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ITCH: THE GOOD, THE BAD AND THE UGLY  
Distinguished Professor E. Carstens 

Department of Neurobiology, Physiology and Behavior, University of California, 
Davis, Davis, CA 95616 USA, *eecarstens@ucdavis.edu 

 
Abstract: Itch (pruritus) is an unpleasant sensation associated with the desire to scratch.  

The good: a useful purpose of itch is to warn that insects, itchy plants or parasites have invaded 
the skin, and scratching removes them.  Itchy allergic reactions warn to avoid the offending 
food or skin contact.  Scratching to relieve itch is often pleasurable, possibly because scratching 
excites nerves that convey “pleasant touch”.  The less good: Like yawning, itch is contagious: 
watching someone suffering from itch elicits sensations of itch in the viewer.  Interestingly, 
contagious itch activates the same brain areas as itch evoked by a histamine skin-prick test.  The 
bad: Persistent itch often accompanies skin conditions such as eczema, or liver, kidney and other 
diseases, and represents a major medical and socioeconomic burden worldwide.  Chronic itch 
does not serve a useful purpose and reduces the quality of life, sometimes to the point of suicide.  
Chronic itch is very poorly treated; antihistamines are usually ineffective, and there is an unmet 
for improved therapy.  The ugly: In extreme cases, neurological disorders cause itch and 
excessive scratching that damages the skin.  A remarkable patient with post-herpetic itch 
scratched through her skull to expose the brain.  In this case, the pain normally evoked by 
scratching was absent and thus unable to halt further scratching.  A positive note: Recent 
scientific advances are uncovering mechanisms by which receptors in the skin detect itchy 
substances, and how itch is relayed to the brain, thus identifying targets for improved treatments 
that reduce or block abnormal itch. 

 
Keywords: medicine, itch, pruritus, scratching, spinal cord, contagious itch, neuropathic itch, 

post-herpetic itch  
 
Introduction 
Itch was defined by Samuel Hafenreffer in 

1660 as “an unpleasant sensation that elicits 
the desire or reflex to scratch.” [1].  This 
definition of itch, or pruritus, is still valid 
today.  Itch is a fundamental sensory modality 
that, like pain, provides an important warning 
to the organism to remove a potentially 
damaging stimulus from the skin.  This is 
commonly accomplished by scratching with 
finger- or toenails, but may also involve biting, 
rubbing or other motor behaviors.  To the 
author’s knowledge, itch and related 
scratching behaviors are common to all 
vertebrate species.  Invertebrates such as fruit 
flies or sea slugs may also experience itch, but 
this is currently not well understood.   

While normal acute itch is a useful 
warning signal, chronic ongoing itch resulting 
from dermatitis, systemic disease or other 
maladies serves no useful purpose and instead 
causes suffering and reduces the quality of life.  

Unfortunately, chronic itch is quite common 
and represents a largely unmet medical 
challenge in terms of its alleviation.  Under 
extreme conditions, the unrelenting itch can be 
so severe that patients contemplate or actually 
attempt suicide.  In this review I wish to 
discuss the beneficial aspects of itch, as well 
as the “bad” and “ugly” faces of itch that have 
prompted new research that has started a 
revolution in our understanding of itch and its 
management. 

 
The good 
As noted, itch serves a protective function 

to warn the organism that something such as 
an insect, plant spicule or invasive parasite is 
contacting or penetrating into the skin, and 
triggers scratching and other movements to 
remove the offending stimulus and relieve the 
itch.  In this sense it is similar to pain, which 
protects the body tissue from damage caused 
by “noxious” (potentially or overtly 
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damaging) stimuli, usually by withdrawal of 
the stimulated limb but also by avoidance, 
escape or other self-protective reactions.  
Because of the protective nature of itch and 
pain, they presumably evolved early on due to 
the survival benefit they conferred.  Thus, they 
are phylogenetically “older” systems.  Indeed, 
itch and pain are detected and conveyed 
largely by unmyelinated nerve fibers that still 
play a major role even in highly evolved 
vertebrates. 

Another good aspect of itch is that, because 
of the medical and socioeconomic costs 
associated with chronic forms of itch (see 
below), considerable efforts have been made 
recently to better understand the biology of 
itch.  This is good because a variety of factors 
and mechanisms have been identified that 
provide targets for therapeutic treatment of 
itch. 

An overview of the itch pathway is shown 
in Fig. 1.  Itch is triggered by an itchy stimulus, 
usually a chemical factor, that activates the 
peripheral endings of “pruriceptive” (itch-
signaling) nerves in the skin.  The most 
common itch mediator is histamine, which is 
contained within mast cells of the skin.  When 
released, it causes itch, a swelling, and redness 
of the skin.  In addition to histamine, there are 
many other non-histamine itch mediators, each 
acting at its own specific molecular receptor 
that is contained within nerve endings in the 
skin (upper right text in Fig. 1).  These 
molecular itch receptors represent targets for 
development of drugs that can reduce itch at 
its source.   

 
 
Fig. 1.  Itch-signaling pathway (see text). 

The itch mediators can be exogenous 
(from an external source), or may be released 
from immune cells or damaged skin cells.  The 
itch mediators activate nerves that transmit 
electrical signals to the spinal cord, where the 
itch-signaling nerves (pruriceptors) make 
synapses with neurons.  These neurons form a 
circuit within the spinal cord that utilizes a 
variety of neuropeptides, as well as the 
excitatory neurotransmitter glutamate.  The 
spinal neuropeptides and transmitters 
represent another target to develop drugs that 
block spinal itch transmission to relieve 
chronic itch.  The spinal itch circuit ultimately 
activates neurons that give rise to pathways 
that ascend from the spinal cord to the brain.  
As shown in Fig. 1 (left side), ascending itch 
pathways travel to the lateral parabrachial 
nucleus and thalamus, from which additional 
neural connections activate a variety of brain 
areas including the amygdala, insula, 
somatosensory (S1) cortex and anterior 
cingulate cortex (ACC), as discussed further 
below. 

Scratching, which is often mildly painful, 
as well as other painful stimuli such as heat, 
are well known to inhibit itch.  The basis for 
this lies in a spinal neural circuit comprised of 
itch-inhibitory interneurons. Painful stimuli 
activate “nociceptors” (pain-signaling nerves) 
which in turn activate the spinal inhibitory 
interneurons (magenta in Fig. 1) that can block 
the spinal itch signal.  Neurophysiological 
studies have shown that scratching reduces the 
activity of spinal cord itch-signaling neurons 
[2].  Spinal inhibition of itch involves well-
known inhibitory neurotransmitters (GABA 
and glycine) as well as the neuropeptide 
dynorphin that acts at the k-subtype of opiate 
receptor.  This neural circuit provides another 
target to inhibit itch by increasing spinal 
inhibition, using drugs such as nalfurafine, 
which increases inhibition of itch by acting at 
the k - opiate receptor. 

Finally, itch can vary with mood, stress 
level, and other psychological and physical 
factors such as temperature.  The variability of 
itch is due, in part, to the actions of neural 
pathways that descend from the brain to 
modulate spinal itch transmission (green in 
Fig. 1), presumably by interacting with itch-
inhibitory interneurons. This fascinating 
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aspect of itch is poorly understood, but may 
ultimately provide another useful target to 
develop anti-itch strategies. 

 
3.  Also good 
Most people have experienced that 

scratching an itch is pleasurable, and 
subsequent relief of itch is rewarding.  It is 
currently uncertain if the pleasurable effect of 
scratching an itch is due to the activation of C-
fiber low-threshold nerves that are thought to 
convey a sensation of pleasurable touch [3].  In 
an interesting study using functional magnetic 
resonance imaging (FMRI), healthy subjects 
were subjected to three different conditions: 
itch alone (no scratching), itch plus scratching 
of the itchy skin area, or scratching alone (no 
itch) [4].  They rated pleasantness under each 
condition.  Itch plus scratching was rated as 
significantly more pleasurable then itch-alone 
or scratch-alone conditions.  Subjects’ brains 
were imaged under each condition.  By 
subtracting images under the scratch alone 
(not pleasurable) condition from the itch plus 
scratching (pleasurable) conditions, they 
identified areas of the brain that responded to 
the pleasurable aspect.  These areas were in the 
midbrain ventral tegmental area as well as the 
striatum, regions associated with dopamine 
and reward. These findings suggest that 
scratching specifically directed at an itch is 
pleasurable, and the pleasure may be due to 
activation of dopaminergic brain reward 
pathways. 

 
4.  The not-so-good 
A fascinating aspect of itch is that it is 

socially contagious.  Thus, viewing someone 
who is scratching or exhibiting other signs of 
itch can elicit sensations of itch, as well as the 
urge to scratch, in the observer.  This is 
analogous to feeling the urge to yawn when 
observing someone else yawning.  In an 
interesting study, healthy subjects observed 
videos of a person scratching or images of 
itchy skin rashes while undergoing FMRI of 
their brains.  The subjects observing itch 
exhibited significant activation of brain areas 
that are also active during physical itch such as 
following a histamine skin prick.  These brain 
areas include the insula, primary somato-
sensory cortex and premotor cortex [5].  

Activation of the premotor cortex is of interest 
since this might reflect the urge to scratch.  The 
important message is that when one observes 
someone else suffering from itch, this activates 
the observer’s brain itch areas to result in itch. 
It has been suggested that this “empathetic” 
response might involve a class of brain 
neurons, called mirror neurons, that respond 
when someone observes or actually engages in 
a motor behavior (such as scratching) that they 
are watching someone else perform. 

Contagious itch has also been observed in 
monkeys and mice [6,7].  Speculatively, this 
may be of general benefit to social animals by 
warning of a potentially communicable 
problem causing itch, such as lice.  

 
5.  The bad 
While acute itch provides a useful warning 

signal, prolonged chronic itch resulting from 
dermatitis or other disease serves no useful 
purpose and instead causes suffering and 
reduces the quality of life.  More than 10 years 
ago, it was estimated that skin conditions 
associated with chronic itch affect upwards of 
1/3 of Americans and incur socioeconomic 
costs of approximately $100 Billion per year 
in the US [8].  The costs are undoubtedly 
higher today.  For comparison, it was recently 
estimated that chronic pain affects 100 million 
American adults with costs of up to $635 
billion per year [9]. A recent German study 
reported a 22% lifetime prevalence of chronic 
itch, where chronic itch is defined as lasting > 
6 months [10].  Adolescents suffering from 
chronic itch had a 21.1% incidence of suicidal 
ideation, comparable to that of patients 
suffering from chronic pain [11].   

Itch is a dominant feature of a variety of 
skin conditions including atopic dermatitis 
(eczema), psoriasis, skin cancer, and burn 
injury.  Moreover, itch is a very frequent 
symptom of systemic diseases including 
kidney failure and liver disease.  Chronic itch 
also commonly accompanies a variety of 
additional pathological conditions such as 
HIV.  Unfortunately, the itch associated with 
these conditions is poorly managed, and 
effective treatment of these patients represents 
an unmet need. 

Another negative aspect of chronic itch is 
the vicious itch-scratch cycle.  Thus, itch 
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elicits scratching behavior which can lead to 
skin damage.  Damaged skin cells release a 
variety of inflammatory chemicals which 
serve to increase, or sensitize, itch.  Stronger 
itch leads to greater scratching, more skin 
damage, and more itch sensitization, 
accelerating the vicious cycle. 

Antihistamines are ineffective for most 
types of chronic itch, and there is otherwise a 
dearth of effective treatments.  The silver 
lining of this dark cloud is that many novel 
drugs are in varying stages of development to 
treat chronic itch, so that we can hope for more 
effective approaches in the near future.  
Among the promising drugs to combat itch are 
Substance P antagonists, µ - opioid antagonists 
and k-agonists, janus kinase (JAK) 
antagonists, biologics such as dupilumab, and 
even botulinum toxin.  The rationale for the 
efficacy of many of these and other drugs in 
development comes from our recently-
improved understanding of itch pathways and 
processing. 

 
6.  The ugly 
Severe chronic itch can occur following 

herpes infection or injury to peripheral nerves, 
the spinal cord or brain.  Itch following injury 
to peripheral nerves or the central nervous 
system is called neuropathic itch.   

It has been estimated that 30-65% of post-
herpetic patients, and 30% of patients with 
peripheral or central nervous system injury, 
suffer from mild-to-severe itch [12].  This type 
of itch is again poorly managed, and in some 
cases can lead to severe injury such as scratch 
lesions, skin infection etc.  A particularly 
graphic case of neuropathic itch was reported 
by Oaklander [13].  A 39-year-old woman 
experienced postherpetic itch on her forehead 
with no concomitant pain.  The itch was so 
severe that she actually scratched through the 
front of her skull to expose the brain.  When 
tested, the patient exhibited a severe reduction 
in pain and touch in the affected area and a 
95% loss of skin innervation.  The reduction in 
pain appears to be a key factor.  Normally, 
scratching activates mechano-sensitive nerve 
fibers, including those that transmit 
mechanical pain.  The activation of pain-
signaling neurons excites spinal inhibitory 
interneurons that suppress itch (Fig. 2A).  With 

a loss of pain-signaling nerves, the ongoing 
itch increased and elicited enhanced 
scratching which did not activate pain nerves, 
such that the inhibitory effect of pain on itch 
was lost (Fig. 2B).  Thus, scratching did no 
relieve itch, and instead caused further skin 
damage due the absence of pain. 

 

 
Fig. 2.  A: normal condition. Itch elicits 

scratching that excites (+) pain-signaling 
neurons that inhibit (-) itch. B: in a neuro-
pathic itch patient, pain nerves are lost.  Itch-
evoked scratching does not cause pain, so itch 
is no longer inhibited.  Itch and scratching thus 
increase, unabated by pain. 

 
7.  Ending on a good note 
It is largely the bad and ugly aspects of 

chronic itch that have raised awareness of the 
magnitude of this problem.  This in turn has 
drawn attention to the biology of itch, a 
formerly neglected topic that has recently 
witnessed a revolution, with new research that 
has prompted major advances in our 
understanding of normal and patho-
physiological mechanisms of itch.  This 
emphasis on the problem of chronic itch 
provides hope for continued new discoveries 
that will lead to improved treatments for this 
all-to-frequently tormenting symptom.   
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RESTORING THE CARDIAC CONTRACTILE 
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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 
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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. 

1) Stem cells - the highest rate of success 
was achieved in the monostratum approach 
using Roswell Basal Medium (RPMI), 
ascorbic acid, recombinant human albumin 
and Wnt pathway inhibitors18. After obtaining 
functional myocardiocytes in vitro19, from 
stem cells, relocation to the left ventricular 
myocardium can be achieved by ecoguided 
puncture22 through the transverse wall of the 
ribs14. 

2) Cultures of neuronal cells - 
maintenance on modified polypeptide media 
(PNW) in microfluidic system15. They will be 
transplanted by injection33 into the sinoatrial 
node. 

3) The recipient organism of the two cell 
types, respectively the dog with dilated 
cardiomyopathy24, 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 cardiomyopathies 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 immune-
suppression 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. 

 

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. 
Objective View 60X. 
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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. 

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 is 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. 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 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 
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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. 

 

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. 

 
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 facili-
tating 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.  

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 
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and catecholamines response46. These can be 
structurally and electrophysiologically 
differentiated50. Subsequently, the hiPSC 
system has been used in diseases such as: 
arrhythmias, cardiomyopathies, valvulo-
pathies, blood vessel diseases, cardio-
metabolic disorders51, but it cannot be used on 
a large scale. 

 

 

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. 

 
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. 

 
Figure 3 | 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, oligo-
dendrocytes).  

As far as in vitro neuron cultivation is 
concerned, Bakmand54 has developed a 
microfluidic system adapted for cerebral 
tissue cultivation that combines conventional 
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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. 

 
Discussion 
Histologically, in the myocardium 

affected by cardiomyopathy, the disorga-
nization 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 myofibrilo-
lysis occur8. Different degrees of disorga-
nization 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 autologous therapy. 

More research is needed on the routes of 
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 methods that 
have been experimented and 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 could improve 
the contractile heart function and restore the 
main changes in dilatation cardiomyopathy. 

The concept of proliferation and differen-
tiation 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. Among the most recent concepts of energy performing buildings stands the 
“active house” one, that opposes to many others a strong highlight on users’s adaptive comfort 
and on a detailed influence of buildings on the environment over their whole life cycle. This 
paper aims to emphasize the importance of indoor climate quality (ICQ) for the health and 
wellbeing of building users, which should be a primary objective when building/renovating 
buildings, especially when excesses in saving energy consumptions tend to jeopardize it. Main 
parameters to ensure acceptable ICQ are described, together with the need to educate users in 
the spirit of saving energy as well as keeping their homes healthy. The level of ambition of the 
“active house” is described in terms specifications and guidelines. For best illustration, a study 
case is presented, currently under monitoring and certification procedure.   
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1. Introduction 
In the last decade there is a tremendous 

number of studies and legal documents on 
energy efficient buildings, with or without 
Renewables included. Some of them mention 
the quality of indoor climate, mostly in terms 
of temperature and humidity or CO2 levels. 
These parameters have a significant influence 
on user perception of indoor air quality but are 
by far insufficient in creating real healthy 
conditions for humans. Acoustic and visual 
comfort, as well as natural light are rarely 
explicit in assessing the quality of so called 
“energy efficient buildings”. The emphasis on 
saving energy and reducing greenhouse gas 
emissions is so strong that quite often the 
primordial purpose of the built environment 
for creating a healthy climate for users is often 
secondary in the whole approach. Concepts 
like Passive House, NZEB or nZEB and many 
others impose restrictions for energy use, but 
very few, like “e4” or Active House mention 
emotion or natural light and landscape in 

addition to energy efficiency and 
environmental aspects. Given the proven fact 
that people spend almost 90% of their lives 
indoors, at home, at their work place, or 
during leisure activities, it is important not to 
forget that the primary function of buildings is 
to provide safe and enjoyable living 
environments for its inhabitants, aspects that 
should never be compromised. 

This paper aims to present the pledge of 
the Active House concept for healthy and 
confortable indoor climate, prior to 
specifications on energy and environment 
targeted indicators levels. Its slogan: “the 
building that gives more than it takes” 
expresses exactly the idea that it offers such a 
good climate to users that what it takes in 
terms of payable uses seems totally acceptable 
and undisputable. 

 
2. What is a healthy building and the 
role of users? 
While comfort is a state of mind, health is 
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something more complex. A building should 
enable comfort and support health, but it 
cannot supply any of these two. A healthy 
building should protect from the outside as 
much as necessary, but also connect to the 
outside as much as possible. In addition, it is 
important to emphasize that acceptability of 
indoor climate quality rises significantly with 
personal involvement and adaptive options. 

A Faunhofer study [1] suggests that 80 
million Europeans live in moist or damp 
homes with an increased risk of developing 
diseases, like asthma. Lack of fresh air and 
poor indoor climate also hampers learning and 
working capabilities.  

A recent European survey performed by 
the VELUX group [2] indicated that exposure 
to indoor environment (i.e., air contaminants, 
thermal comfort parameters) can lead to 
respiratory and other health related effects. 
The survey presents anindoor wellbeing 
model, where satisfaction couples with health 
perception to achieve accepted quality for 
users. For example, home satisfaction relates 
to size of available rooms, state of renovation, 
quality of sleep, and relation to neighbours. 
While, health perception is given by the 
following building characteristics:  
 Comfortable indoor temperatures. As 

many as 82% of Europeans felt that their 
homes were too cold in some days during the 
last winter, and about 87% experienced 
overheating at some point during last summer. 
Congested nose, dryness or irritation of throat 
were directly linked with such conditions. 
 Fresh air. The survey showed that 

48% of Europeans who never air out their 
homes also did not feel energized and suffered 
from throat infections more than others. 
Opening windows 2-4 times daily mitigated 
such symptoms. 
 Satisfactory daylight levels. About 

37% of Europeans who lack daylight in their 
room rarely felt energised. Daylight is known 
to be beneficial improving mood and 
productivity. Moreover, it was shown that 
insufficient daylight may cause sleep 
disturbance, stress, obesity, fatigue and 
seasonal affective disorder.  
 Appropriate humidity levels. The 

survey indicated that 60% of the people with 
mould in their homes complain about dryness, 

throat irritation or develop asthma. A family 
of four people produce in daily activities 10 
litres of water that should be evacuated 
somehow.  

The identified symptoms related to an 
inadequate indoor climate are not minor; 
moreover, they cause huge consequences at the 
society level: treatment in hospitals or at home, 
loss of working days, low work performance, 
family problems generated by depression- all 
of these being estimated by statistical studies at 
billions of Euros yearly. For example, in 
France, pollution of indoor air has a health and 
economic costs of nearly 20 billion 
eurosannually, while in U.K. same problem 
had a cost of 1,8 billion pounds in 2013. 

The same survey [2] indicated that most of 
the people in Europe have an inadequate 
behaviour and their lack of proper knowledge 
lead to situations for which the building itself 
is not responsible.  For example, in order to 
keep costs down, most of the people 
complaining about being cold in winter do not 
heat their homes to a comfortable tempe-
rature, do not air out or, the opposite, keep the 
windows too much time opened. This aspect 
shows very explicitly that great attention 
should be paid to the building features but also 
to the instincts, routines and habits for which 
the users are prone to.  

 
3.Active house conceptand specifications 
“Active House” is a vision of buildings that 

creates healthy and comfortable lives for their 
occupants withoutnegatively influencing the 
climate and environment – moving us towards 
a cleaner, healthier and safer world [3]. 
Hence, its holistic approachis evaluated on the 
basis of the interaction between indoor 
climate conditions, energy consumption and 
impact on the environment, defining three 
strategic objectives:  

A. An active house creates healthy and 
comfortable indoor conditions for the 
occupants, ensuring a generous supply of 
daylight and fresh air. Materials used have a 
neutral impact on comfort and indoor climate. 

B. An active house is highly energy 
efficient. All or most of the energy needed is 
supplied by renewable energy sources 
integrated in the building or from the nearby 
collective energy system and electricity grid. 
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C. An active house interacts with the 
environment through an optimised relationship 
with the local context, focused use of 
resources, and a minimal overall 
environmental impact throughout its life cycle.  

For each of these strategic objectives, 
three quantitative criteria are defined and 
classified in four levels of ambition for each 
indicator, where 1 is the highest level and 4 is 
the lowest. The performance assessment for 
Active House includes all nine parameters and 
requires at minimum the lowest level for each 
of them [4].  

 
3.1. Comfort 
The Active House specifications aim to 

promote solutions for people to live in 
comfortable buildings designed for human 
needs. Intelligent systems may be important 
in a modern building and help optimize the 
indoor climate.  

Daylight conditions are an important 
aspect of comfort in an Active House and can 
have a strong impact on our wellbeing. 
Findings in the field of lighting research have 
revealed that the quantity and quality of light 
received by our eyes not only affect our 
vision, but influence an array of non-visual 
effects including sleep and wake cycles, 
mood, productivity and alertness among 
others, and most importantly our long-term 
health. The amount of daylight in a room is 
evaluated through average daylight factor 
levels on a horizontal work plane. Direct 
sunlight availability should also be provided 
in the most used rooms. Table 1 indicates 
levels of daylight quality for residential 
buildings. 

Thermal comfort plays a vital part in 
achieving healthy indoor environments. An 
Active House should bedesigned to provide 
optimal thermal comfort both during the 
winter and summer periods. The 
humancapacity to adapt to different 
temperatures, as well as our needs for 
temperature variation through thecourse of 
the day and different rooms of the house 
should be taken into consideration. When air 
conditioning is not used, thermal comfort is 
evaluated based on the adaptation of the 
indoor operative temperature Ti,o to the 
running-mean outdoor temperature Trm, rather 

than based on fixed set values.Maximum 
indoor temperature limits apply to periods 
with outside temperature of 12 oC or more, 
while the minimum indoor temperature limits 
apply to any other outside temperature. 

 
Table 1. Active House daylight specifications 

Parameter Classification criteria 

Average daylight 
factor 

1. DF > 5%  

2. DF > 3%  

3. DF > 2%  

4. DF > 1%  

Probable sunlight 
hours between 
autumn and 
spring equinox 

1. at least 10%  

2. at least 7,5%  

3. at least 5%  

4. at least 2,5%  

 
 

 
Fig. 1. Perceived comfortable indoor tempe-
rature range for the adaptive comfort approach 
relative to the outdoor temperature [3]. 

 
Table 2 indicates values for residential 

type of Active House buildings [according to 
the European standard EN 15251/2007]. The 
building system should be designed to achieve 
the recommended values, the users can 
however choose other settings 

Indoor air quality is another crucial factor 
in achieving healthy indoor environments. 
The amount of air humans breathe per day 
reach 15 kg, and as we spend up to 90 %of our 
time indoors, it is indoor air we breathe. Good 
indoor air quality can prevent humans from 
getting mucous membrane irritation, asthma 
and allergy. It can also contribute to prevent 
some cardiovascular diseases.  
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Table 2. Active House thermal comfort 
specifications 

Parameter Classification criteria 

Maximum 
operative 
temperature 

- without air 
conditioning 

1. Ti,o<0,33Trm+20,8oC 

2. Ti,o<0,33Trm+21,8oC 

3. Ti,o<0,33Trm+22,8oC 

4. Ti,o<0,33Trm+23,8oC 

- with air conditioning 

1. Ti,o< 25,5oC 

2. Ti,o< 26,0oC 

3. Ti,o< 27,0oC 

4. Ti,o< 28,0oC 

Minimum 
operative 
temperature 

1. Ti,o> 21oC 

2. Ti,o> 20oC 

3. Ti,o> 19oC 

4. Ti,o> 18oC 

 
High indoor air quality helps to avoid 

odour problems, which can positively affect 
the overall well-being of the building's 
occupants. An Active House should provide 
good air quality for the occupants while 
minimising energy use e.g. for ventilation. 
This means that natural ventilation should be 
used where possible, or so-called hybrid 
systems (combination of natural and 
mechanical ventilation) as these systems 
provide the best energy performance. There 
are different types and sources of pollution 
within a building.  Although CO2 is 
considered as non-toxic, very high levels can 
cause health problems to the occupants as its 
high concentration indicates low oxygen 
levels. Such high levels are typically not seen 
in residential buildings. From an indoor air 
quality standpoint, CO2 is a surrogate for 
indoor pollutants emitted by humans and 
correlates with human metabolic activity.  

Moisture is probably the most significant 
of these because of the large quantities 
generated by human breathing and other 
activities and because of the associated 
problems of dust mites and consequences of 
condensation such as mold growth. For best 

health conditions, relative humidity should be 
kept in the range 45-70%. Active House 
reflects those needs by setting ambitious 
requirement to the indoor air quality of 
homes, as in Table 3. 

 
Table 3.Active House IAQ specifications 

Parameter Classification criteria 
Standard 
fresh air 
supply 

1. 500 ppm above CO2 
outdoor level 
2. 750 ppm above CO2 
outdoor level 
3. 1000 ppm above CO2 
outdoor level 
4. 1200 ppm above CO2 
outdoor level 

 
3.2 Energy 
Energy is needed to achieve a comfortable 

indoor environment throughout the year. The 
energy type and quantity depend mainly on 
the differences that exist at each instant of 
time between given outdoor climatic 
conditions and desired indoor conditions, as 
well as on the existing installations, design 
and quality of the building. The available 
energy is thus used to ensure user comfort in 
terms of (day)light, hot water, air quality and 
indoor temperature. 

With the rise of the standard of living, so 
has the consumption of energy increased, with 
total consumption sometimes, over the past 45 
years. Globally, it is estimated that heating, 
cooling and electricity for domestic 
appliances in buildings account for about 40% 
of the total energy consumption. The energy 
performance of a building and the energy 
efficiency of its energy sources are therefore 
important issues when considering climate 
change and the reliability of energy supply. 
The design, orientation and products used in 
an active house must be optimised to demand 
as little Energy as possible and to utilise 
renewable energy sources as much as 
possible, following the Trias Energetica 
strategy. The main focus of this approach is 
the fact that saving energy by reducing losses 
and wastes of all kinds represents the highest 
potential and thus the most sustainable choice. 
In addition, recovery of waste energy/water 
are to be considered wherever possible. 
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Active house focuses on energy demand 
reduction, use of renewable energy either on 
plot, nearby or from the grid and small, and on 
very efficient use of regionally or nationally 
available primary energy resources of fossil 
origin. Noteworthy, the primary energy 
performance is equal to the energy used, 
minus renewable energy supply, and then 
multiplied bythe national primary energy 
factors. 

Energy consumption in buildings depends 
also on user behaviour. Experience shows that 
different users in the same building can easily 
cause a factor of 2 difference in the energy 
consumption. It is therefore important to 
guide the homeowners in their use of the 
building. In addition, installing of a 
monitoring system for different energy 
consumptions (like intelligent meters) in the 
building allows the user be aware of the 
effects of its habits.  Table 4 indicates energy 
related specifications for a residential Active 
House. 

 
Table 4. Active House energy specifications 

Parameter Classification 
criteria 

Annual energy 
demand 

1.  40 kWh/m2 

2.  60 kWh/m2 

3.  80 kWh/m2 

4.  120 kWh/m2 

Origin of energy 
supply: how much of 
the energy used in the 
building is produced 
on the plot or in a 
nearby system  

1. 100%  

2. 75%  

3. 50%  

4. 25%  

Primary energy 
consumption for the 
building 

1. < 0 kWh/m2 

2. 0-15 kWh/m2 

3. 15-30 kWh/m2 

4. > 30 kWh/m2 

 
3.3 Environment 
According to the TC-350 standards 

(sustainability of construction works), the 
environmental loads are described by 5 
different categories of emissions 

(equivalents); Global Warming Potential 
CO2-eq, ozone depletion R11-eq, photo-
chemical ozone creation potential C3H4-eq, 
acidification potential SO2-eq, and eutro-
phication PO4-eq. Besides that, the primary 
energy redrawn directly from the nature is 
also part of the evaluation. The use of 
resources and materials in buildings account 
for up to 24% of our resources worldwide. 
Moreover, currently, around 33% of the 
global greenhouse gas emissions from human 
activities can be attributed to the building 
sector. Given these aspects, environment is 
chosen as one of the three main parameters in 
the active house vision. Moreover, Life Cycle 
Analysis (LCA) evaluation and sustainable 
sourcing as well as use of water are the main 
parameters for environment in Active House. 

The environment strategic objectives of an 
Active House are in three directions:  

 Limit the environmental loads 
during the whole life cycle of the building.  
 Minimise freshwater consumption. 
 Consider sustainable construc-

tions and sourcing. 
Table 5 presents the four levels of 

ambition of an Active Home for different 
relevant parameters. 

Besides the many quantitative criteria, 
there are more qualitative criteria related to 
the attitude and approach of architects, 
builders, and users when building or 
renovating.  

When designing an Active House, it must 
be ensured that the building in operation 
works as intended and that the users are 
capable of behaving as intended. For this 
purpose, the building management should 
cover energy, indoor climate and 
environment. Among recommended actions 
are training of building users’ inefficient 
behaviour by yearly performance check of 
building and systems (service contract), as 
well as user guidelines on operation of 
building and technical systems by continuous 
(hourly) monitoring and display of 
performance and indoor air quality. 
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Table 5. Active House environment specifications 
Parameter Classification 

criteria
Building's primary 
energy consumption 
during entire life cycle 

1. < -150 
kWh/m2year 
2. < 15 kWh/ 
m2year 
3. < 150 kWh/ 
m2year 
4. < 200 kWh/ 
m2year

Globalwarming 
potential (GWP) during 
building’slife cycle. 

1. < -30 kg CO2-
eq./ m2year 
2. < 10 kg CO2-
eq./ m2year 
3. < 40 kg CO2-
eq./ m2year 
4. < 50 kg CO2-
eq./ m2year

Ozonedepletion 
potential (ODP)during 
building’s lifecycle. 

1. < 2.25E-07 kg 
R11-eq/ m2y 
2. < 5.3E-07 kg 
R11-eq./ m2y  
3. < 3.7E-06 kg 
R11-eq./ m2y 
4. < 6.7E-06 kg 
R11-eq./ m2y

Photochemicalozone 
creationpotential 
(POCP) 
duringbuilding’s life 
cycle. 

1. < 0.0025 kg 
C3H4-eq./ m2y 2. 
< 0.0040 kg 
C3H4-eq./ m2y 3. 
< 0.0070 kg 
C3H4-eq./ m2y 4. 
< 0.0085 kg 
C3H4-eq./ m2y

Acidification potential 
(AP) during building’s 
life cycle. 

1. < 0.010 kg 
SO2-eq./ m2y 
2. < 0.075 kg 
SO2-eq./ m2y 
3. < 0.100 kg 
SO2-eq./ m2y 
4. < 0.125 kg 
SO2-eq./ m2y

Eutrophicationpotential 
(EP) duringbuilding’s 
life cycle. 

1. < 0.0040 kg 
PO4-eq./ m2y 
2. < 0.0055 kg 
PO4-eq./ m2y 
3. < 0.0085 kg 
PO4-eq./ m2y 
4. < 0.0105 kg 
PO4-eq./ m2y

Minimisation 
offreshwater 
consumption 
during building’s use 
(versus average) 

1. Improvement 
50%  
2. Improvement 
30% 
3. Improvement 
20% 
4. Improvement 
10% 

Recyclable content 1. 50% 
2. 30% 
3. 10% 
4. 5% 

Responsible 
sourcing 

1. 100% certified 
wood and 80% 
certified suppliers.  
2. 80% certified 
wood and 50% 
certified suppliers.   
3. 65% certified 
wood and 40% 
certified suppliers. 
4. 50% certified 
wood and 25% 
certified suppliers. 

 
3. ACTIVE HOUSE DIAGRAM 
The values of all nine quantitative 

indicators are represented graphically in a 
radar diagram for best visual message to the 
customers, as shown in Figure 2.  

 

 
Fig.2. Radar diagram to classify an Active 
House quality 
 

The light green area indicates the overall 
building performance, while each corner 
relates to specific performances, as described 
above. It is therefore extremely descriptive 
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and transparent about the building quality 
from all comfort, energy and environment 
points of view. The radar becomes a very 
useful instrument for the designer and user as 
well, spreading awareness by its simple 
concept.   

On the diagram, there may be represented 
values pertaining to different other relevant 
conditions, like before versus after 
renovation, calculated versus measured 
indicators, specific design ambition versus 
national standards for new/renovated 
buildings. An example is given in Figure 3.  

 
 
4. STUDY CASE 
A building that was built after an “e4” 

project based on emotion, energy efficiency, 
economics and on environment protection and 
corresponds in most aspects with the Active 
House principles, is presented in Figure 4 [5].  

Increased daylight and connection to the 
outside through very generous windows 
placed on thesouth walls and roof is apparent 
in Figures 4 and 5. Large windows also allow 
for efficient air-out or cross ventilation when 
needed. 
 

 
Fig. 3. Active House performance before and 
after renovation. 

 
The energy efficiency is ensured by a 

management system that optimizes energy 
supplied by a heat pump, a solar Trombe wall, 
solar thermal panels, and PV panels. The 

system displays values making the users 
aware of levels of consumptions for the 
comfort they need.  
 

 
Fig. 4. A model for healthy home 
 

 
Fig. 5. Daylight, connection to landscape and 
fresh air 

 
The building indoor quality is monitored 

for at least two years to check for the features 
that were assumed at the design stage and by 
the energy performance assessment at the 
commissioning stage. Indoor temperatures, 
humidity and luminance are recorded and 
correlated with the outdoor similar 
parameters, as well as with the users regular 
activities. Examples of time-samples of 
recordings are represented in Figure 6 for 
different rooms. 
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Fig. 6. Building monitoring for indoor climate quality 
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Abstract: The paper presents a series of considerations regarding the designing a 
temperature monitoring and control system in an enclosure using Peltier elements. A 36 W 
Peltier element, which can reach a temperature difference of 68 °C, having a maximum 
working temperature of 138 °C, was used. The power supply of this element will be directly 
from a 12 V voltage source with a maximum working voltage of 14.6 V and a maximum 
working current of 4.3 A. For the best effect of Peltier's element cooling effect on the 
enclosure, it is necessary that the lower part of the element, where the radiator and cooler are 
located to prevent the Peltier element from overheating and get burnt, another method of 
cooling (with liquid) must be used. There is a difference in temperature between the two sides 
and the performances of the Peltier element. For a more accurate reading of the temperature 
from the enclosure, a temperature transducer can be used, that is at least two sensors to read 
the temperature from several different parts of the enclosure it is possible to mediate the 
temperature readings and, in this way, the displayed temperature will be closer to the 
temperature existent in the enclosure. 

Keywords: Engineering, Temperature monitoring, Control system, Enclosure, Peltier 
elements. 

 
 
Introduction 
Thermoelectric effects typically occur at 

the contact between semiconductor materials 
of different nature, and consist of the 
appearance of a thermo- electromotive 
tension / voltage (the Seebeck effect), when a 
temperature gradient is established between 
the materials in contact, or the occurrence of 
a temperature difference (the Peltier effect), 
when an electric current circulates through 
these junctions.  

Semiconductor materials such as Si and 
Ge have two types of electric charge carriers, 
electrons and voids. The doping densities of 
the semiconductor elements vary from a 
maximum value in the area of the hot sides, as 
it can be seen in Figure 1, to a lower density 
in the area of the cold sides. An electrical 
current is applied by a series of semiconductor 
elements of type n and p so that the electric 
charge carriers will move in the same 
direction, as it can be seen in Fig. 1, from high 
density areas, to areas with low doping rates. 

This causes the electron gas, reaching the 

weak doping area, to suffer an adiabatic 
expansion process, similar to that of an 
ordinary gas, causing its temperature to drop. 
The same process will also characterize the 
gas formed by the voids. In order to increase 
the efficiency of such a process, several 
elements are connected in series, such as those 
shown in FIG. 1 so that the hot and cold sides 
are in thermal contact, as it is shown in fig. 2, 
where a Peltier element battery is illustrated. 

 
Figure 1. Peltier element battery. 

 
Therefore, such a device can be regarded 

as a plate of a d value thickness, which carries 
the heat from the cold side, of a Tr 
temperature, to the hot side, of a Tc 
temperature. The balance of powers in such a 
structure is shown in fig. 2. 
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Figure 2. Balance of powers in a Peltier 
element battery. 

 
In the paper, a 36 W Peltier element was 

used, which can reach a temperature 
difference of 68 °C, having a maximum 
working temperature of 138 °C. The power 
supply of this element will be directly from a 
12 V voltage source, with a maximum 
working voltage of 14.6 V and a maximum 
working current of 4.3 A. 

 
Designing the Block Diagram 
The block diagram of the projected system 

is shown in fig. 3. 
 

 
 
Figure 3. Block diagram. 
 

Starting from left to right it will be noticed 
that on the left side  we have 220V, alternative  
voltage resulted from the network. This 
voltage will power up the controlled 
switching power source, which will output a 
voltage equal to 12 V (continuous voltage), 
with which we will then power up the 
elements in the enclosure, more precisely, we 
will power up our Peltier element, the 4 
resistors connected in series, with a value of 
10W each (used to heat the enclosure), we will 
also power up a 12V cooler (which is 

designed to equalize the temperature inside 
the enclosure / device cabinet). 

Also, at the 12V output (continuous 
voltage), an integrated LM7805 circuit will 
be connected, which will convert the 12V 
into 5V, used to power up the PIC16F877 
microcontroller and also to power up an LCD 
2X16. 

This microcontroller was chosen because 
it required a large number of pins (in/out), 
this having 40 pins, out of which 33 were 
used. The electrical pattern resulting from the 
design is shown in fig. 4. The solution would 
be to have a software to track both the 
pressing of a key as well as the decoupling of 
that key, as it can be seen in fig. 5. 

 
 

 
Figure 4. Electrical scheme. 

 
System Softwae Designing 
Introduction to C++ Programing Software 
Microprocessor programming was done in 

C++. A C++ written program consists of one or 
more source files. A source file is a text file 
containing the source code (in the C language) 
of a program. Each source file contains one or 
more functions, and possibly references to 
one or more header files (fig. 6). The main 
function of a program is called main. 
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Figure 5. Connecting the dip key button to 

PIC16F877. 
 

The execution of the program starts with 
the execution of this function, which can also 
call, in its turn, for other functions. The 
actions in each function are encoded by 
instructions (Figure 6.1.a.). An instruction is 
any valid expression (usually an assignment 
or a function call) followed by the ";" symbol. 
An instruction is any valid expression (usually 
an assignment or a function call) followed by 
the ";" symbol. In fig. 6.1.b. an example of a 
simple instruction is given. 

 

 
Figure 6. Structure of a program in the C 
language. 

 
The Diagram Designing 
The diagrams used for the system software 

design are presented below. Thus, in fig. 7 
there is a diagram corresponding to the 
cooling function:  

Fig. 8 shows the diagram corresponding to 
the reading function of the int1 sensor: In fig. 
9 there is a diagram corresponding to the 
keypad reading function (a key). 

 
 
 

 
Figure 7. Cooling function diagram. 

 

 
Figure 8. Diagram corresponding to the int1 
sensor reading function. 
 

Observtions and Interpretations on 
Enclosure Temperature Monitoring 
Use the International System of Units (SI) 

only. Never combine SI units and CGS or 
other units. If other units are unavoidable, 
make sure it can't be misinterpreted. 
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Figure 9. Diagram corresponding to the 
keyboard reading function. 
  
 How to Create the Layout 

After the electrical scheme is done with 
the help of the Proteus ISIS program, and 
subsequently the PCB with the Proteus ARES 
program, a laser printer is used to print the 
wiring. Theoretically, the wiring can be 
printed on any type of sheet, but in practice it 
requires a special sheet used in electronics 
with a glossy side (as seen in the photo); the 
scheme printed on this special sheet is shown 
in fig. 10.  After the scheme was printed on 
this paper sheet, it is possible to go to the next 
step, namely to print the scheme on the wiring 
harness. After printing the scheme on this 
paper sheet, move on to the next step, i.e. to 
print the scheme on the wiring harness. After 
printing the wires on the wiring harness, 
remove the ink from the wiring, which is to be 
done carefully in order to avoid interrupting 
any path. The next step will be to start the 
drilling of the plywood in the signed 
locations, and then move to the placement and 
applying of the pieces on the plate, as it can 
be seen in fig. 11.  

Making drawings on the upper (top) side 
of the wiring harness is the same as the one on 
the copper side only that, in order to fit it, it is 
necessary to apply the mirror command to the 
electronic tracks, as it can be seen in fig. 12. 

There is an enclosure made of glass, which 
is laid with the bottom up, and at the bottom 
side it is supported by a metal sheet. The 
sensor located in the enclosure transmits a 
temperature value to the microcontroller, 

which in turn displays it on an LCD, as it can 
be seen in fig. 13. 

 

Figure 10. Wiring scheme. 

 

Figure 11. Electronic layout under 
construction.  

 
In the figure above the device is in the off 

mode and the Tc1 sensor reads a temperature 
of 28.0 degrees Celsius, P = 0 is the power 
applied to the resistors when the enclosure is 
heated. The active heating mode is shown in 
Figure 13 since the target temperature is TT = 
35.0 ° C and the current temperature is Tc1 = 
32.2 ° C. Selection of the sensor is done, as 
shown in fig. 14. 

 

Figure 12. Electronic layout final result. 
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Figure 13. Off mode. 

 

Figure 14. Sensor selecting. 

 

Figure 15. Active heating mode. 

The cooler mode, shown in Figure 14, 
indicates the fact that the current temperature 
is Tc1 = 31.2 ° C; it is desired that the TT 
temperature is TT = 20.0 ° C 

 
Conclusions 
For the best effect of Peltier's cooling 

effect on the enclosure, it is necessary that the 
lower part of the peltier (the heater part) 
where the radiator and cooler are located, in 
order to prevent the Peltier element from 
overheating and burning, another coolant 

method (liquid based) should be used, in 
which case the temperature cannot be lowered 
under the ambient temperature. Between the 
two sides there is a temperature difference on 
which the performance of the Peltier element 
also depends. 

Semiconductor materials such as Si and 
Ge have two types of charge carriers, 
electrons and voids. If it is desired that the 
enclosure should be perfectly thermally 
stable, it is necessary that the walls of the 
enclosure to be made of the best thermal 
insulation materials with a minimum heat 
dissipation coefficient, in addition, in this case 
the lower part of the enclosure is made of 
metal sheet which quickly dissipates the 
temperature. Initially, a larger volume 
enclosure was used that was not insulated 
with anything, then the enclosure was 
modified (hence it was reduced) and the 
thermal insulation with polyester was applied 
in an improvement attempt. 

To find out exactly the temperature in the 
enclosure, you can use at least two sensors 
instead of a temperature sensor to read the 
temperature from several parts of the 
enclosure (if we have a sensor and that sensor 
reads a wrong temperature due to a current or 
for other reasons), we may also encounter 
apply an average value of the readings and 
this way the displayed temperature will be 
closer to the temperature inside the enclosure. 
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Abstract: The digital system increases productivity and innovation in all sectors, enabling 
organizations to reach new markets and customers, automate and streamline business processes, 
and create new business models, products and services. For digital entrepreneurs to thrive in EU 
Member States, it is necessary for all states to develop policies to support and develop digital 
entrepreneurship. The actions of all EU Member States are an essential condition for the 
development of digital technologies and for maintaining Europe's leadership as a knowledge-
based economy. The paper outlines the importance of supporting and developing digital 
entrepreneurship. The article highlights the key aspects of the digital entrepreneurial policies of 
EU countries, the factors that create conditions for the prosperity and successful operation of 
digital entrepreneurs. The article sets out five pillars of the digital entrepreneurial framework: 
digital knowledge base and the ICT market, digital business environment, taxation and the 
financial environment, digital competences and e-leadership, entrepreneurship. The article also 
defines the output dimensions of digital entrepreneurship: digital transformation, digital start-
ups. 

Keywords: digital economy, policy, priorities, challenges, digital entrepreneurship, the 
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The global economy becomes digital. 

Information and communication technology 
is the foundation of all modern economic 
systems. Information and communication 
technologies have a major impact on the 
economies. Economies have different 
opportunities and challenges. The use of 
information and communication technology 
gives businesses the chance to easily conquer 
new markets, reduce the sales price and 
distribute products. Online businesses can be 
very profitable, so it is necessary to maintain, 
use all opportunities and develop these 
businesses. The future of business in EU 
countries in the digital era will depend both on 
digital progress and business climate. 

Through the Intranet and the Internet in 
the digital economy, new business models (e-
business, e-commerce, e-banking, etc.) based 
on Business / Business (B2C) Business / 
Government (B2G) (G2B), etc. These 
business models have increased efficiency 
and reduced transaction costs. A key objective 
of EU policy is to support digital 
entrepreneurship. A coherent framework for 
supporting digital entrepreneurship has been 

presented in several documents The Digital 
Agenda for Europe, the Action Plan for 
Entrepreneurship 2020, the Small Business 
Act for Europe [1,2,3]. As entrepreneurship 
support policies are within the competence of 
EU countries, the European Commission acts 
primarily as a catalyst for the development of 
entrepreneurship, supporting the financing of 
European projects and promoting the 
exchange of best practices and experiences. 

Digital entrepreneurship stimulates 
economic development through job creation, 
innovation and competitiveness. Each country 
develops a strategy for developing and 
supporting digital entrepreneurship in line 
with the overall development strategy. To this 
end, it identifies the situation of entre-
preneurship in the country, the specific 
entrepreneurial opportunities and challenges, 
defines the priority actions. 

The EU's digital economy increases by 
12% each year. It is estimated that half of 
productivity growth comes from investments 
in information and communication 
technology. Research and digital innovation 
will contribute to prosperity in Europe. 
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Overall, the ICT sector accounts for around 
5% of the EU economy. ICT investment 
accounts for 50% of total European 
productivity growth [1]. The digital economy 
is developing rapidly. Advanced digital 
technologies redefine the rules of the global 
economy, creating new business opportunities. 
European businesses remain behind the 
adoption of advanced digital technologies. This 
is a challenge for business and requires action 
at national and European level. 

The European Commission has taken 
steps to support digital transformation, putting 
this issue at the center of several key policy 
initiatives. The European Commission has 
made proposals for the realization of the 
digital single market, in particular by [4]:  

- contributing to activities aimed at 
enabling digital research to materialize in 
innovative achievements in Europe, 
encouraging entrepreneurship and providing a 
favourable environment for new businesses, 
creating new business opportunities and jobs; 

-developing and implementing measures 
to make Internet use more reliable and safer in 
Europe so that citizens and businesses can 
enjoy the full benefits of the digital economy; 

-supporting the deployment of a high-
quality digital network infrastructure of which 
to benefit all sectors of the economy in 
Europe. 

The Digital Single Market addresses the 
many challenges that European companies 
face in a digital era, taking steps to help them 
to be safer and operate throughout the EU. 
The European Fund for Strategic Investments 
will allocate over 315 billion euros to support 
industrial investment in the field of digital 
upgrading [5]. The Single Market Strategy 
will update the Single European Market, 
promoting the provision of cross-border 
services and improving the business 
environment. 

Digital entrepreneurship is about putting 
digital technologies at the heart of business 
and harnessing their power to generate value 
and growth, innovate and create jobs. It 
embraces the digital transformation of 
businesses from all sectors, as well as the 
creation of new digitally driven companies, 
through the use of digital technologies (social 
technologies, mobile, big data, and cloud 
solutions) to innovate and improve the 
performance [5]. 

Digital entrepreneurship aims to integrate 

digital business transformation from all 
sectors, as well as the creation of new digital 
companies, by using digital technologies to 
innovate and improve performance. 

The Digital Entrepreneurship Scoreboard 
2015 distinguishes five framework 
dimensions and two output dimensionsand 
uses a total of 7 components and 25 indicators 
to analyze the performance of the 28 EU 
Member States.The indicators have been 
updated to provide a relevant view of the 
current stateof play of Europeanbusinesses in 
the field of digitaltransformation and digital 
entrepreneurship. 

The framework dimensionsinclude the 
environmental factors for digital 
entrepreneurship and are divided into five 
pillars:  
 digital knowledge base and ICT market; 
 digital business environment;  
 taxation and financial environment; 
 digital skills and e-leadership; 
 entrepreneurialmindset. 

