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PREFACE

The GREDIT Conference 2016 (GREEN Development, Infrastructure and
Transport) was held in Skopje, Republic of Macedonia, from 30" of March till 2" of
April 2016. The Conference was organized by: Ss. Cyril and Methodius University in
Skopje, Faculty of mechanical engineering, Faculty of electrical engineering and infor-
mation technologies, Faculty of technology and metallurgy, Faculty of medicine; BENA
— Balkan environmental association; FUEL — R&D Centre for fuels engines and lubri-
cants; 6™ Star and Pakomak from Skopje.

The venue of the Conference was the Technical Campus of the University. 230
articles from 543 authors from 13 countries were presented at the plenary session, 6 oral
sessions and 4 poster sessions of the Conference.

The topics of the GREDIT 2016 were:

Air — water — soil pollution

Risk assessment — sustainable development

Renewable energy resources and management of natural resources
Agriculture, Agro ecology, Food Quality safety

Management of urban and industrial waste

Climate change — biodiversity — Energy efficiency

Green smart cities/societies — green architecture and landscape design
Public health — environmental medicine

Legal framework — GIS and remote sensing control and

Round table on: Higher education and Industrial environment

Selected papers from the GREDIT2016 International Conference are published
in this issue of the Mechanical Engineering-Scientific Journal.

Dame Dimitrovski



INPEAT'OBOP

Kongepennujara ['PEJIUT 2016 (3enen pa3Boj, uHGpacTpyKTypa U TPAHCIIOPT)
ce oapxka Bo Ckomje, Penyonuka Makenonuja og 30 mapt g0 2. anpun 2016 roauHa.
Opranmzatopu Ha KoH(pepeHmujata ce: YHmBep3ureror CB. Kupunm m Mertomuj BO
Ckonje, MamuHCKHOT (akynrer, PaKkynTeTOT 3a €JICKTPOTEXHUKAa M MH()OPMAIMCKH
TEXHOJIOTUH, TeXHOJOMIKO-METaTypIIKHOT (akynTer, MeIummHCKAOT —(DaKymITeT;
BEHA - bankanckara aconujanumja 3a xuBoTHa cpenuHa; YEJI — LlenTapor 3a uctpa-
)KYBam-€ U Pa3Boj Ha TOPUBA, Ma3KuBa U MOTOpH; 6 sBe3na u [Takomak ox Ckorije.

Hacranute on Kongepenmnujara 3emaa Mmecto Ha TeXHHYKHOT KaMIlyCc Ha YHH-
Bep3ureToT. 230 TpynoBu, ox 543 aBropu on 13 3emju, Oea Mpe3eHTHPAHH BO PAMKHUTE
Ha TIeHapHaTa, 6'° opanau u 4™ nocrep cecun Ha Kondepennujara.

Temure na Kondepenujata 'PEJIUT 2016 Gea:
— 3aragyBame Ha BO3IyX, II0YBa M BOJA
— Ilpouena Ha PU3KK — OAPIKIUB Pa3BOj
— OOHOBNMBY U3BOPH HA CHEPTHja U YIIPABYBAbE CO MPUPOITHUTE PECYpCH
— 3emjoxenue, Arpoexosnoruja u 6e30eIHOCT Ha XpaHa
— VYmpaByBame co ypOaH U HHAYCTPUCKHU OTIAJ
— Kuiumarckunpomenu — OMOAMBEP3UTET — eHEpreTcka ehUKacHOCT

— 3eneHH rpaJloBU/OMIITECTBA — 3€JICHAa apXUTEKTypa U IPOCTOPHO
IUTaHUPAE

— JaBHO 371paBje, MenunuHa MoBp3aHa co )KUBOTHATA CpPEIUHA
— IlpaBHa pamka Bo xuBoTHaTa cpeauna u [ UC cucremu u

— Kpyxna maca: Bucokoro oOpa3oBaHue 1 )KHBOTHATA CPEIUHA BO
WHIyCTpHjaTa

N360p Ha Tpyaosu ox Merynapoanata kondepennuja PEJUT 2016 e o6jaBen
BO OBa M3/IaHKME Ha MaIIMHCKO HH)XEHEPCTBO — HAYYHO CITUCAHHE.

Hame JJuMUTpOBCKU
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A bstract: This paper presents a simulation study of a vehicle model with four independent electric motors
drive and built-in active anti-roll bars on both axles. The proposed control strategies and the coordinated action of the
drive-train and the active suspension components clearly show improvement in ride, stability and handling of the ve-
hicle. For building and simulation of the vehicle model, including the controllers, Matlab/Simulink platform was
used. The vehicle is structured and presented as a combination of several sub-models which are highly nonlinear due
to the use of a nonlinear tire model, as well as the nonlinear suspension elements. The operation of the system is gov-
erned by a complex cascade controller, using modern control techniques, such as PID and fuzzy logic. The tuning of
the controller is performed using simulation data.

Key words: electric motor drive; active anti-roll bars; ride and handling; simulation; fuzzy logic; PID

MNOJOBPYBAIE HA NEP®OPMAHCHUTE HA BO3UJIO CO HE3ABUCEH EJIEKTPUYEH IIOI'OH

N AKTUBHU TOP3UOHU CTABUJIN3ATOPHU

A nctpakT: OB0j Tpys IPETCTaByBa CHMYJIALUCKO IPOYIyBae HAa OJHECYBAHETO HAa BOSUIO (IIPETCTABEHO
IpeKy MOJIEN) CO HE3aBUCEH MOTOH Ha YETUPH €IEKTPOMOTOPH U aKTUBHU TOP3MOHU CTAOMIIM3aTOPH BO CHCTEMOT 3a
HOTIHpake Ha IpeHATa U Ha 3aHaTa ocka. [IpeTcTaBeHnTe CTpAaTeruy Ha yIpaByBamke U KOOPAUHUPAHOTO 1€jCTBO
Ha HE3aBHCHHUOT TMOTOH M aKTHBHHUTE CTaOMIM3aTOpU MOKaXyBaaT MoJo0pyBama BO KOM(OpPOT, cTabMIHOCTA U
YIPaBIMBOCTA HA BO3HJIOTO. 32 MOJIEIMPAEETO Ha BO3MIOTO, KAKO M Ha KOHTPOJICPHTE € KOPHCTEHA IporpaMara
Matna6/Cumynuak. KOMIIEKCHHOT MOZieNI € cocTaBeH 0 MoAyIH. Toj € HelnHeapeH Kako pe3ylnTaT Ha COOABCTHU-
Te KapaKTepPUCTUKK Ha eJIeMEHTUTE BO CHCTEMOT 3a MOTIHPAkhe U Ha MOAEIHMTE HA ITHEBMATULIUTE (MOJEN ,,BOIIIEO-
Ha (opmyna“ Ha [lanejka). YmpaByBameTo Ha MHTCTPAIHUOT CHCTEM € HAIPaBEHO CO KacKaJeH KOHTPOJIEp H CO
OpUCTEHE Ha COBpeMeHHU MeTou — (as3u-noruka (fuzzy logic) u IIM]] ynpaByBame u peryiaiuja.

Kny4ynu 300poBH: eleKTpUYEH MOTOPEH AUCK; aKTUBHU LIMITKU [TPOTUB MPEBPTYBAC; BO3CHE U YIIPABYBAE;

cumynanuja; ¢asu aoruka; PID

INTRODUCTION

Improving vehicle ride and handling using
one or more active or adaptive systems has always
been a challenging for automotive engineers. The
purpose of this paper is to examine the potential of
two separate active vehicle systems operating in
coordinated action, in order to improve vehicle
performance in aspects such as ride, handling and
stability. Those two active systems were chosen

because of their potential to influence both hori-
zontal and vertical dynamics.

The study is presented through simulation of
a vehicle model with four electric motors inde-
pendent drive and active anti-roll bars. The pres-
ence of independent drive provides all-wheel drive,
differential steering without using conventional
differential, management of additional speed and
torque to the wheels depending on road conditions,
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additional steering without changing the angle of
the steering wheel, etc.

On the other hand, the possibility of control-
ling the moment or the torsional stiffness of the
active anti-roll bars (or Active Torsion Stabilizers
— ATS) can produce and maintain minimum roll
angle of the vehicle body in curves thus improving
ride. They can also influence the handling of the
vehicle by vertical force control, which is a key
factor to tire lateral stiffness and side-slip angle.

VEHICLE MODEL

Real vehicles are exceptionally complex sys-
tems which consist of numerous components with

their own mass and inertia characteristics. For the
vehicle modeling, the number of components was
reduced to a limited number of system elements
with specific characteristics and organized in sub-
models (the vertical dynamic sub-model is shown
on Figure 1).

In this case the vehicle is represented by a
dynamic model composed of three sub-models (for
both horizontal and vertical dynamics and tire
model) that are mutually related and coupled. The
model is nonlinear due to the nonlinear compo-
nents in the suspension system (springs, dampers,
anti-roll bars) and the implemented nonlinear tire
model (Pacejka’s “ Magic Tire Formula”).

Fig. 1. 3D vehicle model

All of the sub-models are integrated into
complete vehicle model with the following 14 de-
grees of freedom (dof):

e Vertical displacement of the four wheels;

¢ [Longitudinal, lateral and vertical displace-
ment of the centre of mass;

e Roll, pitch and yaw of the vehicle body;

¢ Rotational motion of the four wheels.

The inputs of the model among others include
the angle of the steering wheel, vertical displace-

ment of each wheel due to road profile variation,
etc. This model allows calculation and presentation
of displacement (linear and angular) for each dof.
The main displacements of the vehicle body at the
centre of gravity are considered.

It is worth mentioning that while modeling
the vehicle model the following assumptions were
taken into account:

¢ The vehicle body is rigid with the mass con-
centrated at the centre of gravity;

Mech. Eng. Sci. J., 34 (1), 11-18 (2016)
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¢ Roll and pitch centers are at the same loca-
tions;

e Suspension geometry and wheel-lift phe-
nomena are not modeled.

The full-vehicle model structure and the in-
terconnection of the sub-models is depicted on
Figure 2.
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Fig. 2. Complete vehicle model

The data used for the simulations is represen-
tative for a small family car (B-segment car).

ACTIVE SYSTEMS MODELING

As previously mentioned, the vehicle is driv-
en by four separate electric motors. These motors
are connected directly to each wheel and are pow-
ered by a battery pack. They are governed by a
controller that operates in dependence of the meas-
ured values of various vehicle parameters such as
the accelerator command, longitudinal and lateral
acceleration, yaw rate and rotational speed of each
wheel. With accurate management of these inde-
pendent motors, desired torque and angular veloci-
ty for the wheels for different driving conditions
are achieved. The advantages of using separate
motors are rapid response, compact design, rota-
tion reversal, etc.

Maw. unic. nayu. ciuc., 34 (1), 11-18 (2016)
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Fig. 3. Placement of the electric motors

The active systems, the independent electric
drive train and the two active anti-roll bars have
the possibility of regulation depending on the esti-
mated road conditions. Main areas of regulation
include delivering additional torque and/or angular
velocity for the electric motors and stiffness regu-
lation through assigning additional torsional mo-
ment values for each axle.

For further consideration, only the following
values, rules of distribution and calculation will be
used:

wpg, — Total additional angular velocity for

all wheels, equally distributed left and right (see
Figure 4);

Upo, — Additional electric voltage, equally
distributed left and right;

M 475 — Total active moment for both torsion
bars and respective coefficient of distribution front
and rear ks

- (/ N\ Woopd ,/\\ WoopD
N\ N
N\ N\
\ i, N
Wnopd > B D Woop ) N D
) . v \

o

'Uanw um“ < WUM

wnupl‘ H Jwﬂupn Woop i }—‘ ‘wnnpn
Fig. 4. Additional angular velocity and electric voltage for

each wheel

um.l o“

wDop = wDopL + wDopR

=(1-k,) @, M

a)Dop = km ' a)D opR

opL
@p,p Bp,p 1 r— Total assigned additional an-

gular velocity for each wheel and for left and right
wheels accordingly;
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L — Coefficient of distribution for the total

distribution.

Similarly:
Une = Uppr +Un 0
map Rapl g B
Upop = kg  Vpgpe =1 =R " Upgp s 2

&y — Additional electric voltage;

&, — Coefficient of distribution for the total volt-
age, left to right; %&,, — £.5 for equal distribution.

The active anti-roll bars (active torsion stabi-
lizers, ATS) are placed on both axels. Thus they
are composed of steel rod that creates torsion —
passive part, and an activation system or active
part. It is assumed that it can introduce additional
torsional moment in both directions.

-

W ars
ks

-

n Y
M arsr T+ Myrs g

=1 3)

=0
M 47 — Total active moment of torsion for the two
stabilizers;

% 475 — Coefficient of distribution front to rear for
the total active moment (0 — the total moment is trans-
ferred to the rear ATS, 0.5 for equal distribution, 1 — the
total moment is transferred to front ATS, see Figure 5).

kirs=0 ________[#l

Fig.5. Placement of the active anti-roll bars

ACTIVE SYSTEMS CONTROLLER

The required data which describes the current
state of vehicle operation is collected from the vir-
tual sensors in the model. The signals are pro-
cessed and control signals are then sent to the actu-
ators (drive-train and stabilizers). Operation of the
actual vehicle (complex model) is compared with a
reference model (two-track model with Pacejka’s
tire model). The initial desired angular velocity for
each wheel is calculated according to the Acker-
mann-Jeantaud’s geometry, and some adjustments

are done depending on the estimated road condi-
tions. Those additional adjustments are done by
assigning different stiffness coefficients for the
stabilizers or different angular velocities or torques
for each motor/wheel.

The additional required data (adjustments) is
calculated by complex cascade controller, using
modern control techniques such as fuzzy logics
and PID. The set-up of the controller is done by
previously gathered data from series of performed
simulations.

The fuzzy logic controller is composed of
three sub-controllers depending on the three calcu-
lated values using expressions 1, 2, and 3. The next
Figure 6 depicts typical membership functions for
one input, while on Figure 7 the integral fuzzy con-
troller is shown.

3;\ *°\ /@\ . e
\ / \ j \ // \\\/ /

Vy m/s
Fig. 6. Typical membership functions for specific input
(linear velocity)
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Fig. 7. Inputs and outputs of the fuzzy-logic controller
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Fig. 8. Linguistic variables for choosing k =
in the sub-controller Fiea,,

The linguistic variables of the fuzzy controller
(Figure 8) are programmed according to previously
gathered data from many performed simulation.
They are written using the operators (IF, AND,
THEN). Here is an example:

— If the linear velocity is ten meters per se-
cond, the lateral acceleration is one meter per se-
cond squared, for error of one meter per second
squared, total moment is hundred seventy five, ful-
ly prescribed to the rear stabilizer”, or:

IF #, = v10 AND a, — al AND a,, —¢1.0,

Accordingly, the rest of the linguistic
variables are created. The linguistic variables for
the first fuzzy sub-controller are shown on the
diagram on Figure 8.

The PID controllers are used to calculate the
requred voltage for each electric motor according
to the desired refference angular velocity.

This full controller determines the overall
electric voltage for the motors and the additional
torsional moment for both stabilizers based on sev-
eral inputs such as: desired vehicle speed and steer-
ing wheel angle (given by the driver), vehicle be-
havior, as well as estimated road conditions. The
full controller structure is depicted on Figure 9.
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Fig. 9. Scheme of the full controller

SIMULATION RESULTS

The scheme on Figure 10 shows the structure
and the connections of the integral full simulation
model depicting the full vehicle model and the
controller. This includes the road-profile modeling
as well.

The driver’s commands for the desired vehi-
cle motion such as desired vehicle speed (pressing
of the accelerator pedal) and steering wheel angle
are taken as inputs. As previously mentioned, mo-
deling and simulation was performed using
Matlab/Simulink.

INPUTS b OUTPUTS
XorEF
4
61]
=
F,
. . 5, | 2 W
&
K /' Usar
= 0
e sicen, 3 A I
Unop
ROAD MODEL T DRIVETRAIN MODEL
b Xapzr Mgy L LT: Xo Vs Zof ]
» 0y s
e Uﬂ‘at—
_,ay
R4
U,
Ve M. TSP/Z g
CONTROLLER VENICLE MODEL 1

Fig. 10. Scheme of the full simulation model

In order to perceive the features of the vehicle
with the two active systems, firstly a simple stand-
ardized constant radius cornering maneuver is sim-
ulated and the results are compared to a passive
vehicle. It can be easily seen on Figure 11 that the
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“active” vehicle maintains longer linear range and
has the ability to achieve higher lateral acceleration
before reaching the limit during steady-state cor-
nering.
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Fig. 11. Lateral acceleration vs. steering wheel angle

The following Figure 12, valid for the same
steady-state maneuver shows the roll angle of the
vehicle body as a function of lateral acceleration of
the centre of gravity. The ATS can easily prevent
rolling the body in desired or proposed lateral ac-
celeration range (up to around 6 m/s®). For higher
lateral accelerations the vehicle body is deliberate-
ly allowed to slightly tilt (roll motion) in order to
give the driver information that he is driving near
the edge of the grip.

To show the difference of the actual angular
speeds, as well as the reference speeds (from the
controller) for each wheel, a simple J-turn maneu-
ver is simulated (Figure 13).
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Fig. 12. Roll angle versus steering wheel angle (80 km/h)

rad/s

front left
front right |-
rear left
rear right
r

~
N
o
[

726 L L 1 L n
28 30 32 34 36 38 40 42

Fig. 13. Desired and measured angular velocities for each of
the motors (wheels) during J-turn maneuver (120 km/h)

With regard to the vehicle trajectories while
performing double lane change maneuver (see Fig-
ure 14: dashed line for the passive vehicle), it is
notable that the “active” vehicle needs lees lateral
space to complete the maneuver. After reaching
steady state, both vehicles maintained the direction
of driving. The one without additional control en-
tered in the adjacent lane by about one meter fur-
ther to the left, which in real case scenario could be
potentially dangerous.

5 1 1 1 L L L L 1 L
600 650 700 750 800 850 900 950 1000 1050 1100
m

Fig. 14. Vehicle trajectories during double lane change
at 80 km/h

In order to show the potential of the system
under external weather disturbances, for example a
vehicle being subject to crosswind (side wind on
the vehicle while exiting a tunnel) simulation test
was carried out without steering intervention. It is
clear that the vehicle with the active systems reacts
with a lesser lateral deviation from the desired
straight trajectory (see Figure 15 and 16).
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Fig. 15. Vehicle approaching crosswind

—— with controller
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Fig. 16. Vehicle trajectories passing crosswind at 80 km/h

Usually the real road surface is far from per-
fect and the grip for each side of the vehicle or
even for each wheel may be different. In this case a
vehicle which already drives through a curve, en-
counters wet or iced road on one side (mu-split;
see Figure 17). For a short period of time, the
wheels on the right vehicle side travel on a signifi-
cantly lower coefficient of friction road surface. In
such a situation, unpredictable yaw motion may
occur due to unequal traction and lateral forces.
The change in vehicle side-slip angle for both ve-
hicles with and with no additional control (dashed
line) is shown on Figure 18. The “active” vehicle
demonstrates superior handling in this particular
transient state of motion.

Fig. 17. Vehicle approaching wet/frozen surface
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Fig. 18. Vehicle side-slip angle for a mu-split passage while
cornering at 120 km/h

Finally, to show that this system is not con-
fronting the operation of other systems (in this case
the suspension system), a test of climbing on the
sidewalk with the left or the right wheels and con-
tinued straight driving, was carried out (see Figures
19 and 20).

—

Fig. 19. Vehicle approaching a sidewalk
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5

Fig. 20. Vertical displacement of the centre of gravity while
climbing a sidewalk with the wheels on one side of the vehicle

CONCLUSION

This paper presents a simulation study of a
vehicle model with four electric motors independ-
ent drive accompanied with active anti-roll bars for
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each axle in the suspension system. The topic is
challenge by itself because of the modeling ap-
proach and the formulation of the control strate-
gies.

There are notable effects and benefits for the
vehicle design simplification and the vehicle dy-
namics (for example no necessity for some con-
ventional parts and assemblies, such as gearbox
and differential) with the applied concept of the
drivetrain.

By means of control of the active anti-roll
bars and the achieved partial or full reduction of
the vehicle body roll angle regardless of the road
conditions and the driving maneuver, the comfort
is highly improved. The simulation results con-
firmed the potential for additional directional con-
trol of the vehicle (control of the direction of
movement) by assigning and distribution of addi-
tional angular speed and torque in the electric mo-
tors and/or additional torsion moments in the ATS.
The study demonstrated that it is also possible to
influence the response speed with assigning differ-
ent torque to the individual electric motors.

From the simulated standardized steady-state
and transient-state maneuvers undertaken in the
study, it can be concluded that the coordinated ac-
tion by the active systems can improve vehicle
handling and stability by shortening the response
time, reducing the overshoot and increasing the
highest achievable lateral acceleration and yaw rate
by the vehicle for given road conditions.

(1]

(2]

(3]

(4]
(5]

(6]

(7]

[8]

[9]
[10]

[11]

[12]

[13]
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SIMULATION STUDY OF THE EFFECT OF A SWITCHABLE CONTROL ADAPTIVE

SUSPENSION ON VEHICLE’S TRANSIENT RESPONSE
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Abstract: A three-dimensional model of a sport vehicle with non-linear tire characteristics was assembled
in a multi-body dynamics software ADAMS/Car. The front and the rear suspension include linear coil springs and
non-linear adaptive dampers. The dampers adapt to their soft or hard characteristics according to a threshold control
strategy implemented in MATLAB/Simulink. The transition from low to high damping and vice versa was also mod-
eled. The virtual vehicle and the control system were cosimulated in both open-loop and closed-loop driving maneu-
vers to validate the functionality and the effectiveness of the control strategy. Compared to a vehicle with passive
suspensions, adaptive damping showed significant attenuation of the body roll angle and improved transient response,
especially at high speeds.

Key words: vehicle dynamics; adaptive suspensions; ride and handling; transient response

CUMVYJAIUCKO INPOYYYBAIBE HA BJIMJAHUETO HA AJANITUBHUOT CUCTEM
3A HOTIIMPAIBGE BP3 NPEOJHUOT PEXXUM HA IBUKEILE HA BO3UWJIOTO

AmncTpaxk T U3rpaseH e TpuAUMEH3MOHATIEH MOZIEN Ha CIIOPTCKO BO3UIIO CO HENMHEAPHU KaPaKTEPUCTUKU
Ha MHEBMAaTHLUTE BO KommjyrepckaTa nmporpama AJJAMC. [IpeAHHOT 1 3aJHHOT CHCTEM 3a MOTHHPAkE BKIydyBaaT
JIMHEapHH 3aBOJHU NPYXWHH W HEJIMHEApHH aJalTHBHU aMOpPTH3epU. AMOPTH3EpUTE Ce€ aJanTHpaaT Ha cBojara
KapaKTEepUCTHKA Ha MAJIO M TOJIEMO HPHIYLIYBalbe CIIOPE] CTpaTerujaTa Ha NParoBU BPEJHOCTH, UMIUIEMEHTHPAHA
B0 Marna6/CumynuHk. IIpouecor Ha npeMuH Off Majao KOH IojleMo NPUAYLIyBake U 00PaTHO € HCTO TaKa IPEAMET
Ha MoJeNnupame. BUPTyemHHOT Mozien Ha BO3MIIOTO M YIIPaBYBauKHOT CHCTEM Ha aJaliTHBHOTO MOTIUPAE CE KOCH-
MYJIMpaHY TIPH MaHEBPHU Ha JIBIDKCH:E 0€3 MOBpaTHA U CO MOBPATHA BPCKA, CO LIeJI Ja C€ MOTBPAU (YHKINOHAIHOCTA
n e()eKTHBHOCTA Ha CTpaTerujara Ha ynpaByBame. CIOpEIeHO CO BO3WIO CO IACHBEH CUCTEM 3a MOTMHUpabe, afar-
THUBHOTO TIOTIHpAae MOKaXKyBa 3HAYajHO HaMalyBame Ha HANPEYHOTO HaBalyBame Ha Kapocepujata M MomoOpeH
HPEOJIEH OJ3UB Ha BO3HIIOTO, 0COOEHO IPH rojeMu Op3uHU.

Kityunu 360poBH: InHAMKKA HA BO3HWJIO; a/IAITHBEH CHCTEM 32 MOTIHPAhE; yIOOHOCT U YIIPABIHBOCT;
HPEOJICH PEKUM

INTRODUCTION

The most important and ever present opera-
ting condition the suspension damper has to deal
with is the road profile, which is varied and totally
random in character. The inputs to the suspension
coming from this source appear either in irregular
or repetitive waveforms, or even as single sharp
disturbances. These conditions present conflicting
demands on the suspension damping, whose pri-
mary task is to minimise the disturbances felt in-

side the vehicle body, while maintaining adhesion
between the tire and the road [2]. A passive sus-
pension design requires an effective compromise
between the ride comfort, tire/road contact force
variations, suspension working space and vehicle
attitude control. A soft suspension that provides
good isolation also allows significant body roll and
pitch which are undesirable for good handling.
Consequently, a particular passive suspension is
rarely optimal for any given speed and road pro-
file. On smooth roads, the suspension is stiffer than
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necessary and on rough roads, softer than desirable
[6]. To improve this, adjustable dampers with two
or three discrete damping steps were introduced.
At first there were manually controlled electro-mo-
tive adjustments, followed by swift electromag-
netic systems (still built today) with an adaptive
regulating device, operating according to the driv-
ing situation and the vehicle body movement [4].
This paper presents a study of the effect of a thre-
shold control strategy applied to two-stage adap-
tive dampers on vehicle's transient response.

To perform this study, the cosimulation tech-
nique is employed as a mean to simulate complex
vehicle models in a multi-body dynamics software
(ADAMS/Car) together with a control system,
which is run from another application (MATLAB/
Simulink). The advantage of this approach is the
ability to conveniently create and simulate realistic
3D vehicle models that are controlled by active
systems of arbitrary complexity and type. The two
applications run simultaneously, exchanging data
after each predefined time-step, which effectively
means that the vehicle behaviour is not only affect-
ted by the independent inputs (steering wheel an-
gle, throttle, brakes, road profile), but by the con-
trol inputs (forces exerted by the adaptive damp-
ers) as well.

VEHICLE MODEL

The vehicle model (Figure 1) is created in
ADAMS/Car and it represents a complex 3D vir-
tual sports car with its body modelled as a lumped
mass. It is assembled using both standard and new-
ly built subsystems that are based on the existing
and on specially prepared templates.

Fig. 1. ADAMS/Car virtual vehicle model

The car is a rear wheel drive, with a longitudi-
nally mid-placed V12 engine, a 6-speed manual
gearbox and a limited slip differential. The braking
system includes four disk brakes. For the tires, the
Pacejka 89 non-linear handling model is used and
the steering system is of "rack and pinion" type.

The front and the rear suspension systems are
of double wishbone type (i.e. with short and long
lateral A-arms; Figure 2a). They include linear tor-
sion springs and non-linear bushings placed bet-
ween the suspension A-arms and the vehicle body.

ger_Upper TRRRE L e i
r_sontral_atm kp2-2

Fig. 2. a) Double wishbone front suspension system
b) Location of the "point to point" force actuator

Mech. Eng. Sci. J., 34 (1), 19-25 (2016)
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The dampers of the reference passive suspen-
sion vehicle have non-linear asymmetric character-
ristic (Figure 3). The adaptive dampers have dual
characteristic: low damping, with 60% damping
force and high damping, with 220% damping force
relative to the passive one. To perform the role of
adaptive dampers, "point to point" linear force ac-
tuators are placed at the connecting points of the
original dampers (Figure 2b). Additional ADAMS
variables named "active_force_ FR" (_FL, _RR and
_RL, for each wheel respectively) are assigned to
the values of the force actuators. These variables
are inputs to the ADAMS vehicle model (AD-
AMS/Car plant). Their values are calculated and
fed back by the adaptive damping control system
modeled and executed in MATLAB/Simulink.

4000

2000+

N)

-

-2000+

-4000+

-6000 —— passive
-==--adaptive low

—— adaptive high

-15 -1

05 0 05 1 15
Extension Velocity (m/s)  Compression

Fig. 3. Passive and adaptive damper characteristics

ADAPTIVE DAMPING STRATEGY

The threshold control strategy is based on five
criteria which include several parameters: steering
wheel angle, steering wheel angular velocity, vehi-
cle speed, longitudinal acceleration or deceleration
and vehicle body vertical acceleration. According
to the required operating status, the damping cha-
racteristic of all the dampers is changed simulta-
neously. The criterion of the steering wheel angle
(referred to as Criterion A) is defined using refe-
rence curves that divide the operating space into
low damping and high damping zone (Figure 4).
During simulation, the actual steering wheel angle
and vehicle speed are "measured" by virtual sen-
sors. Based on the operating point position, requi-
rement is made adequate damping characteristic to
be set. The reference curves are derived with prior
quasi-static constant radius and constant speed
cornering analysis.

Maw. unic. nayu. ciuc., 34 (1), 19-25 (2016)
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Fig. 4. "Steering wheel angle"-criterion reference curves

At a given speed, a point on a curve indicates
the steering wheel angle value needed to obtain a
certain specified level of lateral acceleration in
steady state cornering condition. For the performed
simulation, the "0.3 g" curve was used.

The steering wheel angular velocity criterion
(Criterion B) is also defined using a reference
curve (see Figure 5). The operating logic with low
damping and high damping zone is the same. The
reference curve is derived with prior extensive
ramp steer simulations, analyzing vehicle's lateral
acceleration and its first derivative. During the
transient regime, depending on the vehicle speed
and the slope of the steering wheel ramp, the late-
ral acceleration's first derivative may demonstrate
a portion that is relatively constant. Arbitrary valu-
es of that constant portion (3.4-3.8 (m/s>)/s for
speeds 25 to 80 km/h and 1.5-2.1 (m/s*)/s for
speeds 100 to 200 km/h) are set to distinguish bet-
ween slow and swift turning of the steering wheel.
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OD 20 40 60 80 100 120 140 160 180 200
Vehicle speed (km/h})

Fig.5. "Steering wheel velocity"-criterion reference curve
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The corresponding values of the steering
wheel angular velocity and vehicle speed are used
to form the reference curve.

The criterion of the vehicle speed (Criterion
C) sets a threshold value of 4 km/h, below which
the dampers should operate in high damping mode
in anticipation of vehicle accelerating and in order
to prevent nose lift. According to this criterion,
above the threshold value, low damping character-
istic is set.

The criterion of vehicle longitudinal accele-
ration (Criterion D) is defined in order to prevent
high pitching angles of the vehicle body in case of
medium and high acceleration and braking, by se-
lecting the high damping characteristic. The thre-
shold value is set to 2 m/s’, regardless of vehicle
speed.

In order to keep the tire firmly on the ground
while driving on rough roads, a criterion is defined
using vehicle body vertical acceleration. Criterion
E selects the high damping characteristic if the
threshold value of 2 m/s”is exceeded [1].

