under the assumption that in the 2035 will 
be reached around 80% of the total production 
capacity (see Table 2).  
 
Table 2. Total steel projection for Romania for 
the period 2020÷ 2035 

Product 2020 2025 2030 2035
Total steel 
production, kt 

4000 5000 6000 8000 

 
For the CO2 emissions’ projections, the 
following assumptions for emission factors are 
considered: 
• for the WOM scenario will be used the values 
shown in the table below for each type of steel 
and which represent the higher EF value from the 
past 5 years; 
• for the WM and WAM scenarios will be take 
into account the effect of the application of 
Directive 2010/75/EU. Thus, the EFs for each 
type of steel will decrease in the period 2016-
2020 up to the values presented in the table 
below (95% of the average of 2013-2015 EFs for 
BOF steel and 95% of the average of the 2011-
2015 EFs for EAF steel), and will be kept 
constant until 2035. 
 
Table 3. The EFs values used in CO2 emissions 
projections for Iron and Steel Production 

Product 
EF, t CO2/t steel 
WOM WM,WAM 

BOF steel 1.743 1,517
EAF steel 0.018 0.010

 
The figure 1 shows the projected evolution of 
CO2 emissions from Iron and steel production, 
for the period 2017-2035, under the three 
scenarios considered.  
For the CH4 emissions projections from the 
sinter production, the following assumptions will 
be considered: 
• for the WOM scenario the default IPCC 2006 
EF will be used, as this value is also used in the 
national GHG inventory. For the activity data 
projection, a conversion factor of 1.196 t sinter/t 

BOF steel, representing the value of 2015, will 
be used. Both values are considered to remain 
constant throughout the period 2017-2035. 
• for the WM and WAM scenarios, the effects of 
the application of Directive 2010/75/EU will be 
take into account. Thus, the conversion factor of 
sinter in BOF steel will decrease in the period 
2016-2020 up to a value of 0.943 t sinter/t BOF 
steel (representing 95% of the lowest value in the 
period 2011-2015), and will remain constant 
until 2035. 
The figure 2 shows the projected evolution of 
CH4 emissions from Iron and steel production, 
for the period 2016-2035, for the three scenarios 
considered. 
 

 
Figure 1. The CO2 emissions projection from 
Iron and steel production, in the period 2017-
2035 
 

 
Figure 2. The CH4 emissions projection from 
Iron and steel production, in the period 2017-
2035 
 
Regarding the N2O, HFC, PFC, SF6, NF3 
emissions, there are no relevant data as result of 
the iron and steel process.  

5 Conclusions 

At the national level the iron and steel industry is 
an important contributor to the GHG emissions, 
thus development of the GHG projection became 
a very important in the context of actual 
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legislative framework. The analysis of existing 
technology, taking into account the effects of the 
legislative requirements show that for Romanian 
iron and steel sector is possible to reach further 
GHG emissions reduction. The GHG emission 
projections are based on assumptions about 
macroeconomic indicators with high uncertainty 
in the forecast horizon until 2035, due to the 
economic crisis at national and global level, and 
the lack of updated strategies by 2035 on 
industry, agriculture, transport etc. Thus, 
economic development is a dominant factor 
affecting the forecast results. Given the fact that 
the iron and steel sector is one of the branches 
included in the EU ETS, it has become very 
important for these industrial plants to use high-
precision assessment and forecasting models for 
CO2 emissions. 
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