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ABSTRACT
Traceability is the property of the result of a measurement or the value of a standard
whereby it can be related to stated references, usually national or international standards,
through an unbroken chain of comparisons all having stated uncertainties. It is of the
greatest importance for applications demanding substantial accuracy - and modern
technology provides a huge range of them - it is surprisingly easy to inadvertently end
up with the wrong values through inadequate attention to the detail of traceability.
Inaccurate or wrong measurement might lead to wrong decisions with economic
consequences. National Metrology Institutes (NMI) such as the Mass Laboratory at
the General Directorate of Metrology (GDM), Tirana, Albania have the prime
responsibility of being the source of traceability of the highest metrological level to
the SI, or if this is not yet feasible, to other internationally agreed references, for
metrology users in their country and adequate to their needs. This comprises the
development, maintenance and dissemination of national measurement standards
traceable to the SI, or when this is not (yet) possible, to other internationally agreed
references. A major part of this work is the international recognition of these measurement
standards and of the calibration and measurement reports and certificates issued on
the basis of internationally assessed and approved Calibration and Measurement
Capabilities (CMC) in accordance with the rules laid down in the CIPM, MRA. Mass
Laboratory has been part of some Key Comparisons organized by other National
Metrology Institutes of the highest level. BIPM has the mission of establishing worldwide uniformity of measurements. The kilogram is the only SI unit still based on a
physical object. The present paper provides some information about the method used
to carry out and disseminate traceability of mass unit in Albania along with the results
of a Key Comparison.
Keywords: mass, metrology, weight, calibration, weighing, key comparison, uncertainty
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1. INTRODUCTION
A proper national measurement system is of vital importance for all the
countries, as it helps meeting the challenges and requirements of local and
foreign markets. The concept of measurement traceability is a key one for
understanding how a properly organized national measurement system provides
greater assurance of accurate measurements (VIM 2008). On one end of the
traceability chain are the routine measurements related to manufacturing,
commerce and environmental protection and at the other end are the (NMIs),
responsible for the most accurate possible realization of the SI units of different
measurement and their dissemination. Currently, the Directorate of Scientific
and Industrial Metrology (DSIM), GDM, Tirana, Albania has the prime
responsibility of being the source of traceability of the highest metrological
level to the SI to the international level, via a system of national and reference
standards and provides technical support in the measuring of various physical
quantities in the territory of the Republic of Albania. Key comparisons are
intended to demonstrate a high degree of equivalence of national measurement
standards. Once this demonstration of equivalence is accomplished, the
traceability chains established independently by each NMI provide a basis for
acceptance of measurement results. There are realized different Key
Comparisons from Mass Laboratory of DPM in the framework of IPA 2008
project supported by European Commission and some other supported by
European Association of National Metrology Institutes (EURAMET) and the
degrees of equivalence resulting from these comparisons are within their
respective standard uncertainties showing that the Key Comparison is a success
for Mass Laboratory. Mass Laboratory has been even a Pilot laboratory in one
of these international comparisons.
2. MATERIALS AND METHODS
Mass Laboratory at the General Directorate of Metrology (GDM), Tirana,
Albania has the prime responsibility of being the source of periodic calibrations
at the national level and collaborates with the National Institute of Metrological
Research (INRIM), Italy and Physikalisch-Technische Bundesanstalt (PTB),
Germany. The latter provide their traceability of Mass Unit to the BIPM. Here,
calibration of weights in free air involving the substitution method which consists
in comparing of two mass standards of the same nominal mass value is applied.
One of the mass standards is used as reference one, that it is traceable to
International Unit of Mass and the other one is the test mass, which value has
to be determined by using mass comparators. Calibration results and proper
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measurement uncertainty of the test weight are stated in the calibration
certificate (ISO/IEC 1702, 2005) by documenting the traceability to the national
standards, which realize the unit of measurement according to SI.
The conventional mass of the test weight is calculated from the formula
(OIML R 111-1 2004):

mct  mcr (1  C )  mc

(1)

where:

mcr – Conventional mass value of the reference weight, which is taken from
its last calibration certificate

mc - is the average weighing difference observed between the test and
reference weights which is calculated with formula:

mc 

1 n
 mci
n t 1

(2)

The conventional mass difference, mc between the test weight and the
reference weight of a cycle, i, is calculated with formula:

mci  li  mcr Ci

(3)

Ci – Air buoyancy correction calculated with formula:

1 1 
Ci  (  a  0 )    
 t  r 

(4)

where:

 a – Air density which is calculated with formula:
a 

0.34848 p  0.009(hr )  exp(0.061t )
273,15  t

(5)
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p - the pressure, hr - the relative humidity, t - the temperature, in °C,  0 = 1.2 kg/m3
air density,  t – density of test weight,  r - density of reference weight.
The standard uncertainty of air density uρa is calculated by:
2

u a

 
  
  

 u   a u p    a ut    a uhr 

 
  t   hr
2

2

2
f

(6)

where: uf = 10-4, standard uncertainty of approximation formula for the
calculation of air density,
up - standard uncertainty of the pressure probe,
ut - standard uncertainty of the temperature probe,
uh - standard uncertainty of the relative humidity probe,
The true mass of the test weight is calculated from the formula (Schwartz et
al., 2007).

where

mT  mR  X  mW

(7)

C   a  (VT  VR )

(8)

where: VT – is the test standard volume and VR- is the reference standard
volume.
Then the formula will be as follow:

mT  mR   a  (VT  VR )  mW'
where:

(9)

mW' - is the corrected value for air buoyancy

For a cycle ABBA (r1t1t2r2) we take the corresponding readings in the weighing
instrument display: Ir11, It11, It21, Ir21,...Ir1 n, It1 n, It2 n, Ir2 n

li 

( I t1i  I t1i / I r 2i  I t 2i )
2

(10)

where i= 1,…n-number of cycles ABBA which depends on the class of
weights.
Usually true mass term is used for NMI measurement level, while
conventional mass term is used for secondary level other than NMI
measurement level (VIM, 2008).
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Uncertainty calculation in mass measurement
Calculating and expressing uncertainty is important to anybody wishing to
make good quality measurements. The uncertainty calculations are based on
(GUM, 2008).
The expanded uncertainty - U, of the conventional mass of the test weight is
as follows:

U  k  uc

(11)

where:
k- Coverage factor, in this case, k = 2 and represents confidence level H”
95%

uc - combined uncertainty

uc  uw2  u 2 (me )  ub2  uba2
(12)
where:

u w – Standard uncertainty of the weighing process, (Type A), obtained by
statistical means.

s2
uw 
n

(13)

s – Standard deviation of the mass difference, for n – number of cycles A-BB-A and is given by formula:

s

1 n
(mi  m) 2

n  1 i 1

(14)

where:
m - Difference of conventional mass of a weight comparison

m - Average difference of conventional mass
u ( mr ) - Standard uncertainty of the reference weight (taken from Calibration
Certificate)

u (mr ) 

u (mr )
k

(15)

ub– standard uncertainty of the air buoyancy correction (Type B)
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 u2 r u2t 

 r  t 
2
ub   mr 
  [mcr  (  a   0 )]   4  4 
 r  t 

  r t 
2

(16)

Even if the air buoyancy correction is negligible, the uncertainty contribution
of the buoyancy effect may not be negligible and shall be taken into account.

uba – Standard uncertainty of the balance
The recommended approach to determine this component is to test the mass
comparators at reasonable time intervals and use the results from the test in
the uncertainty calculations.
2
uba  us2  ud2  uE2  uma

(17)

us - Uncertainty of the sensitivity of the balance, this will be included, if the
balance is calibrated with a sensitivity weight of mass ms and of standard
uncertainty u(ms), if not, the uncertainty contribution due to sensitivity is normally
negligible.

ud – Uncertainty due to the display resolution of a digital balance
For a digital balance with the scale interval, d, the uncertainty due to resolution
is:

 d

 2
 d
ud  
 2
6
 3




(18)

uE- uncertainty due to the eccentric loading:

d1
D
d2
uE 
2 3

(19)

where: D is the difference between maximum and minimum values from the
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eccentricity test.d1 - is the estimated distance between the centres of the
weights, d2 - is the distance from the centre of the load receptor to one of the
corners.
uma- uncertainty due to magnetism. If the weights satisfy the requirements of
OIML R111-1 2004, then uma, may be assumed to be zero. Table 1 reports the
budget uncertainty of 10 kg mass standard, of the Key Comparison, which is
related with the results given in part 3.
Table 1: Budget of uncertainty for 10 kg mass standard
Influenced magnitude xi

Symbol

Unit

Value

Distribution.

Divisor

ci

Weighing process
Mass of standard
Mass standard drift
Air buoyancy
Sensitivity of balance
Resolution of balance
Repeatability of balance
Combined uncertainty
Expanded uncertainty

uw
u(mCR)
uδ(mcr)
uB
us
ud
Urep
uC
U

mg
mg
mg
mg
mg
mg
mg
mg
mg

0.052
1.600
0.800
0.233
0.003
0.010
0.021

Normal
Normal
Rectangular
Normal
Normal
Triangular
Normal
Normal
Normal k=2

1
2
?3
1
1
?6
1

1.0
1.0
1.0
1.0
1.0
1.0
1.0

U(yi)
k=1
0.052
0.800
0.462
0.233
0.003
0.004
0.021
0.944
1.9

3. RESULTS AND DISCUSSIONS
As aforementioned said defining a reference internationally accepted is very
important for the traceability. Since the Meter Convention was signed in 1875,
unit’s definitions and their practical realizations are approved by the General
Conference on Weights and Measures (CGPM). Traceability of mass unit in
Albania is achieved by regularly and unbroken chain of comparisons all having
stated uncertainties. Here, is described a key comparison of 10kg standard as
multiply of the kilogram in stainless steel, carried out under the auspices of
EURAMET, Project No. 1222 (Zelenka, 2013). The present comparison aims
at demonstrating the metrological equivalence between the laboratories in
Europe, and to check the validity of quoted CMC (CIPM MRA 1999). The
comparison measurements were carried out between March 2012 and July
2013 where BundesamtfürEich- und Vermessungswesen (BEV), Austria is
pilot laboratory. Here, 7 were included and the PTB, Germany plays the role of
a linking laboratory to Consultative Committee for Mass and Related Quantities
(CCM) reference value.
Reported in the table 2, the volume, density and magnetic susceptibility of the
weight are determined by the pilot laboratory applying the method described in
(OIML R 111-1.2004). The reference standard for the density measurements
was a silicon sphere traceable to PTB.
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Table 2: density, volume and magnetic susceptibility associated with their
uncertainty for mass standard 10 kg
Nominal
value

Density ρ
kgm-3

Uncertainty
uρkgm-3

Volume
Vcm3

Uncertainty
uV

Magnetic
susceptibility χ

Uncertainty
uχ

10 kg

7958,46

0,32

1256,52

0.05 cm3

? 0.004

0.001

For each participant the reported mass value, which was corrected by the
mass change of the transfer standard (mP) and the associated expanded
uncertainty is in Table3 reported and figure 1 depicted.
Table 3: mass value, corrected mass values (mP) and the associated expanded
uncertainty
Laboratory
Pilot
2
3
4
5
DPM
PTB

Reported true mass
10 kg + 2,82 mg
10 kg + 2,94 mg
10 kg + 2,80 mg
10 kg + 3,85 mg
10 kg + 20,40 mg
10 kg + 4,0 mg
10 kg + 3,46 mg

UP (k=2)
0,46 mg
0,70 mg
1,6 mg
1,7 mg
7,1 mg
1,9 mg
0,30 mg

Corrected true mass (mP)
10 kg + 3,16 mg
10 kg + 3,12 mg
10 kg + 2,9 mg
10 kg + 4,0 mg
10 kg + 20,5 mg
10 kg + 4,1 mg
10 kg + 3,49 mg

The reference value of this comparison was the measured value by the PTB
corrected with the result of the degree of equivalence according to the results
given in the report of CCM.M-K2.

Fig.1: Corrected mass differences from the 10 kg nominal value (mP) and the
associated expanded uncertainty (k=2).

The difference between the result of PTB and the reference values was
(m-mref)PTB,CCM.M-K2=-0,03 mg with the assigned expanded uncertainties of
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0,34 mg with a level of confidence of 95 %. PTB measured 10 kg + 3,46 mg
in this comparison with the expanded uncertainty of 0,30 mg.The reference
value in this comparison is:
mref=mPTB-(m - mref)PTB,CCM.M-K2

(20)

The uncertainty in the reference value has been calculated according to the
method described by (Cox M.G, 2002).
In order to compare the values of the participants it is necessary to link them
to the reference value of the comparison CCM M.M-K2 through the link
laboratory (PTB).
The mass difference between a participant and the reference value is
calculated from:
ΔmP = mP “ mref

(21)

The uncertainties have been calculated in accordance with the international
guide (GUM2008).
The uncertainty of the difference between a participant’s measurement and
the reference value is made up of three components:
the uncertainty in the reference value u(mref)
the uncertainty due to the instability of the transfer standard u(minst)
the uncertainty in the participant’s measurement u(mP)
u2 (mP) =u2 (mref)+ u2(minst)+ u2(mP)

(22)

For an acceptable measurement result in a comparison with a known
reference value, the condition |mp-mref| < U(mp-mref) should be fulfilled. One of
the participants (5) has not met this condition for En values claculated with
formula (Cox, 2002).

En 

m p  mref
U (m p  mref )

(23)

The mass difference between the participants and the reference value (linked
to key comparison CCM.M-K2) are reported in Table 4 and in figure 2 depicted.
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Table 4. Differences between each participant and the reference value,
together with their associated uncertainties (k=2) and the En values. For nr.5
we can see En >1.
Laboratory
Pilot
2
3
4
5
GDM

mP -mref [mg]
-0,33
-0,37
-0,6
0,5
17,0
0,6

U(mP -mref ) (k=2)[mg]
0,65
0,84
1,7
1,8
7,1
2,0

En
-0,39
-0,34
-0,27
-0,39
2,41
0,37

This key comparison can therefore be considered very successful for Albania.
Based on results and some other international comparisons, mass laboratory
has claimed the new improved CMC in mass measurement in range 1mg -20
kg (table 5). Mass laboratory is the only laboratory in the country which has
claimed CMC published at BIPM Website. So, the national standard of kilogram,
the measurements results and calibration certificates issued by this laboratory
are internationally recognized and reliable, confirming the technical competence
of the staff. In addition, efforts are made to upgrade the level of measurements
of E1 class calibration standards to reach lower values of uncertainty.

Fig.2: Differences between each participant and the reference value, together with their
associated uncertainties (k=2).
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Table 5.CIPM MRA Calibration and Measurement Capability (CMC)
Declarations
Measured range
Min Max
Unit
value value
1
100
mg

Value
1.2 to 1.9

Expanded Uncertainty
Coverage
Unit
factor
µg
2

Reference standard used in calibration
Level of
confidence
95 %

Standard

Source of traceability

LM-04 E1

INRIM

2013-11

0.1

1

g

1.9 to 3.8

µg

2

95 %

LM-04 E1

INRIM

2013-11

1

10

g

3.8 to 7.4

µg

2

95 %

LM-04 E1

INRIM

2013-11

10

100

g

7.4 to 19

µg

2

95 %

LM-04 E1

INRIM

2013-11

0.1

1

kg

19 to 190

µg

2

95 %

LM-04 E1

INRIM

2013-11

1

10

kg

0.19 to 1.9

mg

2

95 %

20

kg

6.2

mg

2

95 %

LM-04 E1
LM-04 E1
LM-05 E1

INRIM
2013-11
INRIM
2013-11
PTB2011-09

Mass laboratory monitors the stability of mass standards, based on the 3σ
method. The graph in the figure 3 shows the stability of the 10 kg E1 class,
since the first calibration at PTB on 2011. The PTB value is used as reference
one and it is the first value. Laboratory performs the statistical control and has
the history of data for all mass standards and comparators used in mass
laboratories. Measurements up to point 10 are done in the old laboratory and
after that in the new laboratory, where the environment conditions and stability
of mass standards are quite better.

Fig. 3: stability chart of 10 kg mass standard from 2011 to 2016.
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International
Prototype of Kilogram
(Pt – Ir)

National Prototype of
Kilogram (Pt – Ir)

Secondary Standard
E0
(1 mg – 10 kg) Çelik
INRIM

Secondary Standard E0
(1 mg – 500 mg) Stainless
Steel PTB

Secondary Standard E0
(1 g – 10 kg) Stainless Steel
EIM

GDM

CUSTOMERS
ACREDITED
LABORATORIES
DSIM, DMI, DLM

CUSTOMERS
ACREDITED
LABORATORIES
DSIM, DMI, DLM

Primary Standard
Stainless Steel
LM-04 (1mg – 10kg) E0
INRIM No. 13-0822-01

Primary Standard
Stainless Steel
LM-05 (1mg – 500mg)
E0
Reference PTB 1.1115.032
Primary Standard
Stainless Steel
LM-05 (1g – 10kg) E0
EIM MAS-15-034A

Reference and Working Standards
(1 mg – 20 kg ) class E2

Working Standards for Customers
(1 mg – 20 kg ) class E2, and lower

U1kg = 24 µg

U1kg = 90 µg

U1kg = 0.030
mg

U1kg = 0.1 mg

U1kg = 0.5 mg

U1kg = 1.6 mg

Fig.4: Traceability chain scheme to the SI unit of mass for Albania 2016.

As it can be seen from the scheme, the last reference working standards are
used for different customers which could be part of GDM or outside GDM,
from industry. At national level, the GDM is organized in four Regional Centres
located in Tirana, Fier, Lezha and Korça—all part of the Directorate of Legal
Metrology (DLM). These Regional Centres ensure their traceability in mass
measurements properly from Mass Laboratory of Directorate of Scientific
and Industrial Metrology (DSIM). In addition, the Directorate of Metrological

JNTS

Traceability of mass unit in the republic of Albania

15

Inspection (DMI), GDM ensures the traceability of mass measurements from
Mass Laboratory involving different equipment such as susceptometer for the
magnetic properties of weights, volume comparator for the density of weights,
the Silicon sphere as density reference, the climate station for measuring
laboratory environment conditions (temperature, relative humidity and air
pressure) for determination of the air density. As a result all the data are accurate
and traced back to national standards. GDM implementing Albania‘s metrological
policy in three direction Scientific, Industrial and Legal metrology, in a success
way, develops national system of metrology in harmony with European standards,
in order to meet the needs of the country. Harmonization of technical procedures
and rules on validation of measurements, leads to the elimination of technical
barriers for the free movements of goods and a higher quality for Albanian
citizens. For many years NMIs as well as the BIPM have made considerable
efforts to advance and improve the SI units. The unit of mass in the SI has not
changed in more than 125 years. Progress is being made towards a redefinition
of Kilogram based on a constant of nature. The first one is an electromechanical experiment realised via the Watt Balance which tries to link the
Kilogram to the Planck constant (h), where the weight of a 1kg mass is balanced
against the electromagnetic force generated by a current-carrying coil hung in
a magnetic field and the second one, relates the Kilogram to an atomic mass,
so that it can be defined as the mass of a fixed number of atoms (Davis, 2015).
This process amounts to a very accurate measurement of the Avogadro constant
NA. Science and technology have progressed a lot and the new definition of
Kilogram is expected to take effect at the end of 2018. In this context redefinition
of the Mole, the Ampere and the Kelvin are also under discussion.
REFERENCES:
BIPM, IEC, IFCC, ILAC, IUPAC, IUPAP, ISO, OIML 2008.
Evaluation of measurement data - Guide for the expression of uncertainty in
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gum.html.
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international vocabulary of metrology- basic and general concepts and associated
terms (VIM), 3rd edition JCGM 200:2012. www.bipm.org/vim.
CIPM MRA 1999.Technical Supplement revised 2003.Mutual
recognition of national measurement standards and of calibration and
measurement certificates issued by national metrology institutes, BIPM, Paris.
(38-41).
Cox MG.2002.The evaluation of key comparison data. Metrologia (39),
589-595
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OPTIMISATION OF THE SYNTHETIC ANTIMICROBIALS
ACTIVITY AGAINST MICROORGANISMS PRESENT IN BRAND
AND GENERIC DRUGS FOR CARDIOVASCULAR DISEASES
Ranela ÇEÇI
National Agency for Medicines and Medical Devices, Tirana, Albania
Melisa TROSHANI
Novartis Pharma Services Inc., Rapresentative Office, Tirana, Albania
Erjon TROJA
Faculty of Pharmacy, University of Medicine, Tirana, Albania
Donika PRIFTI
Faculty of Natural Sciences, University of Tirana, Albania

ABSTRACT
The safety and quality of pharmaceutical products, brands and generics which relates
to their microbiological profile along with their respective regulations are here
investigated. The pharmaceutical products used for cardiovascular diseases were here
involved and all the genera and species adapted to their content and those taken from
the environment, packaging systems or well-adopted, also in capsules or membranes
of drugs determined. Isolated strains were purified and identified. Developed in different
media cultures and in appropriate substrates, the isolated strains were tested using
synthetic substances with antimicrobial properties such as vibramycin and
oxytetracycline in order to observe their behavior towards different percentages of
synthetic antimicrobials. Important changes in morphology, micelles, etc. and, a very
good inhibition of molds were reported. A MIC value 25µl was determined in order to
achieve a very good inhibition with the minimum value of used antibiotic. Some colonies
treated with antibiotics experienced color changes, sporulation process, change of
macro colonies, weak development of micelles and pseudomicelles.
Keywords: bacteria, yeasts, molds, antibiotics, antimicrobial, minimal inhibition
concentration-MIC

1. INTRODUCTION
The present investigation is an important part of a complex study concerning
the safety of patent and generic drugs. Analytical tests were carried out for
the microbiological safety and quality of drugs. Researches have been carried

18

Ranela ÇEÇI, Melisa TROSHANI, Erjon TROJA, Donika PRIFTI

2016/Vol. XXI (1)

out to investigate the microorganisms present in drugs as normal population,
named “endemic charge”. These microorganisms depend both on chemical
drug content and specific chemicals content. The source of the latter is the
environmental exposure; the microorganisms are deposited on the drug surface
and developed as hosted colonies due to the chemical substances of the
medicaments. Microorganisms travel from packaging to the drug surface
polymers or soluble capsules which are very attracted towards specific groups
of microorganisms including those not endemic because of their sugar content.
First, the present paper aims at investigating the specific microorganisms able
to grow in pharmaceutical products present in the market as brands produced
by well-known pharmaceutical companies. Sampling involved also similar
pharmaceutical products, produced by well-known companies, distributed in
global market in big quantities, defined as “generics”. Selected drugs were
microbiologically investigated to determine their “microbiology” (Sutton, 2007;
2010). Very important results were obtained during microbiological experiments
concerning the specific strains found, dominant genera and species (Therapeutic
Goods Administration, 2006; Sutton, 2011). The aforementioned investigations
were carried out along with the evaluation microbiological safety of the selected
drugs and morphological and physiological taxonomic analysis of identification.
Some selected and identified strains were treated with synthetic antimicrobials
in order to evaluate the application possibilities of synthetic antimicrobials to
prevent fast-growing species from development—those able to produce micelles
and pseudomicelles, etc. (European Pharmacopoeia, 2009; Manzoli et al., 2015).
Microbiological investigation was carried out to reduce microbial development
of selected strains using natural and/or synthetic antimicrobials for all
microorganisms discovered in brand pharmaceutical products and in generics
(Dorman and Deans, 2000; Werner, 2005; Troja and Shabani, 2014).
Experiments were determined based the results of earlier experimental tests
and reliable research work. The data from microbiological investigations
concerning the patent and generic drugs used for cardiovascular diseases helped
select all the typical microorganisms identified in genera and species. Developed
colonies were treated with vybramicine and oxytetracycline for the reduction
of the colony and the impact in cell morphology. The applied method was the
disk diffusion method (Deshpande et al., 2002; Škrinjar and Nemet, 2009).
In the end, microorganisms in selected drugs were investigated to determine
their growth and reduction level, depending on chemical substrate. Determining
the minimum inhibition concentration of antimicrobials was of the greatest
importance as the best effect of inhibiting potential could be guaranteed.
Effective concentration reduction and substrate determination are crucial for a
good inhibiting activity, since the change of pH of solutions or the modifications
made in the same media cannot be tested.
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Results showed that Potato Dextrose Agar (PDA) medium is the most suitable
one for the increase of inhibiting activity toward microbial colonies, especially
yeasts and molds. Interval values between 20mµ%25mµ can be considered as
optimal for the achievement of the maximum effective inhibition.
2. MATERIALS AND METHODS
The safety and quality of pharmaceutical products, brands and generics along
with their respective regulations are here investigated. These drugs are used
for cardiovascular diseases and have been present in the local market for a
long time and considered of a good quality and efficacy (Snary et al., 2004;
Manzoli et al., 2015).
The patent drug coded as Ten consisting of the following excipients: gelatin,
glicerol, magnesium carbonate, magnesium stearate, starch, hipermellose, sodium
lauril sulfate, titanium hydroxide, macrogol 300, yellow pigment (sunset yellow
lake) was selected. Some of these components, including magnesium salts
have a great impact in the development of the microbiological strains, for
example, starch and gelatin.
In addition to the generics coded drugs At-SFDB and At-P, Typ. and Tar
were selected. The two latter drugs had the combination of atenolol + clortalidon.
Here, tenormin and hygroton are the respective patents.
The standard media selected for the growth and development of
microorganisms such as bacteria, yeast, and molds, were: meat peptone agar
(MPA) medium for the development of bacteria’s colonies, plate count agar
(PCA) medium for the development of the highest number of microorganisms
present in drugs, wort agar (WA); sabouraud and potato dextrose agar (PDA)
medium for yeast and mold development and czapek dox agar medium, primarily
for the development of molds (Campbell and Duffus, 1991).
First, the appropriate cultivation techniques were selected. Pour plate
technique, streak plate method of isolation and gliding technique were applied
where it was possible, depending on the experimental conditions (Bergey and
Holt, 1994; Frashëri and Prifti, 1997; Barnett, 2010). The selection of a
considerable number of microorganisms was carried out for all the isolated
strains, named as total microbial charge. Total charge of microorganisms in
selected drugs was smaller than the microbial charge of food products. The
latter was determined applying same techniques.
Once obtained, the colonies were selected using a screening method, purified
and where possible also identified (Lodder and Kreger van Rij, 1952; Barnett
and Hunter, 1972; Tortora, 2009; Kurtzman et al., 2011). Some of the
microorganisms identified were used to investigate the reaction of drugs with
antimicrobial activity as it helps assessing the reduction of microbial activity of
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the drugs and determination of the optimal conditions to achieve a maximal
inhibition.
The present investigation aims at selecting the most effective media for the
strains’ growth, characterized by a high sensibility for the antimicrobial activity
towards the microorganism colonies that grow in them. Therefore the medium
selected among others, allows a clear observation of the inhibitor activity
(Werner, 2005). In addition, the minimum concentration of the synthetic inhibitor
(MIC) with a considerable reducing activity towards selected strains was
identified.
Once the disc diffusion method was applied for all the tested strains and the
characteristics affected by the antimicrobial were determined, colony
dimensions development, changes in color and colony extension and sporulation
occurred (Dorman and Deans, 2000; Deshpande et al., 2002).
Vibramycin with a molecular formula C22H24N2O8•H2O playing the role of
an inhibitor was selected as it is the originator of doxycycline from the
pharmaceutical company Pfizer. In addition, it has an already confirmed inhibiting
profile (bacteriostatic activity related with the above inhibition) toward some
Gr+ and Gr- bacterial strains (many results achieved have been already
published) (Krakauer and Buckley, 2003; McCulloch et al., 1990).
In addition, an oxytetracycline analogue, manufactured at “Profarma” (an
Albanian pharmaceutical enterprise), at 250 mg tablets presentation was used
as inhibitor.