According to the Digital Entrepreneurship 
Scoreboard 2015the content of these pillars is 
the following [5]:  
 the digital knowledge base and ICT 
market, include factors thatsupport digital 
innovation as well as indicators of country 
competitiveness in the production of ICT 
related products; 
 digital business environment, describe the 
degree of development and use of 
infrastructures enabling the use of digital tools 
as well as determinants for an improved 
business environment; 
 taxation and financial environment, 
include all indicators that capture the ease of 
finding the necessary financial resources for 
entrepreneurial investments; 
 digital skills and e-leadership, describe the 
efforts of companies in hiring and training 
professionals in the domain of digital skills as 
well as the possibility of acquiring such skills 
through educational institutions; 
 entrepreneurialmindset, encompassing 
aspects related to the entrepreneurial impetus 
of society. 
 First pillar is designed to capture the 
investment of government and/or the private 
sector to support knowledge creation and the 
performance of digital firms as an engine for 
diffusion and commercialization of new 
products.Pillar I performance is measured 
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using the average score of a composite 
indicator based on five indicators: European 
high technology patents per million 
inhabitants, number of enterprises within the 
IT sector in clusters, business enterprise R&D 
expenditure in all NACE activities from high-
tech sectors, ICT sector value added as a 
percentage of GDP and FDI in the reporting 
economy in the Information and 
communication sector. The highest values of 
this indicator are in the following countries 
Denmark 0.7, Finland 0.8, Sweden 0.95. The 
lowest values of this indicator are in the 
following countries Lithuania 0.10, Romania 
0.12, Portugal 0.15. The EU28 member states 
average is 0.4. 

The second pillarmeasures the digital 
infrastructure capabilities as well as the 
regulatory framework in its role to ease 
business and business development. This pillar 
focuses on the quality of connection 
infrastructures, the diffusion of integrated 
technologies supporting business processes 
and the perception of the business environment 
by entrepreneurs.Pillar II performance is 
measured using the average score of a 
composite indicator based on six indicators: 
ease of doing business, investments of 
telecommunications sector in networks as 
percentage of revenues, percentage of 
enterprises who have ERP software package to 
share information between different functional 
areas, percentage of enterprises using 
Customer Relationship Management to 
analyse information about clients for 
marketing purposes, internet bandwidth and 
share of enterprises' total turnover from e-
commerce. The highest values of this indicator 
are in the following countries Finland 0.7, 
Sweden 0.75, Denmark 0.8. The lowest values 
of this indicator are in the following countries 
Hungary 0.25, Estonia 0.26, Croatia 0.3. The 
EU28 member states average is 0.45. 

The third pillar measures the availability 
of financial resources through three channels 
– venture capital; equity markets and loans, as 
well as the fiscal environment for 
entrepreneurship and the cost borne by 
entrepreneurs to comply with local 
regulations. Countries exhibiting higher 
scores under this pillar, tend to have an 
efficient and fair fiscal system, with lower 
efforts required to be tax compliant and a 
lighter weight of taxes on commercial profits. 
The better fiscal environment is often coupled 

by an easier access to finance through all 
channels. Pillar III performance is measured 
using the average score of a composite 
indicator based on five indicators: cost of tax 
compliance, total tax rate, venture capital 
availability, ease of raising money through 
local equity markets and ease of access to 
loans. The highest values of this indicator are 
in the following countries Sweden 0.75, 
Finland 0.8, Luxembourg 0.95. The lowest 
values of this indicator are in the following 
countries Italy 0.15, Hungary 0.16. The poor 
performance of these two countries is due to 
the long time required to prepare, file and pay 
taxes on corporate income coupled with the 
relatively high tax rate, as well as the difficult 
condition in accessing financial resources. 
The EU28 member states average is 0.4. 

Pillar IV allows to compare the 
development of digital skills realised through 
education and training. More specifically, it is 
designed to capture the distribution of ICT 
specialist skills, the degree of difficulty of 
companies in hiring ICT/IT specialists, the 
efforts of companies in training professionals 
in the domain of digital skills and the 
availability of professionals who have 
obtained IT skills through formalized 
educational institutions.Pillar performance is 
measured using the average score of a 
composite indicator based on four indicators: 
the percentage of total persons employed that 
have ICT specialist skills, the percentage of 
enterprises that provided training to ICT 
specialists to developtheir ICT skills, the 
percentage of enterprises that had no hard-to-
fill vacancies for jobs requiring ICT specialist 
skills and the percentage of individuals who 
have obtained IT skills through formalised 
educational institution. The highest values of 
this indicator are in the following countries 
Denmark 0.8, United Kingdom 0.85, 
Luxembourg 0.9 and Finland 0.98. The lowest 
values of this indicator are in the following 
countries Italy 0.1, Romania 0.5. The EU28 
member states average is 0.45. 

Pillar V compares the EU28 MS 
entrepreneurial mindset. More specifically, it is 
designed to capture the desirability of being an 
entrepreneur, the perception people have about 
entrepreneurs and the extent to which 
individuals are ready to start their own 
business.Pillar performance is measured using 
the average score of a composite indicator 
based on three indicators: the percentage of 



36 │ARA Journal of Sciences, nr 2 (2019) 

respondents that would prefer to be self-
employed if they could choose between 
different kinds of jobs, the percentage of 
respondents that would set up a new business 
or take over an existing one if they had the 
means to start their own business, including 
sufficient funding and the percentage of 
respondents that have a broadly favourable 
overall opinion about the entrepreneurs. The 
highest values of this indicator are in the 
following countries Spain 0.7, France 0.75, 
Romania 0.8. The lowest values of this 
indicator are in the following countries 
Slovenia 0.15, Sweden 0.3, Czech Republic 
0.3. The EU28 member states average is 0.55. 

The output dimension is aimed at 
measuring the digital entrepreneurial spirit 
itself. The two output dimensions identify and 
quantify digital entrepreneurs in Europe. 
These two dimensions consist of the 
following:  

 digital transformation; 
 digital start-ups. 

Only a small part of businesses fully 
exploits digital technologies. There are still a 
large number of companies (about 40%) that 
do not use any technology associated with 
digital entrepreneurship. These companies are 
typically SMEs operating in sectors such as 
mining, construction, manufacturing, transport 
and storage. 

At the other end of the spectrum, there is a 
group of companies that exploit fully digital 
by adopting all four technologies: they 
represent only 2% and are usually large 
companies operating in the finance sector. 
Despite their potential to dramatically change 
business performance, large data technologies 
are the least common among European 
companies. 

 

 
 
Figure 1. Distribution of digital enterprises, 
total EU Source: [6] 

 
 

According to the Digital Entre-
preneurship Scoreboard 2015 the content of 
output dimensionsis the following [5]:  
 digital transformation, capture the firms 
that are adopting/using four novel digital 
technologies – Cloud, Mobility, Social Media 
and Big Data - as well as the share of firms’ 
turnover deriving from e-commerce;  
 digital start-ups, describe the birth rate and 
employment shares of digital start-ups.  

The indicatorsof the digital trans-
formationare the following:  
 Digital penetration rates (measured as 

% of companiesfalling in the following 
different clusters) 

 Share of Non-Digital companies 
among all companies; 

 Share of Digital Beginners among all 
companies; 

 Share of Digital Followers among all 
companies; 

 Share of Digital Matureamong all 
companies; 

 Share of FullyDigital among all 
companies; 

 Within companies that adoptedseveral 
digital solutions, combinations of solutions 
adopted by the different companies’ clusters. 
 Percentage of companies adopting 

cloud solutions 
 Percentage of companies adopting 

enterprise applications (Customer 
Relationship Management, Enterprise 
resource planning); 

 Percentage of companies adopting 
other solutions in the public cloud. 
 Percentage of companies relying on 

social media for business purpose 
 Percentage of each of the 10 reasons 

that were given by the companies for adopting 
social media. 
 Percentage of companies adopting Big 

Data 
 Percentage of companies adopting 

mobile solutions 
 Percentage of companies adopting 

mobile solutions for external usage; 
 Percentage of companies adopting 

mobile applications for internal usage; 
 Percentage of turnover from e-

commerce. 
To measure digital transformation, take 

into account the adoption of new technologies 
- Cloud, Mobility, Social Media and Big Data 
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- by companies as well as the share of direct 
turnover derived from e-commerce. Fully 
digital companies based on all four 
technologies represent only a small part of the 
total of companies in the investigated 
countries, ranging from 1.2% in Italy to 2.6% 
in the UK. In most countries, companies that 
rely on a single technology, digital beginners 
represent the largest part of the market. There 
is an interdependence between the size of the 
company and the adoption of new 
technologies. The bigger the company, the 
more it relies on all four digital technologies. 
20-30% of larger companies adopt three or 
four technologies, compared to just 4-11% of 
smaller companies [6]. In industries 
dominated by large companies is a stronger 
digitization. Three technology-based 
companies and four-technology digital 

companies are more likely to work in the 
fields of finance, information and 
communications, oil and gas. Non-digital 
companies most often work in the field of 
mining and construction. 

Countries with a better favorable 
environment tend to achieve results in e-
commerce. Companies that do more e-
commerce, hire more IT specialists, or 
provide training to IT specialists within the 
firm. E-commerce is more prevalent in 
countries with higher spending levels for 
research, development and patenting. Share of 
enterprises’ turnover from e-commerce 
isshown in figure 2.E-commerce remains 
limited across the EU, although some 
Member States are outperforming. On 
average, in EU-28, 17% of business turnover 
comes from e-commerce. 

 

 
Figure 2. Total electronic sales by enterprises, as a % of their total turnover. Source: [7] 
 
The set of indicatorsincluded in theoutput 

dimensionwill reflecttheoutcomes of the 
digital entrepreneurialprocess, namely the 
digital transformation of traditional 
businesses and the creation of digital start-
ups. The indicators of the ICT start-upsare the 
following:  
 Information and Communication 

Technology Birth Rate; 
 Employment share of Information and 

Communication Technology enterprise. 
The digital start-ups pillar allows 

analysing the birth of new enterprises in the 
ICT sector and the size of the ICT sector. 

Figure 3 shows the average performance of 
ICT initiatives in EU Member States28. This 
indicator depends on the initial size of the ICT 
sector. Countries with an already established 
ICT sector may have lower birth rates due to 
a lower market share available for new ICT 
firms in the economy, with a relatively high 
number of firms holding a large market share. 

Dimension performance is measured 
using the average score of a composite 
indicator based on two standardized 
indicators: the Information and commu-
nication technology birth rate and the 
employment share of information and 



38 │ARA Journal of Sciences, nr 2 (2019) 

communication technology enterprises births. 
Latvia 0.97, Poland 0.95, Lithuania 0.90, 
France 0.78 and Slovenia 0.70 are the best 
performing among the EU member states28. 

The lowest values of this indicator are in the 
following countries Ireland 0.12, Austria 
0.15, Belgium 0.16. The EU28 member states 
average is 0.45. 
 

 
Figure 3.ICT Start-ups Source: [5] 
 
So, many EU Member States are lagging 

behind in creating favourable conditions for 
digital entrepreneurship. The implementation 
of digital technologies among businesses is 
rather limited, especially among small 
businesses in the mining, construction, 
manufacturing, transport and storage 
industries. The digital system can lead to 
productivity and innovation in all sectors, 
enabling European organizations to reach new 
markets and customers, automate and 
streamline business processes and create 
completely new business models, products 
and services. European SMEs are estimated to 
grow two to three times faster when adopting 
digital technologies. 

To advance in creating favourable 
environments where digital entrepreneurs can 
start and thrive EU Member States, there are 
priorities in the field of digital entre-
preneurship - from investment to support 
knowledge-building, skills-building measu-
res, access to entrepreneurship. The action of 
all EU Member States is a key condition for 

the potential of digital technologies and 
maintaining Europe's leadership as a 
knowledge-based economy. The business 
future in the EU countries in the digital age 
will depend both on digital progress and on 
the business climate. 
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Abstract: A very important component of the flight control of the airplane is the hydraulic 
servomechanism, which can be mechanical or electrical. In this paper a mathematical model for 
an electrohydraulic servomechanism (EHS) is proposed. EHS is modeled by a five-dimensional 
switched nonlinear system of differential equations. The novelty of the paper consists in 
approaching the presence of time delay in the mathematical model and in the study of the 
stabilization problem that arises. Since the ESH is an automatic system, there are two possible 
location of the delay: on state variable or on control variable. A study of the stability in the 
presence of delay on control will be presented.  
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Introduction 
An airplane features in its structure three 

primary flight surfaces, the aileron, the 
elevator, the rudder, which, through their 
movement, changes the air flow and the 
pressure on the wings leading to the change of 
the flight direction of the plane along the axis 
of rotation (longitudinal, lateral, vertical). 
Unlike the secondary flight surfaces that are 
controlled by the pilot via the actuators, the 
primary surfaces are controlled by the 
interpolation of some servomechanisms on 
the transmission line of the control. Surface 
handling takes place under high pressure 
conditions at high speeds, resulting in the use 
of mechanical and electrohydraulic 
servomechanisms (EHS), which meet these 
requirements. In this paper the dynamics of 
EHS with delay on control is studied. The 

basics of delay differential equations (DDE) 
with delay have begun since the 1950s, but 
most are purely mathematical works [1]-[6]. 
In the present work, a bridge between 
mathematical theory based on DDE and 
engineering applications is made. It continues 
the works of the authors in the field of 
hydraulic servomechanisms analysis and 
synthesis [7]-[12]. 

 
1. Mathematical model 
The mathematical model starts from the 

schematic representation of the electro-
hydraulic servomechanism, Fig. 1, and is 
described by the switching type systems of 5 
nonlinear delay differentials equations (1)-
(2), with respect to the sign of the variable	 .  
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Fig. 1. Drawing of the electrohydraulic 
servomechanism 

 
The notations refer to: input  (the control 

variable) and output . The state variables 
are: , the load displacement; , the load 
velocity; ,  the pressures in the hydraulic 
cylinder chambers; , the EHSV spool valve 
displacement (opening).  

 
 

  

  

  

1 2 2 1 2 3 4

3 5 3 2 3 4
0 1

4 5 4 2 3 4
0 1

5 5 1

;

1
, : 2

s il

il

SV
d

SV SV

x x x kx fx Sx Sx m

B
x Cx p x Sx k x x

V Sx

B
x Cx x Sx k x x

V Sx

k
x x u x t h C c w

     

    


    


     
 

& &

&

&

&

 
(1)

 

  

  

  

1 2 2 1 2 3 4

3 5 3 2 3 4
0 1

4 5 4 2 3 4
0 1

5 5 2

;

1
.

il

s il

SV

SV SV

x x x kx fx Sx Sx m

B
x Cx x Sx k x x

V Sx

B
x Cx p x Sx k x x

V Sx

k
x x u x t h

     

   


     


   
 

& &

&

&

&

 
(2)

 
The involved constants are: , the supply 

pressure; , the equivalent inertial load of 
primary control surface reduced to the 
actuator rod; , the combined coefficient of 
the damping and viscous friction forces on the 
load and the cylinder rod; , an equivalent 
aerodynamic elastic force coefficient; , the 
effective area of the piston;  the coefficient 
of internal leakages between hydraulic 
cylinder chambers; , the cylinder 
semivolume; , the bulk modulus of 
hydraulic oil; , the servovalve time 
constant;  proportionality coefficient 
relating the input voltage to servovalve to 
valve displacement; , the  discharge 
coefficient; ,  the valve port’s width; , the 
hydraulic oil density. 

Since the open loop mathematical model 
of EHS is characterized by a critical stability, 
an inter-chamber leakage coefficient is 
introduced [13], in order to make the system 
stable, otherwise a special treatment with 
Lyapunov-Malkin theory is necessary [9]. 

Let us consider a generalized linearized 
system with delay on control 
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where A is the Jacobian matrices 
calculated in zero [14] and B is the control 
matrix defined by a column vector with the 
first four elements zero and the fifth element 
equal with ⁄ . Based on the internal 
leakage model, the system is stable (matrix A 
is of Hurwitz type) and the pair (A, B) is 
controllable. Consequently, a control law 

 can be obtained, in this case by 
the LQR algorithm, so that the stability of the 
system is preserved [16]. A predictive type 
feedback control was chosen [14], [15] 

     
0h

ch
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 A -AsK x B (4)

Two cases were considered: without 
predictive control (5), and with predictive 
control (6) 

,  (
5) 

  
(

6) 

 
2. Results and conclusions 
Numerical simulations were performed in 

MATLAB&Simulink. The following design 
data, representing an EHS integrated in the 
aileron control chain of the Romanian jet 
fighter IAR99 were considered [7], [9], [10], 
[12]: m = 60 kg,  f= 3000  Ns/m,  k = 105 N/m, 
S = 103 m2, cd = 0.6,   = 310-5 m3,   = 
2107 N/m2, B = 6108 N/m2, ρ = 850 kg/m3,  

 = 104 m/V, valve port width  = 0.85 
mm, a maximal opening length of rectangular 
valve port 1 mm at maximal valve 
input voltage 10	 ), 0.04  
m5/(Ns) and τ 1 573⁄ 	s. The equilibrium 
regime [9] of the mathematical model 
suffered a perturbation of initial condition 
type on state x1, x1(0) = 0.4cm .   



41 

 

The representative charts on the 
comparison between the dynamics of the 
mathematical model without predictive 

control and the mathematical model with 
predictive control are presented in Fig. 2.  

 
 

1st case: without predictive control 2nd case: with predictive control 

 

Fig. 2. Comparative results on simu-lation the model without predictive control (left) versus 
the model with predictive control (right)

 
The evolution in time of the five state 

variables the load displacement, the load 
velocity; the two pressures in the hydraulic 
cylinder chambers the EHSV spool valve 
displacement and of the control variable for 

each model is shown. Let remark the net 
different transient regime of quality variable, 
the load displacement x1, in the two cases. 
Both systems are stable, but in the first case 
the system recovers its equilibrium position 
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through an oscillating regime and with a time 
constant of approx. 0.3 s, and in the second 
case, the transient regime is fast and the time 
constant is the well known for the hydraulic 
servomechanism, approx. 0.03 s. Obviously, 
after stabilization, the control variables in 
both cases converge to zero. The predictive 
control performance was thus demonstrated. 
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Abstract: The paper introduces to the hysterical achievements of the Motor and Thermal 

Engines group of specialists (university professors) of the Politehnica University of Timisoara, 
starting from its creation (1920, by King Ferdinand I of Romania and his wife Maria) as 
Politehnica School, up to present. It covers most relevant and specific areas achieved by the 
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Department, namely in field such as: energy transformation in general and applications in 
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others. The staff has its roots strongly anchored in the history of UPT since its foundation, 
bringing input and quality in the development of this school, of course in correspondence with 
the stage of knowledge of the moment.   
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1 . Introduction to the history of the 
university 
The staff of the present Group of Thermal 

Machines, Thermodynamics and Vehicles 
from the Department of Mechanical Machines, 
Utilities and Transportation, has its roots 
strongly anchored in the history of the 
University (presently named Politehnica 
University of Timisoara) since its foundation 
by 1920, 11th November, through Royal 
decree Nb. 4822 of King Ferdinand, as 
Polytechnic School [1]. It brought input and 
quality in the development of this school, of 
course in correspondence with the stage of 
knowledge of the moment.  

The first and main building of the 
university, in which the faculty of Mechanical 
Engineering still operates, is the first pavilion 
built for the Polytechnic School, being 
completed in Brâncoveanu style, according to 
the plans of the architect Duiliu Marcu (Figure 
1), on a terrain of 8.5 ha, offered by the City 
Major Stan Vidrighin, and cooperating with 
the first Rector, Professor Traian Lalescu. The 
building was inaugurated on 11 November 
1923, in the presence of King Ferdinand I and 
Queen Maria. In his word, the king said: "We 
have chosen Banat, for this school so useful 
for our growing industrial development, that it 
is not only a serious work factor for the 
preparation of future generations of true 

pioneers, but also a nest of Romanian thinking 
and feeling and a coat between the Old 
Kingdom and the Provinces, which, by our 
bravery, have been brought to our old country 
for centuries. Not the walls make a school, 
but the spirit that reigns in inside". 

His last words will become the motto of 
the entire Polytechnic School (first name of 
the university) and further on. 

 

Figure 1. View of the Faculty of 
Mechanical Engineering, as build by 1923. 

 
The event is eternalized on a marble slab 

at the entrance to the building of the faculty of 
Mechanical Engineering (Figure 2). From the 
beginning, within the Polytechnic School a 
single faculty was functional, covering two 
specializations: (i) Electro-mechanics, which 
established the basis of training and research 
in mechanical and electrical fields, and (ii) 
Mines and Metallurgy, a domain very 
necessary by that time. 
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Figure 2. Marble slab with the words of King 
Ferdinand [2]. 

 
2 . History of the present Group of 
Thermal Machines, Thermodynamics 
and Vehicles 
2.1. The Founder 
The name of the founder of the present 

group is undoubtedly Professor MARIN 
BANARESCU (Figure 3), an outstanding 
university exponent. He is known as the 
founder of the Romanian thermal machine 
school, as author of the first internal 
combustion engine treaty in Romanian (being 
also a dean of the faculty of Electro mechanics: 
1926-1942, Rector of the Polytechnic School 
of Timisoara: 1944 - 1946 and Head of the 
Thermal Machinery Chair: 1948 - 1962).  

By 1922, the newly appointed professor at 
the Polytechnic School of Timisoara, Marin 
Bănărescu, began teaching the first course of 
Thermal Machines / Gas Turbines in Romania 
(1949), being the founder of the Romanian 
school of this discipline and author of the first 
book Internal combustion engines (volumes 1 
and 2, 1957 and 1959) in Romanian. His 
concerns in the area of modernization of 
industrial technologies are solved in 1940 with 
the homonym patent. This application has 
brought great advantages in the efficiency and 
costs of internal combustion engines [3]. In 
1946 he supported the students’ claims. 

 
2.2. Ioan Vlădea 
Immediately after the graduation of 

Andrei Saguna High School in Brasov, he 
enrolled at the Faculty of Electromechanics of 
the Polytechnic School of Timisoara, which 
he graduated in 1931. He had the privilege to 

learn from great professors of the time, Victor 
Vâlcovici, Valeriu Alaci, Plautius Andronescu, 
Pompiliu Nicolau, Victor Vlad and Marin 
Bănărescu. 

 

 
Figure 3. Marin Bănărescu (1890 - 1974). 
 

 
Figure 4. Ioan Vlădea (1907–1976) 

 
On February 23, 1931, he held his diploma 

thesis titled Electricity Supply of Brasov, 
developed under the direction of Dimitrie 
Leonida [4, 5]. In October 1945, Marin 
Bănărescu invited him to hold lectures 
covering the "Light Engines" (airplane 
engines) at the Polytechnic School of 
Timişoara. In March 1946 he passed the 
examination of the chief of the "Thermal 
Machines" discipline, being titled in August. 
On 8th December 1948 he was appointed 
Professor and Head of the Department of 
Thermotechnics, newly established by the 
division of the Thermotechnics and Thermal 
Machinery Chair, whose head was Marin 
Bănărescu, a quality he will hold until his 
retirement on September 30, 1973. 

Awards that he gained: The Adamachi 
Award of the Romanian Academy (1940) for 
the Airplane Compressor, First Prize of the 
Ministry of Education and Culture (1963), for 
the work Thermotechnics, Medal of Scientific 
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Merit (1966), finally the title of Professor 
Emeritus (1970). 

 

 

Figure 5. Helmuth Theil, Zeno Ardelean, Ioan 
Bejan, Corneliu Ungureanu - four of the 
continuators of professor Vladea’s aspirations 
and achievements, profesors who served the 
development of the Chair for 
Thermodynamics 

 

 
 

 
 
Figure 6. Professor Vladea reading in Hall 
115 (first auditorium of the university) the 
referee for the Phd diploma awarded to Marius 
Peculea, presently member of the Romanian 
Academy. 

Through Diploma no. 122/10 of December 
1954, he receives the title of "Doctor of 
Technical Sciences" and the right to lead 
doctorates, in which he leads the doctorates of 
his collaborators, who will become basic 
teaching staff of other Directions close to  
Thermotechnics, succeeding in creating a real 
research school in (1971), Ioan Bejan (1973), 
Nicolae Boboescu (1959), Corneliu 
Ungureanu (1961), Virgil Barbu (1961), Zeno 
Ardelean (1963), Dumitru Oancea (1968), 
Harald Gutmayer and especially the one who 
would become the academician Marius Sabin 
Peculea (1965). Figure 5 presents a later photo 
with four of his continuators, each taking a 
different direction in research and study, and 
upgraded the laboratories from the university. 

His most prestigious book is dedicated to 
Thermodynamics, including Heat transfer and 
Fluid dynamics. It is a real monograph, that is 
also today an example of professional and 
comprehensive literature. 

 
 2.3. Gavril Creta 

 
Gavril Creta (1923-2014)  
 
Professor Creta is known as the father of 

the steam turbines in Romania, authoring not 
only the best treaty in the area, based on his 
experience as project engineer in the Resita 
famous steel factory and engine and 
locomotive producer (namely Uzinele și 
Domeniile de Fier din Reșița and Uzina 
Constructoare de Mașini Reșița – UCMR, but 
also being an eminent expert in turbines and 
supporting the production of these in Resita. 

He started his engineering training 
attending the courses of the Polytechnic 
School of Timisoara, the electromechanical 
specialty, being awarded by a scholarship of 
the Resita company. In 1947 he defended his 
diploma project with the qualification «Magna 
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cum laude». In 1970 he gained his PhD title 
for the doctoral thesis “Contributions to the 
study of single-valve valves with a steam 
turbine diffuser”. 

 

 

Figure  7. Gavril Creta (1923-2014) and his 
former students, at an anniversary meeting of 
50 years from the graduation (of the so called 
gold generation). 
 

 

Figure 8: Turbo reactor RD-500 from the 
ancient turbine laboratory 

 
 
2.4. Traian Raica 

Traian Raica was born in Sannicolau Mare, 
Timis County, on November 24, 1922. He 
attended Gymnasium Prince Carol (1933 – 
1937), C. D. Loga High School (1937 – 1941), 
and further the Polytechnic School (1941 – 
1946), which he graduated as an 
electromechanical diplomat engineer (1949). 
He was Assistant Professor of Univ. Emeritus 
Marin Banarescu (1950) and following the 
steps of the didactic-professional affirmation 
– conf. (1962), Ph.D. (1973), Professor (1990) 
and later consultant [6].  

In everything he did he was a model for all, 
particularly modest, with an accomplished 
academic outfit, an erudite, a wise personality 
with inclinations towards art. .The teacher's 
life, indeed, was dictated by the dictum: 
„Labor omnia vincit improbus!“ 

 
Figure 9.  Professor Traian Raica (1922-
2013) 
 

His courses were marked by high scientific 
level, by attractiveness and clarity, so that all 
those who assisted them, lived both the 
satisfaction to get enriched of knowledge and 
the joy of having such a tutor. He has formed 
us in the spirit of the motto «Honest and 
passionate work will ultimately be respected 
and recognized». He enjoyed our respect and 
respect for all, and, he found the joy to keep 
himself always young. 

Emeritus Professor of Timisoara 
Polytechnics, a prestigious member of the 
General Association of Engineers in Romania, 
Traian Raica represents a model of scientific 
probity, responsibility and humanity [7]. 

Among the most important achievements 
one mentiones: (i) Writing a student book on 
«Construction and calculation of internal 
combustion engines»; and 

(ii) his contribution to the creation of an 
Internal Combustion Engines Laboratory 
where practical work is being carried out with 
students and most PhD research in the field of 
internal combustion engines. He collaborated 
permanently with the younger colleagues 
from the chair, thus preparing the new 
generation of exchange.  
 

2.5. Ioan Bejan 
Ioan Bejan was born on August 20, 1922 

in the town Brad, Hunedoara County, from a 
distinguished family of Transylvanian 
intellectuals. Father, Silviu Bejan, Romanian 
language teacher, participant as a «creditor» at 
the Great National Assembly from 1 
December 1918 in Alba Iulia, was the first 
director of the Constantin Diaconovici Loga 
High School after the Great Union. 
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Figure 10. Views from the ancient laboratory 
for internal combustion engines, first lab in 
Romania in this domain 

 

 
Figure  11. Ioan Bejan (1922 – 1991) 
 

The young owner, educated in the same 
spirit of country and nation love, followed the 
courses of C.D. Logos from Timisoara, which 
he graduated in 1941. He then attended the 
courses of the Polytechnic School of 
Timisoara, Faculty of Electro mechanics, the 
1946 promotion. Appreciating his special 
professional training, he was appointed 
assistant in 1949 at the Department of 
Thermotechnics. Thus, for more than 40 years, 
he made a tireless work on the scientific and 
educational field, climbing the steps of the 
teaching staff from the assistant to the 
professor. He taught several university 

courses, among which are: Thermotechnics 
and Thermal machines, Steam boilers, 
fundamental discipline in preparing the 
students from the Thermal Machines and 
Rolling Stock sections [8].  

In 1973 he successfully defended his 
doctoral thesis titled Contributions to the 
study of heat transfer to pipes with internal 
fins, a reference work for the construction of 
modern heat exchangers in the internal 
combustion engines and not only.. 

Fully trusted by the importance of the 
existence of textbooks in his own writing, 
Professor I. Bejan is the main author of the 
Thermotechnics and Thermal Machines 
course, published in two volumes, which at 
that time, was considered one of the most 
valuable university course, both through the 
high scientific level and through the clarity of 
the presentation of the issues addressed. 

The high scientific level, the clarity of the 
exposures and the multilateral training in the 
technical field as well as the universal culture, 
the possibility of documenting in German, 
French and English all contributed to the 
placement of Professor Ioan Bejan among the 
most valuable teachers, always appreciated by 
colleagues and the 40 promotions of students.  

On behalf of Professor Ioan Bejan, the 
creation of the Internal Combustion Engine 
Laboratory from Porumbescu Street, no. 36-
38, Timisoara, was built, intended for students 
from other specialized departments than 
heating machines. He has also begun research 
in the field of thermal pipes with a wide 
applicability in the construction of heat 
exchangers. Presently this lab does not exist 
any more. 

Professor Bejan was a talent, full of 
passion, with a vast technical and humanist 
culture, with multilateral concerns: violinist in 
the Banat Philharmonic Orchestra, president 
of the Politehnica Football Section of 
Timisoara, during which the team scored 
through numerous successes (the Romanian 
Cup, participation in the Danube Cup, etc.). 

Through his exemplary conduct and 
honesty, he imposed the unanimous respect 
and captured the love of all those with whom 
he collaborated. As a sign of acknowledging 
the merits of Professor Ioan Bejan for the 
development of the chair, the Thermo-
technical Laboratory of the 111th Mechanical 
Faculty Hall, was named, on my initiative, 
with his name. 
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2.6. Helmut Theil 
Prof. Dr. Theil Helmut (1930-2015) – 

Professor of Thermodynamics and Heat 
Exchanger, Prodecan of the Faculty of 
Mechanics, Vice-Rector of IPTV, Chief of 
Thermal Machines Chair [9]. He was involved 
in the process of heat exchange and 
experimented with a range of equipment and 
equipment in that sense by providing a special 
laboratory for heat exchangers, thermosetting 
and substance transfer. He is co-author of 
several representative manuals for Romanian 
thermodynamics. He collaborated with 
Professor Bazil Popa, together with Professor 
Teodor Mădărăşan at the Industrial Heat 
Exchangers, Bucharest, published in the 
Technical Publishing House, 1977. Another 
national reference paper is the 
Thermotechnical Engineer’s Manual, 
Volumes I-III, Bucharest: Technical 
Publishing House, 1984-1986.   

 

Figure 12. View from the Lab for heat 
exchangers and heat transfer of UPT, 
developed in time by Professor H Theil. 
 
 
. 2.7. Negrea Virgiliu Dan 

 
Fig. 13. Virgiliu Dan Negrea (1942-2009) [10]. 
 

The dedication to research and science 
assited him since his youth. He attended the 
courses of the Polytechnic Institute "Traian 
Vuia" in Timisoara, the Faculty of Mechanics, 
which he graduated as a graduate of the 
specialization of Thermal Machines with a 

diploma of merit [11]. Dedicated to the study, he 
was named a university assistant ever since 
graduating from the faculty and then progressed 
through all the teaching degrees up to the 
university professor, title obtained by 1991. 

Due to the special organizational qualities 
Professor Virgiliu Dan Negrea hold various 
leading positions: Deputy and Scientific 
Secretary of the Faculty of Mechanics (1972-
1977), Head of the Timisoara Polytechnic 
Branch of the National Institute of Heat 
Engines in Bucharest (1982-1992), Director of 
the Center Research for Thermal Machines 
and Transports from the Faculty of Mechanics 
(1998-2004), Director of Research Center for 
Machinery and Thermal Equipment, 
Transport and Pollution Control. The 
outstanding results obtained in the scientific 
research recommended him as Ph.D. in 
Thermotechnics and Thermal Machines 
(1995-2009); under his leadership the doctoral 
thesis was supported by 26 specialists both 
from the country and from abroad. 

The outstanding qualities of Professor 
Virgiliu Dan Negrea's scientific researcher 
were awarded with the "Traian Vuia" Prize of 
the Romanian Academy for the monograph 
"Internal Combustion Engine Processes. 
Economics. Fighting Pollution" in 2005. The 
entire research activity has been materialized 
through a number of over 300 scientific papers 
published in volumes of national and 
international scientific events, 23 scientific 
books / monographs published in central 
publishing houses. 

He has been a member of the Romanian 
Academy of Technical Sciences (2006), Doctor 
honoris Causa of the University of Oradea 
(2007), Member of the General Association of 
Engineers of Romania, Member of the Balkan 
Association for Protection Environment, 
Chairman of the Anti-Air Pollution Control 
Committee of the Timisoara Branch of the 
Romanian Academy [12]. 

 
2.8. Ungureanu Corneliu  
After graduation of the faculty of 

Electromechnics of the Politehnica School of 
Timisoara, by Governmental Decision, he was 
assigned as assistant at the Chair of 
Thermotechnics, where he worked 
uninterruptedly at this chair, as an active 
teaching staff for 45 years, and after 
retirement (1996), as a consultant teacher. 
Under the leadership of the famous professor 
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dr. Eng. Ioan Vladea, he presents the 
dissertation thesis in December 1961 and is 
awarded the scientific title of candidate in 
science, later converted (1968) into the Doctor 
of Engineer (Title of the paper "Contributions 
to the study of spraying low pressure air 
injecting air injectors") . 

 

 
 
Figure 14. Corneliu Ungureanu (1929-20012) 
 

Having accomplished with a lot of 
competence and conscientiousness teaching 
duties, he taught the courses of over ten basic 
disciplines in the training of engineers, 
graduates of the Thermal Machines, 
Electromechanical or Industrial Energetics 
departments belonging to the faculties of 
Mechanics and Electrotechnics. 

One of these is the treaty "Steam 
Generators for Classical and Nuclear Energy 
Installations", published at EDP Bucharest in 
1977, which was used at the time in all the 
polytechnic institutes in the country with the 
specialty Thermal Machines (Bucharest, Iasi, 
Timisoara, Galati). Based on this treaty, three 
Steam Boiler Design Guides (Thermal and 
Gas Dynamics 1983, Hydrodynamic 
Calculations and Resistances, 1985, Thermal 
Calculation 1993), a collection of problems 
and a laboratory instructor, were then 2008 in 
one volume. It is mentioned that Professor C. 
Ungureanu is co-author of the treaty "Fuels, 
Combustion Installations and Steam Boilers", 
published in the Politehnica Publishing House 
in Timişoara in 1998, representing the node of 
the collaboration of some prestigious cadres 
from the Politehnica University of Timişoara, 
Bucharest and Iasi  [13]. Since 1972, when he 
was assigned with the right to conduct his PhD 
training, he coordinated the preparation of 45 
PhD students, of whom 31 supported his thesis. 

Since the beginning of its activity, the 
realization of a didactic laboratory in the field 

of steam boilers has been a permanent 
concretised concern by providing the 
necessary material basis for carrying out some 
laboratory works regarding the determination 
of the physical and energetic characteristics of 
the fuels, the research of their normal 
combustion and intensified burning, apparatus 
for determining the combustion gases noxious 
content, providing stands for the testing and 
approval of small hot water boilers. ABA 2 t / 
h boiler installed in the laboratory serves to 
initiate students in servicing such an aggregate, 
performing thermotechnical measurements, 
drawing up the thermal balance, etc. He 
developed several labs, a spcial one dedicated 
for the study of combsution and steam boilers, 
cooling towers (amcient labs from 
Porumbescu Str.-presntly demolished) etc. 
They all were unique and build from own 
efforts, based on research results, and support 
of his collegues, acting as a team. 

In order to prepare the students as fully as 
possible, they were constantly concerned with 
the organization of documentation speeds, 
starting with the small thermal power stations 
in the locality, the continuation with CET 
Timişoara Centru and the South and usually 
concluded with visits to large CETs like 
Isalniţa, Rovinari, Turceni, Mintia, etc. 

 
 

 
Figure 15. Experimental tests rigs developed 
for the study of the pulverisation of fuels, 
respectivelly combustion and denox systems. 
Certification of expertize for combustion 
equipments 
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Figure 16. Diploma of the Romanian 
Academy prize offered to Professor C 
Ungureanu 

 

 

Figure 17. Honorary prize ofeferd to 
Professor C Ungureanu at the anniversary of 
50 years of existance of UPT, and a patent 
developed 

 
For the same purpose, he has guided and 

coordinated practice, annual or diploma, in 
boiler plants (Vulcan, IMGB), study and 
design institutes (ICPET, ISPE, 
ICEMENERG) or on the construction sites 
of thermal power plants. 

For the work done on the construction of 
a group of four installation works related to 
"High Pressure Injection Injectors", the 
Ministry of Education, by Order no. 92172 / 
31.07.68 awarded him the second prize in 
the field of "Machine Mechanics and 
Constructions" for 1967. Since 1969 he 
joined the team led by Professor Ioan 
Vladea, who researches the heat and 
substance exchange with application in the 
field of cooling towers on the basis of the 
contracts concluded with ICEMENERG 
Bucharest and ISPE Bucharest. The results 
of the researches have contributed to the 
design and design of the whole range of 
cross-flow cooling towers made in Romania 
for both domestic and export needs, but at 
the same time documents of internal 
scientific manifestations were published in 
specialized journals (Magdeburg, Paris). 

Another area in which it worked with good 
results was the complete thermal treatment 
of large, oversized bodies (cylindrical 
vessels, spherical reservoirs, coke columns 
or isotopic separation). used at the time by 
the TAGCEMERIC - Bucharest for the 
treatment of spherical tanks from the 
Borzeşti, Brazi-Ploieşti and Midia refineries. 

The novelty of these researches is 
certified by the Patent No. 88040 / 30.06.84, 
as well as by three prizes I, awarded during 
the scientific contests of the county (Timiş 
and Argeş) and national area (Bucharest).  

Research on the spraying and burning of 
liquid fuels allowed him to become co-
author of the "Combustion Plant" treaty, 
published in the 1968 Technical Publishing 
House. For this this cycle of works, the RSR 
Academy, meeting in the General Assembly 
session of January 25-26, 1972, awarded 
him the "Traian Vuia" Prize. 

For his contribution to the development of 
thermotechnics he was awarded the Special 
Prize of Thermotechnics for 1994 and for the 
long and fruitful didactic and technical-
scientific activity by Decree of the State 
Council he was awarded the Order "Scientific 
merit", 3rd grade on the occasion of the 
anniversary of 50 years of establishing the 
Polytechnic Institute "Traian Vuia" in 
Timisoara. The author of "Romanians in 
Thermal Engineering" Professor Adrian Bejan 
(USA) includes the name of Professor C. 
Ungureanu among the 17 specialists with 
special activity, and in the collection of 
scientific bibliographies "Who is Who in the 
Balkans" his name appears. During his work, 
Professor C. Ungureanu has performed 
various functions, including: Scientific 
Secretary of the Scientific Coordination 
Commission of the Banat Region (1966-1968) 
coordinated by Mr. Acad Anton I., Scientific 
Secretary of the Teaching Council of the 
Faculty Mechanics (1963-1965), head of 
department (1976-1984), 

 
Instead of conclusions 
The current offer of the present staff to the 

socity developed versus new domains, 
including environmental protection and 
renewable energy systems. 

Not only that these are strongly necessary 
to be taught and researched, but love and 
insight must be spread out between the 
students, they must also be prepared and 
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understand, as future fighters, for the benefit 
of sustainable development and stopping 
climate change and global warming. 

For all of us, I dedicate this article and 
appreciate the true inheritance we have 
enjoyed as a contemporary generation 
celebrating soon a centenary since the 
founding of the UPT, in an attempt to preserve 
the cult for quality, moral and professional 
values. It is a brief review of the history of our 
forerunners, who were our models in facts, 
achievements, and works written in a 
professional manner, being aware of the fact 
that we represent a connection of the present, 
that must sustain the future, starting and 
correlated with the past. These professors 
have marked by their dedication, personality 
and achievements the first half of the 
existence of our polytechnic school. They 
have created and led the spirit of generation 
climb to the heights of spiritual and 
professional powers, raising the level to 
quality, reputation, deontology and scientific 
pedantry. All acted, often in silence and 
anonymity - with the stoicism and the power 
of the winner - borne the enthusiasm of the 
beginnings, having the fascination of a 
didactic and research career, and thus 
becoming for us a model to follow. They 
turned in time in mentors and path opening 
actors of science and spirit. Through their 
integrity and activity, they proved the burden 
of change on their shoulders, with no 
disagreement and no antagonism, perceiving 
evolution and contributing to it. They left a 
spirit to continue the tradition and work in * 
thoughts and feelings *. Thus, we must be 
proud and appreciate for getting the chance to 
be their continuators, marking the future. 
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Abstract: On the positions of the indivisible unity are praised, analyzed and integrated the 

concepts of organizing, structuring and transformation of the information of unitary economic 
management system, based on the directly synergy of material and information (situational and 
decisional) processes. The necessity of informational conceptualization of unitary managerial 
economic system is argued in the present paper. Also, the basic concepts of the elucidation and 
functioning of the informative undercompartment are identified. The ensemble of essential 
criteria of concepts’ systematization has been established based on the peculiarities of 
processing the economic and informatics enviromnments, and a scheme of classification and 
interconnections between identified concepts has been elaborated.  

 
Key-words: aspects, concepts, informative approach, functional – informatics integration, 

economic informational sistem  
 
 
1. Introduction: Because of the essential 

spacial dispersed character and of size what 
exceeding the human capabilities physical 
directly to track and manage the material 
activities, was invented and used by subject 
the various varieties of economic information. 
Very much as, the last permanently 
accompanying such concerns, for them are 
own the same peculiarities, being distributed 
on the considerable territorial rays and 
evolving in various regimes of working. In 
formed conditions it requiring the synergistic 
approach of both the materials and 
information processes. As a result - of vital 
importance becoming the examination and the 
realization of the evolution of both domains 
on the unitary positions, that is, in the pressing 
interconnection and interaction, which and 
constituting the essence of any of content 
material - informational system. 

At the moment, and in unpredictable 
prospect of the economic material-infor-

mational ambiance is fulfilled out in two 
environments: functional (of harming of the 
managerial functions) and informatics (of 
ensurance of working through agence of 
technical means and informatics 
technologies). In order to support the 
processing and the transition to automatized 
(automatic) of information from an 
environment (functional, manually) at another 
(informatics, automatic) preliminary it 
soliciting the certain preparatory works what 
consisting in the making evident,  analysis, 
functional- informatics integration and 
selection of informatics resources, on the 
basis of which it can being elaborated and 
putting into functioning the unitary functional 
– informatics integrated information system.  

The functionality of such system in the 
regime of real time can being realized in the 
form of automated operative (of analogue 
action) of data informative and decisional 
(intelligent) banks. 
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2. Content Because the informational 
needs until remaining satisfied only partially, 
the improvement of the quality of 
management of the economical materials 
processes can occur prevalent through the 
insurance with the more complete and more 
qualitative information. The last (insurance) 
depends not only on the "capabilities" of data 
processing, but also by the level of knowledge 
and skills of the application of the laws of 
existence and evolution of the information in 
daily practice. 

From the given reason, it is important of 
established, which there are the basic aspects 
and concepts of the evolution and existence of 
the in-question information and led by them 
both during the constitution and working of 
the economic informatics and informational 
subsystems, of determined the varieties of 
these aspects, them place and role in the 
environment of the managerial system of the 
same category. Thus, in the present and in the 
long perspective, the situational economic 
information is obtained, processed and used in 
the environments of the two domains - in the 
managerial system and in them processing 
subsystem. In this sense itself distinguish the 
following two aspects of the formation and 
evolution of informational processes:  

1) the external aspect, concerning to the 
information of the managerial system 
framework; 

2) the internal aspect, the framework of 
which involving the organizing, structuring 
and processing of the situational information 
depending on the specific potential of the 
technical informatics environment. 

Be noted that the second appearance 
neither deviously not fully not covering the 
integral informational process of the 
economic unit. Relatively entirely are fulfilled 
in the internal aspect only only the works of 
stage of processing of the information, which 
including the informational, structural 
procedures and calculus operations. At the 
same time, the steps of obtaining of values of 
the primary or initial data and using of the 
results of them processing until in masse not 
are through achieved in the given appearance. 

The created situation itself explaining of 
the two main reasons – the unsatisfactory 
level of functional performances of the 

technical means or them absence and the 
dynamics of the pronounced evolution of the 
economic objects (processes), which does not 
allow the bringing in the necessary 
concordance of its management system with 
the performance level of working of the 
material processes. In such circumstances, the 
initial and final stages of transformation of the 
economic information mainly have the 
externally appearance, as them are massive 
fulfilled in the environment of the managerial 
system. 

Rather, the both aspects are of the 
presentation order, as through them agency 
itself creating the possibilities of 
distinguishing the concepts of presentation, 
processing, organizing and structuring of the 
information. Them objective coming from the 
other aspects, among which in the first of 
allrow are the logical and physical. The last is 
incident to the physical environment, on 
which are fixed the values of the information, 
but the its achievement depends of the 
possible methods of the organization of this 
environment, of the proceedings of data 
access, intervention with corrections, of them 
logical structuring, etc. 

The logical appearance is concerned with 
the problems of interconnections and 
interactions of content between the 
informational units of, independent of them 
physical environment of fastening and 
material presentation, at this cause including 
the concepts of syntactic, semantic and 
pragmatic approach. 

Be noted that the economic information is 
of the pragmatically content, very much as it 
materializing and orientating its content to the 
purposes of the managerial system. Since, the 
management in general, and particularly, the 
economic, are achieved by the agency of 
certain functions, formed on the basis of the 
specific and the volume of solution of the 
certain inextricably interconnected complex 
issues in the basis of them predestination, it 
can be ascertained and the existence of the 
functional concept of situational information, 
It present the continuation of materializing of 
the semantic concept, formed by the union of 
the semantics and pragmatics of the 
information and, in this way, predetermining 
the content and them starting from the 
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purposes of the using in the processes of 
management. 

Whereas, at present, en masse the 
functions of economic management are 
fulfilled by the subject, outside of the 
informatics system, the functional concept is 
of the external order, being achieved only in 
the managerial aspect. It more can be 
considered thus and for the reason that this 
interpretation starting from the harming with 
the necessary information of certain functions 
and purposes of management system. Because 
in this system the information is subjecting of 
various informational, structural procedures, 
and operations of calculus, etc., them can be 
elucidated and in the transformative aspect. 

On the modern positions, when the 
technical means have found wide spread in the 
informative activities, the functional aspect 
interpreting the information as a consumable 
product, while the transformative appearance 
treating them as the object of calculation 
(arithmetic operations, the economic - 
mathematical methods) and incalculation 
(information and structural procedures) 
processing.  

The transformation and functional 
application are essentially influenced by the 
level and adequacy of preparation of the 
information for them achievement. The 
meaning of this preparation itself reducing to 
the formation of such forms of organization 
and data structures, which would contribute to 
the effective performance of the trans-
formative works, tied of the obtaining of 
informational products of the high 
consumable quality. Therefore, the processing 
of the information of the management system 
needs to be elucidated in the interconnection 
with them organization and structuring. 

Classification and interconnections 
aspects and basic concepts of the approach 
evolution of economic situational information 
is shown in fig. 1. 

As the obtaining of the values of any 
informational units taking place by 
effectuation of certain procedures and 
operations, the decisive role in ensuring of the 
existence and the processing of these values 
having the concepts of the examination and 
taking into standing account of the situational 
concepts and of them achievement. At the 

same time, the latter is necessary to having in 
view the specific of the interpretative 
managerial and transformational aspects, but 
of this – of logical and physical aspects. 

The meaning of this integration itself 
reducing to the establishing of the 
concordance of the equivalents of the methods 
of organization and of the organizational 
forms of informational units. The general 
purpose of it establishing is motivated not 
only by the value of awareness and the 
permanent keeping in mind of existing 
equivalency in the environment of the modern 
informational system, but and of the correctly 
operation with them in the case of the 
transition from one aspect of treatment to 
another, of ensuring of them identity and them 
unity in the unitary transformational process. 

Very much as the functional aspect of 
economics management it´s one´s own of 
human nature and for this reason has been 
awarenessed and achieved above all in 
manual mode by the subject, on it are tied the 
manual forms and methods of organizing of 
the information. Therefore, the functional and 
informatics integration of the organization of 
the unitary economic managerial system 
information requires the determination of the 
concordance of manual and automatics forms 
and methods of achievement of this 
organization. 

As both concepts (functional and 
informatics) constitute an indispensable 
interconnected and interactionned integrity in 
the framework of the unitary economic 
managerial system, itself imposing the 
objective necessity of them subjecting of 
integration. The last is justified by the fact that 
currently, the achieving of certain 
performances in the informational domain is 
conditioned of the as adequate as possible 
awareness and as more rational and 
coherently operation to both of the terms, and 
of real informational units of the users of any 
category.  Only such a position of approach of 
the object contributing to the tendency of it 
transformation into the unitary material-
informational nucleus. Through this and itself 
motivating the need and the importance of 
profound knowledge not only of the 
functional and informatics informational 
units, but also them concordance. 
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Figure 1. Classification and interconnections of the interpretative aspects and concepts of 
integrated approach of the informative content of unitary economic managerial system 

 
 
Concepts of approach 
Within the framework of the unitary 

economic informational process decisive is 
the transformational concept of information, 
for which” the organizational and structural 
concepts are “subordinate, and therefore by it 
predetermined. The predominant of it amount 
is motivated by the importance of obtaining of 
the informational product, the other two 
aspects only contributing to this. 