During the cosimulation, each criterion block
outputs 0 or 1 for low or high damping respect-
tively. The five outputs are fed into an OR logical
block for final decision making. That means that
even if one criterion needs high damping, the
dampers will be set to "firm" — high damping
mode. The Simulink scheme of the control system
(Figure 6), for clarity reasons, shows only the rele-
vant connections for the five criteria and the feed-
back to the front right damping force input. The
large rectangle represents the ADAMS model
placed as a subsystem in MATLAB/Simulink. The
vehicle plant has 4 inputs and 11 outputs, including
the four dampers' piston/tube relative velocities.
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Fig. 6. Scheme of the damping control system

The high and the low damping characteristics
were implemented as look-up tables. According to
experimental data for the dynamic behaviour of an
adaptive damper in [5], a subsystem is made that
models the transition from low to high damping
characteristic and vice versa. This subsystem recei-
ves the required damper status for the next integra-
tion period, compares it with the current one and,
using combinatorial logic and first order filters,
performs the transition needed (Figure 7). For a
given piston/tube relative velocity, the transition
from high to low damping characteristic is faster

that from low to high. If no transition is needed,
the subsystem proceeds with a negligible time de-

REQUIRED
STATUS
SIGNAL

STATUS
TRANSFER

Transport a ]
Da x
STATIC = = DYNAMIC
FORCE FORCE

Fig. 7. Damper status transition subsystem
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SIMULATED MANEUVERS
AND SIMULATION RESULTS

The cosimulation of ADAMS and MATLAB/
Simulink, which includes both the virtual vehicle
and the suspension control system, was done for
three driving maneuvers: sine-swept steer, ISO
double lane change and braking in turn. The first
maneuver is an open loop procedure to assess the
transient behaviour of the vehicle subject to a fre-
quency changing sinusoidal input applied to the
steering wheel. The ISO double lane change ma-
neuver is a closed loop test during which the vehi-
cle has to follow a given trajectory within certain
(defined by the standard) limits. Braking-in-turn is
also a closed loop maneuver with the vehicle enter-
ing a constant radius turn to yield a prescribed va-
lue of the lateral acceleration, and then to be sub-
jected to braking in order to achieve a desired level
of longitudinal deceleration. Additionally, during
this maneuver the vehicle moves over a large pot-
hole, to provoke vehicle body vertical acceleration.

For the first maneuver, starting at £ = 0.6 s, a
sine-swept input (initial frequency of 0.2 Hz, final
freq. of 2.4 Hz and a freq. rate of 0.2 Hz/s) is ap-
plied to the steering wheel of a vehicle running at
60 km/h. The cosimulations included sine ampli-
tudes of 30, 60, 90 and 120 degrees. All of that was
repeated for a speed of 80 km/h as well. The fol-
lowing figures show the control system activity
and the transient response for 60 km/h and 90 de-
gree amplitude.

During this maneuver, only the first two
criteria are active, since the vehicle drives on a
smooth road and is not braked. Shortly after the
start of the maneuver, the dampers are set to their
high damping characteristic (Figure 8).

DA

Crtiterion A
——— Crtiterion B
Final decision

Damping status ( 0 - low, 1 - high )

. \ . L
0 2 4 6 8 10 14
Time (s)

Fig. 8. Damping status requirement during sine swept steer
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This of course produces significantly lower
body roll angles compared to a passive suspension
vehicle (Figure 9). Lateral acceleration response
curve shows slightly higher peaks for the vehicle
with the adaptive suspension system. This kind of
response was also found for the other sine
amplitudes and speed inputs. The yaw velocity
response (not shown) is pretty much the same both
for passive and adaptive suspension systems. The
side slip angle is smaller for the adaptive suspen-
sion vehicle, but only for the lower frequencies of
the input (Figure 10). After that, it becomes equal
or slightly bigger, but a clear conclusion for the
different inputs can not be easily drawn.

—— passive b
— adaptive

Body roll angle (deg)
! o

| | . | |
o] 2 4 6 8 10 14
Time (s)

Fig. 9. Vehicle body roll angle response curves

— passive suspension
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=
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Fig. 10. Vehicle sideslip angle response curves
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The ISO double lane change maneuver was
executed for vehicle speed of 75, 90 and 120 km/h.
During the cosimulation, the steering wheel angle
is not predetermined. An internal ADAMS/Car
driver controller, using the reference trajectory
(Figure 11) controls the steering wheel input.

o 20 40 60 &0 100 120 140 160 180 200
(m)

Fig. 11. ISO double lane change reference trajectory

The following figures present some results for
the 120 km/h double lane change. Again here, for
the same reasons as in sine-swept steer, the only
active criteria are the steering wheel angle and the
steering wheel angular velocity (Figure 12).

Damping status ( 0 - low, 1 - high )

Criterion A
——Criterion B
—Final decision

. . . . . . .
1 2 3 4 5 6 7 8 9
Time (s)

Fig. 12. Damping status requirement during lane change

The dampers operate dominantly according to
their high damping characteristic, but that figure
looks quite differently for 75 and 90 km/h. Both
for body roll angle and vehicle side-slip angle, the
adaptive suspension vehicle yields lower peak val-
ues (Figures. 13, 14). The lateral acceleration and

yaw velocity response curves (similar to Figures
13 and 14, but not shown) have slight differences
only around the third local extreme point.

25

——— passive
21 —— adaptive

Body roll angle (deg)

15 L | L
0 2 4 3 7

Time (s)

Fig. 13. Vehicle body roll angle response curves

—— passive
adaptive

Side slip angle (deg)

1 I I I I I

Time (s)

Fig. 14. Vehicle side slip angle response curves

In the brake-in-turn maneuver, the vehicle is
driven from straight line into a 100-meter radius
curve, with an aim to reach a lateral acceleration of
0.25 g in steady state condition (the speed is 58
km/h). This level of lateral acceleration is chosen
in order not to activate the high damping mode (the
limit is 0.3 g!). Then, the vehicle moves over a 30-
mm deep, 3.8-meter long pothole (longer than the
wheelbase) that provokes vertical acceleration of
the vehicle body. After the steady state is restored,
brakes are applied by an ADAMS internal control-
ler to yield a 0.5 g longitudinal deceleration. The
simulations are run for the adaptive suspension
vehicle only. The activation of low or high damp-
ing is given in Figure 15.

Mech. Eng. Sci. J., 34 (1), 19-25 (2016)
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After the seventh second, the activation is due
to the pothole, while after the tenth second it is due
to the intenses braking. Lateral and longitudinal
acceleration response curves are presented in Fig-
ure 16.

Criterion A

H Criterion B

| Criterion D

Criterion E

|| "l final decision
0 T T r T T B

7 75 8 8.5 9 95 10 105
Time (s)

Damping status ( 0 - low, 1 - high)

Fig. 15. Damping status requirement for braking-in-turn

25+ B

(m/s?)

lateral acceleration
longitudinal deceleration

. . \ .
2 4 6 10 12
Time (s)

Fig. 16. Lateral and longitudinal acceleration response curves
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CONCLUSION

A five-criterion switchable damping control
strategy based on threshold values and reference
curves was built and its functionality validated in a
cosimulation environment involving a complex
vehicle model. With low processing power re-
quirements and without using many sensors, the
switchable adaptive damping system can improve
handling, ride comfort, and can lower the contact
force variations. Comparing the vehicles with pas-
sive and adaptive suspensions, the simulation re-
sults have shown improved transient response with
regard to the body roll angle and vehicle sideslip
angle, and to a less extent for the lateral accelera-
tion.
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A bstract: The participation of the national rail networks in the European corridors requires certain modifi-
cations and their redefinition. Because the railway stations are special parts of the railway networks, they should be
modernized, especially in Southeast Europe. The main issue in the process of construction or reconstruction of rail-
way stations is dimensioning (projection) of infrastructure facilities. The dimensioning of the infrastructure capacity
is in direct correlation with projected technology of work and the planned volume of traffic. This paper presents the
simulation model which allows sizing facilities of border rail stations on the basis of the defined work and traffic
technology.

Key words: modelling; simulation; capacity; technology; border railway station

CUMYJAIIUCKHU MOJEJI 3A NPOEKTUPAILE KAITAIIUTET
HA ITIOTPAHUYHUTE KEJIE3HUYKHU CTAHUIA

AncTpak T BriyuyBamero Ha HAIMOHATHHUTE JKEIE3HUYKHA MPEXH BO €BPOICKUTE KOPHAOPH Oapa OBHE
MPEXH [a IPETpraT OapeeHN MPOMEHU 1 Aa 6upat penedunupanu. Co oriien Ha Toa AeKa KEMC3HUIKUTE CTAaHHIH
ce MOCEOHH JIEJIOBU OJ1 XKEJIE3HUYKUTE MPEXH, MOTPEOHO € J1a ce MOJepHH3Upaar, ocodeHo Bo Jyroucrouna Esporna.
['maBHOTO mpamame BO NPOLECOT Ha M3rpagda WM PEKOHCTPYKIHja Ha JKEJNE3HHYKUTE CTAaHULHU € MPOCKTHPAHETO
(IMMEH3HMOHUPAKETO) Ha HUBHUTE HH(PACTPyKTYpHH 00jeKkTH. [IpoekTHpameTo Ha HHPPACTPYKTYPHUTE KAALUTETH
€ BO JMPEKTHa Kopelnalyja co MpeJBHICHATa TEXHOJOrMja Ha paboTa W IUIaHUpaHHUOT 0O0eM Ha coobpakajot. OBOj
TPYJ TO IPETCTaByBa CUMYJAIMCKUOT MOJIEN KOj OBO3MOXKYBa IPOCKTHPAE HA MOTPAHUYHH JKEJIC3HHYKU CTAHHUIH
BP3 OCHOBA Ha JiepHUpaHATa TEXHOJIOTHja Ha paboTa 1 cooOpakKaj.

Kay4ynu 300poBH: Moenupame; CUMYyJalija; KanayuTeT; TEXHOJIOTHja; HOrPaHUYHH JKEIE3HMYKH CTaHHUIIU

INTRODUCTION

Optimizing the use of railway infrastructure is
a complex and difficult task. The capacities of one
railway station in specified time period and terms,
enable receipt, processing and dispatch trains. De-
fining capacity is needed to define the timetables,
the traffic organization and technological proc-
esses, their optimization, planning of investments

etc. The basic problem which arises is how to di-
mension capacities, so the train service can be car-
ried out without problems. Accordingly, it is nec-
essary to have in mind that infrastructural facilities
and resources are extraordinarily expensive, as at
the building and procurement point as well as the
maintaining point. And the costs of labour are no-
table, too.
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This means that their improper dimensioning
can affect the railway profitability because railway
capacity is not static, and it is extremely dependent
on the way of use.

In literature there are many methods and
models for dimensioning of railway capacity.

The International Union of Railways (UIC)
proposed the UIC method which calculates the ca-
pacity in line sections to identify bottlenecks. It
takes into account the order of trains, and a buffer
time is inserted to achieve an acceptable quality of
service. This method was officially dropped some
years ago and is no longer recognized as a stan-
dard. It has been superseded by more general rec-
ommendations that establish a link between rail-
way capacity and railway quality [1] . In their last
recommendation, the International Union of Rail-
ways presented the compaction method (UIC 406
method) as the best way of performing a capacity
study. The capacity calculation is based on the
compression of timetable graphs on a defined line
or line section.

The paper [1] provides an overview on the
main concepts and methods for capacity analysis,
and presents an automated tool that is able to per-
form several capacity analyses. These analyses are
related to certain determination of capacity of cer-
tain railroad sections but not for facilities of rail-
way stations.

In work [2] for traffic congestion controls,
queue thresholds are used. For the queuing theory
the system GE/GE/1/N approximation is used,
which has been developed to study the spread of traf-
fic congestion in complex networks. Then, for model-
ling the spread of traffic congestion in complex rail
networks in [3] a Weight-evolving traffic network
model is used, which is based on Barrat—
Barthelemy—Vespignani (BBV) model. This paper
simulates and analyzes the process of the emer-
gence and spreading of congestion, which is trig-
gered by adjusting of data generating speed and
data sending ability of the network.

The railway traffic management is presented
in paper [4], in which new extended equation for
train traffic is presented, altogether with its impact
on the length of the braking distance when several
trains are in traffic. For this purpose, numerical and
simulation analyses are performed.

The technology and railway station capacity
modelling are presented in the following works [5],
[6], [7] and [8]. Work [5] presents a simulation
model for technology and capacities optimization
for interim stations (transit stations) with usage of

the Non-Markovian systems queuing theory. To
simulate railway traffic at the stations (into the
railway transit stations), in [8] Cellular Automata
is used, and in [6] hybrid Petri nets-based simula-
tion model is used. In work [7] the marshalling
yard station model is presented, where the station
optimization is the main issue and it is based on the
simulation modelling of the technological opera-
tions such as train formation and un-formation.
The analytical modelling of the technological op-
erations in the marshalling yards is made in work
[9].

The simulation modelling for other types of traffic
is applied for operations management at container ter-
minals on ports [10] and for investigating the dynamic
behaviour of the transfer process at the ports too [11].
Also, the simulation model performs procedures
which increase the traffic safety [12].

In general, the models for dimensioning of railway
facilities can be: analytical, graphical, models which use
theory of probability and mathematical statistics and
models of applied Queuing Theory based on mathe-
matical modelling of technological processes and com-
puter simulation [7].. Also, the simulation models
can show how technological processes in a station
could be optimally controlled via mathematical
methods and computer hardware [13].

Analytical models for determining the capaci-
ties do not take into account technological proces-
ses and do not provide multivariate solutions. Ac-
curacy of these models is much smaller in relation
to others. Graphical models directly depend exclu-
sively on the train schedules and standardized tech-
nological time durations of activities and opera-
tions. These models are tested within each change
of train schedule. The application of the Queuing
Theory gives good results in the analysis and deter-
mination of stochastic systems. The main problem
in applying this theory is the choice of best suited
queuing system to solve the set of problems. A
specific problem is determining the exact distribu-
tion of the input stream and the time of its serving.

The trains’ traffic process, starting from the
moment of the entry of trains at the beginning of
the observation, the formation of the driving
routes, the station entrance for trains, layover for
technological operations, exiting the station and so
on, is best described by simulation models.

A simulation is the imitation of an operation
of a real-world process or system over time. It is
the representation of dynamic behaviour of a sys-
tem by moving it from state to state in accordance
with well-defined rules. Simulation methods pro-
vide a model, which is as close as possible to real-
ity, to validate a given timetable [1].
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Often, the results of the simulation models are
compared with results of other models.

In the literature there are no papers which
deal with optimization of the work in border sta-
tions using simulation modelling, but there are pre-
sented simulation models which concern the
movement of trains to advance adopted technology
in the transit railway stations.

Border stations are points in which the train’s
layover time is significant, especially in the freight
traffic. The trains in the border station are held for
passenger exchange, police and customs formali-
ties, locomotives change, adding or removing
wagons, technical and commercial inspection, re-
ceiving documentation from and off the trains,
making documentation and so on. Often, the bor-
der station represents point of turnover for the pas-
senger trains in internal traffic. All those standings
directly affect the capacities of the border station
and it is all on the grounds of the existing technol-
ogy in processing of trains.

For example, among EU members the trains
are kept in border station in order to perform the
customs procedure, and between certain countries
there is some retention of trains for carrying out
railway technology operations.

This paper presents a simulation model for
technology and infrastructure facilities optimiza-
tion in the border railway stations based on the
technological processes in border stations and in
other train stations. Results are compared with re-
sults obtained by analytical model.

The model is tested on the example of the
Kremenica border railway station in republic of
Macedonia, which is planned in the annual plan
(2011-2013) of the R. Macedonian government for
reconstruction, and it is a border station between a
country that borders on the EU (R. Macedonia) and
EU Member State (Greece).

ANALYTICAL MODEL

Capacities which are determined with the ana-
Iytical model are carried out under the forms (1),
(2), (3) and (4).

Tu=N-(t, +1,+1,) (1)
t, =t«+0.06- L +t, (2)
t, =ta+0.06- Lo 4, 3)

ext
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B T,
Miack = (TW - zths ) Xysage v

The meaning of the parameters in the forms:

To: — total occupation time of the tracks n by
the trains (min);

N — number of trains;

Lr — reception route length (m);

Ve — train speed at station entry (km/h);

I — time needed to receive the train (min);

Ist — train standing time (min);

ldr — time needed to dispatch the train (min);

fsr —time needed to set the route (min);

Tw — station working hours (min);

Zths — time at the end of the day for holding
the tracks, shift, and so;

lagree — time needed for agreement between the
stations (min);

Lar — dispatching route length (m);

Ven — train speed at station exit (km/h);

o, .. — track occupation coefficient;

usage

Nmack — required number of tracks.

In this paper four alternatives for freight traf-
fic and five alternatives for passenger traffic are
analyzed (Table 1).

Table I

Variations with interval of incoming

Type of Interval Number of  Number
b Alternatives 1 train in pairs of of trains
transport :
(h) trains per day per day
1 4 6 12
2 3 8 16
Freight
3 2 12 24
4 1 24 48
1 6 8
2 4 12
Passenger 3 3 16
4 2 12 24
5 1 24 48

On the basis of the results obtained for freight
transport for both technologies (classical and com-
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bined) transport, the number of tracks is in the
range between 1 and 7 (Figure 1), while at the pas-
senger transport from 1 to 3 tracks are depending
on the alternative (Figure 2).

= Classical technology = Combined transport Average

7

B
Number of tracks

Alt1 Alt2 Alt3 Altd

Alternatives

Fig. 1. Number of tracks for all kinds of railway
freight transport

~

Number of tracks

Altl Alt2 Alta AltS

Aﬂ:le(rgnalives
Fig. 2. Number of tracks for all kinds of railway
passenger transport

SIMULATION MODEL

For the station capacity and technology mo-
delling the GPSS (General Purpose Simulation
System) Simulation programme is used. The simu-
lation models of the traffic processes using the
GPSS are presented in papers [14, 5] and [7]. Ac-
cording to the model needs, the entry and departure
speeds are defined.

The train retention time (7,, ) in the model de-

vices is calculated in the following equation:

_ 36 (L+£train)

" v (s) &)

where:

L — length of the elements in the real system

(m);

¢ —length of train (m);

V — train speed when the train is passing the
observed device (km/h).

For the purposes of the model the length of
the elements (devices) of the real system are calcu-
lated, and the retention time on them. However, the
real time, when the device is busy and the train is
passing, is much longer. The train retention at the
first element in the process of formation of the
driving route is calculated according to equation
(6). In the modelling, according to the Kremenica
station dependence table for this model (Table 2),
it is taken that one driving route includes several
devices (example: one or more group switches,
tracks etc.).

36 (L+Ztrain)

T, =t,+t, +V— (s) (6)

ent

where:
t,; — driving route formatting time (s);
t — signal perception time when the trains are

spt
moving at classical speed (s);

V., — average train speed when the train is en-
tering the station (km/h).

Track occupation time of the “n” element in the
driving route (7, ) is calculated by the following

te,

equation:
n—1
T, =ty +1,+ > 1, +1, (5. (7)
i=1

where:
n—1
Ztn, — train retention time sum on the previous
i=1

devices on the driving route (s);

t, — train retention time on the “n” device (s).

Similar logic applies when it comes to the de-
parture driving. The occupation time of the *i”
track device in the shunt-dispatching yard is calcu-
lated by the equation:

T, =t; +t +td,+% (). (8

rte; spt
ext

where:

V. « — average speed when the train leaves the
station (km/h);

ty — train dispatch time (s).
Track occupation time of the “n” output device
in the shunt-dispatching yard is:

n-1

T, =t,+t,+Y 1, +6,  (s). ©)

i=1

Mech. Eng. Sci. J., 34 (1), 27-33 (2016)



Simulation model for dimensioning capacity of border railway stations 31

CASE STUDY AND DIMENSIONING
THE CAPACITY OF KREMENICA STATION

The Kremenica station is located on the main
railway line Veles-Bitola-Kremenica-Greece bor-
der, which is a part of the Corridor X branch “D”.
Kremenica also is a border station between the
Macedonian Railways (MZ) and the Greek Rail-
ways (OSE) (Figure 3). Kremenica is a mixed sta-
tion for receipt, processing and dispatching pas-
senger and freight trains in internal and interna-
tional traffic. The station has two tracks for receipt
and dispatch of trains, which stop to exchange pas-
sengers, locomotive change and customs proce-
dures, while the loading and unloading of freight
wagons is envisaged to be made on the reversing
triangle. The neighbouring stations are Bitola sta-
tion (MZ) and Mesonision station (OSE).

The boundaries for the purposes of the model
are defined. The trains in the model are observed
from the dispatch signal of the Bitola station. OT-
SEKI1 device is an input device in the model of the
Kremenica station on the side of the Bitola station.
The train departure out of the system is performed
when the train leaves the last device, or the section
following the Kremenica station dispatch signal on
both sides.

BITOLA g5k
OTSEK L 0 oun

VLEZM S| OTSEK2

J VA AT ~ i 3
D S ITTITTTITITI I ITITIITTIITED q

KOL2 MESONISION

VLSIGBT KRM\ICA

Fig. 3. Scheme of the devices used in the model simulation

The movement of the trains in the model as in
the real system, the same as in the model, is subject
to certain regulations. For the train movements
through the station many different types of routes
are used: entry, dispatch and transit routes and
overlap routes.

Due to the consideration of all the necessary
and possible driving routes for this model we de-
veloped route table (according to the train move-
ment dependence table for this model), in which
the realization of all simultaneous driving is en-
abled. A dependence table is made also, this table
represents the track occupation dependence, signal
dependence and model devices dependence on dif-
ferent routes. According to this table, in the model
the following rules for safe routes regulation are
used:

Maw. unic. nayu. ciuc., 34 (1), 27-33 (2016)

1. When a route is formed (entry route means
that overlap route is included as well), another
route can be formed if and only if these two do not
overlap, intersect or touch.

2. All relevant signals whose implementation
could jeopardize the route (front, ends, or jeopard-
izing by overcoming), should show a signal of
prohibited driving.

3. The route in any of its parts must be unoc-
cupied by other vehicles or bands.

The model uses the following devices:

1: OTSEK1 Space between the dispatch main
signal of Bitola station and the
entry main signal of Kremenica
station.

2:VLEZBT Space between the entry main sig-
nal in Kremenica station (Bitola
side) and the first switch in
Kremenica station

3:KOLI 1* track

4:KOL2 2" track

5:VLEZMS Space between the entry main
signal in Kremenica station
(Mesonision side) and the first
switch in Kremenica station

6: OTSEK2 Space between the exit main signal
of Mesonision station and the entry
main signal of Kremenica station.

The logical switches in the model are in the
function to allow the directions of driving:

1: VLSIGBT Kremenica station main entry
signal from Bitola station side

2: VLSIGMS Kremenica station main entry sig-
nal from Mesonision station side

In the model the following system ware
houses are used:

1: STANBT
2: STANMS

Bitola station
Mesonision station

In the model two waiting lines are used, as
follows:

1: REDBT Waiting line for Kremenica
station from Bitola station side
2: REDMS Waiting line for Kremenica stati-

on from Mesonision station side

In the model three types of trains are proc-
essed, such as: passenger, freight transport (classi-
cal technology) and freight transport (combined
transport technology). Based on the statistical ex-
amination it is established that 25% of the trains
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are passenger trains, and 75% are freight trains, out
of which 50% are classic freight and 50% are in-
termodal.

The model tests are made for the following
terms of train traffic with the alternatives included:

e ALTERNATIVEI (for 1 pair of trains in 240 min-
utes),

e ALTERNATIVE2 (for 1 pair of trains in 180 min-
utes),

e ALTERNATIVE3 (for 1 pair of trains in 120 min-
utes),

e ALTERNATIVE4 (for 1 pair of trains in 60 min-
utes).

The generation of trains is performed by uni-
form distribution in minutes, such as: ALTI [210,
270], ALT2 [160, 200], ALT3 [105, 135] and ALT4
[50, 70].

The train layovers in order to perform technologi-
cal operations are carried out according to normal dis-
tribution. The parameters of the normal distribution,
in minutes, for passenger trains are N,(30,1 0’ ), for
the classical N,(120,30°) and for the combined
N{(60,20°).

According to the test results of the model it
can be seen that the use of track facilities in the
neighbouring stations Bitola and Mesonision
ranges up to 13%. That indicates that their facili-
ties meet the needs of all variants. However, at
variant 4, because of the impossibility of the
Kremenica station capacity and the station facili-
ties to receive trains, there is a significant train re-
tention at the Mesonision and Bitola stations. At
the Bitola station an average of 1.487 trains are
waiting for releasing the capacities of Kremenica
by standing up to 93 minutes and 2.6 trains from
Mesonision side enter with max standing time of
164 minutes. In one period of time of the simula-
tion in the fourth variant even eight trains waited in
Mesonision for the release of the capacities of
Kremenica.

The capacity utilization for variant 3, accor-
ding to the results of testing ranges in the tolerant
limits of utilizing track capacities. In this case the
traffic flow occurs stopping trains at station entry
signals in 2 cases with an average retention for
about 5 minutes, which also may be insignificant.

However, in version 4 it can be seen that the
devices OTSEK1, OTSEK2 and KOLI1 are occu-
pied over 70% of the time (Figures 5 and 6, Table
4), which means that these facilities cannot serve
the anticipated volume of traffic (1 pair of trains

per 60 minutes, or 2 trains per 60 minutes). It
should also be noted that in this variant there is
very high retention of trains at entry signals. As
many as 81% of trains from Bitola and 100% from
Mesonision are stopped at the entry signal (Figure
4).

Trains that entered Kremenica station from Bitola station
M trains that entered the station without waiting (%)

M trains that entered the station with waiting (%)

Fig. 4. Trains retention at entry signal (Variant4)

If the trains were arriving as in variants 1 and
2, according to the simulation model the existing
station capacity would be sufficient. The same was
confirmed during testing of the capacity with the
analytical model. It shows that the projected station
working technology corresponds to its capacity.

CONCLUSION

Running the train traffic is just one of the
many complex processes that take place in the
complex system of railways. Railway processes are
suitable for modelling and simulation; therefore,
analytical models do not always give optimal solu-
tions, and the experiments in the real system could
be lengthy, costly and risky. So, the model devel-
oped in this paper allows dimensioning of technol-
ogy and capacity based on the application of ana-
Iytical models and simulation of train traffic
through the border station Kremenica.

All operations and activities carried out at
border stations are necessary, and the quality
analysis can be divided on those pursued by public
authorities and those run by the railways.

In the near future the Kremenica railway sta-
tion must be converted into common rail station for
two administrations (MZ and OSE). The prerequi-
site is the basic assumption under which the total
retention time of passenger and goods trains could
be reduced on both sides and could thus reduce the
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total travel time. This would enhance the competi-
tiveness of railway transport.

If Kremenica station was a joint border sta-
tion, it should accommodate all competent railway
authorities for the treatment and control of trains
(MZ and OSE staff) and state departments of cus-
toms police authorities from Macedonia and
Greece, and the presence of the competent inspec-
tion services (sanitary, environmental, veterinary,
etc.).

Besides, modern trends in railway traffic it
should try to use the international rail network for
data transmission — ORFEUS (Open Railway
Freight EDI System) and the electronic waybill
form — CIM, which could significantly reduce the
standings of trains at border stations.

On the basis of the results obtained from the
testing of the models it can be concluded that the
station would satisfy the needs for processing
trains in intervals larger than 120 minutes.

The measures offered are based on the experi-
ence of railways which belong to the EU, and
members of the UIC (International Railway Union)
and thus the measures have to be applied by MZ
and OSE. So, turning the station into a common
border station (common to both countries) as well
as by implementing new information technologies
in the process of handling and dispatching trains,
would increase the processing speed of the trains.
It is also essential in the joint station Kremenica
for all operations of the railways and the authori-
ties to be maximally simplified and organized as
parallel work of individual operations as much as
possible.
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A bstract: This paper present a model for internal process audit for organizational system, developed on the
base of the recommendations contained in many international (national) standards, especially those in ISO
19011:2011. Separated activities and steps from the model itself are explained. There is noted the need of creation a
model for internal process audit, as well as the possible acquisitions from implementation of the proposed model.
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MOJIEJI 3A BHATPEIIIHA ITPOBEPKA HA ITPOLHEC BO OPTAHU3AIIMCKU CUCTEM

AmncTpaxk T Bo TpynoT e nmpukaxaH MOJeN 3a BHATpEIIHAa IPOBEPKa HA IPOILEC BO €I€H OPTaHMU3aIICKU
cHCTeM, pa3BHEH Bp3 0a3a Ha MPENOpaKWUTe COAPIKAHH BO MOBEKE MHTEPHALMOHAJIHHU (HALMOHAIHH) CTaHIAPIH, a
ocobeno onue Bo ISO 19011:2011. OGjacHeTn ce ojieHUTE aKTUBHOCTH M YEKOPH Of caMHOT Mozen. Hasenena e
norpedaTa ol Kpeupame MOJIEN 3a BHATPEIIHA POBEPKA Ha MPOIEC, KAKO M MOXKHUTE NMPUAOOUBKH O]l UMIUIEMEHTA-

LjaTta Ha MPEAI0KEHUOT MOJIEII.

Kunyunu 360poBH: OpraHM3allCKU CHCTEM; IPOBEPKA Ha MIPOLEC; UHTEPHALIMOHAIHY CTaHIapAN

INTRODUCTION

Organization or organizational system repre-
sents a sum of units that are organizationally con-
nected in one integrity because of realizing a cer-
tain target, so using, transforming, as well as trade
of the energy, substance, and/or information with a
target of realizing and satisfying the human needs
[1,2].

For more efficient, more rational, unprejudi-
ced and economical managing with organizational
systems some determined quality management
system are involved, that are also used as official
mean for promotion and improvement of a certain
quality of the product/service before the clients.

Implementing of the quality management
system is done according the previous posed and
defined systematic and systematized approach on

the organizational level and certainly with the
helping and in accordance with defined national
and international standards [2]. With the target of
easily connected synergy between organizational
system and resources needed for implementing a
quality management system it is used one simple
mechanism that is called continues improvement or
known also as Deming cycle (circle), which also
gives opportunity and continues improving of the
organizational system [3].

With an aim of these improvements to be
more presented in one organizational system, some
audits are used in treatments and measurements to
help in the finding a weaknesses that can appear in
the process of implementation of certain quality
management systems of one organization.

With these audits we exactly enter in the
process of one of the most important characteris-
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tics of one successful organizational system, and
that are internal audits with whose help an organi-
zation has needed information and parameters of
that how its internal system functions. On the base
on the experiences of the auditors themselves, and
in the relation of how is the audit of the organiza-
tional system directed, the internal audits can be
systemized in three groups:

— System audits — audits that are realized on
the side of individuals outside and inside or certifi-
cation bodies with tin aim to check the quality
management systems in whole,

— Process audits — audits that are realized
from outside or inside individuals with an aim to
check if certain processes are realized according
the defined organizational rules and documents,
and

— Product audits — audits that are made from
outside and inside individuals and are directed to
the control of the technical production document-
tation and the production itself.

With an aim to define the system approach to
the creation of corresponding methodology for the
implementing of internal audit, in this paper work
will be proposed and elaborated a model for inter-
nal process audit in one organizational system.

2. BASIS FOR MAKING THE MODEL
FOR INTERNAL PROCESS AUDIT

According [4, 5], as a base for creating of a
model for internal process audit, the recommenda-
tions are accepted in the international (national)
standards that have direct connection with the
quality management systems, ISO 9000:2005
(MKS EN ISO 9000:2008) [6], EN ISO 9001:2015
(MKS EN ISO 9001:2015) [7], ISO 9004:2009
(MKS EN ISO 9004:2010) [8], ISO 19011:2011
(MKCENISO 19011:3023) [9]. Indirectly the
model involves the following steps in itself:

1) Defining the problem:
—Loses in quality during the processes of
production,

—Loses in the transfer of the information
needed,

— Inappropriate release of existing documen-
tation,

— Inadequate education of the employed,

— Inappropriate connection between internal
processes.