3. RESULTS AND DISCUSSIONS
In the present investigation, five drugs were involved and bacteria, yeasts
and molds with specific characteristics were isolated, purified and identified.
The table 1 reports the colonies selected for further experiments and investigation
concerning the synthetic inhibitors activity towards them.
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Table 1. Colonies fully and partially identified, isolated from analyzed drugs
Nr. Isolated colonies

Origin (codified)

1

Bacillus megatherium

Typ.- generic

2

Bacillus subtilis

Tar.- generic

3

Micrococcus sp.

Ten-brand; Typ- generics

4

Serratia marcescens

Tar.- generic

5

Saccharomyces
diastaticus

Ten-brand

6

Rhodotorula glutinis

Ten-brand, At. SFDB-generic

7

Rhodotorula sp.

Ten-brand, At-P.-generic

8

Aspergillus niger

Typ. and Tar. -generic

9

Aspergillus terreus

Ten-brand, typ. generic

10

Aspergillus flavus

Codified drug

11

Penicillium sp.-1

At-SFDB-generic, At-P-generic

12

Penicillium sp.-2

At-SFDB-generic,
Ten-brand

13

Cladospora sp.

Typ-generic

14

Alternaria sp.

Typ-generic

15

Mucor hiemalis

Ten-brand

At-P-generic,

All the aforementioned strains and those in identification process were isolated
from inoculated tablets in specific and standard media cultures for bacteria,
yeasts and molds. The second column reports the drugs from where they were
isolated. Strains such as Saccharomyces diastaticus in the patent drug with
starch as an excipient ― an inducer of development of this yeast strain―
were well developed due to their drug excipients.
The data on the table 1 reported that the differences between the development
of microorganisms isolated in brand and generic drugs are unidentifiable since both
have the same components that can help microorganism cultures to develop e.g.,
the same microorganism found in both brands and generics. Aspergillus flavus,
the source of aflatoxins, is in the table reported without mentioning the drug of
origin to remove misunderstandings. In addition, this drug might have been host of
a mold coming from the environment where the drug is stored or packaged.
For the microorganisms classified in the group of Ascomycetes-yeasts and
molds, inoculations were carried out in the following four media cultures: i)
Plate Count Agar (PCA), ii) Wort Agar (WA), iii) Potato Dextrose Agar (PDA)
and, Czapek and Sabouraud. The best development of the cultures (dimensions
of yeasts) without inhibition is in the charts 1 and 2 plotted.
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Fig. 1: Development of non-inhibited colonies in the MPA & PCA media (series1- MPA
and series 2- PCA).

Fig. 2. Development of some not inhibited colonies in different media (series 1- PDA,
series 2- PCA, series 3-Sabouraud, series 4-Czapek).

A better growth of colonies of yeasts and molds occurred in PDA medium,
compared to the other selective media for yeasts and molds such as Saboroaud
and Czapek could be noted.
All the developed colonies were tested using the Kirby Bauer Test (Disc
Diffusion Method). Inhibition was carried out using 30µl vibramycin and
oxitetracycline solutions dropped over the developed colony. In each case the
diameters of the inhibited colonies were measured. The ratio with the respective
colonies developed without inhibition was assessed and the percentage of
inhibition determined. The results are in the chart 3 plotted.
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Fig. 3: The percentage of inhibition of the microbial colonies with synthetic antimicrobial;
(series1-oxytetracyclin and series 2-vibramycin).

The inhibitor activity of vibramycin is almost in every case more powerful
than that of oxytetracyclin (a generic drug was used). The positive effects of
vibramycin were obtained also in earlier experiments where the samples chosen
were liquid pharmaceuticals and tablets widely used, including antipyretic drugs.
The results obtained prove the inhibitor effect of vibramycin even in the case
of microorganisms deriving from drugs used for cardiovascular diseases.
For all microorganisms, bacteria developed in PCA medium and yeasts and
molds developed in PDA along with drops of antibiotic solutions in a series of
concentrations were used to determine the minimal inhibition concentrationMIC. Since vibramycin offered better results than oxytetracyclin, a solution
from vibramycin tablets was prepared and drops of 10 µl, 15 µl, 20 µl, 25 µl and
30 µl solution were applied. Inhibition results are the chart 4 plotted.

Fig. 4. Colonies inhibition with a series of vibramycin solutions of different
concentrations, to determine the MIC (series 1-10 µl, series 2-15 µl, series 3-20 µl, series 425µl, series 5-30 µl).
Note: The results of the last series were the ones used to test the comparison between the two
antibiotics.

24

Ranela ÇEÇI, Melisa TROSHANI, Erjon TROJA, Donika PRIFTI

2016/Vol. XXI (1)

The Aspergillus group gave a better inhibition in optimal PDA media and
with the optimal antimicrobial vibramycin. The recommended MIC is 25µl,
since it gives results very similar to the predecessor’s and the next
concentrations. The use of the 30µl cannot be identified as MIC, because
increase of the inhibition could not be offered. Antimicrobial doses 10µl dhe
15µl are not MIC because are so small to offer a clear and visible inhibitor or
morphological changes of the inhibited colonies, like color changes, enhancement
of the sporulation properties, colonies fragmentations, pseudomicelles or real
micelles changes.
4. CONCLUSIONS
Colonies isolated, purified and identified at specific drugs acting in the
cardiovascular system, were developed, showing a relatively long incubation
period (2-3 weeks), in comparison to colonies present in food products or other
materials.
During the experiments, colonies which were part of other drugs microflora,
liquid or tablet pharmaceutical presentations, with extensive, periodical or partial
use were identified. Consequently, few microorganisms can be considered
specific to substrates such as pharmaceutical preparations.
Some molds colonies isolated were typical ones that derive from the storage
environment, for example Aspergillus terreus. These are considered host
microorganisms in specific substrates.
Almost in all tablets taken into study molds prevail, to smaller extent yeasts
and bacteria can be found as well.
Able to produce pigmented substances, the identified bacterial strains derived
from the excipients of the product used during drug production, or as
environmental pollution.
Media that offered growth and a better inhibition were the PDA for molds
and yeasts, this compared to Sabouraud, WA and Czapek and the PCA for
bacteria compared to MPA.
Between the two antimicrobials used to apply the Kirby Bauer test, the best
inhibitor effect was offered from vibramycin compared to the generic
oxytetracyclin product.
MIC determined for every case was the value of 25 µl vibramycin solution;
an exception was for some inhibition values (expressed as percentages), which
varied in the interval between 1-3% higher inhibitions in the predecessors or
next values.
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RESOURCES OF LOW ENTHALPY GEOTHERMAL ENERGY
IN ALBANIA AND EFFECTIVE APPLICATION AREAS
Alfred FRASHËRI
Faculty of Geology and Mining, Polytechnic University of Tirana, Albania

ABSTRACT
Different investigations have been made with regard to geothermal energy of high and
low enthalpy resources and thermal mineral water springs and wells in Albania which
temperature goes up to 65.5!. Geothermal energy has been harnessed for recreational
uses for millennia, but for electricity generation only for a little over a century. Earth
Heat is unique amongst renewable energies for its base load and renewable heat
provision capabilities. Given the importance geothermal energy and technological
advances, economic development could be achieved. Considering the geothermal
situation of low enthalpy in Albania, space heating and cooling, and integrated and
cascade use of geothermal waters energy would be appropriate. The present paper
provides detailed data about the shallow ground heat resources in Albania, application
areas for buildings and greenhouses heating-spacing purposes, and direct use of
geothermal waters recommendation. Geothermal space heating and cooling is often
referred to as geo-exchange, geothermal or ground source heating. One of the
sustainable energy technologies being considered is the ground source - heat pump
system. Earth heat could be efficiently used for space heating and cooling using
ground source heat exchanger system ― borehole heat exchanger-geothermal heat
pumps. In Albania, direct use of the ground heat by borehole heat exchangergeothermal heat pump for space heating and cooling would be appropriate as both
energy and heating and cooling cost could be saved.
Keywords: geothermal energy, heating and cooling, geothermic

1. INTRODUCTION
The Earth’s heat is a great source of energy. Geothermal energy is part of
the renewables energetic complex, which can be obtained from natural resources
that can be constantly replenished. Renewable energy technologies include
technologies that use—or enable the use of—one or more renewable energy
sources. Types of renewable energy technologies include: i) bioenergy, ii)
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geothermal energy, iii) hydropower, iv) ocean energy, v) solar energy and, vi)
wind energy. Renewable energy otherwise known as renewables, green
energy, and sustainable energy is a low cost energy from inexhaustible
sources.
Modern geothermal technologies represent the integral and cascade using of
Earth Heat (Frashëri and Pano 2003, Frashëri et al., 2003a, Lund, 1996; Lund
et al., 2005; Rybach et al., 2000, Rybach and Fresston, 2000; Rybach 2005). In
addition, it is used directly in many areas, where economic activity is intense.
Direct use of the ground heat by borehole heat exchanger-geothermal heat
pump represents a modern system for space (buildings and greenhouses) heating
and cooling. The two types of shallow geothermal sources are the subsurface
ground heat, and underground or sea water systems (Sanner, 2004; Curtis et
al., 2005; Rybach, 2005; Frashëri, et al., 2003b; Frashëri et al., 2008; Frashëri
et al.2013; Frashëri 2006; Frashëri and Kodhelaj, 2010).
Table 1 reports the installed capacity and direct geothermal energy used
worldwide (Lund et al., 2005).
Table 1. The installed capacity and direct geothermal energy used worldwide
USE
Heat pumps for space
heating and cooling
SPA
Direct space heating
Greenhouses heating
Aquaculture
Industrial using
Cooking
Drying
agricultural
products
Etc.
Total

Instaled capacity
(in MWt)
15,723

Used energy
(in TJ/yr)
86,673

4,911
4,158
1,348
616
489
338
157
86

75,289
52,868
19,607
1,969
11,068
1,885
2,013
1,045

27,825

261,418

Direct use of the ground heat by borehole heat exchanger-geothermal heat
pump represents a modern system for space heating and cooling. There are
two types of shallow geothermal technological schemes: for the ground used
couplet closed loop, and open loop for underground water system (Sanner,
2004; Curtis et al., 2005; Rybach, 2005; Frashëri, et al., 2003 b, 2008; 2013;
Frashëri, 2006; Frashëri and Kodhelaj 2010).
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The current situation of the Albanian energetic supply system and the increased
demand for new premises make new alternatives in energy supply of immediate
importance. In 2003, the National Agency of Energy (2003), reported that
Albania consumes annually an estimated of 375 GWh/ energy for heating
purposes, or 23.8 % of the gross electricity production (Fig. 1). In addition to
electricity, natural gas is used for domestic heating, emitting large quantities of
CO2 into the atmosphere.

Fig. 1: Electrical power for heating and average power without heating in
Albania (National Agency of Energy, 2003).
Geothermal regime of Albanides
The tectonic profile of the region and the lithologic profile of the geologic
section along with local thermal properties of the rocks and geological location
are of great importance for the geothermal regime of the Albanides (Frashëri
and Kodhelaj, 2010; Frashëri et al. 2013).
The geothermal field is characterized by a relatively low value of temperature.
The temperature at 100m varies from 10 to 20!. The highest temperatures at
100m depth characterize the Adriatic coastline of the External Albanides where
the geothermal gradient reaches the values of 21.3 mK.m-1 in the Pliocene
clays in the center of Peri-Adriatic Depression. Here, at the depth of 6000m
the temperature goes up to 105.8!. The highest gradients are detected in the
anticline molasses structures of central of Pre-Adriatic Depression. The lowest
values of 7 to 11 mK.m-1 of the gradient are observed deep in the synclinal
belts of Ionic and Kruja tectonic zones. In the ophiolitic belt of the Mirdita
tectonic zone, the geothermal gradient values go up to 36 mK.m-1 in the both
regions, north-east and south-east of Albania.
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Figure 2 depicts the regional patterns of heat flow density in Albania showing
higher values of 42mW/m2 in the center of Peri-Adriatic Depression of External
Albanides and around 30 mW/m2 towards the Adriatic Sea Shelf. The values
around 25 to 30 mW/m2 or lower are typical of the Albanian Alps due to the
great thickness of sedimentary crust, mainly carbonatic crust.
In the ophiolitic belt in the east of Albania, the heat flow density (HFD) goes
up to 60 mW/m2. The contours of HFD give a clear configuration of the ophiolitic
belt. Radiogene heat generation of the ophiolites is very low. Consequently, the
increase of heat flow in the ophiolitic belt is related to the heat flow from the
depth. The granites of the crystalline basement, with the radiogenic heat
generation, represent the heat source.
Geothermal energy resources in Albania
Abundant geothermal energy of low enthalpy resources is spread throughout
the country. Figure 3 depicts the location of thermal waters resources with
temperature up to 65.5°C and their chemical content (Frashëri and Kodhelaj,
2010; Frashëri et al., 2013). In many deep oil and gas wells there are thermal
water fountain outputs with a temperature varying from 32 to 65.5°C. Different
geothermal areas have different geologic and thermo-hydrogeological features.
The thermal sources are located in the following three geothermal zones: i)
Kruja geothermal zone has the largest number of geothermal resources. Kruja
zone has a length of 180 km. Kruja geothermal zone is extended from the
Adriatic Sea in the North to the South-East of Albania and the Konitza region,
Greece. In Albania, the identified resources in carbonate reservoirs are 5.9x1085.1x109 GJ. The most important resources, explored until now, are located in
the Northern half of the Kruja geothermal area, from Llixha of Elbasan in the
South to Ishmi in the North of Tirana. The values of specific reserves vary
between 38.5-39.63 GJ/m2.
The Kruja geothermal zone represents an anticline structure chain with
carbonatic core, Cretaceous-Eocene in age and rich in Eocenic- Oligocenic
flysch. Anticlines are linear in length which varies between 20 and 30 km. In
addition, they are asymmetric and their western flanks are separated from
disjunctive tectonics. Geothermal aquifers are represented by a karstified neritic
carbonatic formation, with numerous fissures and microfissures. Drilled in 1964,
the Ishmi 1-b deep well is located at the top part of the limestone structure in
the Ishmi area, 20 km in North-West of Tirana, in a plain area, near ‘Mother
Teresa’ airport. At the depth of 1300, the limestone could be met and go through
a carbonatic coupe of 1016 m thick. Drilled in 1989, Kozani 8 deep well is
located 35 km South- East of Tirana and 8 km North- West of Elbasani, on the
hills along the Tirana- Elbasani national road. At the depth of 1810m it could
meet the limestone and could continue 10m deep in them. Thermal waters
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fountains from Ishmi 1-b and Kozani 8 wells, ii) Elbasani Llixha watering
place is located 12 km South of Elbasani. There are seven spring groups that
extend like a belt with 320o azimuth. All of them are connected with the main
regional disjunctive tectonics of Kruja zone. Thermal waters flow out through
the contact of a conglomerate layer with calcolistolith. In this area too, the
reservoir is represented by the Llixha limestone structure.
In the Tirana-Elbasani zone, the surface water temperatures vary from 60°C
to 65.5°C. At the top of aquifer, in the well trunk of Kozani 8, the temperature
is 80°C. Hot water is mineralized; the general mineralization varies between
4.6 and 19.3 g/l.
Elbasani Nosi Llixha water has the following formula:

H 2 S0,403 M 7,1

Cl59 SO384
Na46Ca35

iii) Peshkopia geothermal zone is located in the Northeast of Albania. Some
thermal springs located very close to each other could be met two kilometers
in the east of Elbasani. These thermal springs flow out on the Banja river
slope. These springs are linked with the disjunctive tectonic seismic-active
zone Ohrid Lake-Debar at the periphery of gypsum diapir which dates since
the Triassic age. The latter has penetrated the Eocenic flysch which surrounds
it. The occurrence of thermal waters is connected with the low circulation
zone always under water pressure. Here, the thermal waters are of sulfatecalcium type (50 mg/l H2S), and mineralization goes up to 4.4 g/l. The chemical
formula is as follows:

H 2 S0,0495 M 4,4

SO564
Ca65

The yield of some springs goes up to 14 l/sec. Water temperature is 43.5!
and, iv) Ardenica geothermal zone is located in the coastal area of Albania
which consists of sandstone reservoirs.
4. Direct use of geothermal energy of low enthalpy in Albania;
recommendations
Table 2 reports on the geothermal situation of low enthalpy in Albania. Frashëri
and Kodhelaj, (2010) and Frashëri et al., (2013) suggested that geothermal
energy could be used based on an integrated scheme which involves heat pumps,
solar energy, and the cascading use of this energy as the temperature goes up
to 65.5°C. Thermal waters of springs and wells are of therapeutic and medicinal
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value. In addition, they could be used for greenhouses for flowers and vegetables,
and aquaculture installations, energy supply and cooling and heating purposes.
Their chemical microelements such as iodine, bromine, chlorine etc. and other
natural salts are useful for the preparation of scrubs for the treatment of many
skin diseases and beauty treatments. Moreover, sulphidric and carbonic gas
are extractable.
Albania’s natural health resorts, thermal spas and wellness centres are pillars
of what the country has to offer people for whom health and wellness are
important. They combine tradition, experience of thermal baths and modern
findings of experts dedicated to healthy minds and bodies. They are also part
of the cream of Albanian tourist destinations, offering exceptional opportunities
for sporting activities, fun, culinary pleasures and quality accommodation.
Elbasani Llixha is the oldest and most important thermal springs in the country,
located near via Egnatia (Durrësi-Ohrid-Constantinople). All the seven spring
groups in Llixha Elbasani and the Kozani-8 well, near Saint Vladimir Monastery,
Elbasan, could be used for different purposes. Ishmi 1/b geothermal well is
located in the Tirana field, surrounded by the Adriatic coastline and KrujaSkënderbeg Mountain Range. Peshkopia SPA is used as balneological
geothermal center; balneology refers to the practice of using natural mineral
water for the treatment and cure of disease. There are thermal pools for medical
treatment and recreation purposes.
Effective use of renewable energy is a source of social and economic
development as new working places could be opened for the locals. In addition,
environmental goals could be met.
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Fig. 2. Heat Flow Density Map of Albania.
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Fig. 3. Geothermal Thematic Map of Albania.

JNTS

Resources of low enthalpy geothermal energy in Albania and effective...

35

Table 2 Thermal water in geothermal centers in Albania
Capacity3)

Maximum Utilization
Type1)
Locality

Flow Rate
Kg/s

MWt
Temperature in℃

Llixha
Elbasan
Peshkopi
Hydrat
Ishëm-Bilaj
Kozani-8
Bënjë
Sarandapor
o
Shupal
TOTAL

Annual Utilization
Ave
Flow
Kg/s

Energy4)
(TJ/yr)

Capacity
Factot5)

B

15

Inlet
60

Outlet
18

2.64

9

3.56

0.042

B
B
B
B
B
B

16
18
3.5
10.3
30-40
>10

43
55
64
65.5
30.0
26.7

18
18
18
18
18
18

1.49
2.78
0.61
2.05
1.75
0.36

6
3
2.5
1

2.4
1.19
0.99
0.39

0.051
0.013
0.019
0.06

>10

29.5

18

8.53

0.131

B

>112.8

0.048
11.728

Geothermal space heating and cooling is often referred to as geo-exchange,
geothermal or ground source heating. One of the sustainable energy technologies
being considered is the ground source - heat pump system.
Geothermal energy does not relate to geothermal waters springs only. It also
refers to the heat coming from subsurface to rocks layers at great depths.
Earth heat could be efficiently used for space heating and cooling using ground
source heat exchanger system ― borehole heat exchanger-geothermal heat
pumps.
Renewable energy otherwise known as renewables, green energy, and
sustainable energy is a low cost energy from inexhaustible sources.
Like elsewhere, in Albania Earth heat must be successfully used for heating
the public institutions and households.
Figure 4(a) and (b) depict the two types of geothermal technological schemes;
closed loop and open loop, respectively (Lund, 1996; Rybach, et al., 2000;
Sanner, 2004; Curtis, et al., 2005, Rybach, 2005; Frashëri 2006; Frashëri and
Kodhelaj, 2010; Frashëri et al., 2003(b); Frashëri et al., 2013). A vertical heat
exchanger represents a coaxial pipeline or U-shaped pipeline, installed 30-150
m deep borehole. The fluid that circulates through the exchanger of closed
loop form is heated by Earth layers geothermal energy. In the case of big
buildings, the multiple exchangers could be installed in battery.
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a)
b)
Fig. 4. Borehole- Vertical Heat Exchanger- Geothermal Heat Pump System for space
heating and cooling scheme, closet loop (a), open loop (b).

Rybach et al., (2005) reported based on unofficial data of the same year that
900.000 BHE-HP installations (up to 12 kW each) were made in the United
States of America and Europe for cooling and heating purposes. In the state
institutions, the installations power was up 500-1.500 kW. The installed capacity
was 15,723 MWT and used energy was 86.673 TJ / year (24.200 GWh). 6.799
geothermal heat pumps and 1.526 alone air-conditioners with air pumps were
here installed in Germany. 25.000 installations were made in Switzerland with
power pump varying from 19-40 kW, which use heat of subsurface layers of
soil temperature 10oC. 23.000 BHE-HP installations were made in Austria,
200.000 BHE-HP installations in Sweden, 43.000 BHE-HP installations in
Denmark and 40.000 BHE-HP installations in France (Curtis et al., 2005).
In the present paper the economic benefit of such geothermal energy. Thus,
heating and cooling system installed in a building is here exemplified to raise
awareness among the state institutions and businesses involved in the area.
The heat coming from the deep rock layers could be used to heat water. The
mean value of the geothermal gradient in the Albanian sedimentary is about
18.7 mK/m. The temperature at 2.000 m deep is 48°C. Single abandoned deep
oil and gas wells can be used as a closed circuit water system. Coaxial pipeline
system installed through the borehole and the low temperature water is pumped.
The heated water is transferred from the depths to the surface. This system is
called vertical earth heat probe. Hot water could be used for heating
greenhouses.
5. Energetic conditions and the use of BHEGHP in Albania
Amount of heat, temperature at Earth’s surface, and geothermal gradient in
shallow geological section depend on: i) geographical position, geomorphological
conditions (Earth surface dip and position in relation with the Sun), ii) lithologic
characteristics of ground and bedrocks, iii) specific heat and humidity and, iv)
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season and meteorological conditions. Multiannual meteorological surveys
report that the average ground heat from solar radiation is 140.000 calorie/cm2
in summer at the plane areas of the Albania. Heat quantity goes up to 120.000
calorie/cm2 at northeast mountainous regions (Gjoka, 1990).
Figure 5 depicts the thermal field distribution and geothermal gradient values
in the ground at shallow geological section depending on temperature variation
at the depth 100m; from 16°C to 18,8°C at plane areas in the Ionian tectonic
zone and the Peri-Adriatic Depression. The areas with a temperature between
18°C and 19°C are located at Kolonjë-Divjakë-Kryevidh, Vlorë and SarandëDelvinë zones. The temperature varies from 16,60°C to 18,80°C in the
subsurface ground of the littoral area and the mean temperature is 17,80°C.
The temperature in subsurface ground at western plane-hilly area varies from
17,15°C to 18,41°C and the average temperature is 18,0°C. The temperature
in subsurface ground at hilly mountains regions varies from 6,70°C to 18,60°C
and the mean temperature is 14,75°C.
Figure 6 depicts the temperature of the Tirana field (Rinasi) up to logging
depth 31 m — the Quaternary deposits – is 15,5°C (Frashëri et al., 2003a).
Investigations reported that the solar radiation energy is of great impact for the
temperature at the depth varying between 0 and 10 m. In winter the temperature
is lower than summer. Deeper than 10 m, the ground temperature is constant
during the year, because don’t have the influence from solar radiation. The
depth limit of the solar radiation influence zone is not unique. Lateral changes
up to 0,5°C are observed in the 500m distances, during the same time. The
source is the lithological composition of the Quaternary loose deposits. The
belt of the constant temperature continues up to the depth 50 m, in the mountain
regions. The water temperature of the Quaternary sandstone layers varies
between 15 to 16°C.
Investigations regarding the geothermal regime of the shallow geological
section reported that the ground heat for the space heating and cooling could
be possible involving the Borehole Heat Exchanger – Geothermal Heat Pump.
Ground geothermal energy has heated the underground water reservoir. The
underground water basin, i.e., the water temperature of the Quaternary gravel
layer in Tirana varies 14 to 15°C. Consequently, it could be used as heating
source for the geothermal pumps.
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Fig. 5. Temperature map of Albania, at the depth of 100 m.
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Fig. 6. Thermolog of the Rinasi borehole

138 units of heat pumps have been installed in Albania until now.
Table 3. Heat pump units installed in Albania
Place

Tirana
(Twins Towers)
Tirana
(Culture PalaceBusiness sector)
Tirana (Residences)
Korçë (Kindergarten
Nr. 14)
Shkodër (Kindergarten)
Shkodër (School)
Ersekë (School)
TOTAL

Ground
or water
temperature
(? )1)

Typical
Heat
Pump
Rating
or
Capacity
(kW)

12

1200

100

W

2.5

2400

4.150

2.070

12

500

1

W

4.06

2400

2.170

1.085

12
11

2480
22,7

31
1

W
W

4.0
5.7

2400
2400

10,666
0.015

5.330
0.007

12
12
10

80
180
34
4496.7

2
2
1
138

W
W
W

5.0
4.1
4.7

2400
2400
2400

0.368
0.784
0.154
18.442

0.184
0.392
0.076
9.144

Type

COP

Number
of Units

Heating
Equivalent
Full Load

Thermal
Energy
Used

Cooling
Energy
Used

(Hr/yr)4)

TJ/Yr

TJ/Yr

6. Economic assessment of the proposed scheme
Heating of the Hotel:
Total heated surface, for three-floors: 610 m2
Heating system: Borehole-Heat Pump-Radiators
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Heating capacity 68,5 KW
Heating time 1.836 hours
Heating system involved the following heating and cooling systems: i) boreholegeothermal heat pump, ii) oil fired boiler and, iii) air-air conditioners
Installed cost for Borehole-Geothermal Heat Pump System:
Geothermal Heat Pump, with a heating capacity 68,5 kW costs 19.840 USD/unit.
Installation of the Geothermal Heat Pump System costs1.800 USD.
Heating and cooling equipment (radiators, pipes etc.) and the installation in a room
costs 16,7 USD/m3. If the building is 1830 m3, the installation would cost 25.860 USD.
Based on the current price index in Allbania, providing water to the geothermal
heating pump and re-injecting water in the collector after use (shallow boreholes,
circulating pump, pipeline cost 7.500 USD.
Total 55.000 USD-90,16 USD/m2
Preliminary installed cost for three systems:
i) Borehole-Geothermal heat pumps
55.000 USD
ii) Borehole-Vertical Heat Exchanger-heat pump
87.630 USD
iii) Oil Fired Boiler
26.880 USD
iv) Air-air conditioners, type “General”
19.970 USD
Preliminary installed cost for square meters of heated surface:
i) Borehole-Geothermal Heat Pump
90,16 USD/m2
ii) Borehole-Vertical Heat Exchanger-Heat Pump
144,17 USD/m2
iii) Oil Fired Boiler
57,04 USD/m2
iv) Air-Air Conditioners, type “General”
33,28 USD/m2
Preliminary electric energy or fuel yearly consumption (operating) and cost:
i) Borehole-Geothermal Heat Pump 33.304 KW/y
4.332 USD/y
ii) Oil Fired Boiler
12.282 Lit. oil/y
15.337 USD/y
iii) Air-air conditionner
93.636 KW/y
12.179 USD/y
Preliminary total yearly heating energy cost (installed and operating cost); First
year- Second year- Installed cost:
i) Borehole-Geothermal Heat Pump
866,74 63,23- USD/kW
ii) Borehole-Vert. Heat Exchanger-Heat Pump 1.342,50 63,23
iii) Oil Fired Boiler
728,42 177,80
iv) Air-air conditioners
469,49 261,48
Costs of the Operating system:
i) Borehole-Geothermal Heat Pump
97,33
7,10 - USD/m2
ii) Borehole-Vert. Heat Exchanger-Heat Pump
150,76
7,10
iii) Oil Fired Boiler
81,79
19,64
iv) Air-Air Conditioners
52,72
15,60
v) Electrical Radiators
29,36
29,36

Figure 7 and 8 depict the operating cost for annual consumption of electric
energy or fuel, and the total annual heating energy cost (Installed and operating
cost) for 10 years, involving different heating systems.
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Fig. 7. Annual accumulative operative cost for electrical energy and fuel consumption of
the space heating system (heating time period 1.836 h).