 
3. Conclusions 
1. Any economic management system has 

its own evolution of information into two 
spheres – the managerial system and the 
informatics one, which essentially differ 
through the forms of presentation and 
processing methods. 

2. In order to ensure the continuity of 
informational process is necessary the 
adequate transition from some modalities of 
processing (manual) to others (technical). 

3. This reason imposes the integration of 
managerial and automatic functioning of 
information, aiming the establishment of 
informatics interfaces, which would achieve 
such a transition. 

4. On this occasion, the identification of 
the concepts of existing and evolution of 
information of informative sub-compartment 
of unitary management process is very 
topical, along with the determination of 
varieties of these concepts, its place and role 
in the management system and consider them 
while establishing and working of economic 
informatics (informational) system. 
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5. Finally, considering this approach will 
be reached the maximum level of 
uninterrupted automated (automatic) 
achievement of homogenous process of the 
manufacturing of informative products. 
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Abstract: The quality of air is becoming a highly important factor in our days. Today an 

overwhelming percentage on industry is based in the metropolitan areas. This is a reason why 
metropolitan areas are becoming more and more polluted. With the pollution becoming higher 
and higher the quality on life in general decreases in major cities. 

Air quality slowly becomes a determining factor when choosing to move from city to city 
with the job. One example of how air pollution affects communitiesis Beijing, in the last 6 
months the population decreased by approximately 0.5%, the percentage isn't so big, but need 
to take into account that the numberof citizens always was growing in Beijing. People in our 
days tend to look for cleaner areas with low pollution where to have a healthier life. In my 
pervious paper I've talked about 2 devices that can measure following pollutants: PM2.5, PM 
10 and NOx in real time, this device will be very helpful in determining the most common 
pollution factors in real time. What I'm trying to accomplish in this study is a comparison 
between two major cities in Romania, whom are big metropolitan areas and biggest industrial 
centers in their region. The cities that I've chose to compare are Timisoara and Iasi. Both cities 
have approximately the same number of inhabitants and also both of them have an emerging 
industry. Across this paper I will compare the traffic, industrial waste released in air, number of 
air quality measurement stations and where they are placed, the amount of precipitation per year 
and of course following pollutants: PM 2.5, PM 10 and NOx.  For now, I will compare official 
info’s from both cities. But after my device will be ready, I will go personally and measure each 
pollutant agent personally. I will try to determinate which of these two cities has a friendlier 
environment to live. 

Keywords: environment, pollution, air quality, PM2.5, PM10, NOx. 
 
1. Geography  
Timișoara lies at an altitude of 90 meters 

(300 feet) on the southeast edge of the Banat 
plain, part of the Pannonian Plain near the 
divergence of the Timiș and Bega rivers. The 
waters of the two rivers form a swampy and 
frequently flooded land. Timișoara developed 
on one of few places where the swamps could 
be crossed. These constituted a natural 
protection around the fortress for a very long 
time, however, they also favored a wet and 
insalubrious climate, as well as the 
proliferation of the plague and cholera, which 
kept the number of inhabitants at a relatively 
low number and significantly prevented the 
development of the city. With time, however, 
the rivers of the area were drained, dammed 
and diverted. Due to these hydrographical 
projects undertaken in the 18th century, the 

city no longer lies on the Timiș River, but on 
the Bega canal. This improvement of the land 
was made irreversible by building the Bega 
canal (started in 1728) and by the complete 
draining of the surrounding marshes. 
However, the land across the city lies above a 
water table at a depth of only 0.5 to 5 meters 
(1.6–16.4 feet), a factor which does not allow 
the construction of tall buildings. The rich 
black soil and relatively high-water table 
make this a fertile agricultural region. City 
area has 130.5km2 and the metropolitan area 
has 1570km2. Iasi, located in the North-East 
of Romania, between the Iași Ridge 
(Romanian: CoastaIașilor) (the northern-most 
hill formation of the Bârlad Plateau) and the 
Jijia Plain, Iași used to be the crossroads place 
of the commercial routes that passed through 
Moldavia coming from Kingdom of Poland, 
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Habsburg Monarchy, Tsardom of Russia and 
Constantinople. The city lies on the Bahlui 
River, a tributary of the Jijia (tributary of the 
Prut). The surrounding country is one of 
uplands and woods, featuring monasteries and 
parks. Iași itself stands amid vineyards and 
gardens, partly on hills, partly in the in-
between valley.  It is a common belief that Iași 
is built on seven hills. [1] 

 
2. Climate 

Climate in this area has mild differences 
between highs and lows, and there is adequate 
rainfall year-round. The climate which 
defines Timișoara city is the temperate-
oceanic climate and can be regarded as humid 
continental when using an isotherm of 0 °C 
(32 °F). The city characterizes the South-
Eastern part of The Pannonian Basin. 

Climatic general features consist of 
various and irregular weather conditions. The 
dominating temperate air masses during 
spring and summer are of oceanic origin and 
come with great precipitations. Frequently, 
even during winter period, the Atlantic humid 
air masses bring rainy and snowy weather, 
rarely cold weather.  

Iași has a humid, continental-type climate 
with four distinct seasons. Summers are warm 
with temperatures sometimes exceeding 35 
°C while winters are cold and windy with 
moderate snowfall and temperatures at night 
sometimes dropping below −15 °C. 

 
3. Population and density 
Both cities are the biggest cities in their 

region, Timisoara in western part of Romania 
and Iasi in the eastern part of Romania. Also 
they are the major industrials centers for their 
geographical region. Iasi is the 2nd most 
populated town in Romania after Bucharest 
and Timisoara is the 3rd most populated town 
in country.  Iasi has 371889 inhabitants with a 
density of 3092/km2. Timisoara has 331004 
inhabitants with a density of 2447/km2. [2] 

From the above numbers can be seen that 
this cities are the biggest metropolitan areas 
located in their geographical region 

 
4. Industry 
The economy of Timișoara has historic 

tradition in manufacturing, commerce, 

transport, education, communications and 
tourism. Timișoara has been an important 
economic center since the 18th century when 
the Habsburg administration was installed. 

Apart from domestic local investment, 
there has been significant foreign investment 
from the European Union, particularly from 
Germany and Italy. Continental AG has 
produced tires since opening a plant in 1998. 
In the years that followed, Continental also 
established an automotive software engine-
ering division in Timișoara. All in all, as of 
2015 Continental AG employed about 8000 
people in Timișoara, and the company keeps 
expanding. The Linde Group produces 
technical gases, and a part of the wiring 
moulds for BMW and Audi vehicles are 
produced by the company Dräxlmaier Group. 
Wiring for Volkswagen and other vehicles are 
produced at the German company 
Kromberg&Schubert. 

Iași is an important economic center in 
Romania. The local and regional economy 
relies on industry and service sector 
institutions and establishments. The most 
important service sectors are related to 
education, health care, banking, research, 
culture, government and tourism. The city is 
an important information technology sector 
center, with the presence of several large 
multinational companies. 

An estimated workforce of more than 
35,000 employees is active in Iași's industrial 
manufacturing sector, particularly in 
automotive, pharmaceutical industry, 
metallurgical production, aerospace, 
industrial equipment, energy, textiles and 
clothing, home appliances, building materials, 
food industry. 

. 
5. Means of transport 
Timișoara's public transport network 

consists of 9 tram lines, 9 trolleybus lines and 
21 bus lines and it is operated by a company 
owned by the City Hall. The system covers all 
the important areas of the city and it also 
connects Timișoara with some of the 
communes of the metropolitan area. 

In 2015, Timișoara became the first city in 
Romania to offer public transport by bike. 

Iași's public transportation system 
operates an extensive network using 123 
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trams (electric trams began operating in Iași 
in 1900) and 150 buses. An average of 
140,000 passengers are using public 
transportation per day. From latest studies in 
Timisoara are 240368 registered cars and in 
Iasi the number of registered cars is 164576. 
[3]. Both cities are historical, so they were not 
built to sustain such large number of cars.  

The majority of their inhabitants are using 
their own cars to commute between home and 
work, because public transportation isn’t 
reliable. So, at rush hours in both cities on the 
major boulevard’s jams are created. Thus, 
resulting a higher air pollution. At any time of 
the day the city centers of these two cities are 
overcrowded with cars, due to the fact that the 
streets were not build to take this amount of 
traffic. Also, the number of cars that are 
transiting this city is increasing each day, due 
to the fact that they are on major European 
rods and close to state borders. 

 
6. Air pollution 
Timisoara doesn’t have an infringement 

set by EU yet, but if the industry, traffic, build 
sites are developing in the same rate as now, 
in few years there will be air quality issues in 
Timisoara. This can be prevented if needed 
measures are taken. 

Iași has the second-worst air quality in 
Romania, after Bucharest.In 2014, the 
European Commission started environmental 
law infringement procedures against 
Romania, citing Bucharest, Iași, and Brașov 
cases as examples. In 2015, atmospheric 
particulate matter has repeatedly reached and 
exceeded legal thresholds for PM10. Pollution 
from vehicular traffic, construction works, 
and a lack of green spaces (the city only has 
about 11 m2 (118 sq ft) of public green spaces 
per capita) make up some of the reasons 
behind these problems. 

 
6.1. NOX chomparison 
Will compare NOx quantities in air from 

start of the year till present, for last month and 
for last week.[4] 

 
Figure 1.NOx in Iasi from year start till 
present.  

 
Figure 2. NOx in Timisoara from year start 
till present 

 
Figure 3.NOx in Iasi from last month 

 
Figure 4.NOx in Timisoara from last month 

 
Figure 5.NOx in Iasi from last week 
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Figure 6. NOx in Timisoara from last week 
 
As seen in the above graphs the values in Iasi 
are much higher than in Timisoara. 

 
6.2 PM10 chomparison 

 
Figure 7. PM10 in Iasi from year start till 
present 

 
Figure 8. PM10 in Timisora from year start 
till present 

 
Figure 9. PM10 in Iasi from last month 

 

 
Figure 10.PM10 in Timisoara from last 
month 

 
Figure 11.PM10 in Iasi from week 

 
Figure 12.PM10 in Timisoara from last week 
 
Same as for NOx, PM10 values are much 
higher in Iasi than in Timisoara. 
 

6.3. PM2.5 chomparison 
Comparing values from both cities from the 
start of the year till present. 

 
Figure 13.PM2.5 in Iasi from year start till 
present 
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Figure 14.PM2.5 in Timisoara from year start 
till present 

 
7. Conclusion 
Compared two major cities with also the 

same number of people living in them, both of 
them are large industrial centers. 

From the data that can be viewed in graphs 
we can reach to the conclusion that the air in 
Iasi is much more polluted then in Timisoara.  
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Abstract: Magnetic susceptibility is an important property of substances.In the  first part of 

this paper is exposed the hystory of realization, development and use of the first installation 
devoted for magnetic susceptibility determinations at Physical Chemistry Department of 
Bucharest University.Professor I.G.Murgulescu gived to lecturer V.Mincu the subject: 
Determination of magnetic susceptibility for the Ph.D.Thesis in 1964, when was enrolled for 
graduate studies in the system “frequenceless”.V.Mincu opted for the all used then Gouy balance 
based method and  he realized his installation in 1967in the research laboratory for 
IRSpectrometry and Magnetochemistry of our department-located in E-215 of central building 
of Bucharest University.His installation placed into a wall's niche and on adiacent table (with 
1.5m*1.5m dimensions) was very voluminous.Until his premature death in 1986, V.Mincu 
worked with dedication on this installation, mentored many graduate students to measure 
magnetic susceptibility, colabored with different researchers in inorganic and physical chemistry 
to calculate on this basis electronic and geometric structure of different compounds, published 
four ISI papers and obtained  two national patents.Between 1987-1998 under volunteer 
coordination of lecturer eng.L.Radulescu graduate students M.Nanu, D.Licsandru made theyr 
apprentice on the revized installation and obtained consistent data which were presented at 
different conferences.Between1998-2002 was effected  consolidation of central building of 
Bucharest University.Before to move our laboratory equipment graduate student I.Iosub plotted 
a detailed schema of the installation, which was then desmembered.Only electromagnet rested in 
the niche, covered with a special case.We asked to civil engineer to keep and extend the niche.In 
2003 graduate student A.Soare has again  revized installation which was  all integrated in the 
niche, elabored new work instructions, executed calibration.He published all these data with 
some proposals for future improvement of installation (see: http: //www.gw-
chimie.math.unibuc.ro/AUB) At this instalation can be effected  studies of the paramagnetic 
susceptibility dependence of temperature.for solid substances.In 2015 the space of our research 
laboratory was transferred to the didactic laboratory of Inorganic Chemistry because of 
consolidation work needed, at this time, for the Chemistry faculty building from 90 Panduri 
Avenue.Then I reccomended a wood-door closing of the niche as protection measure for the 
installation during the transfer operations.We moved only DOR and FT-IR spectrometers in a 
didactic laboratory of Physical Chemistry, where work smaller groups of students.Thus, this 
many revized, robust and laborious installation for magnetic susceptibility determinations  can 
be reopened in the new laboratory of Inorganic Chemistry for measurements and 
demonstrations.This installation still going!In the second part of this paper after  a selective 
search of literature on magnetic susceptibility determinations (paper contain only 21 references) 
is characterized the actual stage of this domain.On this basis, in the paper conclusions a 
comparative analysis of the performance characteristic, for both the methods and commercial 
instruments, now used in such measurements, is done. 

 
Keywords: Chemistry, magnetic susceptibility, magnetic field strength, magnetic moment 

per unit of volume, diamagnetism, paramagnetism, ferromagnetism, type of installtions for 
measurements of magnetic susceptibility. 

  
1. Introduction 
Substances introduced in a magnetic field, 

with the strength H, (expressed in SI units in 
A/m) are diamagnetic  or paramagnetic .Its 
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behavior is described by general equation:  
 
J=χ H       (1)  
 
where: J-formed magnetic moment per 

unit of volume[A/m]; χ-magnetic 
susceptibility, which is dimensionless. 

Magnetic moments are not measured 
directly. Instead, they are calculated from 
measured magneticsusceptibilities. From 
mul- tiple measurements results that 
diamagnetic substances have negative χ 
values comprised between -10-5and -10-6 .In 
this category can be included all organic 
substances and nonme-tals with exception of 
oxygen and sulphur[1].All the elec- trons, 
contained  within atoms or molecules of these 
substan- ces, are paired. The paramagnetic 
substances have pozitive χ values with the 
same order, but these are temperature depen- 
dent, as Pierre Langevin established in 1905 
[2]. In this cate- gory are included: metals, 
organic radicals, oxygen and sulphur. A 
subcategory of paramagnetic substances 
having big χ values (10-3) includes the metals 
from Fe group (ferromag-netic). In the 
intimate electronic structure of these 
substances exists many unpaired electrons. 
From these facts results that magne- tic 
susceptibility measurements can lead to a 
conclu-sive electronic structure of the studied 
compounds!   

The first experimental work on magnetic 
susceptibility are reported by R Shida in 
1883[3]. Until 1980's Gouybalance method 
for these measurements was widely used [4]. 

 
2.On the installation 
In 1964 Acad.Professor I.G. Murgulescu, 

chief of Physical Chemistry Department from 
Bucharest University, gived to lecturer 
Valentin Mincu the subject: Determinations 
ofmag-netic susceptibility for the Ph.D 
Thesis.This year was the cen-tenial year of 
our university!V.Mincu (chief of 1958 Class 
of Faculty of Chemistry) was enrolled for 
doctoral studies in the system“frequenceless.” 
After he sustained the exams and searched the 
literature opted for the all used then Gouy 
balance-based method and in 1967 he 
realized his installation. (those principle 
schema is done in “Figure.1”[5]) in the 

research laboratory for IRSpectrometry and 
Magnetochemistry of our department-
located in room E-215 in the central building 
of Bucharest University. 

In conformity with “Figure 1” the two 
electromagnets (1) create a homogenous 
magnetic field to z direction (this means 
thatdH/dz=constant) where is introduced the 
quartz rod (2) of a torsional balance (3). On 
the balance pan, attached to thequartz rod, the 
sample of substance is adding and onto the 
other pan (4) the weights are adding.  About 
10 mg of substances is weight in default of 
magnetic field. When magnetic field is 
applied, we will observe a lost of balance 
equilibrium: a paramagnetic (or 
ferromagnetic) sub-stance will apparently be 
weightier, a diamagnetic substance will 
apparently be lighter. Thus, we may deduce, 
instantly, the type of the substance 
susceptibility! 

 
 
Figure 1. Principle schema of installation 

for magnetic susceptibility determination [5] 
  
Begining with 1968 year, under V. Mincu 

ferm coordination on that installation were 
affected measurements by a serie of graduate 
students and some interested researchers. 
Working in the same laboratory, in domain of 
IR spectrometry, I re- member some students: 
Marius Andruh, Eftimie Nesfantu, Oana Carp, 
Rodica Ion, Marin Micut-today renomed 
chemists! 

In 1977, during earthquake a part of the 
spool (reel) wire of the magnet was 
compromised, but our laboratory not need 
many reparations in the time of that 
consolidation work. The magnetic 
susceptibility was calculated with equation:  

χ  =  Δm /m.H.dH/dz     (2)  
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where: Δm-is the mass variation of the 
checking substance; g = 9.8 m/s2 is 
gravitational acceleration; m-is the weight of 
the checking substance (order of ~30mg). 
Factor H.dH/dz-is calculated from previous  
measurements using a standard substnce with 
χ known. 

V. Mincu (1936-1986) was open to 
collaboration with others specialists in 
inorganic and physical chemistry, exploiting 
mass measurements in different environments. 
He obtained two national patents and 
published four ISI papers before his 
premature death. In some cases he studied 
variation of  χ with temperature[6-8]. 

Between 1987-1998 under volunteer 
coordination of lec- turer eng. Liviu 
Radulescu (1929-2015) the graduate students 
Mihai Nanu, Dumitru Licsandru made their 
apprentice on the revized installation and 
obtained consistent data, which were 
presented at different conferences [9]. These 
facts concured to obtain a research grant from 
Romanian Academy, from which we 
ammeliorated our laboratory equipment. 

But, between1998-2002 was affected the 
second consoli- dation of central building of 
Bucharest University, a complex operation, 
because it is a historic monument! We have 
not evacuated from building: only for a time, 
we were mouved (mans, furniture and 
equipment.) from a part of central couloir on 
the other.and back! Before to move our 
laboratory equip- ment to permit the 
consolidation works, the graduate student Ion 
Iosub made a poster with detailed schema of 
the installa-tion. (As note of humor: the poster 
received a precious frame valued from a 
portret of “much loved chief”, mandatory in 
any didactic space before1989!). After this, 
installation (then placed in the niche and on 
adiacent table with 1.5m*1.5 m di- mensions) 
was desmembered and only electromagnet 
(for it a special case was made) rested in the 
niche. 

In 2003 Aurel Soare, working for his 
disertation in master degree in Physical 
Chemistry & Radiochemistry, has revised 
installation. This was integrated in the niche, 
now with nearly doubled volume. (see 
Figure.2) He also elabored new work 
instructions and executed the calibration. 

Belong of avantage of the compactisation, in 
comparison with initial installa-tion, this new 
arrangement favors the stability and reproduc-
tibility of measurements, which, truly, are 
laborious. 

 

 
 

Figure 2. General view of new designed 
installation [10] 

 
Because the consolidation of central 

university building has been developed as a 
“building inside of the externall walls” we 
asked to constructor to keep and extend the 
intraspace into the wall (the niche) The final 
dimensions of the niche are: 2.1m height, 
1.2m width and 1.1m depth. So, after 
consolidation, for the rest of our laboratory 
the work space was smaller than before, but 
the space for this installation increased and all 
is integrated in the niche! 

When installation was reassembled, all 
electrical devices were verified and all the 
electrical contacts were cleaned. The elec-
tromagnet, visible in “Figure.2”, is made of 
two conical polar pieces The distance between 
these may be varied with an accuracy of 
0.5mm.The magnetic field is yield with the 
aid of four copper reels, grouped in 
pairs.These reels, which are serial interlinken, 
have a resistance of 7Ώ and  the terminal 
voltage is 125Vfor a maximum current of 18A 
(but, as been already explained, after 1977 
earth quake accident, maximum ampe-rage, 
suported now by the installation, can be 
increased only to 8A) .For the calibration of 
the installation was used as stan-dard 
substance Mohr salt and for checking 
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substance pota- sium ferricianide, Merck, p.a. 
For the more laborious experiments, 

related with the study of the paramagnetic 
susceptibility dependence of temperatu-re, the 
quartz tube, visible in “Figure.2”, is 
substituted with a double walls tube for 
circulation of the refrigerent liquid. The 
routine determinationns, related with 
weighting operations, have to begin only after 
achievement of the thermal equili-brium state! 

In 2008 graduate student Aurel Soare 
published all these data with some proposals 
for upgrading of the installation [10] (see: http: 
//gw-chimie.math. unibuc.ro/AUB). He 
continued to work for his doctoral thesis in 
domain of theIR spectrometry, applied for 
searching of the corrosion products, which he 
sustained in 2009. 

In 2015 the space of our research 
laboratory was transfered to the didactic 
laboratory of Inorganic Chemistry because of 
consolidation works needed, at this time, for 
the Chemistry faculty building from 90 
Panduri Avenue.Then, I recommen-ded a 
wood-door closing of the niche, as protection 
measure for installation, during of the transfer 
works. We moved only DOR and FT-IR 
spectrometers in a didactic laboratory of 
Physical Chemistry, where works smaller 
groups of students. Thus, revized installation 
for magnetic susceptibility determi-nations 
can be re-opened for measurements and 
demonstra- tions in the new laboratory of 
Inorganic Chemistry (the same room E-215) ! 

 
3. Searching literature 
By the time, I searched literature in domain 

of magnetic susceptibility data.It is obvious a big 
number of papers publi-shed in Journal of 
Chemical Education This fact  is, perhaps, in 
causal relation with idea that magnetic  
susceptibility mea-surements can  lead to a 
conclusive structure of the studied compounds  
in the General Chemistry laboratory..I find  the 
works of professor D.F.Evans from Imperial 
College of London.In 1959 he published a 
paper[11] on the possiblity to determine χ of  the 
ferromagnetic compounds in solutions from 
their HNMR spectra-a powerful, but costly 
tool!And now the NMR spectrometers are 
disponible only in some central research 
institutions in our country and our students  learn 

their use, in general, by problematisation [12]! 
In 1974 Evans proposed a new type of 

balance. In the Evansbalan-ce [13] “the 
sample stays still and a small magnet is attrac-
ted (or repelled ) by the sample.The magnet is 
balanced on a fine wire (actually a flat type) 
which twist in response to the force acting on 
the magnet.This is what makes the instru-
ment sensitive and fragile, despite its chunky 
appearence-please treat it gently!”Sherwood 
Scientific Instruments deve-loped on this 
basis a portable instrument with a digital read-
out, that permits a quick reading with 
sensitivity matching traditional apparatus .It 
can be used for solids, liquids and so-
lutions.The cost of the instrument is~8500$, 
but the sample tubes (needed in big number in 
the case of didactic experien-ces leaded with 
numerous students in General Chemistry 
laboratory) are also costly: $20 for a sample 
tube[14]. With the Sherwood instrument [13] 
magnetic susceptiblity for solid substances is 
done by equation:  

 Χ = [ LCΔR]/ (m.109 )      (3)  

where: L-sample length (cm); m-sample mass 
(g); C-balance calibration constant (printed 
on the back of the instrument); ΔR-is the 
difference between the reading for the digital 
display with sample in tube and reading, for 
the same digital display, with empty tube. Is 
recommended to verrify calibration con-stant 
periodicaly with a standard substance. 

In 1968 two japanese researchers gived a 
new method for the determination of χ 
foraqueous solutions of the transitional group 
elements chlorides by measuring their time of 
flow through the capillary of a viscosimeter in 
presence of an ex-ternal heterogenous 
magnetic field [15]. Their data have an a-
ccuracy of 0.5% of true magnetic 
susceptibility. It is necce-sary to mention that 
firm Holmarc  created  instruments in which 
magnetic field is measured with a digital 
gaussmeter for both Gouy (model HG-ED-
EM-08: 3117$) and  viscosi-meter (model 
HQ-ED-EM-07: 1900$) methods.In “Figure.3” 
is done aspect of model HG-ED-EM-08 Gouy 
method apparatus for study of solide 
samples.It is more compact than our 
installation, presented in “Figure.2”, easier to 
handle, but it cannot be used for study of 
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temperature dependence of the paramagnetic 
substances, as results from study of the firm's 
prospect. 

More recently, JFSchenk published a 
work [16].  cited in 640 others papers, on the 
role of magnetic susceptibility in magnetic 
rezonance imaging (MRI). He demonstrates 
that quantitative use of susceptibility data is 
important to MR-guided surgery. He 
recommended uniform use of SI units for 
magnetic susceptibility and related quantities 
to achieve consistency.  An updated tabulation 
of χ values has been given in [17]. 

Using the Holmarc's robust instruments 
[18] resear-chers from U.S. Geological 
Survey studied magnetic suscep-tibility and 
density for plutonic and metamorfic rocks of 
the Glacier Peak Wildernes and vicinity, 
Northen Cascades, Washington [19]. 

Another modern method [20] using MRI/NMR 
techniques measures the magnetic field 
distorsion around a sample immersed in water 
inside a MRscanner.This method is heig-hly 
accurate for diamagnetic materials with 
susceptibility similar to water.

 
 
Figure 3. General view of Holmarc's 
magnetic susceptybility Gouy method 
apparatus model HG-ED-EM-08. [18] 
 

Now, in the studies on magnetic properties 
of nano and biomaterials SQUID (super-
conductivity quantum interference devices) -
magnetometers are used [21]. But, these 
instruments work on another priciple. The 
magnetometer is “an instrument that measure 
magnetiza-tion of magnetic material or 
direction strength, or relative change of a 
magnetic field at a particular location”. 

SQUID type of magnetometer can be used to 
measure the magnetic fields produced by 
laboratory samples, also for brain activity 
(magnetoencephalography) or hearth activity 
(magnetocardio-graphy). But geophysical 
surveys use SQUID-magnetometer from time 
to time, because of complicated logistic of 
cooling needed for their function. SQUID-
magnetometer are noise sensitive and for this 
reason impractical in laboratory in high DC 
magnetic fields. Commercial SQUID 
magnetometers, cooled with liquid helium or 
liquid nitrogen to operate, are available for 
temperatures between 300K-400K and 
magnetic fields up to 7T. 

 
4. Conclusions 
 
I. In this work are described the 

significants moments in realisation (in 1967), 
developmentand use of the installation 
devoted to magnetic susceptibilty deter-
minations, using Gouybalance method, at 
Department of Physical Chemistry.from 
Bucharest University.It have 50 years, work 
with it is labo-rious, but still going! It permit 
study of dependence on tempe-rature for 
magnetic susceptibility of paramagnetic solid 
subs-tances. 

II.  From a selective literature search we 
evidenced other methods used for magnetic 
susceptibility determinations:  

a)  For the ferromagnetic compounds in 
solution: a power-ful, but costly method based 
on the study ofH-NMR spectra and one 
simple, but also laborious, using an 
viscosimeter pla-ced in magnetic field.  

b)  For solid, liquids and solutions: a very 
used method today, based on Evans balance, 
from which was developed a commercial 
portable instrument, not so costly, but because 
of restrained space in region of probe, it no 
permit study of the temperature dependence 
for magnetic susceptibility of the 
paramagnetic compounds. 
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Introduction 
In the context of globalization, the 

creation of international scientific community 
strengthened through cooperation and 
exchange of knowledge between countries. In 
this context it is important the need for 
measures concerning the generation and 
exploitation of knowledge to be translated 
differently to national depending on country-
specific factors of influence. In this arena, one 
of the significant players have become 
universities, higher education is considered a 
sector performance, which is designed to act 
on this market knowledge aimed at this 
attraction and development of human 
resources and attract funding sources. From 
this perspective, it is necessary for 
universities to focus their objectives and 
resources on research, development and 
innovation as drivers of a competitive 
economy. 

Based on the points raised, about the 
importance and role of research, this paper 
seeks to examine whether the research in 
Romania is seen as a strategic objective, by 
reference to the level of funding in this area. 

The impact of research funding from 
public funds on society and the economy has 
become a central concern of bodies 
policymakers in these areas, as changes in the 

role of governments and public research 
institutions have led to an increased demand 
for policies based on proven practices and to 
assess the results of public investment. 
(OECD, 2008)  

 
2. ANALYSIS ON RESEARCH 

FUNDING IN ROMANIA academics 
 
2.1. Context analysis 
The proposed research problem focuses 

on the importance of funding and access to 
funding sources for scientific research at 
universities in Romania. 

 
2.2. Research methodology 
In this research were used the following 

methods and tools:  
 Methods of data collection: 

questionnaire structured databases 
institutional analysis, document analysis; 

 Tools to support the systematization, 
analysis and interpretation of results: 
Microsoft Office Excel 2010, IMB SPSS 
Statistics V20, Ishikawa diagrams,  

 
2.3 Method of analysis: Questionnaire 
The main tool used for data collection was 

questionnaire, presented in "Annex 1 
questionnaire was administered via Google 
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Drive platform. Proposed sample composed 
of 19 universities Government of Romania; 
responses were recorded in databases, 
avoiding manual records. 

Operating in Romania in 2012, according 
to data published by the National Institute of 
Statistics157 public universities (state) and 51 
private universities accredited or authorized 
to function temporarily, comprising 28 365 
teachers, representing approximately 55% of 
all employees in the system. Observation unit 
of the survey was represented by public 
universities in Romania, research sample 
consisting of 179 teachers 2 of 19 public 
universities in Romania, accounting for 33.33% 
of all public universities in Romania. Why 
build sample is limited only to public 
universities is that, according to the 
classification of universities by the Ministry 
of Education, no private university in 
Romania does not fall among institutions 
dedicated to research, all of which are listed 
in the lower level in terms of quality 
(universities focused on education). Thus, 
they were comparable in terms of research 
activity. 

Beneficiaries research results are 
represented primarily by the participants in 
this research, because by expressing their 
views have contributed and influenced the 
results of this research. However, as this 
research has focused national research system, 
the results of this research can primarily 
benefit all institutions of academia, academic 
and even other important players in the field 
of research institutes and research centers, as 
well as actors of the private sector. 

 
2.4 Analysis items for consistency 

evaluation questionnaire - Alfa Coefficient 
Cronbach`s 

The alpha coefficient, referred to as the 
Cronbach alpha (α) was proposed by 
American psychometrician Lee J. Cronbach 
in 1951 as a generalization coefficient Kuder-
Richardson (KR) for dichotomous response 
items. Importance of Cronbach alpha 

                                                           
1  Qregards the higher education. The 

beginning of the 2011-2012 academic year. 
statistical notebookNational Institute of 
Statistics, 2012. 

coefficient size can be better understood if we 
place on the field relationship between 
validity and reliability (Cronbach, 1963, p. 
137). 

Cronbach alpha expression for calculation 
is as follows:  

 
Figure 1. Cronbach Alpha expression 

calculation 
where: N= Number of items, rm= The average 
of the correlation coefficients of the items. 
After the initial application on 35 
questionnaire respondents, the analysis was 
performed questionnaire items that made by 
Alfa Cronbach`s coefficient calculation. The 
initial value of this coefficient, calculated by 
means of the SPSS software wasα = 0,576. 
Deşi in literature was not identified an 
absolute standard with eyes the size that 
should be Cronbach`s alpha coefficient to 
indicate a corresponding fidelity generally 
about 0.90 values are considered "excellent", 
around 0.80, "very good", while around 0.70, 
"good" (Kline, 2005). There are also authors 
who accept a value of 0.60, but only 
exploratory studies (Garson, 2010). 

Given the fact that the coefficient of 
importance in checking research tool as it 
checks practical consistency and safety items 
that make up the questionnaire, to correlate 
the items, we considered the need to adjust 
this indicator was achieved by eliminating 
items which set negative, leading to a final 
value α = 0.690, representing an acceptable 
coefficient. 

programs IMB SPSS Statistics and 
Microsoft Excel were used:  

 editing data (building the database by 
introducing the results of the questionnaire, 
coding variables); 

 statistical processing of data 
(descriptive statistics, testing the fidelity 
items by calculating Cronbach alpha 
indicator); 

2 Getting information was taken from the 
database UEFISCDI Source: http: 
//www.cercetatori-
romani.ro/search_operator.php 
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 presentation and interpretation of the 
results in tabular form or graphics. 

Regarding the main characteristics of the 
sample, the following can be stated, starting 
from the following graphic and tabular 
representations: Of the 19 public universities 
that participated in the research respondents 
are primarily universities of advanced 
research and education (61%), followed by 
university education and scientific research 
(31%) and only 8% of respondents from 
universities mainly education. 

 
Table. 1: Distribution of respondents by 
category falling university of origin 
 
 Frequ

ency 
Percent valid 

Percent
cumulat

ive 
Percent

Mostly 
university 
education 

15 8.4 8.4 8.4 

University 
education 
and valid 
scientific 
research 

55 30.7 30.7 39.1 

University 
Advanced 
Research 
and 
Education 

109 60.9 60.9 100.0 

Total 179 100.0 100.0 
 

Regarding distribution by grade of those 
179 respondents, according to the chart below 
one can see that 31% of them are CS3 / 
Lecturer, 30% are CS1 / Teacher, 29% CS2 / 
Lecturer, 7% CS / Assistant and 3% were PhD 
students. 

 
2.5. Analysis of research results 
The first question, concerning the 

establishment of specialized structures 
research revealed the following aspects: only 
4% of universities that participated in the 
research were not established any kind of 
specialized body of research, while 43% of 
universities structures were established 
specialized research faculties in 33% across 
departments and 20% at the department level. 

Thus, it can be seen concern universities 
in Romania to create specialized research 

structures. Determination of this issue, 
however, is not the whole story, because it 
shows only a trend, so that it becomes more 
important for research to see if this affects any 
extent to obtain funding for scientific research. 

The rate of access to various sources of 
research funding is very high, as only 1% of 
respondents said they had not accessed any 
source of funding for scientific research. 
Regarding access to funding sources, it can be 
seen that 44% received national public 
funding, 34% benefited from European 
funding, 18% received funding from contracts 
with the private sector and 3% from other 
sources. The category "Other sources of 
funding" were mentioned by respondents: 
international funding, civil agreements, 
service contracts, consulting agreements, 
internal grants of the Department for 
stimulating young people.  

To check the correlation between the two 
nominal variables it was calculated in SPSS 
Phi coefficient - a coefficient is calculated for 
two dichotomous variables and nominal 
record, in particular, the presence or absence 
of a feature. 

Phi coefficient values for the variables 
analyzed are as follows:  
 
Table no. 2: The values of the coefficient Phi 
 

Symmetric Measures: No funding source 
units * The existence of research and 

development at universities 

Value Approx. Sig. 
Nominal by 
Nominal

Phi .840 .01
0 

Valid N 
of Cases

179   

 
Symmetric Measures: * The existence of 
national public funding of R & D units in 

universities 
Value Approx. Sig. 

Nominal by 
Nominal 

Phi .413 .
02

0 
Valid N 
of Cases

179   
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Symmetric Measures: European 
Financing * The existence of R & D 

units in universities

  Value Approx. Sig.
Nominal 
by 
Nominal 

Phi .209 .0
50 

Valid N 
of Cases 

179   

 
Symmetric Measures: * Existing 

contracts with the private sector R & D 
units in universities

  Value Approx. Sig.
Nominal 
by 
Nominal 

Phi .159 .0
50 

Valid N 
of Cases 

179   

 
Symmetric Measures: Other funding 

sources * Existing R & D units in 
universities

  Value Approx. Sig.
Nominal 
by 
Nominal 

Phi .177 13
2 
It 

Valid N 
of Cases 

179   

 
According to the data in the table above, 

the following interpretations can be made 
based on the coefficient values Phi: phi 
coefficient value is greater than 0.8 in the first 
joint, which causes a strong association 
between the first two variables that can be 
generalized as follows: lack of research units 
associated with no accessing research funding. 
On the other hand, the intensity of the 
association for the next two correlations is 
much lower, but it can be considered valid, it 
can argue that the existence of research units 
in universities facilitate access to funding 
through national and European programs. On 
the other hand, the last two associations under 
phi coefficient, are invalid. 
The correlation of responses to the two 

questions on the two variables (the structures 
and attracted financing sources) . The results 
can be seen in the following chart:  

 
Chart 1: Correlation between types of 
funding attracted and the structures 
specialized research in Universities 

 
Figure 2. Correlation between types of 
funding attracted and the structures 
specialized research in Universities 

 
 From the chart above, it appears that 

there is a significant association between 
access to different types of financing and 
existing structures at universities specialized 
research. The main arguments in this respect 
are: respondents who said they were not 
established specialized structures are the 
ones who have not won any source of 
research funding, while for universities that 
have established specialized units (the 
departments, faculties or universities) can 
see that they have access, to varying degrees, 
all research funding.  

 In this respect, the chart below shows 
the factors influencing the research 
measured the intensity allocated to each 
factor by respondents.  
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 Chart. 2: To what extent do the 
following issues have influenced / may 
affect research projects? 

 

 
Figure 3. To what extent do the following 
issues have influenced / may affect research 
projects? 

 
Among the factors that most influence the 

research includes: poor management of public 
funding mechanisms by the authorities and 
funding arrangements which focus on 
performance and quality. Also, other 
significant factors were: The National 
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Research underfunding and lack of strategies 
in domain. However, according to the 
schedule above could be achieved only 
separate analysis for each of the items, 
making it difficult to compare factors. The 
table below highlight trends on the factors 
influencing research, the average was 
calculated for each factor, the results can then 
be compared. 

 
Table no. 3: To what extent do the 

following issues have influenced / may 
affect research projects? 

item N Mi
n. 

M
ax
.

Mean 
Std.
devi
ation

Lack of 
finances 
national  

179 1 5 4.22 .843

Poor 
managemen
t of public 
funding 
mechanisms  

179 1 5 4.07 .800

The lack of 
a coherent 
in the art  

179 1 5 3.98 .968

Funding 
criteria  

179 1 5 3.70 .952

Formalities 
access  

179 1 5 3.93 .934

Reimburse
ment issues  

179 1 5 3.83 1030

The degree 
of 
transparenc
y in 
financing 

179 1 5 3.65 1062

Valid N 
(listwise)  

179   

  
It can be seen from the table above, the 

factor which, according to media responses 
and was given utmost importance is the 
national system underfunding, followed by 
poor management of public funding 
mechanisms. The environments are relatively 
close, with no values below 3.65, which 
means that each of the six factors of 
importance raised in relation to access to 
funding sources for research in academia 
Romanian. Based on data collected on these 
issues, it was possible an Ishikawa diagram, 
serving to highlight the causes and effects 
previously determined factors as causes of 

poor funding of scientific research in 
Romania. 

 
Figure 4: Ishikawa diagrams - factors 

influencing research in Romania 

 
Ishikawa diagram as a tool for analysis, 

offered a systematic way of looking at the 
effects and causes which contribute or may 
contribute to unsatisfactory results of 
Romanian research and is a diagram of cause 
- effect. Through the above diagram could be 
identified several reasons why the research 
system in Romania doesn`t function 
appropriate, the main ones being:  

 underfunding of the National Research 
 poor national management of external 

financing instruments 
 arrangements (criteria) funding unfair 
 difficulties in obtaining other sources 

(private) research funding 
The research has observed the following 

trends:  
 increasing the number of articles, studies 

published abroad is the 1st priority (24.02% 
appreciated the sources of funding obtained 
were used wholly for this activity and 40.78% 
felt that they were used to a large extent this 
direction);  
 R infrastructure development is the 2nd 

priority (16.20% appreciated that such 
sources of funding that have been fully used 
obtained for this activity, and 42.46% 
appreciated that to a large extent); 
 the 3rd direction they were facing funding 

sources, is the development of human 
resources for research, 32.96% consider that it 
has been considered fully and 10.06% in a 
widely; 
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 the last two activities, appreciated by 
respondents as those who were targeted 
funding to a lesser extent were organizing 
national and international scientific and 
management modernization to increase 
institutional capacity for development 
research. 
 in mostly (29% of respondents) research 

results were used in universities and secondly, 
a significant percentage (22%) of respondents 
have stated that research results have not been 
applied in any field. This is explained by the 
fact that not all research had practical tool, but 
rather many were just basic research. Also, by 
a large number of responses it was revealed 
that much of the research have been applied in 
the national research institutes. 
 An interesting aspect of the survey was to 

see that much of the research results were 
taken from the private sector (15% accounted 
for 2% of SMEs and multinationals). 
 It was pointed out that if sources of 

funding through contracts with the private 
sector, research results are used in a 
significant percentage still in academia 
(30.99%), and research institutes (30.99%), 
and in the private sector (31.69%) . A similar 
trend observed for a national funding, hence 
the fact that over 70% of the research results 
are implemented in universities and national 
research institutes, while a significant share of 
approximately 22% is allocated to the private 
sector. 

 
Conclusions 

Scientific research is an important driver 
of economic competitiveness of a country. For 
the management and financing activities in 
this field at national level will depend on 
significant results of scientific research and 
the degree of innovation, quality and how will 
it be used will significantly affect 
international hierarchy of the most powerful 
and competitive economy, a knowledge-based 
society.   

In the analysis research results at 
universities in Romania, it allowed the 
determination of multiple factors that hinder 
scientific accessing funding sources, 
especially at national level. The most 
significant of these are: The National 
Research underfunding, poor management of 

public funding mechanisms by the authorities, 
financing not focus on performance and 
quality, lack of vision and a coherent strategy 
in the field. 

Another important aspect determined 
from the research is that scientific research in 
universities in Romania has a profound 
theoretical majority being of fundamental 
research. Lack of applied research is an issue 
that requires a focus for promoting such 
research may lead to engaging the private 
sector in financing research, private actors can 
be beneficiaries of the activities. Currently, in 
Romania, according to the study, it was 
observed that research findings apply 
particularly in academia, followed by 
institutes and centers of research and 
development and the private sector. 

There are limits to the research, namely:  
 Lack of complete database and adapted to 
include all researchers from Romanian 
university made it impossible sampling using 
statistical methods, such as one random 
sampling, which led to a differentiated 
representation of respondents in universities; 
 The main data collection tool 
(questionnaire), failed to observe all possible 
variables coverage and research, some of 
them leading to incomplete analysis, but may 
however be subject to further research; 
 The analysis is limited to a study of 
academic research, no comparisons were 
made with other important actors in Romania: 
academia, national research institutes. Such 
an analysis might reveal an overview of 
research activity in Romania. 
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Abstract: Histamine is involved in various regulatory processes and can induce multiple 

allergic symptoms (hypotension, tachycardia, vascular risks) including anaphylactic shock and 
possible death. Exogenous histamine, frequently associated to fermented food and beverages, 
may induce a food histaminosis and trigger pseudo-allergic phenomena for which there is no 
current treatment available. Histamine may also exert some pro-inflammatory effects, 
particularly damaging for subjects with Inflammatory Bowel Diseases (IBD) as Crohn’s disease 
(CD) and Ulcerative Colitis (UC) . A novel enzymatic strategy using diamineoxidase (DAO, 
also called histaminase) to decrease the histamine level in allergic reactions to food and in UC 
was recently proposed. The therapeutic concept is that histaminase will decrease the level of 
histamine in the intestinal lumen by oxidative deamination, involving the dissolved oxygen. 
Since the by-product of the DAO reaction is hydrogen peroxide (H2O2), an association of 
catalase and vegetal histaminase was proposed. Catalase will decompose H2O2 generating in 
situ more oxygen, promoting thus the decomposition of histamine under histaminase action. A 
recent investigation on intestinal Caco-2 cells showed a protective role of the bi-enzymatic 
histaminase-catalase combination. Furthermore, the histological studies have confirmed that 
suspensions containing histaminase and catalase were able to treat induced colonic 
inflammation in mice. A formulation with CarboxyMethylStarch (CMS) was also conceived for 
oral administration and its gastro-protective behavior ensure a colonic delivery of the two 
enzymes. This enzymatic approach seems a way with no side effects to maintain a good health 
of the intestinal mucosa and may contribute to improve the treatment IBD and related 
inflammatory pathologies. 

Keywords: Medicine, Histamine, Diamine oxidase (DAO, Histaminase), Catalase, 
Inflammatory Bowel Diseases (IBD), Food histaminosis, Lower intestine and colon delivery, 
CarboxyMethylStarch 

Abbreviations: IBD - Inflammatory Bowel Diseases; DAO - diamineoxidase; CAT- Catalase; 
CSM - CarboxyMethylStarch; OCT- Organic Cationic Transporters; SGF – Simulated Gastric 
Fluid; SIF- Simulated Intestinal fluid; UPS – United States Pharmacopeia 

 
Introduction 
The Diamine oxidase (DAO, also known 

as Histaminase), is a copper-enzyme (EC 
1.4.3.22) present in different tissues (kidney, 
placenta) and in intestinal mucosa where is 
abundant. It regulates proliferation of cells via 
degradation (oxidative deamination) of 
polyamines [1]. DAO also inactivates the 
endogenous and exogenous excess of food 

histamine preventing “pseudo-allergic” 
reactions and food histaminosis. 

In healthy body, histamine released from 
granulocytes and transported in blood stream 
is usually rapidly inactivated. This 
mechanism can be disrupted by a low activity 
of the DAO due to some enteric dysfunctions 
(i.e. intestinal inflammatory conditions and 
damaged intestinal wall) .
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Fig1. 1: Hypothetical presentation of histamine bioelimination by orally administered DAO  
Histamine from plasma is uptaken by enterocytes via OCT (Organic Cationic Transporters) and may 

be catabolized by vesicular DAO (Diamineoxidase) and MAO (Monoamine oxidase) or by HNMT 
(Histamine methyltransferase) to form IA (imidazole-acetaldehyde), MIA (methyl-imidazole-
acetaldehyde), MH (methyl-histamine) or is eliminated by enterocyte’s tight junction in intestinal lumen 
with possibility of reabsorption (via OCT) by enterocyte cells for further catabolism. Orally administered 
DAO may decompose Histamine and the re-uptaken is thus prevented (from Mateescu et al., 2017) 

 
Low DAO activity can also be due to a 

genetic predisposition or inhibition by drugs 
(i.e. metronidazole [2]. In intestinal bowel 
diseases (IBD) including Crohn’s disease and 
UC, the level and activity of DAO is reduced, 
leading to a poor degradation of histamine and 
to its accumulation which is damaging 
because histamine is also a pro-inflammatory 
factor [3]. Current treatment of IBD include 
anti-inflammatory drugs as non-steroidal anti-
inflammatory drugs (i.e. 5-aminosalicylic 
acid mesalazine), corticosteroids, immune-
suppressors (infliximab, azathioprine) and 
antibiotics [4]. These treatments reduce 
symptoms and may provide remission for 
various durations but have side effects such as 
olfaction, drowsiness, nausea, vomiting, 
dizziness and urinary disorders. 

Recently, a novel approach was proposed 
to treat histamine-related dysfunctions with a 

vegetal DAO (extract from Lathyrus sativus) 
in combination with catalase [6].  Catalase is 
a homo-tetrameric enzyme (EC 1.11.1.6) able 
to rapidly decompose H2O2 resulting from the 
oxidative deamination of histamine by DAO. 
This approach based on a vegetal DAO 
associated to Catalase is in development and 
the bioactive enzymes are formulated for oral 
administration as monolithic tablets targeted 
for lower intestine and colon delivery [7].   

It was also of interest to investigate to 
which extent vegetal DAO alone or in 
combination with catalase, may modulate 
histamine toxicity in the human intestinal 
Caco-2 cell line [8]. The effects of histamine-
related molecules, such as histidine (precursor 
of histamine) and imidazole, were also 
investigated. 
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2. Materials and Methods 
 
2.1. Characterization of DAO and 
catalase.  
Diamine oxidase was prepared from 500 g 

of fresh seedlings of etiolated L. sativus which 
were homogenized with 1 L of NaH2PO4 (30 
mM) and then filtered. The solid residue was 
washed with the same buffer and the enzyme 
was finally eluted with 500 mL of 0.1 M 
sodium phosphate buffer (pH 7) and, then, 
centrifuged. The supernatant containing the 
DAO was lyophilized, obtaining thus the 
DAO vegetal extract powder. 

The preparations were characterized for 
DAO activity as well as for the presence of 
contaminating-related enzymes that may 
interfere with the DAO dosage because they 
can modify the level of H2O2, namely, 
catalase (CAT), peroxidase, and superoxide 
dismutase (SOD) . Diamine oxidase activity 
was assayed at 25 °C with 3 mM putrescine in 
0.1 M potassium phosphate buffer (pH 7.4) by 
measuring the rate of H2O2 production 
forming pink adducts (ε 515 nm = 2.6 × 104 M−1 
cm−1) with 2 mM 4-aminoantipyrine (AAP) in 
the presence of horseradish peroxidase (HRP) 
(10 U/mL) and of 4 mM 3,5-dichloro-2-
hydroxybenzensulfonic acid (DCHBS) . One 
unit (U) of DAO oxidized 1 μmol of 
putrescine/min. Catalase activity was assayed 
by measuring the initial decrease in the 
absorbance of a solution of 15 mM H2O2 in 
phosphate buffer (66 mM, pH 7) . One unit of 
CAT decomposed 1 μmol of H2O2 /min. 
Peroxidase activity was assayed at 25 °C in 14 
mM phosphate buffer, pH 6, with 40 mM 
pyrogallol by measuring the production rate 
of purpurogallin (ε 420nm = 12 cm−1) in the 
presence of 8.6 mM H2O2. One unit of POD 
produced 1 mg of purpurogallin/min. Protein 
content was estimated by the Bio-Rad protein 
assay reagent using bovine serum albumin as 
calibration standard.  

 
2.2. Preparation of bi-enzymatic tablets 
Bi-enzymatic monolithic tablets, based on 

CMS and CHI (CMS: Chitosan (1: 1, w/w) 
containing both enzymes (DAO and catalase), 
were realized with a constant loading of DAO 
(20%) and a variable loading of catalase (10% 
and 20%) per tablet. Flat-faced tablets of 300 

mg were obtained by direct compression (2.5 
T) of the powder mixtures using 9 mm 
cylinder outfits and a Carver press (Wabash, 
IN, USA).  