2) Preparation of the audit:

— Defining of the procedures for making a
plan for audit,

— Creation of appropriate informational sys-
tem for making the audit,

— Defining of the frequency for regular audits
of the quality systems,

— Collecting and analyses of the needed
documentation for audits,

— Preparation of the questioner.

3) Defining of the internal process audit:

— Holding a meeting for presentation the aim
of the audit,

— Explaining of the audit itself (questioning,
interviews and audit notes),

— Finding of non-conformance in the process,

— Presenting the results on the closing meet-
ing and elaboration of the audit final report and
defining non-conformance.

4. Defining the responsibilities

a) For individuals responsible for implemen-
tation of a quality management system:

— Modification of a document which is cre-
ated according exactly defined internal system
rules,

— Quarter presentations of a audit plan and ac-
tions with the management committee,

— Sending an internal audit agenda and com-
pleted report to all individuals involved in the au-
dit.

b) For auditee (internal and external):

—Plan and direct the audit according the an-
nual audit schedule,

— Send process audit agenda and report to the
responsible for the quality management systems,

— Approving the corrective actions that are
defined after,

— Verifying the efficiency of the corrective
actions and inform the responsible for the quality
management systems,

— Prepare the documents needed for audit,

— Have a partly participation in finding rea-
sons for appearance of remarks / deviations

— Partly participation in managing with cor-
rective actions.

3. MODEL FOR PROCESS AUDIT
On the Figure 1 is presented recommended

model for internal process audit in one organiza-
tional system.
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Fig. 1. Model for internal process audit in one organizational system

3.1. Annual audit schedule

Annual audit process schedule is prepared
from the responsible for the quality management
systems in an organization in coordination with
internal audit procedures, the aims for the current
year and aims for production. Most often, the basic
requirements for sustaining the audits in organi-
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zation is once per year, and frequency of their sus-
taining can be changed in accordance with decision
of management team of the organization and re-
sponsible from the quality department. These au-
dits schedules contain basic information for ex.:
type of audit, target of audit, audit team, audit sta-
tus (planned, maintained and surely those deleted
audits) and defined date for their maintaining.
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3.2. Audit agenda

This part is prepared by the auditor who sends
it, to the responsible for the quality management
systems in organization, and he sends to all in-
volved in the production process. Sending the audit
agenda should be made at the previously defined
time (e.g. least one week) before beginning the
audit and the same should be in the final report that
is made after finishing the audit. In the audit
agenda, a lot of information can be defined, and as
an example what can a document like this consists,
are explained basic steps after which the audit will
be followed. In the beginning, basic information
are introduced as an example: audit location, audit
type (process, product and system), and in the rest
of the audit agenda are defined all important in-
formation related exactly with the audit that will be
made in a certain location. The department or the
area that is audited, date and duration of the audit
defined separately for every department or area,
parts and points of defined processes that will be
audited, who will be lead auditor and who is in-
volved in the team of auditors, are only part of in-
formation that should be distributed from the side
of a team of auditors to the organization where the
audit should be made.

3.3. Collecting of the needed documentation

As it is mentioned before, documentation pre-
sents a type of evidence, it means, a way to prove
that everything defined on paper is transformed
into work, it means, everything is made as it is de-
fined. During the preparations, without difference
on which type is mentioned, auditors are obligated
always to check on the last document revision, it
means, to check if there is relation between
planned and realized.

3.4. Audit opening meeting

The purpose for this audit opening meeting is
the lead auditor together with the team of auditors,
to present the target of the audit together with the
audit agenda before whole managing team and all
the members of the audit, with an aim to solve pos-
sible disagreement that can appear around the time
of audit and involving the same. Also during this
meeting, all changes are discussed before the audit
itself and surely all the points from the questi-
onnaire are explained, what exactly is required
from them, the criteria for accepting of the non-
conformities are presented, criteria and level of the
importance of non-conformities (with minor valid-

ity — with major validity and remarks that present
opportunities for improvements - OFI).

3.5. Audit realization

The audit itself is lead according exactly
structured questioner. The questioner that refers to
internal organizational audit is formulated and cre-
ated by an individual responsible for internal audit
in the organization, and in the case of external au-
dit, the questioner is created from the final client or
the certificate body that makes the audit. On the
dependence of which type of audit is made (proc-
ess, product and system), there are different ques-
tionnaires with different requirements that are
needed to be fill during the audit.

3.6. Finding of a non-conformance

If during the audit the lead auditor together
with his team find out some deviations from the
structural questioner or from the process itself,
some non-conformance is defined. Because in
some situations the combination of the process and
product audits can be made or only in process audit
some non-conformance can appear connected only
with the product.

3.7. The need for product audit

In the situation when during the audit there is
an affected product, the audit is directed to follow-
ing and selecting the product. If it is confirmed that
there is some non-conformance, the product is se-
lected, some defined organizational rules are fol-
lowed and additional analyses for the quality of the
product are made, and after defining the state of
the product, the audit is continued.

3.8. Product audit

If during the process audit some product is
checked, the first one who is informed is the indi-
vidual responsible for the production of the prod-
uct itself (almost in all cases, when there is product
checked during one audit, an individual responsi-
ble for the product in organization is part of the
team), the affected product is selected, and it is
marked properly. A team is defined that will be
leader for the following activities and the affected
product is put away from the product process and
placed on the specially designated place marked
for non-conformance products. If it is defined that
the product found during the product audit do not
have influence on its quality and on the final client,
the audit continues with the other part.
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3.9. Product meets the requirements

As we mentioned, if the product don’t satisfy
the requirements of the standards and precisely
defined questioner or satisfy some parts without
influence on the quality of the product, the audit
follows according the results.

3.10. Confirmed product

If the lead auditor together with his team con-
firms that non-conformity found for the product do
not have influence on its quality and final client,
the audit follows with the remainder part, but the
auditor propose some possibilities for improve-
ments that will help to improve the product quality
and generally the whole process.

3.11. Isolation of productive serial

As we mentioned, if during the audit some
product is out of the standards/specifications and
defined questioner, the product is selected, appro-
priately marked and a team is defined and empo-
wers that will solve the other actions with the
product itself.

3.12. Quality alarm

After the affected product will be appro-
priately marked, the product responsible together
with the organizational quality engineers, produc-
ion operators and engineers it is needed to docu-
ment the problem with all informations that are
known in certain forms of documents which are
called quality alarms.

3.13. Non-conformity product

After the affected product will be appropri-
ately marked and put away from the current good
production, it is defined and marked as non-
conformity product, that isn’t permitted for subse-
quent work and deliver to the final client.

3.14. Proposals for the reasons and corrective
actions for non-conformity

After the audit is finished, the lead auditor to-
gether with his team should make a report where
they will notify and explain all non-conformities
which are found during the audit. The official re-
port with remarks should be send to the respon-
sible persons in the organization. For every non-
conformities the organization, precisely, the re-
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sponsible for the remarks should define the correc-
tive action with an aim to get better in the part of
the process where the remarks were found and the
same have to be properly noted in open issue list.
In this open issue list there are the most needed
information connected with the previous audit,
non-conformities and the future strategy for their
solving as for e.g.: organizational ordinal number
of the audit, type of audit (process, product or sys-
tem), audited product or line, lead auditor (internal
or external), audit date, description of a non-
conformity, the reason for its appearance, which
corrective action should be presided, who is re-
sponsible for following and realization of the cor-
rective action, following the efficiency and many
other useful information in dependence of the or-
ganizational need.

3.15. Approval

After presenting of all non-conformances and
defining some corrective actions for them, the lead
auditor and his team are obligated to check the
same and to approve as official and corresponding
for the found non-conformities. The approval is
made on the special meeting between the lead
auditor and his team and the responsible for the
non-conformities found during the audit after its
finishing. Since corrective actions will be defined
and approved by the responsible persons the next
step is made, that is implementation of the correc-
tive actions.

3.16. Implementation of the corrective actions

Implementation of the previous defined and
approved corrective actions has a few steps. First, a
team is formed on the side of responsible for the
non-conformities which will be responsible for
total following of the corrective actions. The team
begins with making additional analyses for the ap-
pearance of non-conformities, defining tasks for
setting the corrective actions and has continues
review on the defined actions. After defined and
worked out, the following step is verification of the
efficiency of the corrective actions.

3.17. Verification of the efficiency
of the corrective action

After implementation of the corrective ac-
tions, responsible for following the corrective ac-
tions is obliged to send report to the lead auditor
and his team that corrective measures for found
non-conformities are implemented. The auditor
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and his team after the stated period (period defined
on organizational level) are obliged to check the
implemented corrective action and to confirm its
efficiency.

3.18. Efficiency

After the efficiency of the corrective action
will be confirmed by the lead auditor and his team,
the non-conformity is successfully solved. If it is
confirmed that corrective action is not enough
powerful to stop the appearance again of the non-
conformity, the auditor is obligated to inform the
team responsible for establishing and following the
corrective action that it is needed to make addi-
tional analyses and to establish new corrective ac-
tions.

3.19. Closing meeting

This meeting is hold according audit agenda
defined date and time prepared by the lead auditor
and his team. After finishing the audit, the lead
auditor together with his team consolidate all the
non-conformities that were found during the audit
and according the found information supported
with measures, analyses and proofs, define which
of them will be presented as official before the
responsible persons in the organization. So du-
ring this meeting, the audit is declared as com-
pleted, and all non-conformities and opportunities
for improvement are presented. This presentation
of the final results from the lead auditor is pre-
sented in front of whole managing team of the or-
ganization, all involved in the audit and responsi-
ble for the quality management systems.

3.20. Closing meeting with final audit report

The final audit report is an official document
where are defined and written all non-conformities
and opportunities for improvement found during
the organization audit. This report is prepared by
the lead auditor and his team and the same has to
be presented before all involved in the audit. After
the audit is officially finished, this audit final re-
port should be send to the managing committee
and to the quality management system responsible
of the organization as soon as possible. The aim of
this is starting with corrective action and solving of
all non-conformities found during the audit, and

archive some information obtained during the audit
with an aim to satisfy some justice and law requi-
rements.

4. CONCLUSION

The presented model of the internal process
audit gives important contribution in the methodo-
logy for realization of process audit in organizati-
ons with implemented quality system, in total co-
ordination with ISO 19011:2011 [9]. Involving the
“product audit” in this model it self, will contribute
to special applicative contribution in productive
organizations with an accent of automotive indus-
try. Implementation of this model is expected to
provide regular and successful estimate of the qua-
lity system, which on the other hand will generate
directly positive influence under the realization of
the established aims of organization, getting profit,
realization of the quality product/service and surely
satisfied clients.
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A bstract: The research presented in this paper is an example of application of biologically inspired design
in the course of development of a solar device for thermal processing with improved capabilities and efficiency. This
research demonstrates the complexity of the design process which necessarily includes parallel application of bionics
principles and engineering methods and techniques. In the first part of the research a bionic survey was performed in
order to recognize solutions in natural systems with the ability to control the intensity of sunlight. In the second part
the basic requirements for an improved design of the solar device for thermal processing were established, according
to the extracted bionic principles, as well as in line with the conclusions of the review of the advantages and disad-
vantages of existing solar devices. The adopted principles were applied in the process of concepts generation. The
best concept was selected and developed with application of additional engineering methods.

Key words: bionics; biologically inspired design; product design; parabolic mirror; solar device

BUOJIOIIKN UHCITUPUPAH JTU3AJH NPUMEHET BO IIPOUHECOT HA PA3BOJ HA IPOU3BOJU

A1ncTpaxkT HerpakyBamero H3JI0KEHO BO OBOj TPYH IPETCTaByBa IpPHUMEpP 3a NMPHMEHA Ha OUOJIOLIKA
MHCIIUPUPAH AW3ajH BO MPOLIECOT Ha Pa3BOj Ha COJAPEH ypen 3a TepMHuka 00paboTka co MmoJoOpeHH MOXKHOCTH U
edukacHocT. OBa HCTpaKyBame ja MOKaKyBa KOMIUICKCHOCTA Ha MPOLECOT Ha [M3ajHUpame KOj HY)KHO BKIydyBa
mapajenHa NMpUMEHa Ha NPUHLIMIN Ha OWOHHMKATa W HHKCHEPCKH METOAM M TEXHHKH. BO HPBHOT nen on
HCTPaXKyBameTo Oellle HampaBeHO OMOHMYKO HCHHUTYBAmbE 3a Ja Ce IPErno3HaaT pelieHHja BO MPUPOAHUTE CUCTEMHU
CO MOXKHOCT 3a KOHTPOJIa Ha MHTCH3UTETOT Ha COHYEBATa CBETIMHA. BO BTOPHOT men Gea ONpEAeacHH OCHOBHHTE
Oapama 3a oJ00pyBame Ha AW3aJHOT HA COJNAPHUOT ype[ 3a TepMHUYKa o0paboTKa, CIopea U3JBOCHUTE OMOHUYKU
NPHUHIMIK, KAaKO M BO HAcOKa CO 3aKIYYOLMTE O] HPErie[oT Ha MPEAHOCTUTE W HEJOCTaTOLMTE Ha IOCTOjHUTE
CONapHH ypeAu. YCBOCHHTE NPHHLMIN Oea NPUMEHETH BO MPOLECOT Ha reHepHpame Ha KoHuentd. HajmoGpuor
KOHIENT Gerrre H30paH U pa3BUEH CO NPUMCHA Ha JOMOIHUTEIHH HHKCHEPCKU METOIH.

Kay4ynu 300poBu: 61OHMKA; OMOJIONIKY HHCTIUPUPAH AW3ajH; IM3ajH HA MPOU3BO/IH; MapabOIMYHO OTJIEIAlIO;
cosapeH ypen

INTRODUCTION

Industrial designers in cooperation with ex-
perts of all branches of science and technology are
obliged to contribute to the raising of awareness
about the consequences of irrational and enormous
expenditure of energy and material resources. In
the past few decades the attempts in design of
products that do not pollute the environment and

products that economically utilize the energy have
been evident and on the rise. Ecology as science
offers latest experiences, directions and standards
for the designers and engineers in order to help
them bring forth environmentally safe products.
Application of solar energy is perfect alterna-
tive in many design areas. Many devices are de-
signed to utilize solar energy in order to be inde-
pendent of energy supplying systems. This is sig-



42 S. Sidorenko, V. Vidoevska

nificant direction for designers to contribute to re-
duction of the problems regarding pollution of the
environment. These attempts have both economic
and social benefits for the people and deserve to be
implemented and developed in an innovative man-
ner [5].

Biologically inspired design, also known as
biomimicry, biomimetics and bionics, perceives
nature as a huge library of robust, efficient and
multifunctional designs, and promotes the use of
nature as a source of analogues for inspiring novel
designs in the fields of product design, architecture
and engineering [4]. Biologically inspired design is
essentially interdisciplinary, based on the expertise
of both engineering and biology, two different sci-
ence branches that use different methods of inves-
tigation [4].

Many researchers worked on developing
strategies and methods for practicing biologically
inspired design process. Helms, Vattam and Goel
[3, 4] propose an organizing framework for prac-
ticing of biologically inspired design, which could
be applied on both problem-driven process and
solution-driven process.

Versos and Coelho [1, 2] propose Bi-directio-
nal bionic design method where two possible start-
ing guidelines were considered: guidance in the
direction from the bionic solution to the design
problem and guidance in the direction from the
design problem to the bionic solution. The method
proposes a series of steps in the design process
which could be practiced in one of the two alterna-
tive orientations considered for the bionic design
process. The common steps in both directions of
analysis consist of the same activities, contain the
same description and are applicable for the two
orientations.

In the last decade, several software tools for
supporting biologically inspired design have been
developed. The Biomimicry Institute [6] offered
the online library AskNature [7] as a database of
research articles on biomimetic design indexed by
function.

DETERMINATION OF THE DESIGN
PROBLEM

The main goal of our research was to verify
the advances and possibilities of a biologically in-
spired design in the solving of a specific design
problem. At the beginning a specific design prob-
lem was selected and established. In view of the
actual problems with pollution and sustainnability

of the environment the decision was targeted to the
development of a solar device for thermal pro-
cessing with improved capabilities and efficiency.

In the first stage an extensive survey of exist-
ing devices that utilize solar energy was under-
taken, placing an emphasis on the devices for
thermal processing [5, 7, 8]. The outcome of the
survey, were some important decisions about the
new design of the solar device for thermal process-
ing.

In order to recognize the operational princi-
ples of the existing devices for thermal processing,
a review of the principles and laws of optics as a
science was carried out.

With application of on-line survey conducted
on the target group of the proposed solar device
possible users, the list of design requirements was
defined:

e efficient thermal processing,

e compact design,
attractive and pleasant appearance,
possibility for folding,
easy displacement and transportation,
maximal exploitation of solar energy during
the day.

REVIEW OF EXISTING SOLAR DEVICES
FOR THERMAL PROCESSING

There are many contemporary examples of
application of solar energy in the field of product
design. Most of them are devices for thermal proc-
essing of water or food and they use the sunlight
energy directly. They usually follow one of the
basic principles of converting solar into heating
energy [9]:

1) Concentration of sunlight: a mirrored surface
with high reflectivity is used to concentrate
sunlight onto a container where the thermal
process is performed.

2) Converting light energy to heat energy: the
interaction between the light energy and the
receiver material converts sunlight to heat.
This conversion is maximized by application
of materials that conduct and retain heat.

3) Trapping heat energy: reduction of convec-
tion by isolating the air inside the container
from the air outside the container.

In the last several decades many producers of-
fered several types of solar cooking devices (Fig.

1):
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1) Panel solar cookers use reflective panels to
concentrate sunlight to a cooking pot.

2) Parabolic solar cookers concentrate sunlight
to a single point where the bottom of a pot is
focused on.

3) Paraboloid reflectors are compound curves,
usually made of many small single curves
segments which together approximate com-
pound curves.

4) Parabolic troughs are used to concentrate
sunlight along its focal line, oriented horizon-
tal and east-west [8]. The food is arranged
along the focal line.

5) Spherical reflectors operate much like
paraboloidal reflectors, where the axis of
symmetry is pointed towards the sun so that
light is concentrated to a focus.

6) Vacuum tube solar cookers are essentially a
vacuum sealed between two layers of glass.
The vacuum allows the tube to act both as a
"super" greenhouse and an insulator.

Fig. 1. Three most used types of solar cookers

The fact that the solar devices are totally in-
dependent of any kind of fuel is the most important
advantage of their application in reduction of envi-
ronmental pollution (Fig. 2).

b

Fig. 2. Existing solar cookers
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The main disadvantage of the solar devices is
reduced application during the seasons and in re-
gions with lower intensity of sunlight. The other
disadvantage is necessity of longer time for proc-
essing.

This survey resulted in a decision on how the
new design could overcome the disadvantages of
the existing solar devices and make them become
more competitive on the market. Listed below are
the additional requirements for the future design of
the solar device, regarding the application of spe-
cific thermal processing methods:

¢ heating with concentration of solar rays,
e good thermal isolation for temperature preserv-
ing.

LAWS AND RULES OF OPTICS REGARDING
REFLECTIVE MIRRORS

Transformation of solar into heating energy is
a simple physical process which is performed
trough concentration of solar rays using different
optical devices: lenses and mirrors. Concentration
of solar rays by application of mirrors is a simple
natural manifestation which could easily be ex-
plained by means of well known scientific laws of
optics as a science [10].

A) Laws of optics applied in the design
of solar devices

A rule of reflection on plain mirror: Solar rays
that fall on the plain mirror are reflected upon the
same angle as the angle of approaching the mirror
(Figure 3). The normal line (N) divides the angle
between the incident ray and the reflected ray into
two equal angles.

Incident ray N Reflected ray

7,

Fig. 3. Reflection on plain mirror
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There are two rules of reflection for concave
Mirrors:

1) Any incident ray travelling parallel to the
principal axis on the way to the mirror will pass
through the focal point upon reflection (Figure 4).

2) Any incident ray passing through the focal
point on the way to the mirror will travel parallel
to the principal axis upon reflection (Figure 4).

Focal length

Fig. 4. Reflection on concave mirror

The point on the mirror's surface where the
principal axis meets the mirror is known as vertex
(A).

The line passing through the centre of the
curvature C and attaching to the mirror in the ver-
tex (A) is known as the principal axis.

The distance from the vertex to the centre C
of curvature is known as the radius of curvature
R).

Midway between the vertex and the centre of
curvature is a point known as the focal point (F)

The distance from the mirror to the focal
point is known as the focal length (f) = one-half
the radius of curvature.

B) Determination of Sun position

Sun position is determined via solar zenith
angle — the azimuth and elevation angle — the alti-
tude (Figure 5). The solar azimuth angle ¢y defines
the direction of Sun, whereas the solar elevation —
altitude Sy defines the height of Sun [11].

The rotation of Earth around its axis presents
an explanation of the existance of day and night as
natural phenomena and different position of Sun in
relation to the same place on Earth. Revolution of
Earth around Sun causes changes of seasons during
a year.

Azimuth and elevation are angles used to de-
fine the apparent position of an object in the sky,
relative to a specific observation point. The azi-

muth and the altitude data are available in the form
of tables or diagrams which present the position of
the Sun on a specific day of the year and at a spe-
cific time of the day.

noon

/ sunset

w

Fig. 5. Determination of Sun,
d azimuth, @g angles

BIONIC SOLUTIONS FOR THE DETERMINED
DESIGN REQUIREMENTS

The overall design process for the established
design problem was performed with application of
"Bi-directional bionic design method" and "from
the design problem to the solution in nature" strat-

egy [1].
A) Searching for natural solutions

The first step was identification of the most
important functions that solar device for food pro-
cessing must carry out, treated as separate design
problems which have to be solved. In order to syn-
thesize the requirements and constraints the final
list of requirements and specifications of the prob-
lem was drawn up:
large reflective surface,
possibility for folding,
small weight and great strength,
maximal exploitation of solar energy dur-
ing the day and year,

e small, but efficient space for utilization of
thermal processes.

In the next step the defined sub-problems
were revised and reformulated in biological terms.
The result was a set of questions how Nature
solves the similar problems (Table 1).

In the next step the answers and inspiration for
the defined sub-problems were explored within the
huge basin of natural solutions, using the structu-
red data offered by the web application AskNature
[7]. The selected solutions are presented in Table
2.
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Table 1

Reformulation of sub-problems in biological terms

Requirements

Large reflective
surface

Possibility for
folding

Small weight and
large strength

Small, but
efficient space

Maximal
exploitation of
solar energy

Table 2

Reformulation of the requirement in
terms of functions performed in Nature

Natural solution where the large sur-
face is utilized for sunlight collection
or reflection

Natural solution that enables reduction
and expansion of the shape

Natural solution with light and
compact shape, but large strength

Natural solution as an example for
maximal and efficient utilization of a
small space

Natural solution as an example for
maximal exploitation of the sunlight
during the whole day

Natural solutions for the defined sub-problems

Natural solution

Functions performed
in Nature

Natural solution
where the large
surface is utilized
for sunlight collec-
tion or reflection

Natural solution
that enables
reduction and
expansion of the
shape

natural solution
with light and
compact shape, but
large strength

Natural solution as
an example for
maximal and
efficient utilization
of a small space

Natural solution as
an example for
maximal
exploitation of the
sunlight during the
whole day

Selected biological models and solutions that
solve the presented problems were identified.
Morphological analysis of structures and functions
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of the biological solutions was applied and relation
between the functions and requirements of the mat-
ter with the functions and features of the biological
solution was recognized. This resulted in a set of
guidelines and principles presented as text descrip-
tions and functional sketches that were a starting
point for generating concepts.

B. Concepts generation

The next step in the design process was gen-
eration of concepts. According to the specified
guidelines and principles several concepts were
proposed, as presented in Figures 6, 7, 8.

CN | /

Fig. 6. Concept 1

Fig. 7. Concept 2
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Fig. 8. Concept 3

C) Final design of the device for thermal processing

of food

After the evaluation of the concepts by appli-
cation of decision matrix the second concept was
selected as the best one. In the next step it was de-
veloped approaching the stage of virtual model
(Figures. 9, 10, 11).

The designed device fulfils all of the estab-
lished requirements: portable, foldable, adjustable
and efficient. The device is consisted of three main
parts (Figure 9):

e adjustable parabolic mirror as reflection sur-
face,

e thermo glass cylindrical tube as thermal proc-
essing space,

e storage space for dishes with additional role of
keeping the stability of the device (Figure 10).

Fig. 9. The solar device for thermal processing of food

Fig. 10. Storage space for dishes

The cylindrical tube is placed along the focal
axis of the parabolic mirror in order to collect solar
rays efficiently for performing of thermal process-
ing of food (Figure 9).

The food would be placed in specially des-
ignned dishes that could be arranged in several
different ways (Figure 11). In order to avoid
mixing of aromas during the cooking special
devices for separation of dishes are designed
(Figure 12).

Fig. 12. Special devices for separation of dishes inside
the cylindrical tube

OPTIMAL POSITIONS OF THE PARABOLIC
MIRROR

At the end of the design process the require-
ments for improvement of the device were estab-
lished, according to the extracted bionic solutions.
The main problem of the existing solar devices is
the lack of efficiency in utilisation during different
seasons and different parts of the day. The year’s
season, the orientation of the mirror in relation to
the Sun and meteorological conditions have affec-
tion to the intensity of the sunlight. The most im-
portant proposed bionic solution is adjustment of
the device according to the Sun path — the para-
bolic mirror always has to be positioned perpen-
dicularly to the sun rays (Figdre 13).

Mech. Eng. Sci. J., 33 (1), 41-50 (2016)
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Fig. 13. Adjustment of the device according to the Sun path

The final stage of the design process was the
necessary improvement of the solar devise design
explained with the determined requirement — the
ability to provide dynamic tracking of the Sun po-
sition in order to receive maximum solar energy
during the day.

Solar rays have to fall always perpendicularly
to the mirror. If the mirror has a static position this
is not possible because of the permanent rotation
and revolution of Earth. Solution for this problem
is dynamic structure of the solar device that could
provide adjustments of the mirror position accord-
ing to the daily and yearly changes of Sun position.
The determination of the range of adjustments for
providing maximum efficiency of the solar device
for thermal processing was the main goal at this
stage of the research.

In order to meet the determined requirement
several different analyses were performed by ap-
plication of APEX® Optical Design Add-In for
SOLIDWORKS, developed for the design and
analysis of optical and illumination systems, as
well as Autodesk® Ecotect™ Analysis.

A. Optimal position of the device

At the beginning an analysis of the optimal
position of the device was performed for deter-
mined location, determined year season and deter-
mined periods of the day. In order to perform the
analysis some determinations were necessary:

¢ Jocation: Skopje (42°0'0" North Geographic
Width, 21°26'0" East Geographic Length).

e date: 21st of June as the longest day of the
whole year on the North hemisphere.

The results of the survey are presented as
stetho-graphic diagrams, where the position of Sun
is presented as small yellow circle and the position
of the device as a rectangle with red lines [Dia-
grams 1-3]. The diagrams presents clearly the Sun
motion during the day and the best position for the
solar device — always perpendicular to the solar
rays.
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Diagram 1. Determination of optimal orientation
in Skopje, 21st of June, 10 o'clock

Diagram 2. Determination of optimal orientation in Skopje,
21st of June, 12 o'clock.

Diagram 3. Determination of optimal orientation
in Skopje, 21st of June, 17 o'clock.

B. Determination of the best suiting angles
| of the mirror for obtaining maximum radiation

Detailed analysis of the 3D model of solar
device for different periods of the day and different
year seasons is performed. The ideal position of
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the parabolic mirror is the position where the prin-
cipal axis is in vertical position and parallel with
the Sun rays.

The main parameters for definition of the
parabolic mirror orientation are the tilting angle
and the rotation angle:

¢ The tilting angle is defined as an angle bet-
ween the ideal position of the parabolic mir-
ror and it's actual position which depends on
the temporal parameters (time and date). It is
a complementary angle of the altitude angle.
¢ The rotation angle is defined as an angle of
rotation around the vertical axis of the device.

It is identical with the azimuth angle.

The presented analysis is an observation of
the best position of the parabolic mirror at the
same period of the day (12:00), but for different
seasons of the year (Figures 13, 14, 15).

The results are:

¢ The tilting angle of the parabolic mirror is
maximal for winter season, 65.8° for 21st of
December and minimal for summer season,
19.1° for 21st of June.

¢ The rotation angle of the parabolic mirror is
maximal for summer season, 15.9° for 21st of
June and minimal for winter season, 6.6° for
21st of December.

Fig. 13. Skopje, 21st of June, 12:00; tilting angle of parabolic
mirror 19.1°; rotation angle 15.9°

BN S S il e [ . o

Fig. 14. Skopje, 21st of March, 12:00; tilting angle
of parabolic mirror 42.4°; rotation angle 6.2°

Fig. 15. Skopje, 21st of December, 12:00; tilting angle
of parabolic mirror 65.8°; rotation angle 6.6°

The results clearly present the range of neces-
sary adjustments of the reflective parabolic mirror
orientation that have to be performed temporarily
during the day for different year seasons in order to
receive maximum solar energy.

C. Determination of the best position
of the parabolic mirror during a single day

The third analysis observes the best position
of the parabolic mirror during a single day (Figures
16, 17). The observation shows that the most obvi-
ous are adjustments of the rotation angle. The
parabolic mirror has to follow the adjustments of
Sun during the daily rotation of Earth from East to
West according to the azimuth angle.

Fig. 16. Skopje, 21st of June, 10:00; tilting angle
of parabolic mirror 27.5°; rotation angle 55.2°
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Fig. 17. Skopje, 21st of June, 14:00; tilting angle
of parabolic mirror 34.9°; rotation angle —69.1°

D. Determination of the angle of maximum
radiation over the mirror

The last analysis was performed with an in-
tention to observe the solar rays reflection when
their direction is not changed, parabolic mirror
does not rotate, but it changes the tilting angle.
This is important for determination of the deviation
of the angle between the approaching solar rays
and the reflected solar rays over the parabolic mir-
ror. The efficiency of the device is measured via
the quantity of deviation. Figure 18a-d presents the
following results:

a) The solar rays fall parallel to the principal
axis of the parabolic mirror — an ideal position of
the parabolic mirror. The device catches maximum
solar energy, the efficiency is the best (Figure 18a).
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b) Deviation of tilting angle of 10°. The re-
flected solar rays are still directed toward the cy-
lindrical absorber (Figure 18b). The device is still
efficient.

c¢) Deviation of tilting angle of 25°. It is obvi-
ous that a large amount of solar rays is not re-
flected toward the cylindrical absorber (Figure
18c). The efficiency of the device is reduced.

d) Deviation of tilting angle of 40°. Most of
the solar rays are not reflected toward the cylindri-
cal absorber (Figure 18d). The device is not effi-
cient.

a)

Fig. 18. Solar rays reflection when the parabolic mirror
does not rotate, but changes the tilting angle

c)

d)

The location of utilization of the device can't
be predicted. The device could enable automatic
temporal adjustment of the tilting and rotation an-
gles of the parabolic mirror during the utilisation,
according to the data for the specific day, in order
to receive maximum solar energy. It could be real-
ized with implementation of special software for
conducting of adjustments of the parabolic mirror,
according to the available data for azimuth and
altitude of Sun for the whole year. A special mech-
atronic device conducted by the software could
change the position of the mirror in order to be
positioned always normally in relation to the Sun.