Fig. 8. Annual accumulative cost for space heating (heating period 1.836 h).
Installation cost for geothermal system unit is 90- 144 USD/m2, and 8031279 USD/kW, depending from the heat source, however. The borehole-vertical
heat exchanger-geothermal heat pump system is more expensive than the
borehole-geothermal heat pumps systems, with shallow underground water
heat source.
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Basing on figure 7 and 8 installation cost for the geothermal systems is 2.02.8 higher than the installation cost of boiler or air-air conditioner systems.
The payback period for the installed cost for the borehole-geothermal heat
pump system is 2 years and covered only by expenses savings for boiler fuel,
and 4 years, covered only by expenses savings for air-air conditioners.
The payback period is 4 years for the installed cost for the borehole-vertical
heat exchanger-geothermal heat pump system, covered only by savings
expenses for boiler fuel, and 8 years, covered only by savings expenses for airair conditioners.
Figure 9 depicts graphically that space heating and cooling involving different
heating systems (in USD/kW). As it could be clearly noted, the geothermal
heating and cooling system is a more economic system.

Fig. 9. Cost of space heating for different heating systems (in USD/m2). 1-Geothermal
System; 2- Oil Fired Boiler System; 3- Air-Air Conditioner System; 4-Electric Radiator System.

7. Need for investments
There are many high buildings in Albania which were designed use of oil gas fired boiler systems, or air conditioning system. State institutions use air
conditioning system; while hospitals, dorms and hotels use oil - gas fired boilers;
none of them efficient. As heating and cooling systems have economic, social,
environmental consequences, scientific solutions are vital and collaboration
among the stakeholders is required. Given the current situation and the
importance of renewable energy, investing in geothermal energy would be
appropriate.
In the present paper a real installation of heating and cooling system is reported
to understand better the benefits of renewable energy.
7.1. Project aims
The project involves the design and construction of a space heating system either
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with underground waters or shallow ground heating sources. The project aims at
raising awareness among the stakeholders on the benefits of renewable energy.
7.1.1. Investments required
Rightsizing the geothermal system to the size of a building heated by a boiler
is necessary.
Using underground water as the heating source would be suitable as it is of
economic benefit.
A feasible study reported that installation cost of geothermal heating system
with underground waters heat source varies between 90 and 144 USD/m2
(Frashëri et al., 2003b). Direct use of the geothermal energy in Albania is
fundamental and a means to address space heating and cooling. In addition, it
is of economic benefit.
7.1. 2. Environmental considerations
The Earth’s heat is a great source of energy. Geothermal energy is part of the
renewables energetic complex, which can be obtained from natural resources
that can be constantly replenished. Renewable energy technologies include
technologies that use—or enable the use of—one or more renewable energy
sources. Types of renewable energy technologies include: i) bioenergy, ii)
geothermal energy, iii) hydropower, iv) ocean energy, v) solar energy and, vi)
wind energy. Renewable energy otherwise known as renewables, green energy,
and sustainable energy is a low cost energy from inexhaustible sources.
7.2. Governmental support
Japan for example using the geothermal energy of subsurface ground layers
saves up to 40% of the total energy. The expenses necessary to carry out this
project will be paid within 10 years. Two thirds of the building costs, valued up
to 10 million yen for the government and local authorities support each
installation. The Japanese government has invested 200 USD for every kW of
the Heat Geothermal Pump, with an upper limit of 5 200 USD.
CONCLUSIONS
The current situation of the Albanian energetic supply system and the increased
demand for new premises make new alternatives in energy supply of immediate
importance.
Geothermal energy is part of the renewables energetic complex, which can
be obtained from natural resources that can be constantly replenished.
Renewable energy technologies include technologies that use—or enable the
use of—one or more renewable energy sources. Types of renewable energy
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technologies include: i) bioenergy, ii) geothermal energy, iii) hydropower, iv)
ocean energy, v) solar energy and, vi) wind energy. Renewable energy otherwise
known as renewables, green energy, and sustainable energy is a low cost
energy from inexhaustible sources.
Resources of the geothermal energy in Albania are: natural springs and deep
wells with thermal water which temperature goes up to 65.5!, heat of subsurface
ground, with an average temperature of 16.4 ! and deep earth heat flow.
In Albania, direct use of the ground heat by borehole heat exchangergeothermal heat pump for space heating and cooling would be appropriate as
both energy and heating and cooling cost could be saved.
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3D MODELING AND INTERPRETATION OF FE/NI DEPOSIT
IN SKROSKA MINE USING MICROMINE
Arbi SHEHU and Skënder LIPO
Faculty of Geology and Mining, Polytechnic University of Tirana, Albania

ABSTRACT
Geographic Information Systems (GIS) software nowadays are used in almost every
area of industry and economy, central and local government, public and private services.
Having as the main purpose the good management and decision making in the field
where applicable, these systems and their application generate the integration of the
tabular data with their geospatial position. The application of GIS software in 3D
Modeling and interpretation of iron nickel deposit in Skroska, is part of a study aimed
at creating an innovative method by using Micromine software. Through the application
of this software historical data will be analyzed together with the data collected during
this study. Given that mineral resources are the focus of the mining industry, they will
be analyzed using the data generated by 3D modeling. This model will present the
historical data from the drilling and the ore bodies, interpreted and generated in
Micromine, bringing thus new methods of modeling of ore deposits in the mining
industry through Micromine.
Keywords: Micromine, Geographic Information Systems (GIS), 3D Modelling, Mineral
Resources, Iron/Nickel Ore Deposit.

1. INTRODUCTION
GIS involvement and data processing of Iron Nickel mine of Skorska,
correspond to a series of processes that are in the present paper discussed.
Consequently, historical mine data are of great importance for the study. Given
that these data correspond to the mine opening period, they will be revised
according to the standards required by GIS software.
The revision of these data in digital format is useful for developing the drilling
database that will include the interaction with all thematic maps, longitudinal
and cross sections. The creation of digital data provides a new opportunity for
creating the 3D geological model. The explicit method applied by Micromine
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will be used to obtain the Modeling of the bodies.
Resource evaluation for ore bodies will initially be done by calculating the
volumes of the 3D model and then calculating the resources generated within
this 3D model. The aim is to create a 3D model for the Iron ore deposits of
Skroska and prepare the data for a later stage of resource calculation through
GIS software like Micromine.
1.1 Skrorska mine
Skroska mine is part of the Iron Nickel deposits of Bushtrica – Skroska area,
located in Librazhd. The geographical coordinates are: North from 41p 06’ 37"
to 41p 06’ 54" and East from 20p 27’ 34" to 20p 28’ 04". The iron - nickel mine
of Skroska has a 2.5 km strike and 4 km dip, with a total area of 10 km2
(Shoqëria Gerold ShPK, 2013).
This mine is situated near Skroska village, approximately 8 km from the
National Road Elbasan-Korça, which lies to the west and runs parallel to the
railway Librazhd-Guri Kuq. Skorska mine is known for two stages of activity
over a 30 year period. The first stage between 1980 and 1992 is when the mine
passed to conservation. The second period dates since 2005. During this period
the mine is owned by a private company (Fig. 1 and 2) (Shehu 2014).
1.1.1 Geological Setting of the Deposit
The ore body is located between the ultra-basic rocks that serve as the floor
for the ore body and is covered by upper cretaceous limestone. Ultrabasic
rocks are represented by peridotite of the serpentinized hasburgite type.
Carbonization and serpentinization rates decrease with the depth. The ore body
is layered with a thickness that varies from a few centimeters to 10 meters.
Ore outcrops occurrence in the surface is low, because they are mainly covered
by new deposits. As a result highly tectonized faults developed. The ore body
contact with the ceiling is generally clear, while the contact with the rocks of
the floor is straight with gradual transitions. The ore body dips with a 25°-32°
angle towards south-west. The ore body perspective remains open in both
strike and dip direction to the south – west (Fig. 2) (Meksi and Aliaj, 1983).
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Fig. 1. Skroska Mine Area.

Fig. 2 Topographic and Geologic Map of Skroska Mining License No. 1238 (Shehu,
2014).

1.2 Historical Data
The historical data of Skroska mine will be used to create the 3D model of
the ore bodies and their interpretation. These data were created at the beginning
of the study and include geo referenced longitudinal and cross sections, drill
holes database, 3D terrain model and 3D model of the underground galleries.
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The data are initially processed in AutoCAD Map and subsequently organized
and transformed into a 3D model in Micromine (Fig. 3) (Shehu and Lipo, 2015).
Data generated in the drill hole database are divided into four tables. Collar is
the first table that includes data positions formed by drilling. It has several
columns “Drill Hole Number”, “Cross Section Number”, “Height”, “XYZ
Coordinates”. The second table named Assay includes data from intervals of
Iron Ore and the grade of samples taken, which is formed by the columns
“Drill Hole Number”, “Cross Section Number”, “From”, “To”, “Interval”,
“Mineral”. Lith is the third table which includes the drilling lithology. Survey is
the last table and it includes borehole deviation angles (Fig.4) (Shehu and Lipo,
2015).

Fig. 3 Micromine 3D Model of DTM, Mining Works and Drill Holes of Skroska Mine
(Shehu, 2014).

2. MATERIALS AND METHODS
Geological modeling uses mathematical methods serving the representation
and integration of topology, geometry and physical properties of geological objects
in a unified method, considering the different data associated with these objects
(Mallet, 2002). This modeling allows the representation of geological objects
such as geological units, tectonic fault systems, sedimentary facies and many
other objects. Multiple sources of information can be used to build other models,
such as structural geology geochemical composition, geophysical properties,
remote sensing, etc.
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Like many other sciences, geology and mines use geomatics methods for
exploring and modeling geospatial data. Most modeling projects are conducted
with the help of CAD or GIS systems (De Kemp, 2000).
Considerable efforts are constantly made to design 3D models for visualization
and analyzing purposes in order for the geologists to better understand the
underground geometry.
However, due to natural difficulties of the geological data such as the
complexity of underground geometry, very poor density of data, the irregular
distribution and heterogeneous source of data, the effectiveness of tools and
methodologies such as CAD and GIS is limited.
Designing a 3D geological model is time and effort consuming, but it is
considered an obligation for the collection of geological knowledge. The 3D
modeling project of Skroska mine helped in identifying a general methodology
for building 3D geological models in mining.
2.1 Used data
Fe-Ni mine of Skroska opened in 1985, as a result of geological research
studies of 1982-1984. Skroska mine was opened on the bases of the obtained
documents, geological drillings, longitudinal and cross sections, maps of ore
body positions, the mine exploitation plan including main galleries and earth
works, mine ventilation plan etc. (Fig. 4). These historical data can be categorized
according to their sources: data from the company holding the license of use of
Skroska mine and data from the National Agency of Natural Resources, which
is responsible for natural resource management in Albania.
Data obtained by the exploiting company are processed and converted into
digital data according to the format used by Micromine (Shehu and Lipo 2015).
While the data obtained by the NANR are intended for detailed guiding and
recognition of Skroska mine.
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Fig. 4 Drill Hole Database from Historical Data

2.2. EXPLICIT METHOD
The explicit method offered by Micromine refers to the use of manual
interpolations of the bodies through the position of the ore body encountered by
the drillings. This method is widely used in GIS software in different fields and
its use in the field of geology and mining has brought simplification in 3D model
building. The term explicit refers to the restriction of the use of known data.
This method in the field of geology and mining was created as a result of
manual procedures for the identification of ore bodies, and Micromine brings it
as a digital procedure through commands of triangles interpolation. Explicit
modeling will include a series of processes intended to create the body.
Consequently for building the model ore body intervals intersected by drillings,
pits or any kind of surface/underground data are needed, which through
geological interpretation of longitudinal and cross-section will be used to identify
the possible shape of the ore body (Gongwen and Lei, 2011).
During this process it is necessary to incorporate the interpretations of ore
captures with tectonic data, directions and alignment of the body and the possibility
of continuation. Once the data are identified, the interpolation according to
longitudinal and cross sections is carried out. This evidence and their
interpolation enable the creation of the shape of the body (Cowan et al., 2003;
Carr et al, 2011).
The use of the explicit method brings a new approach to digital modeling
moving away from the classical 2D modeling in paper format. At the same
time it represents the same procedure used previously only that is realized in a
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3D environment. Its implementation is a long process requiring time and
accurate data. It must be carried out correctly. A weakness of this method is
that to compare two or more models, it is necessary to build manually the
bodies for each model.
The application of this method can identify the restrictions linked with its use
in the construction of geological shapes and bodies. Since geometry of the
bodies is carried out manually we can have restrictions such as: i) the realization
of complex models is time demanding; ii) models built using this methodology
cannot be updated automatically, and they cannot be used in some cases; iii)
modification of the model involves modifying a set of tools previously interpreted;
iv) as the model is based on interpretations of the geologists, reproducing it is
difficult.
2.3. 3D MODELING
Work in Micromine starts with opening a new project, naming it and
designating the directory where it will be saved. This directory will hold all the
data that will be created during the project. It will be organized in the form of
a database, in a semi-automated way by the software itself (Shehu, 2014). The
project name in Micromine has a .PRO extension. Once the project is created,
the coordinate system and measurement unit will be defined.
Project data created by Micromine use the following data types “Data File”,
“Outline File”, “String File”, “Survey File”, “Drill Hole Database”, “Wireframe”,
“Report File”, “Georeference File”, etc. (Micromine, 2010).
The use of Micromine for modeling geological ore bodies represents the
process of creating solid shapes with the Wireframe data type, which will serve
for the presentation of the structures in 3D. Modeling of ore bodies will be
based mainly on the use of the interpretation of cross sections and logging data
obtained from drilling intervals, sampling data obtained from surface trial pits
or sampling data from underground works.
For the realization of ore body modeling, initially it is necessary to contour the
ore bodies in particular way for each cross section. This is accomplished through
the merger of cross sections data and their interpolation inside the drilling interval.
The second part will be the joining of ore body contours which will be identified
as wireframe building or triangulation (Micromine, 2010). This joining will be
the 3D model of the Fe/Ni ore body. Wireframe building will be followed by the
data check and possible corrections.
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Graphic 1 Wireframe Building Process.

2.3.1 Outline Creation
For building the 3D ore model for this project we used the cross sections of
Skroska mine which first underwent the scanning process and then the geo
referencing process. The final process was contouring in order to determine
the boundaries of ore bodies. These cross sections were included in Micromine
worksheet, and by using the editor commands a String File (line) for tectonics
and a String File (polygon) for the ore body contour were created independently.
The contours will be processed taking into account the position of Fe/Ni interval
in the drilling corresponding to each section. The created string file data will be
saved independently for each section. For each created string file different
fields can be added so they can be filled with attributes such as the block
number, cross section number, ore quality, etc.
2.3.1.1. Control and Check
After outlining the data and storing those in the relevant string file, the control
and correction should be performed. This includes: i) positioning where the
created outlines should be imposed in the project and the comparison of their
position with the location of the drilling intervals, from the control point of view
should result in these two entries being in the same coordinate space. Otherwise
we should correct the coordinate errors or coordinate systems, ii) control of
Snap: when drawing the contours it is recommended to use Snap command
which allows the spatial connection of lines with the elements data. Snap can
be used for data in the form of points and line, as a result the contour lines must
be attached to the data elements used (the tectonic lines, drilling intervals,
etc.), iii) closure of polygons: to outline the ore bodies, polygons should be used
and at the end of their usage they should be closed. Often the command Line
can be confused with the Polygon causing problems in closing the performed
contours. For this procedure the command Close String can be used too.
It is advisable that these procedures be followed from the beginning of the
process of the ore body in order to maintain the quality of the data generated in
Micromine. Upon completion of the control and correction it is possible to
continue with building the Wireframe of the geological body model.
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2.3.2 Resource Modeling
The modeling of geological bodies will be realized through the joining of body
contours by using the wireframe. Since this procedure is part of the explicit
method, it should be noted that the joining method depends on the geological
knowledge of the deposit. Under these circumstances, for the construction of
the bodies, geological interpretations taken from maps and sections of the mine
are used. As a result the wireframe building will consist in the following
procedures: i) construction of a 3D body contour through the sequential
connectivity, ii) selecting the triangulation for 3D body and, iii) validating body
for correcting mistakes.
Through Micromine we can build 3D bodies in two ways, automatic and
manual, both having advantages and disadvantages. The automatic mode
presents a fast opportunity for creating mineral bodies based on mathematical
algorithms, but this may not correspond to the interpretation given by the
geologist. While the manual mode requires more time for implementation, it
also provides the possibility of controlling geological interpretation during
wireframe construction (Micromine, 2010). Keeping in mind the two methods
and the current available data related to Skroska mine, the selected option is
the manual mode of wireframe building (Fig. 5 and 6).
2.3.2.1 Wireframe Building
The manual construction of the wireframe includes the selection of two
contours successively, while the software will realize their connection through
triangles. If the outcome is satisfactory then we can proceed with the other
contours. The proper performance of this process involves the use of the visibility
in an appropriate way, which helps especially in identifying the contours to be
connected. To regulate the visibility of the contours of the body it can be adapted
in the right direction through the orientation of the sections. In order to have a
body model with clear shapes, intermediate contours can be used too. This
procedure gives the possibility to create contours similar to those created by
the sections but shifted in space in parallel or diagonal. This intermediate contour
will serve to fragment the wireframe triangles in cases where basic contours
are at great distances. After defining the body shape through the predefined
outlines the closure of the body should be performed, in planar or conical manner
(Micromine, 2010).
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2.3.2.2 Triangulation Methods
The wireframe is created using several methods of triangulation. These
methods are used by Micromine to give the user realistic options for modeling
and interpretation. The methods are as follows: i) Maximum Volume, this option
tries each of the three methods described below, and then uses the method
generating maximum volume, ii) Equiangular, this option generates triangles
which are equiangular in shape. An Equiangular triangulation is a proximal
method where the radius of the circles drawn through the three vertices of
each triangle is minimized and contains no other vertices, iii) Minimum Surface
Area, this option applies a triangulation algorithm that computes a triangulation
with a minimum surface area and, iv) Proportional Length, this option generates
triangles between adjacent strings where the edges of the triangles are a similar
proportional distance along the strings. This method works best where the
shape of adjacent strings is reasonably uniform (Fig. 5 and 6).

Fig. 5 Interpretation and 3D modeling of ore bodies between Cross Section XX and XXII

Fig. 6 Interpretation and 3D modeling of ore bodies between Cross Section XXVI and
XXVIII

2.3.2.3 Validation and Check
The general evaluation is performed in two manners, the visual and the
mathematical. The first manner includes an overall control carried out after building
all bodies in wireframe, and if errors such as a combination of triangles or lack
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thereof are found, the wireframe process has to be repeated. The mathematical
method evaluates the connection of all geometric elements of triangles, their
Vertex and contours used in the selected wireframe. This will highlight mistakes
committed during wireframe construction. To reduce the number of possible
errors, a control is recommended after each wireframe construction.
Once the validation process is finished, a file with errors identified separately
by type will proceed automatically. Encountered errors will be assessed as
“Irregular Links”, “Unclosed space,” “Crossed triangles”. It starts with the
identification of errors and correction, which is done manually for each error
found in the evaluation process. For correcting them first that part of wireframe
where the error is identified must be deleted, and then the error should be
adjusted followed by the streamlining and re-creation at the end of wireframe.
This is repeated for each identified mistake until the evaluation process is
conducted in values [0,0,0] (Fig. 7) (Micromine, 2010).
2.3.2.4 Volume Estimation
The final procedure of geological ore construction is volume and tonnage
calculation. This is done automatically by the software after the check, validation
and correction of the entire created wireframe file. This includes the calculation
of volumes according to their category while tonnage (SG) is calculated
according to the values defined in wireframe data. Once the elements of volume
calculation and the name and file report location is defined, it is the function
can run. This file is generated in the readable format by Micromine but we can
also convert it in Excel (Micromine, 2010).

Fig. 7 Cross Section XXII-XXIV representing 3D Model Iron/Nickel Ore Bodies, Mining
Works, DTM and Drill Holes
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3. RESULTS
The results obtained from this presentation are the second stage of a long
study of applications in the field of geographic information systems in Skroska
mine. This presentation shows new techniques in the field of GIS for 3D modeling
and ore body interpretation. The techniques are used by Micromine which is
focused in the exploration and exploitation of mineral resources. It includes
modeling and interpretation of mineral resources too, as a preparatory stage
for the estimation and further mine design. The application of Micromine in 3D
modeling and interpreting the Fe/Ni deposit in Skroska mine includes three
main stages: interpretation of ore bodies through its historical data, 3D ore
modeling and volume evaluation for the defined grade.
These steps are conducted in accordance with Micromine standards at the
same time referring to the basic data and their initial interpretation from the
studies carried during the mine opening. 3D modeling and interpretation using
Micromine aim the approach of new methods and technologies and their
application in a deposit previously studied by classical methods. The results
obtained through this approach in Micromine which refers to the level of
knowledge of modeling and interpretation remains similar to those created in
the mine opening studies. The application of knowledge like the creation and
development of the historical database of Skroska mine and the 3D modeling
and interpolation of ore bodies are important for the realization of the final
phase of reserve estimation for Skroska mine. The conclusion of this presentation
is to achieve a 3 dimensional model and interpretation of Iron ore bodies in the
deposit of Skroska by using Micromine (Fig. 8).

Fig. 8 Final Interpretation and 3D Model for Iron-Nikel Mine in Skroska
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4. CONCLUSIONS
The use of Micromine GIS software is advised for all mining projects from
exploration to exploitation and later operation. The capacity of this software
can also be used by investment companies and researchers in the field of
mineral resources.
The study for the application of geographic information systems in Skroska
mine is a voluminous project, divided into several stages. The first stage includes
the historical database development, modeling of the terrain and underground
works; the completion of this stage enables the start of the second phase which
comprises the 3D modeling and interpretation of ore bodies. The successful
implementation of the first two phases enables the start of the final phase, the
estimation of mine resources for the iron deposit in Skroska mine.
The realization of this work is an innovation in the field of study of mineral
resources and the approach of new methods for their modeling. These methods
can also be used by investors holding a mining license in exploration or
exploitation, but also by companies willing to invest in historical deposits that
are not economically estimated by contemporary standards.
The methods followed in this paper are recommended to be adopted by state
agencies responsible for mineral resources management and their rights in the
country. The use of such techniques and similar procedures will improve
management; increase the accountability of investors and public transparency.
Companies operating in the field of mineral resources have been advised to
adopt such methods for presenting the work done in the mines they invest. This
would help companies to manage properly their assets and have trusted support
from foreign investors.
Such studies must always be performed in accordance with software rules
and criteria and the preparation of the data must be controlled by a working
group of experts in different fields of geology and mining.
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ABSTRACT
Groundwater is the water that occurs below the surface of Earth, where it occupies all
or part of the void spaces in soils or geologic strata. It is also called subsurface water
to distinguish it from surface water, which is found in large bodies like the oceans or
lakes or which flows overland in streams. Both surface and subsurface water are
related through the hydrologic cycle (the continuous circulation of water in the Earthatmosphere system). Geological and hydrogeological studies were carried out in the
Shkodra Lake –Buna River water-system in the framework of IPA Project, run from the
Academy of Sciences of Albania and the Academy of Sciences and Arts of Montenegro
and the results are here reported. The groundwater of the region is represented by
quaternary gravels and karst rocks. It is fed from Drini River and springs flowing in the
Albanian Alps. Syri i Gjonit, Syri i Sheganit, Rrjolli and Vraka springs flow into the
Shkodra Lake. These springs are mainly fed by rainfall. Groundwater recharge, restoring
and discharge are very important to the groundwater hydrology. They are affected by
climatic factors, irrigation, pumping, rainfall intensity and distribution and surface
runoff. AquaChem water quality analysis was carried and the results reported good
quality of water.
Key words: groundwater hydrology, water system, quaternary gravels, phreatic wells,
natural springs

1. INTRODUCTION
The zone is both tectonically and geologically interesting as four tectonic
zones with different deposits dating from Triassic to Quaternary age could be
met, making it an important and complex node. In addition, the region is rich in
groundwater sources. Ground water provides the major drinking water supply.
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Quaternary gravels supply with large quantities of groundwater to the Shkodra
region—900 l/sec. The values of hydraulic parameters are relatively high and
water quality is good. Shkodra Lake is the drainage zone of groundwater. There
is a good relation between groundwater and surface water.
Groundwater from karst rocks is associated with limestone and dolomite
rocks. Hydraulic gradient of the groundwater is 0.005 % towards the Shkodra
Lake.
Fluctuation is very important to groundwater hydrology. A groundwater level,
whether it is the water table of an unconfined basin or the piezometric surface
of a confined basin, indicates the elevation of atmospheric pressure of the
basin. Groundwater levels change for many reasons. Some changes are due
to natural phenomena, and others are caused by man’s activities. Any
phenomenon which produces change in pressure on the groundwater results
into the change of groundwater levels. These changes in ground water level
can be a result of changes in storage, amount of discharge and recharge, variation
of stream stages and evaporation. Investigations carried out in the framework
of IPA project proved the occurrence of some of these phenomena at the
phreatic wells at Shkodra, Mbishkodra and Nënshkodra zone.
2. MATERIALS AND METHODS
Tectonic of study zone
Based on the Tectonic Map of Albania (Aliaj et al., 1995), the Shkodra zone
is part of Albanian Alps, Kruja, Krasta-Cukali, and Mirdita tectonic zones.
It comprises an internal territory of neotectonic regime which during the
tectonic and neotectonic later stage was characterized by an expansive tectonic
and horizontal attraction expressed in relief with a structure resembling to
mountainous horsts and inter mountainous holes similar to grabens,
Plioquaternary in age (Figure 1). The graben of Shkodra Lake, PlioceneQuaternary in age and Kopliku hole-field which is 14 km wide and 25 km long
both represent the tectonic later stage. It was formed from the sea of dating
since the Pliocene age. By the time it was a gulf in Adriatic Sea which once
rose in the end of Pliocene age was transformed into terra. In the Quaternary
Age, both attraction and expansion which were associated with abruption–
subsidence forming the graben of Shkodra Lake occurred (Xhomo et al., 2008).
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Fig. 1: Graben of Shkodra Lake (Melo, 2008).