 
2.3. Tablets exposed to simulated 

gastric fluid and simulate dintestinal 
fluid 
Tablets of 300 mg, based on 

CarboxyMethylStarch and Chitosan CMS: 
CHI (1: 1) with 0% and 50% enzyme loading 
or on 100% enzyme (without excipients), and 
loaded with 5% bromocresol green pH-
indicator (15 mg per tablet), were prepared by 
direct compression of powders.  

Each tablet was incubated 60 min in 50 
mL of SGF containing 0.32% pepsin (USP, 
2017) at 37 °C and 50 rpm (incubator shaker, 
series 25D, New Brunswick Scientific Co., 
USA) . The tablet integrity and color change 
were noticed on the entire and cross-sectioned 
tablets. 

Gastro-protection offered by the 
polymeric matrix based on CMS: CHI was 
tested on three series of formulations 
containing i) DAO only, ii) CAT only or iii) 
the two enzymes. Tablets  were first incubated 
in Simulated Gastric Fluid (SGF) and then 
were transferred into 50 mL Simulated 
Intestinal Fluid (SIF), pH 6.8, with 1% 
pancreatin (USP, 2017) and incubated at 37 
°C and 50 rpm.  

The total dissolution time of tests in vitro 
was 24 h, using the same incubator shaker. 
Samples of 1 mL were taken from SIF after 
regular intervals of time, filtered and the DAO 
and catalase enzymatic activities were 
determined (as described at 2.1) .  

 
2.4 Evaluation of DAO enzymatic 
activity in the presence of catalase 
DAO: CAT powders at different weight 

ratios (6: 1, 2: 1, 1: 1) were dissolved in 50 
mL phosphate buffer solution (50 mM, pH 
7.0), kept under agitation at 4 °C and filtered 
prior to determine the DAO enzymatic 
activity in the presence of catalase. The 
enzyme activity was determined with the L-
glutamate dehydrogenase (GDH) coupled 
reaction assay (specific for released NH3 
assay kit Sigma–Aldrich) The NH3 released 
from the putrescine substrate (under DAO 
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catalysis) reacted with alpha-ketoglutaric acid 
(KGA) and reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) in the 
presence of GDH. The reactional mixture 
containing 1 mL of assay kit reagent (KGA 
and NADPH), 200 μL of 30 mM putrescine 
solution, 10 μL of GDH (kit reagent) was 
incubated for 5 min at 37 °C and, finally, 100 
μL of DAO samples (containing or not CAT) 
were added.  

The enzymatic reactions were conducted 
at 37 °C for 10 min, monitoring the NADPH 
oxidation to NADP+ by decrease of 
absorbency at 340 nm. Since CAT also 
strongly binds NADPH in its active center, its 
interference was subtracted from each 
determination of DAO enzymatic activity [6]. 

 
2.5 Cell Culture and viability 
The intestinal Caco-2 cell line obtained 

following Dr. A Zweibaum procedure [9], 
was maintained in DMEM containing 25 mM 
glucose and supplemented with 15% 
inactivated (56 °C for 30 min) fetal bovine 
serum (FBS), 0.1 mM nonessential amino 
acids, and 50 U/mL–50 μg/mL penicillin–
streptomycin. Stock cultures were seeded in 
75-cm2 culture flasks at 37 °C in a 5% CO2–
95% humidified air atmosphere and were 
passaged weekly with trypsinization (0.05% 
trypsin–0.053 mM EDTA). For all the 
experiments, cells were seeded in 96-well 
plates (5 × 103/well). The culture medium was 
changed every 2 days, and cells were 
maintained for 7 or 21 days in order to study 
early confluent but undifferentiated cell 
cultures and the well-differentiated cells. Cell 
viability was measured as described before [8] 
by the MTT colorimetric assay, which 
measures MTT reduction to a blue formazan 
product by dehydrogenases of viable cells.  

 
3 Results 
3.1 Stability of enzyme formulations in 

simulated gastric fluid and enzyme 
delivery in simulated intestinal fluid 

To the air, the dry tablets based on CMS: 
CHI (1: 1) unloaded (0%) and loaded with 
50% DAO or with CAT presented some blue 

points at the external surface, corresponding 
to the pH indicator (Fig. 3A) . The surface of 
the entire tablets (with 0% and 50% enzyme 
loading) became blue after 60 min of acidic 
incubation (SGF) . The CMS: CHI matrix 
forms an outer gel barrier, affording thus a 
certain protection against gastric acidity, 
despite the fact that the tablets are not coated 
with gastro-protective materials. 

The CMS: CHI polymeric matrix offered 
a good protection to DAO, with 55.5% 
remaining DAO activity found inside the 
tablet (Fig. 3B) . This matrix could present a 
potential interest, ensuring a good protection 
of the DAO even after 120 min incubation in 
SGF, with maximal release of therapeutic 
enzyme in SIF at about 8 h (enough time for 
tablets to reach the colon). The DAO 
enzymatic activity consists in oxidation of 
putrescine in the presence of dissolved O2 (the 
two substrates of DAO) . When CAT is also 
added, part of H2O2 produced by DAO will be 
decomposed generating some supplementary  

O2, which is expected to enhance the rate 
of substrate (histamine, putrescine) oxidation 
and even to shift theequilibrium in favor of the 
reaction products (Fig. 2) . 

The association of CAT to DAO and their 
simultaneous release is supposed to be 
therapeutically beneficial in IBD treatment. 

 
3.2. Effect of Vegetal DAO on 

Histamine Cytotoxicity 
 The effect of the vegetal DAO on 

histamine toxicity was studied for 2.75 and 8.5 
mM histamine which led to 25 and 50% 
mortality, respectively. DAO at a 
concentration of 0.77 mg solid/mL 
significantly increased the toxicity of 2.75 or 
8.5 mM histamine, lowering cell viability to 
about 32–38% in 7-day-old cells (Fig 4) . In all 
cases, the addition of exogenous CAT at a 
concentration of 0.77 mg solid/mL (7548 
U/mL) efficiently protected the cells against 
DAO-induced histamine toxicity. The 
protective effect of CAT was very strong in 7-
day-old cells, where it efficiently decreased not 
only the DAO-dependent histamine toxicity 
but also the toxicity of histamine per se. 

 



80 │ARA Journal of Sciences, nr 2 (2019) 

 
 

Fig. 2: The enzymatic coupled reactions of DAO and CAT 

Fig. 3: Gastro-protection offered by CMS: 
CHI matrices evaluated by (A) bromocresol 
green pH indicator and by (B) enzymatic 
activity of (a) DAO and (b) CAT in bi-
enzymatic tablets exposed to simulated 
gastric fluid containing pepsin.  

 
 
 
 
 
 
 
 
 
Fig. 4: Effect of DAO and histamine on 

MTT activity. Cells were cultured for 7 days 
(A) or 21 days (B). Data are mean of three to 
six independent cell cultures.  

 

 



81 

 

Conclusion 
This study showed the potential of the 

CMS: CHI formulations to protect DAO 
and/or CAT against simulated gastric 
conditions and to control their release in 
simulated intestinal fluid. The bi-enzymatic 
DAO: CAT tablets are expected to improve 
the treatment of inflammatory enteric diseases 
by reducing local inflammation through 
accelerated histamine catabolism and by 
preventing free radical-mediated tissue injury 

The present data suggest that the 
combination of DAO with CAT has great 
potential to control the biological effect of 
histamine. Considering the turnover number of 
the two enzymes, appropriate concentrations 
are required for a fast removal of histamine 
without accumulation of H2O2. The presence 
of CAT not only promotes the clearance of 
toxic H2O2 but, by releasing oxygen, also 
favors the shift of equilibrium toward 
histamine decomposition in the DAO-
catalyzed reaction. 
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Abstract: This scientific paper advances a possible solution for the creation of a Biocultural 

Protocol for the rural communities of Banat region maintaining or reviving rural vivacity. By 
traditions point a view the local breeds are part of the Cultural Intelligence of rural 
communities in Romania. They show the intelligence, work and creativity of the people of this 
communities. Preserving local breeds means respect for the community that created them and 
for the work involved in this process. Actually, the Transilvanian Rare Breeds Association 
offers constantly through Consultancy but also by University extension, support those local 
livestock breeds giving them solutions for their preservation and maintaining their motivation. 
Ethnozootecny studies the relation between man-animal-environment in past and present 
societies and their transformations determined by animal breeding evolution. Ethnozootechny 
gathers elements of comparison, reflexion and useful information for those who are interested 
in history and in the future of animal breeding. The destruction of the zoogenetic biodiversity 
means destroying a lifestyle, a civilisation. Genetic diversity is a basis for food security and 
rural development. Ethnogastronomy have a large number of recipes. Products made from 
recipes are verified over the course of time.  Each community in Banat borrowed from one 
another what was best. It is important for Banat bioeconomy to facilitate the rapid 
implementation of technical and technological innovations such as eco, nature-friendly 
technologies. One example for bioeconomic competitiveness is the rural pole of local 
development – several projects intentions are ongoing. In the perspective, the Banat should 
have the Resilience force, meaning the ability to resist bio-economically or economically 
through the multitude of existing knowledge. The territorial capital of Banat Euroregion is not 
enough known. When a territorial capital will be established, correct decisions can be made and 
the territorial economic intelligence may be determined.  

 
Keywords: ethnozootehny, biodiversity, cultural intelligence, Biocultural Protocol 
 
 
Introduction 
This scientific paper advances a possible 

solution for the creation of a Biocultural 
Protocol for the rural communities of Banat 
region maintaining or reviving rural vivacity.  

The landscape of Banat represents the 
modeling work started in the 18th century, 
when ample hydroelectric works and 
marshlands drainings were started in order to 
make farmland. “The citizens of Banat were 
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people with education, with respect for the 
work and the property of others“ [1]. 
“Economic intelligence promotes solutions 
for maintaining domestic biodiversity by 
providing tools necessary for obtaining the 
information that allows farmers to anticipate 
and defend their economic interests” [2]. 

 
2 Materials and Methods 
Actually, the Transilvanian Rare Breeds 

Association offers constantly through 
Consultancy but also by University extension, 
support those local livestock breeds giving 
them solutions for their preservation and 
maintaining their motivation.  

Throughout the years at conferences and 
symposiums in the country and abroad, we 
presented the creation of local communities in 
Banat and Transylvania in the field of animal 
husbandry, promoting the local breeds (their 

creation), their monitoring and the ways of 
protecting the national zoological patrimony. 
These works have been published in 
prestigious journals [3 - 13]. Much of the 
information is from the Transilvanian Rare 
Breeds Database. 

The study implies the approach of various 
subjects, methods and intentions from the 
point of view of a SWOT analysis. 

 
3 Results and discusion 
Scheme 1 shows the proposed strategy for 

maintaining zoogenetic diversity in the 
Euroregion Banat for the period 2016-2030. 
This strategy is in line with the Bioeconomy 
development strategy for the period 2014-
2030 developed by the European Union. The 
scheme is also based on the work of two 
researchers from France [14].

 

BIOECONOMY IN  BANAT

RURAL POLE FOR 
CIRCULAR  BIOECONOMY

E D U C A T I O N

SCIENTIFIC 
RESEARCH GLOCALIZATION

TERRITORIAL 
CAPITAL OF BANAT

ZONAL  MAP  OF 
BREEDS

 
 

Fig. 1. The  pillars for raising economic competitiveness in Banat
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Table 1. SWOT analysis for Romanin Banat 
in zootechny development 

Strenghts 
-  geographic location 
- the existence of infrastructure necessary 
for economic activity 
- cooperation between local producers and 
agri-food industry 
-  institutions for education 
- tradition in animal breeding 
- the modern technology applied in 
zootechny 
- pedological dibersity 
- existence of land register 
- existence of Danube River the central 
axis which links Romanian Banat with 
Central and West Europe
Weaknesses 
lack of knowledge of the territorial capital 
- lack of industry with environment-
friendly technology 
- low quality of management 
- insufficient agricultural roads- old 
agricultural machines and high price for 
the new technology 
- the continuous decrease of the number of 
animals 
- bureaucracy 
-bad strategy and tactics in granting grants 
- population of the plain areas with sheep 
– detrimental to productive species (pig, 
poultry, dairy cows)  
- lack of map zoning of breeds / of support 
in breeding zonation
Opportunities  
- excellent pastures for livestock 
- the possibility to access European funds   
- the  identification of a niche market 
- the potential to increase the animal 
product market 
- crossborder cooperation 
- the existence of diversified 
ethnogastronomy  
- the application of a bio-economic EU 
strategy for development in 2030-2050 
- the relatively small distance to airports 
and ports on the Adriatic See 
- glocalization 
Threats 
- climate change 
- erosion of the domestic biodiversity

- the excessive fiscality 
 - the instability of legislation 
- lack of rural webnetwork 
- the migration of people from the 
countryside  
- globalization 

 
From SWOT analysis of opportunity in 

the zootechny development in Romanian 
Banat is presented in following table (Tabel 1). 
The SWOT analysis also has its limitations, as 
organizations may see some circumstances as 
being very simple and may overlook some of 
the fundamental strategic contacts that may 
arise. Moreover, categorizing issues as 
strengths, weaknesses, opportunities and 
threats could be very subjective as there is a 
high degree of uncertainty in the market. 

 
History and tradition in technology  
Ethnozootechny studies the relation 

between man-animal-environment in past and 
present societies and their transformations 
determined by animal breeding evolution. 
Ethnozootechny gathers elements of compa-
rison, reflexion and useful information for 
those who are interested in history and in the 
future of animal breeding. “Ethnozootecny 
studies the relation between man-animal-
environment in past and present societies and 
their transformations determined by animal 
breeding evolution “14]. 

“For all the Banat areas the dwelling is 
characteristic” [15]. This is basically the 
equivalent of the American ranch. If a 
comparison is made between the nineteenth-
century and the 2018-type of dwellings, there 
is a great resemblance. The house was built in 
the middle of the land owned by the family 
and was made up of a dwelling for the people 
and separately the shelters for the animals, for 
the agricultural machinery and tools and the 
room for the preparation of the products. Most 
of the lodges were equipped with a brandy 
boiler. The existence of the dwellings makes 
the work of the field easier, representing a 
form of integration of plant culture and animal 
breeding. Breeding animals at a dwelling also 
had the role of isolating them from epizootics. 
Including for people, it was the place of refuge 
in the case of plague. Ethnozootechny gathers 
elements of comparison, reflexion and useful 
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information for those who are interested in 
history and in the future of animal breeding. 
“The destruction of the zoogenetic 
biodiversity means destroying a lifestyle, a 
civilisation” [2]. Genetic diversity is a basis 
for food security and rural development. 

“By traditions point a view the local 
animals breeds are part of the Cultural 
Intelligence of rural communities in Romania” 
[16]. They show the intelligence, work and 
creativity of the people of this communities. 
“Preserving local animals breeds means 
respect for the community that created them 
and for the work involved in this process” [17].  

 
Diversified ethnogastronomy and rural 
economy/turism:  
Ethnogastronomy have a large number of 

recipes. Products made from recipes are 
verified over the course of time.  Each 
community in Banat borrowed from one 
another what was best. The knowledge 
acquired by each ethnic community of Banat 
represents sample of the material life of 
different generations. Much of 
ethnogastronomy of Banat has been lost 
because the recipes used to be transmitted 
orally from generation to generation or 
through grandmother's notebook from the 
drawer of the kitchen cupboard. There is the 
possibility of organizing tourist routes on the 
"map" Banat following places with different 
traditional dishes, associated with various 
hiking that highlight the picturesque Banat. 

"Marketing products from local breeds has 
two advantages: traditional technical 
processing - production or manufacturing 
clothing with a characteristic design" [16]. 

 
Bioeconomy and rural pole 
development and circular economy 
 It is important for Banat bioeconomy to 

facilitate the rapid implementation of 
technical and technological innovations such 
as eco, nature-friendly technologies. One 
example for bioeconomic competitiveness is 
the rural pole of local development – several 
projects intentions are ongoing. National 
Group of Professional Initiative for applied 
Bioeconomics in Romania (GNIBA) is 
promoting a complex sustainable rural 
development project that brings together a 

large number of business opportunities in 
Romania and other countries. 

The project “Pilot Project for Integrateg 
Park based on Bioeconomy” is based on 
current conditions in Romania and offers 
state-of-the-art solutions to the stringent 
problems facing the rural communities. In so 
doing, it puts in place the first bases for the 
poles of competitiveness in rural Romania, 
where the vegetal and animal production as 
well as that of their derivatives benefit from 
very good geo-climatic conditions and are 
supported by traditions, relevant schools and 
others. “Implementing the project will not 
only spell a new dimension for the rural 
economy and society, but also provide jobs 
with the rural agro-industrial park, the 
business centre and the units processing 
vegetal and animal raw materials” [18], [19].  

The project equally contributes to 
increasing the incomes of the local authorities 
as it offers a chance to diminish the effort 
represented by aid provided to the pauper and 
the socially-assisted, and by developing the 
business travel, consequently by increasing 
the national and international visibility of the 
area in question. 

The multi-purpose areas in the park allow 
for creating banking, sanitary, veterinary and 
educational units in the rural world. There 
continuous learning can be done to continue 
crafts specific to the respective area; an 
entrepreneurial, associative and competitive 
spirit can be created while different pieces of 
equipment, technologies, valuable breeds and 
strains are presented to the farmers. It is again 
here that a trade area or the sale of household 
appliances will be developed. 

 Interested companies and people in the 
food industry may become involved into 
processing vegetal raw materials into daily 
food, bakery, pastry and sweets, as well as in 
breeding and processing poultry, pigs, goats, 
sheep and cattle in areas close to the park. The 
project may also generate a profit for the 
manufacturers of equipment for use in 
slaughter houses, meat-processing units, the 
diary industry, in processing fruit and 
vegetables. Important progress in circular 
economy and knowledge-based bioeconomy is 
evident in recent years. Numerous new 
processes and technologies have been 
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developed and are at different TRL stages. An 
example in this respect is the new invention 
called” Process for biorefining of sugar 
yielding plants with conservation and 
extraction of sugars to produce biofuels and 
other bioproducts” developed by Inventor: Dr. 
Vintilă Teodor, biotech engineer at USAMVB” 
King Michael Ist of Romania from Timișoara. 
The Patent Application is registered to 
Romanian Office for Inventions and Marks. 
„This invention brings an extremely 
important novelty, namely: treating 
lignocellulosic biomass by original patented 
process has better effect in terms of improving 
access of enzymes for hydrolysis of cellulose 
than conventional methods of thermal-
chemical pretreatment (alkaline/steam) ” [20]. 
The treatment of biomass according to 
patenting process has triple effect: (1) 
preservation of sugars, (2) extraction of 
sugars and (3) release of cellulose from 
lignocellulosic complex and access of 
cellulolytic enzymes to hydrolyse cellulose to 
glucose. Recently, at the world 
event ”Climate Launchpad” - the world’s 
largest green business ideas competition, the 
invention reached the world semifinal and 
won the Ist place at national Climate 
Launchpad final in Romania [21]. 

 
Conclusions 
In the perspective, the Banat should have 

the Resilience force, meaning the ability to 
resist bio-economically or economically 
through the multitude of existing knowledge. 
The territorial capital of Banat Euroregion is 
not enough known. “When a territorial capital 
will be established, correct decisions can be 
made and the territorial economic 
intelligence may be determined “[22].  

Based on all these analyzes and 
information, a Biocultural Protocol of Banat 
could be created. 
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Abstract: Food safety is a major concern in the food industry and bacterial contamination 

of products is a high concern for human health. Hops and the components extracted from them 
are well known antibacterial agents used in beers and as food preservatives, on their own or 
together with other antimicrobial agents, and as antioxidants. However, their very low 
bioavailability, bitter taste, and susceptibility to oxidative decomposition have limited their 
applications. The use of proteins and peptides as antimicrobials in the food industry has 
expanded but problems are encountered due to their susceptibility to proteolytic degradation, 
low solubility, and, physicochemical instability. We propose nanosized chitosan, an 
inexpensive, readily available biopolymer with a broad spectrum of antibacterial activity, as 
carrier for lupulone (L) and xanthohumol (X), two components of hops, and for nisin (N), a 
lantibiotic used as food preservative. Chitosan nanoparticles (CNP) and chitosan-based 
nanocomposites encapsulating lupulone (CNPL), xanthohumol (CNPX), and nisin (CNPN) 
were prepared by ionotropic gelation. The nanoparticles obtained were characterized by FTIR, 
colloidal titration, encapsulation efficiency, loading capacity, and antimicrobial activity. The 
kinetics of the release of L/X/N from composites was studied in vitro. All the nanoparticles 
were active against several Gram positive and Gram-negative microbial species important for 
food preservation. Although hops and nisin are known mainly for their activity against Gram 
positive bacteria, synergistic interactions with chitosan broaden their activity against Gram 
negative pathogens. All nanocomposites maintained antimicrobial effect over an extended 
period of time. 

Keywords: lupulone, xanthohumol, nisin, food preservation, nanochitosan, encapsulation 
efficiency, release kinetics, antimicrobials. 

 
 
1. Introduction 
 
The food industry is very interested in 

antibacterial species active against food 
pathogens (both Gram positive and Gram 
negative), yeasts, and spores. They need to be 
active against a broad spectrum of species and 
stable. Filmogenic antimicrobials are of 
special interest. 

As an inexpensive, biocompatible 
polymer, chitosan (Figure 1) has been used in 
the medical field (orthopedics, hyper-
cholesterolemia) and in pharmaceuticals (as 
drug delivery vehicle) [1,2]. Chitosan 
nanoparticles were reported to have strong 
biological activities and to be good agents 

used to increase bioavailability of poorly 
soluble drugs. This type of material is good as 
food preservative due to its filmogenic 
properties combined with its inhibitory 
activity against bacteria (both Gram positive 
and Gram negative), spores, and yeasts [3,4].  

It acts by increasing the permeability of cell 
membranes due to favorable interaction 
between the protonated amine groups of 
chitosan and the negatively charged cell 
membranes. This leads to leakage of 
intracellular constituents. As a chelator, 
chitosan can remove metals and other 
essential elements from the cells making its 
antibacterial effect a rather complex one. 
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Figure 1. Chitosan 

 
Bacteriocins are toxins with peptidic 

structures, secreted by bacterial species to 
protect themselves. They inhibit the growth of 
similar bacterial species. Nisin (N), a 
bacteriocin, is obtained by fermentation of 
dairy or dextrose nutrients in the presence of 
Lactococcus lactis cultures. It is a polycyclic 
antibacterial peptide (34 amino acids, Figure 
2), used as a food preservative since it is 
active against Gram positive bacteria and 
against spores [5]. In the food industry, nisin 
is useful in controlling spoilage due to lactic 
acid bacteria in alcoholic beverages (wines, 
beers), salad dressings, bakery products, 
meats, fish, and in cheeses. 

 

Figure 2. Nisin 
 
Nisin is a suitable food preservative, used 

in more than fifty countries, because it is non-
toxic, safe (food-grade), quickly digested, and 
it does not give cross-resistance in bacteria 
(which may lead to antibiotic resistance in 
subjects being treated for infections) . Nisin is 
also considered a natural food preservative 
since it is not the result of any man-conducted 
chemical synthesis. The main drawback of 
this agent is its lack of inhibitory activity 
against Gram negative bacteria, yeasts, and 
molds, its fast release in lipophilic 
environments, and its low stability. 

Hop constituents (lupulone, xanthohumol, 
humulone) are known for their antibacterial 
effect against Gram positive species [6,7]. 

Their bioavailability is very limited due to 
their high lipohilicity which makes their 
release, when used as preservatives in foods, 
too fast for industrial applications. Lupulone 
(L, beta acid, Fig.3a) is one of the bitter acids 
in hops. It is a mixture of isomers (n-, co-, and 
ad-lupulone) [8] and it displays the strongest 
antibacterial effect among hop constituents 
[9]. Xanthohumol (X, Fig.3b) is the most 
abundant prenylated flavonoid in the hop 
plant. It has a broad spectrum of biological 
activities among which antibacterial [10] and 
antioxidant [11] are the best known. 

 
 
 
 
 
 

(a)                                   (b) 
Figure 3. (a) lupulone; (b) xanthohumol 

 
While having high antimicrobial activity, 

nisin and hop extracts have limited 
applications due to fast release (related to high 
lipophilicity) and poor stability. In the case of 
hops, their extremely bitter taste limits the 
number of their applications as preservatives 
in foods [6] as does their susceptibility to 
oxidative decomposition. Nanotechnology 
has offered lately a solution to this type of 
problems. These shortcomings disappear 
upon encapsulation in nanosized matrices. 
More advantages may result if encapsulation 
is done in structures presenting bioactive 
properties (like chitosan). The purpose of the 
present study was to prepare and characterize 
nanochitosan matrices in which to encap-
sulate nisin or hop components (lupu-
lone/xanthohumol) in order to improve their 
performance as food preservatives. Due to the 
antibacterial activity reported for both 
chitosan and the encapsulated species, 
synergistic effects were also investigated. 

 
2. Experimental Section 
2.1 Materials and Microorganisms 

Chitosan (CS) prepared from chitin from 
shrimp, by deacetylation and partial 
depolymerization, was purchased from 
Millipore-Sigma (practical grade – CS-PG, 

O

O

OH

OH
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DDA ≥ 75%, molar weight 190-235 kDa). 
The other chemicals were purchased from 
Millipore-Sigma, USA. They were reagent 
grade and used without further purification.  

Nisin from Lactococcus lactis (2.5% nisin 
content, balanced with sodium chloride and 
denatured milk solids, MW 3,354 g/mol), was 
obtained from Millipore-Sigma, USA. The 
lupulone (purity 98%) and xanthohumol 
(purity 100%) were donated by the SS Steiner 
Company. The purity was determined in the 
SS Steiner Laboratories in Yakima, WA, 
using the HPLC method established at the 
European Brewery Convention in 2004. 
 
Table 1. List of microbial strains used in the 
experiments 

 

Name of organism 
Culture 

specification
Staphylococcus 

aureus 
ATCC 25923 

Pseudomonas 
aeruginosa 

ATCC 27853 

Escherichia coli ATCC 25922
 
Microbial cultures were purchased from 

the American True Culture Collection 
(ATCC) and are listed in Table 1. The 
medium used in the experiments was 
Mueller-Hinton broth (Becton Dickinson 
BBL 212322). 

 
2.2 Methods 
2.2.1 Preparation of the chitosan 

nanoparticles and of the nanocomposites 
 
Chitosan nanoparticles (CNP) were 

prepared by the ionotropic gelation method 
[12] adapted by us. A chitosan 0.5 % w/v 
solution was made in 1% acetic acid (v/v), 
was ultrasonicated for 30 min, and it was left 
under magnetic stirring for 24 hours, to 
complete dissolution. After adjusting the pH 
to pH 5.5, sodium tripolyphosphate (TPP) 
0.25% in deionized water was added in a 2: 1 
CS: TPP volume ratio and the mixture was 
stirred for 1h. Nanoparticles formed sponta-
neously as a result of ionic interactions 
between the positively charged amino groups 
of CS and the negatively charged groups of 
TPP. The solutions were centrifuged at 9,000g 

for 45 min, at 20 oC. The supernatant was 
discarded and the pellets were rinsed with 
deionized water and left to air dry. Dried pellets 
were weighed, ground, and stored at 4 oC.  

To prepare the chitosan nanocomposites 
encapsulating L/X/, respectively, one 
milliliter of a 8 mg/mL solution of L/X in 
ethanol was added to 200 mL solution 0.5% 
chitosan in 1% acetic acid, followed by 30 
min ultrasonication. For the nisin containing 
nanocomposites, 0.1 mg/mL nisin was added 
to the chitosan solution, as above, followed by 
30 min ultrasonication. 24 h stirring ensued, 
followed by TPP addition, 1h stirring, and 
centrifugation. The supernatants from the 
centrifugations of nanocomposites were used 
in the indirect determination of the 
encapsulated plant extracts/nisin. 

 
2.2.2. Characterization of the 
nanoparticles 
For the determination of the L/X/N 

content of the particles, the volumes of the 
supernatants from the preparation of the 
loaded nanoparticles were measured and 
absorbance values at 342/370/280 nm, 
respectively, were recorded. Encapsulation 
efficiency (EE, (1) ) and loading capacity (LC, 
(2) ) were determined as in [13]:  

 
%	EE	
	 	 	 / 	–	 	 	 / 	

	 	 /
x	100  (1)  

 
%	LC	
	 	 / 	–	 	 	 / 	

	
x	100  (2)  

 
FTIR spectra were taken using the 

PerkinElmer FTIR Spectrophotometer 
Spectrum Two, equipped with ATR 
accessory. Finely ground samples were placed 
on the ATR crystal and 254 co-added scans at 
4 cm-1 resolution were taken on each sample.  

The free positively charged amino groups 
on the nanoparticles were determined by 
colloidal titration (with potassium poly(vinyl 
sulfate) (PVSK) in the presence of toluidine 
blue as indicator) [14]. The number of 
residual (positively charged) amino groups 
per gram, calculated as shown in (3), was used 
to quantitatively evaluate the extent of the 
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crosslinking.  

Amino	groups/g		of	CNP	 V	x	M	x	    

(3)  
 

where V is the net volume of PVSK (L) 
consumed in the titration, M is molar 
concentration of PVSK (mol/L), Na is 
Avogadro’s number (6.0231023 mole-
cules/mole), and m is the mass of CNP in the 
sample (g).  The ratio of residual amino 
groups (RRAG) on the surface of chitosan 
nanoparticles was calculated using (4):  

 
%	RRAG	

	 / 	 	 	 	 	

	 	 / 	 	 	 	
x	100  

(4) 
   
2.2.3. Evaluation of L/X/N release in 
vitro 
The release profiles for L/X/N from 

nanoparticles were determined using the 
sample and separate method [15]. For the 
kinetics study 0.1 g of each type of composite 
was placed in 50ml of phosphate buffer (pH 
7) to achieve a concentration of 0.002g/ml and 
the solutions were stirred at room 
temperature. At specified collection times, 3 
ml samples were withdrawn (and replaced by 
3 ml of fresh buffer), filtered, and analyzed for 
L/X/N content at 342/370/280 nm, respect-
tively. The instrument used was a DU 640 UV 
spectrometer and phosphate buffer pH 7 was 
used as blank. The total mass of released plant 
extract/nisin (mi) and the percent extract 
released at time i were calculated according to 
(5) and (6):  

 
  mi = (ciV +  ci-1Vs)  M        (5)  
   

%	released	

	 	 	 / 	 	 	 	 	
x	100   

(6) 
 

where: ci is the concentration of L/X/N 
released in solution at time i, V is the total 
volume of solution (50 ml), Vs is the volume 
of a sample solution (3 ml), M is the molar 
weight of the corresponding species (L/X/N). 

 

2.2.4. Antimicrobial assays  
In vitro antimicrobial susceptibility testing 

was conducted following the Clinical and 
Laboratory Standards Institute (CLSI) 
turbidimetric method [16]. To standardize the 
inoculum density for the susceptibility test, 
the visual turbidity equivalent to 0.5 
McFarland standards containing approxi-
mately 1-2x108 colony-forming units 
(CFU/ml) were used.  Broth (10ml) solutions 
containing concentrations of 1000 µg/mL, 
500 µg/mL, 250 µg/mL, 125 µg/mL, 62 
µg/mL and 31 µg/mL of CS/CNP/CNPL/ 
CNPX/CNPN were prepared.  The pH of all 
solutions was adjusted to 5.5 prior to being 
autoclaved.  Each tube was inoculated under 
aseptic conditions with 0.1 mL of bacterial 
standardized solution.  Both negative (broth 
and particles only) and positive (broth with 
testing microbe only) controls were also 
prepared.  An ethanol control without hops 
was included in each assay set for hops. All 
tubes containing bacterial cultures were 
incubated at 37°C for 20-24 hours (until 
positive control tubes indicated growth).  
Subsequently, each tube was examined 
against the negative and the positive controls 
for evidence of growth.  Each test was done in 
duplicate, repeated several times and the 
minimum inhibitory concentration (MIC) 
values were determined.  
 

3. RESULTS AND DISCUSSION 
Nanoparticulate materials encapsulating 

L/X/N were prepared by crosslinking chitosan 
with sodium tripolyphosphate. The 
inexpensive, green procedure is based on the 
electrostatic attraction between protonated 
amine groups in chitosan and the anionic 
tripolyphosphate, at room temperature. Table 
2 presents the RRAG, EE and LC values for 
the nanocomposites. 

RRAG values are informative when it is 
necessary to determine surface charges in 
dilute solutions of polymeric species like the 
ones discussed herein, and to evaluate 
crosslinking. Table 2 shows that presence of 
lupulone in the composites results in a more 
important decrease in RRAG compared to 
xanthohumol, and encapsulated nisin affords 
nanocomposites with the lowest RRAG 
values. This shows that, while the impact of 



92 │ARA Journal of Sciences, nr 2 (2019) 

the encapsulation of hydrophobic molecules 
in nanochitosan is sizable, the disruption 
generated by the larger amphoteric nisin is 
more important. All RRAG values 
recommend these nanoparticles as potential 
antimicrobial agents. All agents were 
encapsulated with high efficiency (highest for 
X) while the loading capacity values were 
low. In loading capacity, hydrophobicity 
seems to be more important than size of the 
encapsulated species. 
 
Table 2. Characteristics of the nanoparticles 

Particle 
RRAG 

(%)  

EE LC 

(%)  (%)  

CS 100 - - 

CNP 79.41 - - 

CNPL 67.7 81.9 1.04 

CNPX 72.13 96.25 0.75 

CNPN 32 77.9 2.78 

 
The interactions between both types of CS 

chains and TPP as evidenced by the FTIR 
spectra prove nanoparticles formation. CS 
displays a broad band between 3500 cm-1 and 
approximately 3000 cm-1 corresponding to the 
combined stretching modes of the O-H and N-
H bonds. In the CNP spectrum this band is 
broader due to an enhancement in hydrogen 
bonding and to the additional -OH groups 
introduced by TPP, and the intensities of the 
amide band (CONH2) at 1658 cm-1 and amine 
(NH2) band at 1562 cm-1 diminish. Two new 
peaks appear at 1637 cm-1 and at 1543 cm-1 

upon treatment with TPP. The occurrence of 
the peaks at ~1200 cm-1 (P=O stretching) and 
887 cm-1 - 891 cm-1 for P-O bending, after 
TPP addition, clearly evidence the 
crosslinking. FTIR spectra of CNPL/CNPX/ 

CNPN exhibit no significant differences 
compared to CNP. This result can be 
correlated to the very small amount of plant 
extract/nisin in the nanocomposites compared 
to CS. The release profiles for the bioactive 
agents from nanoparticles were evaluated 
over seven days and are presented in Figure 4. 
In all cases a burst was observed over the 

initial 4 hours, which may be due to the 
release of the L/X/N associated with the 
surface of the nanoparticles. After the initial 
burst, when the nanochitosan matrix started to 
degrade, all composites showed sustained 
release of the encapsulated species over seven 
days. The difference observed between L and 
X profiles may be due to the difference in 
lipophylicity between L (more lipophilic) and 
X. While displaying the same type of kinetics 
profile, CNPN released the highest percent 
over one week. Release times longer than 
seven days were not considered practical for 
applications in the food industry. 

 
Figure 4. Release of L/X/N from nano-
chitosan matrices. 
 

The antimicrobial activity of the 
nanoparticulate materials prepared was tested 
against a Gram-positive bacterium (Staphylo-
coccus aureus) and two Gram negative 
(Pseudomonas aeruginosa and Escherichia 
coli), species involved in food spoilage. A 
higher activity was exhibited by CS and CNP 
samples against S. aureus compared to that 
against P. aeruginosa and E. coli (Table 3) 
The same behavior was displayed by the 
CNPL/CNPX/CNPN composites (with one 
exception) and was previously found in 
nanoparticulate chitosan encapsulating 
copper/silver ions [17]. The enhancement 
afforded by the nanosize was a decrease in 
MIC against both Gram negative bacteria by 
a factor of 2, and by 25% against S.aureus.  
Although the exact mechanism of action is not 
fully understood and several other factors may 
contribute to the antibacterial effect, Helander et 
al. [18] demonstrated that chitosan was able to 
bind and weaken the barrier function of the outer 
membrane of Gram-negative bacteria causing 
extensive cell surface alterations and possibly 
causing the loss of the barrier function. 
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Table 3. Minimum inhibitory concentrations (MIC = µg/ml) against E. coli, P. aeruginosa, and 
S. aureus 

Zheng and Zhu [19] speculated that the 
thickness of the peptidoglycan layer can play 
an important role in providing a rigid structure 
which can act as a barrier against chitosan 
interactions.  Raafat et al [20] related the 
effect of chitosan against Gram positive 
bacteria to its binding to teichoic acids, 
coupled with a potential extraction of 
membrane lipids (predominantly lipoteichoic 
acid) which result in a sequence of events, 
ultimately leading to leakage of the cell 
content and bacterial death and confirming the 
higher activity against Gram positive 
microbes.  These explain the action of 
chitosan against both Gram positive and 
Gram-negative bacteria. 

The nanocomposites are stronger 
antibacterial agents compared to CNP in spite 
of the very low active agent content. The 
activity of nanochitosan against S. aureus 
tripled upon addition of L/N, respectively and 
doubled for CNPX compared to CNP. More 
puzzling is the fact that synergistic effects 
were observed in the nanocomposites against 
the Gram-negative species although L/X/N 
are not active against them. To better evaluate 
the impact of the encapsulation of plant 
extract/nisin on the antibacterial activity, a set 
of experiments was conducted using L/N 
added to the solutions of CNP, respectively. 
As expected, concentrations of 1% L added to 
solutions of CNP did not impact MIC values 
against the Gram-negative bacteria but 
decreased MIC against S. aureus (1.33 times). 
Nisin additions (1%) to CNP solutions 
resulted in higher impact on MIC values. 
While a decrease in MIC against the Gram-
positive S. aureus (by a factor of 3 compared 
to CNP and by a factor of 20 compared to 
nisin alone) was justified by the documented 
activity of nisin against Gram positive 
species, the synergy between CNP and added 
nisin reducing MIC against P. aeruginosa was 
not expected. The mechanism of action of 

nisin involves the disruption of cell membrane 
function due to its interaction with 
phospholipids and the formation of pores in 
the bacterial cell.  When combined with 
chitosan, which is able to bind and weaken the 
barrier function of the outer membrane of 
Gram-negative bacteria causing extensive cell 
surface alterations and loss of the barrier 
function [18], nisin was able to penetrate and 
reach the plasma membrane where it 
interacted with the phospholipid and formed 
pores. This allowed for extensive cytoplasm 
leakage much faster than it does in Gram 
positive bacteria which have large amounts of 
peptidoglycan. 

The synergistic effects afforded by the 
encapsulation of antibacterial species in 
nanochitosan matrices are stronger compared 
to those afforded by the simple addition of 
L/N to CNP solutions if we take into account 
that the concentration of the added L/N was 
two orders of magnitude higher than that of 
L/N present in the nanocomposites. A 
comparison between the antibacterial effects 
of the nanoparticles discussed herein is 
presented in Figure 5.  

 

 
Figure 5. Comparison of MIC values of 
different samples against S. aureus (+), P. 
aeruginosa (-) and E. coli (-)  

 
4. Conclusion 
To the best of our knowledge, the present 

work is the first describing the successful 
encapsulation of hop components and nisin, 
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respectively, in nanochitosan matrices. The 
nanoparticles obtained were characterized and 
the kinetics of the release of the active agent 
from nanochitosan was studied. The 
encapsulation resulted in synergistic 
interactions between chitosan and hop 
extracts/nisin and increased the antimicrobial 
effect of L/X/N against a broad spectrum of 
species. An added benefit of delivering hop 
components in nanochitosan matrices is the 
possibility to mask their strong bitter taste. 
This is important for food applications where 
hops are used as preservatives. Encapsulation 
also recommends the nanoparticles reported 
herein for applications to the skin (as 
treatment or in cosmetic formulations) since it 
avoids the danger of contact dermatitis 
reported in hop pickers and affords sustained 
release of nisin from mixtures containing fats. 
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Abstract: This paper is an endeavour to bring together some the research results and 

information available in the scientific literature, regarding the properties and the therapeutic 
uses of emu oil. The review was done with the purpose to inform readers about the beneficial 
effects of emu oil on one’s health and to explain these effects based on its chemical composition. 
The Emu is a bird indigenous to Australia, belonging to the same family as the ostrich; from its 
fat, an oil is obtained through a process of melting and refining. The native people of Australia, 
the Aborigines, discovered thousands of years ago the benefits of emu oil and incorporated it 
into their culture as a valuable commodity. They used emu oil for a multitude of purposes: as a 
treatment for burns and arthritis, for improvement of muscular pain and as a remedy for skin 
ailments. Prior to 1990, very little research had been done on the emu and its oil in the US and 
Australia; however today, due to ongoing interest in the latter, there are a lot of research findings 
on the chemical composition, the properties and the therapeutic usage of emu oil. Frequently, 
numerous physicians recommending the treatment with emu oil to reduce the bad cholesterol 
level, or to ameliorate the symptoms of eczema, psoriasis, haemorrhoids, acne, gave evidence 
about its miraculous effects. Emu oil proved to be a nutraceutical and cosmeceutical product 
with beneficial effects on the health; it does not produce allergies or other adverse effects. 

Keywords: Chemistry, Natural Products, Medicine 
 

MOTTO 
’’Emu oil is an untapped resource and 

currently now is where aspirin was in the 
early 1900’’. Dr. Barry Sears, President of 

the Foundation for Research of 
Inflammation, USA 

 

 
Figure 1. Emu bird 

 
1. The Emu and emu oil 
The emu bird (Dromaius novae-

hollandiae), shown in Figure 1 belongs to a 
group of birds known as ’’ratites’’, and is the 
second largest bird in the world behind its 
African ratite cousin, the ostrich. In 1960 emu 

was declared the national bird of Australia, 
playing an important role in the life of 
Australian Aborigines. 

The emu contributed to the survival of 
tribes of native Australian in the form of both 
food and medicine. Emu meat and eggs were a 
great source of lean protein and the oil 
rendered from its fat was used by Aborigines 
as a remedy for skin aliments, as an arthritis 
and burn treatment, as a skin protectant and 
sunscreen and as a skin moisturizer. The 
Aboriginal method for trauma treatment was 
to wrap the affected area with emu skin, fat 
side down, and put the patient in the sun, so the 
heat melts the fat and drive the oil into the skin. 

Currently, emu oil is produced comer-
cially by processing the roughly 10 kg of fat 
on a mature bird with heat and filtration, to 
give 5-6 litters of rendered oil. Therapeutic 
properties can vary depending on the diet and 
lifestyle of bird, with oil from feral birds 
presenting the best fatty acid profile, most 
efficacy in reduction of arthritic swelling, 
and an analgesic quality comparable to that 
of naproxen [1]. 
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2. The Properties of Emu Oil 
2.1. Physical Properties 
The physical properties of emu oil are 

shown in Table 1. 
 
Table 1.  Physical properties of emu oil 
 

20oC Semisolid
60oC Liquid
Odor Absent
Umidity 0,05%
Refractive index 1,4654 (30oC) 
Iodine value 75-80
Density 0,921g/ml 

  2.2. Chemical Composition 
The therapeutic and cosmetic properties of 

emu oil are due to the presence in the 
composition of a high percentage (70%) of the 
unsaturated fatty acids which have an 
important physiological effect. The major 
acid is the oleic acid (Omega 9), which is a 
known enhancer for transport of bioactive 
compounds into the skin, and thus the ability 
to be absorbed quickly and penetrate deeply 
when applied topically. Other two essential 
fatty acids which are highly important are the 
linoleic acid (Omega 6) and the linolenic acid 
(Omega 3) . 
 
Table 2 indicates the chemical composition of 
emu oil [2]. 
Table 2.  Chemical composition of emu oil 

 
Acid gras   %   
Palmitic (C16: 0)  22,0  
Linoleic (C18: 2)  15,2  
Stearic (C18: 0)  9,2  
Oleic  (C18: 1)  47,4  
Palmitoleic (C16: 1)  3,1  
Linolenic (C18: 3) 1,0  
  

The overall composition of emu oil is very 
similar to our skin's own fatty acid 
composition, explaining the compatibility of 
the emu oil with the skin and its beneficial 
effect on the skin. Dr. Hopkins mentioned that 
one of the difficulties of the emu oil industry 
is to scientifically explain the ability of emu oil 
to relieve the symptoms of different diseases 
[3].  He specified that the proportion of fat in 
this oil or the ratio of saturated and 

unsaturated acids have a more important role 
in the therapeutic process than the individual 
presence of each acid (linoleic, oleic, palmitic, 
stearic, palmitoleic).  These acids also exist in 
other oils, which do not possess the beneficial 
properties of the emu oil. 

 Dr. Sears, the President of the Foundation 
for Research of Inflammation, USA, has 
launched the hypothesis that emu oil contains 
a "factor X" to which its "miraculous" 
properties are attributed. It modulates the 
eicosynoid hormones that control the immune 
system, central nervous system and other 
systems in the body [4]. Properly refined, emu 
oil is penetrating, anti-inflammatory, 
antibacterial, healing, moisturizing and non-
comedogenic. 

 
3. Therapeutic Usage of Emu Oil 
3.1. General Clinic Results 
Dr. Hobday, an Australian physician, was 

the pioneer of the clinical studies on emu oil. 
He published in 1994 a global report, 
containing the results of his clinical 
experience during 10 years, following the 
administration of emu oil on 500 patients [5]. 

The overall results obtained from the 
treatment were summarized by the researcher 
as follows:  

 
Skin 
 - Eczema: Emu oil and creams containing 

emu oilreduce irritation and inflammation of 
the skin and significantly reduces tissue 
growth over a scar caused by a wound or a 
surgical incision. 

- Burns: Faster healing, reducing pain and 
scarring. 

- Skin transplant: reduces pain felt by 
removing the skin. 

- Psoriasis: improvement in some patients. 
 
Joints 
-Joint pain: reduces pain, swelling and 

stiffness, especially when the joint is closer to 
the surface ofthe skin, such as the hand, foot, 
knee and shoulder.  

- Rheumatoid arthritis: Dr. Hobday has not 
found any improvements. Considering that 
some of his colleagues have achieved positive 
results, he recommended continuing clinical 
trials. 
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- Contusions and muscle pain: an 
important effect on recent contusions and 
muscle pain when the wound was relative to 
the surface of the skin. Emu oil massages are 
effective for relaxing strained muscles after a 
sporty exercise. 

 
Recent wounds 
- In skin-covered wounds, emu oil reduces 

tissue formation that results in scar 
enlargement and cure wounds after a surgical 
operation by anti-inflammatory action. 

Regarding wound healing after surgery 
due to the anti-inflammatory effect of emu oil, 
Dr. Hobday mentioned: "This is very obvious 
in transplant operations of a coronary artery 
when the surface of the foot where the vein 
has been removed was affected. Following my 
experience, local emu oil massage two or 
three times a day accelerated the healing 
process and reduced the size of scars. " 

 
3.2 Use of Emu Oil to Treat Microbial, 
Fungal, and Viral Infections 
Due to its bacteriostatic, anti-fungicidal 

and anti-viral properties, emu oil is used in 
numerous formulations to treat infections. 

Maurine Pearson [6] patented new emu-
based formulations that are analgesic, 
antipruritic and have the property of treating 
microbial and fungicide infections. They can 
be used in hospitals to treat wounds, burns and 
other dermatological problems, as well as to 
relieve pain caused by skin irritation, wounds 
and burns [6]. 

The products stimulate the synthesis of 
deoxyribonucleic acid (DNA) in the 
epidermis, reduce inflammation and have a 
lubricating and moisturizing effect. 

They are designed to inhibit the pathogens 
Trichophyton Rubrum, Microsporum 
Equinum, Trichophyton Equinum, 
Microsporum Gypseum, Microsporum Canis, 
Epidermophyton Floccosum, Trichophyton 
Mentagrophytes.  

The new formulations also inhibit 
microbial activity caused by Escherichia coli, 
Salmonella typhimurium, Pseudomonas 
aeruginosa, Staphylococcus aureus, 
Enterococcus faecalis, Bacillus Cereus, 
Candida albicans, Streptococcus agalactiae. 

 

3.3 Use of Emu Oil to Relieve Arthritis   
Symptoms 
Since emu oil has anti-inflammatory 

properties and arthritis is associated with 
inflammation, the topical application of oil or 
the ingestion of capsules containing emu oil, 
may diminish inflammation. 

A preliminary study by Dr. Leahey of the 
Oklahoma Clinic, to determine the effect of 
emu oil on arthritis-affected hands has 
indicated that the oil can substantially reduce 
the pain caused by this disease [7]. 

In this 2-weeks study, 7 of the 12 emu-
treated patients reported a significant 
reduction in pain, swelling of the hand, and 
stiffness. Of the 8 patients who received the 
mineral oil instead of emu oil, only one 
reported the same results. 

A more complete study entitled "The 
Effect of Emu Oil on Osteoarthritis in the 
Hand" was conducted by Drs. Melanie 
Cameron and Ray Power at Victoria 
University, Australia. Its objective was to 
determine the effect of the emu oil 
administered locally or ingested, on the force 
of the squeeze and the sensitivity of the hands 
affected by osteoarthritis [8]. 

In this 8-weeks study, 120 volunteers aged 
47 to 87 who were diagnosed with 
osteoarthritis at the hands were initially 
recruited. 

Patients were divided into three groups 
that had the following treatments:  

A. Oil applied locally on both hands 
(twice daily, morning and evening, for a 
maximum of 30 sec.)  

B. Ingested oil (5 ml, twice a day)  
C. Local oil and ingested oil. 
The following clinical and functional 

parameters were determined at the beginning, 
middle and end of the study: the pain, the joint 
sensitivity, the pain force, the perception of 
pain reduction, 

The results suggest that emu oil applied 
locally or ingested can be used to reduce the 
pain caused by hand osteoarthritis. Due to the 
fact that a pain relief was found after the third 
week of the study, the authors suggest that the 
product should be administered continuously 
over a longer period to show its therapeutic 
effect. It has also been mentioned that local 
application of the oil may be a more effective 
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treatment for osteoarthritis if the patient is 
simultaneously given glucosamine or 
capsaicin, either locally or orally (3 months, 1 
500 mg daily). 