CONCLUSIONS

The presented research is an example of ap-
plication of several design methods in the process
of product development. The main goal of our re-
search was to verify the advances and possibilities
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of biologically inspired design in the solving of
specific design problem. The final goal was to
make proposals for improvement of the method in
order to be more applicable and convenient for
industrial designers.

The conclusion at the end of this research is
that bionic principles and methods are a great in-
strument for the designers on their way to innova-
tive approaches in all of the phases of the design
process. The phase of searching for solution with
application of existing database Ask Nature offered
by Biomimicry Institute [6, 7] encompasses a per-
fect support for the designers in their efforts to
recognize natural solutions for different design and
engineering problems. Moreover, there is a neces-
sity of more sophisticated database with better ex-
plained examples of natural solutions and their ap-
plication in the design. Access to this kind of in-
formation could be of a great help for the designers
and engineers. A development of a web application
where designers, engineers, biologist and other
specialist dealing with natural phenomena could
permanently load the specially designed database,
would be the best solution.
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A bstract This study aims to determine the water quality of Lake Radoniqi, which supplies with drinking
water all population of Gjakova Municipality, based on the microbiological analysis. This artificial lake has surface
of water collection of 120 km® and the main water supplier is river of Lumbardh of Deqani with an average flow 5
m’/s. The samples were taken every month in three locations: Lumbardh river, Derivative channel and in the lake
over a period of one year from January 2015 to December 2015. Enumeration of bacteria is made by membrane filtra-
tion method and by counting colonies on plates with RBA, M-Endo Agar less, PCA and BEA agar. In these paper are
presented data about microbiological parameters: total coliform bacteria, fecal coliform bacteria, aerobic mesophilic
bacteria and Streptococcus faecalis as indicator of water pollution. The main objective of this study was the assess-
ment of the quality of water in Lake Radoniqi according the microbiological parameters and the comparison of the
results with the European Standard EN/ISO 9308-1:2014. According to preliminary results, higher values of coliform
bacteria were in Lumbardh river and low values in Lake Radoniqi due to increased rainfall and summer season.

Key words: coliform bacteria; aerobic mesophyl bacteria; streptococcus faecalis

MHUKPOBHAOJIOMIKO UCIIUTYBAIE 3A OIEHA HA KBAJIMTETOT HA BOJIATA
3A IMEILE CO KOJA CE CHABAYBA I'AKOBHIIA

AmncTpaxT OBaacryauja uMa 3a 1eJ Bp3 OCHOBA Ha MUKPOOHOJIONIKA aHANK3a []a TO OPEIH KBAJUTETOT
Ha Bozata Ha Pagonunukoro E3epo, ox koe ce cHabmyBa co BOAa 3a MUEHE LEIOKYITHOTO HACEICHHE Ha OMNIITHHATA
faKOBnua. OBa BelITauko e3epo MMa MOBPLIMHA Ha cobupame Ha Boaa o 120 kmz, a TJaBHHOT CHabyBad CO BOJA €
pekata Jlevancka buctpua, co mpoceden npoTok o1 5 m*/s. [IpUMEPOL 32 HCITUTYBAFbE CE 3EMAHM CEKOj MECEIl Ha
TpU JIOKAILMKU: 0] pekata bucrpuua, oa AepUBaLMCKUOT KaHA U Of €3epOTO, BO NEPUOJ O €/IHA FOAMHA, 3aII0YHYBaj-
KU Of1 jaHyapH, 11a ce 1o nekemspu 2015 roxuna. bpoemeTo Ha OaKTepUHTE € HAIIPaBEHO CO METOIOT Ha MeMOpaHCKa
¢unTpanuja u co O6poeme Ha KomoHuuTe Ha mioda co RBA, M-Endo Agar less, PCA u BEA agar. Bo oBoj Tpyn ke
OujaT mpeTcTaBeHH MOJATOLMTE 32 MUKPOOHOJIOMIKUTE MapaMeTpu: BKYIMHO KOJH(MOPMHU GakTepuu, KOJIU(POPMHU
Oakrepun o1 eKarHO MOTEKII0, aepoOHH Me30(UITHH OakTepun U Streptococcus faecalis Kako HHIUKATOP 3a 3araje-
HOCT Ha Bojara. [ 1aBHara 1ie Ha oBaa cTy/uja Oelle 1a ce HalpaBy MMPOLCHA Ha KBAJIMTETOT Ha BojaTa BO PajoHny-
koTo E3epo cropen MHKpOOHOIOMKHTE TapaMeTPH U Jia ce cropesar pesyntatute co Eppornckuor crannapa EN/ISO
9308-1:2014. Criopen npenMMUHAPHUTE PE3yNITaTH, IIOBUCOKU BPEAHOCTH 3a KOJIU(OPMHH OakTepHu ce J00HEHH 3a
pekata buctpuia, a Hucku BpeaHocTH 3a Pagonnukoro E3epo kako pesynrtarT Ha NMOOOWJIHM BPHEXH U JIETHATa
ce30Ha.

Kunyunu 360poBu: xonmudopmuu O6akrepun; aepoOHu Me30bHIHN OakTepuH, Streptococcus faecalis

INSTRUCTION for the transmission of infectious diseases that

have caused serious illnesses and associated mor-

It is well known that the quality and safety of tality worldwide [3, 4]. Microbial quality is one of

the drinking water continues to be an important the primary indicators for the safety of a drinking
public health issue [1, 2], because its contamina- water supply. Of all contaminants in drinking wa-

tion has been frequently described as responsible
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ter human and/or animal faeces present is the
greatest danger to public health.

Microbiological data for total coliforms, fae-
cal coliforms (representing Escherichia coli as
predominant species) and intestinal enterococci
(faecal streptococci) were collected from the Lake
Radoniqi. Data were used for the assessment of
microbial pollution along the course of this lake
and to establish a microbiological water quality of
the investigated lake (Figure 1).

Fig. 1. Lake Radoniqi

Faecal indicator bacteria like total coliforms,
faecal coliforms (thermotolerant coliforms), E. coli
and intestinal enterococci (faecal streptococci) are
excreted by humans and warm blooded animals,
pass sewage treatment plants to a great amount and
survive for a certain time in the aquatic environ-
ment [5].

The main objective of this study was the as-
sessment of the quality of water in Lake Radoniqi
according the microbiological parameters [6] and
the comparison of the results with the European
Standard EN/ISO 9308-1:2014. Most of the micro-
organisms transmitted by water usually grow in the
human intestinal tract and reach the outside
through in the feces. Traditionally, the presence of
coliform bacteria in drinking water has been seen
as an indicator of fecal contamination through
cross connection, inadequate treatment, or an in-
ability to maintain a disinfectant residual in the
water distribution system [7]. The total coliform
group belongs to the family Enterobacteriaceae
and includes the aerobic and facultative anaerobic,
gram-negative, nonspore-forming, rod-shaped bac-
teria that ferment lactose with gas production
within 48 hours at 35°C [8]. Coliform bacteria are
regarded as belonging to the genera Escherichia,

Citrobacter, Enterobacter, and Klebsiella. Object
of our study are: Lumbardh of Deqani river; de-
rivative channel and Lake Radoniqi (Figures 2 and
3). The main supplier of lake is the river of Lum-
bardh of Decani. Second supplier is Bistrica river
with capacity of 2,640 m3 per hour, or 650 1/s. The
lake has a voluminous capacity of 117.8 million m3
of water, maximum length 5.2 km, maximum
width 2.5 km and maximum depth 52 m.

ey = -
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Fig. 3. River of Lumbardh

MATERIALS AND METHODS
Sample collection

Sample collection is a very important part of
this study because conclusions drawn are based
only on testing of collected samples. Samples were
collected on monthly basis during the year 2015,
from three locations: river of Lumbardh, derivative
channel and Lake Radoniqi.

Mech. Eng. Sci. J., 34 (1), 51-57 (2016)
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Water samples were taken through sterile bot-
tles of 500 ml and were transported in cool box to
the Laboratory of Microbiology in Hydrosystem
Radoniqi. Samples were taken from the river by
holding the bottle near its base in the hand and
plunging it, neck downward, below the surface.
Then turning the bottle until neck points slightly
upward and mouth is directed toward the current.
The sampling bottle was not filled up to the brim
and 20 mm to 30 mm space was left for effective
shaking of the bottle [9]. Microbiological analysis
of water samples was started as soon as possible
after collection to avoid unpredictable changes in
the microbial population [10] The sampling and
the tests were performed in accordance with the
International Standard Methods ISO 9308-1:2003;
ISO 7899-2:2000 and ISO 6222:1999.

Microbiological analysis

One of the commonly used methods to deter-
mine Total Coliform bacteria is known as Mem-
brane Filtration. This provides a count of bacteria
per specific volume of a drinking water sample.
This test involves taking a specific volume of the
sample (usually 100 milliliters) and filtering it
through a sterilized filter membrane. The pore size
of the membrane is 0.45 p (microns) so it is small
enough to collect any bacteria that may be present.
The filter is placed into a petri dish containing an
appropriate growth medium (nutrient agar) to assist
bacteria growth. The dish needs to be incubated at
a temperature of approximately 35° Celsius for 22
to 24 hours. The filter is then inspected for bacte-
rial growth. Generally, drinking water is safe when
testing shows the absence of bacterial contamina-
tion.

Faecal and total coliform counts were perfor-
med using the standard membrane filtration tech-
nique. The 100 ml water sample was filtered using
0.45 mm pore size, 47 mm diameter filter mem-
brane as described by [9]. Incubation were made
on plates with Violet Red Bile Agar and m-Endo
Agar-less. Nutrient agar (NA) was used for deter-
mination of number of aerobic mesophyl bacteria.
Parallel to the work on coliforms, a group of
Gram-positive coccoid bacteria known as faecal
streptococci (FS) were being investigated as im-
portant pollution indicator bacteria [11], on plates
with Bile aesculin azide agar. These streptococci
however, do not survive for long in water and are
probably not enumerated quantitatively. Thus, for
water examination purposes enterococci can be
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regarded as indicators of faecal pollution, although
some could occasionally originate from other habi-
tats.

The total coliform group: The total coli-
forms represent the whole group, and are bacteria
that multiply at 37°C. Coliform bacteria are facul-
tative anaerobes, Gram-negative, non-spore-form-
ing, rod-shaped bacteria capable of growth in the
presence of bile salts and ferment lactose at 35 —
37°C with the production of acid, gas and aldehyde
within 24 — 48 h. Total coliforms were regarded as
belonging to the genera Escherichia, Citrobacter,
Enterobacter and Klebsiella.

These bacteria were classically used as indi-
cators of faecal contamination of waters because
they were considered to be inhabitants of the intes-
tinal tracts of homeothermic animals [8, 11, 12,
13].

Thermotolerant (faecal) coliforms: The fae-
cal coliform bacteria are able to ferment lactose to
44 — 45°C. They comprise the genus E. coli and to
a lesser extend species of Enterobacter, Klebsiella
and Citrobacter. Only E. coli is considered to be
specifically of fecal origin being always present in
faeces of humans, other mammals and birds [14].
Although it has long been known that E. coli
can cause disease in humans, the bacteria natu-
rally, occurs in the lower part of the gut of
warm-blooded animals [13, 15]. Its role as an
enteric pathogen has been reinforced with the
discovery of E. coli O157:H7 associated with
hemorrhagic enteritis and haemolytic uremic
syndrome, that was responsible of producing
several drinking water outbreaks, and some of
them lack of B-glucuronidase activity [16, 17].

Enterococci and faecal streptococci: Strep-
tococcus faecalis is generally present in faeces of
humans and animals. They possess the Lancefield
group D antigen. Faecal streptococci are more re-
sistant to stress and chlorination than E. coli and
other coliform bacteria [18]. Enterococci are de-
tectable by simple, inexpensive culture method that
require basic routine bacteriology laboratory facili-
ties. Faecal streptococci, enterococci and intestinal
enterococci are three synonyms used to refer to
species described as members of the genus Entero-
coccus, which also fulfil Sherman’s criteria
(growth at 10°C and 45°C, resistance to 60°C,
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growth at pH 9.6 and at 6.5% NaCl, and reduction
of 0.1% methylene blue) [12, 19, 13].

Heterotrophic plate count (HPC) or total
aerobic bacteria: were among the first parameters
used to monitor the safety of finished drinking wa-
ter. However, presently they have become an indi-
cator of general water quality within distribution
systems [20, 21, 22]. It is considered that the bacte-
riological content of drinking-water leaving treat-
ment plants should contain only very low levels of
heterotrophic and aerobic spore-forming microor-
ganisms [21]. This parameter, evaluated both at 22
and 37°C. Members of the genus Pseudomonas are
possibly the microorganisms most often isolated
from bodies of water. P. aeruginosa was found to
be more resistant than acid-fast bacteria during
ozonation processes, demonstrating its resistance
to chemical disinfection and thus its usefulness in
the analysis of waters that receive chemical disin-
fection, including drinking waters [23, 24, 25, 26).

Fig. 5. Plates with agar in incubator

RESULTS AND DISCUSSIONS

Testing for evidence of water contamination
has been traditionally accomplished by the detec-
tion or enumeration of bacteria. The 96 samples
were analyzed during the year 2015. The samples
were taken in three locations: river of Lumbardh,
derivative channel and Lake Radonigqi.

As expected, the highest number of water
samples contaminated by TC (83%) and FC (48%)
was found in untreated water. Water intended for
human consummation should contain no faecal
indicator organisms [27; 28; 29; 30].

According to WHO or EPA the guideline
level of faecal indicators in drinking water is zero
[31;32;29].

According to our data concerning microbi-
ological analysis, we can put in evidence that
number of total coliform bacteria, faecal coliform
bacteria, Streptococcus faecalis and aerobic meso-
phylic bacteria were in high load in the Lumbardh
river and derivative channel (with a maximum 300
CFU/100 ml) and number of these microbiological
parameters was lower in samples taken from the-
Lake Radoniqi (with a maximum 185 CFU/100
ml).

In Chart 1 we can see the positive samples of
total coliform bacteria in three locations during the
period January — December 2015. In this chart we
can notice that maximal number of total coliform
bacteria was during the months June and July 2015
with 300 CFU/100 ml, and the lowest number are
noticed in January, February, March and December
2015 with 70 CFU/100 ml, with a decrease in coli-
form occurrence when water temperature went
from 20 to 25°C and similar correlation was found
between accumulated monthly rainfall and bacte-
riological parameters.

In Chart 2 is presented the presence of faecal
coliform bacteria of the samples that have resulted
positive in three locations. The high percentage of
contamination was recorded in the Lumbardhi river
and derivative channel with the greatest number
300 CFU/100 ml during a warm-weather period
(June — August 2015) and with the lowest number
50 CFU/100 ml during the month March 2016 and
December 2016.

The largest number of fecal coliform bacteria
was found during the summer season as a result of
environmental factors increase.

We also determined the number of aerobic
mesophylic bacteria as an indicator of water qual-
ity for drinking water. The situation referring to
sampling sites is almost similar to that of total coli-
form bacteria that means that the highest number
of aerobic mesophylic bacteria is found in sam-
pling sites in the river of Lumbardh, Derivative
channel with 242 CFU/100 ml and the lowest
number is found in the lake with 32 CFU/100 ml.
The aerobic mesophylic bacteria results during the
year 2015 are presented in Chart 3.
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Chart 3. Total number of aerobic mesophylic bacteria during the period January — December 2015
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We also examined the Steptococcus faecalis
as fecal indicator and we notice that number of
colonies in water was very low during the period
of observation — Chart 4. Number was higher due
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to high temperatures on May, August and Septem-
ber 2015 with 18 CFU/100 ml and lower during
the December 2015 with 2 CFU/100 ml.

Lake
M Derivativ Channel

— M River Lumbardh

Chart 4. Streptococcus faecalis during the period January — December 2015

What we observe in our data is that the num-
ber of total coliform bacteria, fecal coliform bacte-
ria, aerobic mesophylic bacteria and Streptococcus
faecalis was higher during the period May — Au-
gust 2015 due to higher temperatures during this
season. As it was expected, the number of total
coliforms bacteria increased from winter (with a
minimum of 150 CFU/ 100ml in December, 2015,
in the Lumbardh river and derivative channel) to
summer (with a maximum of 300 CFU. 100 ml in
July, 2015).

Foregoing studies have associated the occur-
rence of coliform bacteria, faecal coliform bacteria,
Streptococcus faecalis and aerobic mesophylic
bacteria in drinking water system with rainfall
events [7, 33]. According to these authors, rainfall
is a complex variable and may have many different
impacts on drinking water quality: rainfall can be a
mechanism that introduces coliform bacteria into
the system through leaks and cross-connections
and rainfall can wash dissolved nutrients into the
watershed and increase organic carbon levels.

In all samples of treated water we have not
encountered any bacteria that is in accordance with
International Standard Methods ISO 9308-1:2003;
ISO 7899-2:2000 and ISO 6222:1999.

CONCLUSION

1) The total coliform bacteria, faecal coliform
bacteria, aerobic mesophylic bacteria and Strepto-
coccus faecalis were usually present in the warm-
est months. Environmental factors that influence
the presence of bacteria in water are: rainfalls,

temperature, seasonal changes, location from
which samples are taken, etc.

2) Referred on WHO standards of drinking
water, during the summer season are observed the
highest values of microbiological parameters,
situation that requires the highest attention to the
prevention of health risks, because all bacteria that
are determined in our samples can give lots of in-
fections for all population of Gjakova Municipal-

ity.
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A bstract: This study was conducted to determine heavy metal levels in macroalgae (Enteromorpha sp.) on
four stations in the Izmit Bay. For this purpose; aluminum (Al), chromium (Cr), manganese (Mn), iron (Fe), cobalt
(Co), nickel (Ni), copper (Cu), zinc (Zn), lead (Pb), cadmium (Cd) and barium (Ba) levels were determined season-
ally (February 2013 — November 2013). The results showed that the highest accumulation of heavy metals in algae
was detected at station 1 with Al, Fe, Mn, and at station 4 with Ba. Accumulation levels of heavy metals were de-
tected in the order Fe>Al>Ba>Mn>Zn>Cu>Cr>Pb>Ni>Cd>Co in Enteromorpha sp. additionally the difference be-
tween the stations of the metal levels were examined by One-Way ANOVA test.

Key words: Enteromorpha sp.; heavy metals; environmental factors; Izmit Bay

HUBOA U ITPOCTOPHA JTUCTPUBYIIUJA HA TEINKHW METAJIN
BO ENTEROMORPHA SP. O] U3BMUTCKHOT 3AJIUB (TYPLIAJA)

AncrtpaxkT: Crygujata Oerie HanpaBeHa 3a 1a TU OJIPEAX TEIIKUTE MeTald Bo MUkpoanrure (Enteromorpha
Sp.) Ha 4eTupH cTaHuIM Bo V3murckuor 3amuB. 3a Taa 1en, HUBoata Ha aimyMuHuyM (Al), xpom (Cr), marran (Mn),
xenezo (Fe), kobant (Co), mHuken (Ni), 6axap (Cu), nmuak (Zn), onoBo (Pb), xkagmuym (Cd) u G6apuym (Ba) Gea
yTBpJeHH 10 ce30HHU (peBpyapu — HoemBpH 2013). Pesyntature nokaxaa Jeka HajrojeMaTa akyMyJsalija Ha TEIIKA
METaJM BO aJITUTE € AeTeKTHpaHa Ha craHui@ara 1 co Al, Fe, Mn u Ha cranunara 4 co Ba. AkymynanuckuTe HIBoa Ha
TEKH MeTanu Oea aerektupanu mo penor Fe>Al>Ba>Mn>Zn >Cu>Cr>Pb>Ni>Cd>Co Bo Enteromorpha sp.
JlononaurenHo Oemre uCHMTaHA pas3iKaTa BO HUBOATa Ha METAalH IOMel'y CTaHMIMTE CO MpHMeHa Ha TecToT One-

Way ANOVA.

Kunyunu 360poBu: Enteromorpha sp.; TeIIKH MeTau; eKonomku akropu; M3murcku 3anus

INTRODUCTION

Fast moving technology and industrialization
are bringing both advantages and disadvantages.
Different pollutant sources affect on particularly
environment. The sources of anthropogenic conta-
mination or pollution of the environment by heavy
metals include different branches of industry such
as the power industry, transport, municipal waste
management, waste dumping sites, fertilizers and
waste used to fertilize soil. The heavy metals from
these sources are dispersed in the environment and
contaminate soil, water and air [1]. Many conta-
minants entering the marine environment, how-

ever, they have the ability to move into various
solid components of the ecosystem [2]. Pollution
by heavy metals is considered to be a serious prob-
lem due to its toxicity and ability to accumulate in
the biota [3]. Heavy metals, such as lead (Pb), cop-
per (Cu), cadmium (Cd), zinc (Zn) and nickel (Ni),
are among the most common pollutants found in
both industrial and urban effluents. In low concen-
trations (Cu, Ni, and Mn) are essential trace ele-
ments for photosynthetic organisms; however at
higher concentrations, it is important to determine
the cause of serious toxic effects of these metals
[4]. In littoral areas, marine microalgaes which are
instrumental for the primary production are gener-
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ally used as indicators for metal pollution in sea
water, as they can easily incorporate the metals
that are dissolved in sea water. For this purpose,
the macroalgae species of Fucus sp., Enteromor-
pha sp., Laminaria sp. and Ulva sp. generally the
most used indicator types in determining heavy
metal levels in sea. In this research, it is aimed to
specify heavy metal levels in Enteromorpha sp.
which have sustained dispersion in the littoral re-

29.5
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gion at Izmit Bay and its spatial distribution (Fig-
ure 1).

MATERIALS AND METHODS

Izmit Bay is an approximately 50 km long,
narrow marine space located at the eastern end of
the Marmara Sea. Investigation area is located be-
tween the coordinates of 29° 37.16' and 29° 56.70'
E and 40° 39.73" and 40° 49.46' N (Figure 1).

30.0

Fig. 1. The study area in Izmit Bay (http://www koeri.boun.edu.tr.sismo.map)

Izmit Bay is 50 km long and 1.8-9 km wide
and has a surface area of 261 km®. The eastern sec-
tion, the smallest component of the entire system,
is about 15 km in length and relatively shallow
with a maximum depth of about 35 m. Central sec-
tion of the Izmit Bay, being the largest component
of the system, is about 20 km long and the bottom
topography varies considerably in the north-
southerly direction; its northern part is relatively
shallow with an average depth of about 60 m in-
creasing approximately 180 m towards the south-
ern section [12].

In this study, samples were collected from
February 2013 to November 2013 (February, May,
August and November). Macroalgae samples were
collected in littoral region (up to 2.5 m) and
brought to Kocaeli Food Control Laboratory in

labelled bags. Enteromorpha sp. samples were
dried as 1 g wet at 105°C for 24 hours in drying
kiln in heat-resisting glass tubes after they have
been cleaned up from living and non-living materi-
als by means of distilled water. The dried samples
stayed at ambient temperature for 24 hours, after
they have been added by 3 ml nitric acid (HNO; M
L-1). They put on the heat table in low temperature
until their coloured steams disappeared completely
in order to make them absolutely mineralized and
then they were completely dissolved, after they had
been added with 1 ml sulphuric acid (H,SO4). Af-
ter these procedures, the samples were diluted in
50 ml and got ready to be read, after they have
been filtered through blue band filter papers (13).
The concentrations of the heavy metals were
measured by using an agilent 7700 series I[CP-MS

Mech. Eng. Sci. J., 34 (1), 59-64 (2016)



Levels and spatial distribution of heavy metals in Enteromorpha sp. from Izmit Bay (Turkey) 61

instrument. The difference of the metal levels
among stations was examined by One-Way
ANOVA test. Statistical analysis was carried out
on Statistical Package for the Social Sciences.

RESULTS

In this study heavy metal accumulation levels
of the Enteromorpha sp. species which are widely
found in the Izmit Bay littoral area were re-
searched. In the result of seasonal study (February,
May, August, November 2013) accumulation lev-
els at 4 stations were specified as Fe > Al > Ba >
Mn > Zn > Cu > Cr > Pb > Ni > Cd > Co accord-
ing to average values. The lowest and the highest
concentration of Al values was measured at 2. Sta-
tion and 1.Station (25.32 pg/g and 109.43 pg/g) in
November and August. The average annual value
in all stations is 53.82 pg/g. In the result of statisti-
cal analysis the difference in the first and third sta-
tions was specified as (P>0.05), the difference be-
tween the second and fourth stations was accepted
negligible. The lowest and the highest concentra-
tion of Cr values that are measured in Enteromor-
pha sp. samples in terms of accumulation levels at
2. Station was found as 2.81 pg/g and at 3. Station
was found as 16.98 ng/g, respectively in February
and August. The average annual value in all sta-
tions is 7.22 pg/g. The result of statistical analysis
indicated that the difference between the stations
was greater than P>0.05.

The lowest accumulation level of Mn in terms
of accumulation levels was found at 4. Station in
February as 3.76 ng/g, and the highest accumula-
tion level was found at 1. station in August as
47.87 pg/g. The average annual value at all stations
is 15.12 pg/g. The result of statistical analysis
showed that the difference in terms of Mn accumu-
lation is among 2. 3. and 4. stations which is insig-
nificant, the difference among 1. station and other
stations is significant (P<0.05). The lowest accu-
mulation level of Fe in terms of accumulation lev-
els was found 62.76 pg/g at 4. station in February.
The highest accumulation level was found 307.65
pg/g at 1.station in August. The average annual
value at all stations is 135.60 pg/g. The difference
among all stations was found as meaningfull statis-
tically (P<0.05). The lowest and the highest con-
centration of Ni that are measured in Enteromor-
pha sp. samples in terms of accumulation levels
was found as 0.45 pg/g and 1.88 pg/g respectively
at 3. station in February and 4. station in August.

Maw. unic.nayy. ciiuc., 34 (1), 59-64 (2016)

The average annual value in all stations is 1.14
ng/g (Table 1). The result of statistical analysis
indicated that the difference between 2. and 4. sta-
tions was important (P>0.05). The difference be-
tween 1. and 3. stations is unimportant. The lowest
accumulation level of Cu in terms of accumulation
levels is found 1.98 pg/g at 1. station in February,
the highest accumulation level was found 28.98
ng/g at 4. station in August. The average annual
value at all stations is 13.00 pg/g (Table 2). The
statistical analysis of Cu accumulation levels
showed that the difference between 3. and 4. sta-
tions is significant (P<0.05) and the difference be-
tween 1. and 2. stations is insignificant. The lowest
accumulation level of Zn in terms of accumulation
levels was found 5.89 pg/g at 2. station in Febru-
ary, the highest accumulation level was found
24.87 pg/g at 4. station in August. The average
annual value at all stations is 13.10 pg/g (Table 2).
The result of statistical analysis of Zn accumula-
tion levels demonstrated that the difference among
all stations is significant (P<0.05). Ba levels was
found 2.05 pg/g at 2. station in February, the high-
est accumulation level was found 65.76 pg/g at 4.
station in August. The average annual value at all
stations is 34.06 pg/g (Table 2). The result of sta-
tistical analysis of Ba was found all stations is im-
portant (P<0.05).

The lowest and the highest concentration of
Pb that were measured in Enteromorpha sp. sam-
ples in terms of accumulation levels was found as
1.95 pg/g and 4.89 pg/g respectively in February
and August at 2. station and 1. station. The average
annual value in all stations is 3.25 ng/g (Table 2).
The difference between 1. and 2. stations was spe-
cified as significant (P>0.05). The difference be-
tween 3. and 4. stations was insignificant (P>0.05).
The lowest and the highest concentration of Cd
values measured in Enteromorpha sp. samples in
terms of accumulation levels was found as 0.31
ng/g and 1.76 pg/g respectively in February and
August at 1.station and 4. station. The average an-
nual value in all stations is 3.25 pg/g. The differ-
ence between 1. and 3. stations was specified as in-
significant. The difference between 4. and 2. sta-
tions is significant (P<0.05). Co levels was found
similar at all the research stations. In the study ac-
cumulation levels of heavy metals have been de-
tected in the order Fe > Al > Ba > Mn > Zn > Cu >
Cr > Pb > Ni > Cd > Co in Enteromorpha sp. The
annual change graphics heavy metals are given
(Figures 2—13).
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Table 1
The levels of heavy metals specified in Enteromorpha sp. (ug/g wet weight).
Station Al Cr Mn Fe Ni
1 105.32-109.43 491 -5.98 42.76 —47.87 298.98 — 307.65 0.78 - 0.98
107.38 +1.88 5.39 £0.47 4592 +£2.20 303.23 £4.17 0.87 +£0.08
2 25.32 -28.76 2.81-3.87 4.76 — 5.89 79.25 - 81.65 1.21 - 1.67
26.85 £ 1.56 324 +0.44 5.25+£0.50 80.44 £1.03 1.36 £0.21
3 50.45 -56.34 15.45-16.98 4.65-6.01 90.65 - 97.45 0.45-0.97
53.73 £2.65 16.07 £0.71 5.25+0.64 93.86 £3.54 0.64 £0.22
4 26.32 - 28.76 3.75-4.78 3.76 —-4.78 62.76 — 66.78 1.51-1.88
2735 +£1.04 4.18 £0.47 4.08 +£0.47 64.87 £1.67 1.70 £0.16
Yearly 53.82 £33.94 7.22 +£28.72 15.12 £338.54 135.60 + 100.54 1.14 £0.45
Table 2
The levels of heavy metals specified in Enteromorpha sp. (ug/g wet weight).
Station Cu Zn Cd Ba Pb
1.98 —3.02 11.76 -13.87 0.31-0.71 28.98 —-34.78 2.98 —4.89
2.67+0.47 12.68+0.89 0.57£0.17 32.44+2 .45 3.94+0.79
2 1.98 —2.67 5.89 -6.89 0.76 -0.97 2.05-2.98 1.95-3.01
2.22 £0.31 6.23 £0.45 0.88+0.09 2.6 £0.40 2.47+0.59
3 18.78 - 21.76 9.65-11.54 0.61 -0.67 35.76-38.67 2.78 -3.98
19.64+ 1.41 10.24+ 0.87 0.62+0.02 37.09+1.20 3.1940.55
4 25.76—28.98 21.62 -24.87 0.87 -1.76 62.98 —65.76 2.78 -3.98
27.48+1.32 23.26+1.39 1.14+ 0.41 64.10+1.37 3.42+0.54
Yearly 13.00£11.31 13.10£6.56 0.80+: 0.31 34.06+£22.57 3.25+0.78
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Fig. 2. The annual variation graph of heavy metal (Al) Fig. 4. The annual variation graph of heavy metal (Mn).
18 350
16 300
u 250
12
_10 mre L, 0 wFe
“ g Wy 150 mmy
6 mAg 100 mAg
4 . . h . . N
50
2101 il
0 0
| M m W Avg. Cr 1 ] n v Avg. Fe
Stations Stations

Fig. 3. The annual variation graph of heavy metal (Cr). Fig. 5. The annual variation graph of heavy metal (Fe).
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DISCUSSION AND CONCLUSIONS

The heavy metals in the marine environment
are included in the aquatic system subject to the
different sources. The intense industry around the
Izmit Bay affects marine logistics, settlements,
geological formations and heavy metal resources.
Investigations for heavy metal levels inform us the
pollution in the area. Macroalgae are in the groups
that are frequently used indicating heavy metal
pollution levels. The heavy metals absorbed by
macroalgae indicates variations subjected to many
factors such as pH, salinity, oxygen, light, organic
substance, food elements, levels of the metals in
the aquatic system. Many researches have been
conducted on the specie of Enteromorpha in order
to remove environmental heavy metal pollution by
means of biological methods (13 — 17).