Geologic features of the region
The region is represented by Mesozoic and Cenozoic deposits, dating between
Paleocene and Quaternary ages and partly by Pre-Adriatic Depression. The
latter, geographically represents a Premountain Depression set over older
deposits of partial structural basement (Xhomo et al., 2008). These deposits
outcrop in the surface and can be lithologically classified into: i) carbonate
deposits, ii) flyschoid deposits, iii) ophiolitic deposits, iv) pliocene depositions
and, v) Quaternary deposits—all widely spread in the region.
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Fig. 2: Geological Map of the Shkodra region (Xhomo et al., 2002).

Hydrogeologic features of the region
The hydrogeology is represented by the basin of Shkodra zone consisting of
Mbishkodra field in the north, Nënshkodra field in the south, Velipoja field in
west and a part of Zadrima field in the southeast of study zone.
The basin is fed from fundamental deposits of Triassic, Cretaceous and
Paleogene in Age and atmospheric precipitation. In addition, the basin comprises
the Drini River waterbearing catchment. The charging zone is Drini River and
Albanian Alps. The waters are stored under the latest Pliocene-Quaternary
deposits.
Karst water is related with limestone and dolomite rocks. The groundwater
is from 40 to 600 m deep. Hydraulic gradient is 0.005 % toward the Shkodra
Lake (Kalaja and Rudi, 1996). Syri i Sheganit, Rrjolli and Vraka springs naturally
emerges from the Earth’s subsurface in a defined flow and in an amount large
enough to form a pool or stream-like flow.
Ground water provides the major drinking water supply and the region
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contains quaternary gravels which supply large quantities of water to the Shkodra
region—900 l/sec. The values of hydraulic parameters are relatively high and
water quality is good.
Shkodra Lake is the drainage zone of groundwater. There is a good relation
between groundwater and surface water. Syri i Gjonit, Syri i Sheganit, Rrjolli
and Vraka springs flow into the Shkodra Lake.
The richest waterbearing horizon of Mbishkodra – Nënshkodra and Zadrima
basin consists of deposits dating since the Quaternary age. Here, groundwater
of alluvial layers could be met.
Eftimi et al., (1989) said that lithological-hydrogeological data report on two
complexes of groundwater: i) complex of groundwater in porous friable rocks
and, ii) complex of groundwater in compact rocks—divided in sub complexes
based on their permeability. As the first complex is more important, it is described
in details.
Rrjolli Spring
Syri Sheganit Spring

Vraka Spring
Syri i Gjonit Spring

Fig. 3: Hydrogeological Map of the region (Pambuku et al., 2013).
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3. RESULTS AND DISCUSIONS
3.1 Complex of groundwater in friable porous rocks
3.1.1. Complex of groundwater in friable porous rocks with wide
spreading and high permeability
The groundwater with high permeability represented by alluvial gravel layers
dating since the Quaternary Age could be met in Shkodra and Mbishkodra
zone and in Nënshkodra zone. Waterbearing is related with the cumulative
activity of the Quaternary alluvial deposits of Kiri, Vraka, Rrjolli and Përroi i
thatë Rivers.
The area from Dobraçi to Grizha field is very rich in groundwater. The
waterbearing layer is from 20 to 100 m thick. This sector is characterized from
good hydraulic parameters such as filtration coefficient and transmissibility
varying from 89.9 to 285.5 m/day and from 2000 to 7000 m2/day, respectively
(Pambuku et al., 2005-2009). Groundwater is of good quality. Total
mineralization varies from 200 to 500 mg/l. The total dissolved solid varies
from 170 to 400 mg/l, total hardness from 7 to 16 ºg (German degrees). The
AquaChem Software was used for the chemical analyses and results reported
that the water is of bicarbonate-calcium-magnesium (HCO3-Ca-Mg) type (Piper
Diagram 1).

Piper Diagram 1: Hydrochemical content of Shkodra zone groundwater.

Syri i Gjonit and the spring located near Shtoi i Vjetër village courses through
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the alluvial deposits of Quaternary in Age. Syri i Gjonit Spring flows in the East
of Shkodra Lake, 12 m above sea level with an annual average flow of 280 l/s
(Dakoli and Xhemalaj, 1996). The second spring is located 2 km away from
Shtoi i Vjetër village and its flow is 10 l/s (Pambuku et al., 2013). The water is
fresh and used for water supply and irrigation purposes.
The Pie diagram 1 plots the water type of groundwater. Again, the AquaChem
software was used for the chemical analyses at the Dobraçi pumping station
and Syri i Gjonit Spring. The similarity in hydrochemical composition between
the two springs prove the connection between groundwater and surface
(Domenico and Schwartz, 1985).

Pie Diagram 1: Similarity in hydrochemical composition between groundwater and
spring water.

The connection between groundwater and surface is a means to address the
pollution sources, their distribution and influence in drinking water and agricultural
system (Chapman and Hall, 1992).
Recharge conditions, flow direction and discharge of groundwater in
Shkodra and Mbishkodra zone
Here, the groundwater is without pressure. Figure 3 depicts the springs’
direction. Groundwater moves according the relief from Northeast and East to
Southwest and West directions.
A good connection between groundwater and surface water along their
flowing towards the Shkodra Lake could be observed (Eftimi and Tafilaj 1979)
due to the gravelly layer very rich in groundwater.
The gravels are in contact with bed rocks such as karstified limestone of
Triassic, Jurassic and Cretaceous in Age in the east of the zone. Atmospheric
precipitation plays the main role in feeding of groundwater also. Here, the
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annual average precipitation is about 2000 mm/year at this zone (Jaho et al.,
1988). However, rainfall is not an accurate indicator of groundwater level
changes. Recharge is the governing factor which depends upon rainfall intensity
and distribution as well as amount of surface runoff (Todd, 1959).
There are five phreatic wells in Shkodra city monitored by the Institute of
Geosciences, Energy, Water and Environment (IGEWE) playing the role of a
natural piesometers. There is a relation between the phreatic water levels and
the groundwater level. The fluctuations of phreatic water level are a means to
address the recharge conditions of groundwater. Monitoring was carried out
from 2008-2012 and the results are reported on Table 1.
Table 1: Average levels of phreatic water in Shkodra city zone (2008-2012)
Well

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

Aver.

Max

Min

Amp.

1

-5.69

-5.81

-5.93

-5.76

-6.10

-6.61

-7.28

-7.76

-7.92

-7.21

-6.66

-5.65

-6.53

-4.92

-7.98

3.06

2

-3.60

-3.80

-3.79

-4.04

-4.86

-5.18

-5.54

-6.20

-6.34

-5.82

-5.18

-4.30

-4.89

-3.29

-6.44

3.15

3

-5.20

-5.08

-5.35

-5.65

-5.80

-5.74

-6.30

-6.54

-6.54

-6.54

-5.76

-4.93

-5.79

-4.43

-6.58

2.16

4

-4.12

-3.88

-4.06

-4.09

-4.26

-4.66

-5.09

-5.38

-5.44

-5.36

-4.88

-4.22

-4.62

-2.45

-6.61

4.16

5

-3.83

-3.82

-4.20

-4.38

-4.77

-5.11

-5.45

-5.90

-6.12

-5.13

-4.91

-4.30

-4.83

-3.45

-6.25

2.80

Graphic 1 plots the average fluctuation of phreatic water in Shkodra city
from 2008 to 2012. December, January, February, March and April mark the
highest fluctuation level. August, September and October mark the lowest
fluctuation level. Fluctuation depends on seasonal variations. The seasonal
fluctuations result from influences of recharge by rainfall and discharge by
heavy pumping during the summer months (Todd, 1959).
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XII
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Graph 1: Fluctuations of average levels of phreatic water in Shkodra city from 2008 to
2012.
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There are six phreatic wells in the Kopliku zone monitored by the IGEWE.
Table 2 reports on the water level from 2008-2012.
Table 2. Average levels of phreatic water in Kopliku zone (2008-2012)
Well

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

Aver.

Max

Min

Amp.

Kamicë

-13

-13

-12

-12

-12

-13

-14

-15

-16

-17

-16

-14

-14

-10

-17

7

Jubicë

-15

-14

-13

-13

-14

-14

-16

-17

-18

-19

-18

-17

-16

-12

-19

8

Stërbeq

-4

-4

-4

-4

-4

-4

-5

-5

-5

-4

-4

-4

-4

-3

-5

2

Flakë

-8

-8

-8

-8

-9

-9

-10

-11

-12

-11

-11

-10

-10

-7

-12

5

Kalldrun

-14

-13

-14

-14

-15

-16

-17

-18

-19

-19

-18

-16

-16

-11

-19

8

Qendër

-7

-7

-9

-9

-9

-10

-12

-13

-13

-12

-9

-8

-10

-6

-14

8

Here, precipitation (rainfall) contributes to the groundwater recharge. In
addition to rainfall, the hydro isolines of the groundwater in the figure 3 show
that the bed rocks and Rrjolli, Vraka, Kiri Rivers and Përroi i Thatë Streams
contribute to the groundwater recharge.
Graph 2 plots the average fluctuation for six phreatic water wells in Kopliku
zone; December, January, February, March and April mark the highest level
and August, September and October months the lowest level of fluctuation. As
Përroi i Thatë stream is in direct contact with the basin, it could recharge the
groundwater or receive discharge from the groundwater depending on the
relative water levels. The amplitude of the fluctuations, of course, depends
upon the quantities of water recharged and discharged (Todd, 1959).
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Graph 2: Average fluctuations of phreatic water in Kopliku zone (2008-2012).

Nënshkodra Zone
This zone is spread in the valleys of Buna and Drini Rivers and their fields at
the south. This sector is bordered by the Zadrima field in the east. The
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waterbearing is related with accumulative activity of Quaternary alluvial deposits
of Buna and Drini River. These deposits consist of potential gravels and grits
layers with high filtering properties which store considerable quantities of fresh
groundwater resources.
Lithologically, gravels and grits dominate by 60-80% the waterbearing layer.
Thickness of layer varies from 5 - 10 to 60 m (Pambuku et al., 2005-2009).
The subsand-subclay cover increases from North to South and from East to
West and according to the flowing direction of Buna and Drini Rivers. Here,
there is a good hydraulic connection between groundwater of alluvial valleys
and surface water (Eftimi and Tafilaj, 1979). Consequently, this zone is very
rich in groundwater; proved from the drillings as well.
In general, groundwater is fresh and with very good physical-chemical
properties. The temperature varies from 12 °Cto 16°C and total mineralization
from 200 to 500 mg/l. The latter, goes to700 mg/l in some sectors. The total
hardness varies from 8og to16Ë%g (German degrees). Again the AquaChem
Software was used for the chemical investigation and the results reported that
the water type is bicarbonate-calcium (HCO 3-Ca), bicarbonate-calciummagnesium (HCO3-Ca -Mg) and bicarbonate- magnesium-calcium (HCO3Mg-Ca) (Piper Diagram 2).

Piper Diagram 2: Hydrochemical composition of Nënshkodra zone groundwater
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In the west, from the Velipoja zone to the Adriatic Sea, the total mineralization
increases very much and groundwater becomes salty.
Recharge conditions, flow direction and discharge of groundwater in
NënShkodra zone
The groundwater flowing has a southwest and south direction. Buna and
Drini Rivers contribute to the groundwater recharge (Pambuku et al., 2013).
Pano et al., (1984) said that the water level fluctuations are directly related
with hydrological regime of Buna and Drini Rivers. There are six wells
monitored by the IGEWE at Dajçi- Bregu Bunës zone and the results for the
period from 2008-2012 are in the table 3 reported. The fluctuation in water
level is a means to address the groundwater recharge conditions of this zone.
The amplitude of the fluctuations, of course, depends upon the quantities of
water recharged and discharged. The fluctuations occur due to seasonal
variations. The seasonal fluctuations result from influences of recharge by
rainfall and discharge by heavy pumping during the summer months (Todd,
1959).
Table 3: Average levels of phreatic water at Dajç - Bregu i Bunës (20082012).
Well

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

Aver.

Max

Min

Amp.

1

-1.93

-1.58

-1.49

-1.53

-1.78

-2.50

-3.04

-3.62

-4.19

-3.95

-3.17

-1.44

-2.52

-0.57

-4.53

3.96

2

-1.98

-1.61

-1.58

-1.60

-1.87

-2.69

-3.24

-4.05

-4.57

-4.12

-3.28

-2.09

-2.72

-1.31

-4.72

3.42

3

-1.86

-1.60

-1.60

-1.56

-1.81

-2.61

-3.12

-3.78

-4.26

-3.87

-3.28

-2.22

-2.63

-1.21

-4.63

3.41

4

-1.99

-1.64

-1.68

-1.63

-1.93

-2.77

-3.34

-4.17

-4.87

-4.36

-3.55

-2.47

-2.86

-1.33

-5.17

3.84

5

-2.00

-1.73

-1.60

-1.68

-1.96

-2.80

-3.36

-4.04

-4.74

-4.25

-3.33

-2.38

-2.82

-1.31

-4.91

3.61

6

-1.83

-1.58

-1.55

-1.53

-1.85

-2.69

-3.20

-3.72

-4.20

-3.70

-3.05

-2.01

-2.58

-1.17

-4.38

3.21

The graphic 3 plots the average levels fluctuations of six phreatic water
wells at Dajç - Bregu Bunës; December, January, February, March and April
and months at the beginning of rainfall and the irrigation season mark the highest
level and August, September and October months, the end of irrigation season
(Todd, 1959) mark the lowest level of fluctuation.
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Graph 3: Fluctuations of average levels of phreatic water at Dajç-Bregu i Bunës
(2008-2012).

Ib- Complex of groundwater in porous friable rocks with wide
spreading and medium permeability
This complex is related with cumulative activity of Drini, Gjadri and Buna
Rivers. Groundwater is without pressure (with free level) in the east and north
of Nënshkodra zone. In the southern and western sectors it is with pressure
because of the increasing of subsand-subclay cover and the higher hypsometric
position of feeding zone. Thus, in some sectors the groundwater is self-pouring.
This complex is used for water supply for the Shkodra and Lezha villages.
Groundwater is of good quality. Total dissolved solid varies from 300-1000
mg/l. Water type is bicarbonate–calcium (HCO 3-Ca) and bicarbonate–
magnesium–calcium (HCO3-Mg-Ca).
There are six wells in the Velipoja zone—all monitored by the IGEWE and
the data from 2008-2012 are in the table 4 reported. Here, the rivers are in
direct contact with the basin. Consequently, the rivers recharge the groundwater
or receive discharge from the groundwater depending on the relative water
levels and the river stage changes (Todd, 1959).
Table 4: Average levels of phreatic water in Velipoja (2008-2012).
Well

I

II

III

IV

V

VI

VII

VIII

IX

X

XI

XII

Aver.

Max

Min

Amp.

1

-2.06

-1.92

-1.96

-1.93

-2.04

-2.13

-2.24

-2.36

-2.58

-2.59

-2.47

-2.27

-2.12

-0.69

-2.65

1.95

2

-2.19

-2.06

-1.93

-1.92

-2.04

-2.11

-2.25

-2.41

-2.53

-2.52

-2.40

-2.19

-2.21

-1.85

-2.60

0.75

3

-2.05

-1.90

-1.85

-1.85

-1.97

-2.05

-2.19

-2.35

-2.45

-2.45

-2.31

-2.12

-2.13

-1.78

-2.50

0.72

4

-2.02

-1.90

-1.83

-1.83

-1.93

-1.98

-2.13

-2.32

-2.41

-2.41

-2.23

-2.09

-2.09

-1.74

-2.46

0.72

5

-2.02

-1.89

-1.83

-1.84

-1.93

-2.07

-2.19

-2.40

-2.54

-2.51

-2.41

-2.19

-2.15

-1.76

-2.61

0.85

6

-2.04

-1.89

-1.82

-1.86

-1.96

-2.04

-2.17

-2.36

-2.51

-2.53

-2.36

-2.15

-2.14

-1.75

-2.57

0.83
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The graph 4 plots the average fluctuations of the six phreatic water wells in
Velipoja zone. November, December, January, March, April and May —at the
beginning of rainfall and the irrigation season—mark the highest fluctuation
level. September and October — at the end of irrigation season—mark the
lowest level (Todd, 1959).

Graph 4: Average fluctuation of phreatic water in Velipoja (2008-2012).

Ic- Complex of groundwaters in porous rocks with limited spreading
and very low permeability
The waterbearing of this complex is low because of the clay which
predominates. Hydraulic parameters are low. In general, groundwater is of
good quality and flows through small springs mainly which during the dry period
are often exhausted. The total mineralization varies from 0.5-0.7mg/l while
total hardness varies from 15 Ë%g -17 Ë%g (German degrees).
4. CONCLUSIONS
Shkodra Lake-Buna River water system is part of Drini River basin. The
charging zone of the groundwater is Drini River and Albanian Alps. Shkodra
Lake is the drainage zone of the groundwater which flows into the lake through
underground roads. In addition, Syri i Sheganit and Syri i Gjonit Springs flow
into the lake. In Shkodra and Mbishkodra zone, ground water provides the
major drinking water supply and the region contains quaternary gravels which
supply large quantities of water to the Shkodra region—900 l/sec. The values
of hydraulic parameters are relatively high and water quality is good. Shkodra
Lake is the drainage zone of groundwater. Precipitation (rainfall) feeds the
groundwater along with Rrjolli, Vraka and Kiri River, and Përroi i Thatë Stream
contribute to the groundwater recharge. There is a good relation between
groundwater and surface water. It flows towards the Shkodra Lake from
considerable heights towards low ones, according to the relief. The magnitude
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and timing of fluctuations, of course, depend upon the quantities of water
recharged and discharged. Groundwater recharge, restoring and discharge are
very important to the groundwater hydrology. They are affected by climatic
factors, irrigation, pumping, rainfall intensity and distribution and surface runoff.
In the Nënshkodra zone the waterbearing is related with accumulative activity
of Quaternary alluvial deposits of Buna and Drini River. These deposits consist
of potential gravels and grits layers with high filtering properties which store
considerable quantities of fresh groundwater resources. The rainfall feeds the
waterbearing layer partially in the sectors where the layer outcrops in the surface.
Here, the groundwater flows southwest and south. The hydrological regime of
Buna and Drini Rivers and seasonal variations are of great impact for the
fluctuation amount of the phreatic wells. The seasonal fluctuations result from
influences of recharge by rainfall and discharge by heavy pumping during the
summer months.

REFERENCES
Aliaj Sh, Melo V, Hyseni A, Skrami J, Mëhillka Ll, Muço B, Sulstarova
E, Prifti K, Xhomo A, Shkupi D, Sejdini B, Jano K. 1995. Harta
neotektonike e Shqipërisë në shkallën 1: 200 000.
Aquachem v.3.7-User’s manual-Waterloo hydrogeologic, Inc. Software.
Consulting. Training, 1998-1999.
Chapman & Hall, 1992.Water quality assessment -a guide to use of biota,
sediments and water in environmental monitoring –1st Edition.
Dakoli H, Xhemalaj Xh. 1996. Bilancet hidrologjike të disa masivëve karstike
dhe problemet që lidhen me ndotjen e ujrave karstike- Uji, pasuri e madhe
kombëtare. Konferenca I Kombëtare, Tiranë 1-2 Tetor .
David Keith Todd. 1959. Groundwater Hydrology, First edition
Domenico PA, Schwartz FW. 1985. Physical and chemical hydrogeology.
Eftimi R, Tafilaj I, Bisha G. 1989. Rajonizimi hidrogjeologjik i Shqipërisëpërmbledhje studimesh Gjeologjike.
Eftimi R, Tafilaj I. 1979. Një vështrim i shkurtër mbi ujrat nëntokësore të
Shqipërisë, Përmbledhje Studimesh Gjeologjike.
Jaho S, Mici A, Boriçi M, Naçi R, Sanxhaku M. 1988. Atlasi klimatik i
Shqipërisë, Akademia e Shkencave e Shqipërisë.
Kalaja F, Rudi N. 1996. Karakteristikat ujëmbajtëse të pllajës karstike të
zonës së Mbishkodrës- Uji, pasuri e madhe kombëtare, Konferenca e I
Kombëtare, Tiranë 1-2 Tetor.
Pambuku A, Puca N, Gelaj A. 2005-2009. Raport: Vlerësimi, menaxhimi
dhe monitorimi i ujrave nëntokësore në basenet kryesore ujëmbajtëse të

JNTS

Groundwater hydrology of Shkodra lake and Buna river water system

75

Shqipërisë me përparësi zonat urbane dhe turistike. (Baseni i lumit Drin), ShGjSh.
Pambuku A, Puca N, Marku S, Gelaj A, Oruci A, Hadroj Xh, Beshku
H. 2013. Harta Hidrogjeologjike e Shqipërisë 1:200 000, ShGjSh.
Pano N, Selenica A, Shehu B. 1984. Hidrologjia e Shqipërisë, Akademia e
Shkencave e Shqipërisë.
Xhomo A, Kodra A, Dimo Ll, Xhafa Z, Nazaj Sh, Nakuçi V, Yzeiraj D,
Lula F, Sadushi P, Shallo M, Vranaj A, Melo V. 2008. Gjeologjia e Shqipërisë,
Shërbimi Geologjik Shqiptar.
Xhomo A, Kodra A, Dimo Ll, Xhafa Z, Nazaj Sh, Nakuçi V, Yzeiraj D,
Lula F, Sadushi P, Shallo M., Vranaj A, Melo V. 2002. Harta Gjeologjike e
Shqipërisë. Shkalla 1:200000- Shërbimi Geologjik Shqiptar, Tiranë.

76

Entela VAKO, Arben PAMBUKU

2016/Vol. XXI (1)

JNTS

Micropropagation of some albanian cultivars of malus domestica .....

77
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ABSTRACT
Tissue culture is the cultivation of plant cells, tissues, or organs on specially formulated
nutrient media. In addition, it is seen as an important technology for the production of
disease-free, high quality planting material and the rapid production of many uniform
plants. Micropropagation, which is a form of tissue culture, increases the amount of
planting material to facilitate distribution and large scale planting. In this way, thousands
of copies of a plant can be produced in a short time. Apple is a candidate species of
micropropagation for large number of rootstocks and scion cultivars. Although,
micropropagation is of great benefit, some problems still remain with its commercial
applications such as the browning due to the exudation of phenolics into the medium
as a response to wounding at excision. The present investigation aims to develop an
efficient micropropagation protocol for two different apple cultivars (cv. Golden
Delicious and cv. Starking) to the avoidance of polyphenic oxidation during the first
stage of the application of the in vitro technique. As primary explants were used small
apical and lateral shoots, 1 cm in size and their efficiency during the first stage of
proliferation and regeneration was evaluated. The explants were cultivated in MS
media combined with cytokinin BAP (1 mg l-1) and auxin IBA (0.1 mg l-1) and in a 16 h
light/24 h regime. The regeneration level in the proliferation stage was not very high
because of contamination found at high rates and polyphenolics release. In the
subculture stage, a great number of new plantlets identical to mother plants for both
apple cultivars were obtained. Best results on rooting percentage were observed in
apple explants cultured on I rooting medium containing ½ MS macronutrients, MS
micronutrients, MS vitamins supplemented with 0.1 mg l-1 NAA. Cultivar Starking
showed better performance for all evaluated parameters, at all stages during subcultures
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and rhizogenesis. As the first stage of proliferation was good, an optimal development
of the explants in the other stages of micropropagation was obtained.
Keywords: apple micropropagation, polyphenolic oxidation, growth plant regulators,
rhizogenesis

1. INTRODUCTION
Apples are usually multiplied by grafting the fruiting cultivar onto a rootstock.
Regeneration from meristem tips is the main technique that provides diseasesfree plants. Self-rooted trees from culture would also avoid graft incompatibilities
and diseases introduced during propagation. Micropropagation and meristem
culture have recently become important techniques, particularly with vegetative
propagated species. Very rapid regeneration rates have been achieved with a
number of different species and the techniques are particularly valuable for
their rapid clonal multiplication. In addition, the meristem culture could be used
for producing virus-free plants and international exchange of disease-free plants
purposes. Micropropagation is a means to address the in vitro germplasm
storage (Kongjika et al., 2002, Kongjika and Sota, 2012). According to Daorden
et al., (2004), the rapid in vitro multiplication of clonal plants is desirable to
shorten crossing programs in fruit tree breeding.
The main problems for establishing a successful protocol for apple
micropropagation are associated with the browning or yellowing of nutrient
medium due to the exudation of phenolics into the medium as a response to
wounding at excision and shoot necrosis and mortality of the explant/cultures
due to the absorption of these substances (Thorpe and Harry, 1997). Grazhdani
et al., (2014) found that the phenol synthesis of plant tissues strongly depends
on environmental conditions, the type and size of explants.
The present investigation aims to: i) develop an efficient micropropagation
protocol for two different apple cultivars using small apical and lateral buds as
primary explants and, ii) find the most optimal PGRs and basal salts
concentration for rhizogenesis.
2. MATERIAL AND METHODS
Plant material: Cultures of apple species Malus domestica Borkh. cv.
Golden Delicious and cv. Starking were established from apical and lateral
buds removed from adult field-grown trees. These two apple’s cultivars are
the most extensive population in the district of Korça (village orchards of Hoçisht,
and Cangonj). Most often shoot tips and meristems are the explants of choice
due to their genetic stability.
Time of explants isolation: The initial explants (apical and lateral shoot tips)
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were isolated in different periods (February, March, April) in order to establish
a successful apple micropropagation protocol.
Sterilization and bud isolation: Active shoots were cut in two or three node
sections. The stem sections were washed carefully with water and shaken for
5 min. in ethanol 70%. Once this process was finished, they were treated for
20 min with HgCl2 0.01% and two drops of Tween 20. Finally stem sections
were rinsed three times with sterile distilled water. The small apical and lateral
buds, 1 cm in size, were isolated under sterile conditions on laminar flow.
Proliferation medium: The isolated buds were inoculated in the MS medium
with MS vitamins (Murashige and Skoog, 1962) combined with cytokinin BAP
(1 mg l-1) and auxin IBA (0.1 mg l-1). The sucrose 30 g l-1 and also agar 7%
were added in the nutrient medium; the pH has been checked to be 5.8.
Method to avoid polyphenolic oxidation: Immediately 2 – 3 hours after
explants inoculation in MS medium, bud explants were treated by the frequent
transfer of explants to fresh medium in order to avoid the polyphenolic oxidation
of the explants. These transfers were repeated several times until yellowing of
nutrient medium disappeared.
Subculture medium: The developed buds were transferred a month latter
to fresh proliferation medium for further multiplication.
Rooting medium: Once the micropropagated shoots reached 2 – 4 cm in
length, they were transferred to rooting media and three variants of rooting
medium were investigated: i) ½ MS macronutrients, MS micronutrients, MS
vitamins containing 0.1 mg l -1 NAA, ii) ½ MS macronutrients, ½ MS
micronutrients, MS vitamins with 0.1 mg l-1 NAA and, iii) MS macronutrients,
½ MS micronutrients, MS vitamins with 2 mg l-1 NAA.
Rooting response was evaluated after 4 – 5 weeks of culture.
In vitro chamber conditions: The explants in every developmental stage
were grown in the growth chamber at temperature of 25  2C in a 16 h light/
24 h regime with cool, white fluorescent light of intensity 43.4 mol m-2 s-1.
Plantlets acclimatization: Rooted plantlets were transferred after 3 – 4
weeks on rooting media to a mixture of soil, peat and perlite (2:1:1) (v/v), in 7
cm diameter plastic pots and placed in a controlled growth chamber at 20oC.
The plantlets were covered with plastic bags or beaker in order to maintain
high humidity by removing them periodically for some minutes day after day.
The beakers were removed completely after about four weeks.
Statistical analysis: All experiments were repeated at least twice. Data
collections in experiment were subjected to analyses of variance and evaluated
by computer using the statistical evaluation program JMP 7.0.
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3. RESULTS AND DISCUSSIONS
3.1. Proliferation stage
The apple explants of cv. Golden delicious and cv. Starking were collected
from village orchards of Cangonj and Hoçisht. It is very difficult to stabilize the
first stage of in vitro culture due to the exudation of phenolic compounds in the
nutrient media and the high rates of contamination. Since the amount of phenolics
depends on the size of explant, the buds with relatively small size (1 cm) were
selected. The yellowing of MS medium was observed immediately 2 – 3 hours
after explants inoculation in MS media (Fig. 1).