Novartis Pharmaceuticals Pty Ltd in 
Australia financed the clinical trial 
“Randomized phase II placebo-controlled 
study to evaluate the efficacy of topical pure 
emu oil for joint pain related to adjuvant 
aromatase inhibitor use in postmenopausal 
women with early breast cancer” JUST (Joints 
Under Study) [9]. 

The objective of this study realized at 
Mount Hospital, Perth, was to evaluate the 
efficacy of emu oil to relieve joint pains in 
menopausal patients who are treated with 
“aromatase” inhibitors for breast cancer in an 
early phase. The inhibitors have the role of 
preventing cancer reappearance, but they 
cause joint pain (anthralgia) and stiffness as a 
side effect.  

The conclusion of the study performed on 
75 patients indicated that arthralgias, as a 
result of aromatase inhibitor use, may be 
ameliorated by the use of topical oil massaged 
onto the joint. 

Emu oil was also one of the active 
ingredients used by Mallozzi and Fallon for 
the treatment of inflammatory and non-
inflammatory arthritis [10].  Along with the 
oil, other ingredients were arnica, calendula, 
glucosamine, salicylic acid, hamamelis and 
yam. The medicine was administered as an 
ointment, cream, gel, emulsion, or liquid 
solution that is applied directly to the affected 
area or soaked in a buffer that is held over the 
area with an adhesive. The emu oil was used 
as a transdermal delivery agent and anti-
inflammatory agent. 

  
3.4 Use of Emu Oil in Lowering 

Cholesterol 
Dr. Fein and collaborators are the authors 

of two patents titled "Therapeutic Uses of 
Emu Oil". The patent claims the discovery 
that "emu oil can be used therapeutically to 
lower cholesterol, triglycerides and low-
density lipoproteins, and to increase high 
density lipoproteins; prevents and treats 
allergies; treats headaches; prevents bleeding 
of the nose; reduces the pain caused by the 
menstrual cycle " [11]. 

The inventors state that emu oil can be 
ingested at least once a day to lower 
cholesterol. The amount of oil required 
depends on the patient's cholesterol level, age 
and weight. Some patients may receive 
treatment if they ingest between 2-10 ml of oil 
per day, for the other patients the maximum 
dose required was 7 ml per day. Generally, a 
dose of one teaspoon of emu oil per day was 
effective. The oil may be administered in 
liquid form or in gelatin capsules. 

The following example was described in 
the patent:  

A 60-year-old woman ingested 7-10 drops 
of oil, or about one teaspoon a day. The patient 
was previously treated for decreasing 
cholesterol with Mevocore, but the drug had 
side effects, causing hair loss. Emu oil has no 
side effects and the patient's hair has 
recovered. The results of the analyses are 
presented in Table 3. 

 
Table 3. Values of the total cholesterol, 

LDL, HDL, and triglycerides before and after 
treatment with emu oil 
Total Cholesterol, LDL, HDL, Triglycerides 

mg/dl 
Initially   292 205 40 233 
After 6 months 264  179 38 239 

 
3. 5  Use of Emu Oil to Treat Burns 
The American Emu Association has 

collaborated with Dr. John Griswold of the 
Texas Tech University Medical Center in 
Lubbock, USA, to study the emu oil's efficacy 
in the healing of wounds caused by burns. 

Dr. Griswold presented the results of the 
study "Evaluation of Emu Oil for Lubrication 
and Treatment of Burns" at a Conference 
organized by the American Burn Association. 

The presentation can be summarized as 
follows:  

The study was conducted to evaluate the 
emu oil as a lubricant and to limit scar 
formation following wound healing. Ten 
patients were evaluated in a "blind" study that 
lasted at least 6 months. Patients had their own 
witness by using emu oil for some burns and 
using a placebo lubricant for other similar 
burns. Because the study was blind, patients 
did not know the identity of the products they 
were using. The application of both lotions 
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was done daily. The treatment lasted between 
195 and 385 days. At the end of the treatment, 
significant differences in pigmentation and 
flexibility of emu-treated scars were observed 
in comparison to those obtained after placebo 
treatment, but there were no differences in 
wound vascularization. Burn photos indicated 
that emu-treated burnt surfaces healed much 
better than those treated with placebo. 

Currently, it seems that emu oil is 
recommended by many doctors to treat burns, 
even in the case of road accident victims. Due 
to its composition in fatty acids similar to the 
skin, emu oil favors the growth of a new skin 
layer, reducing the need for numerous painful 
transplants. 

Dr. Dan Dean, who practiced medicine in 
two clinics in Mt. Pleasant, Michigan, USA, 
used the emu oil to treat the first, second and 
third burns and concluded that the product has 
beneficial effects on the skin of the patients. 
The doctor has achieved remarkable results 
even in very severe, type three burns [12]. 
Figures 2 and 3 illustrate the progression of a 
heartburn treated by Dr. Dean with emu oil. 

 

 
Figure 2. Burn before treatment with emu oil 

 

 
Figure 3.  Burn healed after 32 days of 
treatment  
 

It is known that the treatment of cancer by 
radiotherapy or chemotherapy can cause 
burns and inflammation as a side effect, which 

is manifested in chemotherapy-treated 
patients by the occurrence of a lot of pains in 
the mouth (ulcers), which are very painful. As 
a result of chemotherapy, the layer of cells 
inside the mouth that is most rapidly divided 
is affected. After ingestion of emu oil several 
times a day, patients found a significant 
reduction in ulceration, resulting in pain 
reduction. 

Promising results have also been obtained 
in cancer patients treated with radiotherapy. 
The cancer patients who were to undergo 
these treatments applied emu oil on the skin 
20 minutes before irradiation, or ingested emu 
oil. The effect achieved was to reduce the 
intensity of burns, compared to the expected 
burns from the dose of administered radiation. 

 
3.6 Use of Emu Oil by Diabetic Patients 
Upper or lower limb wounds of diabetic 

nature are difficult to heal due to poor blood 
circulation and can become infected 
frequently, requiring amputation. Even dry 
skin can be dangerous for diabetics because it 
can crack, causing inflammation. Emu oil 
helps to hydrate the skin, thus preventing 
inflammation. Moreover, the presence of 
linolenic and oleic acids in its composition 
gives the oil anti-inflammatory properties. 

The use of emu oil as an insulin 
transporter in human diabetic patients was 
patented by Fishman in 2007 [13]. 

The patent describes formulations of a 
dermal insulin delivery system composed of 
emu oil, fatty acid alkyl esters, polyethylene 
glycol-8 (PEG-8), methylsulfonyl methane 
(MSM) and a gelling agent. 

Henry Schur patented another transdermal 
application of insulin containing emu oil. 
External application was done as a patch, 
without skin irritation being observed in the 
application area. Prior to the addition of other 
ingredients, insulin was initially incubated 
with a biopolymer designed to increase skin 
permeability of chemically and biologically 
active substances with a molecular weight 
greater than 150 Daltons [14]. 

In 2013 Akram et al. have published a 
study that refers to the formulation of an 
insulin emulsion and the evaluation of 
hypoglycemic activity in an animal model. 
Eight insulin formulation emulsions were 



100 │ARA Journal of Sciences, nr 2 (2019) 

prepared using emu oil as a carrier in 
combination with Carbomer or hydro-
xypropyl methyl cellulose as a gelling agent 
and Polisorbate 80 as the emulsifier [15].The 
biological activity of the emulsion 
formulation was investigated on Albino 
rabbits alone and in combination with 
iontophoresis.The in vivo efficacy of the 
product was evaluated by measuring the blood 
glucose level at the start of the experiment and 
then every 15 minutes for 120 minutes. 

The optimal formulation indicated a 
maximum insulin penetration flow (4.88 ± 
0.09 μg / cm / hr) through the mouse skin that 
was taken. The same formulation was then 
studied on Albino rabbits. In the first group 
treated with insulin emulsion only, the blood 
glucose level increased after 120 minutes, and 
in the second group treated with insulin and 
iontophoresis emulsion the glucose level 
decreased to 125 ± 5 mg / dl in 120 minutes. 

Insulin absorption through the transdermal 
emulsion was found to be higher in 
combination with iontophoresis, resulting in a 
more pronounced reduction in blood glucose 
levels. Based on this study, it has been 
demonstrated that the application of 
iontophoretic insulin emulsion can be used as 
an alternative to insulin injection in future 
studies. In addition, this method is not painful. 

 
3.7 Dermatological and Cosmetic Usage 
of EmuOil 
3.7.1 Skin Hydration 
The moisturizing and cosmetic properties 

of emu oil have been evaluated in a clinical 
trial conducted by a team of researchers led by 
Dr. Alexander Zemtsov, a dermatologist and 
associate professor at the Indiana University 
School of Medicine, USA [16]. 

The ability of the oil to penetrate into the 
skin and the moisture, as well as its smell, 
have been compared with the similar 
properties of a synthetic mineral oil 
commonly used in the USA as emulsifying 
agent and lubricant in external cosmetics and 
pharmaceuticals. 

Volunteers selected to participate in the 
study had normal skin without acne or 
eczema. The protocol provided that the 
clinical trial was "blind", meaning that both 
the patients and the investigators could not 

initially identify the type of oil that was used 
by the subjects.  In the study the participants 
were asked to apply an oil on the face and on 
the body twice a day, for two weeks. After this 
time, the subjects were examined to detect 
signs of skin irritation or acne, and then they 
were recommended to apply the second oil 
under the same conditions. 

At the end of the study, each patient 
completed an assessment questionnaire using 
a scale of 0 (unsatisfactory) to 5 (excellent) to 
compare the effect experienced after applying 
each oil. They also had to compare 
moisturizing properties, skin penetration 
power, texture and any side effect (pore 
clogging, odor, irritation, etc.) The results 
presented in Table 4 indicate that emu oil had 
a global assessment and skin penetration / 
permeability superior to mineral oil. 

 
Table 4. Evaluation of oils by participants 

in the clinical trial 
  

        Emu oil   Mineral oil   
          (average scores)  
Overall oil evaluation          5   3 
Texture         4   3 
The ability to penetrate into5   3 
the skin / permeability 
Moisturizing properties       5   4 

 
According to the answers given in the 

questionnaire, all participants in the study 
(100%) mentioned that they preferred emu oil. 
None of the oils irritated the skin. The use of 
emu oil in cosmetics is also due to its 
properties to be an excellent emollient and a 
good emulsifier. It can replace in cosmetics 
some commonly used commercially available 
emollients, which can cause skin irritation and 
are corrosive.  Because it does not contain 
water or protein, emu oil has the advantage of 
not creating an environment favorable to the 
development of bacteria or fungi. Many 
cosmetics cause allergies or other side effects 
due to the formation of infectious bacteria. 

Emu oil stimulates the regeneration of the 
skin cells, attenuates the wrinkles, heals the 
cracks of the skin and protects it from the 
effects of cold or heat. Currently many emu 
oil cosmetics are marketed: soaps, creams, 
lotions, gels. 
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3.7.2 Scars. Transdermis Treatment 
The property of emu oil to reduce or even 

contribute to the complete disappearance of 
scars has recently been confirmed by a clinical 
trial conducted for 3 years by plastic surgeon 
J. Chao, director of Plastic Surgery Trauma at 
Albany Medical College, USA [17]. 

At a preliminary stage, Dr. Chao 
conducted a pilot study on a small number of 
patients who had breast reduction surgery. 
After surgery, on the scar of a breast, the 
Transdermis Scar Therapy product, which is a 
serum containing pure emu oil, was applied, 
and on the second symmetric scar on the 
second breast was used the Mederma product, 
currently recommended for the treatment of 
scarring. Mederma is an onion extract product 
marketed by Merz Pharmaceuticals. 

Treatment of scars with the two products 
was initiated two weeks after the surgery, 
when the bandages were withdrawn. After 2 
months of treatment, patients reported a more 
significant reduction in the emu-treated scar 
compared to Mederma. After this time, all 
participants in this study requested that the 
treatment be continued with emu oil. A 
"blind" observer, who did not know the type 
of product applied on each breast, came to the 
same conclusion. Scars treated with emu oil 
have become less red, thinner, less noticeable, 
and the skin has lost its stiffness. 

Due to the positive results of this limited 
study in a limited number of patients, Dr. 
Chao conducted a clinical study on a larger 
number of patients who underwent surgery. 
The purpose of this first study to evaluate scar 
treatment for humans was to clinically prove 
the efficacy of the emu oil. Following the 
results of this 3-year clinical trial, 
Transdermis Scar Therapy, based on emu oil, 
is used successfully for the treatment of scars 
caused by injuries, bruises, and surgery. 
Figures 4 and 5 shows the development of a 
patient's scars, following the treatment with 
Transdermis Scar Therapy. Emu oil also 
accelerates the healing of bruises and 
contusions. 

 
 

 
Figure 4.  Scars before the treatment  
 

 
Figure 5.  Scars after the treatment  

 
3.7.3 Eczema 
In recent years, emu oil has begun to be 

successfully used in the treatment of various 
types of eczema such as atopic, contact, 
seborrheic eczema, etc. Due to its chemical 
composition consisting of 70% unsaturated 
fatty acids and bacteriostatic, hypoallergenic, 
anti-inflammatory and anti-comedogenic 
properties, emu oil provides skin with 
nutrients, moisturizes and reduces irritation. 

Due to the hypoallergenic properties of 
emu oil and the absence of phospholipids, 
emu oil is recommended for topical 
application on all skin types. Treatment 
should be repeated two or three times a day, 
depending on the severity of the eczema. In 
addition, patients may use soaps and lotions 
containing emu oil to clean irritants and 
allergens. 

Figures 6 & 7 show the progression of a 
severe facial eczema in an elderly patient who 
has been treated with oral and injectable 
synthetic drugs (cortisone, antibiotics) for 8 
weeks. As no results were obtained, drug admin-
istration ceased and emu oil was started [18]. 
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Figure  6.  Initial lesion (after conventional 
treatment) 

 

 
 

Figure  7. Lesion after 3 weeks of treatment 
with emu oil 

 
3.7.4 Psoriasis, Dermatitis 
Because the treatment of psoriasis with 

steroids has been shown to cause undesirable 
side effects, alternative treatments based on 
natural products of plant or animal origin, such 
as natural oils, tend to be used. 

Currently, it cannot be said that emu oil 
can cure psoriasis, but many people who have 
used it have seen an improvement in the dry 
skin condition and the itching caused by this 
disease. Emu oil nourishes the tissue and can 
help the normal growth of skin cells, reducing 
the alternative growth process that causes 
psoriasis lesions. Currently, however, it is not 
possible to predict the efficacy of the product 
for a person affected by psoriasis. The body of 
each patient being different, the person with 
psoriasis should test the emu oil to determine 
its efficacy. Overall, the consumer's 
conclusions are very positive. 

Dr. Jim Kiatos from Victoria University of 
Technology, Australia, conducted a clinical 
study on the effect of emu oil on psoriasis 
[19]. The study aimed to determine whether 

emu oil administered locally, orally, or by 
combining the two treatments has an effect 
on:  

• the severity of psoriasis 
• the quality of life of patients 
• the appearance of the skin surface 

affected by psoriasis. 
 In this 12-weeks study, 91 volunteers 

with a diagnosis of psoriasis vulgaris were 
recruited. 

The severity of psoriasis was evaluated by 
the Self-Administered Psoriasis Severity 
Index (SAPSI) before the start of the clinical 
trial and on the same day of each week 
throughout the study. 

  To assess the quality of life, the 
(Dermatology Life Quality Index,(DLQI) was 
used. DLQI is a questionnaire containing 10 
questions, which refers to patient assessment 
of symptoms, treatment problems, skin 
condition and interference with everyday 
activities. The overall assessment also took 
into account the doses and frequency of 
psoriasis medication out of the study.  

In conclusion, the results of the clinical 
trial suggested that emu oil reduced the 
severity of psoriasis symptoms, such as 
redness and the scaly appearance of the skin. 

Although emu oil is not a cure for 
psoriasis, the results of the clinical trial have 
shown that following the use of emu oil, the 
use of traditional therapy is reduced, which 
allows the treatment of psoriasis to be cheaper 
and more effective. 

In Romania, Prof. Dr. Maier Nicolae, from 
the Clinic of Dermatology and Venereology in 
Cluj Napoca, participated in 2003 in a 
multinational clinical study titled '' The local 
application of Dr. Michael's cosmetics with 
therapeutically effect in psoriasis''.[20] The 
study involved researchers from Romania, 
Hungary, Russia and Austria. 

This clinical trial evaluated the therapeutic 
effect of Dr. Michael's products on psoriasis 
with varying degrees of severity, as well as the 
adverse reactions and tolerability of these 
products. Dr. Michael's products tested in 
three successive phases were a gel cleansing, a 
scalp and body ointment, and a skin 
conditioner, containing emu oil. 

In this 8-weeks study, 30 patients with a 
diagnosis of psoriasis vulgaris were recruited. 
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In the morning, on the skin of the body, the 
cleansing gel was applied and it was massaged 
on the psoriatic plaques and allowed to act for 
three minutes. After removing the gel with 
water, the skin was wiped off and the ointment 
was applied to the psoriatic plaques, upon 
which the skin conditioner with emu oil was 
immediately applied. The operation was 
repeated in the evening. 

In the evening, on the scalp, the psoriatic 
plaques were massaged with the ointment, and 
the morning was washed with the cleansing 
gel. The results of the treatment were clinically 
recorded on medical visits performed weekly.  
At the start of the study, three weeks after, and 
at the end of the study, areas of the patients 
affected by psoriasis were photographed. Also, 
psoriasis associated symptoms were quantified 
during medical visits, using the Psoriasis Area 
and Severity Index (PASI) score. 

The study realized with Dr. Michael's 
therapeutic cosmetics containing emu oil 
showed that the products were effective in the 
treatment of psoriasis, reducing scales in 7 
days, tegument infiltration in 20 days, and 
erythema after 20 days. Following the 
treatment of scalp lesions, the disappearance 
of psoriatic plaques occurred after 14 days. 

The percentage of cases for which a good 
and very good therapeutic effect was achieved 
was 73%. 

Similar results were obtained by 
researchers in Hungary, Russia and Austria. 
Following the four independent clinical trials 
involving 121 patients, it was demonstrated 
that Dr. Michael's preparations are effective 
for the treatment of psoriasis. Emu oil 
incorporated in body and scalp balm 
contributed to the reduction of inflammation 
and had the role of preventing the loss of 
flexibility and elasticity of the skin. 

Dr. Zemtsov, a professor at the Department 
of Dermatology, School of Medicine, Indiana 
University, published the experimental results 
of a study to test the efficacy of a new topical 
formulation containing cetirizine in emu oil 
for the treatment of patients with psoriasis, 
atopic dermatitis and stasis dermatitis. 

Topic dermatitis is an inflammatory skin 
condition that creates an intense pruritus 
(itching) with chronic evolution. The disease 
affects 10-20% of the population. Stasis 

dermatitis is manifested by inflammation of 
the skin caused by slowing or stopping blood 
circulation in the affected area. 

Treatment is done with steroid-based 
creams, but their prolonged use causes 
unwanted side effects.   

The formula conceived and used in this 
study is a therapeutic agent that easily 
penetrates the skin and possesses emulsifying 
properties. The cetirizine active principle that 
is dissolved in the emu oil acts as a vehicle that 
dissolves and transports the ingredient through 
the skin barrier and has synergistic therapeutic 
effects with emu oil, or it may be the active 
pharmaceutical product itself. 

The formulation contains the following 
ingredients: emu oil (85%), cetirizine (2%), 
methyl paraben (0.2%) which is a conservative 
agent, and propylene glycol that promotes the 
solvent and emulsifier properties of emu oil. 

The results have shown with certainty that 
the emu and cetirizine oil have acted in 
synergy favoring each other their individual 
therapeutic effects on inflammatory skin 
diseases. The new anti-inflammatory, anti-
pruritic, moisturizing, topical formulation is 
very effective for treating atopic dermatitis, 
psoriasis and other dermatological diseases. 

 
3.7.5 Cosmetics 
Emu oil is the only natural oil that is easily 

absorbed into the skin, having the same 
chemical composition as the oils contained in 
human skin. The constituents that allow it to 
penetrate into the skin are monounsaturated 
fatty acids, also contained in human skin. 

Being an efficace transdermal transporter, 
emu oil has superior moisturizing and nutritive 
properties compared to other oils used in 
cosmetic preparations.  

Emu oil has the ability to transport 
vitamins E, A, C, ceramide, lipids and other 
nutrients to skin alleviating the symptoms of 
skin aging, that are drying, wrinkling and loss 
of flexibility. 

Due to its characteristics, emu oil is used 
as the main ingredient in many cosmetics, 
replacing ingredients such as triethanolamine, 
urea, lanolin, propylene glycol, which may 
have side effects.  

Essential fatty acids that are contained in 
oil give it the following properties: hydratant, 
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ultra penetrating, transdermal transporter, 
reduces itching, restore the hydrolipid film of 
the epidermis.  Many creams, lotions, gels, 
containing emu oil are successfully marketed. 

 
4 Other Uses 
 Emu oil is also used for the treatment of 

acne, rosacea, loss of hair (alopecia), in 
formulation of antihistaminics, to administrate 
analgesics and anaesthetics drugs, in the 
veterinarian field, for protection against 
insects, for the obtention of an antiserum 
against poisonous venom of some snakes, and 
other. 

 
5 Conclusion 
The therapeutic effects of emu oil for such 

diversified diseases might astonish.  
Dr. Robert Nicolosi, Director of the Center 

for Health and Disease at the University of 
Massachusetts, SUA mentioned: “Emu oil is a 
mysterious medical marvel”. 
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Abstract: The production of electricity in Romania, from the beginning until today, was 

based on central heating power plants, mainly with its own energy resources. Power Plant 
Paroseni operates under subcritical parameters, it is part of the National Energy System and has 
the objective of producing thermal energy for the cities of the Jiu Valley and electricity supplied 
to the National Energy System. The purpose of the paper is to present historical and technical 
references regarding its structure and functioning. 

Keywords: Paroseni central heating power plant, cogeneration history, energy. 
 
 
Short history of Paroseni Central 
Heating Power Plant 
 
Paroseni CHPP is a central heating power 

station which produces electricity and heat 
using black coal mined from Jiu Valley as fuel 
and natural gas for ignition and to maintain 
the flame. 

In June 1952 the Ministry of Electric 
Energy – The Institute for Energetic Studies 
and Design the Thermo-energetic Sector, 
according to the provisions of the “10 Year 
Electrification Plan” (1951-1960) of Romania, 
created, (using a design of the Moscow TEP 
Institute), the technical design of Paroseni 
Electric Plant, the future I.C.T. of Paroşeni, 
while in 1953 the site management was set up 
for the construction of the I.C.T. Paroşeni. 

First Step – In 1956 the first energetic of 
50 MW, and during the period comprised 
between 1957 and 1959 2 more energetic 
groups of 50 MW were turned on, groups 
which were operational until 2010, at present 
the groups are made redundant and their value 
reclaimed (fig. 1).  

Second Step – In 1964 group no. 4 of 
150MW was made operational, group which 
was the largest at that time. In 1989, the 150 
MW group was stopped in order to update the 
technology. The technology update ended in 
August 2007, date when the energetic group 
operated within S.E.N (fig. 2) . 

 

Figure 1. Electricity generator and steam 
turbine, 50 MW group 

 

 

Figure 2. Electricity generator and steam 
turbine, 150 MW group 

 
Modernization of the central heating 
power plant 
After a 50 years operational period given 
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the conditions of a free energetic market, a 
renewal of the energetic capacity in Paroseni 
and for the non-viable units to be made 
redundant (i.e. three groups of 50 MW each) 
was absolutely required as well as for the 
renewal of the technology of group 4 of 
150MW in order to meet the specific 
conditions imposed by the developments 
brought forward by “Romania’s Energetic 
Strategy” and “Romania’s Energetic 
Pathway”. 

 
The production capacities of Paroseni 
Power Station branches 
The Paroseni Power station branch 

operates a state-of-the-art Energy Unit of 150 
MW. The rehabilitation of the energy unit no. 
4 was carried out with an investment of 
496,363,713.84 lei. The present production 
capacity of Paroseni Power station is presented 
in Table 1:  

 
Table 1. Equipment of the 150 MW group 

N
o 

Equipme
nt 

Nomi
nal 

capac
ity

Manuf
acture

r 

Sta
rt 
up 

Fue
l 

1 
Steam 
cauldron 
no. 4 

540 
t/h 

Babcoc
k 
Hitachi 

20
07 

Blac
k 

coal 
/ gas

2 

Cogenerat
ion steam 
turbine 
no. 4 

150 
MW/ 
150 

Gal/h 

TURB
OATO
M –
Ukrain
e

20
07 

 

3 
Hot water 
cauldron 
no 1 

103,2 
Gcal/

h 

ICPET 
Buchar
est 
IMUC 
Piteşti

19
99 

Blac
k 

coal 
/ gas 

4 

Start-up 
heating 
plant 
(cauldron6 
+ cauldron 
7)  

2 X 
20 t/h 

LOSS- 
Germa
nia 

20
10 

Gas 

 
The sums invested to ensure the operation 

of Paroseni central heating power plant are the 
following: the rehabilitation of the energy unit 
no. 4 of 150 MW – 496,363,713.84 lei; 
installation of the start-up heating plant for 
group 4 of 150 MW – 10,854,273.20 lei; the 

installation of a steam cauldron of 270 t/h and 
of a hot water cauldron of 100 Gcal/h – 
206,127,934.26 lei. 

The finalisation of the investments for the 
environment, respectively “The installation for 
the desulphurisation of the burning gas used 
for group 4 of 150 MW and the HWC of 100 
Gcal/h” (GDI) and “The change of the present 
technology for the collection, transport and 
storing of cinder and ash” (DSS), have led to 
the complete fulfilment of the environment 
conditions imposed by the European Directive 
EC/2010/75. The amounts of money invested 
to ensure the future operation of Paroseni 
CHPP are the gas desulphurisation installation 
and the dense sludge system (GDI+DSS), 
namely 65,300,000.00 Euro. 

The entire Paroseni CHPP was designed to 
operate on black coal mined in Jiu Valley. 
Moreover, its desulphurisation installation and 
the dense sludge system (finalised 
investments) were designed and built taking 
into consideration the fact that the energy unit 
no. 4 of the plant shall be operational using 
only Jiu Valley black coal. Tables 1 and 2 
bring forward the values for the electricity and 
heat produced by the plant, while table 3 
presents the data related to fuel, i.e. black coal, 
consumption. 

 
Table 2. Produced electricity (MWh):  

2007 2009 2011 2013 2015 

714151 906556 987724 928647 855422 

 
Table 3. Supplied heat (Gcal):  

2007 2009 2011 2013 2015 

117570 182457 179712 216465 187609 

 
Table 4. Black coal consumption 

 tone Qi (kcal/kg) 

2007 517076 3574,28 

2009 640532 3615,12 

2011 658879 3690,15 

2013 664525 3758,69 

2015 620330 3627,36 
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Figure 3. Diagram for the thermal-energetic balance steam generator – turbine, 130 MW, 

cogeneration 
 

Table 5. Energetic indexes 
Live steam flow, th-1 465,643 

Heating steam flow, th-1 78,599 
Internal processes steam flow, th-1 14 
Mechanical efficiency, % 98,54 
Generator efficiency, % 98,96 
Cauldron efficiency, % 92,78 
Cauldron specific fuel consumption, (g c.c.) (kg steam) -1 105,94 
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Specific heat consumption of the turbine, kJkJ-1 2,194 
CPT, MW 12,825 
Raw energetic efficiency, % 48,25 
Gross energetic efficiency, % 34,25 
Pipes efficiency, % 99 

Specific heat consumption for electricity production for the group, kJkWh-1 9245,55 
Gross heat consumption for electricity production for the group 10510,32 

Specific fuel consumption for the group, (g c.c.) (kWh) -1 311,749 

Specific steam consumption of the turbine, (kg steam) (kWh) -1 2,943 
Conventional fuel specific consumption for the production of heat, (kg c.c.) 
Gcal-1 

159,49 

Specific consumption of conventional fuel for the production of electricity in 
a heat operation mode, (g c.c.) kWh-1

137,16 

  
 
The main activities and results: 
products and services 
The operation of the plant may be 

described by the following flows of 
technological materials: the fuel and 
combustion air flow, operational water flow, 
reactive flow, steam flow, cooling water flow, 
burnt gases flow, cinder and ash flow. 

 
Energetic performance parameters for 
the 150 MW group 
The energetic performances of the 150 

MW group were determined using an 
energetic balance for cogeneration at different 
load levels. The main operational parameters 
were therefore calculated, energetic efficiency 
and the specific consumptions of the steam 
generator, turbine and of those of the energy 
unit, in order to emphasise their energetic 
characteristics and to analyse if they meet the 
designed parameters. A series of results 
regarding the cogeneration operation at 130 
MW and thermal load 47,75 Gcal/h are 
brought forward. 

The energetic parameters of the 150 MW 
group comprised in figure 3 were determined 
based on the data presented in the simplified 
thermal diagram. 

Conclusions 

Paroseni central heating power plant 
represented the first 150 MW group built in the 
country and the largest of its time, being 
therefore the first central heating power plant 
in the country with an installed power of 300 
MW, and subcritical parameters. It has been in 
operation since 1953, initially supplying only 
electricity in SEN, being modernised 
afterwards and becoming a central heating 
power plant. At present, the 150 MW group is 
rehabilitated and operational, being the only 
group operating on black coal which meets all 
the environmental conditions, and the 
European electricity efficiency parameters.  
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Abstract: In recent years, there has been considerable interest in synthesis of nanostructured 
materials. Special attention has been given to the control of particle shape and geometry. The 
main types of such nanostructured systems are nanoparticles, nanotubes, nanofibers and 
nanocables. Nanoparticles are attractive building blocks for material architectures and can be 
prepared from a variety of materials. On the other hand, template synthesis has been proven to 
be a versatile approach for preparing nanostructures, such as nanotubes, nanofibers and 
nanocables, with various aspect ratios. The trend toward miniaturization and the high output of 
integrated circuits have stimulated the development of nanostructured materials and new 
synthesis methods. This paper reviews the general approach for using nanoporous polymeric 
membrane for molecular separation and mass transfer. 
 
 

1 Polymeric Templates for Separation 
and Mass Transfer Gates 

Polymeric nanoporous membranes are 
excellent templates for growing multiscale 
nanostructures inside nanopores. Nanoporous 
membranes can be used for molecular 
separations [1-10], biosensing [11] and 
catalytic applications [12]. Moreover, PCTE 
membranes can be assembled with 
microfluidic devices as molecular gates 
[13,14]. In this section, we will discuss the use 
of surface-modified, nanoporous membranes 
for molecular separation and mass transfer 
gates. Zydney et al. [15] have described some 
of the fundamental colloidal interactions that 
govern molecular transport through porous 
membranes. 

2. Principle 

Ultrafiltration has been used for molecular 
separation. Ultrafiltration is a traditional, 
sizebased separation process. When the size 
of the pores in a membrane approaches the 
size of the molecules, the separation can be 
efficient and high purification is possible. 
Size-based separation for nanoporous 
membranes is shown in Fig. 1. 

 

 
 
Fig. 1. Sized-based separation in nano-porous 
membrane. 

 
Martin et al. [9] have demonstrated size-

based separation in polymeric nanoporous 
membranes. The polymeric membrane used 
was a PCTE membrane with a narrow pore 
size distribution. When a mixture of “smaller” 
and “larger” molecules attempt to pass 
through a nanoporous membrane, the larger 
molecules are not detectable at the other side 
if the nanopore diameter is equal or smaller 
than the characteristic dimension of the larger 
molecules. For larger pore sizes, separation of 
smaller from larger molecules is still possible 
because the larger molecules will experience 
a significantly larger wall hindrance than the 
smaller molecules. From single molecule 
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transport, the selectivity coefficient of 
pyridine/quinine can be over 15,000 by using 
nanoporous membrane. The pore size of the 
starting polymeric membrane was 30 nm in 
diameter. The pore size can be further reduced 
by electroless deposition of Au inside the 
nanopore. In principle, the pore size can be as 
small as 1 nm. The method of Au electroless 
deposition has been discussed previously in 
this chapter. For protein separation, the 
membrane selectivity of a mixture of 
lysozyme/bovine serum albumin is over 20 
when the pore size of the Au nanotube 
membrane is 20 nm [10]. The selectivity of 
the mixture of β-lactoglobulin A/bovine 
serum albumin is over 15 [10]. 

3.  Fouling and Surface Modification 

For microfiltration, ultrafiltration and 
nanofiltration, fouling is a critical problem in 
losing mass transfer performance of the 
membrane over time [16,17]. For protein 
separation, the deposition of proteins within 
pores results in membrane fouling [16,17]. To 
avoid protein fouling, the surface of the Au 
nanotube membrane can be modified by 
chemisorption of a thiol-terminated poly-
(ethylene glycol). Thiol-terminated PEG can 
form a self-assembled monolayer (SAM) on 
the surface of gold and has been used for 
planar and curved surfaces to prevent 
adsorption of proteins [18]. The thiol 
terminated PEG is chemically bound to the 
Au surface and forms a hydrophilic layer that 
resists adsorption of proteins [18]. From 
comparisons of Au nanotube membranes with 
and without PEG modification, Au nanotube 
membranes with PEG modification show no 
blockage of lysozyme protein transport over 5 
days, but show blockage in 8 hours without 
PEG modification [10]. 

Surface modified Au nanotube 
membranes have been used for chemical 
transport selectivity. Chemical interactions 
between permeate and membrane can be used 
to control the ion selectivity through the Au 
nanotube membranes. Surface of Au nanotube 
membranes can be chemically modified with 
thiol-terminated compounds with hydro-
phobic or hydrophilic groups. For example, 
surfaces of Au nanotubes chemical modified 
with hydrophilic C2H4OH–SH show high 
transport of hydrophilic species, such as 

pyridine and hydrophobic surface 
modification (C16H33–SH) shows high 
transport of hydrophobic species, such as 
toluene [19]. 

4. pH, Ionic Strength and Applied 
Potential Effects on Ion Separation 

Zydney and co-workers have shown that 
ionic strength and pH have profound effects 
on molecular separation by ultrafiltration [20-
24]. The electrostatic interactions between 
charged molecules and the charged membrane 
surface have profound effects on the transport 
of molecules through porous membranes [15, 
2535]. Stroeve and co-workers demonstrated 
pH-responsive transport of ions in Au 
nanotube membranes [2]. Self-assembled 
monolayers with weak acid or weak base 
functional groups can be chemically bound to 
the pore walls of Au nanotube membranes to 
form excess surface charge on the pore walls. 
The excess surface charge causes changes in 
the ion transport in the porous membrane. 
Moreover, the surface charges of these SAMs 
are pH-responsive and thus the selectivity of 
ion transport is pH-responsive. Fig. 2 
illustrates that carboxylic acid-functionalized 
SAMs on the pore walls of Au nanotube 
membranes cause pH-responsive ion transport. 
Fig. 2a shows that when the pH is higher than 
the pKa of SAMs, the surface has negative 
charge. Transport of anions will be hindered 
by the negative surface charge on the pore 
walls, while the cation transport will not be 
hindered by the negative surface charge. Fig. 
2b shows that when the pH is lower than the 
pKa of the SAM, the surface becomes neutral. 
The flux of both of anions and cations will not 
be hindered electrostatically. Fig. 3 shows that 
Au/SAM nanotube membranes have the 
highest transport of benzene sulfonate ions at 
low pH. However, bare porous membranes 
and Au-coated nanotube membranes (without 
modification with SAMs) show much less 
response to pH. Fig. 4 shows that the benzene 
sulfonate ion flux decreases as the ionic 
strength decreases. The lower the ionic 
strength, the more pH-responsive the 
membrane is. The reduction of the flux of 
benzene sulfonate ions is directly related to 
the increase of the Debye length with 
decreasing ionic strength [3].  
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Fig. 2. (a) The pore surface is negatively charged due to weak acid SAM. Anions are rejected 
but cations can pass through the pore. (b) The surface is neutral. Both anions and cations can 

pass through pore. 
 
The Debye length is a measure of the 

thickness of the electrical double layer [36]. 
When the ionic strength increases, the Debye 
length decreases and the benzene sulfonate 
ions can be transported more easily through 
the Au/SAM nanotube membrane, because of 
reduced electrostatic repulsion along the 
periphery of the pore wall [3]. Additionally, 
since the Au/SAM nanotube membrane is 
conductive, one can apply a potential directly 
to the surfaces of the pores. Fig. 11 demon-
strates the effect of applied potentials on the 
flux of benzene sulfonate ion. The benzene 
sulfonate ion flux increases with increasing 
applied potential and with decreasing pH. 

 
Fig. 3. Benzene sulfonate ion flux vs. pH. a, c, 
d are for surface modified membranes, b is for 
bare membrane. [2],  

 
Fig. 4. Effect of ionic strength on benzene 
sulfonate ion transport through Au/SAM 
nanotube membranes [3] 

 
Fig. 5. Effect of applied potential of benzene 
sulfonate ion transport through Au/SAMs 
nanotube membrane [3]. 
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. Surface Charge and the Electrical 
Double Layer: pH and Ionic Strength 
Effects 

The electrical double layer next to a 
charged surface represents the region 
containing the same amount of opposite 
charge as the excess charge on the surface. 
The physical thickness of electrical double 
layer can be calculated with the Debye–
Hückel approximation [36]. 

Electrical double layers are present at the 
pore surfaces and protein surfaces. The effects 
of electrostatic interactions between charged 
proteins and charged nanopore walls on the 
transport of the molecules through nanopores 
are very complicated. Some consider the 
double layer as an additional layer on the pore 
walls within the membrane, resulting in 
reduction of the effective pore size [37]. As 
the pore size of the membrane approaches the 
molecular scale, the electrical double layer 
can be critical in separation. For two proteins 
with similar molecular sizes, Stroeve and Ku 
obtained “On-Off” behavior of molecular 
transport by switching the electric double 
layer “On” or “Off” [1]. Fig. 6 shows 
schematically “On” and “Off” states of 
protein transport through an Au/SAM 
nanotube membrane. Fig. 6a shows blockage 
of protein transport when the protein has an 
electrical double layer. In contrast to Fig. 6a, 
Fig. 6b shows the protein transport through 
the Au nanoporous membrane when the 
protein doesn’t have an electrical double layer. 

The electrostatic repulsion between 
protein molecules and the nanopore walls can 
be switched “On” or “Off” by controlling the 
pH (Fig. 6). When the pH is exactly equal to 
the pI of protein (pH value at the isoelectric 
point), the protein has an overall neutral 
charge, no electrical double layer and then 
there is reduced electrostatic interactions 
between the protein and the pore surface, 
resulting in reduced hindered transport of 
protein through Au/SAM nanotube membrane. 
When the pH deviates from the protein’s pI, 
the protein has positive or negative charge and 
an electrical double layer, and there are 
electrostatic interactions between the protein 
and the membrane, resulting in hindered 
transport of protein through the Au/SAM 
nanotube membrane. 

Bovine serum albumin (BSA) has no 
surface charge when the pH = 4.7 (pI of BSA 
= 4.7), positive surface charge when the pH < 
4.7 and negative surface charge when the pH > 
4.7, as shown in Fig. 7. Similarly, bovine 
hemoglobin (BHb) has no surface charge 
when the pH = 4.7 (pI of BHb = 7.0), positive 
surface charge when the pH < 7.0, and 
negative surface charge when the pH > 7.0, as 
shown in Fig. 7. The positive or negative 
surface charge gives rise to electrical double 
layers on the surfaces of the proteins. For 
instance, bovine hemoglobin has the highest 
flux at its pI (pH = 7) through the Au/SAM 
nanotube membrane, while bovine serum 
albumin has the highest flux at its pI (pH = 4.7) 
as shown in Fig. 8 [4]. 

 
 

 
(a)                                                                            b) 

Fig. 6. (a) Blockage of protein transport through Au/SAMs nanoporous membrane when the 
protein is charged. (b) Protein transport through membrane when the protein doesn’t have charge. 
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Fig. 7. Surface charges vs. pH of BSA and 
BHb. 

 
The thickness of the electrical double 

layer depends on the ionic strength: the lower 
the ionic strength, the larger the thickness of 
the electrical double layer [193]. Because of 
lower ionic strength (10 mM), Fig. 8 shows a 
dramatic “On-Off” behavior of protein flux vs. 
pH. Comparing the separation selectivity of a 
mixture of BSA and BHb at pH = 4.7 in 
solutions of either low ionic strength (10 mM) 
or high ionic strength (100 mM), the 
selectivity (α = 67) in the low ionic strength is 
much higher than the selectivity (α = 4.2) in 
the high ionic strength solution [158, 161]. In 
a mixture with both BSA and BHb at pH = 4.7,  

6. Conical Nanoporous Membranes 

Another advantage of polymeric 
membrane is the capability of making 
conically shaped nanopores. Siwy and 
coworkers have formed conical nanoporous 
membranes by controlling a wet-etching 
process [38-39]. Martin and coworkers have 
fabricated conical nanoporous membranes by 
controlling a dry-etching process [40]. For the 
wet-etching process (Fig. 9), the irradiated 
polymer foil (etchable) is placed between two 
chambers: the left chamber has an etchant and 
right chamber has a stopping solution to 
neutralize the solution from the left chamber. 
The process starts to etch from left to right and 
stops shortly after the polymer foil has been 
broken through, which is indicated by a 
current measured with two electrodes. For the 
dry-etching process (Fig. 10), the nanoporous 
polymer membrane is etched by reactive ion 
etching (RIE) on one side to open up conical 
pores. The SEM image (Fig. 11) shows the 
side that has been RIE etched for 20 min, 
leaving larger pores compared to the pores on 
un-etched side. Both SEM (Fig. 12) and TEM 
images (Fig. 13) show conical shapes of the 
Au nanotube. 

 
Fig. 8. Flux of BSA and BHb proteins through 
Au/SAMs nanotube membrane in low ionic 
strength solution (ionic strength = 10 mM). [1] 

 
Fig. 9.  Wet-etching process 

 

 
 

Fig. 10.  Dry-etching to obtain conical pores.  
 
The transport of ions through conical 
nanopore membranes has been studied and 
ion-current rectifier properties have been 
found [2847]. Due to the surface charge on the 
surface and the conical shape of the nanopores, 
the diffusion of ions is asymmetric. Fig. 14 
shows two cases of ion transport: one case is 
for lower ionic strength at the small pore size 
side of the membrane, and the other case is for 
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higher ionic strength is at the small pore size 
side of the membrane compared to the large 
pore size side. Because of the negatively 
charged surface, the electrical double layer 
and the distribution of the electric field inside 
the conical pores, the diffusion of Cl− in the 
first case (Fig. 14a) is faster than the second 
case (Fig. 14b). Diffusion of K+ does not 
change significantly [45,48]. 

 

Fig. 11. Large pore size side of the membrane 

 

Fig. 12. SEM of conical Au nanotubes (in the 
center of the image). Large plates (left and 
right) are Au remnants from the small pore 
size side of the membrane. 

 

Fig. 13. TEM image of broken conical Au 
nanotube. 

 

 

Fig. 14. Surface charge effect in conical 
nanopores. Darker blue region indicates the 
region of the electrical double layer. 
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Abstract: Energy efficient technologies are recommended in the building sector, as 
buildings have proven to be high energy consumers. With the increase in global warming air 
cooling systems are more energy demanding. To enhance the energy efficiency of air-cooling 
systems phase change materials are considered due to their capacity of storing high amounts of 
cold. This technology must be designed and operated according to the number of occupants, 
type of activity and schedule of the building. This study presents an investigation of PCM based 
active cooling in a building considered to be an office compound, school and hospital. The 
performance indicator COP was used to evaluate the efficiency. It was found that the enhanced 
system was most efficient for the office building (COP=7.40) and least efficient for the hospital 
building (COP=5.89) . The enhanced system was also compared with a classic reference system. 

Key words: Engineering, Buildings, PCM, Energy Efficiency, Latent Heat. 
 
 
Introduction 
The improvement of energy efficiency in 

buildings is a worldwide research topic, as 
buildings are accountable for 40 % of the 
global energy consumption [1]. Phase change 
materials (PCM) have been considered as 
potential storage mediums in latent heat 
thermal energy storage (LHTES) [2-4]. 
LHTES stores the ambient cold available 
during the summer nights through 
solidification of the PCM. The energy 
consumption of the LHTES represents the 
electrical energy absorbed by the fan that 
circulates air through the mass of PCM. 
Considering the cyclic operation of the 
LHTES the automation of the PCM based 
cooling systems must be correlated to the 
working schedule of the building. The mass of 
required PCM greatly depends on the number 
of occupants in the building and the type of 
activity they undergo. Organic PCMs 
available on the market undergo phase change 
in a temperature range [5]. Mathematical 
models predicting the response of LHTES 
consisting of a packed bed of spheres filled 
with PCM have been developed [6-8]. The 
LHTES behavior in an office building has 

been analyzed in [9]. This study aims to 
extend the investigation by considering the 
building modeled in [9] and adapting it to 
operate as a school and a hospital building. An 
LHTES with rectangular parallelepiped 
package of spheres filled with PCM has been 
considered. The efficiency of the LHTES is 
estimated with a validated mathematical 
model correctly predicting the behavior of the 
PCM during phase change as presented in [9]. 
The energy efficiency is evaluated using the 
coefficient of performance (COP) as 
thermodynamic indicator. 

 
Material 
The studied building presented in figure 1, 

has the following dimensions: length LBld. = 
36.65 m, width: WBld. = 35.45 m, height HBld. 
= 8m, total floor surface area: Sf,l. = 1299.45 
m2, total surface area of the walls: Swall = 
711.61 m2.  

The exterior walls consist of a system 
comprised of autoclaved cellular concrete 
with the thickness of 300 mm and mineral 
wool insulation with the thickness of 100 mm. 
The flat roof system is mainly comprised of a 
concrete layer with the thickness of 150 mm 
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and mineral wool insulation with the 
thickness of 150 mm. The thermal properties 
of these materials were taken from [10].   

 

 
Figure 4. 3D model of the building 

 
The total surface area of the windows is 

Swin=439.60 m2. The windows consist of the 
following layers: 2 layers of argon with the 
thickness of 9 mm each confided within 3 
layers of glass with a thickness of 4 mm each.  
The thermal properties for glass and argon 
were taken from [11].  

In reference [9] the building was 
considered to be an office compound having 
the schedule, number of persons (n, [-]), 
specific required fresh air flow rate per person 
( , , [m3/h/pers.]) and per floor surface area 
( , , [m3/h/m2]) as presented in table 1. In 
this study the building was considered to be a 
school building and a hospital building. The 
new operating conditions of the building are 
also presented in table 1. 

 
Building 

type 
 

Schedule Number 
of 

persons 

,













pers

hm /3

,












2

3 /

m

hm

Office [9] 9: 0-17: 0 168 25 1.26
School 8: 0-20: 0 344 25 1.26

Hospital 24h 100 36 3.60
Table 1. Schedule, number of persons and 
specific air flow rate. 
 

The considered schedules were adapted to 
each building type. The specific air flow rates 
per person and floor surface area are the 
values recommended by [12] depending on 
the fresh air quality demand of each building 
type. 

The building was considered located in 
Cluj-Napoca. The typical meteorological 
(TMY) year was used as climatic input data. 
The time period when cooling is needed is 
May to September [9]. 

 

Method 
The first step in the evaluation is to 

determine the exterior heat inputs to the 
buildings during the hot season. The cooling 
load required to cover the heat input through 
the exterior walls has a steady component and 
a transient sinusoidal component that were 
calculated according to [9, 13]. 

The cooling load required to cover the heat 
input through the exterior windows has a 
component generated by heat inputs through 
exterior solar irradiance propagated through 
the glass and another component taking into 
account the heat input by global heat transfer 
through the glass and argon layers. In the 
confided space between two glass layers the 
heat transfer through natural convection 
between the argon layer and glass was 
assimilated with conduction according to 
[11]. The cooling load generated by the heat 

input from the exterior fresh air ( asQ ,

.
[W]) 

was determined with the following relation:  

 asev
as

asasasas ttc

x

cVQ ,
,

,,,

.

,

. 1000 





















  

where: ( asV ,

.
, [m3/h]) is the volumetric supply 

air flow rate, ρs,a [kg/m3] is the density of the 
supply air, cs,a = 1.005 kJ/kg·K is the specific 
heat capacity of the supply air, x [g/kg] is the 
absolute humidity, cv = 1.875 kJ/kg·K is the 
specific heat capacity of the water vapors, te 
[°C] is the exterior air temperature from the 
TMY and ts,a = 22 °C is the temperature of the 
supply air. 

The volumetric air flow rate was 
determined using the following relation with 
the data presented in table 1:  

fsalfpsaas VSVnV ,

.

,,

.

,

.
  

The total cooling load is an important 
indicator that allows the estimation of the 
LHTES contribution to the cooling process of 
the building during the hot season.  

The contribution of the LHTES to the 
reduction of energy consumption of the air-
cooling system has been investigated by 
considering the building equipped with a 
reference cooling system consisting of a fan, 
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chiller and cooling coil and an enhanced 
system that ads a LHTES to the reference 
system. The LHTES alone is insufficient to 
cover the entirety of the fresh air-cooling load. 

The electrical energy consumed by the 
compressor of the reference system was 
calculated based on a COP-temperature 
function [14]. The enhanced system with 
LHTES reduces the number of hours the 
compressor operates but requires electrical 
energy in order to operate the fan that assures 
circulation of air through the packed bed 
during both charging (solidification) and 
discharging (melting). 

The pressure drop introduced by the 
packed bed was determined according to [15]. 

The COP of the reference fresh air cooling 
system was calculated for the entire hot 
season using the following relation:  





comp

as
ref E

Q
COP ,

 

where: ,  [kWh] is the output thermal 
energy of the chiller required for the cooling 
of the fresh air,  [kWh] is the electrical 
energy absorbed by the compressor. 