At the stations where study was made the
highest accumulation levels of Enteromorpha sp.
at 4. station in August as Ni (1.88 pg/g), Cu (28.98
ng/g), Zn (24.87 ngl/g), Ba (65.76 ng/g), Cd (1.76
ng/g); at 1. station in August as Mn (47.87 pg/g),
Fe (307.65 ng/g), Pb (4.89 ng/g), Al (109.43 pg/g)
and at 3. station in August as Cr (16.98 pg/g) was
found. Co (0.01 pg/g) values are the same at all
stations were determined.

The differences of heavy metal accumulation
levels among stations are caused by many factors
such as industrial wastes in the area, transporting
to the aquatic system, marine logistics, industrial
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flue gases, meteorological factors and allochtho-
nous factors. On the other hand, detection of the
highest heavy metal accumulation levels seen in
August when the sea water temperature is the hig-
hest in month. This bears a resemblance to the data
of relation between heavy metal and warm water
that is given in literature [18]. Although almost si-
milar results are taken in the researches made in
the seas in Turkey, the differences in heavy metal
accumulation levels of algae are caused by the fac-
tors such as the physico-chemical structure of seas
in Turkey, urbanization, pollution levels and envi-
ronmental use [5-13, 15, 16, 19]. The similar dif-
ferences are also found in the global aquatic sys-
tems due to the geographic factors [2—4, 14, 16,
17).

As a result, determination of heavy metals,
pollution levels, continuously monitoring macroal-
gae-heavy metal relationship in terms of establish-
ing projection for the future in aquatic systems is
highly important regarding to the sustainable envi-
ronmental management.
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A bstract: The soils are continually contaminated with increasing contents of heavy toxic metals of anthro-
pogenic origin that have negative influence on the ecosystem. In the focus of this research is arsenic as one of the
most characteristic anthropogenic pollutants in soils. Research area is selected as part of Skopsko Pole, i.e. agricul-
tural microlocality near to the urban centre, where anthropogenic contamination of the soil with arsenic was evident.
The ICP-AES analysis have been applied for determination of the content of arsenic in various horizons of soil, up to
1 meter depth. The content of arsenic in various minerals in the soil as well as quantity of water soluble arsenic have
also been determined. The basic aim was to define mechanisms and intensity of migration of arsenic in the soil. The
type of soil from the microlocality which is dominantly consisted of coarse grained quartz and fine grained clay along
the whole profile, and its physical and chemical properties, enable intensive and free migration of microelements in
soluble and fixed form.

Key words: soil; contamination; arsenic; migration; ICP-AES

MUTI'PAIIMJA HA APCEH U IPYT'U MUKPOEJIEMEHTH
BO AHTPOIIOI'EHO KOHTAMHWHUPAHHU IIOYBA

A ncTpaxT Bo nmousure ce neTepMUHHPAAT C& MOTOJEMH KOJIMYMHYU HA TELIKH TOKCHYHHM METallH O]l
AQHTPOIIOTeHO MOTEKJIO KOMIITO UMAaT HEraTUBHO BJIMjaHHE BP3 €KOJIOMIKUOT cHcTeM. Bo 0Ba ncTpakyBame akIeHT-
OT € CTAaBeH Ha apCeHOT KaKo eJeH O] HajKapaKTepUCTUYHHMTE aHTPOIOreHH 3arajyBaud Ha nousure. Kako u
CTPaXXHOTO mojpadvje ¢ u3dpan cermeHT ox Ckorcko Ilose, 0XHOCHO arpapeH MHKpPOJOKAIUTET BO HEMOCpeqHa
OnM3uHa Ha ypOaH LEHTap, Kaje IITO € JOKa)XKaHa aHTPOINOreHa KOHTaMMHHMpAaHOCT Ha moysata co apceH. Co
npumena Ha ICP-AES, ompeznerneHa e coipkuHata Ha apceH BO Pa3iM4YHM AJa0MHCKH CJIOCBM Ha IOYBaTa 10
uabounna ox 1 m. OmpezenieHa € M COAPKHUHATA Ha apceH BO Pa3jIMYHUTE MUHEpanHU (a3u Ha MouyBarta, Kako u
KOJIMYECTBOTO Ha BoJopacTBOpiMB apceH. OcHOBHA 1en Oele 1a ce AeGHuHMpaaT MEeXaHU3MHUTE U MHTEH3UTETOT Ha
MHIpalfja Ha apceH BO MoyBaTa. THIOT Ha MOYBATa OJl MUKPOJIOKAIMTETOT, KOja IJIABHO C€ COCTOM OJl KBapleH
necok W (UHO3pHA TIJMHA HHU3 LEIHOT NpodWi, KAaKO M HEj3UMHUTE (U3NUYKO-XEMHCKH KapaKTEePUCTHUKH,
OBO3MOXYBaaT MHTEH3HMBHA M CJI00OAHA MHIpalfja HA MHKPOCIEMEHTHTE BO HHBHATa pacTBOpeBa M (puKcHpaHa
cocTojoa.

Kay4ynu 300poBH: no4Ba; KOHTaMHHaNHja; apceH; murpauuja; ICP-AES

AIMS AND BACKGROUND research [1-3]. This is a consequence of long term
production of pesticides by OHIS factory in which

The microlocality E-NE-SE around the OHIS arsenic compounds have been used as active com-
factory is select, due to the indication of contami- ponents, but it is also due to decades long use of
nation of the soil with arsenic of anthropogenic agrochemical additives during agricultural activi-

origin from the previously realized preliminary ties. In order to define boundaries of the microlo-
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cality, the wind rose has also been taken into con-
sideration.

In order to describe the mechanism of migra-
tion of microelement, it is necessary to determine
the influence of the mineralogical composition and
soil structure. Soil samples for analysis were taken

from two places (Sample point 1 and Sample point
2) within the boundaries of the defined locality, in
a zone of topsoil homogeneous contamination with
arsenic, thus enabling a comparative review of re-
sults (Figure 1).

Fig. 1. Geographic location of the sample points (southern part of Skopsko Pole)

EXPERIMENTAL RESULTS
AND DISCUSSION

The soil samples for analysis are an integral
segment from a vertical profile of holes dug up to 1
meter depth, segmented into 5 equal soil horizons:
0—-20cm, 20 — 40 cm, 40 — 60 cm, 60 — 80 cm and
80 — 100 cm (Figure 2).

In order to reduce the probability of false
analysis, the material was sampling as a composite
soil sample. Total mass of soil samples is around
1.5 — 2 kg. The soil samples were initially hand
crushed to fracture soil aggregates, and were dried
at room temperature during summer months. Soil
samples are laboratory treated according to stand-
ard procedure for the ICP-AES analysis (Varian
715-ES) [4, 5]. The results are presented in Table
1.

Table 1

ICP-AES analysis for content of As (ppm)
in various soil horizons

Sample Depth of soil horizons (cm)
point  (0-20) (20-40) (40-60) (60-80) (80-100)
1 21.89 19.13 7.84 15.75 13.97

2 20.17 29.87 36.92 28.09 19.24

Presented results confirm an increased con-
tent of arsenic in soils of the defined microlocality
E-NE-SE around OHIS factory in comparison to
the maximum permitted concentrations. There is
inhomogeneous distribution of arsenic in various
deep soil horizons of the contaminated locality,
without any correlation. It can be exactly conclud-
ed from the histogram presented at Figure 3.

Mech. Eng. Sci. J., 34 (1), 65-69 (2016)
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Fig. 3. Histogram for content of As (ppm) in various soil horizons

There is variation of the concentration in var-
ious deep soil horizons due to permanent migration
and transformation of arsenic in the soil [6, 7].
These processes primarily depend on soil condi-
tion, and the soil as a medium represents a com-
plex system that depends on numerous parameters.
Its state is dynamic and variable, so that by unique
and exact determination of basic parameters can
define only the present state, which can totally dif-
fer from the state in any other time with different
conditions, particularly hydrological conditions.

The results of the ICP-AES analysis about the
content of other microelements in soils from the
defined microlocality are presented in Tables 2 and

60 - 80

Table 3

80 - 100

soil depth {cm)

B Sample point 1

O Sample point 2

ICP-AES analysis for content of microelements

(ppm) in various soil horizons. Sample point 2

Depth of soil horizons [cm]

(0-20) (20-40) (40-60) (60-280) (80— 100)

B 5.95 5.78 4.29 5.53 3.40
Cd <1 <1 <1 <1 <1
Co <1 <1 <1 <l <1
Cr 5940 59.61 71.30 82.60 70.47
Cu  19.64 19.69 24.01 28.38 22.12

3.

Table 2

ICP-AES analysis for content of microelements
(ppm) in various soil horizons. Sample point 1

Depth of soil horizons (cm)

(0-20) (20-40) (40-060) (60—80) (80— 100)

B 12.54 22.20 15.29 14.55 12.97
Cd <l <1 <1 <1 <l

Co <l <1 <1 <1 <l

Cr 24.57 26.31 31.01 35.55 19.37
Cu 12.43 14.67 10.76 12.98 6.57
Li 20.44 19.43 23.12 28.05 15.17
Ni 20.53 19.23 24.26 26.61 15.15
Pb 26.16 9.33 13.33 20.43 20.09
\% 42.25 43.35 43.55 48.50 32.14
Zn 56.17 45.85 52.43 58.88 33.40

Maw. unic.nayy. ciiuc., 34 (1), 65-69 (2016)

Li 2751 26.55 31.29 36.83 3225
Ni  54.94 51.25 60.82 76.30 63.11
Pb  23.76 20.29 20.07 28.08 24.28
A% 58.63 69.16 80.32 90.70 84.41
Zn 6848 65.18 76.36 84.65 73.59

The previous conclusion about arsenic as a
pollutant is also applicable to other microelements,
but with certain variations, primarily because of
the different forms of elements. From the results it
can be confirmed that there is the same inhomoge-
neous distribution in various soil horizons (as well
as with the content of arsenic), because of their
permanent migration and transformation in the
soil. This fact points to soil conditions that enable
free and intensive migration.

Arsenic of anthropogenic origin in soil exists
in various forms. It can easily transform from one
form into another, depending on soil conditions.
Water soluble forms of arsenic are in the soil solu-
tion and are available for plants. The migration of
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water soluble forms of arsenic (and other micro-
elements) dominantly depends on the condition of
the soil solution. There is permanent translocation
of the solution along the soil profile, which de-
pends on the soil properties and external factors
such as: gravity, capillary phenomenon in soil, hy-
drological conditions, concentration gradient, os-
motic pressure etc.

The intensity of this type of migration de-
pends on the content of water soluble arsenic in the
soil. In order to define this parameter, a simulation
of rainfall with duration of 24 hours has been con-
ducted. The content of water soluble arsenic has
been determined indirectly through the content of
total arsenic and water insoluble arsenic. The re-
sults are presented in Table 4.

Table 4

ICP-AES analysis for content of total and water
insoluble As (ppm)

Sample point 1 Sample point 2

Total As Water insoluble As | Total As Water insoluble As

15.72 14.60 26.86 24.65

It is evident that only a small part of the pre-
sent arsenic in soil is water soluble. Compared to
total content of the present arsenic in the soil up to
1 meter depth, water insoluble (fixed to a carrier) is
92 %, i.e. only around 8 % is water soluble. More
accurately at sample point 1 water soluble is
7.15 %, while at sample point 2 water soluble is of
8.23 % from the total arsenic content. Results for
other microelements are presented in Table 5.

Water insoluble forms of arsenic (and other
microelements) are dominantly fixed to the solid
phase of the soil, i.e. to the soil minerals, and have
a reduced availability. Various dimensional frac-
tions of soil grains have a various mineralogical
composition [8, 9]. Through mineralogical identi-
fication of the soil it has been determined that in
coarse fractions of soil grains dominates quartz,
while in fine fractions of soil grains dominates
clay. In aim to determine which of the present soil
minerals are the dominant carrier of arsenic, the
content of arsenic and other microelements have
been determined in various dimensional fractions.
The ICP-AES analyses were performed only of the
topsoil horizon (0 — 20 cm) of the soils. Obtained
results are presented in Table 6.

Table 5

ICP-AES analysis for content of total and water
insoluble microelements (ppm)

Sample point 1 Sample point 2

Total Water insoluble Total Water insoluble

quantity quantity quantity quantity

B 15.51 14.27 4.99 4.64
Cd <1 <1 <1 <1

Co <1 <1 <1 <1

Cr 27.36 25.67 68.68 56.87
Cu 11.48 10.66 22.77 18.83
Li 21.24 19.58 30.89 26.34
Ni 21.16 19.46 61.28 53.94
Pb 17.87 16.44 23.30 20.67
\Y 41.96 38.73 76.64 67.44
Zn 4935 45.32 73.65 66.51

Table 6

ICP-AES analysis of content of As (ppm)
in various dimensional fractions of grains

Sample point {(>0.1 mm); (<0.1 +0.032 mm) {(-0.032 mm)

1 13.58 26.13 37.48
2 10.43 21.29 38.30

In comparison with other soil minerals, clay
represents a dominant carrier of arsenic. It is pri-
marily due to surface properties and minimal di-
mensions of clay grains. Thus absorbed arsenic
migrates indirectly through translocation of clay
grains. This type of migration depends on soil po-
rosity, i.e. the dimension of pores in the micro zone
in which they are located. Soil porosity dominantly
depends on the structure and degree of its aggrega-
tion.

Results for other microelements are presented
in Tables 7 and 8.

Exceptional variable concentrations of micro-
elements in deep soil horizons are in correlation
with the structure and mineralogical composition
of soil of the microlocality, where there is availa-
ble physical migration of fine grain clay (carrier of
microelements) through the macro porous space
formed by coarse quartz grains.

Mech. Eng. Sci. J., 34 (1), 65-69 (2016)
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Table 7

ICP-AES analysis of content of microelements
(ppm) in various dimensional fractions of grains,

Sample point 1
(>0.1 mm)  <0.1 +0.032mm)  (~0.032 mm)

B 8.23 15.45 19.32
Cd <1 <1 <1

Co <1 <1 <1

Cr 26.35 23.75 21.88
Cu 8.18 13.66 22.41
Li 11.72 30.15 27.42
Ni 22.23 19.06 18.45
Pb 18.48 32.18 36.79
A% 27.56 55.87 58.72
Zn 36.55 73.06 78.53

Table 8

ICP-AES analysis for content of microelements
(ppm) in various dimensional fractions of grains,

Sample point 2
(>0.1 mm) (<0.1+0.032 mm) (~0.032 mm)

B 5.08 5.85 7.76
Cd <1 <1 <1
Co <1 <1 <1
Cr 49.17 65.47 71.21
Cu 13.09 21.51 30.23
Li 18.47 3345 36.58
Ni 52.43 53.51 61.42
Pb 14.75 28.33 349
\Y 35.65 70.7 81.11
Zn 53.62 75.73 83.90

CONCLUSION

Based on all performed analyses, it can be
concluded that there is an increasing level of con-
tamination with arsenic in the soil of the defined
locality, E-NE-SE from the OHIS factory. Arsenic
is of anthropogenic origin, from the technological
process of production of pesticides that contains
arsenic compounds as an active component.

Migration of arsenic in soil depends on nu-
merous factors and is variable with weather condi-

Maw. unic.nayy. ciiuc., 34 (1), 65-69 (2016)

tions. In order to be precisely and exactly deter-
mined, it is necessary to define more parameters
such as: content of total, soluble and fixed arsenic
in the soil, soil conditions, hydrological conditions
etc.

The structure, composition and other soil pa-
rameters from this microlocality, enable the con-
tents of arsenic in various soil horizons to be in the
same order of magnitude, which point to a relative-
ly free and intensive migration along the soil pro-
file. Soluble forms of arsenic exist in the soil solu-
tion and have a high degree of mobility. Fixed ar-
senic migrates only with the mineral carrier which
is dominantly fine grain clay.
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NO EMISSIONS FROM HEAVY FUEL OIL BOILERS
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A bstrac t: Nitrogen oxides NO, (nitrogen oxide and nitrogen dioxide) are pollutants in ambient air and pre-
cursors for other air pollutants which have negative impact on the environment. Installations that use boilers with fuel
oil as energy source have problem in fulfilling limit values for nitrogen oxides (NOy), according to Macedonian legis-
lation, for stationary sources of emission into the air. Nitrogen oxides emissions from 22 different boilers that use
light fuel oil as an energy source and 26 different boilers with heavy fuel oil as an energy source were tested in the
period of 2009-2015. Measurements were performed with gas analyzer Testo 350XL/454. The results of emission
measurements of nitrogen oxides showed that limit values are completely satisfied for boilers that operate with light
oil and are completely exceeded for boilers that operate with heavy fuel oil, without any distinction of condition of
combustion related to excess of air and temperature of flue gases.

Key words: stationary source of emission; nitrogen oxides; boiler; light fuel oil; heavy fuel oil

EMUCHUJA HA A3OTHH OKCHUJIH NO, OJ1 JIOKHUIIITA HA TEHHU T'OPUBA BO BO34YX

AmcTpak 1: AsorHute okenan NO, (a30TeH OKCHI M a30TeH AMOKCHJI) CE 3aragyBaddl Ha aMOHEHTaIHHUOT
BO3/IyX M MPEKyp30pH 3a APYTH 3araJyBaudl Ha BO3IYXOT KOM MMaaT HEraTWBHO BJMjaHHE BP3 KMBOTHATA CPEAMHA.
WHcTanauuure KOM KOPUCTAT TEYHO TOPUBO KAKO M3BOP HA €HEpruja MMaatr MpobiieM CO MOCTUTHYBabe MPaHUYHU
BpeaHoCTH 3a a30THU okcuan (NOy) oJ cTalMOHapHH M3BOPH HA €MECHja BO BO3IYyXOT JaJIcHH BO MaKe/IOHCKaTa
perynatuBa. Bo nmepuosmor o 2009 1o 2015 rox. e M3BpIICHO TeCTHUpame Ha €MHCHjaTa Ha a30THH OKCUAW of 22
Pa3IMYHK JIOKHIITA KOM KOPHUCTAT €KCTpa JIECHO Macio (HaTa) Kako M3BOp Ha €Hepruja u o 26 JOKHIITA KOU
KOpHCTaT Ma3yT Kako M3BOp Ha eHepruja. VcrnuTyBamara ce M3BpIICHH cO raceH aHammzatop Testo 350XL/454.
PesynraTure o1 emucHjaTa Ha a30THM OKCHIM MOKa)KyBaaT JieKa Kaj JIOKHUILTATA Ha €KCTPa JIECHO TOPUBO — Ha(Ta,
eMHucHjaTa Ha a30THH OKCHJM, BO CHUTE CIIydad € BO PaMKUTE Ha MPOMHIIAHUTE T'PAaHUYHH BPEIHOCTH, JOJACKA Kaj
JIOKUIITaTa KOM KOpPHCTAT Ma3yT, LEJIOCHO C€ HAJAMHHATH T'PAaHUYHHUTE BPEIHOCTH, O3 pas3iiiKa Ha YCIIOBHTE Ha
COropyBame MOBP3aHHU CO BUILIOKOT HA BO3/yX U TEMIIEPATypaTa Ha raCOBUTE.

Kunyunu 360poBH: cTalluoHapeH U3BOP Ha EMHUCH]ja; a30THU OKCUJIH; JIOXKHUILTE; EKCTPa JIECHO TOPUBO — Ha(Ta,
MasyT

AIMS combustion of fuels, nitrogen monoxide is mostly
present in 97 % [2]. Once emitted into the atmos-
phere, NO reacts to form NO,. It is NO, that reacts
with other pollutants to form ozone.

Nitrogen oxides NO,, by themselves, are not
just harmful to health but they also have impact to
environment because it initiates reactions that re-

. ) O Farmahem Environmental Laboratory in the
sult in the production of ozone and acid rain [1].

period of 2009 to 2015, for the purposes of indus-

The main pollutants of nitrogen compounds,
produced during combustion of fuels in the boilers
are: nitrogen monoxide NO and nitrogen dioxide
NO,, named as nitrogen oxides NOy. During the

trial installations, performed a number of tests on
emissions from stationary sources. The tastings
were conducted in industrial plants located in the
Republic of Macedonia (Skopje, Strumica, Sveti
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Nikole, Veles, Prilep, Bitola, Resen, Tetovo,
Bogdanci, Del¢evo, Kumanovo and Negotino) and
Republic of Serbia (Leskovac). Thermal power of
tested boilers are in the range from 0.2 to 50 MW.

The Rulebook [3] for limit values for emis-
sion levels and types of pollutants in waste gases
and vapors emitted by stationary sources into the
air (Official Gazette of R. Macedonia No. 141/
2010) established emission limitations on station-
ary sources of plenty pollutants. The Rulebook
(Official Gazette of R. Macedonia No. 141/2010)
for boilers that combustion fuel oil establish emis-
sion limit value for nitrogen oxides NO, (ex-
pressed as NO,) of 350 mg/m’, expressed at stand-
ard conditions (0 °C and 1013 hPa) and refered at
oxygen level of 3%.

The aim of the study was to analyze 48 results
of NO, emissions from boilers that use fuel oil
(light fuel oil and heavy fuel oil) as energy source,
because there is a clear distinction that satisfying
limit values for NO, depends of type of fuel.

BACKGROUND

In general, the contribution of mobile sources
to the total NO, level ranges from 60 to 80%. For
stationary sources, it ranges between 20 and 40
percent [4]. A significant portion of the NO, from
stationary sources can be attributed to residential,
commercial, and industrial sources, including in-
dustrial boilers. In industrial boilers, NOy is pri-
marily formed in two ways: thermal NO, and fuel
NO.

Thermal NOy is formed when nitrogen and
oxygen in the combustion air combine with one
another at the high temperatures in a flame. Ther-
mal NO, makes up the majority of NO, formed
during the combustion of gases and light oils.

Fuel NOy is formed by the reaction of nitro-
gen in the fuel with oxygen in the combustion air.
It is a problem with fuel oils that containing sig-
nificant amounts of fuel-bound nitrogen.

NO, emissions from boilers are influenced by
many factors. The most significant factors are
flame temperature and the amount of nitrogen in
the fuel. Other factors affecting NO, formation are
excess air level and combustion air temperature.

Fuels containing higher concentrations of ni-
trogen contribute to higher NO, emissions into the
air (Figure 1).

Ny Emissions
| Pl 3% G.,,'l
InCransing

=

-
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Fusl-Baursd Mitragen | % wiskghE]

Fig. 1. Effects of fuel-bound nitrogen on NOy emissions
for fuel oils [4]

EXPERIMENTAL

Environmental Laboratory of Farmahem per-
formed 48 emission measurements from 26 boilers
that use heavy fuel oil and 30 emission measure-
ments from 22 boilers that use light fuel oil. Sys-
tem for reduction of nitrogen oxides by postcom-
bustion methods (selective non-catalytic reduction
and selective catalytic reduction) was not installed
in any of tested boilers.

Apparatus. The testings of the emissions of
nitrogen oxides NO, and oxygen were carried out
with a measuring instrument Testo 350XL/454 [5,
6, 7]. Determination of the concentrations of oxy-
gen, nitrogen monoxide and nitrogen dioxide was
made by the electrochemical cell.

Measurement site. Measurement site for emis-
sion measurement of gases and flow, satisfied cri-
teria mentioned in method MKC ISO 10780:2008
[8].

Sampling. Gas samples were taken for analy-
sis by gas probes equipped with a thermocouple
(with a length of 0.7 to 2 meters). The duration of
the measurements was within a several minutes to
2 hours (depends of operation mode of boilers) [9].

Determination procedure. The measuring in-
strument shows the concentration of nitrogen mon-
oxide NO and nitrogen dioxide NO, in ppm [10].
The concentration of nitrogen oxides NO is calcu-
lated according to their sum,

NO, =NO +NO, .

Expression of results for concentration of ni-
trogen oxides NO, (mg/m’), under standard condi-
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tions and the reference level of oxygen of 3% O,,
is performed according to formula:

2’1 _OZref

NO, (mg/m’) = NO, (ppm) - 2.05-
«(mg/m”) «(ppm) 10

2 mesuremed

The value for excess air can be determined
from the concentrations of CO, CO, and O, in the
flue gas. In our case excess air value has been de-
termined from the concentrations of O, according
to formula [5, 10]:

0,

A=l+—2
21-0,

Quality assurance (QA) and Quality control
(OC) data. Farmahem Environmental Laboratory
is accredited by TARM (Institute for Accreditation
of Republic of Macedonia) and follows the re-
quirements of ISO 17025:2005 standard [11]. The
laboratory participates in tests for the evaluation of
its capabilities by interlaboratory comparisons.

Table 1

Quality control during execution of testing
was carried out with internal calibration with certi-
fied reference gases (zero and span) and leakage
test. The measurement instrument Testo 350XL/
454 for the above mentioned period was regularly
calibrated in an calibration laboratory accredited
according ISO 17025:2006. Test of homegenity for
oxygen O, according to method MKC EN
15259:2009 [9] was performed before measure-
ment to determinate what kind of measurement
should be performed (point or grid).

RESULTS AND DISCUSSION

Emission from combustion of light fuel oil

Results for emission concentrations of nitro-
gen oxides into the air from combustion of extra
light fuel oil in boilers are shown in Table 1 and
Figure 2.

Emission concentrations of NO, (extra light fuel oil)

No.  Type of boiler

NO, (mg/m* 3%0,)

1 Dansk Stoker, type DHA, serial number 3890 ig

180
2 Enviteam Instala Nitra, type EKOB01.500 213

177
3 Buderus Logano type GE 315, serial number 63040295-00-7011-0380 155
4 Minel, Beograd, type TB104 gé;

186
5 LOOSE U-HD, serial number 95105 o

202
6 TPK Orometal steam boiler No.5073 175
7 Radialand, type AP300 188
8 EMO Celje SVN 350, serial number 04884 185
9 Baltur D140 172
10 TPK Zagreb, VNP-600 %ST
11 Centrometal, type EKO CUP 151
12 Centrometal, type EKO CUP S3 143
13 Laviterm L850 168
14 Proodos 179
15 AKTES, R. Turkey, serial number B-306 177
16 LOOS, type T-HD, serial number 53492 183
17 TPK Zagreb, type BKG 30A 158
18 Dimce Banjarot, type BKG 30A 165
19 TOPLOTA, Zagreb, serial number 10192 180
20 Therm, type PG30, serial number 0203302 132
21 Biasi; type RCA 1150 161
22 Laviterm, serial number 0815701 147
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NO, mg/m? 3%0,
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| ¢ NOx Limit value 4 NOx measured value |

Fig. 2. Emission concentrations of NO, (extra light fuel oil)

Emission from combustion of heavy fuel oil fuel oil in boilers are shown in Figure 3 and Table
2.
Results for emission concentrations of nitro-
gen oxides in the air from combustion of heavy

900
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Fig. 3. Emission concentrations of NO, (heavy fuel oil)
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Table 2
Emission concentration of NO, (heavy fuel oil)

No. Type of boiler (mg /nl\llg%"% 0,
1 Thermopac 2000, serial number 020/144 517
2 VKSM - 20/2 468

451

3 TPK Zagreb, type BVP 2000, serial number 2696 640
558

552

4 TPK Zagreb, type BVP 2000, serial number 2697 606
556

406

5 TPK, Zagreb, type BKG 10A, serial number 2850 678
572

585

707

526

584

6 TPK, Zagreb, Orometal, type ORO 10A, serial number 4160 691
521

549

659

607

Gjuro Djakovi¢, type 500, serial number 4408 732
Kouppas &Co, type Maximal V.K.W, serial number 930 515
Voskampen Vrijland B.V, type WW, serial number 165D.2 620

10 KIRKA-SURI-Beograd, VP 100, serial number 1751 738
11 Heiza, type M1500L/K , serial number 3300 jé;
12 Heiza, type M1500L/K, serial number 3299 490
13 Dimche Banjarot, Prilep, type 100, serial number 3154 Z:?
14 LOOS, type UL-S, serial number 65286 494
15 LOOS, type UL-S, serial number 65285 492
16 TPK Zagreb/ VKSM 50, serial number 18191 777
17 DPuro bakovi¢. No.229 706
683

18 Toplota, Zagreb, serial number 11212 723
655

19 TPK, type BKG-80A 798
20 TPK Orometal Oroslavje, type ORO-8SA 681
21 Termoelektro Beograd, type TE12, serial number 982 473
22 Orometal Oroslavje, serial number 457 632
23 TPK Zagreb, type BKG 60A, serial number 18764 828
24 TPK Orometal Z;:
25 TPK Zagreb Orometal, type ORO 4SA, serial number 5223 790
571

26 Dimce Banjarot, Prilep, type BKC 25A, serial number 4865 626
627

Maw. unie. nayu. ciuc., 34 (1), 71-78 (2016)



76

M. Laks, D. Stefanovski, J. Dimzova

Temperature of air for combustion (T)

and excess air (1)

Additional processing was done regarding the

data collected from measurements to clarify impact
of temperature (7) and excess air (1) on formation

of nitrogen oxides. Results for the highest and
lowest concentrations of nitrogen oxides with sec-
ondary factors, in terms of use of light and heavy
fuel oil in different boilers are presented in Table

3.

Table 3
Highest and lowest concentrations of nitrogen oxides in correlation to temperature
of air for combustion (T) and excess air ()
No. Type of boiler Fuel (me /II:%"% 0,) ( (/;0 ) (02)
20 Therm, type PG30, serial number 0203302 132 1,671 250,0
12 Centrometal, type EKO CUP S3 143 1,167 93,7
1 Dansk Stoker, type DHA, serial number 3890 145 1,177 216
22 Laviterm, serial number 0815701 147 2,258 220,0
3 il mmber 6304029001701 10380 T s v
5 LOOSE U-HD, serial number 95105 202 1,99 199,7
2 Enviteam Instala Nitra, type EKOB01.500 213 1,3 232,8
10 TPK Zagreb, type VNP-600 254 2,136 134
4 Minel, Beograd, type TB104 269 1,6 153,5
5 TPK Zagreb, type BKG 10A, serial number 2850 406 1,080 242
3 TPK Zagreb, type BVP 2000, serial number 2696 451 1,126 182
2 VKSM-20/2 468 1,162 178
21 Termoelektro Beograd, type TE12, serial number 982 473 1,578 195
11 Heiza, type M1500L/K, serial number 3300 471 1,466 347
12 Heiza, type M1500L/K, serial number 3299 490 1,158 357
15 LOOS, type UL-S, serial number 65285 492 1,443 203
14 LOOS, type UL-S, serial number 65286 Heavy fuel 494 1,320 201
6  TPK Zagreb Orometal, type ORO 10A, serial number 4160 oil 707 1,238 223
18 Toplota Zagreb, serial number 11212 723 1,230 198
7  Duro bakovi¢, type 500, serial number 4408 732 2,256 213,1
11  Heiza, type M1500L/K, serial number 3300 765 1,328 373,1
16 TPK Zagreb/ VKSM 50, serial number 18191 777 1,219 200,7
25 TPK Zagreb Orometal, type ORO 4SA, serial number 5223 790 1,587 185,2
19 TPK, type BKG-80A 798 1,259 202,6
23 TPK Zagreb, type BKG 60A, serial number 18764 828 1,396 193,8
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The comparison of results for the highest and
lowest concentrations of nitrogen oxides with sec-
ondary factors affecting the formation of oxides of
nitrogen (temperature of the combustion air (7)

Table 4

and the excess air (A)) when using heavy fuel oil
and light fuel oil in boilers from several measure-
ments is given in Table 4.