Fig. 1. Phenolic compounds releasing from the explants during the first day of culture

Results of many experiments on micropropagation of different genetic forms
of apple have shown that, except the microbial contamination, the browning or
yellowing of cultures are the major obstacle for the successful establishment
of aseptic cultures because of polyphenols exudation (Hu and Wang, 1983).
The preparation of explants for establishment under in vitro conditions exposes
the polyphenolic compounds to copper containing enzymes polyphenol oxidases.
The polyphenolic compounds on oxidation with these enzymes form quinines,
which are highly reactive and non-specifically polymerize proteins and produce
dark pigments, melanin. Thus, browning or yellowing of the cut surfaces and
media is induced which subsequently leads to the death of the explant
(Hutchinson, 1984), the most critical phase being the first 24 to 48 h in culture.
The polyphenolic oxidation observed in many fruit trees, minimized the
micropropagation coefficient.
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Therefore, immediately 2 – 3 hours after explants inoculation in MS medium,
bud explants were transferred frequently to fresh medium in order to avoid the
polyphenolic oxidation of the explants. These transfers were repeated several
times until yellowing of nutrient medium disappeared.

Graphic 1. The survival percentage of apple explants of two cultivars from Cangonj and
Hoçisht orchards after proliferation stage.

After three weeks of inoculation, none of the explants of both cultivars from
Cangonj orchard survived, while the survival of explants from Hoçisht orchard
was 12.50% and 58,30% for cv. Starking and cv. Golden delicious, respectively
(Graphic 1). So, all the results of subcultures and rooting stage refer only to
Hoçisht explants. The difference in the survival rate during proliferation between
cv. G. delicious and cv. Starking was significant.
3.2. Multiplication stage
Only a few numbers of plants from both cultivars of Hoçisht orchard was
obtained due to contamination and phenolic exudation in nutrient media. They
were inoculated in nutrient media for further multiplication (Fig. 2). The
contamination rates and the phenolic exudation were insignificant at this stage.
The survival percentage was very high for all periods of culture and no difference
between both cultivars for this parameter during subculture was observed
(Graphic 2).
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a
b
Fig. 2. Plantlets development from apple explants from Hoçisht orchard, ready to
subculture stage: (a) – cv. Golden Delicious; (b) – cv. Starking.

Graphic 2. The survival percentage of apple explants during subculture stage.

The explants showed no sign of proliferation in the first days of subculture
stage. The organogenic response was observed only 2-3 weeks later. Shoots
did not show callusogenesis, but were developed through direct organogenesis.
Most of explants reacted normally giving a great number of leaves and lateral
shoots (Fig. 3). Measurements of leaves and shoot number, and shoot length
are taken in different periods (February, March, April). Graphic 3 and 4 plot
the cv. Starking having a better response for all parameters measured, in all
periods.
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a
b
Fig.3. Plantlets development from apple explants from Hoçisht orchard, after subculture
stage: (a) – cv. Golden Delicious; (b) – cv. Starking.

Graphic 3. Comparison of apple cultivars for shoots length parameter during different
subculture periods.

84

Marinela GRAZHDANI, Valbona SOTA, Brunilda ÇUKO,
Efigjeni KONGJIKA

2016/Vol. XXI (1)

Graphic 4. Comparison of apple cultivars for leaves number parameter during different
subculture periods.

Micropropagation coefficients were 1.64 (cv. Golden Delicious) and 2.4 (cv.
Starking) after the second subculture (Graphic 5). During subcultures, cv.
Starking showed better response than cv. Golden delicious for all parameters
measured.

Graphic 5. Micropropagation coefficients of two apple cultivars after two subcultures.

Higher micropropagation coefficient, evaluated for the cv. Starking plantlets,
relates to the higher number of axillary shoots (Fig. 3). The source is the BAP
cytokinin whose function relates to apical dominance interruption and new
axillary shoots formation.
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Similar observations for the role of cytokinins in micropropagation are reported
by other authors too (Muna et al., 1999; Pruski et al., 2000; Saponari et al.,
1999).
MS medium is an optimal nutrient medium with high concentrations in
ammonium and nitrate and potassium nitrate. The latter is a major nitrogen
source; very important for the in vitro development of apple plantlets. In
addition, some micronutrients are present in the MS medium only.
3.3. Rooting stage
Rooting induction appears very difficult, especially regarding to trees species.
Consequently, three nutrient rooting media containing different concentrations
of auxin, α-naphthaleneacetic acid, NAA and macro- and micronutrients,
presented in the universal medium MS were compared. After 4 weeks of the
culture on rooting medium, rhizogenesis was observed. The explants reacted
differently in the three types of rooting media (Table 1; Graphic 6; Fig. 4).
Table 1. Rooting index of plantlets of apple explants in three different
rooting media

Rooting
coefficient
Rooting %
Total

Rooting media I
Starking
Golden
delicious
0.88
91.6
88%

91.6%
0.902
90.2%

Rooting media II
Starking
Gold
delicious
0.5
0.555
50%

55.5%
0.53
53%

Rooting media III
Starking
Gold
delicious
0.3
0
30%

0
0.12
12%

Graphic 6. Rooting percentage of the explants in different rooting media.
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a
b
Fig.4. Rooted plantlets of (a) cv. Golden delicious and (b) cv. Starking.

The mineral and NAA concentration of the nutrient media were of great
impact for the rooting percentage in both apple cultivars. At the medium III,
higher concentrations of NAA tried to induce callus formation on the proximal
end of shoots for cv. Starking. Here, the roots had an abnormal look being two
short and thick. The use of higher concentration of auxins (2-3 mg l-1) favors
the development of callus and limits root formation. As result, the use of the
lower doses than 0.5 mg l-1 is recommended. Rooting media III does not induce
rhisogenesis for cv. Golden delicious. Rooting media I and II favor rhisogenesis
for both apple cultivars, but the former results more effective, leading to a
higher rooting coefficient and a stronger root system.
Positive effect of lower doses of one of the auxin, “inductor” of rhizogenesis,
α-naphthaleneacetic acid, NAA could be found in the studies of some authors
on the in vitro rooting of apple plantlets (Nemeth 1981; Monter 1992).
3.4. Acclimatization stage
Rooting conditions were of great impact for the acclimatization. Survival
was best when plantlets were transferred to pots after a short period of root
emergence on rooting media (Fig. 5).
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a
b
c
Fig. 5. Apple plantlets in acclimation process of (a) cv. Golden delicious, (b) cv. Starking
and (c) acclimated plant of cv. Starking.

Maintenance on rooting media gave longer roots, but resulted in poor survival.
Acclimatization percentage resulted in high value in both cultivars. Acclimated
plantlets could pass in the permanent place in the green-house.

4. CONCLUSIONS
The conclusions to be drawn are as following: i) the difference between cv.
Starking and cv. Golden delicious could be observed comparing the data of the
response of the explants in the various stages of in vitro culture. Basal MS
medium combined with cytokinin BAP (1 mg l-1) and auxin IBA (0.1 mg l-1)
resulted effective for organogenesis induction, ii) cultivar Starking plantlets
shows better performance for all parameters evaluated, in all periods, iii) during
the subculture stage a higher number of new plantlets of cv. Starking compared
to cv. Golden delicious plantlets was obtained, and the secondary and tertiary
adventitious shoots explants in both cultivars were formed and, iv) best results
on rooting percentage were observed in apple explants cultured on I rooting
medium containing ½ MS macronutrients, MS micronutrients, MS vitamins
supplemented with 0.1 mg l-1 auxin NAA.
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IRIS RECOGNITION AND A NEW APPROACH IN ENCODING
Oktay KOÇ, Albana ROÇI, Arban UKA
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ABSTRACT
Biometric authentication systems provide automatic identification of people based on
their physical characteristics. Iris can be considered as the one of the most reliable and
accurate biometric identification system. Iris images can be analyzed based on their
pixel intensity values or phase information. In this paper, we divide the phase space
into eight equal regions, employ a new encoding for these regions and find the new
matching metric by excluding noisy parts of the iris images.
Keywords: Hamming distance, Fourier transformation, encoding, quantization, iris
matching

1. INTRODUCTION
Iris is the annular portion between the black pupil and the white sclera and
has a complex pattern, distinct and unchanging throughout the individual’s life
and located behind the cornea to control the size of the pupil and adjusts the
amount of light incoming the eye. In addition, it is the single internal organ
externally detectable. Although the diameter of iris is 12 mm only, it has an
extremely complex structure.
Using infrared illumination can be determined that iris has rich texture highly
discriminative among distinct eyes, which makes iris mostly promising solution
for security. There are different kinds of biometrics such as: palm, fingerprint,
cornea and face recognition. Iris recognition is considered as the one of the
most reliable and accurate biometric identification system. It is an automated
system of biometric identification that uses mathematical pattern recognition
methods on video images of the irises. It deals to get safe, fast, manageable
and perfect authentication of personal identities.
Iris recognition system consists of four many stages that are image acquisition,
image pre-processing, feature vector extraction, and template matching. A
complete and detailed explanation of the steps followed in iris recognition was
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given for the first time in the patent application of Daugman (1994). Images
can be analyzed based on the pixel intensity information or on the phase
information. As the brightness may be different in different realistic
circumstances, the phase information is more crucial in iris recognition. The
phase information in its most important interpretation carries the repetition
patterns of the pixel intensities across the image. The Fourier transform helps
to extract this significant information using one-dimensional or two-dimensional
filters. More detailed information on the phase information is found using short
window Fourier transforms or as it called Gabor transform. By the help of the
Gabor transform, can be determined the frequencies of the pixel intensity ‘islands’
across the whole iris image (Sarode and Patil, 2014). Once the phase information
is identified, the values that facilitate the construction of a metric could be
assigned. Once the values are assigned, the similarity or dissimilarity scores
between any two distinct iris image templates could be measured.
Investigations have been focused on these stages by developing and optimizing
algorithms that are tested on well-known iris databases. The first approach
concerns the already established techniques. All of the main stages have been
improved including the detection of the internal and external iris borders and
the enhancement of the handling of the statistical interpretation ways (Daugman,
2007). Gupta and Gagneja (2014) said that Ma et al., (2004) analyzed key local
variations in the iris intensity and occupying wavelets, they reported positive
results. Researchers also use some parts of the iris when doing recognition.
Mesecan et al., (2013) have used scale invariant feature transform (SIFT)
with sub-segments.
The widely used procedures in the iris recognition involve: i) the separation
of the phase space in four quadrants, ii) the encoding of the phase information
such that any two neighboring region is 50% different and, iii) the use the
Hamming distance to measure the difference among any pair of iris images.
Here, in the present paper we change all the three steps mentioned above.
First, we separate the phase space in eight regions rather than four. Secondly,
we encode the different regions of the phase space such that any two regions
are 100% different. Thirdly, instead of using the hamming distance we use the
one dimensional Fourier transform (1D-FT) that to the best of our knowledge
is used for the first time as a metric in iris recognition. This should not be
confused with the one-dimensional filters that are used to extract the phase
information. In order to compare the efficiency of our proposed techniques,
we compare our results with the classical iris recognition algorithms, i.e. the
phase space divided in four quadrants and the Hamming distance used.
We want to note that several researchers have reported different results on
iris recognition even when using exactly the same algorithms and the same
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database. The major reason for this is that the researchers do not use all the
images in a single database. Some may choose the best images of the database,
whereas others choose the worst ones. For this we have firstly selected iris
images of 35 people (each person has seven different images of their eye
resulting in a total number of 245 images) from the CASIA-1 database (Chinese
Academy of Sciences, 2003), and on these images we have applied the classical
algorithms (Fig. 2 and 3) and our modified algorithm (Fig. 8 and 9).
2. IRIS RECOGNITION STAGES
The first step of iris recognition is image acquisition. Image acquisition stage
is a complex process as taking a clear iris image is challenging with the standard
CCD cameras. Rarely the acquisition step produces different results for the
same individual, since different lighting conditions effect can be on the iris
image, or we cannot preserve the capturing distance (Gupta and Gagneja, 2014).
Iris diameter is approximately 12 mm. Poor imaging results in an unrealistic
high difference for the intra-class comparisons. In contrast, inter class scores
are independent of image quality (Daugman, 2006).
The second step is the segmentation that can be considered as one of the
most important steps in the iris identification system (Amoli et al., 2012), as the
inaccuracies in this process cannot be recovered at the later steps. It consists
of defining the inner and outer boundaries of the iris. The inner boundary is
inherently much easier to define, as there is a higher intensity gradient between
the pupil and the iris. The outer boundary is relatively more difficult as the iris
and the sclera do not have a clear distinction. There is a positive aspect that
distinguishes iris recognition over other biometric methods as the iris is enclosed
between two circles that are concentric. Segmentation needs to properly localize
iris borders without noise (eyelashes, eyelids, occlusion, and reflection). Different
segmentation methods have been used such as edge points detection and curve
fitting, (Pan and Xie, 2005), but the most widely used methods are the Hough
transform and integro–differential operator (Bowyer et al., 2008).
The third step is the normalization that reads intensity values on a doughnut
shape. The intensity values are read with a certain frequency on each radial
direction after every small angle (). The different angular directions represent
the columns of the iris template, whereas the values on the radial direction
represent the rows. The normalization generates a rectangular iris texture by
mapping the annular iris information among pupillary and limbic borders of the
iris region that is firstly has been proposed by Daugman (2004) by using polar
coordinates. Daugman’s iris code algorithm involves Gabor wavelets to extract
the phase information. The 2D Gabor function is defined as:
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Phase information has been used and quantized by using two bits encoding
for the phase quadrant (Daugman, 2004). The mostly known method of
identifying the phase information is the separation of the phase of each pixel
fitting to the quadrant where it belongs. All the phase area is quantized in four
levels as shown in Fig. 1. The assigned values are “11”, “01”, “00” and “10”
for the first, second, third and fourth quadrant, respectively (Seetharaman and
Ragupathy, 2012). Here, there is a 50% difference between any neighboring
quadrant and a 100% difference between any two opposite quadrants. These
values allocated to create the iris templates and used to compare distinct eye
images. The choice of creating these templates is an ingenious way that matches
satisfactorily with the statistical method that is used to count the similarity
between the irises.
u02

v02

Fig. 1: Four Level Quantization of the phase space

While matching feature vectors, we look the similarity score of the biometric
features of two iris images. Two feature vectors have been matched by using
Hamming Distance (HD) metric (Daugman, 2003). The expression of the
hamming distance is given in Eqn. 2. Code A and Code B corresponds to the
templates that are extracted from the iris region. Mask A and Mask B are two
matrices that have the same dimension as the templates and determine the
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regions in the iris that does not have useful information (marked as 0), such as
regions covered by the eyelid or the eyelashes. Under the AND operator
between the template and the mask, any region of the mask carrying 0’s will
exclude the noisy regions from being calculated at all.
HD =

(code A⊗code B)∩mask A∩mask B
mask A∩mask B

(2)

Matching can be considered as verification and identification. Verification is
comparing a person with another person whereas identification is comparing a
person with all people in the database. Two iris images of the same person may
have a HD = 0, two iris images from different irises typically have a HD = 1.
A HD value can be zero only when comparing an iris image with itself. A
threshold value has to be found, such that the results that are less or equal to
the threshold value would correspond to iris images of the same person, whereas
the results that are above the threshold value would be considered as iris images
from different people. The threshold value might be slightly different from one
database to another. Previous works on CASIA database have found a threshold
value of HD=0.4. Later on, Daugman (2003) used HD = 0.33. We have found
HD distributions represented by histograms in the lower range in Fig. 2 and
higher range in Fig. 3. When we have defined a metric for measuring the
similarity scores among iris images, the main point is how to obtain two entirely
non-overlapping histogram distributions. When we have an overlap between
two histogram distributions (Fig. 4), we need to define a threshold value that
aims to assign an equal error rate in refusing the same person and accepting a
distinct one (Fig. 5).

Fig.2: Hamming Distance, Intra Class Distributions (35 distinct people)
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Fig. 3: Hamming Distance, Inter Class Distributions (35 people)

The intra-class comparisons are the iris comparisons between images of the
same person. The database has seven different images for each person, which
means that one can get 21 possible pairings between images of the same person
and as such 21 hamming distance values are expected to be below the threshold
value. Since we have 35 people this means that in total there are 735 values of
the Hamming distance expected to be below the threshold value (the integral
of the histogram in Fig. 2 should yield a value equal to 735). The interclass
comparisons correspond to the comparisons between iris images of different
people. In a set of images from 35 people, all the seven images of the first
person have to be compared with 238 images of the 34 remaining people. In
total, from a set of 245 (35x7=245) iris images there are 29155 pairs from
irises of different people.
HD is the one of the numerous metrics in order to get the optimum
performance for the iris recognition. The parameters that are described or
used the performance of a metric are: false acceptance rate (FAR), false
rejection rate (FRR) and equal error rate (EER). Genuine acceptance rate is
(GAR or 1 – FRR) (Jain et al., 2004). If FAR, FRR, and EER are all 0, then
authentic and fraud images are perfectly disjointed. Mostly, FAR and FRR
results are inversely proportional.
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Fig. 4: Hamming Distance, Intra and Inter Class Distributions (35 people)

Fig. 5: Performance Metrics showing the possible overlap of the intra-class comparisons
(comparison among iris images of the same person) with the inter-class comparisons
(comparisons among iris images of different people).

To see the biometric system errors and the effective threshold value, we
mostly use receiver operating characteristics (ROC) curves (Fawcett, 2006)
or detection error trade - off (DET) curves (Betancourt and Silvente, 2014).
3. PROPOSED METHOD
Our suggested technique reexamines the encoding and matching steps. We
have used the Daugman’s algorithms in the encoding step by increasing
quantization up to eight level by choosing following integer numbers 1, 2, 3, 4, 5,
6, 7, 8 instead of 11, 01, 00, 10 in Fig. 6.
Once the iris region is selected, 20 values of pixel intensity information could be
extracted in the radial direction (for a fixed angle) and 240 pixel intensity information
extracted in the angular direction (for a fixed radius). This makes a ‘pixel intensity
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template’ with a size of 20x240. If we calculate their phase information and use 2
bits of data (i.e. the 11, 01, 00, 10 notation) for each phasor then the ‘phase
information template’ size is doubled and becomes 20x480. In our proposed method,
we separate the phase space in eight different regions and we assign to each pixel
intensity data 1 bit of data rather than two. We assign numbers (one to eight) that
indicate the location in the phase (Figure 6). Assigning one bit of data to each pixel
intensity data produces a template of size 20x240 dimension. This means that our
template size is half of the templates that are used in the classical algorithms.
Reducing the size of a template implies less storage place and better performance
in terms of computational time during the matching process. We haven’t chosen
entire iris region, we just used only nine rows of the created iris template that we
have taken, from the second to tenth row. We have preferred these particular rows
after doing numerous tests that proved that they give the best matching performance
(Koç and Uka, 2015). In our recommended matching metric, we have used onedimensional Fourier transform (1D - FT). This metric is the rotation invariant that
lifts the requirement of the shifting of the templates throughout the matching process
and considers it as unneeded. Our metric is defined as:

( (

( ))

( ( )))

1 9
∑ norm abs fft ui − abs fft vi
18 i =1

(3)

The above expression can be explained as follows. If u and v are two vectors
and they are cyclic permutations (the second can be obtained as a rotation of
the first one) of each other, then their Fourier transform should carry the same
‘frequency components’. If we subtract these two vectors we should get ‘zero’.
The function ‘norm’ calculates the magnitude of the vector.

Fig. 6: Eight Level Quantization of the phase space.
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We have selected 245 best-segmented eye images from CASIA-1 database,
i.e. from a hundred and eight distinct people. Each eye image has seven distinct
iris images of the same person. To test the algorithms, we prepared a reduced
set of iris images that involved only the persons, whose twenty-one possible
dual comparisons between the seven images reported a score less than the
threshold value, thus confirming that it is the same person. The results of the
intra-class comparison do not always give precise result (Koç and Uka, 2015)
because of the CASIA database has images that have characteristic real-life
faults such as eyelids block the iris, or the eyelashes covering the iris as seen in
Fig. 7.

Fig. 7: CASIA Database Noisy Iris Images.

Two iris images of the same person can normally have a Fourier
Transformation (FT) metric equal to 0. Two iris images from different people
can have a 1D-FT metric equal to 1. Having a correlation coefficient of zero
or one, even though for randomly generated data is impossible. When the 1DFT metric equal to zero, that means we have compared a person’s iris image
with itself. Instead of having 1D-FT metric zero or one, we have distributions
characterized by a histogram with values in the lower range as in Fig. 8 (intra
class) and higher range as in Fig. 9 (inter class).
4. RESULTS
After sketching the ROC (Fig. 10) and DET curves (Fig. 11), by utilizing the
area under the ROC curve, we have decided to choose the optimum threshold
value as 0.36 where the accuracy value is 97.8%, area under curve is 0.81 and
d-prime test result is 2.5.
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Fig. 8: One Dimensional Fourier Transform metric (35 distinct people)

Fig. 9: One Dimensional Fourier Transform metric (35 distinct people)

In choosing the threshold value, the optimization of the accuracy was our
primary objective. The EER that we find using the new metric is 29%. Reports
of relatively high values of EER have been common in literature alongside the
negative connotation that it bears. The ROC curve is shown in Fig. 10 and
displays the dependence of True Positive Rates vs. False Positive Rates while
the threshold value changes from 0 to 1. Using the modification in our approach
we achieve an accuracy of 97.8%, whereas the classical algorithms when
using the same iris images have an accuracy of 99.7%. The classical algorithms
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outperform our method but our method has a better running time.
In this work, we have introduced new encoding method by increasing level
of quantization up to eight for getting best accuracy result for the iris recognition
systems. We have compared the iris recognition accuracy by using quantization
level four and quantization level eight after deploying the Hamming Distance
Metric and Fourier Transformation Metric to the our database’s templates.
Experiments showed that increasing optimization level to eight has improved
the accuracy of the previous published work result from 97.0% to 97.8%.

Fig.10: ROC Curve for One Dimensional Fourier Transform metric.

Fig. 11: DET Curve One Dimensional Fourier Transform metric.
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5. CONCLUSION AND FUTURE WORK
This classical Daugman algorithms for iris recognition use four-level
quantization for encoding and Hamming Distance for matching iris templates.
We have used 1D-FT metric for the matching process after modifying the
encoding step by using eight-level quantization. Using the same matching metric
(1D-FT) and with four quantization levels we achieved an accuracy of 97.0%.
In this work, just by increasing the number of quantization levels to eight we
improved the accuracy of the 1D-FT metric to 97.8% (reported in this work).
The accuracy of Daugman algorithms is 99.7% when tested on the same images
that we use in this work. Our algorithm performs better than the Daugman’s
one in terms of running time with the major reason being the fact that we have
a smaller template as we have assigned one bit phase data to each pixel that
we have selected. One reason that our accuracy is lower than Daugman’s,
can be that any two regions in the phase space are 100% different. A different
encoding scheme from the one shown in Fig. 6, that exhibits certain similarity
between any two neighboring phase regions could perform better.
When using the new metric there is no need for the shifting of the two iris
templates during the comparison, as it is rotation invariant. Since we use the
rows that are closer to the pupil and the angular resolution of 240 corresponds
to approximately to 1-1.5 pixel per degree, we get high accuracy. A better
optimization can be done after modifying the similarity score that uses the 1DFT by conducting a further specified statistical analysis rather than using the
mean value in order to decrease the overlap shown in Fig. 5 between intraclass and inter-class distributions, which increases the global accuracy of the
biometric system.
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ABSTRACT
Software Defined Networking (SDN) is becoming a de facto paradigm in data networks.
While smaller campuses and enterprises are not yet widely deploying SDN, larger
campuses and data centers are already utilizing the advantages of SDN, primarily
taking advantage of easier network management, better resource utilization, better
load and traffic balance on network devices and routes. Denial of service has been
another concern for the last decades, and in the current internet it has not been fully
addressed. The present paper analyzes and tests possible applications of Software
Defined Internet Exchange Point (SDX) for inter-domain routing. The results from
simulated implementation showed that SDX as a platform offers a greater flexibility
and allows for better traffic engineering than conventional techniques. In addition, it
gives a possibility to fight denial of service attacks.
Keywords: Software Defined Networking, SDN Controller, IXP, SDX, SDX switch

1. INTRODUCTION
Monsanto et al., (2013) said that SDN was created in response to demands
from large data centers, which faced problems coping with very unpredictable
traffic patterns. These patterns would cause high demands for particular
resources that could not be met with existing network infrastructures. Practically,
two solutions were viable in such scenarios: to either scale the infrastructure to
meet the peaks, which is expensive and the resources would stay underutilized
most of the time, or build the network so it can reconfigure itself to meet the
appropriate demands.
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SDN is a programmatic (Foster et al., 2011) method where the costumer can
alter the network to meet the peaks and demands when rapid changes happen,
so that social networking sites and large data centers (Stephens et al., 2012) that
are dispersed in different locations are able to meet the specific demands.
It offers many benefits, among which better network control and management,
a possibility to build logical network overlays and thus manage all the network
switches (from a centralized controller rather than distributed (Yazici,
2012;Yaganeh et al., 2013) following the end-to-end path, and not dealing with
individual switches at a time. This allows for easier traffic engineering,
management and security. Techniques for easier prevention of Denial of Service
attacks can be proposed in SDN, as it is explained in the section below.
SDN has also opened a way to the research community and third party
vendors to offer enterprise specific solutions, based on consumer needs, thus
bringing the prices of switches down (Erickson, 2011; Casado et al., 2012).
For the research community the biggest benefit might be the possibility to
rapidly prototype simulations/emulations (Koponen, 2010; Handigol et al., 2012;
Gupta et al., 2013) of SDN network environments using real world parameters
(data rates, size and number of nodes, means for analysis and troubleshooting)
before they are applied on test beds or real networks, and compare its advantages
to conventional non-SDN networks. Also, open-source platforms like POX
(Gude et al., 2008), and NOX (Gude, 2008), offer the possibility to write control
applications for Software-Defined Networking controllers, such as the
OpenFlow controllers. OpenFlow has gained a huge deal of use in Virtual
Machines, but also in mission critical networks. Google’s internal network now
runs completely on OpenFlow (B4, Google’s SDN-powered WAN, provides
connectivity among data centers) (Greenberg et al., 2009; Foster et al., 2013).
Traffic includes asynchronous data copies, index pushes for interactive serving
systems, and end user data replication for availability. Well over 90% of internal
application traffic runs across this network.
As a reminder, Google’s global user based services (Open Networking
Foundation, 2011), (Google Web Search, Google+, Gmail, YouTube, Google
Maps, etc.) require significant amount of data to be moved from one region to
another, making these applications and services very WAN-intensive. Google
concluded that the delivery of such services would not be scalable with the
current technologies due to their non-linear complexity in management and
configuration. As a result, Google has decided to use SDN for managing WAN
as a fabric as opposed to a collection of boxes. Hence, the future of SDN is
already here, and the transition for most data center and large networks has
begun. Figure 1 depicts the transition (starting and target network outlooks) as
described by the Open Networking Foundation.
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Fig. 1. Starting network outlook (left) and target network outlook (right) of major
networks of data centers and campuses. The picture is courtesy of ONF.