The COP indicating the efficiency of the 
enhanced system with LHTES must take into 
account both the electrical energy consumed 
by the fan of the LHTES during both periods 
of charging and discharging and the electrical 
energy consumed by the compressor to cover 
the remainder of the fresh air cooling load in 
the periods of the summer day when the PCM 
mass is completely melted. The seasonal COP 
of the enhanced system was calculated with 
the following relation:  







fancomp

as
enh EE

Q
COP ,

 

where:  [kWh] is the electrical energy 
absorbed by the fan during both charging and 
discharging. 

 
The latent heat thermal energy storage 
The LHTES contains a packed bed of 

spherical capsules filled with PCM in a 
rectangular parallelepiped package as 
presented in figure 2. 

 
Figure 5. 3D model of the LHTES 
 
The PCM considered for this study is 

RT20 a commercially available paraffin wax 
[5]. The thermal properties of RT20 were 
determined with differential scanning 
calorimetry (DSC) in [6].  

As in the case of many organic compounds 
RT20 undergoes phase change within a 
temperature range. This range is identified in 
the DSC results which present the variation of 
heat flux released or absorbed by the PCM 
sample during solidification and melting. The 
peak temperature of the melting and 
solidification process of RT20 is in the 
vicinity of 20 °C [6]. The peak phase change 
temperature of RT20 is suitable for the 
climatic conditions of Cluj-Napoca according 
to [9]. From the DSC results the variation of 
the apparent heat capacity with temperature of 
RT20 during phase change was determined 
[6]. The mathematical model used to simulate 
the efficiency of the LHTES is governed by 
the following equation:  

 dtcm aasas ,,

.

    PCMsphsphPCMapprPCM dtcmtcm )(,

  dtS PCMasph ,

 where: ,  [kg/s] is the mass air flow rate, ta 
[°C] is the air temperature at inlet, τ [s] is the 
time, mPCM,r [kg] is the mass of PCM from a 
row of spheres, msph [kg] is the mass of the 
spherical capsules in this case polyethylene 
spheres, csph [kJ/kg·K] is the specific heat 
capacity of the polyethylene sphere, tPCM is 
the temperature of the PCM, α [W/m2·K] is 
the coefficient of forced convection, Ssph [m2] 
is the outer surface of the sphere and Δta,PCM 
[°C or K] is the mean logarithmic temperature 
difference between the PCM and air.  

For simplicity the PCM temperature 
variation along the radius of the sphere was 
neglected.  



119 

 

This model was validated and was found 
to accurately predict the air outlet temperature 
and PCM temperature from the LHTES in [9]. 

The mass of PCM (mPCM [kg]) depends on 
the solidification possibility of the climatic 
conditions of Cluj-Napoca and on the supply 
airflow rate. The mass of PCM was 
determined with [9]:  

 
PCM

esPCMeasasas
PCM l

ttcV
m 

 ,,,,,

.

 

where: tPCMs,e [°C] is PCM solidification end 
temperature, te,τ [°C] is the exterior air 
temperature at the moment τ and lPCM [kJ/kg] 
is the latent heat of the PCM. 

The mass of PCM was calculated for each 
type of building thus determining the size of 
each LHTES. 

 
Results and discussions 
The cooling load of the building was 

estimated considering the heat input through 
each element: walls (W), persons (P), 
equipment (E), lighting (L), windows (G) and 
fresh supply air (F) . The share of each 
component is presented in figures 3, 4 and 5 
for the office building, school and hospital 
respectively. 

 

Figure 6. Share of each element to the cooling 
load – Office [9] 

 

Figure 7. Share of each element to the cooling 
load – School, This study 

 

Figure 8. Share of each element to the cooling 
load – Hospital, This study 
 

The maximum values of the cooling load 
for the office building, school and hospital are 
130.4 kWh, 155 kWh, and 120.7 kWh 
respectively. The school has the highest 
cooling demand due to the high number of 
student. The hospital has the lowest number 
of occupants and despite the high demand on 
fresh air quality the hospital seems to require 
the lowest cooling load. This is mainly due to 
the low heat dissipated by the electrical 
equipment per person.  

The LHTES in this study only covers the 
cooling of the fresh air. The maximum values 
of the cooling load for fresh supply air for the 
case of office building, school and hospital are 
23.26 kWh, 37.00 kWh, and 40.22 kWh 
respectively. Despite the low number of 
occupants, the hospital requires important 
amounts of fresh air to satisfy the high 
demand on indoor comfort quality. Therefore, 
the highest thermal load needed for the 
cooling of fresh is in the case of the hospital 
building. The PCM mass and dimensions of 
LHTES (height/width 0.50/1.50 m) are 
presented in table 2. 
 
Table 2. Results of the design process of the 
LHTES 

 
Building 

type 
Number of 

LHTES 
Length 

[m] 
Pressure 

drop/LHTES 
[Pa] 

Total 
mass of 

PCM [kg] 
Office [9] 4 3.25 209 3095 

School 6 3.45 256 4924 
Hospital 6 3.70 324 5352 

 
The contribution of the LHTES to the 

cooling of the exterior supply air during each 
month of the warm season is presented in 
figures 6, 7 and 8 for the office building as 
evaluated in [9], school building and hospital 
building respectively. 
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Figure 9. Contribution of LHTES to the fresh 
air-cooling load – Office [9] 
 

Since the same sizing principle was 
implemented, the monthly contributions of 
the LHTES for each of the studied building 
types are similar. The contribution of the 
LHTES to the coverage of the total cooling 
load of the building is: 2.50 % - office 
building, 3.16 % - school and 4.50 % - 
hospital. 

 

Figure 10. Contribution of LHTES to the 
fresh air-cooling load – School, This study 

Figure 11. Contribution of LHTES to the 
fresh air cooling load – Hospital, This study 

Due to the difference in PCM mass the 
electrical energy consumed by the fan 
depends on the pressure drop generated by the 
size of the packed bed. Figure 9 presents the 
reduction of energy consumption resulting 
from the LHTES enhanced system in 
comparison to the reference system.  

 

 
Figure 12. Comparative seasonal electrical 
energy consumption for the 3 cases 
 

Figure 10 presents the COP values of the 
reference system (Ref.) and the LHTES 
enhanced system (Enh.) for all three cases. 

 

Figure 13. Comparative values of COP for 
the 3 cases 

 
Figure 11 presents the increase in COP 

resulting from the integration of LHTES in 
the air-cooling system in comparison to the 
classical reference system for all three cases.  

 

Figure 14. Comparison of COP increase 
 
In the hospital building the LHTES 

operates at the lowest efficiency from the 
considered cases. In the case of the hospital 
the LHTES does not have a clearly defined 
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charging and discharging schedule as the 
hospital operates 24h/7. Therefore, the 
LHTES switches from charging to 
discharging mode depending on the exterior 
air temperature. Hospitals however may 
require heating during the night due to the 
temperature swings as investigated in [16]. 
Thus, the hot air leaving the LHTES during 
charging can be used to ensure the comfort 
temperature in hospital rooms during the 
night. 

The highest value of the COP increase was 
registered for the office building, having the 
lowest value of the fresh air-cooling load. 

 
Conclusions 
The efficiency of the LHTES technology 

was numerically investigated in a building 
considered to be an office building, school 
and hospital.  

The cooling load for each type of building 
was calculated and compared. The 
contribution of the LHTES to the cooling of 
fresh air for each building type was 
determined. No significant differences were 
identified. There are however differences in 
energy efficiency. These differences are 
reflected in the COP values. 
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Abstract: In this paper is presented the flowchart paradigm of one of the most appropriate 
tools to implement and simulate a nonlinear dynamic system from economics and finance fields, 
chosen as a case study. More precisely, we talk about the most recent presence on IT market, 
the so called Minsky macroeconomic modeling software platform. It is similar to Forrester 
AnyLogic diagrams and MATLAB’ SIMULINK software platform widespread in economics 
and engineering field, respectively. Furthermore, the Minsky software package exhibits real-
time simulation features using Godley Tables to generate financial flow equations, in a similar 
way such the Forrester diagrams from AnyLogic software platform based on the stock-flow 
concept. The Minsky’s macroeconomic software platform is a free open-source computer 
program, allowing the free download of the most adequate so needed tool for a new approach 
in economics field. Mostly, it is very useful tool for building and simulation of the large class 
of dynamic systems, including monetary economic nonlinear models that in majority of cases 
exhibit naturally a fragile equilibrium characterized by stable or unstable limit cycles. The 
system dynamics is visually represented by a set of first order differential equations in a 
multidimensional state-space, and the philosophy behind these differential equations consists of 
system’s structure description with the dynamics arisen from it. Both, simulations and 
visualization extend the mathematical analysis and provide a good insight about “financial 
instability hypothesis” and on stable or unstable equilibrium limit cycles similar to those 
generated by the original Goodwin’s model, and its extension known as Minsky’s model.  If the 
“financial instability hypothesis” concept, introduced first time by Minsky, is integrated into 
Goodwin’s framework then “converts its stable but cyclical system into a chaotic one, with the 
possibility of a divergent breakdown-the simulation equivalent of a depression”.  

Keywords: Economy, Lotka-Volterra biological model, Goodwin’s and Minsky’s models, 
Minsky’s macroeconomic simulation platform, stable and unstable limit cycles, stationary 
points.  

 
 
1. Introduction 
Inspired from the experience accumulated 

over time by the engineering field in 
implementation and simulation of thedynamic 
systems the economics and finance fields have 
been developed several applications adapted 
and optimized to the specific economics and 
financial dynamic models. The dynamics 
evolution of these models is described through 
a set of first-order differential equations in a 
multidimensional state-space. The economics 
research field is focused on finding a good 
understanding of economics phenomena such 

as economic growth, cycles and market 
analysis to anticipate and control their 
behavior. Nowadays in economics field are 
used nonlinear models instead their linearized 
approximations to capture accurately the 
entire dynamics of the systems.  The use of 
nonlinear models is justified due to a 
significant increase of computing power of the 
PCs desktops, laptops and servers, and to a 
substantial improvement in simulation tools 
delivered on the IT market.  Also, the desire to 
understand economic phenomena unable to be 
captured by their corresponding linearized 
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models encourages to develop the nonlinear 
models.  Unfortunately, majority of simulation 
tools provided by the IT market required to 
implement the dynamic models are either of 
high computational complexity to be useful, or 
depend on local approximations around the 
operating conditions which fail to adequately 
capture the nonlinear features of interest. 

 Let’s why in this research paper the 
readers are informed on the most suitable 
simulation tools existing on the IT market to 
implement accurately the nonlinear dynamic 
systems from economics and finance fields. 
The proposed Minsky’s modeling and 
simulation platform proves its effectiveness 
when used on a particular nonlinear Godwin 
model and its extension to Minsky’s financial 
model considered as a case study. The 
simulation platform is also computationally 
simple and easy to be used for nonlinear 
models implementation.  Additionally, it 
provides a good insight about Minsky’s 
“financial instability hypothesis” on the 
foundation of Goodwin’s limit stable cycle 
model. Such a financial system will be capable 
of both generating signals that induce an 
accelerating desire to invest and of financing 
that accelerating investment. Minsky’s thesis 
emerges from a simple, structural model of 
capitalism. The remaining sections are 
structured as follows. In the second section a 
historical evolution from differential Lotka-
Volterra biologic model to Godwin and 
Minsky model is under consideration. In 
section 3 is introduced briefly the real time 
macroeconomic Minsky’s modeling platform. 
The analyzed models and the simulation 
results on the Minsky’s platform are shown in 
section 4. Finally, the section 5 concludes by 
highlighting the main contributions of the 
paper and states the future work.   

 
2. Historical Evolution from 
Differential Lotka-Volterra Biologic 
Model to Goodwin and Minsky Models  
Lotka-Volterra biologic model is the 

simplest model of predator-prey interactions. 
The Lotka-Volterra model describes 
interactions between two species in an 
ecosystem, a predator and a prey [1]. This 
represents the first multi-species model. Since 
in the model are considered two species, its 

dynamics is given by the following set of two 
first order differential equations [1]:  

(1 )

( 2 )

d H
r H a H P

d t
d P

b H P m P
d t

 

 
  

First equation describes how the prey 
population changes, and the second one 
describes how the predator population also 
changes. The model was developed 
independently by Lotka (1925) [3] and 
Volterra (1926) [4], where the variables H, P 
represents the density of prey, and the density 
of predators, respectively.  

The model parameters r, a, b, m represents 
the intrinsic rate of prey population increase, 
the predation rate coefficient, reproduction 
rate of predators per 1 prey eaten, and predator 
mortality rate, respectively. The Lotka-
Volterra model is one of the earliest predator-
prey models to be based on sound 
mathematical principles [2] that form the 
basis of many models used today in the 
analysis of population dynamics. 
Unfortunately, the model is not very realistic 
since it does not consider any competition 
among prey or predators. Thus, it is not 
surprising that model behavior is unnatural 
showing no asymptotic stability. However 
numerous modifications of this model exist 
which make it more realistic. An extension to 
a similar predator-prey Lotka-Volterra 
biologic model is the pathogen model [5], 
described by a set of three first order 
differential equations:  
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which describes insect diseases. The host 
population consist of two portions: susceptible 
which are healthy organisms, and infected 
individuals. The model describes changes in 
density of susceptible (S), infected individuals 
(I) and pathogens (P) . The parameters r,  , 

,  ,  ,  , represent the reproduction rate, 

the transmission coefficient, the infection 
rate, the dying rate, emission rate of 
pathogens, and the natural decay rate of 
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pathogens, respectively [5]. This model is 
capable to generate epidemic cycles, used to 
study evolutionary strategies of pathogens [5]. 
Moreover, in [6] is introduced a new extension 
of prey-predator Volterra model, described the 
following set of two first order differential 
equations:  

 
2

2

( 6 )

( 7 )

d H
r H H a H P

d t
d P

b H P m P k P
d t

  

  
 

with all model parameters having positive 
values. In these equations the fluctuations of 
H and P are damped, which means that their 
amplitude diminishes and in time they tend to 
the equilibrium state [6]. In [7] is introduced 
a similar two species prey-predator model 
adapted to a particular macroeconomics 
nonlinear dynamic Goodwin model that is a 
simple dynamic model of the cyclical 
interaction of the growth rates of employment 
and income distribution. 

 The set of two first order differential 
equations (8) and (9) generates the results of 
the Goodwin model. The first equation 
captures the profit squeeze relationship and 
the second one captures the reserve army 
effect. More precisely, the first equation 
describes the relationship between the growth 
of the wage rate (W) and level of 
unemployment. (Y) . This “relies on the 
reserve army assumption that as 
unemployment increases the bargaining 
power of labour is diminished, leading to a 
fall in the wage rate”, as is stated in [7]. This 
implies also a “relationship between output 
and the wage share such that higher levels of 
output will be associated with higher 
employment and a rising wage share” [7]. The 
second differential equation describes “the 
profit squeeze theory of accumulation, in 
which output growth is constrained by higher 
real wage rates because investment is 
assumed to be driven by profits so that as 
wages rise and profits fall, investment is 
curtailed and the rate of growth falls”, as is 
stated also in [7]. Therefore, the Goodwin 
model dynamics is described by the following 
two differential equations:  

 (1 ) 8

( ) (9)

dY
Y W

dt
dW

W c rY
dt

 

  
  

It is worth to mention that in the new 
version of the Goodwin model it is assumed 
that “the labour productivity is constant”, as 
is stated in [7]. Thus, the model given by (8) 
and (9) generates cycles in output around the 
steady state, while the original Goodwin 
model is a growth model, revealed also in [7]. 
At first glance you can see that the couple of 
equations (8) and (9) is analogous to the 
Lotka-Volterra (L-V) biological model given 
in (1) and (2) that describes the dynamic 
interaction of the populations of two species: 
a predator and a prey. In the L-V model if the 
populations of the prey species is higher it 
leads to growth predator population. 
Conversely, the rise in the predator population 
in time causes the prey population to fall. The 
interaction of these two species generates the 
cyclical dynamics of the L-V system. 
Summarizing this section, the concordance 
between L-V and Goodwin models is given 
by considering in the Goodwin model, the 
prey represented by employment levels (Y), 
and the predator represented by the wage 
share (W), since a higher wage rate reduces 
profits and thus causes a fall in investment and 
growth [7].  By considering the Goodwin 
model in steady-state, i.e.  

 0 10

0 (11)
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two stationary points (W, Y) are obtained 
as solutions of the following equations:  

 (1 ) 0 12

( ) 0 (13)
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In (7) is shown that first stationary point 

1 1
( , ) (0,0)e eW Y  is an unstable saddle-point, 

and the second one  
2 2

( , ) (1, )e e
c

W Y
r

  is the 

center of a family of concentric closed orbits, 
of equation:  

 ln( ) ln( ) 14oW W c Y rY C      

that represents a family of isoclines, each one 
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corresponding to a different value of the 
constant .oC The shapes of the orbits (14) are 

defined by the parameters of the Goodwin 
model, while the specific orbit generated by 
the system is determined by the starting 
values of the variables. The phase diagram for 
the model is represented in Minsk’s 
simulation platform in the following sections.  

 
2.1 Minsky’s Real Time Macro-
Economic Modeling Simulation 
Platform  
It is a free open-source computer program, 

a new flowchart paradigm similar to Forrester 
diagrams based on the stock-flow concept 
introduced in [10], and an essential simulation 
tool of the new approach, able to build and 
simulate engineering dynamic systems, 
monetary economic models. It is adopted and 
inspired from engineering modeling and 
simulation tools but adapted to the specificity 
of the dynamics models from economics and 
finance fields. In the most recent Minsky’s 
simulation platform can be implemented and 
simulated almost all dynamic models, 
especially those adapted to build monetary 
models of the economy. However, some work 
is required to be done in terms of user 
interface refining, and flexibility to represent 
the entire economy split in industrial sectors 
with a good communication between them. 
Furthermore, is anticipated a promising future 
in adding new features such as the ability to 
model international trade and financial flows 
between different national economies, and 
also new extensions in  importing economic 
data sets and based on these to derive models 
parameters by means of nonlinear parameter 
estimation techniques. The readers interested 
to apply in their research activity the 
Minsky’s simulation platform can download 
the program for free via the SourceForge site. 
In Figure 1, and Figure 2 are shown the 
Minsky’s platform editor with the following 
components, well described in the platform’s 
manual:  

 Mathematical operators such as plus 
(+), minus (-)  

 Constants or parameters whose values 
are set by the user  

 Variables whose values are calculated 
by the program during a simulation.  

 Godley Tables , shown in figure 1 
and figure 2 on the platform editor that define 
both financial accounts and the flows between 
them. The columns of a Godley table are the 
stocks, which are computed by integrating 
over a linear combination of flow variables. 
 Integrals representing a variable computed 
by integrating a function forward in time.  
 Groups, which allow components to be 
grouped into modules that can be used to 
construct more complex models.  

 

 
 

Figure 15. The real time Minsky’s simulation 
platform editor with some of the components 
(screen snapshot)  

 

 
Figure 16. The Godley Table open in 
Minsky’s simulation platform (screen 
snapshot)  
 

3. Godwin and Minsky’s extension 
models implementation 

In this section we implement the Godwin 
and Minsky’s extension models. Also the limit 
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cycles that occur in the both models are 
simulated in Minsky’s platform.  

 
3.1 Godwin model and limit cycles  
implementation 
The simulation results for the following set 

values of the model parameters and initial 
conditions for Demand (Y (0) ) and Wage 
Share (W (0) ):  

1.2, 0.9,

(0) 0.5, (0) 1.25

c r

Y W

 
 

  

are shown in Figure 3 that reveal the 
oscillatory behaviour of Y and W. 
 

 
Figure 17. The Godwin model 
implementation and its limit stable cycle in 
Minsky’s macroeconomic platform 

 
3.2 The Pseudo-Goodwin cycles in a 
 wage-led Minsky model 
Given the evidence on the strong wealth 

effects, is interesting to investigate what type 
of “a finance-driven economy “cycles are 
generated as response to a wage-led demand 
regime. The answer is given in [7] by 
introducing “a highly stylized Minsky’s model 
with a wage-led demand regime and a reserve 
army distribution function” that proves a great 
capability feature to analyze the cyclical 
behavior. The dynamics of the new model is 
“driven by a Minsky interaction, where higher 
demand leads to rising financial fragility, i.e. 
rising debt-to-income ratios, and higher 
fragility leads to lower growth”, as is stated 
also in [7]. Therefore, higher demand leads to 
lower unemployment, and positive effects on 
the wage share are expected.  Compared to 
Goodwin original model given by (8) and (9) 
described only by two equations, the simplest 
extension version “wage-led Minsky model” 

is described by the following three dynamic 
equations [7], [8]:  

( 1 ) (15)

(1 ) (16)

( ) (17)

dF
F pY

dt
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Y F sW
dt
dW

W c rY W
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First equation represents the financial 
fragility F, positively related to the demand 
output Y. The second equation is the demand 
equation with a negative impact of fragility F 
and a positive one of the wage share W. The 
last equation is “a reserve-army distribution 
function” that depends positively on output Y 
and negatively on wage share W [7, 8]. The 
“pseudo-Goodwin cycle” is generated only as 
a side effect as “a reserve-army distribution 
function” is dragged along by fluctuations in 
output Y that are driven by financial factors, 
as is stated in [7, 8]. The simulation results of 
Minsky’s model implemented and the limit 
cycles on Minsky platform are displayed in 
Figure 4 and Figure 5, for the following 
setting values for model parameters and 
starting values for fragility, demand and wage 
share:  

1, 0.95, 1.6, 0.1

(0) 0.7, (0) 0.7, (0) 0.8

c p r s

F Y W

   
  

  

 The simulation results reveal the instable 
evolution of fragility, demand and wage 
share, as well as the stable or unstable 
Goodwin’s limit cycles.  

For new settings of model parameters and 
initial starting values for F,Y,W we get the 
results from Figure 6, that reveal the same 
behavior as for the first setting values, only the 
limit cycles orbits change slightly the 
appearance, since the radius of the orbits w.r.t. 
to the new stationay point  changes  also.  

1.5, 2, 5, 0.02

(0) 0.75, (0) 0.5, (0) 1

c p r s

F Y W

   
  

 

The equations, the model parameters 
values, and the initial conditions for F, Y, W, 
for the new settings can also be visualized by 
pressing the button Equations from the left top 
side of the editor above the palette with all 
operators, constants, parameters and variables, 
as is shown in Figure 7. 
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Figure 18. The Minsky’s model 

implemented on Minsky’s platform (screen 
snapshot)  

 
Figure 19. The pseudo Godwin cycles in a 
wage-led Minsky’s model (screen snapshot) 
  

2. Conclusions  
In this paper is presented the most recent 

simulation platform adequated to implement 
and simulate the linear and nonlinear dynamic 
models encountered in economics and finace 
applications. Furthermore, the Minsky 
modeling software platform exhibits real-time 
simulation features using Godley Tables to 
generate financial flow equations, in a similar 
way such as the Forrester diagrams from 
AnyLogic software platform based also on the 
stock-flow concept. The readers and the users 
are well informed now that Minsky’s 
macroeconomic software platform is a free 
open-source computer program, allowing the 
free download of the most adequate so needed 
tool for a new approach in economics field. 

 

 
Figure 20. The aspect of limit cycles and F, 
Y, W unstable evolution for the new settings 
 

 
Figure 21. The Minsky’s model equations, 
the setting values of the model parameters and 
of initial conditions for F, Y and W. 

 
This is a very valuable simulation tool 

found on IT market, user friendly, simple, 
accurate and all simulations take place in real 
time.  Its effectiveness is proved by an 
extensive number of simulations and 
implementations of a particular dynamic 
models from economics, considered as case 
study. For future work we are focussed to find 
many other nonlinear models form economics 
and finance to implement and simulate, and 
also to investigate its application to models of 
high complexity dynamics.  
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Abstract 
Consciousness Society is characterized by equality of structured Natural Intelligence 

(NIstructured) and Artificial (AI) ROBO-Intelligence. The purpose of research constitutes 
adaptable algorithmic process of robotic implementation of Artificial, Robotic Intelligences (AI) 
elements; there are used Adaptable Tools as Technological information methodology basis. 
There are analyzed creative, emotional, temperamental, and sensual sets of items which are to 
be implemented in ROBO-intelligences. They represent one axe of robotic tables constituting 
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. 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. 

  
Keywords: consciousness, natural, artificial, intelligence, robot, creativity, adaptability, society 
 
 
 

1. Introduction 
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 in future Consciousness Society. 

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. 

(1) The last time in European 
Community. Publications [1-3] confirm the 
European Community international interest 
[4] for AESM research results in the Branch 
of Conscience Society Creation process and in 

its engine for the process of creation ROBO-
intelligences, represented by the Adaptable 
Tools. 

(2) 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) 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.  
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(4) 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 
humans. collaboration with robots.  

  (5) Isaac Azimov: 3 principles. 
Asimov's Three Laws of Robotics, as they are 
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. 

 
2. Creative Approaches & equation 

IQ = NIstructured  
Creative ROBO-intelligences (Creative 

IQ) will possess features which characterize 
highly creative people, Natural Intelligence 
(NIstructured) . 

 Currently popular creative approaches 
include 

 - Statistical methods, 
  - Computational intelligence and  
- Adaptable symbolic IQ.  
There are an enormous number of tools 

used in AI, including versions of:  
  - search and  
 - mathematical optimization,  
- adaptable systems,  
  - logic,  
 - methods based on probability,  
-  economics,  
- and many others. 
 
3.  Problem’s Solution Steps 
It is known: To solve the problem, 

computer specialist classically must:  
1) formulates the problem,  
2) formalizes the problem, 
3) creates the algorithm of its solution,  
4) codes the algorithm with the help of one 

of the programming languages, 
5) debugs the program, 
6) gathers documentation and   
7) uses and maintain the obtained program – 
product 

   
 2.1. Our goal is to use Adaptable Tools 

[5,11] to develop first 3 steps of the ROBO-
intelligences creation.  

  
  2.2. Intelligence evolution: Piirto’s 7i 

features which characterize highly creative 
people in ascending adaptable process of 
Piirto’s Six Steps to the Creativity top 

develops next (2
nd

) level of IQ elements. 
2.3. Creative ROBO-intelligences [6] 
Creative ROBO-intelligences in 

Conscience Society (Creative IQ) will possess 
the first level intelligent features (Piirto’s 7i): 

 1. inspiration,  
2. imagery (imaginerie),  
  3. imagination,  
 4. intuition,  
  5. insights (înseninare, озарение),  
  6. improvisation, and  
 7. incubation  

which characterize highly creative people 
Creative IQ will be touched by the 

hierarchical process of (1st level) 6 steps to 
the Creativity top:  

1. acquiring knowledge,  
2. developing curiosity,  
3. becoming interested,  
4. passion,  
5. dedication, and  
6. professionalism 
 
4. ROBO-Intelligence based on 

Adaptable Processing 
Adaptabily Tools [5] represent our 

solution for Robotic problem. The adapter, as 
a meta-system tool, supports adaptable 
software and hardware flexibility: extension 
and reduction of ROBO-intelligences 
possibilities. By the help of adapter, it can be 
presented pragmatics, syntax, semantics, 
environ-ment, and examples of new or 

modified (next, 2
nd

, level) elements of 
ROBO-intelligences.  

4.1. The 2
nd

 Level IQ’s elements: 
Adapter’s general scheme:  
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 _BL_ < Pragmatics of ROBO-
intelligence element >  

 _SY_ < Syntax of ROBO-intelligence 
element> 

(1) _SE _ < Semantics of ROBO-
intelligence element> 

  _CO_ < Context of ROBO-intelligence 
element> 

  _EX_ < Examples of ROBO-intelligence 
element >   

  _EL_   and example (2) of it’s 
implementation 

 

4.2. The 2
nd

 Level IQ’s elements: 
Example: Using adapter it is defined one of 

the new (2
nd

 level) ROBO’s element  
“Inspired passion”:  
  _BL_ < Inspired passion’s pragmatics> 
  _SY_ < Inspired passion’s syntax>  
  _SE _ < Inspired passion’s semantics>   
  _CO_ < Inspired passion’s usage context>   
  _EX_ < Inspired passion’s examples call>  
  _EL 
 

 

Table 1. The 2
nd

 Level IQ’s elements 
Creativity 
top  
Versus 
Creative 
feature 

Acquire 
Knowledge 

Develop 
Curiosity 

Become 
Interested 

Passion Dedicatio
n 

Professi
onal- 
ism 

Inspiration Inspiration 
in 
acquiring 
Knowledge

     Inspired 
passion 

    

Imagery   Imagery 
developing 
Curiosity 

        

Imaginatio
n 

    Imagina-
tion 
becoming 
interested

      

Intuition       Intuition’
s passion 

    

Insights         Insights 
dedication 

  

Improvi-
sation 

          Improvi
sation in 
professi
onalism 

Incubation    Incubation 
developing 
Curiosity 
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4.3. The 2
nd

 Level IQ’s elements: 
Commentaries:  

 (1) Pragmatics: name “Inspired 
passion”;  

 (2) Syntax: “Inspiration in passion”;   
 (3) Semantics: Correlation of 

functionalities of the 1
st
 level of IQ elements: 

“Inspiration” and “Passion”;  
 (4) Usage context: Evaluation from 

“Inspired passion” situation “Inspiratio 
become interested” to the next (top) situation 
“Inspired professionalism”;  

  (5) Examples of “Inspired passion” 
(See: Next Table): “ROBO-intelligence 
became passionate by it business, it begin 
think to social profit.”  

4.4. The 2
nd

 Level IQ’s elements (Table 
1): Theorem “Creative ROBO-
intelligence” 

If there are done: the 1st level of Creative 

ROBO-intelligence’s Piirto’s 7i features 
which characterize highly creative people, - 
the 1st level of Creative ROBO-intelligence’s 
Piirto’s six steps of the creativity top, and 
Adaptable tools it is possible to create all 2nd 
level elements of Creative ROBO-intelligence 
based on these IQ’s 1st level elements. 

 
5. Emotional Intelligences 
Emotional ROBO-intelligence (EQ) refers 

to artificial (robotic) intelligence's ability to 
monitor their own and other intelligence's 
emotional states and to use this information to 
act wisely in relationships.  

5.1. The 1
st
 level of EQ elements: basic 

emotions. 
Many psychologists believe that there are six 
main types of emotions, also called basic 
emotions. They are: 1. Happiness, 2. Sadness, 
3. Fear, 4. Anger, 5. Disgust and 6. Surprise 

 
Table 2. Adaptable evaluation steps 

Evolution 
of 
Emotions 

Self-
awareness 

Managing 
emotions 

Motivation Empathy Handling 
relationships 

Happiness Happiness 
self-
awareness 

        

Fear         Fear handling 
relationships 

Surprise   Surprise 
managing  

      

Disgust     Disgust 
motivation 

    

Sadness           

Anger       Anger 
empathy 
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5.2.Adaptable evaluation steps (Table 

2): the 2
nd

 level EQ elements 
Emotional intelligence’s adaptable 
evaluation steps are represented by:  
1) Self-awareness: recognizing internal 
feelings; 
2) Managing emotions: finding ways to 
handle emotions that are appropriate to the 
situation; 
3) Motivation: using self-control to channel 
emotions toward a goal; 
4) Empathy: understanding the emotional 
perspective of other people; 
5) Handling relationships: using personal 
information and information about others to 
handle social relationships and to develop 
interpersonal skills 
 

6. ROBO-Temperaments 

6.1. ROBO-Temperaments 1
st
 level EQ 

elements 
There exist four temperaments that a 

relatively simple but powerful way of 
classifying personalities: Melancholic, 

Phlegmatic, Choleric, and Sanguine 
 
6.2. Theorem “Sanguine ROBO-
intelligence” 
If there are done:  
- the main features, characteristics, and 

functions of Sanguine type of temperaments 
(Figure 1), 

- the Piirto’s 7i features which 
characterize highly creative people, and  

- Adaptable Tools 
it is possible to create Sanguine ROBO-
intelligence with such features of creative 
artificial intelligence. 

6.3. The 2
nd

 level of Character ROBO-
intelligences with seven features which 
characterize highly creative intelligence. 

In the Table 3 there are present some 2nd 
level elements o IQ which are presented by 
adaptable algorithms created on the base of 
temperament characteristics in composition 
with the seven features which characterize 
highly creative intelligence.  
 

 

 
Figure 1. Temperaments  
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Table 3. Temperament & Creativity 
Creative 
feature  
Versus 
Personalit
y 

Inspira
tion 

Imagery Imagi-
nation 

Intuition Insight
s 

Impro-
visation 

Incubat
ion 

Choleric  Choleri
c’s 
Inspirati
on 

Choleric’s 
Imagery 

    Chole-
ric’s 
Insight 
  

    

Sanguine       Sanguine’s 
Intuition 

  Sangui-
ne’s 
Inpro- 
visation 
  

  

Phlegmati
c  

 
Phlegm
atic’s 
Inspirati
on 

          Phlegm
atic’s 
Iprovis
ation 

Melanchol
ic  

Melanc
ho-lic’s 
Inspira
tion 

  Melan
cholic’
s 
Imagi-
nation  

        

6.4. The 2
nd

 level of Character 
ROBO-intelligences evolution with 
Piirto’s Six Steps to the Creativity top 

In the Table 4 there are present some 2nd 
level elements o IQ which are presented by 
adaptable algorithms created on the base of 
temperament characteristics in compo-sition 
with the Six Steps to the Creativity top. 

6.5. Theorem “Choleric ROBO-
intelligence” 

If there are done  
(1) the main features, characteristics, 

and functions of Choleric type of 
temperaments,  

  (2) the first level Six Steps to the 
Creativity top elements of Character 
ROBO-intelligence (Table 4), and  

  (3) Adaptable Tools  
it is possible to create Choleric ROBO-

intelligence. 

 6.6. Theorem “Emotional 
Phlegmatic ROBO-intelligence” 

If there are done:  
(1) the main features, characteristics, 

and functions of Phlegmatic type of 
temperaments,  

(2) the first level Six Types of emotions 
elements of Character ROBO-intelligence, 
and  

(3) Adaptable Tools 
it is possible to create Emotional 

Phlegmatic ROBO-intelligence. 
 6.7. Hierarchy of theorems 
Demonstration of Theorem “Choleric 

ROBO-intelligence” is based on such 
Lemmas as “Choleric acquires 
Knowledge”, “Choleric develop Curiosity” 
and so on, which demonstrate the process 
of adaptable creation of 2nd level elements 
of Character ROBO-intelligences. 
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Table 4. Temperament & Creativity evolution 
Creativity 
top  
versus 
Peronalities 

Acquire 
Knowledge 

Develop 
Curiosity 

Become 
Interes-
ted 

Passion Dedication Profes- 
sionalism 

Choleric    Choleric 
develop 
Curiosity 

        

Sanguine Sanguine 
acquires 
Knowledge 

      Sanguine’s 
dedication 

  

Phlegmatic      Phleg-
matic 
become 
Interested

      

Melancholic        Melan-
cholic 
passion 
 

  Melancholic 
profes- 
sionalism  

 
7.  Sustainability 
To create ROBO-intelligences it is 

necessary to implement next steps. 

The 1
st
 step. To create ROBO-

intelligences which possess 1st level elements 
– intelligences, emotions and temperaments – 
it is necessary first of all to introduce them in 
robotic heart and robotic head.  

 This consists in creation corresponding 
Computer Based Information Systems for 
each of: Intelligences (7i), Tops (6s), 
Emotions (6), Temperaments (4), and 
Sentiments (positive & negative)  

The 2
nd

 step. Next step in creation process 
of ROBO-intelligences consists in elaboration 

of their 2
nd

 level elements based on its 1st 
level elements using Adaptable Tools for its 
definitions. 

The 3
rd

 step. Each definition of ROBO-
intelligences 2nd level elements is composed 
from definition of such it’s characteristics as: 
pragmatics, syntax, semantics, environment, 
and examples. These definitions represent the 
Adaptable Algorithmic Knowledge Robotic 
Base which help to create real ROBO-
intelligence using Adaptable Tools for its 
development, verification, and experiment-
tation.  

The 4
th 

step. Measure of ROBO-

intelligence energies for each creativity, 
emotions, temperaments, sentiments.  

These measures represent the Energetic 
Knowledge Robotic Base which help to create 
real ROBO-intelligence using Adaptable 
Tools for its development, verification, and 
experimentation.  

Consciousness Society Creation 
Theorem: Having the Enegetic Knowledge 
ROBO-intelligence Warehouse it is possible 
algorithmically to implement in ROBO-
intelligences the creative, emotion, 
temperament and sensual human 
characteristics! 

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. 
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Abstract:  
Purpose: This exploratory paper investigates Adaptability as the Engine to create Computer 

Software. Adaptable Tools Advance Software for Artificial Intelligences. The paper aims to 
open the discussion around the impact that Adaptable Software Tools might have on 
Information, Knowledge Based and Consciousness Societies i.e. Homo-Robotic Societies of 
Information Era. 

Design/methodology/approach: Paper employs an exploratory literature review 
investigating the development and current state of the art in relation to Adaptability as Engine 
to create Software for Computers, Systems, Networks, and Complexes of Intelligent machines 
in Information Era; this literature review serves as the starting point of subsequent theorizing. 

Findings: Based on the literature review we theorize that the Adaptable Tools were used for 
creation Software for different Generations of Computers, Systems, Networks, and Complexes 
of Intelligent machines, last ones representing ROBO - intelligences with creativity, emotions, 
temperaments, and sentiments. In this process Adaptable Tools achieves new horizon of 
creation, they are transformed in a new Engine: the Robotic Adaptable Tools. To name just a 
few uses of Robotic Adaptable Tools, its can help in: (1) supporting definitions of new robotic 
intelligence entities, (2) its stratification, (3) its algorithmic representation, and therefore (4) 
improving robotic skills and competences as well as (5) generating requirements for new 
competences, and (6) promoting a collaborative environment among the Actors of Computing 
Industry. 

Research limitations/implications: This paper opens the discussion around creation 
Software for Computers, Systems, Networks, and Complexes of machines using Adaptable 
Tools, as well as its succession in creation Artificial Intelligences with creative, emotional, 
temperamental and sensual possibilities using Robotic Adaptable Tools. Paper suggests a wide 
range of areas for further research in the branch of Robotic Industry. 

Practical implications: In this paper we argue that by looking at Robotic Adaptable Tools 
as more than just a set of tools for improving robotic intelligences Adaptable Computing in 
Robotic Industry can address some pitfalls of a particular type of Homo-Robotic communication 
in Consciousness Society. 

Originality/value/sustainability: The Adaptable Tools have been developed as part of 
Software Industry in Information Era. They have used in creating Computer Systems for 
different generations of computers.  The Robotic Adaptable Tools are a new and very popular 
approach and is demonstrated that it is powerful in many areas of Artificial Intelligences 
Industry. This paper is novel in that it initiates a dialogue around the impact that Robotic 
Adaptable Tools might have on Human-Robotic and Robotic-Human Societies.  

Keywords: Information, Consciousness, Project, Artificial intelligence, Consciousness 
Society 

JEL Cassification: C88, L86 
 
Introduction 
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 in future Consciousness Society. 

Some of the next events in the robotic 
development process represent the common 
direction in the Evolution of the Society in 
direction of Creation the Consciousness 
Society, the Society which is characterized by 
the equality of Artificial Intelligence and 
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Structured Natural Intelligence 
(AI=NIstructured)  

A. Japan Robotic plant with 1800 Robots 
and 8 Engineers (2000 year) . 

B. Academician Draganescu, former 
Romanian Academy President and Chief in 
2000-2004 years of Romanian AI Project 
predicts creation of Consciousness Society in 
2019-2035 years, the Society with equality 
AI=NIstructured.  

C. Corneggy Melon University research 
and AI Weeks announces all 7 million Human 
functions from which 5,5 million functions 
are Robotics ones.  

D. European Union Committee in January 
2017 decides to get Passports to Robotic 
Entities 

D1. The last time in European 
Community. Publications [1-3] confirm the 
European Community international interest 
[4] for AESM research results in the Branch 
of Conscience Society Creation process and in 
its engine for the process of creation ROBO-
intelligences, represented by the Adaptable 
Tools 

D2. 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. 

D3. 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.  

D4. 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. 

D5. 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 humans. collaboration with 
robots.  

D6. Isaac Azimov: 3 principles. Asimov's 
Three Laws of Robotics, as they are called, 
have survived to the present:  

D6.1. Robots must never harm human 
beings or, through inaction, allow a human 
being to come to harm.  

D6.2.Robots must follow instructions 
from humans without violating rule 1.  

D6.3.Robots must protect themselves 
without violating the other rules. 

E. Russian President Putin in September 
2017 at Moscow University announce 
Russian AI Industry Project 

F. Creativity Piirto’s 7i component parts 
with Piirto’s 6Tops its development steps. 

G. Goleman’s research confirm priority of 
Human Emotions before Human Creativity 
based on 6 Basic Classic Emotions 

H. AESM 2008-2018 “Creation 
Consciousness Society” research Project 
demonstrates the possibility of Robotic 
creation using Adaptable Tools. The 
possibility to create Robotic Creativity, 
Emotion, Temperament and Sentiment New 
Robotic Elements in forms of Program 
Product were demonstrated.  

I. Adaptable Tools are used for preparing 
first 3 stage of Robotic Program Products 
development. Using adaptable tools of 
algorithmic definitions of robotic elements 
are defined superior, next level elements of 
ROBO - intelligences.  

J. Present 2018 year of research is 
concerned to Aura development for Robotic 
Entities. 

 
1. Adaptability. 
Adaptable Tools [1] represent our solution 

for Robotic problem. The adapter, as a meta-
system tool, supports adaptable software and 
hardware flexibility: extension and reduction 
of ROBO-intelligences possibilities.  

By the help of adapter, it can be presented 
pragmatics, syntax, semantics, environment, 
and examples of new or modified (next, 2nd, 
higher level) elements of ROBO-
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intelligences.  

 1.1. The 2
nd

 Level IQ’s elements: 
Adapter’s general scheme:  

  _BL_ < Pragmatics of ROBO-
intelligence element >  

 _SY_ < Syntax of ROBO-intelligence 
element> 

 _SE _ < Semantics of ROBO-intelligence 
element> 

 _CO_ < Context of ROBO-intelligence 
element> 

 _EX_ < Examples of ROBO-intelligence 
element >   

 _EL_ plus example of its implementation. 
 
1.2. Example: Using adapter it is defined 

one of the new (2
nd

 level) ROBO’s element  
“Inspired passion”:  

  _BL_ < Inspired passion’s pragmatics> 
  _SY_ < Inspired passion’s syntax>  
  _SE _ < Inspired passion’s semantics>   
  _CO_ < Inspired passion’s usage 

context>   
  _EX_ < Inspired passion’s examples 

call>  
  _EL 
 

1.3. The 2
nd

 Level IQ’s elements: 
Commentaries:  

 (1) Pragmatics: name “Inspired 
passion”;  

 (2) Syntax: “Inspiration in passion”;   
 (3) Semantics: Correlation of 

functionalities of the 1
st
 level of IQ elements: 

“Inspiration” and “Passion”;  
 (4) Usage context: Evaluation from 

“Inspired passion” situation “Inspiratio 
become interested” to the next (top) situation 
“Inspired professionalism”;  

 (5) Examples of “Inspired passion”: 
“ROBO-intelligence became passionate by it 
business, it begin think to social profit.” 

2. Robotic adaptability. 
The Ms Office and Ms Windows Systems 

are developed by Software’ shell 
methodology. Microsoft Office for Mac has 
for long been criticized. Adaptation at 
hardware levels increases the system 
capabilities beyond what is possible with 
software-only solutions. The methodology of 

the On–Off-line adaptable processors support 
development of Adaptable Software and 
Hardware. 

On the base of adaptable processors of the 
first level of translation complexity Off-line 
adaptable processors it is possible to 
demonstrate the process of automatically 
creation of the first and second levels of 
translation complexity On-line and On-Off-
line adaptable processors. The demonstrations 
of automatically creation of On-line and On-
Off-line Adaptable Software of the third level 
of translation complexity can be obtained on 
the base of first and second levels of 
translation complexity of adaptable 
processors. 

It was demonstrated that adaptable tools as 
base for creation, application, and 
development of adaptable software are 
characterized by a set of advanced linguistic’ 
and processors’ features.  

Human social and economic demand and 
supply for Adaptable Software in the 
Information and Knowledge Based Societies 
is too important.  

Adaptable methodology and technology in 
creation and application of Adaptable 
Software permit to develop in the future the 
research process of applicability of each of the 
first, second, and third levels of Adaptable 
Processors.  

Different types of Adaptable Software 
will have different domains of its applicability 
in the process of computerized human-
machine intelligent interaction. This process 
conducts to develop Natural Language 
Processing Adaptable Software of human-
machine interaction. 

The Adaptable Software forms new 
industry branch of Informational technologies 
of the Information and Knowledge Based 
Societies. 

 2.1. The 1
st
 step. To create ROBO-

intelligences which possess 1st level elements  
 intelligences, emotions and 

temperaments – it is necessary first of all to 
introduce them in robotic heart and robotic 
head.  

This consists in creation corresponding 
Computer Based Information Systems for 
each of: Intelligences (7i), Tops (6s), 
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Emotions (6), Temperaments (4), and 
Sentiments (positive & negative)  

2.2. The 2
nd

 step. Next step in creation 
process of ROBO-intelligences consists in 

elaboration of their 2
nd

 level elements based 
on its 1st level elements using Adaptable 
Tools for its definitions.  

2.2.1. Theorem “Creative ROBO-
intelligence” 

If there are done:  
- the 1st level of Creative ROBO-

intelligence’s Piirto’s 7i features which 
characterize highly creative people,  

- the 1st level of Creative ROBO-
intelligence’s Piirto’s six steps of the 
creativity top, and   

- Adaptable tools  
it is possible to create all 2nd level 

elements of Creative ROBO-intelligence 
based on these IQ’s 1st level elements. 

2.2.2. Theorem “Sanguine ROBO-
intelligence” 

If there are done:  
- the main features, characteristics, and 

functions of Sanguine type of temperaments 
(Figure 1), 

- the Piirto’s 7i features which 
characterize highly creative people, and  

- Adaptable Tools  
it is possible to create Sanguine ROBO-

intelligence with such features of creative 
artificial intelligence. 

2.2.3. Theorem “Choleric ROBO-
intelligence” 

If there are done  
  (1) the main features, characteristics, and 

functions of Choleric type of temperaments,  
  (2) the first level Six Steps to the 

Creativity top elements of Character ROBO-
intelligence, and  

(3) Adaptable Tools  
it is possible to create Choleric ROBO-

intelligence. 

2.2.4. Theorem “Emotional Phlegmatic 
ROBO-intelligence” 

If there are done:  
(1) the main features, characteristics, and 

functions of Phlegmatic type of 
temperaments,  

(2) the first level Six Types of emotions 
elements of Character ROBO-intelligence, 
and  

(3) Adaptable Tools 
it is possible to create Emotional 

Phlegmatic ROBO-intelligence. 

2.3. The 3
rd

 step. Each definition of 
ROBO-intelligences 2nd level elements is 
composed from definition of such it’s 
characteristics as: pragmatics, syntax, 
semantics, environment, and examples. These 
definitions represent the Adaptable 
Algorithmic Knowledge Robotic Base which 
help to create real ROBO-intelligence using 
Adaptable Tools for its development, 
verification, and experimentation.  

2.4. The 4
th 

step. Measure of ROBO-
intelligence energies for each item from 
creativities, emotions, temperaments, 
sentiments.  

These measures represent the Energetic 
Knowledge Robotic Base which helps to 
create real  

ROBO-intelligence using Adaptable 
Tools for its development, its verification, and 
its experimentation. 

 
Conclusion. 
To create ROBO-intelligences which 

possess 1st level elements – intelligences, 
emotions and temperaments – it is necessary 
first of all to introduce them in robotic heart 
and robotic head. This activity is the 1st step 
in robotic entities creation process using 
Adaptable tools. This consists in creation 
corresponding Computer Based Information 
Systems for each of: Intelligences (7i), Tops 
(6s), Emotions (6), Temperaments (4), and 
Sentiments (positive & negative)  

The 2nd step. Next step in creation process 
of ROBO-intelligences consists in elaboration 
of their 2nd level elements based on its 1st 
level elements using Adaptable Tools for its 
definitions.  

The 3rd step. Each definition of ROBO-
intelligences 2nd level elements is composed 
from definition of such it’s characteristics as: 
pragmatics, syntax, semantics, environment, 
and examples. These definitions represent the 
Adaptable Algorithmic Knowledge Robotic 
Base which help to create real ROBO-
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intelligence using Adaptable Tools for its 
development, verification, and 
experimentation.  

The 4th step. Measure of ROBO-
intelligence energies for each creativity, 
emotions, temperaments, sentiments. These 
measures represent the Energetic Knowledge 
Robotic Base which help to create real  

ROBO-intelligence using Adaptable 
Tools for its development, verification, and 
experimentation.  
Measure of brain regions impulses, its 
frequency and amplitude, its evolution in time 
and space is very important for ROBO-
intelligence creation process. Knowledge 
about all brain regions impulses are to be 
included in the Warehouse of Brain and Heart 
Impulces (WBHI). To create ROBO-
intelligence’s different creative, emotional, 
temperamental, or sensual characteristics it is 
enough to create corresponding algorithms 
which are to be implemented in ROBO-
intelligence brain and heart. A lot of results of 
different teams of researchers demonstrate 
that such WBHI will be soon created. 

Impulses’s characteristics from WBHI, 
such as frequency, amplitude, time and space 
etc are the imput data for the algorithms which 
adapt new ROBO-intelligence characteristics 
based on the characteristics yet included in 
brain or heart of ROBO-intelligences. 

Consciousness Society Creation 
Theorem: Having the Enegetic Knowledge 
ROBO-intelligence Warehouse it is possible 
algorithmically to implement in ROBO-
intelligences the creative, emotion, 
temperament and sensual human 
characteristics! 
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Abstract 
Purpose of the paper consists in presentation of the Project transfrontalier RO-MD, 

analysis and substantiation of the objectives assumed by the Republic of Moldova and Romania 
through the Association Agreement between the Republic of Moldova and the European 
Union. The Republic of Moldova is about to determine: What future it wants for itself (country) 
and for its citizens. 