Highest and lowest concentrations of nitrogen oxides with secondary factors affecting the formation
of oxides of nitrogen (temperature of the combustion air (T) and the excess air (1))
when using heavy fuel oil and light fuel oil in boilers from several measurements

No. Type of boiler Fuel (mg /E%"% 0y) (;,; ) (0{:)
186 1,469 187,1
187 1,599 188,1
5.  LOOSE U-HD, serial number 95105 Light fuel oil
201 1,457 191,1
202 1,985 199,7
521 1,241 193.8
526 2,051 204
549 1,384 1977
584 1,252 183,8
6.  TPK Zagreb Orometal, type ORO 10A, serial number 4160 Heavy fuel oil 585 1,297 215
607 1,319 189
659 1,147 1929
691 1,232 2004
707 1,238 223

CONCLUSIONS

For the results of emission of nitrogen oxides
NO;, for boilers that use extra light fuel oil, shown
in Table 1 and Figure 2 can be to stated that the
concentration of nitrogen oxides emitted into the
air, from the stock sections, ranging from 132 to
269 mg/m’. The prescribed limit value of 350
mg/m’, listed in the Regulation on limit values for
permissible emission levels and types of pollutants
in waste gases and vapors released from stationary
sources into the air (Official Gazette No.
141/2010) is satisfied in all situations.

The results of emission of nitrogen oxides
NO, for boilers that use heavy fuel oil, shown in
Table 2 and Figure 3, state that the concentrations
of nitrogen oxides emitted into the air, are in range
from 406 to 828 mg/m’. In all situations, the pre-
scribed limit value of 350 mg/m3 3% O,, referred
in the Regulation on limit values for permissible
emission levels and types of pollutants in waste

Maw. unic. nayu. ciuc., 34 (1), 71-78 (2016)

gases and vapors released from stationary sources
into the air (Official Gazette no. 141/2010) are ex-
ceeded.

From the results shown in Table 3, for mini-
mum and maximum concentrations of nitrogen
oxides in different boilers that use liquid fuel oil
and heavy fuel oil for combustion, it cannot be de-
termined their relationship to the temperature of
the combustion gases and excess oxygen.

From the results shown in Table 4, for maxi-
mum and minimum concentrations of nitrogen ox-
ides in boilers operating with light and heavy fuel
oil, it can be established correlation of temperature
with nitrogen oxide emissions, i.e. increased tem-
perature contributes to increased emissions of ni-
trogen oxides NO.

For installations that use heavy fuel oil as
fuel, it is necessary to install a system for reduction
of nitrogen oxides in order to reduce emissions of
nitrogen oxides within the permitted limit values.
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A bstrac t Petroleum coke, otherwise petcoke, is a carbonaceous solid derived from oil refinery coking
processes. It is a very important by-product of secondary processing of heavy oil residues. Albanian crude oils belong
to the group of relatively asphaltous-resinous heavy oils, and its end-point by-product, the petroleum coke, in the
overall material balance of the crude oil processing, takes an important stake, about 19%. Due to its energical high
potential (over 8,000 kcal/kg), compared to all solid combustible fossil fuels, the petroleum coke has found
widespread utilization in various fields of industrial processes. Despite the benefits, as final by-product of the
technological processing of the crude oils, this product serves as deposition of heavy metals and other chemicals.
Heavy metals analyzed in the samples were: vanadium (V), Nickel (Ni), lead (Pb), iron (Fe) and calcium (Ca).
Determination of these metals were conducted by X-ray flouroscence spectroscopy.

Key words: crude oils; petroleum coke; heavy metals; X-ray fluorescence; environmental pollution

TEINKH METAJIM BO HA®TEHHOT KOKC 1 HUBHATA TOBP3AHOCT CO EKOJIOIIKHU PU3UK

A mncTpaxk T HahreHHOT KOKC, MM METPOJ-KOKC MPETCTaByBa LBPCTO jaraepoJHO TEIO HOOHEHO OJ
MPOLIECHTE Ha KOKCHpame BO HadreHnTe paduHepun. Toa e MHOTY BayKeH HYC-TIPOM3BOJ Ha CEKyHIapHa oOpaboTka
Ha TEIIKUTe Ha)TeHH ocTaTolM. AnbaHcKaTa CypoBa HadrTa I mpumara Ha rpynata Ha peJaTHBHO ac(haaTHO-CMO-
JIECTH TEUIKH Macjia U HEj3MH KpaeH HYC-TPOIYKT, Ha)TECHHOT KOKC, BO LIEJIOKYITHHOT OajlaHC HAa MaTepujaid Vo
o0paboTka Ha cypoBa HaTa 3a3eMa BaxeH yzel, okoiy 19%. Kako pesynrar Ha HETOBHOT BHCOK €HEPIeTCKH ITOTCH-
uujai (mpeky 8.000 kcal/kg), criopeeHo co cute UBpCTH 3amannuBu (HOCUITHE TOPHBaA, HAPTEHUOT KOKC MMa IIUPOKa
NpUMEHA BO Pa3JIMYHH IOJNUA HA MHAYCTPUCKHUTE HpolecH. M mokpaj ounrieqHara KOPUCT Kako (MHAICH HYC-
MIPOM3BOJI HAa TEXHOJIOIIKaTa 00paboTKa Ha CypoBarta Ha(Ta, OBOj MPOM3BO/L CIIYXKHU 32 TATIOKEHE Ha TEHIKH METAIH U
apyru xemukanuu. Temkurte Meranu aHaaM3uUpaHU Bo mpumepouute ce: BaHaguyMm (V), muken (Ni), onoso (Pb),
xene3o (Fe) n xamumym (Ca). OnpenyBameTo Ha OBHE MeETalu Oellle HAlpaBEeHO CO PEHIAreHcka (IyopecleHTHa
CIIEKTPOCKOIHja.

Knyuynn 360poBu: cyposa HaTa; HaTeH KOKC; TCIIKU METAIIH; PEHITCHCKa (pIIyOpECIEHTHA CIEKTPOCKOIIHja;
3arajlyBame Ha OKOJIMHATA

AIM processes [1]. Processes that can be employed for

petcoke production, known as green coke, include:

The aim of this study was evaluation of the contact coking, fluid coking, flexicoking and de-
environmental risks from heavy metals content in layed coking. The raw unprocessed coke directly
the petroleum coke produced in Albania. out of the coker is often referred to as green coke
[1]. Further processing of green coke by calcining

BACKGROUND in a rotary kiln removes residual volatile hydrocar-

bons and gives the final product different particle

Petroleum coke, otherwise petcoke, is a car- sizes and shapes. Improvement of the shape and

bonaceous solid derived from oil refinery coking physical properties is achieved through further
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processing of the calcined petroleum coke in an
anode baking oven in order to produce anode.

Heavy oil residues used as feedstock for pe-
troleum coke are separated from distillation (at-
mospheric pressure, vacuum) or cracking (e.g.
thermal, catalytic, steam-based) processes. The
nature of feedstock has a decisive influence on the
graphitizability of the calcined coke. Petcoke is
constituted in over 90 percent carbon, while during
burning, it emits 5 to 10 percent more carbon diox-
ide (CO,) than coal on a per-unit-of-energy basis,
whilst referring to per unit of weight, petcoke emits
between 30 and 80 percent more CO, [2].

Based on the different microstructures, nature
of feedstock and differences in operating variables,
petroleum coke is classified in four types: needle
coke, honeycomb coke, sponge coke and shot coke

[3].

Table 1
Elemental composition of petroleum coke
(by weight percent) [4]

Composition Green Calcined
Carbon 89.58-91.80 98.40
Hydrogen 3.71-5.04 0.14
Oxygen 1.30-2.14 0.02
Nitrogen 0.95-1.20 0.22
Sulfur 1.29-3.42 1.20
Ash (including heavy

metals such as nickel

and vanadium) 0.19-0.35 0.35
Carbon-hydrogen ratio 18:1-24:1 910:1

In 2012, the U.S. Energy Information Ad-
ministration (EIA) reported that U.S. refineries
produced 42 million metric tons of marketable pet-

coke and another 15 million metric tons of catalyst
coke [5].

DESULFURIZATION OF PETROLEUM COKE

High sulfur content of the petcoke reduces its
market value and may prevent its use as fuel due to
restrictions on sulfur oxides emissions for envi-
ronmental reasons. Methods proposed to reduce or
eliminate the sulfur content of petcoke involve de-
sorption of the inorganic sulfur present in the pores
or surface of the coke, and the partition and re-

moval of the organic sulfur attached to the aro-
matic carbon skeleton. Petcoke desulfurization
techniques can be classified as follows: thermal
desulfurization; desulfurization in an oxidizing
atmosphere; desulfurization in an atmosphere of
sulfur-bearing gas; desulfurization in an atmos-
phere of hydrocarbon gases; hydro-desulfurization;
chemical treatment; solvent extraction.[3]

Production of petroleum coke as a by-product
of crude oil was achieved in 1978, for the first time
in Oil Refinery Plant, Ballshi, Albania. Crude oil
produced in Albania is characterized from heavy
and resinous character asphalt fractions, as result
the specific weight of petroleum coke has resulted
in considerable high amounts, approximately
15.6% of crude oil. Being one of the main products
of Oil Refinery industry in Albania, during the op-
erating of this Industry, the minimum produced ca-
pacity for petroleum coke has been 330 tons/day.
Referring to the data for the period in operation,
the total amount of petroleum coke produced dur-
ing 1979-2009 has been approx. 2.56 million tons.

The marketing problems with petroleum coke
have been resolved since the overall amount pro-
duced was consumed in the domestic market,
mainly in cement and lime production plants [6].
Heavy fraction of crude oil constituted by the mix-
ture of hydrocarbons and compounds with high
molecular weight containing are comprised from
other elements beyond the C and H, such as het-
eroatoms: S, O,, N, and small amounts of metals
such as V, Ni, Co, Fe, Mo, Ti. The petroleum coke
product produced in Albania, the ash content val-
ues are in the range of 0.3-0.5 % in mass. By refer-
ring to the consumption data in the domestic mar-
ket with a total of about 2.4 million tons petroleum
coke, an amount of 7200-12000 tons heavy metals
are distributed in the environment in the form of
ash during the period under investigation.

Petroleum coke has found applications as en-
ergy source in various industries of economy, and
is an important energetic subject for the Ferrous
Metallurgy Industry, as well as for manufacturing
of construction materials such as cement lime,
graphite electrodes, etc. Knowing the content of
heavy metals in petroleum coke is related to the
negative effect that many of these elements as
processing and the use of petroleum products [7].
In Albania, petroleum coke produced or imported,
is used as raw material combustible mainly in fac-
tories cements are operating in Albania (Fushe
Kruje, Elbasan), production of lime (Kruje and
Fushe-Kruje) and in brick production factories [7,
8].
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Potential health and environmental impacts

Petroleum coke use has raised attention on
both to human health and environment do to the
huge amounts of production and marketing around
globe. Such concern may arise on different various
stages of petroleum cycle, including its production,
handling, storage, transportation, combustion and
end-use. Local concerns is linked with air quality,
water quality, and potential exposure to toxic sub-
stances, while in a broader aspect, main concern
arise from greenhouse gas emissions from combus-
tion process.

Environmental fate for most of the chemicals
is found that they are highly stable and non-
reactive at ambient conditions, do not vaporize into
atmosphere, or react chemically in presence of wa-
ter and light. Environmental Protection Agency
(EPA) has find that petroleum coke has a low toxic
potential to cause adverse effect on aquatic or ter-
restrial environments, including terrestrial plants
and animals, aquatic animals (both vertebrates and
invertebrates) but showed only slight effects on
aquatic plants at the exposure levels [4]. EPA indi-
cate that petroleum coke has a low health hazard
potential in humans, with no observed carcino-
genic, reproductive or developmental effects. Only
respiratory inflammation attributed to the non-
specific effects of dust particles rather than the
specific effects of petroleum coke. Inhalation of
and skin contact with petcoke is the most like ex-
posure route to humans. Despite that petcoke is not
found to be carcinogenic via inhalation, nor excess
skin or visceral cancers were observed in a lifetime
skin painting study [4].

Environmental implication of petroleum coke

EPA has classified the petcoke as co-product
of the refining process, and not a refining waste, by
classifying it in the group of traditional fuels. Main
implication is related to the activities inside the
industrial facilities, including handling and storage
of petroleum coke, which in many cases are ex-
posed to the atmospheric factors. Atmospheric pre-
cipitations may transport pollutants to a sewer sys-
tem or directly to surface waters: rivers, lakes,
ponds, reservoirs, etc. Proper management prac-
tices for the prevention of industrial runoff include
ensuring of adequate storage facilities and equip-
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ment, spill detection and repair, and employee
training.

Another second environmental implication is
release of dust into the atmosphere during hand-
ling, storage and transportation of petroleum coke
may show implication in air quality.

Such environmental impact is in local base,
implicating local legislation, and excluding inter-
national legislation. In that aspect, main concern is
release of particulate matter (PM), of them the PM
of size 2.5 with high scale of respiration rate [9].

EXPERIMENTAL

Petroleum coke samples were collected dur-
ing the period 2010-2012, produced in Ballshi
plant, in different periods of time and production
cycle, as well as different quantities of petroleum
coke imported from Venezuela, Egypt and
Ukraine. Obtaining, packaging and preserving of
petcoke samples was achieved according to Alba-
nian Standards (SSH). Preparation of samples for
analysis was based on grinding in porcelain mortar
Dhuke with 0:25 mm sieve. Further prepared sam-
ples were preserved in moisture-free environment.
Measurements were conducted at the Centre of
Applied Nuclear Physics in Tirana [10-15].

For the determination of heavy metals in pe-
troleum coke and coal, was employed analytical
method X fluorescence Spectrometer (XRF). The
analysis included the determination of heavy met-
als content of V, Ni, Pb, Ca, Fe, and the element S
(sulphur).

The method principle was based on measur-
ing the wavelength of the fluorescent emission of
separate components after of X-rays absorption (X)
(Figure 1). XRF method produce X-rays beam by a
source and radiate the beam on the analyzed sam-
ple. The X-rays wavelengths vary in the interval
0.01 to 10 nm, which corresponds to an energy of
0.125 to 125 keV.

Elements present in the sample will emit ra-
diation energy fluorescent X different characteris-
tic element. By measuring this different energy
radiation, we can be determined qualitatively dif-
ferent elements contained in the sample to analyze.
Capture of all the heavy metals present in samples
was performed using the method of marking with:
Molybdenum (Mo), Germanium (Ge) and Tita-
nium (Ti).



82 L. Begiraj, D. Topi, A. Mazreku, Xh. Cani

B [T SCINTILLATION GETECTOR

ALUEILIARY
COLLMATOR

|I GAS FLOW
PROBOMTIONAL
EOUMTER

SECOMDARY
COLLIMATOR

Ry TUSE

HIGH YOLTAGE

PRIMARY OEMERATOR
COLLIMATOR

Fig. 1. Diagram of X-ray fluorescence spectrometer (XRF)

Samples were analyzed by XRF with 2 differ-
ent plates such as:
* Mo plate (molybdenum) (35 kV and 20 mA)

* Ge plate (germanium) (20 kV and 20 mA)
* Ti plate (titanium) (20 kV and 20 mA).

Obtaining of characteristic X radiation lines
to elements of interest such as S, V and Ni, the ex-
periment was conducted according to following
scheme: The same petroleum coke sample was
measured using secondary plates of different ele-
ments molybdenum, germanium and vanadium. As
expected, it was observed that the plate of Mo ex-
cite all the required elements having a relatively
low sensitivity especially sulfur. During excitation
of Ge we have to wonder it quite good sensitivity
for all elements, reaching the optimal level for
nickel and vanadium.

Plate from V (vanadium) do not excites the
elements nickel and vanadium but has a very high
sensitivity to the sulfur excitement. In most cases
for excitement samples was used plates of Ge, with
power of lines K about 10 keV. Plates of V, with
power lines K about 5 keV used for the analysis of
samples containing low levels of sulfur.

Analysis was conducted by changing the
plates become possible capture in the most correct
of any heavy metal that was on coke.

When we used plate of molybdenum the
equipment was tared with copper plate in order to
achieve detection of nickel, when the analysis was
conducted by titanium plate, the equipment was
tared with sulfur tablet to achieve the capture of

sulfur, and when tests was conducted with the
germanium plate, the apparatus was tared with va-
nadium plate to measure the V element. Were de-
termined detection limits for three different ele-
ments, and the sensitivities of the plates. In Fig. 2
presented the detection limits and the degree of
sensitivity to the different plates are.
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Fig. 2. Detection limits of applied plates
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Fig. 3. Sensibility of the applied plates
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RESULTS AND DISCUSSION

Crude oil is a complex mixture of organic
compounds, where besides main constituents; hy-
drocarbons, are present the organic compounds
which contain N, O, S, Cl, I and traces of metals:
V, Ni, Fe, Ca, Na, K, Cu, Pb, As, etc. Metal and
sulfur contents higher in heavy fractions of the oil;
in this case petroleum coke represents the product
with highest density. Crude oils from Albania, de-
spite their oilfield, vary in their level of sulfur con-
tent from 2.2 to 7.15%, while petroleum coke re-
sults with high level of sulfur content 8.57%.

Evaluating of the content of heavy metals, as
well as the sulfur by-products of crude oil used in
the construction industry, have a special impor-
tance because of the potential of high negative on
the environment and human health. Samples of
petroleum coke and coal (included for compari-
son), were subjected to analysis with the plates of
Ge (germanium), Ti (titanium) and Mo (molybde-
num). The following table shows heavy metals and
sulfur content in petroleum coke produced in Al-
bania as well as petroleum coke and coal import.

Table 2

Sample quantities of petcoke and coal

No  Sample origin Weight (g)

1 Petcoke (Ballshi) (2012) 2.874

2 Petcoke (Ballshi) (mixture) 2.078

3 Petcoke (Venezuela) 1.831

4 Petcoke (Egypt) 1.342

5 Coal (Ukraine) 2.074
Table 3

Heavy metals (ppm) and sulfur content (%)
in analyzed samples

No Sample origin S V Ni Ca Fe Pb
1 Petcoke (Ballshi) (2012) 8.57 1330 284 728 457 2.31

Petcoke (Ballshi) (mixture) 7.58 1200 252 374 178 2.16
0.69 46 13 1280 1980 5.96
4.00 1830 433 145 81.9 2.06
4.87 711 435 157 218 1.86

2

3 Petcoke (Venezuela)
4 Petcoke (Egypt)

5 Coal (Ukraine)

Variation of the V (vanadium) content in pe-
troleum coke produced in Albania is relatively
close, to the petcoke from Egypt, meanwhile re-
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sults in much higher content compared to Vene-
zuelan petroleum coke about 30 times. Egyptian
and Venezuelan petroleum coke rough contain the
contents of Ni (nickel), but approximately twice as
high oil coke Albanian.

Petroleum coke above compare with coal
from Ukraine, have relatively high value of the
content of V (vanadium) and Ni (nickel), respec-
tively at 15-35 times the extremes values (min.
and max.). Referring coke oil consumption Alba-
nian head around 2.4 million tons of oil for a pe-
riod of over 25 years in the Albanian environment
is emitted about 3,000 tons (or 120 tons/year) V
(vanadium) and over 600 tones of Ni (nickel).

The content of Ca and Fe in petroleum coke
produced in Albania resulted in high levels com-
pared to the Venezuelan and Egyptian petroleum
coke. Comparison of this data with Ukrainian coal
is very low in levels of Ca and Fe content, respec-
tively at 2.5-8 and 5-20 times of extremes values
(min. and max.).

157218
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Coke Egypt Coal
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Fig. 5. Ca and Fe content in petroleum coke and coal coke
comparition from different countries of the world (in ppm)
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Fig. 6. Pb content in petroleum coke and coal coke (ppm)

The lead amount in petcoke samples is
approximately the same and is less than 3 ppm,
while this content in coal Ukraine is about double,
about 6 ppm. Extrapolating the Pb emitted into the
environment, for a totl of 2.4 million tons of
petcoke produced and consumed in the Albanian
market is around 5.52 tons.
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Fig. 7. Sulfur content in petroleum coke and coal coke.

With respect to sulfur content, the petroleum
coke samples Albanians level resulted in higher
levels compared to Venezuela and Egypt, while
coal Ukraine has content 14 times smaller than the
Albanian petcoke.

CONCLUSIONS

Determination of heavy metals (V, Ni, Ca, Pb
and Fe) and S (sulfur) in the petroleum coke,
which is consumed in relatively high amounts
100,000 tones / year, through the analytical method
fluorescent radiation X XRF spectrometers. Ana-
lyzing of sulfur in petroleum coke conclude several
times higher than the allowed limits. The quantita-
tive parameters of heavy metals vanadium (V),
nickel (Ni) and lead (Pb) constitute another source
of environmental pollution during petroleum coke
consumption in different sectors of the economy
for energy needs.

On the basis of data produced, an inventory of
the environmental impact from heavy metals and
sulfur content caused during consumption of petro-
leum coke. That, in terms of domestic production
of petroleum coke, would recommend improving
processes and demetallization of crude oil or heavy
residues thanks to coke used in processes for the
production of petroleum coke. Implementation of
physical-chemical treatment technologies on emis-
sion of combustion products of petroleum coke.
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A bstract: The Oil Industry in Albania, with an almost centenial exploitation, beyond its economical bene-
fits, social and new urban centers development, has continued to generate negative environmental impact on soil, wa-
ter and air of the regions where this industry operates. Patos-Marinza is one of the biggest continental oil fields in
Europe. This oil filed currently carries around 60% of geological oil reserves in the country or over 251,907 million
tons of crude oil. Its intensive exploitation have been documented for many decades since now. Recently, due its
maximal exploitation beyond the technological limitations in early 2015 a incidence in the Marinza oil field, where
oil explosions were present for a long period which brough to the interruption of the oil extraction in the area. A cor-
relation among the environement situation and explosion oil well incidence is evidenced in the qualitative indicators
over agricultural lands, contaminated.

Key words: crude oil; environmental pollution; Patos-Marinza oil field; arable land; oil explosion

3ATAAYBAIBE HA TOYBATA Ol EKCIIVIOATAIIMJATA HA HA®TEHUTE ITOJIMIBbA
BO AJIBAHUJA - UTHIIMJAEHTOT CO EKCIIVIO3UJATA HA HA®TEHUOT N3BOP MAPHUHIA

AmcrtpakT: Hadrenara magyctpuja Bo AnbaHuja, CO pedUCH CTOrOAUIIHA €KCIUIOATAIN]a, OCBEH CKOHOM-
CKHTE KOPHCTH, Pa3BOjOT HAa COLUjaHA U HOBH YpOaHU IIEHTPH, MMa HETATHBHO BIMjaHHE Bp3 II0YBATa, BOJATA M
BO3/IyXOT BO 00JacTHTEe BO KOM paboTH oBaa mHAycTpHja. [laToc-MapuHIa e eHO Of HajrojieMUTe KOHTHHEHTATHH
HadTeHH nonuma Bo EBporna. OBa HadTeHO 10j1€ MOMEHTAIHO coapku 60 % o] TeoNIOKUTE Pe3epBU Ha HadTa BO
3eMjarta mwiH npeky 251.907 mMumoHu ToHU cypoBa Hadra. Heropara MHTEH3MBHA eKCILIOATaNHja € JOKYMEHTHpaHA
co JerneHud HaHa3ax. HeomamHa, Bo pana 2015 roxuHa, mopajy MakCUMalHaTa KCIUIOATaLja — HaJl TEXHOJIOMIKHUTE
OrpaHNuyBama, €ICeH MHIMACHT BO HadTeHOTO mone MapuHIa, Kaje IUTO JOIT0 BpeMe CE jaByBaaT Ha(TeHH
eKCILIO3UH, JIOBEJIE 0 NPEKHUH Ha eKCTpaKiyja Ha HadTa Bo oBaa obnact. Kopenanuja momery »HUBOTHATA CpeIUHA K
MHIMJICHTOT MPEN3BUKAH O] €KCIIO3UjaTa Ha HAQTEHHOT U3BOP € eBHICHTUPAHA NPEKy KBAIUTATHBHHU MOKa3aTel
3a 3eMjOZEICKOTO 3EMJUIITE KOE Ce MOKAXKAI0 KAKO KOHTAMUHUPAHO.

Kunyunu 360poBu: cypoBa HaTa; 3arajyBarme Ha )KUBOTHATA CperHa; HadTeHo nojue [latoc-MapuHua;
00paboTIMBO 3eMjHIIITE; EKCIUIO3Hja Ha HadTa

AIM fits, social and new urban centers development, has
continued to generate negative environmental im-
pact on soil, water and air of the regions where this
industry operates. Patos-Marinza is one of the big-
gest on-shore oil fields, not only in Albania but
also in Europe. This oil field currently carries

The aim of this study was evaluation of envi-
ronmental impact from Marinza incident, April
2015, in the residential area and arable lands, in the
Marinza oil field perimeter.

BACKGROUND around 60% of geological oil reserves in the
country or over 251.907 million tons crude oil. The
The Oil Industry in Albania, with an almost Marinza residential sites lies inside the perimeters

centenial exploitation, beyond its economical bene- of the Patos-Marinza oil field, on the south-western
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Albania about 10 km east of the city of Fieri and
occupies a geographical area of about 2500 ha [1,
2,3].

Initially, exploitation of the oil wells to Patos-
Marinza started in 1957 was accompanied by a
fountain type extraction in the experience of oil
extraction industry in Albania. Marinza crude oil is
categorized in the nafteno-aromatic type with den-
sity ranging: D, = 0.920-0.970 g/cm’, which is
deposited in the calcareous sandstone layers [2, 4].

Data on crude oil production from Patos-
Marinza oil field until 2002 are approximately 18.7
million tons. The Patos-Marinza crude oil reserves
from main geological deposits in place (account
for approx. 5.7 billion barrels), provides a conti-
nuous use, as well as generation of wastes with
high potential environment pollution effects and
long-term consequences for biodiversity of the re-
gion. Actually, 147 active production oil wells
with 80 tons of oil per day and 3 gas wells with
16,000 m’ per day are exploited in the Patos-
Marinza oil field [5, 6, 7, 8].

Fig. 1. Patos-Marinza oil field, Albania

Environmental pollution from the oil industry
includes soil, water and air emission. Among the
main pollution sources are: crude oil extracting
process, oil collecting groups (groups of wells),
and oil decantation reservoirs, pumping stations,
pipelines and transportation oil systems. Generated
pollutants include technological waters, clays,
sands, chemicals, mechanical residues or salts. The
technological processes from extraction stage of
the crude oil to its final processing stage, produce
gas emissions (H,S, SO,, NH;, CO, CO,), gaseous
hydrocarbons accompanying crude oils and oil
spills from the extraction infrastructures and proc-
essing constituting the main pollutants on the envi-
ronment [7, 9, 10].

Oil wells, a total number of 546 constitute the
main contributors to the contamination of the soil
for Patos-Marinza region (up to 2005). Oil well
groups are another potential factor of soil contami-
nation. Estimated contaminated surface is cca.

320,000 m* and average pollution for wells is 620
m’. There are about 23 groups in Marinza oil field,
from a total of 165 in the country) constituting a
considerable impact on soil pollution. Soil pollu-
tion and water mixture are present in most in-
stallations of petroleum deposits. The total amount
of oil spilled in Marinza resources that we pre-
sented above is approximately 5210 m’ year™". Qil
penetration in the soil varies in the range 0.2-0.3 m
around wells and up to 0.8 m below the surface of
the polluted wells groups and decanting sites in
Patos-Marinza oil field [5-10].

Oil exploitation has put under pressure the ar-
able lands in the region, about 23,000 ha, facing
problems in their soil fertility. The pH values of
the soils have a high variability (7.2 to 8:50), by
classifying them with neutral to alkaline group.
Meanwhile, nickel (Ni) presence in all these lands
are relatively high, 215.9 to 284 mg kg', indicat-
ing toxic levels in the soil [9].
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Accompanying waters, constituting approx
50-70% of oil production, are the main environ-
mental contaminants in the oil industry. Except
their high mineral content, they contain oil emulsi-
ons and various chemicals used during the cons-
- ST truction and exploitation of oil well. The waste-
NS 4l water amount discharged by the Central Treatment
Oil Facility is considerably very high. The amount
of contaminated waters from Marinza is about 470
m’day . Specifically, the surface channels network
produce an amount of 171000 m’year™ accompa-
nying water [1, 7, 9].

The aim of the study was assessment of the
environmental pollution after the incident of the
fountain incident in Marinza oil field, April 2015.
The explosion initially emitted mixtures of clays,
water, oil and gasses (CH4, H,S, CO,, etc.) in a
stopped well for more than 10 years, and later the
explosion was repeated at another nearby oil well
that was under work.

The reason is suspected that originated
from internal pressure of the gas layers, amortiza-
tion of technical infrastructure in the existing wells
under exploitation as well as in the stopped wells.
Another factor was intensive exploitation methods,
none accompanied by technical measures for inter-
ventions in the oil-bearing strata.

As aresult of the explosion, dozens of homes,
land and water network are severely damaged. Sur-
rounding area has become uninhabitable as a result
of air pollution, water and soil; many families have

Fig. 2. Soil contamination close to oil well’ groups been displaced from their homes.
in Marinza oil field

Fig. 3. Simultaneous view of the outbreak of the two fountains
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EXPERIMENTAL

The monitoring study was in compliance with
the site-sampling methodology, for receiving, un-
packing, transportation, pre-treatment and storage
of soil samples. Soil samples were taken for analy-
sis at three points (site-sampling) around the area
of arable land in a perimeter from the center of the
explosion: 5; 30 and 60 m. Sampling was done two
months after explosion of well, on the surface of
the soil and the depths of 10 and 20 cm [11-18].

Samples were kept for few days to dry in the
open air. They were subjected to grinding process
until fine particles (250 wm). Quality of the soils
was evaluated based on ten indicators: pH; P-POy;
Oil (oil and grease); N — total; chlorides; sulphates,
N-NO;; conductivity (EC); TDS and humidity.
The methodologies used to determine the qualita-
tive indicators above are as follows: 33 ENI159:
2010 PH, 1584 STASH nitrates (NO;-N); STASH
1584 phosphates (P-PO,); STASH 1584 — chlo-
rides; 1584 STASH - sulphates and Smee; 5520. B
— oil (grease).

1) pH determination: To determine the pH of
water sample was taken for analysis of land in the
ratio 1: 5 (land/water) in the presence of a solution
KCl, after mixing for 15 min in shaking realized it
measured pH with pH-meter apparatus.

2) N-NO;" determination: Determination of
nitrates (NO;') relied on spectrophotometric
methods at wavelength 220 nm and 275 nm.

3) P-PO,~ determination: Determination of

PO, relied on the spectrophotometric method at
wavelength 880 nm. Analyzed were 2 ml sample

and reagent mix 8 ml (H,SOy4, 2.5 M + potassium +
antimonyl tartrate + ascorbic acid ammonium hep-
tamolybdate, 0.1 M) which was left for 15 min un-
til it was a blue color complex. Following the de-
termination of phosphorus was carried out where
previously conducted disaggregation of soil sam-
ples according to the chosen methodology.

4) Determination of chlorides: For the de-
termination of chlorides in water samples the
volumetric method with silver nitrate was used.