The following section of this paper outlines the practical applications related
to implementing an SDN in inter-domain routing and advantages, compared to
conventional inter-domain routing.
II. Analysis of SDN application in inter-domain routing
SDN changes the way we manage networks, datacenters, backbones,
enterprises, etc. Most of these are applications of SDN are used in internal
networks, enabling software technologies such as network virtualization, traffic
engineering, etc. It is interesting to view how SDN relates and how it
fundamentally changes how traffic is delivered in between independently
operated networks. BGP (border gateway protocol) lacks sufficient flexibility
for performing various traffic engineering and traffic management operations.
It’s generally possibly to route only on destination IP address blocks, and it is
only possible to exert indirect control over how switches and routers forward
traffic, through local preference, etc. But generally it is difficult to introduce
new network services, such as ability to arbitrarily route traffic flows through
middleboxes.
There are a variety of wide-area services on the other hand, and it would be
extremely valuable to network operators had there been a way to implement
them. One possibility is application specific peering, or providing the ability to
autonomous systems to exchange traffic only for specific applications, such as
video streaming. Another application that could be significantly enhanced is
the ability to block denial-of-service traffic, such as the ability to block traffic
in upstream autonomous systems, much closer to the source. Other applications
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include direct client request to different data centers, depending on where they
are originating, steering through network functions, and various inbound traffic
engineering options, such as splitting incoming traffic over multiple incoming
peering links.
SDN allows routers and switches to match packets on multiple header fields
rather than just their destination IP address. It also allows a network controller
to control entire networks with a single program, possibly even including remote
autonomous systems, as opposed to just immediate neighbors, and provides
mechanism for direct control over packet handling rather than indirect control,
via various routing protocols. It also allows and gives the ability to perform
many different actions on packets, beyond simply just forwarding them.
Given the previously given and known SDN capabilities, SDN deployment in
inter-domain routing can be applied at internet exchanges (IXP). An SDN
deployment even at a single IXP can benefit tens of hundreds of providers, and
this is possible without requiring any of the providers to deploy any new
equipment. ISPs have also tremendous interest in innovation. Practically, the
number of IXPs is growing globally, with some 400 IXPs worldwide nowadays
(Lantz et al., 2010; Canini et al., 2012).

Fig. 2. Conventional IXP layout.

In conventional IXPs (Figure 2), participant autonomous systems exchange
BGP routes with a route server. The Autonomous Systems (AS) then make
their own forwarding decisions and forward traffic to each other over a common
layer 2 switching fabric. The primary function of a route server in an IXP is to
avoid having each of these autonomous system make pairwise connections
with one another. Instead, all of them can communicate directly with the route
server. So, the idea of Software Defined Inter-domain exchange point (SDX),
(Gupta et al., 2014) is to turn a route server into a smart SDN controller, and
make the layer L2 switch an SDN capable switch that can take commands
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from the SDN controller (Erickson, 2011), concerning the forwarding table
entries that one can have installed for each participant.

Fig. 3. SDX layout.

This seemingly simple change enables a wide variety of new applications.
One can be prevention of Denial of Service attacks upstream. In Figure 3 we
have used AS C with two ingress routers at the exchange point. Let’s suppose
that AS C want to ensure that port 80 traffic enters its network via interface
C1. This is very difficult to do with BGP, where you are not able to forward
traffic in custom ways, based on specific fields in packet headers. On the
other hand, an SDN enabled switch in an IXP makes it possible for a participant
to install a rule that pertains only to a specific portion of packet header (this
application however is not implemented in this paper).
III. PREVENTING DENIAL OF SERVICE (DOS) ATTACKS IN SDN
Denial of Service attacks are one of the most significant and serious problems
currently facing the Internet users. For many users these attacks are an irritation,
even if they understand the reason for the poor performance they occasionally
observe. But for the Internet to achieve its full potential, it has to be able to
offer highly reliable services, even in the face of hostility. The biggest DoS
problem is caused by distributed denial of service (DDoS) attacks, where the
attacker compromises a large number of systems and then uses these as zombie
systems to attack the victims. DDoS attacks of sufficient scale provide the
firepower needed to overwhelm almost all victims. They can also be combined
with spoofing or reflection to make the attack even more difficult to defend
against. Currently most DDoS attacks do not bother to spoof the source addresses
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because, as no automatic push-back mechanism is widely deployed, it takes so
long to shut down each zombie that there is no need to hide their identity
(Handley and Greenhalgh, 2004; Durrësi et al., 2006).
DDoS is principally an issue due to widespread exploitation of software
vulnerabilities, which permit the control of large numbers of compromised
systems. To gain sufficient scale, such exploitation is typically automated using
worms, viruses, or automated scanning from already-compromised hosts (so
called “bots”). Fast-spreading worms are extremely hard to combat in the
current Internet Architecture. Although viruses and bots are a serious issue,
their spread rate is slower, which permits a wider range of defense options
(Handley and Greenhalgh, 2004). A number of solutions have been proposed in
the last over 10 years to fight DDos, and the fact that this is still an interesting
and live topic, helps conclude that DDoS is still an issue in the current Internet,
and therefore not fully addressed.
In SDN there is the ability to block denial-of-service in a significantly enhanced
way, such as to block traffic in upstream autonomous systems, much closer to
the source. For example if AS 1 is receiving Denial of Service attack traffic from
AS 3 (Figure 4), the victim AS 1 can install drop rules potentially at multiple SDN
enabled exchange points, thus preventing this traffic much closer to the source
(section III gives the code we used to install a drop rule at an exchange point).
In comparing to conventional defenses, SDX-based DDoS defense allows
for an AS to remotely influence the traffic by remotely installing drop rules
further upstream, and these rules can be more specific than in standard Access
Control rules. For example these drop rules can be based on multiple header
fields, such as source address, destination address, port number, etc.
Furthermore, these drop rules can be coordinated across multiple IXPs therefore
making it difficult for attack traffic to enter via any path.

Fig. 4. SDX preventing attack.
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IV. SDX program
In order to run experiment on testbed, or simulate it, users will need a set of
tools. We have used a software router called Quagga (both Quagga and Mininext
are SDX dependencies) in our case. Previously users need to have installed
Mininet ‘(Mininet)’ on Linux. To get Quagga, type:
$ sudo apt-get install quagga
Then users need to install Mininext (which is an extension of Mininet), using:
$ sudo apt-get install help2man python-setuptools
$ git clone https://github.com/sdn-ixp/sdx.git
The drop rule installation at the exchange point, given that the topology has
been previously configured (Latifi et al., 2014) is done through the following
code:
$ curl -d ‘{“switch”: “[DPID]”, “name”:”drop-flow”,
“src-ip”: “IP1”, “dst-ip”:”IP2",”active”:”true”}’
http://127.0.0.1:8080/wm/staticflowentrypusher/json
$ curl http://127.0.0.1:8080/wm/staticflowen
trypusher/list/[DPID]/json | json_pp -t dumper
After applying the rule, we can see that it is applied and effective at the
exchange point. This specific rule is given based on destination and source IP
address. Note that actually the drop rule can be adjusted and modified based
on port number or as a combination of multiple header fields (IP version, etc.).
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Fig. 5. Drop rule installed at exchange point.

V. CONCLUSIONS AND FUTURE WORK
The Internet is changing, and there are new challenges for content delivery
and IXPs are playing an increasingly dominant role. SDN lets providers innovate
and add new capabilities to the system.
In this paper, we have analyzed results gained from testing new policies for
traffic engineering for inter-domain routing using Princeton’s SDX platform,
which is available. It can be seen that using SDN for interdomain routing proves
not only useful, but much more practical for applications such as attack
prevention and inbound traffic engineering, with more specific rules applying
to specific traffic. In this paper, we tested the suggested robustness of the
proposed SDX, as a SDN Internet Exchange Point, by installing drop rules at
one exchange in based on source and destination IP address. This proves to be
easier, and more straightforward compared to traditional IXPs utilizing BGP.
Based on our conclusions on one hand, and the positive trend in networks
towards SDN, we can anticipate that SDN will be around in the future and that
as new control and data applications become available, SDN will start to become
part of more and more corporate, enterprise and university campuses.
Our future work will rely on current research work to test inter-domain routing
applications in the SDN realm, as well as proposed specific solutions based on
user needs. We are strongly confident that SDN as an organizing principle of
data networks will have a future in major networks with hundreds or thousands
(or even more) nodes, therefore based on this, our research will continue by
running more exhaustive and different tests on various scenarios, topologies
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and data traffic, until we have analyzed thoroughly all aspects of our
implementations (Tootoonchian, 2011).
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ABSTRACT
Since about a decade, the necessity and potential to further increase the functionality
of textiles has been revealed, especially in the field of health care. Intense research
efforts have been made for the development of textile-based electrodes which can be
integrated into garments. The present investigation provides some information about
the behaviour of screen-printed textile electrodes when in contact with the human
sweat, using electrochemical impedance spectroscopy.
Keywords: screen printing, textile electrode, Electrochemical Impedance Spectroscopy
(EIS)

1. INTRODUCTION
Textiles with electroconductive characteristics have found use in different
science areas as they combine functionality with high wearing comfort.
Electroconductive textiles can have various functions such as electromagnetic
shielding, infrared absorption and as electronic component. But one of the main
applications of these conductive textiles is in the medical field for sensors and
electrodes (Rattfält et al., 2007; Xu et al., 2008; Rahal et al., 2009; Beckmann
et al., 2010; Seoane et al., 2011) (Figure 1).
The conductivity of traditional textiles can be achieved by means of conductive
polymers, metals and metallised fibres, coating and printing, thus adding
conductive particles to the textile (Molina, 2009).
As aforementioned said, there are many techniques to obtain electroconductive
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textiles. As conductivity is not always good and sometimes these textiles are
very expensive, screen printing with silver conductive ink would be appropriate.
Once the process is carried out, flexible and low cost materials and diversity of
patterns could be obtained― which cannot easily be done with other methods.
As conductive materials could be used as electrodes in the area of medicine,
many investigations have been carried out with regard to the integration of
textile electrodes in garments. Catrysse et al., (2003) integrated knitted
electrodes into a belt for the recording of electrocardiogram (ECG) and
respiration rate for children in the hospital. Linz et al., (2007) embroidered
sensors in the framework of the ConText project, integrating them into garments
to monitor health parameters of the human body. Schwarz et al., (2009)
integrated electrodes in socks for electro stimulation, based on conductive
silicones and elastic conductive yarns in order to prevent or heal the decubitus
wounds and support patients with Parkinson disease. Merritt et al., (2009)
screen-printed on nonwoven textile substrates electrodes for potential use in
health monitoring garments. Rattfält et al., (2007), Song et al., (2010) and
Kylberg et al., (2011) developed woven or knitted electrodes.

Fig. 1.Prototypes with textile electrodes from University of Gent: baby suit and Mickey
Mouse belt for ECG measurement and textile electrodes integrated into socks for electro
stimulation
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Investigating the behaviour of screen-printed fabrics in combination with sweat
is very important when using them as electrodes for the monitoring of heart
rate, as measurements could be disturbed by the by the parasitic impedance
between the electrodes and the sweat produced by the patient. Electrochemical
impedance spectroscopy (EIS) is a means to address these screen-printed
textile electrodes combined with (artificial) sweat. As these silver-inks showed
good conductivity after 20 washing cycles, i.e. perseverance of electrodes,
these textile electrodes might be used both for measuring the biomedical
parameters and therapeutic treatment purposes.
2. MATERIALS AND METHODS
Textile materials
Table 1 reports the textile substrates here used: Viscose 2, Aramid, Polyamide,
Polyester 3 and 4, Cotton/Polyester 1 and 2 and Polyester/Viscose.
Table 1.Properties of woven textiles
Yarn Density of fabric[1]
Woven textile
materials

Warp
(yarns/cm)

Weft
(yarns/cm)

Type of
textile
weave[2]

Thicknes
s[3] (mm)

Basis
weight[4] (g/m²)

Viscose 2

20

19

Plain 1/1

0.310

132

Aramid

32

20

Plain 1/1

0.378

191

Polyamide

45

32

Twill 2/2

0.198

99

Polyester 3

57

46

Twill 2/1

0.146

104

Polyester 4

21

22

Plain 1/1

0.478

177

Cotton/Polyester 1

46

26

Twill 3/1

0.296

113

Cotton/Polyester 2

42

29

Twill 3/1

0.414

233

Conductive inks
The textile materials were screen-printed with two silver- based conductive
inks; ink 1 and 2 provided by the Sun Chemical Company as they have very
good conductivity, even after 20 washing cycles (Figure 2). Table 2 shows the
properties of ink 1 and 2.
1

ISO 7211-2 “Textiles - Woven fabrics - Construction - Methods of analysis - Part 2:
Determination of number of threads per unit length“
2
ISO 7211-1 “Textiles - Woven fabrics - Construction - Methods of analysis - Part 1: Methods
for the presentation of a weave diagram and plans for drafting, denting and lifting“
3
ISO 5084 “Textiles - Determination of thickness of textiles and textile products“
4
ISO 3801 “Textiles - Woven fabrics - Determination of mass per unit length and mass per unit
area“
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Table 2. Properties of applied silver-based conductive ink
Ink type

Ink 1

Ink 2

Solid content (%)

69-71

84 – 86

Cure conditions (120°C)

2-10
minutes

2-15
minutes

Sheet resistance (Ω/□ at 25μm)

0.011

≤0.025

Viscosity (Pa.s)

2-3

7-9

Resin[1]

PES

Epoxy

Fig. 2 Electroconductive screen-printed textiles

Screen printing
Squares of 6 x 6 cm were screen printed on the textile substrates. A 90 T
monofilament polyester mesh, with a sieve thickness of 110 μm and a sieve
opening of 45% was used to achieve an even coverage of ink over the entire
pattern.
Electrical characterization
Merritt et al., (2009) washed the screen-printed electrodes 5 times and
washing tests revealed problems because of the cracks in the ink layer.
Consequently, the conductivity decreased considerably. In the present
investigation, the printed samples showed very good conductivity after 20
washing cycles (Figure 3).

1Determined by the author
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Fig. 3. Square resistance of printed samples after every 5 washing cycles

Impedance measurement
Until now, the conductivity of the screen-printed electroconductive textiles
has only been evaluated by applying direct current (DC). However, their
alternating current (AC) behaviour could be evaluated when using these textiles
as textile electrodes. Here, the impedance of the complex system textile-human
skin is required as the electroconductive textile will be in contact with the skin.
So, electrochemical impedance spectroscopy (EIS) is a means to address the
properties of electroconductive textiles for medical application purposes.
Electrochemical impedance is measured by applying an AC potential to an
electrochemical cell. Once the AC potential to electrochemical cell is applied,
the current passing through the cell could be measured. The EIS measures the
total opposition to an altering current in the circuit. The impedance can then be
calculated using Ohm´s law (1) (Westbroek, 2005):

(1)
This is limited to only one circuit element, the ideal resistor, which has several
simplifying properties such as: i) following Ohm´s Law at all current and voltage
levels, ii) resistance value independent of frequency and, iii) AC current and
voltage signals through a resistor are in phase with each-other.
The impedance of the electrodes could be described as a resistance in series
with a capacitance C, where Rct is the charge transfer resistance and Re is the
electrolyte resistance (Figure 4).
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Rc
Re

t

C
Fig. 4.Electric equivalent circuit model of an electrode-sweat interface.

The resistance R and the capacitance C have the following impedance functions:
and

(2)

The impedance itself Z() is a complex quantity, which can be represented
in Cartesian (3) and in polar co-ordinates (4).
Z()=Zr() + jZj()

(3)

where Zr is the real part of impedance and Zj is the imaginary part. The plot
of the real part of the impedance against the imaginary part gives the Nyquist
Plot (Figure 9).
(4)
where |Z| is magnitude of the impedance and  is the phase shift. The plot of
absolute value of impedance and the phase shift as a function of frequency in
two different plots gives the Bode Plot (Figure 10).
Measurement set-up
The measurement set-up consists of electrochemical cell and potentiostat
which are described more in detail in the following paragraph.
Figure 5 and 6 depict the electrochemical cell built for the simulation of human
body as a means to address the impedance of the textile electrode–skin interface
(Schwarz, 2010-2011).
The cylinder (3) is a PVC tube filled with artificial sweat to resemble the
human body. The tube was filled with an electrolyte that imitates human sweat.
The artificial sweat used as electrolyte solution consisted of 900 ml of distilled
water, 5.00  0.01 g of sodium chloride, 1.00  0.01 g of urea, 940  20 µL of
lactic acid and ammonia to adjust the pH to 6.50  0.10, as defined by EN 18116.
The tube is 18 mm in diameter and 58 mm in length. At each open side of the
tube PVC plates are placed (1).
6

DIN EN 1811 Reference test method for release of nickel from all post assemblies which are
inserted into pierced parts of the human body and articles intended to come into direct and
prolonged contact with the skin (includes Amendment A1:2015)
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The reference electrode is placed at one side of the cell and the conductive
printed textile electrode is placed at the other side. Both electrodes are kept in
place with rubber ring fittings. The reference electrode is a metal sheet of
99.995% pure palladium with a thickness of 0.25 mm from Goodfellow. The
printed textile electrodes were obtained via screen printing with two types of
silver-based inks on different textile materials (Table 2). The diameter for the
printed textile electrodes and the palladium electrode are 10 mm and 15 mm in
diameter, respectively. Rubber fittings (2) were placed to prevent the cell from
leaking. Screws were used to keep the cell together.

Fig. 5. Scheme of the electrochemical cell.

Fig. 6. Picture of the electrochemical cell.

The electrochemical cell was put in an oven at a temperature of 30°C which
mimics the average skin temperature.
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The overall impedance of this cell consists of following blocks:

Fig. 7. Equivalent electrical circuit of the electrochemical cell

The surface area of the reference electrode (palladium, 176.7 mm2) is larger
than the one of the working electrode (textile, 78.5 mm2) because the kinetics
of the working electrode is slower than the one of the counter electrode. The
slowest reaction will determine the overall reaction rate and it is the overall
reaction rate that is measured by a potentiostat. With this procedure the
potentiostat only measures the signals from the working electrode. Consequently,
the equivalent electrical circuit measured becomes:

Fig. 8. Impedance measured by the potentiostat

A potentiostat PARSTAT 2273 of ECO chemie extended with a Frequency
Response Analyser (FRA) (version 4.9) module for impedance measurements
(Priniotakis, 2005) was involved. The frequency of the alternating potential
applied ranged from 0.5 Hz to 500 kHz with maximum amplitude of 10 mV in
order to cover a large number of potential applications.

3. RESULTS AND DISSCUSSION
Comparison between the two inks
Figure 9 depicts the Nyquist and Bode plots of all textiles printed with the
two inks.
Here, the Nyquist Plot of real part of impedance (Zre) against the imaginary
part (Zim) is clear.
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Fig.9. Nyquist plot of impedance for printed samples with conductive inks 1 and 2.

In addition, the maximum impedance varies between 1250 and 2500 Ω. Rattfält
et al.,(2007) reported that the impedance of an electrode is acceptable if it is
lower than 50 kΩ at 50 Hz. In the present investigation, the results showed that
the impedance of the printed electrodes (with both inks) remains under 2500 Ω
for frequencies varying between 0.5 Hz and 500 kHz.
The impedance frequency dependency is in Figure 10 depected. Here, the
plot of absolute value of impedance and the phase shift as a function of
frequency in two different plots give the Bode Plot.

Fig. 10. Bode plot showing the magnitude of impedance and the phase-angle shift as a
function of applied frequency.
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As the figure 10 depicts (the Bode plot), the impedance decreases as frequency
increases. In the Bode plot, for textiles printed with ink 1, Viscose 2 has the
lowest impedance for the lowest frequencies (< 50 Hz) while for high frequencies
(> 50 Hz) Cotton/Polyester 2 has the lowest impedance. The Bode plot for ink
2 shows that Cotton/Polyester 2 has the lowest impedance over the entire
frequency range.
Comparison between the different textile substrates
Once the impedance of the printed textiles with the same ink is compared,
better information about impedance of the same textile material with both
conductive inks could be obtained.
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Fig.11. Nyquist plot of impedance for each printed sample with both inks.
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Figure 11(the Nyquist plot) depicts that printing with a different ink results in
a change of impedance which is expectable as the DC resistance varied when
applying a different ink. Every textile printed with ink 2 shows lower impedance
compared with ink 1 except for the substrate Viscose 2 which had similar
impedance with both inks. The same result was obtained when measuring the
square resistance with a four-point probe using DC (direct current). Table 3
showes that the samples printed with ink 2 have lower square resistances than
those with ink 1.
Table 3. Square resistance of the samples before washing

Screen-printed textile
Viscose 2
Aramid
Polyamide
Polyester 3
Polyester 4
Cotton/Polyester 1
Cotton/Polyester 2
Polyester/Viscose

Square resistance R□ (Ω/□)
Ink 1
Ink 2
0.016
0.009
0.016
0.004
0.017
0.007
0.019
0.008
0.009
0.008
0.012
0.009
0.019
0.008
0.011
0.008

4. CONCLUSIONS
A lot of research has been done in textile elektrodes for biomedical monitoring.
Here, another type of electroconductive textile by means of screen printing is
introduced and the printed samples showed very good conductivity after 20
washing cycles.
In the present paper, the impedance of a sweat/textile electrode was evaluated
using electrochemical impedance spectroscopy. Two electroconductive inks
and eight types of textile substrates were used to produce textile electrodes.
All printed electrodes showed impedance lower than 50 kΩ at 50 Hz.
As the data based on impedance spectroscopy were very promising, the use
of screen-printed textile electrodes in health monitoring applications must further.
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APPAREL PRODUCTION SECTOR IN ALBANIA AND THE
NEED FOR INVESTMENTS IN TECHNOLOGY
Elmira DUMISHLLARI, Genti GUXHO and Silva SPAHIJA
Department of Textile and Fashion, Polytechnic University of Tirana,
Albania

ABSTRACT
Apparel sector in Albania remains one of the most important sectors of the economy,
leading to an increased number of exports in the area and enterprises. In addition, it
has a leading role in the labour market by raising employment opportunities. The
present paper aims at analyzing the apparel manufacturing sector and the impact of
investments in technology. Thus, exports, investments and employment in the apparel
sector have been investigated. A case study referring to the investments made in the
cutting and printing sector is reported. Results showed that technology investments
are always indispensable. In the end, recommendations are made.
Keywords: apparel sector, exports, employment, investments, technology

1. INTRODUCTION
The apparel sector in Albania remains one of the most important sectors of
the economy. However, it has faced challenges of transition to a free market
economy. The post-communist transition, from 1990 up to present, marked an
increased level of investments in technology, and the “façon” denoting the
process of creating with a particular shape or style — garments produced with
ordered material — appeared (World Bank 2009; Shehi, 2010; Dumishllari,
2015; Spahija, 2015).
Once the enterprises were privatized, production activities were focused on
the production with ordered material, taking the first place in the Albanian
exports (Shehi, 2010; Spahija, 2015). Continuous technologic investments in
the cutting, printing, sewing, decorating sector and timely adoption of workforce
to a sector of increasing scientific and technological complexity are two of the
most important advantages of the sector (Shehi, 2010; Dumishllari, 2015).
There are companies in Albania which produce and export parts of their
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products and companies operating full package. The latter is small in number
(Vojka, 2014; Dumishllari, 2015).
Exports of commodities “Textile and footwear” have increased steadily,
playing an important role in the country’s exports (INSTAT, 2013; Dumishllari,
2015). The source might be the increased number of enterprises operating in
the area.
Technologic investments have been continuously made in the cutting, printing,
sewing, decorating sector as a means to address energy economy and quality
of products (Dumishllari, 2015).
First, the present paper analyses the apparel production sector in Albania,
i.e., exports, investments and employment level. Second, it investigates the
impact of technologic investments made in cutting section and printing by
companies operating cut –make – trim (CMT) and full package (FP), and the
data are reported here.
2. MATERIALS AND METHODS
The present paper analyses the apparel production sector in Albania. Data
on exports, investments, employment level, and number of companies operating
in the area have been collected. The graphs 1- 4 show that technologic
investments in the cutting and printing section are of economic importance.
Thus, working time was measured before and after investments in technology.
Once the time was measured, the number of operators was analyzed in each
case along with the products’ cost. In the end, recommendations are made.
3. RESULTS
3.1. Apparel manufacturing and exporting companies in Albania
Currently, the apparel manufacturing and exporting companies operating
in Albania are as following (Vojka, 2014; Dumishllari, 2015):
• Companies that produce and export working parts of a product, and have
these subdivisions:
- Make (M) – sewing
- Cut + Make (CM) – cut + sewing
- Cut + Make + Trim (CMT) – cut + sewing + trim
- Full Package (FP) – full package of production
• Companies that produce and export their product.
The number of companies which produce and export their product is smaller.
3.2. Exports of textile and footwear
The current situation of exports and exports of commodities “textile and
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footwear”, in million/ALL, from 2003 to 2015, in particular, are in figure 1
depicted. The exports, including textile and footwear have annually increased
(Dumishllari, 2015; INSTAT, 2015). In the last two years exports have decreased
by 4.87%, but the exports of “textiles and footwear” have increased by 4.83%.

Fig.1. Total exports and exports of commodities “Textile and footwear”, in Million/ALL
(2003-2015).

3.3 Investments made in apparel production.
The Table 2 reports that 706 companies have invested in apparel manufacturing.
232 out of 706 companies are involved in industrial production (INSTAT, 2013).
Table 2 Apparel production companies by size (INSTAT, 2013)
No. Of
Enterprises
706

Group by the number of employees
1-4

5-9

10-49

50+

441

33

110

122

The figure 2 depicts that the micro companies prevail (67.13% up to 9
employees), followed by medium and big companies (17.28 % with more than
50 employees) and small companies (15.58% from 10 to 49 employees)
(Dumishllari, 2015).
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Fig. 2. Garment industry by number of employees

In 2011 USAID carried out a study regarding the industrial production in 95
companies and the results are in the figure 3 and 4 depicted. Figure 3 shows
that 54.73% of the companies carry out CMT activities. 33.68% carry out the
sewing process only. 9.47% of the companies operate full package and 2.10%
of the companies are involved only in the cutting process. The figure 4 depicts
the investments made by the companies on sectors.
As the cutting sector is the most significant sectors in terms of the fabric’s
economy (Mausmi, 2013), the majority of companies has invested in this sector
as depicted in the Figure 4 (Dumishllari 2015). Investing in the cutting sector is
very important for the apparel production companies which are involved in the
industrial production, as it is one of the most important sectors of the economy.
The impact of technological investments is exemplified via a study case.