 The research focuses on the correlational and explanatory method of the impact of EU 
(future) integration (benefits), identification of problems arising from implementation / 
compliance with the provisions of the Association Agreement; finding solutions to harmonize 
legislation; excluding differences relating to: unifying EU and national standards; ensuring the 
free movement of persons, services; expanding cooperation in the euro area; unifying policies 
on migration and asylum; uniform interpretation and application of EU and national legislation; 
ensuring that decisions are taken collectively (appropriate application of Japanese management) 
. Strengthening the objectives of promoting EU integration policies, thus contributing to the 
economic and social development of the country. Based on the research carried out, we 
conclude: Romania and the Republic of Moldova together with the European Union will address 
unitary reforms, included in the EU strategies, the country's objectives - economic and social, 
focused on the strategies and programs included in the Association Agreement.  The results of 
the research are only the author's opinion which, however, can generate discussions in academic, 
student’s, and social environment, can generate the interest of the citizens of Romania and the 
Republic of Moldova. The paper discusses the impediments to the implementation of the 
provisions of the Association Agreement, and solutions are also proposed.  Resides in detailed 
and reasoned analysis; conclusions and proposing new solutions in order to reduce the problems 
encountered in implementing the Association Agreement. 

Originality consists in: identifying the norms contained in the legislative-normative acts 
with ambiguous understanding and interpretation and proposals for a law ferenda to improve 
and eliminate the ambiguities and other legislative-normative deficiencies; proposals to unify 
jurisprudence; proposals to harmonize national legislation with EU law. 

Implementation Environment: Country Awareness and Involvement (Legislative and 
Executive), taking into account the importance and seriousness of the problems of applying the 
EU policies and strategies set out in the Association Agreement, the negative impact of non-
compliance with the roadmap on economic and social development of RM.  

Sustainability: By this Project transfrontalier RO-MD will be provided and implemented 
the following measures: Institutional integration of research and educational results; 
transferability of results to interested institutions and research centers; publishing research 
results to disseminate the results; valorisation: human resources, research results; continue 
research. 

 
Keywords: Project, Association Agreement, Objectives, Economics, Movement of persons, 

Services, Transfrontalier. 
JEL Cassification: M00, O31, L20 
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Introduction 

The European Commission has approved 
the Joint Operational programme Romania-
Republic of Moldova 2014-2020 on 17 
December 2015 and the Guidelines for 
Applicants integrate the provisions of the 
European Neighbourhood Instrument (ENI). 
Cross border cooperation at the external 
borders of the EU continues to represent a top 
priority for the European Union during the 
2014-2020 programming period. The cross-
border cooperation under the European 
Neighbourhood Instrument (ENI) will create 
added value for the border regions building on 
its predecessor, the European Neighbourhood 
and Partnership Instrument.  The ENI CBC 
aims to create “an area of shared prosperity 
and good neighbourliness between EU 
Member States and their neighbours”. To this 
purpose, the ENI has three strategic 
objectives:  

(A) To promote economic and social 
development in regions on both sides of 
common borders; 

(B) To address common challenges in 
environment, public health, safety and 
security; 

(C) To promote better conditions and 
modalities for ensuring the mobility of 
persons, goods and capital. 

The Joint Operational Programme 
Romania-Republic of Moldova 2014-2020, 
hereinafter the Programme, contributes to 
the achievement of the overall ENI objective 
of “progress towards an area of shared 
prosperity and good neighbourliness between 
Member States and their neighbours”. 

 
1. General objective 
The goal of the proposed project 

“Solutions for migration in the rural sector of 
Romania and the Republic of Moldova" is the 
teaching and training 160 intellectuals from 
Romania’ rural area and 160 intellectuals 
from the rural area of the Republic of 
Moldova to prepare the Business plans for 
projects of SMEs in rural area. Such action 
will raise awareness of Romanian and 
Moldovan citizens about the possibilities of 
staying home and to increase the number of 
SMEs in the rural area.  

Another goal of this project is to 
reestamblish the trust of the Romanian and 
Moldovan citizens in their future at home and 
not abroad.   

Also, one of the project's goal is to editate 
the Guidebook "SMEs rural projects" that will 
become a guide for everyone who wants to 
apply for funding project. 

Suplimentarry will be created Consulting 
Centers in Bacau and Chisinau to help rural 
intellectuals in their work on preparing 
Business plans for rural SMEs, its 
implementation and its evaluation 

Training process in creation Business 
plans for projects will be based mostly on the 
Guidebook "SMEs rural projects" and 
Consulting Centers in Bacau and Chisinau. 

The instructed people will become experts 
in the area of Business plans and project 
writing and will help people to achieve their 
targets and to increase the life level in the rural 
area of Romania and the Republic of 
Moldova. 

 
2. Specific objectives 
Objective 1: Reachment competences of 

320 rural intellectuals from Romania and the 
Republic of Moldova to apply for preparing 
the Business plans for projects of rural SMEs. 

Objective 2: Elaboration of the Guidebook 
"SMEs rural projects" that will become a 
guide for everyone who wants to apply for 
funding rural project and will help people to 
reach their goals after the projects end  

Objective 3: Creation Consulting Centers 
in Bacau and Chisinau that will help rural 
intellectuals in their work on preparing 
Business plans for projects of rural SMEs, its 
implementation and its evaluation 

 
3. Project relevance 
Nowadays, migration is one of the most 

pressing problems facing the Republic of 
Moldova. According to World Bank data, in 
our country are working abroad about 700 
thousand citizens, which constitute about half 
of the working population, but according to 
sociologist’s opinion the real number of 
Moldovan migrants exceeds one million. Of 
these, around a quarter they decided not to 
return home. The project is relevant for the 
Republic of Moldova, because people that go 
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abroad didn't believe that this country has a 
future and they are very disappointed in local 
administration and Government. So, teachers 
and doctors have always a huge impact on the 
population from rural sector, because they are 
the sample of patriotism and all what is the 
best. Being guieded by these tags we decided 
to teach 80 intellectuals how to write projects 
and how to apply to local, republic, and 
international organizations in order to stop 
their going abroad and through their example 
to stop people of leaving the country. 
Nowadays, there are a lot of possibilities to 
open and maintain a business in rural sector, 
but people have to be instructed and we must 
show them their real opportunities of staying 
home and the advantages of rising the 
Republic of Moldova's economic indicators. 
The Consortium composed from the 
Academy of Economic Studies of Moldova 
(Coordinator) and “Vasile Alecsandri” 
University at Bacau is going to provide 
specialists to instruct the people that will 
participate at the project "Solutions for 
migration in the rural sector of Romania and 
the Republic of Moldova" 

In order to succed the project strives to 
instruct 320 persons - intellectuals from the 
rural sector of Romania and the Republic of 
Moldova:  

(1) How we will recruit or attract them?  
Collection of information will be done by 

the students, engineers, and professors of the 
AESM and UB commonly with 20 deputyes 
from SO “Parlament -90” directed by staff of 
the Project "Solutions for migration in the 
rural sector of Romania and the Republic of 
Moldova". Collectors of information will 
collaborate with local administrations, 
schools and hospitals. They will collect 
information about the priorities of perspective 
rural SMEs to be created and will accumulate 
propositions about perspective liders for these 
SMEs. 

(2) How we will maximize intellectual’s 
participation in the activity?  

Project staff will accumulate information 
about proposed liders for the perspective rural 
SMEs, will be selected the more advanced 
ones and will create Data base "Common 
List" of rural intellectuals. The Consortium 
team will divide the Data base "Common 

List" in 4 teams of intellectuals, acording to 
the East, West, Nors, and South regions of the 
Republic of Moldova. Each of these 4 
collectives of intellectuals will be trained in 
the centers of training (Ungheni, Belts, 
Comrat, and Tiraspol) in different periods of 
time of 12 months project evolution. 

(3) When will the activity occur? 
The training activities will take place at 

the training regional centers in the 3rd, 5th, 7th, 
and 9th months from the beginning of the 
project "Solutions for migration in the rural 
sector of the Republic of Moldova" 

(4) For how long?  
Each training period will constitute one 

week in the training regional centers and 
permanently in the Consortium's Consulting 
Cente at AESM. 

(5) What will be the frequency of the 
activity? (Will it happen once, or will it be 
repeated?)  

At the Academy of Economic Studies of 
Moldova will permanently activates the 
Consortium's Consulting Center to consult 
people according with the subjects of present 
Project 

(6) What materials we will need to 
conduct the activity? Will materials or 
curricula have to be developed or do the 
materials already exist? Will the materials 
need to be adapted to the new population, and 
if so, how? 

Elaboration of the Guidebook "SMEs 
rural projects" is one of the main goals and 
objective of the Project "Solutions for 
migration in the rural sector of the Republic 
of Moldova". The Guidebook "SMEs rural 
projects" will be based on the Cracking 
Creativity Method (CCM) which constitutes 
the secrets of creative enius. Suplimentally 
Guidebook comprizes a lot of studied real 
projects of rural SMEs which will intensivelly 
be used in training process. It will help people 
to reach their goals in the process of projects 
creation and after the projects end.  

(7) Will our organization collaborate with 
other organizations to carry out the activity? 
What will be the role of each organization?  

The Project Consortium will collaborate 
with rural administrations, schools, and 
hospitals in the process of accumulation the 
information: a) about the possible perspective 
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SMEs to be created in the localities, b) about 
the situation with the work places in the 
localities, c) about the situation with the 
categories of people without work in 
localities, d) about the intellectuals they 
present as possible liders for the future 
possible rural SMEs which have to be trained 
in the problem of elaborating the projects and 
conducting future rural SMEs. 

 The Project Consortium staff in 
community with trained persons will 
permanently collaborate with the local 
autorities in the problems of elaboration the 
projects for the future local SMEs. Trained 
rural intellectuals will have strong contacts 
with the local administration in all problems 
concerning (1) their travel to the training 
regional centers, (2) their financing of the 
proposed project's materials, and (3) their 
travels for consultations at the Consortium's 
Consulting Center in the subjects of present 
Project. 

   
4. The needs of the target groups that 
will be tackled by the project 
Migration is one of the stringent problems 

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. 

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 
(Mostly, intellectuals from rural area) are 
considered population low-income in the 
country (45%), and 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%) . 

The study reveals that the majority of 
respondents would prefer to work in EU 
countries (53.4%), but also in Canada and the 
US (27.4%) and in CIS countries (13.7%) and 
5.5% (37 people) - in Australia. 

The information presented above shows 
the timeliness and the need for a project to 
improve the migration crisis (Mostly, 
intellectuals) in the rural sector of the 
Republic of Moldova. 

One of the pillars of the Republic of 
Moldova crisis solving we hope to be the 
involvement of Members of SO “Parlamentul 
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 intellectuals 
from rural sector: an exodus huge of the 
population (Mostly, intellectuals from rural 
area) from the villages, it is a situation of deep 
crisis, a situation of the Republic of Moldova 
pre-default. 

So, “Parlamentul 90” must intervene to 
improve the crisis of the Republic of 
Moldova. 

 
5. The solution proposed by the project 

to tackle the respective problem(s) 
The main concept of the project strives to 

reduce the unemployment rate as well as 
reduce the number of people who are under-
utilized because of hardships in the economic 
sectors. It increases the number of employees 
in the private sector and decrease the number 
of unemployed in the rural sector. So, this 
project is going to change this situation due 
opening new work places, educate people to 
work according to EU standards, implement 
different projects with local mayoralties, 
increase the cultural and ideological level of 
citizens. The project will be conducted by the 
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Academy of Economic Studies of Moldova in 
partnership with “Vasile Alecsandri” 
University at Bacau. The leader of this 
partnership will be Academy of Economic 
studies of Moldova in front with Todoroi 
Dumitru, USG alumni, univ. prof., dr. 
habilitatum, high level specialist in Economic 
Informatics.  

The project's beneficiaries are rural 
intellectuals like pedagogues, agronoms, 
engineers, ecologists, and doctors, but the 
main position in the target group has 
pedagogues. The project option is to organize 
a conference where selected intellectuals from 
rural sector will be instructed to write local, 
republic, and international Business plans for 
projects of rural SMEs and will be taught how 
to solve the challenges that can appear during 
the project implimentation.  
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Abstract 
The exploratory paper investigates Adaptability in general and the Adaptable Tools in 

particular in quality of Engine to develop Computer Software and Software for Artificial 
Intelligences. The paper aims to open the discussion around the impact that Adaptable Tools 
might have on Information, Knowledge Based and Consciousness Societies, Human-Robotic 
Societies of Information Era.   Paper employs an exploratory literature review investigating the 
past and current state of the art in relation to Adaptability as Engine to create Software for 
Computers and Artificial Intelligences in Information Era. This literature review serves as the 
starting point of subsequent theorizing. Based on the literature review we theorize that the 
Adaptability in general and Adaptable Computing Industry in particular achieves horizon of 
creation Software for different generations of Computers and Artificial Intelligences with 
creativity, emotions, temperaments, and sentiments. In this process there are developed new 
Engine – the Robotic Adaptable Tools (RAT). To name just a few uses of RAT, its can help in: 
supporting definitions of new robotic intelligence entities, its stratification, and its algorithmic 
presentation; RAT therefore improve robotic skills and competences; RAT generate 
requirements for new robotic competences and promote collaborative environment among the 
Actors of Human – Robotic Society. This paper opens the discussion around succession in 
creation Software for different generations of Computers and Artificial Intelligences using 
Adaptable Tools and suggests a wide range of areas for further research in the branch of Robotic 
Industry. In this paper we argue that by looking at Robotic Adaptable Tools as more than just a 
set of tools for improving robotic intelligences a Robotic Industry can address some pitfalls of 
a particular type of Artificial intelligences for Consciousness Society. Adaptable Tools have 
been developed as part of Software for Computer Industry and they have used in creating 
Computer Systems for different generations of computers. Robotic Adaptable Tools are a new, 
but increasingly popular approach, which has been shown to be powerful in many areas of 
Artificial intelligences creation process. This paper is novel in that it initiates a dialogue around 
the impact that Robotic Adaptable Tools might have on Robotic Industry. 

 
Keywords: Conscience, Artificial intelligence, Creativity, Emotions, Temperaments, 

Sentiments, Consciousness Society, Human – Robotic Society 
 
 
Introduction. 

The development and evolution of 
Microsoft Office and Microsoft Windows 
shells is based in general on the special 
methodology of Software creation and 
implementation such as macros, subroutine, 
custom commands and specialized features. A 
major feature of the last decade of Ms Office 
suite development consists in the ability for 
users and third-party companies to write add-
ins that extend the capabilities of an 

application by adding custom commands and 
specialized features. 

Developers Microsoft Office have 
underlined that in Ms Office 2017 “…the 
entire user interface has been redesigned to be 
more intuitive, easier to navigate, and better 
suited to the task at hand… Now the 
command you need come to you, depending 
on the type of object you select and the 
application you are using”. Adaptive 
Hardware reflects the capability of a system 
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to maintain or improve its performance in the 
context of internal or external changes. 
Adaptation at hardware levels increases the 
system capabilities beyond what is possible 
with software-only solutions. Algorithms, 
techniques, and their implementation in 
hardware are developed over a diverse variety 
of applications. The methodology of the On–
Off-line adaptable processors supports 
development of Adaptable Software. It is 
composed from the next phase: Definition of 
new elements (Data or Actions), Processing, 
Fixation and element’s Usage.  

It was demoonstrated, that the Adaptable 
tools as base for creation, application, and 
development of adaptable software are 
characterized by a set of advanced linguistic’ 
and processors’ features. Adaptable 
languages, as part of adaptable software and 
hardware, integrate such linguistics’ features 
as: Multilanguageability, Universality, 
Speciality, Exensibility, Dialectability, 
Compactibility of Basis, Reductability, 
Effectivity of modification, Continuity of 
Human and Machine experience, 
Touchability to the Formal Natural Language 
level of Human-Machine Interactions. 
Adaptable processors as part of adaptable 
software and hardware integrate such 
translation’ features as: Universality, 
Mobility, Transferability, Cognisability, 
Specializability, Minimizing of Processors’ 
Quantity, and Raising the level of Adaptable 
Software to the level of Problem Formulation. 

 
1.Adaptable Processors from the 

Adaptability Cube (Figure no.1) are divided 
into three levels of translation complexity.  

1.1. The first level Adaptable Processors 
represent a set of adaptable Time-Realization, 
Model-Realization and Type-Translation type 
of extensions.  The Time-Realization 
Adaptable Proce-ssors type of extensions is 
presented by the Adaptable Processors: Pre-
processors, Inter-processors and Post-
processors. The Model-Realization Adaptable 
Proce-ssors type of extensions represents 
realization using the Level - Level, Level -
Direct and Level - Level -Direct methods.  
The third set of first level Adaptable 
Processors is formed by Adaptable Processors 
of adaptable Type-Translation type: adaptable 

Compilation, adaptable Interpretation and 
adaptable Compilation-Interpretation of 
extensions.  

The Level - Level type realize extensions 
by « lowering » method from one level of 
programming adaptable language (LAP) to 
another until the base level of programming 
adaptable language is reached (BLAP) 
Adaptable Processors of Level -Direct type « 
lower» extensions-elements from the written 
program in LAP. Thus they are directly 
transformed into a program written in BLAP 
language. Adaptable Processors of Level - 
Level - Direct type are created in the base of 
processing translation modules of Level - 
Level and Level -Direct type.  

1.2. The second level Adaptable 
Processors presents first level Adaptable 
Processors combinations of adaptable Time-
Realization, Model-Realization and Type-
Translation type of extensions.  The second 
level processors are presented using 
Adaptable Processors of Time-Model-Reali-
zation type, of Type-Model-Realization type 
and of Type-Time-Realization type of 
extensions. Theorems of second level of 
translation complexity Adaptable Processors 
automatic obtaining of Time-Model-Reali-
zation type of extensions are demonstrated in 
[6] by means of E-T-M Adaptable Processors 
translation interactions formalisms. 

1.3. The third level Adaptable Processors 
of translation complexity from the 
Adaptability Cube are represented by means 
of processors of type Processors-Adaptable-
Compilers, Adaptable-Processors- Interpre-
ters and Adaptable-Processors-Compilers-
Interpretation. Adaptable Processors Compi-
lers are presented in [6] using adaptable Pre-
processors Compilers, adaptable Inter-
processor Compilers and adaptable Post-
processors-Compilers. Theorems of these 
third levels of translation complexity 
Adaptable Processors automatic obtaining are 
demonstrated by means of E-T-M formalisms 
of Adaptable Processors translation 
interactions. 

 
2. E-T-M formalisms of adaptable 
processing.  
Making the investigation of the 

Adaptability Cube, one can underline 9 types 
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of first level of translation complexity 
Adaptable Processors, 27 types of second 
level Adaptable Processors and 27 types of 
third level Adaptable Processors [6]. 

 There are identified 27 Adaptable 
Processors schemes. Types of translators are 
presented by compilation, interpretation and 
mixed methods: compilation-interpretation. 
Taking as a base the mode of extensions 
realization, the processors are grouped into 
level-level, level-direct and mixed types: 
level-level-direct. Taking into account the 
order (time, place) of base extensions-
elements correlative realization, processors 
are of preprocessor, inter-processor and post-
processor type. As a result of the research 
from below there were obtained accumulated 
Adaptable Processors and demonstrated by 
the Adaptability Cube. 

By means of E-T-M formalism of 
Adaptable Processors translation interactions, 
will be demonstrated the affirmations of first 
level of translation complexity Adaptable 
Processors automatic creation from 
Adaptability Cube. E-T-M formalism is also 
used at demonstration of automatic creation of 
second level of translation complexity 

Adaptable Processors from Adaptability Cube 
and of third level of translation complexity 
Adaptable Processors.  

 
3. First level of translation complexity 
Adaptable Processors. 
There were used E-T-M formalisms in 

order to demonstrate translation interactions 
with first level Adaptable Processors: 
adaptable processing of Level - Level, Level -
Direct, and Level - Level –Direct types, 
adaptable pre-processing, inter-processing, 
and post-processing, adaptable compilation, 
interpretation and mixed compilation-
interpretation of extensions. These processors 
forms atomic base of Adaptable Processors 
from the Adaptability Cube (Figure no. 1) . 

The base Adaptable Processors of 
extensions realization mode are created 
according with their adaptable level-level (L-
L), level-direct (L-D), and level-level-direct 
(L-L-D) processing schemas. 

   
3.1. Adaptable Processors of level-level 

(L-L) type. 
General scheme of this processor type is: 

 
 
 
 
 
 
 
 
 
 
 
 
In this scheme the program in adaptable 

language is presented by „Source program, i 
level”, processor of level-level type is 
presented by the processor „L-L”, „Research” 
defines if the result of translation still contains 
extensions (Yes/No) .  

As a result, it is obtained „Object program 
in base language”. 

Using E-T-M formalism this processor is 
presented by a row of processors of the 
following type:  

 
 
 
 
 

where i = 0,1,2,...,p-1 (p- levels number of 
programming adaptable language) 

 
 
 

 

Source 
program,  
i level L-L Research

Object  pro- 
gram in ba- 
se language  

No

Yes

i: =i+1

LEi+1                                            LEi 

LEi 
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4. The second level Adaptable 
Processors  
The Adaptable Processors of the second 

level of translation complexity from the 
Adaptability Cube represent combinations of 
the first level Adaptable Processors of 
Extensions Time-Realization and Model-
Realization types and of Adaptable Type-
Translation [2, 6]. The Processors of the 
second level are presented by the Adaptable 
Processors of Time-Model-Realization 
Extensions type (Table 1.), of Type-Model-
Realization Extensions type (Table 2.) and of 
Type-Time-Realization Extensions type 
(Table 3.) . 

There are demonstrated processes of 
automatic obtaining of Adaptable Processors 
of the second level of Time-Model-
Realization Extensions type on the basis of E-
T-M interaction formalism of the Adaptable 
Processors. The demonstration of automatic 
obtaining of other Adaptable Processors of the 
second level will be presented in our 
following publications.  

Pre-processors-L-L, -L-D and –L-L-D 
form the first set of second level Adaptable 
Processors. They represent solutions for 
Adaptable Processors creation, presented by 
first row of Table1. These pre-processors 
form one of the next steps in automatic 
obtaining of Adaptable Processors presented 
in the Adaptibility Cube. 

 Inter-processor-L-D Theorem:  It is 
given the base processor and it is necessary to 
obtain a set of Adaptable Processors of inter-
processor-L-D type:  

 

 
 
for i=0,1,2,…,p, that together with (1) 

form inter-processor-L-D. 
For the problem solution is sufficient to 

create a set (7) of extensions:  
 

 
 

5. Third level adaptable pre-processors-
compilers. 
A third level Adaptable Processor of pre-

processor-L-L-compiler type realizes the f 
program in adaptable programming language 
LAP, using the order of extensions 
processing, that are processed using the level-
level processing mode, using compiler’s type 
of processing. As a result, the source program 
in compilation– pre-processing is the LAP 
program and LBAP is the object program. 

Using Post-processor-L-L-compiler 
Theorem, Post-processor-L-D-compiler 
Theorem and Post-processor-L-L-D-compiler 
Theorem together with Earley formalisms 
there were automatic obtained the last three 
Adaptable Processors of the third level from 
the first plan of Adaptable Processors from 
the Adaptability Cube (Figure no. 1) . 

Thus, was demonstrated automatic 
obtaining of only one part of Adaptable 
Processors, and especially of these nine 
Adaptable Processors of the first level, nine 
Adaptable Processors of the second level and 
nine Adaptable Processors of the third level. 
These processors are universal and 
specialized. 

 
6. Adaptable Computing Engine 
It is demonstrated [6] that Adaptable 

Tools as base for creation, application, and 
development of Adaptable Software are 
characterized by a set of advanced linguistic’ 
and processors’ features.  

Adaptable Languages as part of Adaptable 
Software integrate such linguistics’ features 
as: Multilanguageability, Universality, 
Speciality, Exensibility, Dialectability, 
Compactibility of Basis, Reducability, 
Effectivity of modification, Continuity of 
Human and Machine experience, and 
Touchability to the Formal Natural Language 
level of Human-Machine Interactions.  

Adaptable Processors as part of Adaptable 
Software integrate such translation’ features 
as: Universality, Mobility, Transferability, 
Cognisability, Specializability, Minimizing of 
Processors’ Quantity, and Raising the level of 
Adaptable Software to the level of Problem 
Formulation. Human social and economic 
demand and supply for Adaptable Software in 
the Information and Knowledge Based 
Societies is too important.  

LEi                     LE0 

LM

LEi+1                 LE0 

LEi 
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Table 1. The Adaptable Processors of Time-Model-Realization Extensions type.  

 Level - Level Level - Direct Level - Level - Direct 
 Pre-processing Pre-processor-L-L Pre-processor-L-D Pre-processor-L-L-D 
Inter-processing Inter-processor-L-L Inter-processor-L-D Inter-processor-L-L-D 
 Post-processing Post-processor-L-L Post-processor-L-D Post-processor-L-L-D 

 
Table 2. The Adaptable Processors of Type-Model-Realization Extensions type.  

  Level - Level Level -Direct Level - Level -Direct 
Compilation Compiler -L-L Compiler -L-D Compiler -L-L-D 
Interpretation Interpreter-L-L Interpreter-L-D Interpreter -L-L-D 
Compilation-
interpretation

Interpreter- 
Interpreter-L-L

Interpreter- 
Interpreter-L-D

Interpreter- 
Interpretater-L-L-D 

 
Table 3. The Adaptable Processors of Type-Time-Realization Extensions type.  

 Pre-processing  Inter-processing Post-processing 

Compilation 
Compiler-Pre-
processor

Compiler- Inter-
processor

 Compiler-Post-
processor 

Interpretation 
Interpreter- Pre-
processor

Interpreter- Inter-
processor

Interpreter – Post-
processor 

Compilation-
interpretation 

Compiler-
Interpreter- Pre-
processor

Compiler-
Interpreter- Inter-
processor

Compiler-Interpreter- 
Post-processor 

 
Adaptable methodology and technology in 

creation and application of Adaptable 
Software permit to develop in the future the 
research process of applicability of each of the 
first, second, and third levels of Adaptable 
Processors.  

  Different types of Adaptable Software 
will have different domains of its applicability 
in the process of computerized human-
machine intelligent interaction. This process 
conducts to develop Natural Language 
Processing Adaptable Software of human-
machine interaction. 

  The Adaptable Software forms new 
industry branch of Informational technologies 
of the Information and Knowledge Based 
Societies. 

The Ms Office and Ms Windows Systems 
are developed by Software’ shell 
methodology. Microsoft Office for Mac has 
for long been criticized. Adaptation at 
hardware levels increases the system 
capabilities beyond what is possible with 
software-only solutions. The methodology of 
the On–Off-line adaptable processors support 
development of Adaptable Software and 
Hardware. It was demonstrated that adaptable 

tools as base for creation, application, and 
development of adaptable software are 
characterized by a set of advanced linguistic’ 
and processors’ features.  

On the base of adaptable processors of the 
first level of translation complexity Off-line 
adaptable processors it is possible to 
demonstrate the process of automatically 
creation of the first and second levels of 
translation complexity On-line and On-Off-
line adaptable processors.  

The demonstrations of automatically 
creation of On-line and On-Off-line 
Adaptable Software of the third level of 
translation complexity can be obtained on the 
base of first and second levels of translation 
complexity of adaptable processors. 

 
7. Consciousness Society evolution. 
Sustainable and Healthy societies of our 

days are the societies which successor is 
Conscience Society. Based on Social Progress 
Stage development scientists predicted that 
the Conscience Society will be created in 
period from 2019 to 2035 years. 

The Future Conscience Society of 
Information Era as “figure of speech” 
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represents Past Information Society 
multiplied by the Present Knowledge Based 
Society. Information Era, except Information 
and Knowledge based societies, comprises the 
evolution of society through other 
intermediate societies such as Internet-
working, Creative, and Conscience societies. 

 
7.1. Information Society is based on 

different active and passive forms of 
information. The concept of information is 
related to notions of constraint, communication, 
control, data, form, instruction, knowledge, 
meaning, mental stimulus, pattern, perception, 
and representation 

 
7.2. Knowledge based Society is based 

on different active and passive forms of 
scientific knowledge.  Science (from the Latin 
scientia, meaning “knowledge”) is, in its 
broadest sense [4], any systematic 
knowledge-base or prescriptive practice that 
is capable of resulting in a prediction or 
predictable type of outcome. In this sense, 
science may refer to a highly skilled technique 
or practice. In its more restricted 
contemporary sense, science is a system of 
acquiring knowledge based on scientific 
method, and to the organized body of 
knowledge gained through such research.  

Science is a continuing effort to discover 
and increase human knowledge and 
understanding through disciplined research. 
Using controlled methods, scientists collect 
observable evidence of natural or social 
phenomena, record measurable data relating 
to the observations, and analyze this 
information to construct theoretical 
explanations of how things work. The 
methods of scientific research include the 
generation of hypotheses about how 
phenomena work, and experimentation that 
tests these hypotheses under controlled 
conditions. Scientists are also expected to 
publish their information so other scientists 
can do similar experiments to double-check 
their conclusions. The results of this process 

enable better understanding of past events, 
and better ability to predict future events of 
the same kind as those that have been tested. 

 
7.3. Consciousness (Figure no. 1) from 

the Spiritual point of view is subjective 
experience, awareness or wakefulness, the 
executive control system of the mind. It is an 
umbrella term that may refer to a variety of 
mental phenomena. Although humans realize 
what everyday experiences are, consciousness 
refuses to be defined, philosophers note: 
“Anything that we are aware of at a given 
moment forms part of our consciousness, 
making conscious experience at once the most 
familiar and most mysterious aspect of our 
lives.” 

Consciousness in psychology and 
philosophy has four characteristics: 
subjectivity, change, continuity and 
selectivity. Intentionality or aboutness (that 
consciousness is about something) has also 
been suggested by philosopher Franz 
Brentano. However, within the philosophy of 
mind there is no consensus on whether 
intentionality is a requirement for 
consciousness. Issues of practical concern 
include how the presence of consciousness 
can be assessed in severely ill or comatose 
people; whether non-human consciousness 
exists and if so how it can be measured; at 
what point in fetal development 
consciousness begins; and whether computers 
can achieve a conscious state. 

Some philosophers divide consciousness 
into phenomenal consciousness, which is 
experience itself, and access consciousness, 
which is the processing of the things in 
experience [6]. Phenomenal consciousness is 
the state of being conscious, such as when 
they say “I am conscious.” Access 
consciousness is being conscious of 
something in relation to abstract concepts, 
such as when one says “I am conscious of 
these words.”. 
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Figure no. 1. Consciousness: subjective experience, awareness, wakefulness, the executive 
control system of the mind 

 
 
Various forms of access consciousness 

include awareness, self-awareness, conscience, 
stream of consciousness, Husserl’s 
phenomenology, and intentionality. The 
concept of phenomenal consciousness, in 
modern history, according to some, is closely 
related to the concept of qualia (subjective 
conscious experiences as ‘raw feels’)  

Social psychology links sociology with 
psychology in their shared study of the nature 
and causes of human social interaction, with 
an emphasis on how people think towards 
each other and how they relate to each other. 
The behavior and mental processes, both 
human and non-human, can be described 
through animal cognition, ethology (scientific 
study of animal behavior, and a sub-topic of 
zoology), evolutionary psychology, and 
comparative psychology as well. Human 
ecology is an academic discipline that 
investigates how humans and human societies 
interact with both their natural environment 
and the human social environment. 

 
7.4. Consciousness Society represents the 

higher level of Information Era’s societies 
based materially and spiritually on different 

active and passive forms of conscience. 
Conscience from the material and spiritual 
point of view is ability or a faculty that 
distinguishes whether one’s actions are right 
or wrong. It can lead to feelings of remorse 
when a human does things that go against 
his/her moral values, and to feelings of 
rectitude or integrity when actions conform to 
such norms. The extent to which conscience 
informs moral judgment before an action and 
whether such moral judgments are, or should 
be, based wholly in reason has occasioned 
debate through much of the history of 
Western philosophy. Commonly used 
metaphors for conscience include the “voice 
within” and the “inner light”. 

 
Conclusion. 
Present research results evaluate from the 

Fulbright research project No. 22131 
“Societal Information Systems’ Adaptable 
Tools“  performed in the University of Omaha 
at Nebraska, USA [9]. Research results in the 
AESM institutional Project “Consciousness 
Society Creation” are announced in tens other 
publications, inclusively in two books [2, 6, 8]. 

Detailed information about discussed 
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subject is presented in the Book: “Creativity 
in Conscience Society. Creativity and 
Adaptability” [8], which was edited by 
LAMBERT Academic Publishing, 
Saarbrucken, Germany in 2012 with next 
structured presentation: Consciousness 
evolution; Creativity in Conscience Society; 
Adaptable Support for Creativity; Adaptable 
Human - Machine Interface; Creativity’s 
Kernel Extensions-Dialects; Education and 
research in Conscience Society.  

Next book “Creative Robotic 
Intelligences” [2] is published by Editions 
Universitaires Europeennes, Saarbrucken, 
New York in 2017 with next structured 
presentation: Conscience Society; Creativity 
is a mental process; Intelligences in 
Conscience Society; Dedication and 
Professionalism. 

When Creative Dedication and 
Professionalism at Creativity tops are 
working, the individuals, the team, the 
company, and the Society hit success!   

Our publication confirms the European 
Community interest [11] for our research in 
the Branch of Consciousness Society Creation 
and its Adaptable Tools – the Software 
support engine for ROBO-intelligences. The 
Committee on the Civil 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.  

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.  

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 - 
Asimov's Three Laws of Robotics, as they are 
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. The situation in comparative law with regard to the judicial review of arbitral 

awards need a harmonization of different legal systems and uniform judicial interpretation in 
practice with regard to the scope of judicial review of arbitral awards. Expansion of judicial 
review so that the merits of the case, even to the extent relating to a point of law, could be 
revisited by national courts seems to be undesirable. Judicial review of the merits of arbitral 
awards by national courts clearly runs the risk of impinging upon arbitration as an effective 
method of dispute resolution. Parties to an arbitration agreement can no longer be confident that 
an arbitral award, once rendered, is final. Thus, an appropriate model of judicial review seems 
to lie in the recognition of the necessity of judicial review, but basically limiting it in scope to 
procedural irregularities and violation of due process. It follows that the only recourse permitted 
is setting aside, and this recourse can only be relied upon in accordance with the norms of the 
applicable law on arbitration, which usualy sets a list of grounds for setting aside and defines 
the time limit within which a motion to set aside may be submitted.  Rights of appeal and review 
in a jurisdiction can seriously frustrate the advantages of international arbitration. 

 
Keywords: arbitral awards, state courts, court judgment, judicial review, appeal of arbitral 

awards, regognition and enforcement of arbitral awards, conflict of jurisdiction, conflicting 
decisions, judicial scrutiny, annulement of awards, substantive law, procedural law, anti-
arbitration injunction, extraterritorial jurisdiction. 

 
 
Most legal systems now view 

international arbitration favorably and 
recognize awards as being similar in authority 
to court judgments. However, the 
international enforceability conferred on 
arbitral awards by national legal systems 
would be inconceivable without some form of 
review of the content of the award and of the 
conditions in which it was made.  

Since there is no institutional system of 
review, aggrieved parties are forced to appeal 
arbitrators' decisions in national courts. 
Judicial review has been limited somewhat by 
statute and international accord in order to 
further the objective of arbitration which is to 
enable parties to resolve disputes promptly 
and inexpensively. 

Arbitral awards are reviewed by the courts 
when a party applies for their recognition and 
enforcement, or when actions are brought to 

set them aside. The necessity of judicial 
scrutiny of the award is self-evident when the 
enforcement of the award is sought. A 
national court, scrututiny if the award is free 
from procedural irregularities and that the 
recognition of the award would not endanger 
the public policy of the place where the 
enforcement is requested.  

The review of awards occurs both at the 
seat of the arbitration and in all countries 
where enforcement of the award is sought. 
The fact that an award is made in a state will 
suffice to give to this the courts of this state 
jurisdiction over an action to set it aside.  

It is widely accepted that the courts of the 
seat of the arbitration have exclusive 
jurisdiction to hear any action to set an award 
aside, within the conditions and limits 
determined by the law of that country, 
whereas countries in which enforcement of 
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the award is sought can only agree or refuse 
to give effect to it in their territory [1]. 

State courts the best-suited for judicial 
review are the courts of the place where the 
arbitral proceedings are held i.e the arbitration 
seat. The possibility of judicial scrutiny of an 
arbitral award at the seat of arbitration 
enhances the integrity and efficiency of the 
arbitral proceedings: it reduces the risk of the 
rendering of arbitrary decisions by some 
arbitrators, increasing the confidence and trust 
of the business community in international 
arbitration. It furthers respect for arbitral 
awards abroad since it is understood that the 
award has been rendered subject to judicial 
scrutiny at the place where it was made. 

 Furthermore, from the arbitrator’s point 
of view, it will significantly decrease the risk 
of any improper conduct on the part of 
arbitrators, and from the point of view of 
victims of flawed arbitral awards, it will 
considerably decrease the risk of being 
subjected to almost endless enforcement 
actions in different jurisdictions, as many 
jurisdictions will respect a lawfully rendered 
judicial decision setting the award aside. 

From the point of view of the domestic 
legislature, the jurisdiction of the courts to 
hear all actions to set aside international 
awards made in a country is based on the idea 
of providing those involved in international 
commerce with an arbitral forum which takes 
a particular view of the control which the 
courts should exercise over awards.  

The criterion relied on by courts to uphold 
their jurisdiction to set aside an arbitral award 
is usually the fact that the award was made on 
their territory. This simple geographical 
criterion has been adopted by the UNCITRAL 
Model Law, which provides in its Article 34 
that an award can be set aside, in a limited 
number of cases derived from the New York 
Convention, by the courts specified by each 
country in Article 6 as having jurisdiction to 
hear the main issues arising in connection 
with the arbitral proceedings.  

Article 1, paragraph 2 further provides 
that those courts have jurisdiction “only if the 
place of arbitration is in the territory of the 
country in question.  

Most modern arbitration laws also use the 
seat of the arbitration as the factor 

determining which awards can be the subject 
of an action to set aside before the local 
courts. The undisputed inference from this 
provision is that: (i) the national courts of the 
seat have jurisdiction over an action for 
annulment of awards rendered within their 
territory; and (ii) those courts are not 
empowered to assume jurisdiction over 
annulment of awards rendered outside their 
territory.  

The advantages of this solution, that is, the 
exclusive jurisdiction of the courts of the seat, 
are numerous, among which one may refer to 
predictability and avoidance of any conflict of 
jurisdictions. It is clear that if only the courts 
of the seat exercise jurisdiction over actions 
for annulment of arbitral awards, this will 
provide the required degree of predictability 
for all the parties concerned, which will, in 
itself, result in security and stability. 
Moreover, no conflict of jurisdictions, 
positive or negative, which is the potential 
source of conflicting decisions or so-called 
floating awards, would ever arise. 

Judicial review at the arbitral situs 
enhances efficient control of aberrant arbitral 
behavior, promoting confidence within the 
commercial community.  Situs review also 
enhances efficient arbitration by furthering 
respect for awards abroad. Without a right to 
have procedurally unfair awards vacated at 
the situs, victims of injustice must prove an 
award's illegitimate character de novo 
wherever it might be presented for 
recognition. However, there are domestic 
arbitration laws, which admit the rewiew of 
arbitral by courts other than the enforcement 
court.Although the Model Law has provided 
for the exclusive jurisdiction of the courts of 
the seat over any annulment action, the 
heterogeneity stems from the fact that some 
countries have not adopted the Model Law in 
their national legislation and some others, 
though adopting or being under the influence 
of the Model Law, have followed other 
regimes with respect to the issue of 
jurisdiction, This situation leads to 
extraterritorial jurisdiction of national courts 
over the annulment of arbitral awards. Such 
regimes normally allow national courts to 
exercise jurisdiction over an arbitral 
proceeding held, or the annulment of an award 
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rendered, outside their territory. The 
extraterritorial jurisdiction is, in some cases, 
exercised directly by assuming jurisdiction 
over an action to set aside; and, in some 
others, indirectly, in the form of an ‘anti-
arbitration injunction’ preventing an arbitral 
proceeding from going forward, or an ‘anti-
enforcement injunction’ precluding the 
winner from enforcing the award in other 
territories.The concurrent exercise of 
jurisdiction by the courts of different states on 
the same matter is itself a source of problems, 
among which the risk of conflicting 
judgments is the most notable.  

For example, were they to retain 
jurisdiction on the basis of the procedural law, 
the courts of others states might set aside 
awards held valid by the courts of the seat of 
the arbitration. Accepting a more universally-
recognized criterion for determining 
jurisdiction, such as that of the seat of the 
arbitration, avoids those difficulties.  

Concerning the scope of judicial review, 
most states have restricted the scope of 
judicial review to procedural irregularities 
and violation of public policy. However, the 
need of extension of review of an award in the 
respect of international public policy is 
obvious, due to the extension of the domain of 
arbitrable matters,  

The nature of the review performed by the 
courts implies that they should be entirely free 
to examine the circumstances of the case, both 
legal and factual. That is the necessary 
corollary of the liberalism of the courts as 
regards the arbitrability of the dispute in 
particular. It therefore would seem 
appropriate for the trust placed by the courts 
in the arbitrators as a matter of principle to be 
accompanied by a subsequent review of the 
award which prevents the arbitrators from 
avoiding censure by the courts through careful 
reasoning based on the facts alone.[2]  

The courts will not conduct an extensive 
review of an award to check that it does not 
violate public policy, in accordance with the 
principle prohibiting substantive review.The 
judge reviewing the award should not 
substitute his or her own findings to those 
made by the arbitrator.Indeed if a judge 
examines all the legal and factual elements of 
the case to assess whether the award in 

contrary to the public policy or not, this does 
not necessarly mean that he or she is carrying 
out a substantive review of the award. [3] 

In certain jurisdictions the courts may 
review the merits of the dispute, when the 
annulment of the award is shougt. Thus, as for 
instance England, the scope of judicial 
review, in addition to scrutinizing the 
procedural integrity of the arbitral award, has 
been extended to a right to request the 
substantive review of the award’s holdings on 
the legal merits. 

A few jurisdictios permit more extensive 
review of the merits of international 
arbitration awards. They provide for judicial 
review of arbitral awards on the same grounds 
that are available with regard to first instance 
court decisions [4] Excessive intervention of 
national courts, even under the guise of 
achieving substantive fairness, is in 
contradiction with the objective expectation 
of the parties who submit their disputes to 
arbitration, as opposed to courts, and there 
seems to be no justification to deny the parties 
their contractually agreed upon expectation. 

Certain arbitral regimes, for some 
theoretical and practical reasons, advocate the 
idea of elimination of judicial review by the 
courts of the seat by the mandatory 
elimination of judicial review and voluntarily 
exclusion through an agreement the 
possibility of judicial scrutiny by the courts of 
the seat.The idea of eliminating the judicial 
control of international arbitral awards was 
first introduced and experienced, for a certain 
period of time, in Belgian law, under which 
the courts were prevented from any judicial 
scrutiny of the award in arbitrations taking 
place in Belgium, as the seat of arbitration, if 
none of the parties was a national or resident 
of Belgium.  

The elimination of judicial review, and 
reserving any judicial control only for the 
enforcement courts, has serious drawbacks for 
the international business community and 
may also be regarded as a defect for an 
efficient regime of international arbitration. 

If, for example, an award is vacated on a 
ground of local law that would not be a valid 
ground to prevent enforcement under the 
Convention, the award in most cases will still 
not be enforced because it was vacated in the 



159 

 

place where made. Nonetheless, the 
Convention's provisions make possible the 
enforcement of a vacated award. First, Article 
V(1) (e) states that enforcing courts "may" 
deny enforcement of a vacated award, thereby 
appearing to allow discretion to enforce an 
award even if it has been set aside in the place 
where it was made.'  

 Second, Article VII provides that the 
provisions of the Convention "shall not ... 
deprive any interested party of any right he 
may have to avail himself of an arbitral award 
in the manner and to the extent allowed by the 
law or the treaties of the country where such 
award is sought to be relied upon.' 

 This clause, referred to as the "more 
favorable right" provision, allows a party to 
take advantage of any local law of the 
enforcing jurisdiction that would provide a 
greater right to enforcement than the 
rendering state. Finally, parties should be 
given options either to contract out of all 
review or to contract into review on the merits 
of the dispute. While in domestic transactions 
good arguments can be made for uniform 
arbitration regimes, the special needs of 
international business call for greater freedom 
of contract. 

Under the arbitration laws, the right to 
challenge an award can be expressly waived. 
Hence, those jurisdictions do grant the 
contracting parties the opportunity to choose 
between arbitral finality and restraint on 
arbitral decision making. The parties may, by 
an explicit declaration in the arbitration 
agreement or by a later agreement, exclude 
any application for the setting aside of an 
arbitral award, in case none of them is a 
physical person of Belgian nationality or a 
physical person having his normal residence 
in Belgium or a legal person having its main 
seat or a branch office in Belgium.  

Swiss law also gives the parties the option 
to exclude recourse against an award. If they 
intend to do so, they must expressly provide 
for such exclusion. The Swiss courts have 
rightly been strict when examining the parties' 
intentions to make such exclusion.  

This approach is somewhat isolated in 
comparative law; it is of considerable 
importance to the conception of the review of 
arbitral awards by the courts of the seat. The 

fact that parties can now choose to exclude all 
control at the seat of the arbitration 
substantially affects the philosophy 
underlying that control. The grounds on 
which an award may be set aside under recent 
international arbitration legislation are 
generally based on the same philosophy 
underlying the grounds for refusing 
recognition or enforcement found in the 
relevant international conventions. 

Generaly, the grounds for setting aside an 
award or refusing enforcement include the 
absence, nullity or expiration of the 
arbitration agreement, the irregular 
appointment of the arbitral tribunal, the 
incompatibility of decisions by the arbitrators 
with the terms of their brief, the failure to 
comply with the requirements of due process, 
and situations where recognition or 
enforcement of the award would be contrary 
to international public policy.  

In most arbitration laws on international 
arbitration, courts cannot review the merits of 
the dispute in the context of an action to set 
aside an award or to obtain its enforcement. 
Errors of judgment, whether of fact or of law, 
are not in themselves grounds on which the 
award can be set aside or refused 
enforcement. The enforcement courts are 
seized by way of an ex parte application and 
therefore would perform only appeals against 
arbitral awards–which would allow the Court 
of Appeals to re-examine the merits of the 
dispute–would not be admissible in 
international arbitration. The courts would 
verify only that the existence of the award has 
been proven by the party relying on the award 
and that recognition is not manifestly contrary 
to international public policy. 

The review of compliance with 
international public policy exercised by the 
enforcement court in ex parte proceedings is 
thus clearly no more than a prima facie 
control. The enforcement judge can either 
grant or refuse enforcement, but is never 
entitled to modify the decision reached by the 
arbitrators. Appeals against arbitral awards–
which would allow the Court of Appeals to re-
examine the merits of the dispute–would not 
be admissible in international arbitration. 

However, it is beyond doubt that an award 
procured by fraud, by relying on forged 
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documents, or by concealing documents of 
decisive influence is substantially flawed and 
cannot be given recognition as a valid arbitral 
award. An efficient arbitral regime should 
provide for a form of redress against such an 
award, the unfairness of which is such that it 
could not be tolerated by the arbitration 
community. Due to the importance of the 
matter has been providing for a possibility of 
revocation of an award in case of fraud, by 
enabling the arbitrators to reconsider the case.  

The Model Law, for the obvious reason of 
restricting the grounds for judicial review, has 
not considered issues like fraud, forgery or 
concealment of documents of substantial 
importance as separate grounds for setting 
aside an award. A view has been expressed to 
the effect that these grounds may well be 
covered by the notion of public policy. 

Parties opting for international arbitration 
under Model Law regimes must accept a risk 
that the proceedings may on occasion go 
egregiously wrong on the facts or on the law 
and that judicial review will be limited, 
generally, to the exclusive procedural and 
jurisdictional grounds of Article 34(2) of the 
Model Law.  It should, however, be noted 
that, like any other ground for revision stricto 
sensu, they should be treated as exceptional 
grounds for judicial redress and should 
therefore be given restrictive scope in terms of 
interpretation. Each country develops its own 
balance between finality and review. The 
sistems vary, but it appears that there is a 
global trend in favor of arbitration, limiting 
consequently the review of the awards. 

In order to adopt a pro-arbitration and pro-
enforcement approach of the courts it is 
important to set out the extremely high 
standards of proof to be met when attempting 
to set aside an award based on a breach of 
natural justice or a claim that a tribunal has 
acted beyond its powers. 

These high thresholds mean that a party 
seeking to set aside an award cannot rely on 
vague notions of procedural injustice; its 
allegations must be focused, directed and 
evince a clear breach of procedural fairness. A 
party should also not expect to have an entire 
award set aside based on limited allegations of 
breach because awards can be set aside either 
in whole or in part 
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Abstract: The paper focuses on the hydro power plants as the main renewable source in Romania 
for production of clean energy and the new 2030 climate & energy framework, where one of the 
tasks is that at least 27% of the energy should come from renewable energy. The paper is 
structured in four parts. In the first part the share market of hydro energy in the Romanian 
energetic system is underlined. In this part there are also briefly presented the other renewable 
sources which are used to produce electricity in Romania. The second part estimates the 
percentage of renewable sources to be extended in Romania in order to reach a higher presence 
in the Romanian energetic system. The third part presents hydro energy as the main renewable 
source in Romania and the more recent technology of small hydro power plant (run of rivers) as 
an alternative in comparison to large dams, in order to extend the hydro energy percentage. The 
fourth part will present general conclusions regarding the target of 2030 climate & energy 
framework for Romania and its options to increase the renewable energy percentage. 

Keywords: Environment, renewable sources, hydro energy, climate change, energy production. 
 
 

1. Introduction 

As 2030 climate & energy framework, 
until 2030 European Union should have at 
least 27% of the energy of energy to be 
produce from renewable sources. Hydropower 
is a climate-friendly energy source, generating 
power without producing air pollution or toxic 
by-products. Using hydropower avoids 
approximately 200 million metric tons of 
carbon pollution in the U.S. each year – equal 
to the output of over 38 million passenger cars. 
Communities that rely on hydropower as a 
primary energy source reap the benefits of 
cleaner air and water. Satellite imagery shows 
that the Pacific Northwest, home to the most 
hydropower in the United States, is an island 
of low carbon emissions (Source 
https://www.hydro.org/waterpower/why-
hydro/clean-and-sustainable/). 