5) Determination of sulfates: The volumetric
method was employed for sulfates determination.
In a 200 ml Erlenmeyer a volume of 10 ml of wa-
ter extract of soil samples was pipetted. In addition
we added 10 ml of 96% ethanol, and 1 ml of silver
nitrate (0.1 N) to precipitate chloride. Finally the
titration with barium chloride in the presence of
indicator 0.02 rodrizonat was conducted until the
appearance of light pink color.

6) Determination of oil content (oil and gre-
ase): The principle of the method for oil and oil
by-products determination in contaminated soils
was based on Soxhlet extraction. An amount of 10
g soil was extracted for in 4 hours.

7) Determination of other indicators: nitro-
gen, conductivity (EC), TDS and humidity: For
the determination of N-total, conductivity (EC),
TDS and humidity were used standard methods.

RESULTS AND DISCUSSION

Qualitative monitoring of agricultural land
near the exploding well was conducted at the end
of May taking in account the end of raining spring
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season. Were the distribution patterns of the con-
taminants have reached the maximum values. Ex-
amining and comparing with physical-chemical
norms for the agricultural soils are presented in
Table 1. The agricultural soil was found in pH
value varies around 8.22, revealing the basic char-
acter. The N-NO; (nitrate) content was found
11.75 mg kg soil, while N-total values 574 mg
kg 'soil. The P-PO, (phosphates) levels were
found in higher amounts, 284.78 mg kg 'soil.
Chlorides and sulfates content were found in ex-
tremely high values 514 and 122.5 mg kg™ soil,
respectively.

These lands have a very high contamination
due to the presence of crude oil, 697 mg kg 'soil.
The physical parameters like: conductivity (EC),
554 uS /CM; TDS 553 mg I"' and the humidity and
2.5% (weight).

This environmental situation in this region
showed deterioration of other indicators such flora
and fauna: an increase of the magnitude of suscep-
tibility from various illnesses; increased suscepti-
bility from pests; reduction of productivity and
their quality; degradation of native vegetation;
aquatic fauna under pressure.

Table 1

Mean values from soils in agriculture region
of Patos-Marinza oil field

No. Analysis Unit Determination Results
methods
1 pHaqua EN 15933: 2010 8.22
2 N-NO; mg/kg soil STASH 1584
water extracts 11.75
3 P-PO, mg/kg soil STASH 1584
water extracts 284.78
4 Chloride mg/kg soil STASH 1584
water extracts 514
5 Sulphate mg/kg soil STASH 1584
water extracts 122.5
6 Oil and Greace mg/kg soil SMEWW; 5520.B 697
7 N-total mg/kg soil  Adopted 574
8 Conductivity
EC uS/CM Adopted 554
9 TDS mg/l Adopted 553
10 Humidity % (weight) Adopted 2,5

Continuous environmental contamination by
oil extraction industry has caused no damage to the
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correctable health and social and economic life of
the residents of oil-bearing regions, namely:

The health problem was encountered in habi-
tants living close to the area of well exploding,
with various diseases up. The quality of the air ab-
sorbed by residents was another problematic situa-
tion. Drinking water was also found in high levels
with hydrocarbons and smell aroma. Oil industry
oil activities have impacted the region, damaging
the landscape, historical centers and other surface
water, as well as diminishing the economic value
of immobile properties. Agriculture and livestock
seriously have been impacted, in long-terms with
economically severe consequences. The agricul-
tural land in the Patos-Marinza region was found
with substantial percentage of oil penetrating to 30
cm depths, by influencing in the yield of agricul-
tural crops with approx. 40% decrease productiv-
ity. A death rate of 2% in livestock was evaluated,
and it is believed a direct connection with the con-
tamination of feed, and quality of water and air.
Discharging of effluents from oil industry to sur-
face waters has prevented their use for the irriga-
tion of arable lands in the region.

CONCLUSIONS

In conclusions the surface waters’ network
have resulted seriously damaged with long-term
consequences for the habitat. The large amount of
discharge of effluents into the ground network,
have impacted negatively on the development of
flora and fauna. Finally flowing of the surface con-
taminated waters in the rivers and channels have
generated negative effects on fauna and flora as
well as preventing their use for irrigation and for
animal feed processing. The fertility of the arable
lands surrounding the oil industry zones is con-
tinuous regressively deteriorated. Pollution of air,
water, and soil have influenced with long-term
consequences on the inhabitants quality of life
from these regions.

Also note that even after 25 years, the oil in-
dustry in Albania continues to perform and pollut-
ing production activities with the same mentality
"aggressive" environment as before '90.

Implementation of projects toward the reno-
vating of existing infrastructure or application of
new technologies in the oil industry which will
enable environmentally friendly technologies and
integration of these options for the treatment of
waste gases, liquid and solid. Reduction of envi-
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ronmental pollution, as well as opportunities for a
green space and a healthy life in the regions where
the oil industry operates, it is recommended: rein-
jection of industry technological water in oily sub-
layers; construction of decanting pool with non-
permeable plastic layers to prevent penetration to
the soil and underground waters of oil fractions.
Part of the oil industry activity has to be the group
of environmental protection and conservation,
which will administer cleaning and restoring issues
to the regions of oil field. Technological protective
measures to pipelines’ network regarding to the
risk of degradations such as corrosion processes.

Establishing monitoring stations throughout
the region, which will produce data on the gas
emissions in the environment. Environmental is-
sues have always accompanied the oil industry ac-
tivity, and it is important that political stakeholders
and scientific actors to focus and give more atten-
tion for conservation and protection of environ-
ment.

REFERENCES

[1] Seiti, B.: Ndotja, impakti mjedisor dhe reduktimi i saj né
rajonet e pérpunimit té naftés né Shqipéri; PhD Thesis;
2007.

[2] METE. Industria e Naftés dhe e Gazit né Shqipéri. 2003,
2005.

[3] Guri, S.: Vlersimi i nivelit t&¢ ndotjes dhe rekomandimet
pérkatése né fushén nafté gazmbajtése, 2010.

[4] Beqiraj, I, Topi, D., Seiti, B. Hoxha, L.: Industria e
Naftes né prag t é 100 vjetorit té formimit té shtetit
shqiptar dhe rrisqet ambjentale pér rrjetin hidrik.

[5] Anonimous. Vlersimi i Ndikimit Mjedisor. Albpetrol sh.a:
Fier. 2007.

[6] Cullaj, A.: Kimia e Mjedisit, 2005.

[7] Como, E.: Vierésimi i shkallés sé ndotjes té lumit Gjanicé.
Tirang. 2005.

[8] VNM-Marinéz-Sheqishte-2005 “Perpilimi i hartes se
ndotjes mjedisore ne zonat e industrise se naftes dhe
masat per permiresimin e gjendjes”,

[9] Q. K. SH. H. Monitorimi i mjedisit n€ industriné e naftés
dhe raportet vjetore. Fier. 2003; 2004.

[10] VKM nr. 177, dt. 31.03. 2005. Normat e lejuara t&
shkarkimeve nga industria e pérpunimit t& naftés.

[11] Standard methods for examination of the water and
waster water, 20" ed. 1998. APHA, AWWA, WEF.

[12] ISO 10390, Soil quality — Determination of pH.

[13] F. Kruis: Environmental Chemistry Selected Methods for
Water Quality Analysis.

[14] Vogel’s Textbook of Quantitative Chemical Analysis, pp.
373-374, ISBN 0-582-44693-7.

[15] Kolthoff, Sandel, Meehan, Bruckenstein Quantitative
Chemical Analysis, 4™ edition, p- 825.

[16] Standard Methods for the examination of water and
wastewater, 18%ed, 1992, pp. 4-108, 4-115/4-116. Ex-
amination of Water of Pollution control, Volume 2. Edi-
tor Michael J Suess, IHE book number B379 p 310. ISBN
0-08-025255-9.

[17] Instituti i Mjedisit. “Harmonizimi i metodave t€ marjes s¢
mostrave dhe metodave t&€ analizave t€ ndotjes s€¢ mjedisit
pér tokén”, STASH 1584.

Mech. Eng. Sci. J., 34 (1), 85-90 (2016)



Number of article: 514 Mechanical Engineering — Scientific Journal, Vol. 34, No. 1, pp. 91-97 (2016)

CODEN: MINSC5 In print: ISSN 1857-5293
Received: January 14, 2016 On line: ISSN 1857-9191
Accepted: February 29, 2016 UDC: 502.521 : 504.5] : 547/(496.5)

Original scientific paper

A PRELIMINARY STUDY OF THE PRESENCE OF SOME ORGANIC POLLUTANTS
IN TOPSOIL SAMPLES IN INDUSTRIAL AREA OF ELBASAN, ALBANIA

Jonida Tahiraj, Elda Marku, Aurel Nuro

Chemistry Department, Faculty of Natural Sciences, University of Tirana, Albania
tahirajjonida@yahoo.com

A bstrac t: This research was carried out in the city of Elbasan, which represents an important urban and in-
dustrial area of Albania. This industrial complex, builded in 1962, has been all these years the major source of or-
ganic and inorganic pollution of the surrounding area. The analyses of pollutants were performed in topsoil samples
taken in eleven stations. The target organic pollutants were BTEX (benzene, toluene, ethylbenzene and xylenes),
MTBE, polyaromatic and aliphatic hydrocarbons, HCHs, DDT-related chemicals and some PCB markers. After ex-
traction and clean-up, the samples were injected in a gas chromatograph Varian 450, with pECD and FID detector.
Rtx-5 capillary column was used for separation of chlorinated pollutants and VF-1ms was used for BTEX and PAH
analysis. The concentrations of PAHs in soil samples were much lower than those of volatile hydrocarbons. MTBE
was detected in all samples, but BTEX were found only in some of them. The rapid urbanization and industrial activ-
ity are the most important sources of organic pollution in topsoil samples of this industrial area.

Key words: soil samples; PCBs; PAH; BTEX; MTBE

MNPEJIUMHUHAPHA CTYJIHJA 3A IPUCYCTBO HA HEKOU OPTAHCKHU 3ATAITYBAYHN
BO NIPUMEPOIIM O TOPHUOT CJIOJ HA ITIOYBATA BO HHAYCTPUCKATA OBJIACT
HA EJIBACAH, AJIBAHUJA

A ncTpakT: OBa HCTpakyBame Oelle HanpaBeHO BO rpanoT EnbacaH, koj mpeTcTaByBa BakHa ypOaHa M
HHIYCTpUCKa obsact Ha Anbanuja. OBOj MHAYCTPUCKH KOMIUIEKC, M3rpajseH Bo 1962, cuBe oBue roguHu Oeiie
IJIaBHUOT M3BOP HAa OPTAaHCKO M HEOPTaHCKO 3arajllyBame Ha OKOJNHaTa o0iacT. HanpaBeHu ce aHanu3M Ha 3aragyBayun
0]l IPUMEPOLH Ha ITOYBATA 3eMEHa OJ] IIOBPLIMHCKUOT CJIOj HAa €AMHAECeT JoKkauuu. bapaHute opraHcku 3aragyBadu
6ea cyncranuunte BTEX (Gen3eH, TonyeH, eTunOeH3eH U KCUIIeHH), MeTul-Tepa-0yTyn-erep (MTBE), nonuapoma-
THYHH ¥ anupaTH9HU jarJIeHOBOA0poaH, Xxekcaxioporukioxekcad (HCH), xemukanuu co Tuxiopoan)eHUITPUXIIO-
toerad (DDT) u Hexou nonuxiopupanu 6udennn mapkepu (PCB). ITo excTpakuujaTa U YHCTEHETO IPUMEPOLHTE
Oea MHjeKTHUpaHH BO TaceH xpomarorpad Varian 450, co MHKpOENEKTPOHCKU amcopmiucku aerekrop (WECD) u
IIaMeHojoHm3anuckn, ogHocHo FID, nerekrop. Rtx-5 kanumapHa kooHa Genre ynoTpeOeHa 3a U3JBOjyBambEe HA XII0-
pupanu 3aragyBaud U VF-1ms Oerie ynorpedeH 3a anann3a Ha BTEX 1 moIMIUKINYHE apOMaTCKH jarieBOJ0POIH
(PAH). KoHrenTpanujata Ha HOIHIUKINYHATE aPOMATCKH jarJICBOAOPOIU BO IPUMEPOLUTE OJ] IOYBATa Oelie MHOTY
MOHKCKa 01 OHaa Ha ucmapiauBute jarneBomopoaun. MTBE Geure nerexktupan Bo cute npumepoir, Ho BTEX 6Gea
MIPOHAj/ICHH CaMO BO HEKOHW o] HMB. bp3aTta ypbaHm3alMja ¥ MHIYCTPHCKATa aKTHBHOCT CE€ HAjBaXXHUTE M3BOPU Ha
OpraHCKOTO 3ara/lyBame Ha MOBPIIMHCKATA I0YBa BO 0Baa MHAYCTPUCKA 001acT.

Kay4ynu 360poBu: npumeponu Ha nousa; PCB (nmonuxiaopupanu oudennnu); PAH (monuiukindHn apoMaTcKi
jarneBozmoponn); BTEX (6eH3eH, TonyeH, eTHIIOCH3EH U KCHIICHH);
MTBE (metun-tepa-0yTyn-erep)

AIM BACKGROUND
The purpose of this study was pre-determina- Elbasan is the third largest city in Albania,
tions of the concentrations and distributions of situated 35 km south-east of Tirana. It is situated in
some organic pollutants in topsoil samples in in- a flat area of an altitude varying between 100 and

dustrial area of Elbasan, Albania. 300 m above the sea level and is surrounded by
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relatively high hills. In Elbasani city the industrial
activity started in the late 1960s, initially with a
cement factory (1968) and gradually expanded to
metallurgical complex [1]. The metallurgy com-
plex is situated in the vicinity of Bradashesh vil-
lage and north of the Quaternary sediments next to
Shkumbini river. The complex has a surface of 3.5
km? and consists of different plants (i.e steel, iron
smelter, Ni-Co factory, ferrochromium smelter,
refractory bricks). The pollution emitted from this
complex has caused many problems to the environ-
ment and is expected to have adverse effects on the
public health. Organic pollutants are of particulary
concern, due to their potential far long range at-
mospheric transport, bioaccumulation and toxicity
[2]. The POPs behave dynamically in the environ-
ment according to their nature of action like vola-
tilization, sorption, desorption and transportion
from their source of production somewhere else.
Methyl tert-butyl ether is used throughout the
world as an antiknock additive that increases the
octane number and it has gained much attention
over the past decade, because of its widespread
contamination in the environment as a result of
underground fuel storage tanks leaking [3, 4].
MTBE is used as a fuel additive in motor gasoline.
BTEX are also major constituents of gasoline [5].
They are also key industrial solvents and are freq-
uently used in industrial operations. These com-
pounds are released into environment during
manufacturing, transportation, usage, and disposal
leakage in underground storage tanks and pipelines
in gasoline industry. Headspace solid phase micro-
extraction (HS-SPME) is a highly sensitive method
for BTEX analysis in water and soil samples [6].
This method is characterized by rapid and auto-
matic extraction.

Polyaromatic hydrocarbons are widely dis-
tributed in the environment as a result of the in-
complete combustion of organic materials, both of
natural (e.g. forest fires) and anthropogenic sources
(e.g. motor vehicles, industrial processes). The
spillage of fossil fuel can be a significant source of
contamination, as well as the leaching from pipes.
On the basis of their frequency of occurrence in the
environment and their proved mutagenicity and
carcinogenicity, sixteen PAHs have been selected
by US-EPA as priority pollutants [7, 8].

Polychlorinated biphenyls usage is related
with industry. Even if their production were ban-
ned in the first half of the 1970s in many countries,
they are still present in many products (e.g. capa-
citors, transformers, hydraulic fluids, etc.) and they
can also be formed as by-products of certain indus-

trial process or waste incineration [9]. The PCBs
are still a worldwide concerns because of their per-
sistence, bioaccumulation and toxicity to human
and environment [10]. The long range atmospheric
transport turns PCBs into a transboundary envi-
ronmental problem, even at sites located far from
human activities [9]. They are chemically highly
stable, lipophilic and persistent to microbial, pho-
tochemical, chemical and thermal degradation The
contamination of soil with these compounds may
result from diffuse or point sources. The soil is
playing the important role in the global distribution
and fate of these organic pollutants and conse-
quently is the major reservoir [11]. Monitoring
these compounds in environmental samples is an
important step for exposure control.

EXPERIMENTAL

The metallurgical complex is located in El-
basan, in central of Albania near Shkumbini river.
Eleven topsoil samples were collected from differ-
ent locations from this area. The sampling stations
are shown in the Fig. 1.

HS-SPME analysis of BTEX from soil samples
followed by GC/FID

Headspace solid phase micro-extraction (HS-
SPME) technique was used to determine BTEX
and MTBE in topsoil samples. 5 g of soil sample
was placed in a 10 ml headspace vial to absorb
volatile pollutants. The vials were placed in a heat-
ing block for 60 min at 50°C. Extraction of volatile
compounds was done using a 100 um polydi-
methyl siloxane fibre in a SPME manual holder.
Desorption of BTEX was performed in 280°C for
10 seconds in a PTV injector. A VF-1ms capillary
column (30 m x 0.32 mm x 0.25 um) was used for
benzene, toluene, ethylbenzene and xylenes sepa-
ration. FID detector in 280°C was used for qualita-
tive and quantitative analysis of BTEX in soil
samples. Quantification of BTEX was based on
external standards. Three calibration points
were selected with 10, 25 and 50 pg/l for BTEX
and MTBE.

Analysis of PAH in soil samples using GC/FID

PAHs in soil samples were extracted using an
ultrasonic bath assisted with dichloromethane sol-
vent. 10 g of soil sample and 40 ml dichloro-
methane were sonicated in 40°C for 1 hour.

Mech. Eng. Sci. J., 34 (1), 91-97 (2016)
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Fig. 1. Map of topsoil sampling in the metallurgical complex

The organic phase, after filtration was col-
lected in a beaker and 4 g Na,SO, anhydrous was
added for removing water. After concentration in
Kuderna-Danish to 1 ml dichloromethane, 1 pl of
samples was injected to GC/FID, with injecting
temperature 280°C, while splitless mode was used.
VEF-1ms capillary column (30 m x 0.33 mm x
0.25 um) was used to isolate and determine.
Nitrogen was used as carrier and make-up gas
for PAH analyses. Quantification of PAHs was
based on external standards. Three points of
calibration were selected for PAH calibration line,
after dilution in dichloromethane to concentrations
20, 50 and 100 pg/l EPA 525 standard.

Treatment of soil sample for organochlorinated
and PCB analysis

Soil samples were dried at 350°C in thermo-
stat for 24 hours. Fraction <63 um was collected
from each sample. The validity of the method for
organochlorinated pesticides in soil samples was
determined using CRM (NO. 383 TAEA). 5 grams
of sediment sample were extracted using ultra-
sound bath assisted with n-Hexane/Dichloro-
methane mixture (3/1 by volume) in 30°C for 60
minutes. Soil samples were treated with metallic
mercury for removal of sulfur compounds. An
Florisil column was used for the final purification
of the extract. Extracts were concentrated in Kud-
erna-Danish in 1 ml [12, 13, 14].

Maw. unic.nayy. ciiuc., 34 (1), 91-97 (2016)

Gas chromatography analysis
of organochlorinated pesticides and PCBs

Analysis of chlorinated pollutants was real-
ized stimultaneously in HP 6890 Series II, Gas
chromatograph equipped with split/splitless injec-
tor and PECD detector. For separation of or-
ganochlorinated pesticides and PCB markers was
used Rtx-5 capillary column (30 m x 0.32 mm x
0.25 pm). The end of the column is connected to
the detector LECD (electron capture detector) suit-
able for qualitative and quantitative analysis of
halogenated compounds. Three parallel injections
were made for each sample. 1 pl were injected in
splitless mode for all analyzed samples, standards
and blank. The injector and detector temperature
was set respectively at 280°C and 300°C. Carrier
and make-up gas was nitrogen respectively with 1
ml/min and 24 ml/min. The initial oven tempera-
ture was kept at 60°C for 2 min, which was in-
creased, to 200°C at 20°C/min, held for 2 min, and
then increased to 280°C at 4°C/min. The tempera-
ture was finally increased to 300°C, with 10°C/min,
held for 5 min. Mono to hexachlorobenzene stan-
dard were used for qualitative and quantitative
analysis. OCPs and PCBs quantification was per-
formed by internal standard method. The organo-
chlorinated pesticides detected were HCB, HCHs
(alpha-, beta-, gamma- and delta-isomers) and the
DDT-related chemicals (p,p-DDE, p,p-DDD, p,p-
DDT), Aldrines (Aldrine, Dieldrine, Endrine) and
Heptachlors. The analysis of PCBs was based on
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the determination of the seven PCB markers (IU-
PAC Nr. 28, 52, 101, 118, 138, 153 and 180).

RESULTS AND DISCUSSION

Different organic pollutants, BTEX (benzene,
toluene, ethylbenzene and xylenes), MTBE, poly-
aromatic hydrocarbons, HCHs, DDT-related che-
micals and some PCB markers were determined in
eleven samples, taken in different areas of the me-
tallurgical complex of Elbasan. The total concen-
tration of BTEX and MTBE are shown in Figure 2.

The highest concentration of MTBE (1590.80
ng/g) in the topsoil samples of the metallurgical
complex was found to be at Station ST.8 (refract-
tory bricks plant) and the lowest concentration (3.4

ng/g) was in station ST.10 (ferrochrome plant).
MTBE is detected in all samples. Relatively high
concentrations were found in stations ST.2 (in en-
trance of the complex), ST.3 (plant 12), ST.4 (Ku-
rum steel plant). The higher concentrations of
MTBE is attributed to its wide uses in industry as a
mixing solvent fuel. Higher concentrations of ben-
zene were found in ST.2 (entrance of the complex),
ST.3 (plant 12), and ST.8 (refractory bricks plant).
Toluene, which is used as solvent in different met-
allurgical processes, was found mostly in stations
ST.2, ST3 and ST.8. MTBE was found in almost
all the samples, because of its use as a fuel compo-
nent for gasoline engines. Most of BTEX were not
found at all in ST.1 (entrance) and ST.10 (ferro-
chrome plant).

2000.00

1500.00

ng/fg

1000.00

-
mil

%
1
N
»
=
[~
%
1
W

ST.4

= MTBE ®™Benzene ™Toluene

® Ethylbenzene

il

wy
=
\4
w
=
w !

ST.6 ST.9 ST.10 ST.a1

H p-Xylene o-Xylene Total

Fig. 2. Total concentration of BTEX and MTBE in topsoil samples in the metallurgical complex

Chrysene, Dibenz [a, h] Anthracene, Indeno
[1, 2, 3, -c, d] Pyrene, Benzo [k] flouranthene,
Pyrene, Perylene, Benzo [g, h, i] Perylene were
analyzed and the concentrations for each station
are shown in Figure 3. Some stations as ST.3
(plant 12) and ST.8 (refractory bricks plant ) were

found to have relatively high concentrations of
Chrysene (111.6 ng/g), Perylene (74,20 ng/g),
Pyrene (68.90 ng/g) and the lowest concentration
of Pyrene (1.1 ng/g) was found in the station ST.2.
The others PAHs were nondetected or detected in
small amounts.

160.00
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120.00 M Perylene
M Pyrene
100.00
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@ 80.00 —
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Fig. 3. Total concentration of polyaromatic hydrocarbons in topsoil sample in the metallurgical complex
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Chrysene is found in the coal tar pitch that in-
dustry uses to join electrical parts. It is also found
in creosote, a chemical used to preserve wood.
Some PAHs are used to manufacture dyes and
plastics. However, most PAHs occur as a small
component of products like coal, oil, tar, and creo-
sote. Comparing the concentration of PAHs in the
studied samples with other regions, we found that
the concentration range (42.0 — 146.10 ng/g) was
lower than the one found in soils’ samples in
Shenyang, China (950-2790 ng/g), in France (5650
ng/g) [15, 16], etc. According to WHO, the total
PAHs concentration in unpolluted area is 5-100
ng/g soil [17].

The study of PCBs concentrations in the me-
tallurgical complex was carried out in some stati-
ons, of this area. Their data are reported in ng/g.
The total of PCBs markers (PCB 28, PCB 52, PCB

101, PCB 118, PCB 153, PCB 180, PCB 209) are
shown in Figure 4. PCB 138 and PCB 153 were
non detected. The highest concentration of PCB
209 (21491 ng/g) was found in station ST.10
(ferrochrome plant) and the lowest concentrations
of PCB 52 and PCB 180 (1.1 ng/g) were found in
station ST 8 (refractory bricks plant) and ST 3
(plant 12). Decachlorbiphenyl (also known as PCB
209) has been reported to be associated with indus-
trial processes (secondary copper production, iron
/steel sinter plants, secondary aluminum produc-
tion). Comparing PCBs concentration in the study
samples, we found that the concentration range in
our study (20.71-223.76 ng/g) was higher than
Shenyang, China (4.4-20.14 ng/g), in Austria (6.4—
95 ng/g), in France (0.09-150 ng/g), [15, 18, 16],
etc.
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Fig. 4. Total concentration of PCBs markers in topsoil sample in the metallurgical complex

The total of HCHs (>HCHs), DDTs
(3 DDTs) and total of OCPs in topsoil samples are
presented in Figures 5, 6 and 7. From all investi-
gated HCH isomers, B-HCH was the dominant
substance. Because a-HCH is unstable in the envi-
ronment, it is easy metabolized to B-HCH. The
highest concentration of Lindane (172.58 ng/g)
was found in station ST. 8 (refractory bricks plant)
and the lowest 6-HCH (2.92 ng/g ) was found in
station ST.2 (entrance of the complex).

4,4’-DDE, 4,4’-DDD, and 4,4’-DDT were de-
termined in all topsoil samples. The highest con-
centration of 4,4’-DDD (17.21 ng/g ) was found in
station ST. 8 and the lowest concentration of 4,4’-
DDE (1.77 ng/g ) was found in ST.4. Among these
isomers, 4, 4’-DDT was detected in stations ST.8
(refractory bricks plant) and ST.10 (ferrochrome
plant). Samples taken in ST.8 and ST. 10 were
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taken in the industrial area, returned in agricultural
land, nowadays.

The concentration of Methoxychlor was the
highest among all the OCPs detected with a total
concentration of 4585.4 ng/g. This compound was
used as an insecticide against a wide range of
pests. The next compound with higher concentrati-
on was Mirex with a total concentration of 2222.52
ng/g, Mirex was found in ST.8 ( refractory bricks
plant ) and ST.10 (ferrochrome plant). This com-
pound was used as flame resistant additive, may be
it was used in production of bricks. Endrine Alde-
hyde with a total concentration of 1319,78 ng/g
and Endosulfan Sulphate with 1308,66 ng/g. Met-
hoxychlor, Endrine Aldehyde and Endosulphan
Sulphate were found in stations ST.7 (Bradashesh
village), where they were used for agricultural pur-
pose.



96 J. Tahiraj, E. Marku, A. Nuro

i

S5T.3 S5T.4 ST.7 S5T.8 5T.10

TIIIIIIIITIIIIIIII-IIIIIIIHII

ng's

-

WmST.32 Wms5T.4 WST.7 EST.8 WST.10

Fig. 6. Total of DDT and its metabolite in topsoil sample in the metallurgical complex

EmST.3 mST.4 mST.7 mST.8 mST.10
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CONCLUSIONS

The metallurgical complex produced iron and
steel and other products from different refractories
activities. The plants are probable source of or-
ganic pollutants, due to the thermal metallurgical
processes, electric furnaces and other industrial
activities. The preliminary study has provided the
first data on concentrations of organic pollutants in
topsoil samples. MTBE was detected in all samples
and BTEX were detected only in some stations.
MTBE was used as mixing solvent fuel in gasoline
engines. Benzene and toluene were used as solvent
in industrial processes and also are used in produc-
tion of polystyrene. The PAHs concentrations in
this preliminary study indicated that the area is
unpolluted with PAHs. The PCB 209 was found in
high concentrations, probably due to old electrical
equipments still in use. We found that pesticides as
Methoxychlor, Endrine Aldehyde and Endosulph-
an Sulphate were present in higher levels, due to
their uses in agricultural soil as insecticide. The
high values of Mirex are attributed to its use as
flame resistant addittive.
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Abstract: Oil and Gas Processing Industry in Albania is installed near major crude oil resources of the
country. Mallakastra region (Ballsh) occupies an important place in this national asset, in which are present not only
limestone deposits of oil but also Oil Refinery Plant and Lubricant Plant in Ballsh. Oil Refinery Plant, with a process-
ing capacity of 1.25 million t v-1 crude oil, it has been in use since 1978. Development of Oil Processing Industry ex-
cept irreplaceable benefits to the national economy has had and has a significant environmental risk to soil, water, air
and habitat areas where the industry is installed. Object of study has been taken Mallakastra region, as a region in
which coexist and generate environmental negativity as extraction industry and oil processing.

Key words: crude oil; habitats; environmental impact; refining industry; sources of pollution

BJINJAHME BP3 ) KUBOTHATA CPEJUHA HA HA®TEHO-IPEPABOTYBAUYKATA UHAYCTPUJA BO

AJIBAHUJA - CJIYYAJ CO PAOUHEPUJATA HA HA®TA BO BAJIII

A nmcrTpaxk 1 Uanycrpujata 3a npepaborka Ha Hadra M rac Bo AnbaHMja € JoMpaHa BO ONU3MHA Ha
TJIABHUTE M3BOPH Ha CypoBa Hadra BO 3eMjara. Pernonor Manakactpa (banii) 3adaka Ba)kHO MECTO BO OBOj HAIIHO-
HaJleH UMOT, BO KOj c€ NMPHUCYTHH HE CaMO BApOBHHUYKHU JEMO3UTH Ha HadTa, TyKy W Padunepujara 3a Hadra u
Dabpukara 3a nyopukanTu Bo bamm. Papunepujara 3a Hadra, co npepaboTyBauky KanauuTeT of 1,25 MUIHOHH t V-
1 cypoBa Hadta, e Bo ynorpebda ox 1978 romuna. Paszsojor Ha HadTeHO-IpepaboTyBaukaTa HHIYCTPHja, OCBEH He3a-
MEHJIMBATa KOPUCT KOja M ja HOCH Ha HAllMOHAJHATA €KOHOMMja, HOCH M 3HAYMTENCH SKOJIOLIKY PU3UK 3a I104BaTa,
BOZIaTa, BO3MYXOT M HACEIEHUTE 00JIACTH KaJie IITO HHIYCTPHjaTa € cTaluoHupaHa. Kako mpeaMer Ha IpoydyBambe
Oelre 3eMEH PerHoHOT ManakacTpa, Kako PeroH BO KOj MHAYCTpHjaTa 3a eKCTpakldja M npepaboTka Ha HadTa

KOCI3uCTHpa U reiepupa mTeTHU BJ'II/Ij aHI/Ija Bp3 )KUBOTHATa Cpe€ArHaA.

Knyuynn 360poBu: cyposa Ha(Ta; )KHBEAIHINTA; KOJIONIKO BIMjaHHE; HHIYCTPHja 32 pahUHUpamE;

M3BOPH Ha 3arajyBarbe

AIM

The purpose of this study was to identify the
resources, factors and effects of current environ-
mental pollution by the oil processing industry and
the their impact in the environment.