Fig. 3. The profile of companies

Fig. 4. Companies’ investments

3.4 Employment in the apparel production sector
Apparel sector in Albania remains one of the most important sectors of the
economy, leading to an increased number of exports in the area and enterprises.
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In addition, it has a leading role in the labour market by raising employment
opportunities (Dumishllari, 2015).
In 2012, the total number of employees in Albania was 1,117,139 of which
56% male and 44% female (INSTAT, 2012). Façon industry employees, for
2012, are approximately 70000 (The Chamber of Façon of Albania, 2012).
3.5. A study case of technological investments in the apparel production
companies
Equipment needs are as varied as the firms and product lines they produce
(Glock and Kunz 2005).
Technological investments have been made in the cutting and printing sector
in a company and the cost of products before and after investments was
analyzed.
A new cutting machine and printing calendar were put into function for cutting
and printing purposes. An order with 30 pieces of sports jackets, the size L was
involved.
The cutting sector is one of the most important sectors in the apparel production.
In addition, it is very important for the raw materials economy. The raw materials
refers to the fabric, which is the single biggest cost driver for the garment industry,
accounting for 50 to 80% of the garment cost, so even a small fabric saving of
2% can add substantially to a garment manufacturer’s pocket (Mausmi, 2013).
As a result, the cutting machine economy is here reported.
The table 1 reports the benefits of technological investments, i. e., reduced
working time, increased number of employees in the cutting sector, energy and
printing economy and quality of work before and after implementation of new
technologies and the number of operators in each case (Dumishllari, 2014;
2015). Consequently, products costs are reduced.
Table 1. Cutting and printing using two different technologies; the manual
cutting and old printing machinery (M1) and the automatic cutting and new
printing machinery (M2) (Dumishllari, 2014; 2015)
Time of work
(min)

No. of operators

Fabric (m)

Paper (m)

M1

M2

M1

M2

M1

M2

M1

M2

Graph preparation

35

8

1

1

0

0

3.71

0

Spreading

19

7

2

2

0

0

0

0

Marking

6

0

2

0

0

0

0

0

Creation of vacuum

3

0.5

2

2

0

0

0

0

Cutting

9

4

2

1

0

0

0

0

Accurate cutting

10

0

1

0

3

0

0

0

Sum

82
46.43

19.5
35

6
6

3
4

3

0

3.71

0

-

-

-

-

Process

Printing
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The table 2 reports production costs for 30 sports jackets before and after
technological investments, in ALL.
Table 2. Cost components and product cost in two technologies of production
Costs of:
Fabric
Pocket’s zipper
Front zipper
Elastic
Paper
Plastic
Preparation of designs
Markers printing
Preparation of markers for
Cutting patterns
Cutting
Pattern’s printing
Sewing
Ironing
Packing and cleaning
Receiving Order
Production engineer
Cleaning staff
Security Guard
Electric Power
Profit Tax
Transport
Credit
Rent
Total

M1 [ALL]
30870
438
960
1170
- (592.11)
125
541.66
145.83

M2 [ALL]
28812
438
960
1170
80.13
200.34
125
33.33

734.37
1112
1527.49
149.06
56.25
22.5
2529.17
1099.6
1099.6
95.16
150.25
2100
1710.5
47228.55

81.68
546.87
1527.49
149.06
56.25
22.5
1559.68
678.12
678.12
78.54
194.75
2100
42.35
1054.86
40589.07

As the table reports, costs have reduced by 14%. The source, again, is
technological investment. Quality of work has to be addressed too.
4. CONCLUSIONS
The apparel companies which produce and export working parts of a product
(M, CM, and CMT) prevail in Albania.
Exports of commodities “Textile and footwear”, has increased from 2003 to
2015.
From the total of 706 companies. 232 carry out industrial production.
In the area of apparel production, small companies prevail by 67.13%.
67.12% of the companies have invested in cutting machines for economic

JNTS

Apparel production sector in Albania and the need for investments in technology

131

purposes. 23.28% of the companies have invested in ironing. 17.8% of the
companies have invested in CAD/CAM. 8.21% of the companies have invested
in embroidery.
Upgrading strategies consisting of investments in technology are crucial for
the apparel sector operating full package and cutting, making and trimming as
it would lead to working quality, raw material economy, less working hours,
etc. Consequently, product cost reduced by 14%.
Apparel sector in Albania remains one of the most important sectors of the
economy, leading to an increased number of exports in the area and enterprises.
In addition, it has a leading role in the labour market by raising employment
opportunities.
5. RECOMMENTATIONS
Upgrading strategies consisting of investments in capital equipment in the
cutting sector are very important for the apparel industry as it would lead to the
raw material economy.
Cutting machine and printing calender are a means to address the raw material
economy. These new technologies reduce working hours and the product’s
cost. In addition, quality of work increases along with production rate. Automatic
cutting machine would be useful to the companies operating full package.
Printing calender would be useful to all enterprises carrying out the pattern’s
printing regardless carrying out the cutting process or not or operating full
package.
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SEISMIC DESIGN OF THE BRIDGE PILED FOUNDATION
AND ANALYSIS OF THE SOIL-STRUCTURE INTERACTIONS
Ervin PACI, Hektor CULLUFI and Altin BIDAJ
Polytechnic University of Tirana, Albania

ABSTRACT
A bridge has recently been constructed in Albania, in an area rich in soft soils and the
impact of the soil-structure interactions (SSI) to the bridge piled foundation seismic
design is here reported. The interaction depends on various parameters such as soil
properties - of fundamental importance for the static and dynamic calculations carried
out for the foundation design and that of the entire bridge. A 3D analysis was a means
to address the ground consolidation and the impact of seismic loading. Seismic data
were obtained by filtering the time history of the acceleration of the foundation-soil
interface plan involving a 2D model where a vertical shear wave propagates. The
acceleration time history of the 2D model could be used for the seismic design of the
bridge structure considering local conditions and interaction. Results of the models
were compared and relevant conclusions for soil-structure interaction seismic modelling
were provided.
Keywords: seismic analysis, bridge foundations, soil-structure interaction

1. INTRODUCTION
The Eurocode 8, (1998) for the seismic design recommends simplified models
for soil-structure Interaction (SSI) analysis. These models ignore significant
characteristics of soil structure interaction and local site effects, such as nonlinear
response, nonlinear properties of soils, non-horizontal layers, and heterogeneity.
SSI is of fundamental importance for the structure design when using nonlinear
analysis and calculation of the structure performance. Especially for bridges
with nonlinear structure behaviour, the soil-structure interaction influence, even
for simple type of interaction such as foundation rocking can result in larger
ductility demand for the structure. Different methods could be used based on
soil-structure interaction. The present paper reviews the classification and
general principles of these methods and provides some data on the construction
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of a bridge in very soft soil using some recent numerical methods.
In the present investigation, different methods have been applied and the
internal forces in the foundations and piles applying the methods of the first
and second group (structure with spectral analysis fixed in the base ore supported
by springs) with internal forces obtained applying the method of the group four
were compared. The soil-structure interaction was evaluated by comparing
free field motion which is used as seismic input in the methods of the third
group and the motion taken at the interface of foundation with soil in the model
obtained using the methods of fourth group. In addition, the effect of SSI was
evaluated by comparing the internal forces of all the models. At the end,
conclusions were drawn and recommendations for the practical use of the
methods in the calculation of foundations made.
2 MATERIALS AND METHODS
2.1 Soil Structure Interaction
Calculating the interaction is very difficult because of the pile-soil and plate-soil
interaction and cinematic and inertial interaction during the passage of seismic wave.
The soil structure interaction, during the passage of the seismic wave might
be considered by three approaches: i) direct approach, ii) approach based on
under structuring and, iii) approach based on macro element.
In each case, analytical and numerical methods could be applied. Analytical
methods provide reliable results only for the simplified models and horizontal layers
where soil behaves like elastic environment. In the present investigation, the numerical
methods were a means to address the impact of soil – structure interaction.
In the seismic design, the analytical methods involve different type of springs
that can replace soil reaction during the passage of seismic wave and analyses
the structure as a system of beams and plates supported by these springs.
Recent advances in computer-based engineering techniques are a means to
address the entire soil-structure system of the same model by providing different
data on soil model (special software of geotechnical analysis) and structure
model (special structural analysis software).
Combing the two types of softwares is challenging.
2.2 Modelling
In the area of geotechnical engineering, numerical methods simulate the
seismic motion and dynamic soil-structure interaction under any condition.
Significant progress has been made in wave propagation solution techniques,
boundary simulation and material behaviour modelling and soil structure
interaction. Consequently, complex problem from the source (far field) to the
analyzed structure under any soil-rock condition could be solved.
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As traditional laboratory methods or in site methods could not always be
helpful, using real example structures such as bridges would be relevant. Once
the performance of the structures is evaluated via back analysis, investigation
involving new parameters must run. The impact of each parameter is tested
using sensitivity analysis.
Modelling could be carried out applying the following methods: i) models in
which the terrain is replaced with restraints and seismic loading effects only the
structure, ii) models in which the terrain is replaced with springs and seismic
loading influences the structure and springs (modest SSI influence analysis), iii)
models related to the terrain considered as a 2D or 3D environment with horizontal
layers where a seismic wave passes and supports an equivalent structure (medium
SSI influence analysis) and, iv) models related to the terrain considered as a 2D
or 3D environment with the real soil stratigraphy where seismic wave passes,
which loads the real structure (detailed SSI influence analysis).
In fourth group, the numerical modelling of wave motion could be carried out
using direct integration in time or solutions based on frequency calculations.
The latter are widely used in the analysis of structures (group one and two
methods) due to their simplicity. However, they are not suitable for the modelling
of the ground waves. Numerical modelling through time integration allows easier
implementation of the laws of advanced material behaviours that take into
account the time dependency and material nonlinearity.

Fig. 1. 3D model of group three analysis methods (Opensees software, 2014).

Fig. 2. 3D model of the detailed structure of the bridge obtained applying group one and
two methods of analysis (SAP2000 V14 software, 2014).
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All the methods were applied to investigate the bridge structure. Figure 1 and
2 depict the models obtained by applying the methods of the group 1-3 and the
methods of the fourth group are applied for the model in the figure 8 depicted.
The advanced numerical model is used for detailed SSI influence analysis.
Free field motion used as input in the methods of the second group and the
foundation motion taken at the interface with soil at the model of fourth group
methods were compares to investigate the impact of different modelling
methods.
Example
Bridge structure
A bridge 240 long and 12.5 m wide has been recently built in the Fier region,
Albania. It has 8 equal spans. The distance from pile to pile axis is 30 meters.
Figure 3 and 4 depict both the longitudinal bridge section (in half as it is
symmetrical) and the cross section of the bridge, respectively. Piles section is
a box 2.5x6m in size and the foundations are piled raft.

Fig. 3. Half view of longitudinal section of the bridge

Fig. 4. Cross section of the bridge

2.3 Bridge soil models
Figure 5 depicts the lithologic profile at the bridge axis via geological
investigations (Altea & Geostudio 2011).
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Fig. 5. Schematic view of geological profile.

The geotechnical numerical methods were applied using the Plaxis 2D
software.
The longitudinal model is used to calculate axial strains, deformation and
generate the seismic input for lateral model based on soil-structure interaction
and the influence of strong heterogeneities in the modification of time histories
of acceleration. The model is 300 m long and 50 m high. It comprises 7345
elements of averagely 18m long, each. Plaxis Dynamics Manual (2011)
recommends that each element dimension ought to be less than 1/4-1/8 of
wave length. The model is discretized with coarse mesh triangular 15 node
finite elements. As a first approach of the material model behaviour is considered
the classic elastoplastic material model (Mohr-Coulomb). Once the parameters
are calibrated, the hardening soil model with small-strain stiffness (HSSmall)
could be used.
In site investigations, laboratory tests and geophysical tests have been carried
out to evaluate the parameters of Mohr-Coulomb material model. The bridge
superstructure beam, cap beam, pile, raft piled foundation are modelled as
elastoplastic beam elements with normal and bending stiffness (EA, EI). The
soil structure interaction is modelled using interface elements with no sliding
occurrence. The construction sequences and water are not taken into
consideration. The static analysis is used to model the construction of the bridge
under drained conditions for an accurate assessment of stresses prior to running
the dynamic analysis.
2.4 Seismic model
2.4.1 Seismic Input
Probabilistic seismic hazard analysis is a means to address the seismic input,
due to the uncertainties of seismic events. Time histories of this motion that are
compatible with the design spectra given by the codes are necessary for the
numerical analysis.
As the lifetime for the important structures is 100 years, the return period
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will be TR = 949 years. The CRISIS 2007 was used for hazard evaluation. The
bridge was constructed in an area where the lower and upper limit of magnitude
are mo = 4.5 and mu = 6.9, respectively. Gutenberg-Richter model parameters
of seismic event recurrence for this zone that are given by Kuka et al., (2003)
are b = 1.031, a = 4.599 (number of events per year that have the magnitude >
mo). Division of the zone was made with 10 km grid step and the grid is corrected
considering the points where real earthquakes have been registered.
Once Peak Ground Acceleration (PGA) is evaluated, the seismic input could
be considered as a real accelerogram from ESD database using the software
Rexel 3.3, 2013 and scaling the accelerograms with the software Seismosoft
2012. The chosen accelerogram according to EC8 spectra is compatible with
PGA taken from probabilistic seismic hazard analysis for TR H  950 years.
Figure 6 depicts the three components of the selected accelerogram.

Fig. 6. Time history of acceleration in x, y and z direction for the Friulli earthquake.

2.4.2 Model and dynamic soil behaviour
Different stiffness values have been adopted for the static analysis and the
dynamic analysis, respectively because stiffness of material is highly required
for the seismic loading requires.
Both the elastoplastic material model (Mohr-Coulomb) at the first stage and
the hardening small-strain stiffness soil model (HSsmall) at final stage are
considered as the material model behaviour for this model. Site tests, laboratory

JNTS

Seismic design of the bridge piled foundation and analysis of the soil-structure...

139

tests and geophysical tests were applied for the Mohr-Coulomb material model
parameters. The hardening small-strain stiffness of soil model parameters was
estimated using the correlation given in literature. The model boundaries in
Plaxis are created by absorbent viscous boundaries. Visone et al., (2012) and
Hariri (2013) said that these types of boundaries provide the same results; as
infinite element boundaries. In the present model, the relaxation coefficients
that determined the normal (C1) and shear (C2) stresses absorbed by the damper
are 1 and 0.25. As advanced material models cannot capture material damping
for small strains and accumulation of strain, adding the Rayleigh material
damping coefficients would be relevant. In the present investigation, the
geological formations consist of sandy clay mixtures and the material damping
Rayleigh coefficients (αR=0.1885, βR=0.00049) were obtained using the analysis
in Plaxis material model for natural frequency and input motion predominant
frequency (f1=2.4Hz, f2=8.8Hz) as recommended by Park and Hashash (2004).
These values were compared and calibrated with 1D models. For the smallstrain stiffness soil model (HSsmall), the shape of the shear modulus decrease
was obtained from Seed and Idriss (1970). The models are in Figure 7 and 8
depicted.

Fig. 7. 2D model of the site

Fig. 8. 2D model of the site and bridge structure. Fourth group of modelling methods
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3 RESULTS
Regarding the model with only the site lithography (without the bridge
structure), the time history of acceleration for a point that corresponds with the
depth of central pile foundation of the bridge was considered. The acceleration
time histories of the model “soil with the structure of the bridge” were obtained.
These acceleration time histories were compared and the results reported that
acceleration values were reduced for the second model which takes into account
soil-structure interaction. Both acceleration time histories are in Figure 9
depicted.

Fig.9. Time history of acceleration for two models. Thin line represent Acc. at free field
side model, strong line represent Acc. at site with structure model.

In addition to acceleration time histories, the data of internal forces for the
foundations and piles of the bridge were obtained and compared with those
obtained from calculations of the bridge with the SAP2000 V14 software (2014).
The results reported a considerable reduction of internal forces at the piles and
increase of displacements at the top of piles (superstructure of the bridge).
Internal forces in central pile are in Figure 10 depicted.

Fig. 10. Bending moment for the central pile. Green line (5179KNm) from Sap14 and redblue line from Plaxis 2D (3688KNm)
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4 CONCLUSIONS
Seismic design of the bridge piled foundation and analysis of the soil-structure
interactions are in the present paper carried out and the results are in compliance
theoretical expectations and experimental measurements and dependent upon
soil parameters and appropriate modelling of the structure and elements which
simulate interaction (interface elements).
Using the methods of the fourth group requires a large number of parameters:
i) reference 1D analysis for site response, ii) difficult parameter calibration
and, ii) preparation and calculation time.
Results reported that for the models of the third and fourth group, there are
different internal forces but similar time histories of acceleration. Thus, time
histories of acceleration taken from group three methods could be used as
input for the first group method and soil-structure interaction could be analysed
avoiding the difficulties arising from methods of the fourth group and inaccuracy
of the methods of the second group. Forces in this case will be similar (bigger
forces and smaller deformations) with those taken from the fourth group
methods. Modelling the rocking effects of foundations applying the methods of
the first group involving appropriate nonlinear hinges at the base would be
needed for further accurate results.
The method of the fourth group could be used for important structures only.
The aforementioned approach could be used for modest structures and design
for practical purposes.
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USING RENEWABLE ENERGY TO SUPPLY DATACENTERS:
A CASE STUDY FOR ALBANIA
Enida SHEME and Neki FRASHËRI
Faculty of Information Technology, Polytechnic University of Tirana,
Albania

ABSTRACT
Large datacenters are becoming the most popular solution for meeting the increasing
demand on IT applications and services. Along with the solution, power-hungry
datacenters bring large electricity bills and cause significant impacts to the environment.
To reduce costs and environmental effects, modern datacenters are considering
integrating renewable energy sources into their power supply. The present paper
analyses and evaluates the potential of using renewable energy for a datacenter located
in Albania. A simulator was used to measure the workload energy consumption of a
datacenter and estimate the quantitative relation between wind and solar energy sources
needed to supply a certain percentage of its energy demand. The available daily
renewable energy for a summer and winter day, clear and cloudy, was analyzed based
on Albanian climate values and used as a supplier for 3 different datacenter sizes. In
the end, the ratio between number of wind turbines and square meters solar panel was
calculated to achieve a desired fraction of renewable energy supply for a given
datacenter.
Keywords: datacenter, workload, simulator, renewable energy, sustainable computing,
solar power, solar panel, wind power, wind turbine

1. INTRODUCTION
One of the tools used to reduce the carbon footprint of datacenters is driving
them with renewable sources of energy. This course is being encouraged by
the advances of renewable technologies and continuously decreasing renewable
energy costs. Social and political awareness is highly oriented on greener and
cleaner energy used by technology. Several articles are publishing facts and
data regarding IT energy consumption and its environmental effect, where
datacenters hold the third position. Burns (2012) said that s single datacenter
can take more power than a medium-size town. Glanz (2012) claimed that
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Performance per Watt is a critical design parameter for large systems. Going
green is often at the bottom of the pile in terms of corporate priorities. According
to GreenPeace (2015), 100% renewable energy, substituting the fossil fuels, is
an achievable goal by 2050. As such, researchers from academia and industry
are putting their efforts in studying and projecting hardware and software
systems to better involve renewable energy for driving datacenters.
In this paper, we study the quantitative relation between energy consumption
and available renewable energy for different settings of datacenters and
renewable energy sources. The key contributions of this paper are: i) a new
metric called Minimum Percentage Supply (Section 4.1) introduced using a
simulator, and real measured values of solar and wind energy in Tirana, Albania
based on certain datacenter energy consumption. We examine the coverage
potential of available renewable energy in a datacenter energy demand. For
our estimation we use 24 hours data of summer day and one winter day. In
addition, a typical summer clear and cloudy day was compared and, ii) the
quantitative relation between solar and wind energy sources evaluated in order
to achieve a desired level of energy coverage with renewable energy.
Next section informs the current state of the art on the field of using renewable
energy to supply datacenters. In Section 3, we estimate energy consumption
based on different datacenter sizes simulations and give the results. Furthermore,
Section 4 presents the available renewable energy produced by both wind and
solar power sources in Tirana, Albania. At Section 5, we illustrate a quantitative
evaluation of the renewable energy provided. In the end, conclusions are drawn.
2. RELATED WORK
After the reviewing process regarding the research field of supplying
datacenters with renewable energy, the selected studies are divided in the 3
following categories:
Real implementations of green datacenters. Researchers at Rutgers
University, Goiri et al., (2013) and Goiri et al., (2015) presented Parasol and
GreenSwitch, a research platform for a green datacenter prototype. It consisted
of GreenSwitch software running over a real hardware datacenter, Parasol. It
aimed at reducing the total datacenter cost by properly managing workloads
and available energy sources for maximum benefits. It also studies the space
requirements and capital costs of self-generation with wind and solar energy.
Similarly, Sharma (2011) presented Blink, a physical implementation of using
intermittent power to supply a cluster of 10 laptops by two micro wind turbines
and two solar panels, supported by small 5-minute energy buffer batteries.
Arlitt et al. (2012) from HP Labs have built a 4 servers datacenter partially
powered by solar panels. The datacenter is powered by the grid when no solar
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energy is available. In contrast to these real implementations, we simulate
different scenarios to adapt different datacenter sizes and workload, with
thousands of physical and virtual machines. Thus, we have a broader view of
the impact they have on the amount of required renewable energy.
Simulators for green datacenters. Brown and Renau (2011) presented
ReRack, an extensible simulation infrastructure that can be used to evaluate
the energy cost of a datacenter using renewable energy sources. It also includes
an optimization module to find the best combination of renewable sources that
minimize cost. Zhang et al., (2011) have developed GreenWare, a middleware
system that conducts dynamic request dispatching to maximize the percentage
of renewable energy used to power a network of distributed datacenters, based
on the time-varying electricity prices and availabilities of renewable energy in
their geographical locations. It also considers different prices per kWh solar
and wind energy have in different geographical datacenter locations, distributing
the workload accordingly for lowest overall cost possible. In our study, we
focus on studying the relation between quantity of renewable energy sources
and datacenter energy consumption for a certain coverage with renewable.
We take into consideration different workload scenarios.
Managing energy sources for green datacenters. Li et al., (2011),
researchers at University of Florida, proposed iSwitch, a novel dynamic load
power tuning scheme for managing intermittent renewable energy sources.
The study introduced a new metric called renewable energy utilization (REU),
defined as (PL / PR) x 100%, where PL is the amount of renewable power
utilized by the load and PR is the total renewable power generation. Instead,
we study another parameter called Minimal Percentage Supply (MPS) which
is the percentage of total energy consumption that can be driven by available
renewable energy, given as renewable energy divided by energy consumption
converted in percentage. Studies on battery usage in datacenters to optimize
the energy management and minimize the energy cost have also been conducted
by Govindan et al., (2011) and Urgaonkar et al., (2011) and Wang et al., (2012).
Our study does not include the usage battery as energy storage, but it serves
as an initial point of discussion regarding energy periods of surplus and how to
integrate this information when designing a datacenter.
3. ENERGY CONSUMPTION
In this section we estimate the datacenter energy consumption aiming to
simulate a realistic datacenter environment regarding its size and workload. In
order to perform the simulations we used Philharmonic, a cloud simulator for
geographically-distributed clouds developed by Vienna University of Technology,
freely available at Lucanin website (2013). It is an open source cloud simulator
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used to calculate energy consumption and electricity costs for a given
datacenter. Though it offers the possibility to simulate geographically-distributed
datacenters, we adapted it to simulate a single datacenter. We configured the
setup parameters aiming to simulate with as realistic environment as possible.
Physical Machines (later referred to as PMs) represent physical servers
performing the workload. The PMs we used varied between settings with 1-4
CPU cores and 16-32 GB RAM, to model a heterogeneous infrastructure.
Virtual Machines (later referred to as VMs) are virtual entities running over
the physical machines and performing workload tasks. Each VM is configured
to have one CPU core and 4-16 GB amount of RAM to vary resource utilization
over time. The workload consists of user requests to be performed by VMs.
The user requests are generated randomly by uniformly distributing the creation
time and their duration. Each of the requests can either ask for a new VM to
be booted or an existing one to be deleted. The specifications of the requested
VMs were modeled by normally distributing each resource type, 4-16 GB of
RAM. Further details on the simulator can be found in (Lucanin and Brandic
2015; Lucanin et al., 2015).
The total duration of the simulation was set to 1 day (24 hours), with 1 hour
step size. The simulation step size was selected based on the available weather
data input of solar and wind energy, so that we can compare hourly available
renewable and energy consumption.

Fig. 1: Energy consumption in kWh for every hour of a typical daily workload.

The total energy consumption provided by the simulator consists of the server
energy consumption and the corresponding cooling overheads. The datacenter
energy consumption was measured based on the input scenarios of 500, 1000
and 2000 PMs, choosing the number of virtual machines to be 2 fold the number
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of physical machines for each simulation. We keep track of the resulting energy
consumption for each datacenter size scenario.
Figure 1 graphically depicts the workload energy consumption variation over
24 hours. The workload was set to run in a datacenter of 1000 PMs, through
the simulator. The values vary from 28.4 kWh to 30.1 kWh. The daily
consumption reaches a total of 693.1 kWh.
Table 1 shows the total energy consumption for 3 chosen scenarios, during 1
day and 1 month of simulation time. The daily amount of energy consumption is
multiplied by 30 to give an average of monthly energy consumption by the
Datacenter, supposing the workload repeats itself during all the days of the
month.
Table 1: Daily energy consumption for 3 Datacenter size’s scenarios
#PM #VM

500

1000

1000

2000

2000

4000

Daily energy
consumption
(KWh)
337.85

Monthly energy
consumption (KWh)

Monthly energy
consumption (MWh)

10,135.5

10.1

693.10

20,793.0

20.8

1,318.70

39,561.0

39.6

4. AVAILABLE RENEWABLE ENERGY
In our study, we plan to consider only renewable energy produced by solar
panels and wind turbines. According to the Ministry of Energy and Industry
(2011), Albania is considered rich in renewable resources. The studies and
long term projects for building solar and wind power plants date since 2010.
The following data we collected belong to specific locations. That means these
exact values cannot be generalized but they serve as a base indicator for our
study purpose.
Maraj et al., (2014) present a study regarding solar energy in Tirana. We
acquire the solar energy data from the results of this study. The parameters
are provided from the database built through the utilization of a data collecting
system, which is installed on behalf of the Department of Energy, Faculty of
Mechanical Engineering, Polytechnic University of Tirana. Solar power
irradiance on a 45° tilted 1 m2 solar panel, installed over the terrace of the
central building of this University, has been collected, providing data for every
hour of its daily operation. We consider three days as a model: typical clear
summer day, typical clear winter day and typical cloudy summer day. The
specific dates are July 16, 2010, December 27, 2011 and July 26, 2010,

148

Enida SHEME, Neki FRASHËRI

2016/Vol. XXI (1)

respectively. Further details on solar panel specifications and results of the
study are explained from Maraj et al., (2014). Results of the available solar
energy are in Figure 2 depicted.
a)

b)

Fig. 2: Solar energy production during 24 hours in a typical a) clear summer day, b) clear
winter day, c) cloudy summer day. Red dashed line shows the average values

The maximum value of solar irradiance on the tilted solar panel surface for
the summer, winter and cloudy day is 1032, 904 and 1172 W/m2 while the
average values are 266.5, 197.5 and 146.8 W/m2 respectively, showed in red
dashed line in Figure 2.
We also acquire the data regarding the wind speed in m/s from a study of
National Agency of Natural Resources (2011). Then we model its resulting power
production for a wind turbine. We chose a HY-1000 wind turbine, easily accessible
on the market, and peak output power of 1200 W. Further technical specifications
of the selected turbine are given by HY Energy Technology (2015).
Figure 3 depicts the wind power generated from a HY-1000 wind turbine,
according to wind speed data for an average summer and winter day. According
to National Agency of Natural Resources (2011), the average summer day
wind speed of the minimal month, August, was 3.78 m/s while during a winter
day of the maximal month, February, the wind speed averages 5.08 m/s. The
function that calculates wind power from its speed, modeled in the technical
specification sheet of the selected wind turbine, is given in Equation 1, as follows:
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(1)

Differently than the predictable solar power, wind power is more irregular
but generally it is not equal to zero. Wind is present even when there is no sun.
This is a reason why combining both sources of renewable energy, solar and
wind, is suggested, so that their potential can be maximally exploited.