On the other hand, it cannot be considered 
totally clean, as the constructions of the 
facilities needed to turn its potential into 
electricity necessities much of concrete, that is 
known as a very high energy content material. 
Thus, not only the CO2 reduced by using hydro 
energy must be considered, but also the CO2 
invested in the constructions of the plants, not 

mentioning that they for sure are affecting the 
local ecosystem (human, flora, and fauna). 
The specialists must choose between keeping 
a low C footprint, and select the best solution. 
Every growing population needs more and 
more energy, especially for a higher life 
standard and industrial development, but this 
tendency must be kept under control, by 
balancing the effects generated [1], [2]. 

The phrase that: hydropower provides low-
cost, renewable and emissions-free 
electricity, and in today’s environment the 
need to provide clean and environmentally 
friendly energy using hydropower must 
continue to be promoted and expanded 
(https://www.hydro.org/policy/priorities/effic
ient-regulatory-process/), has to be carefully 
analyzed, in terms of sustainability concerning 
the investments as well, not consisting it in 
money, but in energy consuming materials and 
technologies. Regulatory improvements to 
position the hydropower industry for success 
are still under development. 

Hydro power is clean and renewable it 
doesn’t pollute the air because no fuels are 
burned, thus it is considered non-carbon 
sources of energy [3]. Also, it is considered 
renewable because it uses the Earth’s water 
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cycle to generate electricity. But in general, 
hydropower from large plants is not even 
considered a renewable energy in many states.  
Resuming, it is obvious that hydro power 
projects in terms of environmental impact are 
a good renewable option, when respecting the 
goal of renewable development to minimize 
the ecological footprint (reproduced according 
to Elizabeth Daigneau, September 2013, Is 
Hydropower a Renewable Energy or Not?). In 
case of dams assuring the water capacity 
constructed on rivers, one must carefully 
analyze the impact upon kilometers of river 
could be impacted by the next decades of 
hydropower dam construction. Integrating 
science into decision-making is critical [4]. 

The sustainability is analyzed by several 
items, and a very important guide is known. 
The Hydropower Sustainability Guidelines 
(developed by Helen Locher as lead author 
and others, https://www.hydropower.org 
/sites/default/files/publicationsdocs/iha_hydro
power_sustainability_guidelines.pdf) define 
how good international industry practice 
should be assessed, and build on the global 
knowledge and experience gathered through 
the multi-stakeholder process. 

One main opportunity offered by 
hydropower is also that it can assure also a sort 
of accumulation capacity in the dams, aspect 
that is very important for the present need of 
electricity/energy accumulators. 

 

2. Situation in Romania 

By the end of 2016, 13.52 % from the 
energy was produced from classic renewable 
sources and 28.86 % from hydro, also 
considered as an alternative and renewable 
source for energy production, achieving a total 
of 42.38% as renewable energy. In fact, by 
2005 Romania had 17.8 % of energy 
consumed produced from renewable sources, 
and hydro counts as a renewable (according 
Annex 1 – national global objectives for the 
percentage of the energy produced from 
renewable sources in the final brut 
consumption of energy from 2020). Fig 11 
presents, in %, the components of the sources 

used in Romania, by 2017, according ANRE 
(National Regulatory Authority for Energy). 

Figure 2 presents the results of the statistics 
run for Romania, concerning the used energy 
sources, expressed in Thousands of tons of oil 
equivalent (one tonne of oil equivalent equals 
41,868.00 MJ).  It is obvious that the 
participation of the hydraulic energy to the 
total sources (by 2017) is very important.  

 

Figure 1.  Energy production in 2016 of 
ANRE- National Regulatory Authority for 
Energy, (Source: Producers’ report no. 
61/2016-ANRE arrangement) 
 

In general, the power plants using the 
hydro energy are weather dependent, very 
affected by the climate changes as well. 
Episodes with dry weather or rainy ones are 
responsible for the normal production. Even 
they exist they cannot offer all year long the 
necessary continuous production. 

 

 
Figure 2. Statistics for the energy sources used 
by 2017 in Romania (Source: 
http://statistici.insse.ro:8077/tempo-
online/#/pages/tables/insse-table) . 

 
Fig. 2 indicates, even the present use is 

reduced, that a promising energy resource is 
the biomass and other fuels, mainly second 
generations bio based fuels [7]. 
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3. Forecast for Romania 

For the period 2018 – 2020, the Romanian 
national transport operator Transelectrica 
estimates a decrease of the capacity from 
renewable (including hydro) and an increase 
of the capacity from Fossils Fuels (Figure 3). 

 
Figure 3. Evolution of the net capacity of 
generating eenrgy in Romania, prognosis for 
2018-2020 (Source: http://www.transelectri 
ca.ro/documents/10179/45094/7productie14.x
ls/fc7997ed-94bd-480b-a9e6-78cb3f5e0c8a) 

 
Figure 3 present the evolution of the 

Network Generating Capacity in Romania 
using the available power in SEN (National 
Energetic System). Thus, it can be seen that 
the percent of renewable sources is 
considerable. 

Taking into consideration the available 
resources in Romania, new power plants for 
producing electricity and to count to the 
electrical network of distribution could be 
develop only in segments where there is a real 
potential for the next future: nuclear, hydro, 
wind, solar. 

The development of new power plants 
should meet also the expectation of civil 
society who raise issues like environment 
protection, habitats protection, Nature2000 
network, human health and risks, etc. From 
this point of view hydro and nuclear are most 
exposed and should meet high demands for 
new units’ proposals [5]. 

4. Is hydro energy still an option for 
Romania? 

Although as renewable source, hydro 
power faces a strong opposition from the civil 

society due to the impact which might have on 
the environment. Especially the smaller plants, 
in the mountain regions are supposed to a 
refuse from the population to allow their 
constructions. 

Hydro power from small plants can offer a 
suitable option for Romania for creating a 
reserve of energy source that is renewable. If 
hydro power cloud be considered further an 
eco friendly energy, it means that Romania has 
reached 42.38 % renewable energy from its 
total production, much more than the 27 % to 
be reached in 2030. 

 
Figure 4. Dam plants versus Small hydro 
power plant (considered as “Run of river” type) 

 
If the resulted constructions do not meet 

the ecological minimal footprint and thus the 
hydro plants cannot be considered as an eco 
friendly energy process, Romania has to add 
until 2030 13.48 % energy from the other 
available renewable resources in Romania: 
wind, solar, or even nuclear (considered safety 
concerning the nuclear fuels, and as no other 
pollutants are exhausted) [1], [5], [6]. 

After all, hydro energy is a clean and 
renewable energy, producing zero emissions 
and could have from a minimal impact on the 
environment depending on the accepted 
technical solution. It is important that one 
takes into consideration the construction of the 
plant that is meant not to destroy the 
ecosystem. Thus, smaller plants are easier to 
develop, when the project is correct designed 
and applied, taking into account the 
minimization of the environmental impacts. 
Once the plant exists, it must not harm the 
fauna, flora, all the aspects and especially the 
life style of the people in the vicinity. The 
architectural view, the landscape and affection 
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(non-affecting) of tourism are also of major 
importance. The plants once developed, assure 
working places, develop the region, but can 
turn into touristic attractions as well. 

5. Conclusions 

Romania benefits according to the national 
geographical outfit of a huge potential of 
hydro power sources and decisions on future 
dam project establishing are being made now. 
But it is very reasonable that one must 
integrate science and a hydropower power 
plant by a concept approach into these 
processes. Hydropower plays a vital role in 
Romania, as well in other countries, in 
reducing the world's dependence on fossil 
fuels. As a renewable energy, it is essential 
that hydropower is developed sustainably. The 
science up to now demonstrated that building 
new hydro projects through a sustainable 
approach can provide substantial energy 
production, while minimizing impacts on 
nature and human life. The hydropower 
paradox consists of answering the question: is 
the hydro energy as clean as it seems? And it 
is obvious that progress in the next future is 
needed, as much as the source is needed.  

The authors conclude that one has to 
research in all energy sectors in a combined 
way to bring more. Renewables into the power 
system. Only innovation can turn power 
systems into a more flexible one, especially 
when the accumulation of energy is industrial 
attested. The novelty must cover sources and 
technologies for their application into reality. 
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Abstract 
Nanomaterials are materials whose linear dimension falls between 1 and 100 nanometers 

(nm), where 1 nm is one-billionth of a meter. Nanomaterials are essential to a range of new 
technologies. Because the general population will interact with these technologies, it is 
important that people know to research, manipulate, and manufacture them safely. There are 
important ethical issues to consider in all stages of nanotechnology development. This project 
uses a specific instrument to study the perceptions of two groups of people, high school teachers 
and university instructors and staff, regarding the importance of ethics related to nanomaterials. 

Physics plays increasingly important role in the development of modern technologies like 
computer technology, powerful microscopes, bio technology, nanotechnology, and more. There 
is an increasing socio-economic demand in the United States of America for these technologies.  
Ethics plays a more and more important role in our contemporary society. Obviously, 
nanomaterials represent a very important domain where ethics needs to be applied.  Actually 
this means that nanomaterials to be used by science researchers, businesses, and society for the 
good of people. More research is needed to be done regarding “Ethics and Nanomaterials” by 
universities, health institutes, and nanotechnology research companies. 

There is a need of a better communication of specialists in ethics and nanomaterials with 
students and other human populations. In future, we recommend that universities to develop 
teaching programs with regard of ethics and nanomaterials.   

 
I   Introduction. 
At the beginning, let us define the two 

concepts: ethics and nanotechnology. 
First, “Ethics is an area of study that deals 

with ideas about what is good and bad 
behavior: a branch of philosophy dealing with 
what is morally right or wrong.”[1] 
Philosophers divide ethical theories into three 
subject areas: metaethics, normative ethics, 
and applied ethics. In this study we focus on 
just applied ethics. Next,  

“A nanomaterial is a natural, incidental or 
manufactured material containing particles, in 
an unbound state or as an aggregate or as an 
agglomerate and where, for 50 % or more of 
the particles in the number size distribution, 
one or more external dimensions is in the size 
range 1 nm - 100 nm.”[2]  Just for comparison, 
100 nm is a distance smaller than the 
wavelengths of visible light.  So the nano-
scale objects cannot be studied with an optical 
microscope because of visible light (400 -750 
nm) diffraction.  This has to do with the fact 

that one cannot image an object that’s smaller 
than the wavelength of visible light. For nano-
scale objects we need to use a “microscope” 
that operates by a different mechanism, to use 
smaller wavelength than the dimension of a 
nano-scale object such as an electronic 
microscope and/or microscopes such as field 
ion microscope (FIM) and/or atomic force 
microscope (AFM). 

Today, technology helps us to build 
molecular machines and that increases the 
role of ethics connected to nanomaterials. The 
government enforces policies referring to 
research and development for nanomaterials. 
That’s primarily because the government 
funded the nanotechnology research through 
the Defense Advanced Research Projects 
Agency (DARPA) and the National Science 
Foundation (NSF). We also should support 
international laws for a safe development and 
applications of nanomaterials. The 
fundamental ethical problems in nano-
technology arise from the basic 
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nanotechnologies to sophisticated nano-
technologies.  “Nanotechnology will give us 
more "god-like" powers. It has to potential to 
eliminate other ethical issues (e.g. assembling 
beef instead of slaughtering cows, 
constructing cells rather than getting them 
from reproduction, etc...) 

May lead to undetectable surveillance, 
Right to Privacy could be jeopardized. Do we 
have a duty to help and provide for others 
[countries] with this technology?”[3] 
Nationally and internationally, the domain of 
ethics and nanomaterials is very important. 
People and organizations involved in research 
and applications of nanomaterials have to 
cooperate. Nanotechnologies work with 
nanomaterials that are found in the Roco’s 
typology of generations of Nanotechnologies.  
1. First generation nanotechnologies refer to 
passive nanostructures. The material is 
supposed to be steady over time…It is about 
cosmetics, coatings, antibacterial materials 
based on monosilver.  
2. Second-generation nanotechnologies are 
active nanostructures… They can target drugs 
to parts of the body as well as target cancer 
therapies. 
3. Third-generation nanotechnologies 
characterize integrated nanosystems. It is 
about artificial organs constructed at 
nanoscale. They have implemented artificial 
intelligence...  
4. Fourth-generation nanotechnologies. 
They are heterogeneous molecular nano-
systems. One can say that ”where each 
molecule in the nanosystem has a specific 
structure and plays a different role.”[4]  

This study contributes to the field of  ethics 
and nanomaterials by exploring and surveying 
the perceptions of college professors (Yale 
University, Southern Connecticut State 
University, University of Bridgeport, 
Housatonic Community College) and high 
school science and math  teachers (from the 
Bridgeport Public School System and physics 
teachers and coaches for students participating 
in the Yale Physics Olympics -YPO). This 
study also refers to a range of issues related to 
the production and application of 
nanomaterials in society.  

This study brings a better understanding of 
the connection between ethics and nano-

materials.  The data presented gives us a 
deeper understanding of how specialists 
reflect ethics and nanomaterials in applying it 
in various domains of life. This study will 
inform specialists, nanomaterial’s research 
organizations and businesses, and public of the 
importance, significance, and relevance of 
ethics and nanomaterials. 

 
II Review of Literature 
This section contains information of 

literature review regarding ethics and 
nanomaterials. Review of the literature shows 
a real need to understand and reform this 
domain. This section also contains references 
to scientific articles, laws voted by the USA 
congress, and points of view of specific 
institutes and workspaces for experimentation. 
There is information in literature about how 
scientist, professors, specialists perceive these 
two domains, ethics and nanomaterials. 

Some of the topics are: ethical 
responsibilities of nanotechnology researches, 
the existence of nanoethics by itself, the 
governance of nanotechnologies.  

A transcript of a talk by Richard Feynman 
presented on December 1959, titled “Plenty of 
Room at the Bottom,” shows a way of 
developing physics knowledge on the very 
atomic scale with applications in various 
domains such as engineering and biology. At 
that time he underlined the importance of the 
“very tiny fraction of a cell in the form of 
long-chain DNA molecules in which 
approximately 50 atoms are used for one bit 
of information about the cell.”[5] 

“This fact - that enormous amounts of 
information can be carried in an exceedingly 
small space - is, of course, well known to the 
biologists, and resolves the mystery which 
existed before we understood all this clearly, 
of how it could be that, in the tiniest cell, all 
of the information for the organization of a 
complex creature such as ourselves can be 
stored. All this information - whether we have 
brown eyes, or whether we think at all, or that 
in the embryo the jawbone should first 
develop with a little hole in the side so that 
later a nerve can grow through it - all this 
information is contained in a very tiny 
fraction of the cell in the form of long-chain 
DNA molecules in which approximately 50 
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atoms are used for one bit of information 
about the cell.”5 Since then, the science and 
technology of nanomaterials and their 
applications developed. In same time the role 
of ethics related to nanomaterials became 
more relevant. 

The following citation is taken from 
Besley J. Current research on public 
perceptions of nanotechnology. This review 
article was published on September 2010. It is 
on literature “how individuals perceive 
nanotechnology’s risk and benefits.”  There is 
a little literature regarding people’s attitudes 
towards nanotechnology and nanomaterials as 
“nanotechnology discussions are just 
beginning to appear in public sphere.” 

“As this review shows, a number of 
scholars in social science disciplines, such as 
political science and science communication, 
have turned their attention to exploring how 
individuals perceive nanotechnology’s risk 
and benefits. Research in this area continues 
to provide a unique opportunity to track risk 
perceptions, whereas nanotechnology 
discussions are just beginning to appear in 
public sphere.”[6] 

 
A. Nanotechnology and Its Effects on 
Humans and the Environment 
Discoveries in nanotechnology are applied 

in medicine. Growing understanding of 
nanoscale, biomolecule structures are 
impacting other fields than medicine. 
Biological molecular self-assembly and 
quantum mechanics create new ways of 
developing computing devices. As it can be 
seen from below citation, scientists pay 
attention to the photosynthesis as a model of 
“green energy,” a nanosystem that store 
nonpolluting solar energy.  Some of these 
nanotechnology researches are expressed in 
the article “What's So Special about the 
Nanoscale?”  

“Some scientists are looking at ways to 
use nanoscale biological principles of 
molecular self-assembly, self-organization, 
and quantum mechanics to create novel 
computing platforms. Other researchers have 
discovered that in photosynthesis, the energy 
that plants harvest from sunlight is nearly 
instantly transferred to plant “reaction centers” 
by quantum mechanical processes with nearly 

100% efficiency (little energy wasted as heat). 
They are investigating photosynthesis as a 
model for “green energy” nanosystems for 
inexpensive production and storage of 
nonpolluting solar power.”[7] Nanomaterials 
brings a confluence of many living and 
nonliving domains, from building futuristic 
houses to and medical applications. Concepts 
about nanotechnology, nanomaterials and 
Rocco’s typology are found in the “White 
paper on international risk governance council” 
published in Geneva, Switzerland.  

“Additionally, the potential for confluence 
with modern biology, the digital revolution 
and cognitive sciences means that we can 
expect nanotechnology to penetrate and 
permeate through nearly all sectors and 
spheres of life (e.g. communication, health, 
labor, mobility, housing, relaxation, energy 
and food) and have implications for human 
development and the environment on a global 
scale.”[8] Chemical, physical, biological and 
electromagnetic characterizations at a nano-
scale are reasons for many researchers and 
investors to be interested in. For human safety, 
we have to pay attention to all these because at a 
nanoscale level, the products’ toxicity can be 
very different than their toxicity at a macro state. 

 
B. Ethical Literature Related to 
Government and Private Industry 
Responsibility 
When it is about private industry 

responsibility, there are not regulations per se 
to report on nanomaterials, to take more 
measures for workers and environment safety. 
Private industry doesn’t feel to provide 
consumers with special nanomaterial labeling. 
The reasons this industry doesn’t use more 
information for consumers and safety are time 
and money needed to be spent. Morally, this 
is unfair for people and environment.  So, 
ethical standards have to be enforced in such 
industry. 

“Legally, the developers and manu-
facturers are well within their rights to not 
report on the nanomaterial, provide any 
special labeling for consumers, or take any 
extra measures to ensure worker or 
environmental safety – because there is 
nothing (no regulations) forcing them to do so. 
However, avoiding or neglecting to do so is 
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morally reprehensible. Particularly when it is 
being done, not from ignorance or lack of 
realization that there could be (and likely are) 
issues, but is being done because they do not 
wish to spend the time and money to look. 
More importantly, for the most part, they do 
not want to discover answers that may then 
prevent them from proceeding with the 
product, or could cost them in terms of control 
procedures to ensure safety. These are the true 
reasons for complaints about “onerous 
regulation” and “stifling of innovation” [9]  

Renn O and Roco M. in their article 
Nanotechnology Risk for Governance 
underline the following ethical issues: “The 
use of active nanostructures and nano-
materials has been linked with fundamental 
ethical question relating to: 
- Issues of human identity if devices based 
on nanotechnology applications able to guide 
or influence behavior are incorporated into the 
human brain. 
- Issues of tolerability for “nanobio” and 
hybrid devices if they escape beyond the 
human control. 
- The application of nanotechnology in 
products of pervasive computing, thus 
impacting on basic human or social values 
such as privacy or self-efficacy.”[10]  

The government has to pay more attention 
to implication of nanostructures and nano-
materials incorporated in the human brain that 
influence human behavior as well as basic 
social values. The nanotechnology devices are 
not allowed to invade individual privacy.  The 
strategy of applying nanotechnologies has to 
enlighten the benefits with no intended side 
effects. In order to control these side effects, 
we have to identify and quantify them.  

 
C. Literature on Government 
Regulations and Laws 
Schneider in his article The Use of 

Nanomaterials in Consumer Products written 
in 2010 brings criticism to the US government 
that does “little to nothing to ensure public 
safety.” 

That’s about new treats to the human 
health such as carbon nanotubes that “can 
penetrate the lungs more deeply than asbestos.” 

“Researchers have found, for instance, that 
carbon nanotubes - widely used in many 

industrial applications - can penetrate the 
lungs more deeply than asbestos and appear to 
cause asbestos-like, often-fatal damage more 
rapidly. Other nanoparticles, especially those 
composed of metal-chemical combinations, 
can cause cancer and birth defects; lead to 
harmful buildups in the circulatory system; 
and damage the heart, liver and other organs 
of lab animals. Yet despite those findings, 
most federal agencies are doing little to 
nothing to ensure public safety. Consumers 
have virtually no way of knowing whether the 
products they purchase contain nanomaterials, 
as under current U.S. laws it is completely up 
to manufacturers what to put on their 
labels.”[11] 

However, regarding nanotechnology, The 
Congress of the United States of America 
voted a law called the “21st Century Nano-
technology Research and Development Act.”  
“Sec. 2. National Technology Program 

(10) Ensuring that ethical, legal, 
environmental, and other appropriate societal 
concerns, including the potential use of 
nanotechnology in enhancing human 
intelligence and in developing artificial 
intelligence which exceeds human capacity, 
are considered during the development of 
Nanotechnology by –  
(A)  establishing a research program to 
identify ethical, legal, environmental, and 
other appropriate societal concerns related to 
nanotechnology, and ensuring that the results 
of such research are widely disseminated; 
(B)  requiring that interdisciplinary 
nanotechnology research centers established 
under paragraph (4) include that address 
societal, ethical, and environmental concerns; 
(C)  insofar as possible, integrated research on 
societal, ethical, and environmental concerns 
with nanotechnology research and 
development, and ensuring that advances in 
nanotechnology bring about improvements in 
quality for all Americans;…”[12]  

We may go further affirming that the 
advances in nanotechnologies can bring 
improvements in quality for all people based 
on real human needs, and on normative and 
applied ethics. Finally, the developing of 
nanotechnology generations is going to be 
applied in economy, society, and to 
individuals. New ethical issues are going to 
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come up with it. The society and the 
population have to be properly informed 
about many aspects of ethical issues in 
nanotechnology and corresponding body of 
laws. Rules and regulation have to be 
implemented by people for people. 

 
Comments what my work contributes 
to the discussion.  
This study shows how two different 

groups of instructors, university and high 
school, perceive the importance of ethics 
related to nanomaterials. Overall, these two 
groups answered the questions of inventory 
almost the same. This means they have very 
close culture and experiences with ethics 
related to nanomaterials. Each of the eight 
questions was answered close to the middle of 
the scale which means around 3. The scale is 
from 0 to 6. Question 8 “Are ethical standards 
involving the development and application of 
nanomaterials relevant?” is characterized by 
scores close to 5 for both groups of 
respondents which means that all respondents 
agree with the fact ethics and nanomaterials 
theme is of a high relevance in our lives.  

 
III Research Methods or Plans for 
Conducting the Project 
A. Design of the Study 
The purpose of this study is to explore 

how a technical trained segment of the larger 
population perceives the importance of ethics 
to the research, development, and application 
of nanomaterials.  The Yale Physics Olympics 
created a constructivist learning environment 
where high school students competitively 
constructed their physics knowledge. The 

study addressed the following research 
question: How professors and high school 
teachers perceive the importance of ethics to 
the broad field of nanomaterials? 

In order to address this Research Question 
the methodology employed in this study was 
a direct survey method using statistical 
analysis of the data which resulted from the 
Ethics and Nanomaterials Inventory. The 
survey was administered to professors, high 
school teachers and physics teachers 
participating at YPO.  

 
B. Population and Sample 
As mentioned above, the population of 

this study refers to the Yale University 
physics and engineering professors, 
University of Bridgeport engineering and 
educational college professors, Southern 
Connecticut State university physics, 
chemistry, and biology professors, 
Housatonic Community College chemistry 
professors, and math and science teachers in 
Central, Bassick, and Aquaculture high 
schools from Bridgeport, Connecticut. We 
divided the population into two subgroups: 40 
college professors and 40 math and science 
high school teachers and physics teachers 
participating in the Yale Physics Olympics in 
October, 2015. We suppose that respondents 
from these two populations may perceive 
differentially how ethics applies to 
nanomaterials. The study uses a convenient 
sample: “A convenient sample is a group of 
individuals who conveniently are available 
for study.”[13] 

 

# Questions about ethical issues involving nanomaterials.
1 Is the social climate for ethical issues involving nanomaterials controversial?  
2 Do people respect and follow ethical standards involving nanomaterials? 
3 Do people work collaboratively to understand and solve ethical issues in nanomaterials? 
4 Are people intellectually and socially engaged in ethical issues involving nanomaterials?  
5 Are people encouraged to challenge established standards and beliefs on ethical issues 

involving nanomaterials?
6 Do US government agencies control how ethical standards in nanomaterials are followed? 
7 Do US non-government agencies control how ethical standards for nanomaterials are 

followed?
8 Are ethical standards involving the development and application of nanomaterials 

relevant?
Table 1. Questions from Ethics and Nanomaterials Inventory 
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Table 1 shows the eight questions on the 
Ethics and Nanomaterials Inventory that were 
given to study population samples. Each 
question was to be evaluated on the new 
instrument with a discrete scale from 0 to 6. 
[14] The questions were selected to probe 
respondents’ perception regarding ethics in 
connection with the production and use of 
nanomaterials. 

There are questions regarding how people 
work collaboratively to understand and solve 
ethical issues in nanomaterials, if social 
climate for ethical issues involving 
nanomaterials is controversial. The 
respondents also answered questions how the 
US government and non-government 
organizations control of ethical standards for 
nanomaterials are followed. There are two 
groups of respondents, high school teachers 
and college professors. We’re looking to find 
out if the ethical standards involving the 
development and application of nanomaterials 
are relevant for respondents. 

 
C. Statistical Foundation 
We organized the data from the survey in 

to three tables: one for high school teachers 
and teachers at the YPO (Table 3), another for 
University faculty (Table 4), and a table for 
comparison between the two subgroups (table 
5).The data from the inventory survey were 
organized in three tables, for teachers and 
university respondents. In each table the 
means (M) and the standard deviations (SD) 
were calculated. In order to compare the data 
for the two subgroups, we use the Pearson 
Correlation Coefficient r.  

      ,      (1) 

where,   
Xi = j/m,        (2)  

i = 1, n   = 8, j = 1, m, m = 40 – the number 
of respondents in Teacher sample and 
University sample. Xi is the mean for question 
“i” and 

X = /n n = 8        (3) 

Y = /n  n = 8       (4) 

Formulas (3) and (4) are the global means 
for all eight questions for each subgroup. 
Standard Deviation is defined as follows: 

SD = ,         (5) 

Where: j = 1, m,  m = 40  
In this study we use data as the interval 

level and ratio level of measurement. Data at 
the interval level of measurement can be 
ordered. Meaningful differences between data 
can be calculated. In this case a zero entry 
represents a position on the scale. Data at the 
ratio level of measurement are alike to data of 
interval level. In this case a zero entry is an 
inherent zero. This zero means none. It can be 
applied a ratio of two data entries, one data 
entry is a multiple of another.  Such data are 
used in the Pearson correlation coefficient: 

“By far the most common correlation 
coefficient in psychological research is the 
Pearson correlation coefficient. The Pearson 
correlation coefficient is used to describe the 
linear relationship between two variables that 
are both interval or ratio variables.”[15] 

The coefficient of correlation can be a 
number between -1 and 1, inclusive. For x and 
y with strong negative linear correlation, r is 
close to -1. If there is a strong positive 
correlation, r is close to +1. If there is no linear 
correlation, r is close to zero. The significance 
of this correlation is established by a level of 
significance α and the correlation coefficient 
for different numbers of pairs of data n is 
shown in the Table 2. When ׀r׀ > rc, then the 
Pearson correlation coefficient is significant.  

 
n rc for  α = 0.05 
4 0.950 
5 0.878 
6 0.811 
7 0.754 
8 0.707 
9 0.666 

10 0.632 
Table 2. Critical Values for the Pearson 

Correlation Coefficient (rc). 
 
Another and better characterization of the 

closeness of the two set of numbers Xᵢ and Yᵢ 
Is provided by the relative difference, Dr of 
the means of <X> and <Y>,׀    

Dr =
	

	
=
	׀ 	 	 ׀

                (6) 
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IV. Data & Analysis 
 

# Item 

# of 
Respondents 

N 

Mean 

Xi Values 

Standard 
Deviation 

(SDi) 

1 
Is the social climate for ethical 
issues involving nanomaterials  
controversial? 

40 3.58 1.24 

2 
Do people respect and follow 
ethical standards involving 
nanomaterials? 

40 3.6 0.89 

3 
Do people work collaboratively to 
understand and solve ethical issues 
in nanomaterials? 

40 3.33 1.43 

4 
Are people intellectually and 
socially engaged in ethical issues 
involving nanomaterials? 

40 2.75 1.43 

5 

Are people encouraged to 
challenge established standards 
and beliefs on ethical issues 
involving nanomaterials?  

40 2.93 1.19 

6 
Do US government agencies 
control how ethical standards in 
nanomaterials are followed? 

40 3.65 1.3 

7 
Do US non-government agencies 
control how ethical standards for 
nanomaterials are followed? 

40 2.85 1.17 

8 
Are ethical standards involving the 
development and application of 
nanomaterials relevant? 

40 4.88 1.1 

 All items 40 <X> 3.446  

Table 3.  A survey of individual attitudes and behaviors regarding ethical issues on the 
research and use of nanomaterials – Mean & SD for 40 Teacher Respondents. 

 
Mean (M) stands for the average of the 40 

responses for each item. Standard Deviation 
(SD) is for 40 responses for each item. The 
scale used scores is from 0 to 6.The Pearson 
correlation coefficient is used to see the 
strength of a linear correspondence 
(connection) between two variables. In our 

research these two variables are X – the means 
for High School Respondents and Y – the 
means of University Respondents. The 
maximum correlation corresponds to 1, the 
maximum negative correlation corresponds to 
-1 and 0 no correlation at all means.  
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# Item 
# of 

respondents 
N

Mean 
Yi Values 

Standard 
Deviation (SDi) 

1 
Is the social climate for ethical issues 
involving nanomaterials 
controversial?

40 3.38 1.25 

2 Do people respect and follow ethical 
standards involving nanomaterials? 40 3.7 1.14 

3 
Do people work collaboratively to 
understand and solve ethical issues 
in nanomaterials?

40 3.6 1.3 

4 
Are people intellectually and socially 
engaged in ethical issues involving 
nanomaterials?

40 2.9 1.55 

5 
Are people encouraged to challenge 
established standards and beliefs on 
ethical issues involving 
nanomaterials? 

40 3.05 1.47 

6 
Do US government agencies control 
how ethical standards in 
nanomaterials are followed?

40 2.35 1.79 

7 
Do US non-government agencies 
control how ethical standards for 
nanomaterials are followed?

40 2.50 1.36 

8 
Are ethical standards involving the 
development and application of 
nanomaterials relevant?

40 5.3 1.08 

 All items 40 <Y> 3.348  
Table 4. A survey of individual attitudes and behaviors regarding ethical issues on the 

research and use of nanomaterials – Mean & SD for 40 University Respondents. 

 

# Item # of 
Respondents 

N 

Mean
Xi Values    

Mean 
 Yi Values 

1 Is the social climate for ethical 
issues involving nanomaterials  
controversial?

40 3.58 3.38 

2 Do people respect and follow ethical 
standards involving nanomaterials?

40 3.60 3.70 

3 Do people work collaboratively to 
understand and solve ethical issues 
in nanomaterials?

40 3.33 3.60 

4 Are people intellectually and 
socially engaged in ethical issues 
involving nanomaterials? 

40 2.75 2.90 

5 Are people encouraged to challenge 
established standards and beliefs on 
ethical issues involving 
nanomaterials? 

40 2.93 3.05 

6 Do US government agencies control 
how ethical standards in 
nanomaterials are followed?

40 3.65 2.35 

7 Do US non-government agencies 
control how ethical standards for 
nanomaterials are followed?

40 2.85 2.50 

8 Are ethical standards involving the 
development and application of 
nanomaterials relevant?

40 4.88 5.30 

 All items 40 3.45 3.34 
Table 5. A survey of individual attitudes and behaviors regarding ethical issues on the 

research and use of nanomaterials – Means for Teacher and Professor Respondents 
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Using formula (1)  from  the Statistical 
Foundation and applying numbers Xᵢ and Yᵢ 
from Table 4, we obtain, r = 0.8129. 
According to Table 1 for α = 0.05, this value 
of r represents a strong positive correlation 
because r > 0.707 for rc corresponding n = 8.  
This correlation shows that the means of each 
perceived item are very close and that the 
responses of the two groups almost the same.  

Teacher Mean =      3.446 
Professor Mean =  3.348 
For the difference between means we 

calculate: Δ Mean = 3.446 – 3.348 = 0.098  
Using formula (5), we determine:  

Dr  =  
	

	
 =  

.

.
 x 100% =  2.84%    

This is the relative difference.  

     Besides correlation coefficient, the 
relative difference between means shows a 
similar behavior of the two set of means.  
However we notice for items 6 and 8 larger 
differences than other items. We suppose that 
these differences for two groups of 
respondents are because of their different 
knowledge and experience of ethics applied in 
searching and applications for nanomaterials.   

Looking to question one “Is the social 
climate for ethical issues involving 
nanomaterials controversial?” we see Teacher 
Mean = 3.58 ±1.24 and University Mean = 3.38 
± 1.25.  Means are very close to each other and 
if we take SD to be an error bar, the data 
overlap. For this question, the two groups have 
almost identical behavior. They perceive about 
the same level of difficulty to connect ethics 
and nanomaterials. For question two ”Do 
people respect and follow ethical standards 
involving nanomaterials?” the Teacher Mean = 
3.6 ± 0.89 and  

University Mean = 3.7 ± 1.14. For this 
question means are very close to each other and 
SDs are very low which means all respondent’s 
responses are close to the corresponding mean. 
For this question, the two groups of 
respondents are homogeneous.   

However item six “Do US government 
agencies control how ethical standards in 
nanomaterials are followed?” shows a larger 
difference from Teacher Mean of 3.65 to 
Professor Mean of 2.35. This difference could 
be explained by the fact that many University 

Respondents cooperate to the US 
governments by grants and special programs 
and they know better than Teachers how this 
relationship is taking place.   

Even in item eight “Are ethical standards 
involving the development and application of 
nanomaterials relevant?” is noticeable a 
difference from Teacher Mean of  4.88 ± 1.10 
to University Mean of 5.30 ± 1.08. This 
difference shows that the Professor 
Respondents perceive more relevant ethical 
standards involving the development and 
application of nanomaterials than Teachers. 
This perception is understandable since many 
Professor Respondents do actual research and 
they know ethical issues of pros and cons in 
working with nanomaterials. If we take SD to 
be an error bar, the data overlap.  

Regarding standard deviations for Teacher 
Respondents and Professor Respondents we 
observe low numbers 1.1 respectively 1.08 
which characterize these groups as almost 
homogenous. This means that there is a 
common perception of all respondents. 

Many means are around 3, half of 6, 
maximum scale. For question two “Do people 
respect and follow ethical standards involving 
nanomaterials?” means are 3.6 for Teachers, 
respectively 3.7 for University and standard 
deviation 0.89 for Teacher and 1.14 for 
Professor Respondents. Again the two groups 
have low SD which means they are almost 
homogenous. There means are also very close 
which means they have about same perceptions 
regarding question two.    

 
V. Conclusions and Recommendations 

These eight items are of different 
importance for respondents. The eight means 
are varying between 2.75 and 4.88 for 
Teachers and 2.5 and 5.3 for Professors.  Item 
eight is characterized by the highest score and 
a lowest standard deviation. For this item our 
respondents agreed that the relationship 
between ethics and nanomaterials is at the 
highest relevance. 

Standard deviations are varying between 
1.43 and 0.89 for Teachers and 1.79 and 1.08 
for Professors showing that about half of 
items have spread responses. This means that 
the respondents do not form a homogeneous 
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group for these items.  It can be noticed that 
many SDs for Teachers Respondents are 
smaller than those of University Respondents 
This means the University group of 
respondents is less homogenous, more diverse 
in understanding ethics and nanomaterials.  

We recommend that schools and 
universities to develop teaching programs 
with regard of ethics and nanomaterials.  In 
the field of “Ethics and Nanomaterials” more 
research is needed to be done. There is also a 
need of a better communication of specialists 
in ethics and nanomaterials with students and 
other human populations. 

 
Future Plans 

For future research the number of 
respondents have to be larger than 40. The 
convenient samples have to be extended to 
more educational and professional 
organizations. In order to get a better input, 
the number of items referring to the “Ethics 
and Nanomaterials” used to survey the sample 
have to be more than eight items. We 
recommend that universities and secondary 
education to develop and implement teaching 
programs with regard to ethics and 
nanomaterials. 
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Abstract: Starting from the functional requirements regarding the use of the upper limb in 
daily activities and the need to respect the economic function of the individual, the orthesis 
sector has been developed in the medical recovery program. With extremely effective recovery, 
the orthesis are recommended to support the affected segment and to maintain the tone and 
muscle strength while maintaining the movement pattern. The necessity of using the upper limb 
in domestic and professional activities requires its permanent dynamic integration. In the present 
paper we want to outline the importance of an efficient recovery through new ways and 
techniques contributing to the human resource economy. Wearing an orthesis for therapeutic 
and prophylactic, post-traumatic purposes or for the recovery from sequelae contributes to 
facilitating medical recovery and to a faster reintegration into society of the affected individual. 
A very important element in the correction of a malfunction is the appreciation of the timely 
application of the orthesis and the individualization of the situation by appreciating the 
functional control. The main function of an orthesis is to maintain the correct position of the 
segment, contributing to the classification of orthesis for the upper limb in several categories: 
either static, dynamic, correcting, articular, immobilizing or functional substitution. 

Keywords: Economy, Upper limb recovery, Principles, Reintegration, Orthesis 
  

1. Introduction 
Daily activities place persons, as a human 

resource, at the center of functional dynamics. 
Engaged in the multitude of daily activities, 
the human being, as an exponent of the human 
resource economy, can be mediated by 
possible dysfunctions, traumas or functional 
irregularities. Everyday human activity is 
undertaken to the greatest extent by 
involvement of the upper limb, in a higher 
percentage than the lower limb. As a result, 
the attrition of the upper limb is higher. 

The necessity of using the upper limb in 
domestic and professional activities requires 
its permanent dynamic integration. In the 
present paper we want to outline the 
importance of an efficient recovery through 
new ways and techniques contributing to the 
human resource economy. Starting from the 
functional requirements regarding the use of 
the upper limb in daily activities and the need 
to respect the economic function of the 
individual, the orthesis sector has been 
developed in the medical recovery program. 

2. General aspects  
Structured in five anatomical regions, the 

upper limb is undoubtedly the most important 
functional anatomical complex. The 
cinematic chain formed by the superior 

member develops interdependent actions that 
have contributed, in time, to the development 
of complex activities. The upper limb 
mobility is essential both for ensuring 
prehension and for performing various types 
of activity, ranging from gestures of finesse to 
forceful activities. 

2.1. Anatomical vision 
From the anatomical point of view, the 

upper limb has three important joints: the 
shoulder joint, the elbow joint and the hip joint, 
which involves the coat of several anatomical 
parts. The shoulder, the most complex joint, 
creates the link between the trunk and the rest 
of the member and it is centered on the 
performance of the forces of force that I was 
talking about earlier. The elbow, the 
intermediate limb joint of the upper limb, has 
simpler structure and biomechanics, but very 
important for guiding the hand in performing 
daily activities.  The hand, also called the 
prehensive organ, has many functional 
features, beyond the nuances of expressivity 
and personality. It performs polyarticular 
kinematic chains in the fist stabilization zone 
performing multiple functions.  Besides 
prehension, it presents the function of 
expression and knowledge of the environment 
by adapting to it by means of sensitivity types. 
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2.2. Orthesis sector  
In upper limb sufferings, orthoses are 

recommended for maintaining and facilitating 
the functional gains determined by 
rehabilitation programs. They are also used to 
encourage the mobilization of the upper limb 
and, in particular, a hand for self-care and thus 
for the human resource economy. 

From an economic point of view, we are 
talking about the functional and personal 
gains, since wearing an orthesis attracts 
independence so that unauthorized indivi-
duals can handle themselves without the need 
for outside help. Generally, the orthoses 
required by the upper limb are recommended 
to protect the segment, maintain and restore 
body alignment and support the affected area.  

In the medical recovery of the upper limb 
it is intended to increase and maintain joint 
mobility, strength and coordination, and the 
field of orthesis has been developed to 
improve functional control, improving hand 
function, thus optimizing the functions of the 
upper limb.  

Depending on the desired effect, orthoses 
can help or restrict a movement, helping to 
transfer the discharge forces from areas 
requiring protection and replacing lost 
functions. From a pathological point of view, 
the indications of an orthopedic surgery refer 
to post-surgical and post-traumatic 
pathologies, intense pain syndromes, 
peripheral nerve injuries or cases where a 
functional improvement is required. 
Classification of orthotics for the upper limb 
is quite simple, with two major categories: 
static orthoses and dynamic orthoses. Static 
orthoses are recommended for immobi-
lization, but not for a long time.  

They successfully substitute the gypsum 
machine for self-care. Also, prescribing a 
static orthesis will highlight the need for 
exclusive orthotics of the joint or region 
involved, without surrounding the adjacent 
joint, to avoid negative effects. In addition to 
immobilization, static orthoses reduce muscle 
contractions and spasticity, reduce pain, help 
restore body alignment, replace lost functions 
and allow tissue to heal after surgery. 
Depending on the lesion level, static orthoses 
are indicated for the recovery of the shoulder, 
elbow, fist, hand and fingers. 

Static shoulder postures are indicated for 
fractures, dislocations or brachial plexus 
trauma or for skin pathologies, such as burns. 
They are made of plastic with elastic inserts 
and aim at positioning the arm at 90˚ but not 
for a very long time, to avoid complications.  

Static elbow orthotics are designed to 
increase joint mobility on the flexion-
extension movement by controlling the arm 
force exerted by the arm and observing the 
angle gradient during application, also 
contributing to the prevention of muscle 
contractions. Static orthoses are indicated for 
joint immobilization. In neurological cases, in 
the medical recovery of the fist contributes the 
wearing of a thermoforming orthesis with the 
support of the hand at 15˚. In rheumatic cases, 
classical orthotics, metal or plastic, are 
indisputably successful in relieving the 
suffering of this pathological sector. Static 
hand and finger orthotics allow immobilizing 
joints to improve functional aspects by 
posture, avoiding stress, and preventing 
hyperextension. In the case of paralysis, it is 
recommended that the orthesis be held to flex 
the hand. 

 

 
Figure 1. Static orthotics for the upper limb 
[4] 
 

The importance of using static orthoses is 
of great interest to the human economy, 
successfully replacing the need for outside 
help. The motivational aspects related to the 
wearing of static orthoses foresee the stage of 
immobilization and limiting of the articular 
activities. It also aims at positioning and 
maintaining the correct alignment of joints 
and stabilizing the joints involved in the 
kinematic chain. In medical recovery, they 
play a very important role in facilitating and 
speeding up the process of healing and 
reintegration into society. 

Dynamic orthotics allow mobility for the 
interested segment. They feature mobile 
components that allow controlled movements, 
supporting functional aspects through 
progressive mobilization. The movement is 
carried out by means of internal energies, 
caused by the mobilization of other parts of 
the body or by external energies represented 
by electric, pneumatic, spring, pulley or 
elastic systems. Dynamic orthoses support 
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functional aspects by progressively acting on 
the articular and periarticular level by 
engaging internal and external forces. 

The dynamic orthoses represent a 
technical mean of preventing deformations 
and correcting them. They play a role in 
stimulating proprioceptive processes to 
maintain movement patterns and to combat 
deformities that result from functional and 
muscular imbalances. In the case of functional 
loss, such as malformations or paralysis, 
orthotics have the role of compensating 
disability by re-establishing the gestational 
aspects needed to encourage the patient to 
carry out his / her professional and everyday 
activities. Thus, the patient manages to 
overcome his condition by contributing to the 
human resource economy. 

Like static orthoses, the dynamic ones are 
ranked according to the region concerned. 
Dynamic shoulder orthoses are especially 
recommended for more important stresses, 
flexion and abduction movements, and easy to 
wear exoskeletal supports. These orthoses 
assist the movement in the event of a motor 
shortage, provide a light and independent 
state and play an important role in the medical 
recovery by stimulating and assisting the 
action of the muscles. 

Functional elbow orthoses are 
recommended for joint failure and joint 
instability and have a support system along 
the joint to stabilize it as a functional and 
antigravity positioning sleeve. Functional 
orthoses include the shoulder, elbow, forearm 
and hand concomitant support, which gives 
mobility to large joints and support of the 
forearm. The punch orthoses are used in 
combination with the hand. In exceptional 
cases, the fist is supported by a prolonged 
thermoforming orthotics up to the forearm. In 
the case of the hand, the range of dynamic 
orthoses is very varied.  

 

 
Figure 2. Dynamic orthotics for the upper 
limb [4] 

 

There are various orthotics ranging from 
those to support the first dorsal intestine to the 
orthoses that target, stabilize and encourage 
hand movements. With the same economic 
importance, dynamic orthoses facilitate the 
period of medical recovery. Orthoses for the 
upper limb are made of thermoplastic and 
elastic plastics materials, being particularly 
light, aesthetic, adaptable, non-deformable 
and easy to wear.  

The recommendation of an orthesis should 
be preceded by a full patient assessment of 
functional prognosis, diagnosis, motor deficit 
and articular mobility. The duration of 
wearing an orthesis is individualized and can 
be from a few days to 1- 2 months, and can be 
worn for several hours a day or at night. Also, 
a very important element in the correction of 
a dysfunction is the appreciation of the timely 
timing of the application of an orthesis and the 
individualization of the situation by 
appreciating the functional control. 

 
3. Conclusion 

Returning to the importance of the human 
function economy and recognizing the 
involvement of orthoses in the functional 
recovery of a condition, recovery efficiency 
and saving the human resource were found. In 
medical recovery, orthotics has the role of 
preserving the obtained functional gains and 
of replacing possible dysfunctions. As a 
general appreciation, the involvement of the 
orthoses sector in economic affections leads 
to the efficiency of medical recovery of 
diseases in which the human resource and 
time can be saved by using an orthesis. 
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 1. Introduction 

In industrial energy systems, the basic issue 
is to find the most appropriate method, from 
both a technical and economical point of view, 
to supply economically and securely energy to 
all production processes developed by the 
system. This requires prior knowledge of the 
technical possibilities of all the elements that 
are part of the whole energy supply system and 
their correct economic assessment. 
 
 2. General Points 

The Energy Balance and the Technical 
Assessment are important study tools which 
analyze energy transformation processes that 
take place in the outline of a material 
production process or the contour of a 
component part of it. 

Energy balances can be accomplished for 
systems consisting of basic or auxiliary 
energy-technology processes, the basic 
production systems being those directly 
involved in the production process, and the 
auxiliary ones compete with the main 
production process, without directly 
participating in the production Basic. 

Energy balances are compiled for an 
aggregate, a section, a technological process, 
or an enterprise as a whole. They aim to 
determine the energy consumption within the 
contour of the analyzed process and to 
highlight these consumptions in useful 
components and losses in detail. 

The energy balance is therefore a 
fundamental technical document to analyze 
the size of the loss components and the 
possibilities of maximizing them in order to 

obtain optimal technical and economic 
indices. Energy balances serves for: 
a) Design of objectives or reconstruction of 
existing ones: 
 Supporting the choice of the most rational 
energy carriers; 
 Quantitative determination of secondary 
energy resources and direction selection for 
their recovery and use; 
 Preliminary energy consumption of all 
forms. 
b) Qualitative augmentation of the level of 
technical exploitation, comprising: 
 Analysis of various components and 
categories of useful supplies and losses; 
 The establishment of a set of measures to 
reduce losses; 
 Quality considerations, on the basis of the 
measured and analyzed quantities, of the 
energy consumption. 
c) Approval and acceptance of plant and 
machinery for production, transformation and 
processing the use of energy. 
 
 3. Case study 

The outline of the balance was established 
at "Secondary Aluminum Processing 
Installations by Recycling Aluminum Waste 
in Melting Furnaces". In the secondary 
aluminum processing plant, the production 
process takes place mainly in two production 
lines: 
 LINE I for obtaining aluminum from low-

impurity aluminum waste; 
 LINE II - obtaining aluminum from slag 

and waste with low aluminum content. 
The audited company uses natural gas 

combustion as the source of heat for melting 
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aluminum waste. The most important 
weightings in the thermoenergetic balance of 
aluminum melting furnaces are the useful 
energy (or power) used for the actual melting 
and overheating of the fused aluminum and the 
energy (or power) lost through the flue gases 
discharged into the chimney.  

 

 
Figure 1. Scheme and functional parameters for 
the melting of Aluminum in the melting furnace. 
 
 4. Analysis of Sankey diagrams 

From the analysis of the graphically 
presented balance in the lower part of the 
Sankey diagram it is observed that in general 
the efficiency of the equipment is very good 
and similar to the recommended equipment as 
the technological reference at the level of 2014 
for all the constructive constructs analyzed. 

 

 
Figure 2. Sankey diagram corresponding current 
operating mode 
 

Analyzing chart on the right balance of 
Sankey diagram we see that there is still a 
potential energy in the exhaust gas to 
chimneys which can be used depending on the 
beneficiary's need. 

 

 
 

Figure 3. Sankey diagram corresponding 
optimized operating mode 
 
 
 5. Optimized thermo energy balance 

The optimized thermo-energetic balance 
considers that in the flue gas circuit of the 
installations will be install heat exchangers 
between the hot gases / thermal oil for 
recovering part of the thermal energy from the 
hot gases. This thermal oil is then delivered to 
an ORC-based equipment that generates 
electrical energy. 
 

 
Figure 4. Scheme proposed for the recovery of 
thermal energy from hot exhaust gases 
 
 6. Conclusions 

Generating electricity through the Organic 
Rankine cycle (ORC), allows the recovery of 
approx. 2% of the heat obtained by burning the 
fuel, under the conditions of technological 
consumption and under load conditions at the 
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rated capacity of the furnaces. For Romania's 
standard national factor of 0.701 tonnes of 
CO2 / MWh, the greenhouse gas emission 
reduction for proposed measures is 176 tonnes 
of CO2 / year. 
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