Time (h)
Fig. 3: Wind power generated from a HY-1000 wind turbine, during one typical day of
February and August.

The result of total renewable energy yields from summing up solar and wind
power for every hour, as the Equation 2 describes:
P

renewable

=P

solar

+P

(2)

wind

Table 2. Available solar and wind energy values for typical summer, winter,
and cloudy day in Albania, produced by 1 m2 solar panel and 1 wind turbine

Solar Energy (Wh)
Wind Energy (Wh)
Total Renewable Energy (Wh)

Summer

Winter

6395
1981
8376

4739
3105
7844

Summer
cloudy
3521
2543
6064

Table 2 shows the available solar and wind energy values for typical clear
summer, clear winter, and cloudy summer day in Albania, produced by 1 m2
solar panel and 1 wind turbine. The total daily value ranges from 6 kWh to 8.3
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kWh. Since we lack information regarding the difference of wind speed between
clear and cloudy day, we set the wind energy of cloudy summer day as medium
between summer and winter values which equals to 2543 Wh.
However, though renewable energy represents a clean source of energy, it
brings challenges which need to be addressed. The main challenge with solar
and wind energy is that, unlike brown energy drawn from the grid, it is variable.
This poses new research questions which mainly are handled by workload
scheduling algorithms and/or new priority schemes for combining different energy
sources, including batteries as a backup.
5. RENEWABLE ENERGY QUANTITATIVE EVALUATION
In this section, we evaluate different scenarios to investigate the potential of
using renewable energy sources to supply Datacenters, in Albania. We give
the notion of a new metric used to estimate the datacenter energy coverage
provided from 1 single turbine and 1 m2 solar panel. Furthermore, we build a
quantity model describing the number of wind turbines and solar panels needed
to obtain specific energy coverage.
5.1 Minimum Percentage Supply
First, we analyze the portion of the renewable energy produced by 1 turbine
and a 1 m2 solar panel in datacenter energy consumption. To measure this, we
introduce a new metric we call Minimal Percentage Supply (MPS), which
describes the coverage of renewable energy compared to the total energy
consumption. MPS is calculated as given in Equation 3:

(3)
We then divide the renewable energy production evaluated at Section 3 with
the energy consumption calculated at Section 2, to measure the MPS value for
3 datacenter settings. Table 3 presents the summer, winter and cloudy day
MPS values, applying the respective energy values to Equation 3, for 3
datacenters sizes. The summer value decreases from 2.48% down to 0.64%
as datacenter size is increased from scenario 1 of 500 PMs to scenario 3 of
2000 PMs. The summer MPS values are greater because of higher renewable
energy production on this month. In contrary to this, cloudy day holds the lowest
values of MPS. We notice from Table 3 that for same datacenter size, there is
just a trivial difference among summer and winter MPS values. This indicates
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that same quantity of renewable energy sources produce non-fluctuating quantity
of renewable energy during different times of the year. Nevertheless, there is
a significant reduction of renewable energy production of 35% when in cloudy
days.
Table 3: MPS values for typical summer, winter, and cloudy summer day in
Albania, for 3 datacenter sizes of 500, 1000 and 2000 Physical Machines
MPS summer day (%)
MPS winter day (%)
MPS cloudy day (%)

Scenario 1
2.48
2.32
1.63

Scenario 2
1.2
1.13
0.8

Scenario 3
0.64
0.6
0.42

5.2 Quantity model for solar and wind energy sources
Based on the MPS concept, we can build and analyze the model describing
the relation between the number of wind turbines and square meters of solar
panels required to ensure a desired value of MPS. This means that we can
predict the ratio of green and brown energy for a certain datacenter during a
certain period of the year.
We chose the 1000 PMs scenario for our case study, as other cases will be
proportional to this. Figure 4 depicts the relation between the number of turbines
and number of square meter solar panel needed for MPS values of 25%, 50%,
75%, and 100%, for typical clear and cloudy summer day values of solar and
wind energy.
According to Figure 4.a, representing a clear summer day, 350 wind turbines
are needed to cover 100% of the energy consumption without using solar panels
at all, or 110 square meters of solar panels are required to achieve the same
percentage with no use of wind energy. Otherwise, Figure 4.b representing the
opposite, a cloudy summer day, shows that a decreased number of wind turbines
to 260 or an increased number of solar panels to 200, is needed to achieve a
MPS value equal to 100%. The winter day is not taken into consideration as its
daily values are roughly near to the summer values. Based on this graph,
datacenter designers can calculate the best proportion of combining two sources
of renewable energy, from electrical and financial point of view.
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Fig. 4: Quantitative relation between solar panels and wind turbines to achieve 4 coverage
scenarios: 25%, 50%,75% and 100%, a) clear summer day, b) cloudy summer day.

6. CONCLUSIONS
In the present paper, we studied the potential of using renewable energy
sources for datacenters built in Albanian territory. We have provided a realistic
energy consumption model by simulating three datacenter sizes of 500, 1000
and 2000 servers. The workload to be run in the datacenter is proportional to
the datacenter size. We also calculated the available renewable energy produced
by 1 wind turbine and 1 meter square solar panel over 24 hours for a typical
clear summer, winter and cloudy day.
Our results highlight different cost for buying or producing renewable energy
at different times of the year. In order to measure the renewable coverage
over the energy consumption of a datacenter a new metric is introduced:
Minimum Percentage Supply. We built a model for relating the quantity between
wind and solar energy sources in order to achieve certain coverage of datacenter
consumption with renewable sources of energy. Choosing a 1000 physical
machines datacenter as a realistic size to refer to, we calculate the energy
consumption to be 693 kWh per day. According to the results, during clear
days, it is needed a total of 350 wind turbines, or 110 square meters of solar
panels, or a middle proportion of the two, to cover 100% of the energy
consumption. While in cloudy days, the number of wind turbines has to be
decreased to 260 or increased number of solar panels to 200 meters square,
for the same coverage of 100% with renewable energy.
After all, we provide valuable information to datacenter designers and invite them
to decide on the best strategy to leverage full potentials of using renewable energy.
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Short communication
WHY NATIVE ALBANIAN SPEAKER HAVE AN EASIER
APPROACH TOWARD ACQUISITION OF OTHER
LANGUAGES?
Genc STRUGA
Department of Neuroscience, University Hospital Centre, Mother Teresa,
Tirana, Albania

The observation that Albanian natives have a special gift for acquisition of
foreign languages it is been long noticed (Plaka, 2013).
Human speech is a well-learned, sensorimotor, and ecological behavior ideal
for the study of neural processes and brain-behavior relations. Using modern
neuroimaging as functional magnetic resonance imaging (fMRI), Computational
Neuroscience model and direct electrical stimulation (DES) in awake patients
undergoing brain surgery, the potential for investigating neural mechanisms of
speech has increased (Gracco et al., 2005).
Studying Albanian language has a particular importance since it represents
one of the oldest surviving members of the “Balkan” and Paleo-Balkan languages
have each been proposed as the ancestor of modern Albanian as proto-IndoEuropean model which is widely accepted.
Certain characteristics of Albanian language such as particular words that
represent a correlation of phenomena of action and sound are particular old
and believed to be ancestors of proto-Albanian.
Other characteristics of Albanian language are small words and the capability
to form compound word or new lexeme
It is been noticed that many words in Albanian correlate with melody or
sounds of a particular phenomena... instance ‘shi’ (rain) with the sound of
falling rain, ‘bubullimë’ (thunderclap) with that sound , ‘ha’ (eat ),’lumë’
(river),’kap’ (capture),’shtyp’(press), ‘lidh’(connect),’ujë’(water) and so on...
recognized in terminology as phonosemantics and phonosymbolisem. Howell
considers his phonosemantics to be a type of phonosymbolism (Rozycki, 1997).
Other phenomena are compounds words, in linguistic a compound is a lexeme
that consist of more than one stem. Compounding or word - compounding
refers to the faculty and device of language to form new words by combining
or putting together old words. In other words, compound, compounding or word-
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compounding occurs when a person attaches two or more words together to
make them one word (Hoti, 2014).
In the case of compound words demonstrates the dynamic and flexible
mechanisms supporting lexical processing in the brain.
The language affects an ethnic group particular thinking; brain processing of
speech, plasticity and capabilities of further learning at this point studying how
a particular language is processed has enormous interest.
Neurocomputational speech processing and computer simulation of speech
production and perception using artificial neuronal network models or neuronal
pathway is another approach to understanding how speech and in particular
phonosemantics and lexeme are better absorbed or networked since the speech
perception is multimodal, which means that it involves information from more
than one sensory modality.
Quantitative neurocomputational modeling of speech processing are DIVA
model and the ACT model- an improved and recent version of the traditional
first.
The ACT quantitative neurocomputional model organized in neuronal maps
which are in essence an assembly of model neurons i.e. a phonemic, phonetic,
motor plan, or sensory state. These maps are located in specific cortical regions
(Kröger et al., 2014).
Using axonal DES in awake patients undergoing brain surgery is proposed a
hodotopical (delocalized) and dynamic model in processing the language; this
model contradicts the traditional modular and serial view (Duffau, 2015).
In this networking model brain processing is not conceived as the sum of
several subfunctions, but results from the integration and potentiation of
parallel—though partially overlapping—subnetworks. This hodotopical account
improves our understanding of neuroplasticity (Duffau, 2015).
According to hodotopical model, following the visual input, the language
network is organized in parallel, segregated (even if interconnected) largescale cortico-subcortical sub-networks underlying semantic, phonological and
syntactic processing (Duffau et al., 2015). A similarity occurs when instead of
picture a sound and a meaning is correlated as input. In the case of meaningful
small words making other compound words are compatible with this dynamic
model.
Following an input that correlates sound and meaning or a lexeme composed
of small meaningful words the most important neurofunctional principle the
Hebbian learning, i.e. a synaptic link between two model neurons is strengthened
if both neurons are activated during the same time interval is fulfilled.
Phonosymbolism, small words and forming compound lexemes characteristics
of Albanian language makes the brain processing compatible with modern view
of hodotopical dynamic speech processing.
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Taking in consideration the tree of languages and Albanian as proto
Indoeuropian, although is considered as language branch unrelated to the other,
this view is incorrect and studies are undertaken to prove its fundamental role
in other languages “sprachbund”.
The thesis of Rozycki that languages around the word choose that particular
phonosymbolisem presumably independently cannot justify itself, since it is
proven that the language group called “Indoeuropian” are related at their origin.
A critical view is made of Indo-European model of languages which did not
take sufficient account of Albanian, the only living testimony of Pelasgic and
the view of Albanians and Albanian language as the descendant of the most
ancient population of Europe, the Pelasgians. This view is contested as myth
by opposite the others (De Rapper, 2009).
The view that Albanian natives speaker have an easier approach toward
acquisition of other languages it might be related to the common origin or root
of languages.
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ONE SUCCESSFUL EXAMPLE FROM ACADEMIA TO
BUSINESS
Salvatore BUSHATI
Academy of Sciences of Albania

For almost 50 years, Derek Fairhead, founder
and President of Getech, has studied the earth’s
gravity and magnetic data.
A joint degree in physics and geology at Durham
University in 1967 was followed by a Masters and
a Ph.D. in geophysics at Newcastle upon Tyne
University. The latter involved almost 15 months
of fieldwork – literally – in northern Tanzania and
southern Kenya, using a gravity meter to measure
the gravity field across the East African Rift
System.
Derek Fairhead, founder and
In 1972 Derek started into university as a
President of Getech.
lecturer, before becoming Professor of Applied
Geophysics at Leeds University in 1994. Apart from his focus on lecturing
Masters students for nearly 40 years – “They kept me mentally young, since it
was as though time stood still with the students perpetually remaining about 22
years old!” – he became a prolific author of scientific papers and has clocked
up well over a hundred publications in his career.
However, by the mid-1980s academic life was “losing its gloss”, and so Derek
took a year of sabbatical leave to study at El Paso University, Texas, as a
Fulbright scholar. Here a small flame was ignited and fanned by the experience
of giving lectures directly to a large number of American oil exploration
companies. The discovery that they had boxes of data, hidden away and
forgotten, gave him the idea of putting together continental scale gravity
compilations, by collecting, computerizing and merging these data into a
comprehensive unified digital database; in this time he collaborated with
Professor Tony Watts, an expert in offshore gravity studies who at the time
was at Columbia University, New York (now Professor of Marine Geology
and Geophysics at Oxford University), to form the nucleus of a new research
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group. The aim was to promote such compilation studies to oil companies for
funding.
Despite the low oil price in 1985–86 and the consequent restricted oil
exploration budgets, nine oil companies came on board to fund the initial threeyear gravity mapping study of Africa. Research was conducted primarily using
data by the British and French geological surveys, national surveys, academia,
and by oil companies, collected from specific areas of exploration. By the end
of the study 19 oil companies were sponsoring the study, and Getech was born
as an enterprise attached to Leeds University.
In 2000, the University of Leeds allowed the R&D group to ‘spin off’ from
the University as a limited company.
The success of the initial African project resulted in oil and mineral companies
requesting similar studies of South America, then East and West Europe, followed
by north Central Asia and South East Asia. As part of these studies Derek and
Getech linked up with different partners from the countries to gain access to
gravity data: the Russian Academy of Sciences; Chinese partners from
universities, Albania (Geological Survey of Albania, S. Bushati); Austria (Institute
of Meteorology and Geophysics); Belgium (Observatoire Royal de BelgiqueORB); Czech Republic and Slovakia (Geofysica, S. Zabada); France (Institute
Geographique National); Germany (NiedersaCHSISCHES Landesamt fur
Bodenforschung); Hungary (Eotvesh Lornd Geophysical Institute of Hungary,
Z.Pancsics); Ireland (Dublin Institute for advance Studies, A.W Jacob); Jordan
(Natural Resources Authority); Norway (Norwegian Mapping Authority); Poland
(Institute of Geodesy and Cartography); Portugal (Centro de geofisica); Romania
(Institutul Geologi an Romaniei, J. Andrei); Slovenia (Institute za Geologijo
Geotehniko in Geofiziko); and UK (British geological Survey, I. Smith).
Parallel to the gravity compilations, the company undertook magnetic
compilations that covered the world.
For the outstanding achievements, Derek was awarded: honorary
professorship from the Ocean University of Qingdao, China, in 1993;
‘outstanding works on the earth’s gravity’ from the Bureau Gravimetrique
International in 1994 and, a special commendation from the Society of
Exploration Geophysicists in 1999.
Simple Business Model
Between 2000 and 2005 Getech boomed, boosted further by the development
of new satellite technology that was able to more accurately map the
gravitational field of the oceans.
“Our business model was simple,” Derek explains. “We decided we wanted
to bring all sources of data together to create a global database. This was
branded, in the 2010s, as ‘Globe, a live earth platform’. It contains the world’s
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most extensive library of global gravity and magnetic data as well as global and
regional geological and palaeogeological studies. Currently ten oil companies
are sponsoring the Globe study. “Why would oil companies give Getech access
to their own proprietary gravity and magnetic data? “The answer is that they
do not have the time to collect region-wide information themselves since they
are focused on their time limited exploration blocks. The value of their data is,
however, preserved by Getech only releasing products on a broader grid scale
that does not compromise the high resolution proprietary nature of the original
data,” explains Derek. “For companies, our analysis of the resulting gravity
and magnetic compilations helps to define where the sedimentary basins and
sub-basins are located, and in recent times our geological expertise has brought
a greater understanding to the evolution of the basins. With these data products
and studies, therefore, companies are able to identify areas of interest and then
use new seismic studies to refine their search for the ‘sweet spots’. These
companies may also use some of the more advanced technological developments
that have been made over recent years, such as Full Tensor Gradiometry (FTG)
and Controlled Source Electro Magnetics (CSEM), both of which enable them
to further de-risk prospects prior to drilling, giving greater certainty in their
quest to discover hydrocarbons. However, both methods are expensive options,
with CSEM easier to apply in marine environments rather than on land.” (Jones
N. Mapping Out a Career. Geo Profile of Europe, vol. 10, nr.6 - 2015).
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CRC 806 - OUR WAY TO EUROPE: CULTURE ENVIRONMENT
INTERACTION AND HUMAN MOBILITY IN THE LATE
QUATERNARY
Hamza REÇI
Institute of Geosciences, Energy Water and Environment (IGEWE),
Polytechnic University of Tirana, Albania

Two research groups; one from Institute of Geophysics and Meteorology
(IGM), University of Cologne, Federal Republic of Germany represented by
Dr. Pritam Yogeshwar, Sina Voigt and Mira Kuupper and one from the Institute
of Geosciences, Energy Water and Environment (IGEWE), Polytechnic
University of Tirana, Albania represented by Dr. Hamza Reçi have recently
carried out some geophysical measurements in Shën Mitri Hills, Xara, Albania
in the framework project “CRC 806 - Our Way To Europe: Culture Environment
Interaction and Human Mobility in the Late Quaternary”. Here, the resistivity
equipment, ABEM was involved.
Geophysical investigations aimed at detecting Paleolithic data in the
aforementioned site. Consequently, joint geophysical and archaeological
expeditions were organized. Electrical Resistivity Tomography (ERT), with high
resolution up 4-5 meters was used. In some cases, long profiles up to 700
meters were surveyed to investigate the lithology and lithostratigraphy of the
hill’s subsurface, up to 60-70 meters. Data processing and data elaboration will
be carried out by the IGEWE, as provided by the collaboration agreement
signed by the two parties.
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TERRA MADRE BALKANS 2016 – “FARMERS FIRST”
Efigjeni KONGJIKA
Academy of Sciences of Albania
Alban IBRALIU
Agriculture University of Tirana, Albania
June 2-5, 2016
Think healthy, stay healthy
The fourth edition of Terra Madre Balkans was held from June 2 to 5 in
Tirana, Albania. This event was attended by Government representatives, Erjon
Veliaj, the Mayor of Tirana; Alberto Cutillo, Italian ambassador; Yngve Engstrom
– EU Delegation to Albania and Carlo Petrini, Slow Food President.
The Terra Madre Balkans event was organized by VIS Albania with the
support of Slow Food, in partnership with the Albanian Ministry for Agriculture,
Ministry of Economic Development, Tourism, Trade and Entrepreneurship, the
Municipality of Tirana and the Italian Agency for International Cooperation.
The event brought together 350 delegates from 12 countries (Bosnia and
Herzegovina, Bulgaria, Croatia, Greece, Kosovo, Montenegro, The Former
Yugoslav Republic of Macedonia-FYROM, Romania, Serbia, Turkey, Italy and
Albania).
As an essential part of the event, the central Mother Teresa Square hosted
an Earth Market, where over 50 booths gave visitors the chance to discover a
wide selection of products from Terra Madre food communities, Slow Food
Presidia, and the Ark of Taste, Slow Food’s catalog of the world’s food
biodiversity.
In addition to the Earth Market, the three-day event consisted of an
International Scientific Conference titled “Farmers first” and poster presentation
run at the Albanian Academy of Sciences in June, 4. The conference aimed at
building a wide network of academicians and research institutes on food
biodiversity and conservation of plant genetic resources; on financial and nonfinancial barriers preventing small scale artisan food producers from accessing
markets.
The conference was welcomed by Alban Ibraliu, the Chairman of the
Conference, Slavatore Bushati, the Head of the Section of Natural and Technical
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Sciences of the Albanian Academy of Sciences as a partner of the event,
Flamur Laze, Ministry of Agriculture, Rural Development and Water
Administration, Emilie Vandecandelaere, the FAO’s representative, Ole
Henriksen, the Director of SARED project, GIZ, Albania and Pierpaolo Ambrosi,
the Coordinator of Terra Madre Balkan 2016 and the Development Worker,
VIS Albania.
At the first session, Dessislava Dimitrova and Teodora Ivanova from the
Bulgarian Academy of Sciences reported on science as a driver for change.
Andrea Shundi provided some interesting information about Albanian cultural
and material e(t)nogastronomy heritage emphasizing the rich cultural heritage
of Arbëresh, Albanian ethnic and language group living in Italy since the Middle
Age. Yanka Kazanova reported on IPARD II project and the problems faced
for the biodiversity conservation in the rural areas of Balkan countries. Roman
Ozimec provided some information about the Croatian efforts to the
conservation of old plant varieties and breeds of East Mediterranean.
Scientists and the auditorium discussed in the second session on the problems
and the future of the trade market. Emilie Vandecandelaere and François Lerin
showed some standard criteria related to geographic indicators. The
representative of the National Agency of Technology and Innovation reported
on Albanian experience with regard to the support for the projects in the area
of agriculture and financial opportunities from HORIZON 2020.
The posters were prepared from the researchers of the Agriculture University
of Tirana, Albania, Albanian Academy of Sciences, University of Tirana and
other scientific institutions inside and outside the country.
At the end of the conference, a round table was organized where the
conclusions of the conference were drawn as a means to address the activities
in the future.
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NEW WINE IN OLD WINE FLASKS? OF THE IMPORTANCE
OF DOCUMENTING TRADITIONAL PLANT USES IN
ALBANIA-BY ANDREA PIERONI
Efigjeni KONGJIKA
Academy of Sciences of Albania
“Aleks Buda” Hall, June 2, 2016

Andrea Pieroni, Honorary Member of the Albanian Academy of Sciences
and Vice-Rector of the University of Gastronomic Sciences, Pollenzo/Bra, Italy,
organised in the frame work of Science Education Program the seminar “New
wine in old wine flasks? Of the importance of documenting traditional
plant uses in Albania”.
A list of guests included post doc students and experts from the Department
of Biology, University of Tirana and Agriculture University of Tirana, Albania.
His research focus is on gastronomic and medical ethnobotany in the
Mediterranean area, the Balkans, and among migrant communities in Western
Europe.
His courses are focused on: i) Food Biodiversity Sciences, ii) Ethnobotany
and Ethnobiology, iii) Plant Sciences, iv) Molecular basis and physiology of
taste and nutraceuticals and, v) Ecology.
Prof. Pieroni emphasized the importance of ethnobotany and How and Why
people use plants in their own local areas. In addition, he explained the need
for a traditional environmental knowledge (TEK) as a means to address both
economic development from a local and national standpoint focusing on endemic
plant species, their conservation and promotion. He provided some information
about his projects carried out in the Albanian Alps (Kelmend and Shalë), at the
border with Montenegro, where the Albanian population lives and in the
mountainous areas at the border with Kosovo and FYROM which were focused
on: i) ethnobiology: cross-cultural food and medical ethnobotany, ii)
ethnomedicine: folk medical practices, iii) human ecology: local ecological
knowledge and its mechanisms of adaptation and, iv) ethnoveterinary among
pastoralists.
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For the Balkan region this is not only a way of nutrition, but part of the biocultural heritage and a sustainable initiative, appropriate for the ecotourism.
At the end of the seminar, the Section of Natural and Technical Sciences of
the Academy of Sciences offered the students the opportunity of an online
connection with Acad. Pieroni for further information regarding ethnobotany in
Albania and Albanian Diaspora.
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CALENDAR OF IMPORTANT DATES
Blerina SHKRETA
Section of Natural and Technical Sciences, Academy of Sciences of
Albania

Along with the 20th anniversary of the journal, we commemorate some
important birthdays.
UN launches 2016 International Year of Pulses, celebrating benefits of
legumes. In addition, 2016 marks some very important birthdays.
Yuri Gagarin was born on March 9, 1934. He was the first man on space.
Steve Jobs was born on February 24, 1955.
Nicolaus Copernicus, the father of modern astronomy, was born on February
19, 1473.
Pluto was discovered on February 13, 1930.
Galileo Galilei was born on February 15, 1564.
Charles Darwin, naturalist, was born on February 12, 1809.
In February 7, 1984 Bruce McCandless becomes first man to fly in space.
John Boyd Dunlop was born on February 5, 1840. He was a Scottish-born
and educated inventor and veterinary surgeon who spent most of his career in
Ireland. Familiar with making rubber devices, he re-invented pneumatic tyres
for his child’s tricycle and developed them for use in cycle racing. Albert Einstein
was born on March 14, 1879.
NASA introduced the first astronauts in April 9, 1959.
Microsoft was founded in April 4, 1975.
In 2004, the European Space Agency launched the robotic space probe,
Rosetta, on an incredible journey. Its mission: chase down the 67P/Churyumov–
Gerasimenko comet that’s five times further than the distance between Earth
and the sun.
Richard Julius Petri, the German bacteriologist who discovered the Petri dish,
was born on May 31, 1852.
James Clerk Maxwell was born on June 13, 1831. He was the Scottish guy
who formulated the electromagnetic theory.
Further information could be found at: http://www.fao.org/home/en/and http:/
/worldsciencefestival.com/ , respectively.
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In the loving memory
Acad. Prof. Dr Latif Susuri, 75, passed away after a long battle with a illness
on 14, April, 2016 at the Hospital of Prishtina, Kosovo. He was born on May, 7,
1941 in Prizren, Kosovo.
Prof. Susuri grew up in Prishtina, Kosovo. He graduated from the Agriculture
High School in Prishtina, Kosovo in 1963. After high school he attended the
Faculty of Agriculture at the University of Belgrade in Belgrade, Serbia where
he received a bachelor degree in protection of plants and phitopathology. He
received the PhD in 1983 from the University of Zagreb, Croatia in the area of
phytopathology.
Acad. Susuri was permanent member of the Academy of Sciences and Arts
of Kosovo, Professor at the University of Prishtina and member of the Editorial
Board of the Journal Natural and Technical Sciences of the Albanian
Academy of Sciences.
He was an eminent personality in the area of phytopathology and very
dedicated to his family and friends.
Prof. Susuri was one of the founders of the science area at the University of
Prishtina. He had a long experience in scientific research on plant diseases
caused by fungi, bacteria, viruses and phytoplasma, with subsequent publication
in different scientific journals inside and outside the country such as USA,
Germany, Italy, Hungary, Slovenia, Croatia, etc. In addition, he was coauthor
of different books, and one of the compilers of two dictionaries: “Dictionary of
botanical terminology” and “Dictionary of Plant Names”— of fundamental
importance for the terminological unification in Albanian.
He has made great efforts to enhance intellectual pursuits of his students.
Latif Susuri was an erudite and it has been said that the world of science will
not be the same without him.
His scientific success lays in his vision and an approach that did not follow
bandwagons but continually challenged tradition and authority. He was known
for his spirit of cooperation and dedication to Albanian scientific research.
The Section of Natural and Technical Sciences, Albanian Academy of Sciences
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expresses the immense gratitude to Professor Latif Susuri for his precious
contribution in the publication process of many books, dictionaries and journals.
He will be very long remembered as a skillful, honest, wise, hardworking and
very kind scientific leader and organizer of different events such as conferences,
symposiums, workshops etc.
Latif Susuri is survived by his beloved wife and three children.
Acad. Prof. Dr Salvatore Bushati
Asoc. Acad. Prof. Dr Efigjeni Kongjika
Acad. Prof. Dr Jani Vangjeli
Prof. Dr. Andrea Shundi
Prof. Dr Arben Myrta