BACKGROUND

Oil refining industry and gas in Albania has
been installed in four refineries in oil-bearing
areas:

Oil Processing Plant (UPN) in Kucova,
Cérrik, Fier and Oil Refinery Plant (KPTHN),
Lubricant Oil Plant in Ballsh. Oil Refinery Plant
was designed with Chinese technologies of years
70 s—75 and bring into use in 1978, it has a
processing capacity of up to 1 million tons/year
crude oil.

Oil Processing Plant in Kugova with proces-
ing activity since 1940 and Oil Processing Plant in
Cérrik since 1956, currently have discontinued
production activity since November 1993, but they
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left behind contamination consequences in the
respective regions where they where installed. But,
Oil Processing Plant in Fier and Ballsh are active
in production and they are contaminating habitat
of the premises where they are installed.[4, 7, 10]

Convulsive development of oil processing
industry in Albania was accompanied by the
relevant environmental impact, for many reasons,
such as:

e Lack of legislation and lack of National Strat-
egy for Development and Environmental Pro-
tection;

¢ Poor technical infrastructure and amortized in
oil processing industry;

¢ Waste treatment technologies of oil industrial
refineries and gas, exceeded in time;

e High sulfur content (3.2-6.2%) in the crude
oil of the country and it's byproducts;

¢ The high level of losses (5-11%) in the stock-
ing process, refining, storage and distribution
of oil, gas and it's byproducts;

e Lack of seriousness on the supply of raw and
auxiliary materials of this industry, especially
with crude oil and electricity;

¢ Interruption of the production process due to
technical failures and frequent interruptions
of power supply (over 30 times a year);

e Lack of control instruments according to con-
temporary standards for the quality of produc-
tion and the quality of the fluid discharged in-
to the environment;

e Lack of technologies for the treatment of
waste gases, liquid and solid of oil and gas re-
fining industry;

Environmental pollution from the oil refinery
industry includes pollution of soil, water and air,
but this paper will concentrate more on liquid ef-
fluents. Sources and main factors of this pollution
are:

¢ Units and the relevant technological processes
necessary for the refining of oil and gas in Oil

Refinery Plant;

e Reservoirs of raw material (crude oil), semi-
products and products;

¢ Decantation oil plants, as part of the techno-
logical processes before refining it;

e Oil pumping stations, semi-products and
products;

e Pipelines transporting oil, semi-products and
products;

e Gas stations supplying gas in Oil Refinery

Plant and in all technological unit;

¢ Dysfunctional Plant for water treatment and
solid waste;

¢ High technological losses;

e QGreat corrosion of devices and equipments,
due to higher depreciation and lack of care for
the preservation and maintenance;

e Lack of recycling plants for catalysts and
chemicals;

e Supply of raw material (crude oil), out of
standards (high % of sulfur, water, salt, sand
and clay);

e Evaporation of hydrocarbons and chemicals
from surface waters and relative water body
(river of Gjanica);

e Accidental Pollution (breakdown, fire, leak-
age) crack lines, defects in equipment and de-
vices;

¢ Subjective pollution with effects such as fire
and gas leak and liquid due to the interruption
of electricity, technology and fire-fighting
evaporation, technological water and air [1—
12].

Oil Refinery Plant are closed technological
systems, however they emit pollutants which con-
taminate soil, liquid and water in the regions where
they are installed. Liquid pollutants most often
caused by the refinery are:

¢ QOil-water mixture caused during decantation
in reservoirs of raw materials and electro-
desalination plant before atmospheric distilla-
tion of crude oil;

e Mixing semi-products-water and products-
water discharged during decantation in their
respective conservation reservoirs;

¢ Liquid waste discharged during the washing
process required of technological lines and
technological equipment before their release
and after their detention;

¢ Acids and basic water generated during chem-
ical technological processing of refining of oil
and oil derivatives (byproducts);

¢ Accidental discharges of crude oil and it's lig-
uid derivatives.

In the pictures and Table 1 below are provi-
ded the main sources of wastewater in KPTHN,
Ballsh and corresponding emissions and discharges
in water body and specifically on the Gjanica river:

Mech. Eng. Sci. J., 34 (1), 99-105 (2016)
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Fig. 2. The discharges in Gjanica river from Ballsh Oil Refinery

MATERIALS AND METHODS

To have a clear idea about the environmental
impact caused by Oil Refining Industry in Albania,
referring to data sources of studies conducted in
this area over the last decade, this study will pre-
sent monitoring of emission in the environment of
liquid pollutant, coused by the Oil Refinery Ballsh

Maw. une.nayu. ciiuc., 34 (1), 99-105 (2016)

and with consequences in respective habitats. The
methodologies used to determine the qualitative
indicators above are as follows: 33 EN159: 2010
PH, 1584 STASH nitrates (NO; — N); STASH
1584 phosphates (P — PO,); STASH 1584 — chlo-
rides; 1584 STASH - sulphates and Smee; 5520. B
— oil (grease).
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More specifically, in the table below, we pre-
sent the summary identifying sites of pollution by
chemical ingredients discharged by Oil Refinery
Industry, Ballsh:

Table 1

Identified contaminated places by chemical
components of discharges in Oil Refinery Industry,
Ballsh

Nr. Unit Oil product

1 Distillation unit  — Acidic waters (H,S, HCI, etc.)
— Alkaline water

2 Coke unit — Acidic waters (H,S, HCI, etc.)

— Alkaline water

— Acidic waters (H,S)

— Alkaline waters (MEA)

— Acidic waters (H,S, HCI, etc.)

— Alkaline waters (NaOH, MEA, etc.)

3 Hydrogen unit

4 Sulfur production — Acidic waters (H,S, HCI, etc.)

unit — Alkaline waters (NaOH, MEA, etc.)
5 Transport unit — Acidic waters
— Alkaline waters
6 WWTP — Acidic waters (H,S, HCI, etc.)

— Alkaline waters (NaOH, MEA, etc.)

In Gjanica river valley are installed both re-
fineries that are today in function in Albania, Oil
Refinery Ballsh & UPN Fier, also along the coast
of this river are extended two major sources of
crud oil, Ballsh and Visoka.

Gjanica river has a longitudinal extection of
70 km with a water catchment basin area of 234.07
km®. The main source that supplies Gjanica flow is
Shpiragu mountain.

At a length of 41 km, starting from Ballsh un-
til it joins with the Seman river are concentrated all
discharges that influence in river pollution where
every 7-8 km occures waters discharges, which are
changing the nature of the river to the full destruc-
tion of it's fauna and flora.

RESULTS AND DISCUSSION
In the Gjanica river, water is discharged as

technological waste of Oil Refinery Ballsh and
Fier and layer waters deriving after decantation

process of Usojé and Visoké oil extraction plants
and urban cities of Fier and Ballsh cities.

It is estimated that every month about 13000-
18000 m’ liquid waste are discharged in Gjanica
river containing hydrocarbons, chemicals, oil and
industrial oils.

In the Oil Refinery in Ballsh, currently are
useing a series of chemicals necessary for techno-
logical process, such as:

— Monoethanolamine 9-9.5 tone/year (hydro-
gen production);

— Sulfolane from 8.5 to 9 tone/year (hydrogen
production);

— Caustic calcined 9.5 to 10 tones/year (at-
mospheric distillation);

— Caustic soda 105-115 tones/year (Hydro-
pastrimi & gas cleaning).

As well as servo, inhibitor, acid and laborato-
ry chemicals for analysis and production schedules
sales.

These chemicals during their use contaminate
the land that is part of the refinery, and after their
use they are discharged into the Gjanica river,
causing a very negative effect on river contamina-
tion.

Only from the units and tanks park of Oil Re-
finery Ballsh are generated a large amount of
groundwater containing oil and it's byproducts.
The type and quantity of water generated per hour
(m’/h) from various technological processes in Oil
Refinery, referring to the current production capac-
ity is as in the Chart 1:

Ujra té
pérdorur, 75 Ujra me

nafté, 420
|
Ujrat e Ujra sodiké, 45
prodhimit, 370

Ujra acide, 26

Chart 1. The inventory of technological water discharged
from Oil Refinery Ballsh.

Mech. Eng. Sci. J., 34 (1), 99-105 (2016)
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Oil waters — the largest amount of oil water is
produced from transport unit, laboratory unit,
remont unit with 3120 m*/day, the circulating wa-
ter with 2424 m’/day and hydrogen unit with
552 m*/day.

Alkaline waters — the largest quantity of alka-
line water is produced from hydropastrimi with
about 1080 m*/day.

Maximum daily load — is produced from
transport unit, laboratory unit, remont unit and de-
salting unit, with 2064 m*/day.

The quality monitoring situation of techno-
logical water discharged before the entrance in
WWTP and the quality of water discharged in
Gjanica is presented as follows (Tables 2 and 3):

Table 3

Table 2

Water analysis of Gjanica river before
the Oil Refining Industry

Analysis Water of Gjanica river
before the Oil Refinery

pH 6.5

Acidity content, mgek/l 4.2

COD, mg/l 30

The content of dissolved O,, mg/l 35

The content of phenol, mg/l missing

The content of chlorides, mg/l 26

Contents of oil and it's byproducts missing

The content of calcium and

magnesium amount, mgek/l 6

Contents of ammonia, mg/1 missing

The content of sulfates, mg/l 60

TSS, mg/l 490

The quality situation of industrial water Oil Refinery Ballsh, and the quality of discharges
into the Gjanica river

Parameters Oil water  Alkaline Acid Desalter ~ Discharge in Standarts

water water Gjanica river VKM nr.170 (31.03.05) BB/IFC 1995
pH 7.6 10 5.7 8.5 8 6-9 6-9
BODs (mg/l) > 50000 8500 6900 5400 750 50 50
TSS (mg/l) 700 <30 <30 <30 <30 50 50
Oil and grease >10000 270 175 656 2800 10 10
Phenols (mg/1) 8.5 2.5 40 600 38 1 0.5
Sulfide (mg/1) - 4.9 4 5.4 6.1 1
Total nitrogen (mg/1) - 58 340 308 -
Chrome (mg/1) <0.1 <0.1 <0.1 <0.1 <0.1 5 0.1
Lead (mg/l) <0.1 <0.1 <0.1 - <0.1 5 0.1
Sulphur (mg/1) - - - - 240 300
Chloride (mg/1) - - - - 50 1

Environmental pollution in the areas where
the oil industry is installed has brought these con-
sequences:

«» It severely damaged the health of workers and
residents of urban and rural respective areas:

¢ A large number of employees are affected by
professional diseases, cardiovascular, diabe-
tes, blood phenols, they have concerns and

Mawi. unic.nayy. ciiuc., 34 (1), 99-105 (2016)

damage to the central nervous system and
pulmonary, respiratory system, digestive etc.

* From a survey conducted in Ballsh Oil Refin-
ery on tests conducted on 163 employees
working over 15 years is found that:

—51% have high blood phenols,

— 22.8% have high bilirubin,

— 11,38% have diabetes,
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— there are employees who suffer from more
than one disease.

High mortality and short life especially for
the employee of the oil extraction and refin-
ery area.

It caused an environmental negative effect

damaging:

* Air quality and concretely:

— In all regions of the extraction and refining
of oil you can smell the strong odor of oil
vapor hydrocarbons and H,S.

— Areas near the oil processing industry are
exposed to the effects of acid rains with con-
sequences in the respiratory system of peo-
ple, crops and environmental corrosion.

«» It has harmed water quality relevant regional

hydro system bringing these consequences:
Gjanica river in its geographical segment
(about 41 km) from Ballsh Oil Refinery —
joining the Seman river, has become a "dead"
river for its traditional fauna and flora, with-
out any benefit to agriculture (irrigation) or
livestock.

Effect is great and forwarded to the Adriatic
Sea affected negatively in:

— fisheries,
— damage to the marine flora and fauna,
— sandstone pollution generation,

— favors corrosion of metal surfaces of ships,
etc.

+ In the water basins is jeopardizing the exist-

ence of microorganisms, being injured and
poisoned them.

« Impairment of land near technological sys-

tems of the industry of oil processing consists
of:

The degradation (poisoning) of agricultural
land in the area around the perimeter of Oil
Refinery.

In creating their erosion phenomena due to its
organic damage.

The reduction of agricultural productivity of
etc.

Flora & fauna:

Fauna of the oil-bearing region is impover-
ished in the number of species, but also in the
number of individuals within a species, as a
result of deterioration of the environment
where they live, whether in water and soil en-
vironments.

Has damaged tourist and recreational activi-
ties for the residents and the regions where
the oil industry has developed.

Finally environmental contamination from oil

processing industry is a problem which is not suf-
ficiently taken into consideration so far, but should
be evaluated more not only by institutions and re-
searchers, but also by political and opinion makers.

CONCLUSIONS

In conclusion of this work, which includes

monitoring of the environmental impact of the Oil
Refining Industry, specifically in hydrosystem and
precisely Gjanica river, come up with following
conclusions:

The development of the oil industry is not as-
sociated with environmental management
strategies and policies of the companies and
the relevant state structures.

The technical and technological condition of
oil refining, in general, does not comply with
the environmental laws.

Technological water, polluted by oil and
chemicals is discharge in river without com-
plete treatment until the right value required
by standards.

River of Gjanica in its full length on 40 km
from Ballsh Oil Refinery, and until they are
reunited with the Seman river, is a "dead
river", with a negative impact on the fauna
and flora and unusable for drinking and irri-
gation.

Fauna is continuously reduced as a result of
damage to the vegetative cover of the concen-
tration hydrocarbons, as in the air and surface
waters.

The large amount of discharged liquid in the
hydrological body and physico-chemical cha-
racteristics of their above admissible, have
impacted negatively on the development of
flora and fauna, which is threatened by con-
tamination of their habitats.

All areas where the Oil Industry is installed
represents a degradation stage of native vege-
tation (degradation that continues even to-
day).

Fertility of agricultural lands and fruit grow-
ing of all around oil-bearing area is in con-
tinuos regresivity.

Pollution in air, water and earth has conse-
quences on the health of the inhabitants of
these regions.

Mech. Eng. Sci. J., 34 (1), 99-105 (2016)
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KOSOVO COAL ASH A POLLUTANT AND ADSORBENT
FOR ORGANIC AND INORGANIC POLLUTANTS
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A bstract: The aim of this paper was to investigate adsorbent capacity of Kosovo coal ash for removal of
organic and inorganic pollutants in water samples. The availability and its adsorption characteristics have made this
adsorbent to be used as an alternative media for the removal of heavy metal ions from standard solutions and natural
waters. As comparison, we’ve also used bentonite as an adsorbent for organic and inorganic pollutants. From the
physical-chemical properties of Kosovo coal ash and bentonite it was expected that metal ions would be adsorbed
from silicon, alumina and iron oxides or the influence of a combination of these oxides. It is assumed that the pre-
dominance of alkaline components (CaO and MgO) in Kosovo coal ash, will also affect precipitation of some metal
ions. We’ve compared adsorption properties of coal ash from Kosovo Power Plants and bentonite, in standard solu-
tions and water samples. The analysis of experimental results shows that the adsorption of metal ions was relatively
fast and attained equilibrium in relatively short time. Efficiency of coal ash in removing heavy metal ions was nearly
100%, while the efficiency of bentonite was nearly 95%.

Key words: coal ash; bentonite; adsorbent; equilibrium; pollution; lignite; power plants

KOCOBCKHUOT JAI'JIEHOB IIPAB 3AT'AJYBAY U AACOPBEHT
HA OPTAHCKH U HEOPI'AHCKH 3AT'AJIYBAYA

Amncrtpaxkrt: Lenra Ha 0BOj Tpyx Oele Ja ce UCTPaXKM aTCOPILMCKHOT KallallUTeT Ha KOCOBCKUOT jaryieH BO
IpaB 3a OTCTPaHYBAakC HA OPraHCKH M HEOPTaHCKU 3araJyBady Of NPUMEPOLH Boxa. JlocTalHOCTa M HErOBHTE
aTCOPIILMCKH CBOjCTBA HAIpaBHja OBOj aTCOPOCHT Jja e KOPHCTH KaKO alTepPHATHBHO CPEICTBO 33 OTCTPaHyBamke Ha
JjOHHM Ha TEIIKU METaI OJ CTaHAApJHUTE PACTBOPU M IIPUPOJHUTE BOAU. 3a cropenda KOpUCTEBME U OEHTOHUT KaKO
aTCOpOEHT Ha OPTaHCKH M HeopraHcku 3aragyBaud. O (pU3nUKO-XEMHCKUTE CBOjCTBA HA KOCOBCKHOT jarjieHOB MpaB
1 Ha OGHTOHUTOT CE OYEKyBallle METAHUTE JOHU J1a OUIaT aTcopOUpaHy O]l CHIMLUYM, aTMMHHUYM H JKEIE€300KCHT
WY [ BIMjae KOMOMHanujaTa o oBHe okcuayu. Ce mpeTrnocTaByBa Jeka JOMHUHAIHMjaTa Ha alkainHu cocTojku (CaO u
MgO) BO KOCOBCKHUOT jarieHOB IIpaB HCTO Taka Ke BIIMjac Ha TAJIOKEHETO Ha HEKOM METalHHU joHU. ['M cropenuBMe
aTCOPIMCKUTE CBOjCTBA HA jarJIeHOBHOT mnpaB oj KocoBckuTe enexkTpaHu M Ha OEHTOHMTOT BO CTaHIAPIHU
pacTBOpH M BO NPHUMEPOLH BOAa. AHAlM3aTa Ha PE3YNTATHTE OJ EKCIIEPUMEHTOT IOKaXKa JieKa aTcopriujarta Ha
METaJIHU jOHH Oelle pPeNaTHBHO Op3a M JOCTUIHA PAaMHOTEXa 3a pelaTHBHO Kyco Bpeme. EduxacHocta Ha
jarJICHOBUOT IpaB BO OTCTPaHYBambETO HA jOHH Ha Teulku MeTanu Oeure nmpudbmmkao 100%, noxeka edukacHocta Ha
OCHTOHUTOT Oerire mpuOIMKHO 95%.

Kuyunu 360poBH: jarieHoB npaB; OEHTOHUT; aTCOPOEpP; pAMHOTEXkA; 3aralyBarmbe; IMTHUT; €IEKTPaHU

INTRODUCTION ture energy systems, while stressing world coal
prospects, environmental problems, resources and
energy projections [1-3]. Many studies are also

Coal as fossil fuel is the most abundant fossil oriented on finding ways for improving the adsorp-
fuel resource in most countries including Kosovo, tion properties of coal through different modifica-
and many studies described it as the bridge to fu- tion [4, 5].
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Coal is the main national natural resource of
Kosovo (containing about 50% of resource value)
and has attracted scientific interest of many re-
searches and studies, including deposits, chemical
composition and structure as much as environ-
mental problems and solutions. Coal as a lignite
type was and still is a very important natural re-
source that was extensively used as main energy
resource for a half century. Coal deposits in Kos-
ovo presents about 57% of whole coal reserves in
former 22 million Yougoslavia, or about 26% of
total primary energy reserves. In this process, the
existing thermal power plans discharge extremely
large ash amounts, deposited in landfills which in
turn largely pollute surface and underground wa-
ters and environment [6, 7]. Republic of Kosovo,
for the abundance of its natural resources, takes
relatively high place in the register of the world's
richest countries and the most prevalent resource is
lignite type coal [8] (Figure 1).

Fig. 1. Kosovo lignite reserves compared to the world.

Lignite type coal in Kosovo was extensively
used in electricity power plants and at a time in
Lurgy Gasification Process. Unfortunately the ex-
ploitation of lignite was done without respect to
environmental capacity of the country and almost
has created an environmental bomb for population,
(Figure 2).

Fig. 2. Deposits of fly and bottom ash from thermo power
plants in Kosovo

Uncontrolled burning of lignite in power
plants each year left in Kosovo environment about
2 million tons of fly and bottom ashes, more than
100,000 t of sulphur, of which more than 50% or-
ganic, over 11t of arsenic, more than 2 t of beryl-
lium, 1 t of cadmium, 351 t of nickel, 492 t of tita-
nium, 191 t of manganese, 0.48 t vanadium, etc.

This uncontrolled burning of lignite in Kos-
ovo power plants, jeopardise both our public health
and our environment [9, 10]. Continuously increas-
ing demand for raw materials and the limited
availability of natural resources, as well as exten-
sively used lignite type coal for producing energy
gave rise to the investigation of possible reuse of
fly ash and bentonite for extracting valuable trace
elements or as adsorption material for heavy met-
als as pollutant in water streams [11-13].

Bentonite, another natural occurring material,
shows a wide range of industrial applications. It’s
abundance in most countries and its low cost
makes it a suitable adsorbent for the removal of
many pollutants [14].

Among various available technologies for wa-
ter pollution control, adsorption process is consi-
dered better as compared to other methods because
of convenience, easy operation and simplicity of
design. Further, this process can remove or mini-
mise different type of pollutants [15].

In our work we’ve decided to use coal ash as
adsorbent for removal of organics and inorganics
from water samples, which meet dual goals of dis-
posal and treatment, and as comparison we’ve used
bentonite. Although both used adsorbents are alu-
mosilikates, they differ in their composition. There
is predominance of alkaline components (CaO and
M¢gO) in Kosovo coal ash and in bentonite there is
predominance of acid components (SiO,, Al,O3).

As it is shown, although both adsorbents used
showed very good adsorption properties, coal ash
is better adsorbent for removal of heavy metal ions
than bentonite.

MATERIAL AND METHODS

As adsorbents we used coal ash from Kosovo
thermo power plants and bentonite. First the com-
position of the coal ash and bentonite was deter-
mined, dried at 105°C and then calcined at 800°C.

To analyze adsorbing properties of coal ash
and bentonite, standard solutions of mixed salts of
metals and water samples were used. Stock solu-
tions were prepared in deionized water. 1 g of coal
ash and bentonite was aded to a certain volume of
water sample (100cm’). Solution was continuously

Mech. Eng. Sci. J., 34 (1), 107-112 (2016)
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mixed with magnetic stirrer for 30 minutes. After
completion of the reaction time, the mixture was
filtered and analyzed.

Physical-chemical analysis of the water sam-
ples (turbidity, conductivity, pH, temperature, DO,
COD, BOD, TOC, TSS, TDS, NO;, PO,>, Py,
NH,*, SO, and analysis of heavy metal ions:
Pb**, Cd*, Fe’*, Ni**, Cr’*, Zn** , Mn®" and Cu™)
were done before and after treatment with coal ash
and bentonite. Temperature, pH, EC and TDS were
measured directly with HI98130 instrument. COD,
BOD, TOC, SUR, NO; were measured directly
with Pastel UV-Secoman instrument. DO was
measured directly with instrument HI9146. For
PO,* (ammonium molibdate method), total phos-
phorous P, (ammonium persulfate method) and
for NH," Visible Light premiums Secoman spec-
trophotometer was used. For SO,* standard so-
dium thiosulfate titration method was used. Heavy
metal ions were analyzed with atomic absorber 400
Perkin Elmer.

Selected sampling points were considered the
most problematic ones that continuously deal with
pollution. Sample M1 was taken from Palaj near
Thermal Power Plant, sample M2 was taken near
Trep¢a mine and sample M3 was taken from Elez
Han near Sharrcem factory.

RESULTS AND DISCUSSION

In terms of physical-chemical properties, che-
mical composition of ash varies greatly, depending
on the type of coal (lignite, sub-bituminous coal,
bituminous coal and anthracite) and its origin. Coal
ash from our lignite type coal has specific ino-
rganic composition. The results that were achieved
in determining chemical composition of Kosovo
coal ash and bentonite are shown in Table 1.

From the features shown in Table 1, it is ex-
pected that metal ions in water samples, will
mostly be adsorbed by silicon oxides, aluminium
oxides or iron oxides, or by influence of combi-
nation of these oxides. It is assumed that the pre-
dominance of alkaline components (CaO and
M¢gO) in Kosovo coal ash, will also affect the pre-
cipitation of some metal ions.

Comparative analyzis of the two materials
used as natural adsorbents show the differences in
their composition. Although both used adsorbents
are alumosilikates, bentonite differs from the
domination of acidic constituents (80%) to those
alkaline (20%), while in coal ash dominates alka-
line constituents (80%) to those acidic (20 %).

Maw. unic. nayu. ciuc., 34 (1), 107-112 (2016)

Table 1
Chemical composition of Kosovo coal ash
and bentonite.
Constituents Coallzgsorbem}sie?tonite

Loss on ignition 2.20 6.091
SiO, 26.75 65.11
ALO, 4.00 9.07
Fe,04 10.77 3.69
CaO 41.48 0.68
MgO 4.36 1.27

Na,0 1.42 -

K,0 0.16 -

TiO, 0.50 -

In our previous work we have analyzed sorp-
tion properties of coal ash in removal of heavy
metal ions in three various times (30 min, 60 min
and 90 min) and concluded that the sorption of
metal ions was relatively fast and reached equilib-
rium within a short time (30 min) and longer con-
tact t}{ge did not affect the improvement of the re-
sults.

Sorption properties of coal ash and bentonite
for removal of heavy metal ions in standard solu-
tions of electrolytes of individual and mixed salts
of metals Mn*>*, Ni**, Pb*, Cu**, Cr**, Cd**, Zn*
and Fe™*, and percentage of removal is represented
in Figure 3.
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Fig. 3. Percentage of removal of heavy metal ions in standard
solutions after treatment with coal ash and bentonite.

Table 2 shows physical chemical properties
(pH, EC, TDS, TSS, DO, COD, BODs, TOC,
SUR, TUR, NOs, P, NH,*, SO,%) of water sam-
ples from: M1 Palaj, M2 Trep¢a mine and M3 Elez
Han, before and after treatment with coal ash and
bentonite.
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Table 2
Results from physical chemical analysis of water samples
Sample " mg?hsn} TSS DO COD BOD TOC SUR TUR mlf;%;ﬁ mgP/E;n3 ml\g%‘;; , rf;g;
Untreated 17.8 430 146 34 180 85 38 2.6 38.7 0.4 3.84 1.13 224.2
M; Coalash 214 644 13.1 1 214 4.5 2.3 - - - 0.01 0.1 -
Bentonite 21.2 443 16.0 1 27.4 11.9 3.1 0.3 - - 0.8 0.4 -
Untreated 19.3 341 134.5 4.5 57.1 29.3 22.1 0.9 19.3 1.8 0.63 0.51 90
M, Coalash 22.1 728 11.3 1 32 1.1 1.6 - - 0.1 0.01 0.03 -
Bentonite 22.1 358 16.2 1 5.1 2.3 1.9 - - 0.3 0.1 0.09 -
Untreated 18.2 332 112 4.9 68.2 35.2 25.3 0.3 45.6 2.0 0.8 3.6 150
M; Coalash 21.5 553 10.1 1 8.9 2.1 1.3 - - - 0.01 0.1 -
Bentonite 21.5 340 14.6 1 11.2 34 2.1 - - 0.1 0.1 0.78 -

(1) — after treatment DO was higher than instruments detection limit

For all samples, data results for DO 3.4-4.9
mg/dm’, COD 57.1-180 mg/dm’, BOD 29.3-85
mg/dm’, and TOC 22.1-38 mg/dm’ show that we
are dealing with heavily polluted areas, which cor-
relate with TDS 332-430 mg/dm’ and TSS 112—
146 mg/dm’ results.

Reduction of TSS plays a significant role in
modern wastewater treatment, since the SS serves
as an adsorbent for heavy metals and polychlorin-
ated biphenyls (PCBs) [17]. Results from Table 2
show that removal of TSS by coal ash was very
effective from 91-92% and by bentonite from 87—
89%.

In a soluble form, phosphate has good surfac-
tant properties and is used extensively in cleaners,
detergents and washing soaps. The removal of
phosphate by adsorption is simple and convenient.
Results from figure above show the removal of
total phosphorus by coal ash was from 98-100%
while with bentonite was 79-88%.

The presence of excess nitrogen and its com-
pounds has a negative impact on the environment.
Nitrogenous compounds play an important role in
water pollution, there fore the control of them in
water has vital importance. Efficiency of removal
of nitrate ion and ammonium ion from the treated
water samples was high. Removal of nitrate ion by
coal ash was 94-100%, with bentonite 83—-100%,
while removal of ammonium ion by coal ash was
91-97% and by bentonite 65-82% respectively.

High levels of organic pollutants into river
water affect the suitability of river water for human

use and it stimulates the growth of algae and aquat-
ic plants [18]. Various treatment methodologies
have been used for the removal of organic pollu-
tants but most of them are complicated and time-
consuming, except for adsorption methods, which
are low cost and easy to use. Coal ash and
bentonite were very effective adsorbents for re-
moval of organics. Removal of COD by coal ash
was from 87-94% while with bentonite was 84—
91%.

Figure 4 shows that amount of pH before and
after treatment with coal ash are very different. pH
values revolve primarily in line with the guiding
values for waters discharged into natural ecosys-
tems, before treatment they range from 6.65 — 8.94,
while after treatment with coal ash the pH values
were increased from 13.95 — 14 which is expected
due to the composition of the ash, and after treat-
ment with bentonite the pH values were increased
from 8.64 — 9.44 respectively.
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Fig. 4. pH values of untreated and treated samples
with coal ash and bentonite.
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Conductivity values, shown in Figure 5, vary
from 668 — 775 uS before treatment and after
treatment with coal ash the EC values were in-
creased from 1315 — 1730 pS, while after treat-
ment with bentonite EC values were almost un-
changed 672 — 781 pS. Alkaline components
(Ca0, MgO, Na,0, K,0) in Kosovo coal ash, dur-
ing adsorption process hydrolyze in water and as a
result we have increased conductivity and pH val-
ues of treated samples.

2000 -
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wn
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M1 M2

Fig. 5. Conductivity (EC) values of untreated and treated
samples with coal ash and bentonite

Table 3 shows results from the analysis of
sorption properties of coal ash and bentonite in
removal of heavy metal ions Mn?*, Ni**, Pb*,
Cu™, Cr’*, Cd**, Zn* and Fe** in water samples,
after treatment with coal ash and bentonite. Analy-
sis of the obtained results shows that the adsorption
of metal ions has been relatively rapid and reached
equilibrium within a short time. Both absorbent
used showed very good sorption properties. Per-
centage of removal of heavy metal ions with coal
ash was from 78-100% while with bentonite was
from 65-98%.

Increasing pH values from 6.65-14 during
adsorption, indicates that the high efficiency of
Kosovo coal ash in removing of metal ions, can be
attributed to two processes, the adsorption and pre-
cipitation process as a result of hydrolysis of the
alkaline oxides in sodium and magnesium hydrox-
ides which help precipitation of certain metal ions.
The adsorption process is a result of characteristic
structure of our coal it is high porosity and large
surface area.

Table 3
Analysis of metal ions before and after treatment with coal ash and bentonite
F62+ F62+ Ni2+ Ni2+ Cr3+ Cr3+ Zn2+ Zn2+ Mn2+ Mn2+ Cu2+ Cu2+ Pb2+ Pb2+ Cd2+ Cd2+
Sample mg/dm® % mg/dm® % mg/dm® % mg/dm® % mg/dm® % mg/dm® % mg/dm® % mg/dm® %
UT 0.062 0.019 0.180 0.49 0.099 0.145 0.092 0.021
M, CA 0.005 92 0.001 95 0.03 83 0.09 82 - 100 0.03 79 0.02 78 - 100
BE 0.014 77 0.004 79 0.06 66 0.11 77 0.01 90 0.05 65 0.03 67 0.006 71
UT 0.102 0.05 0.056 0.33 0.306 0.18 0.19 0.015
M, CA 0.02 80 - 100 - 100  0.03 91 0.05 84 0.007 96 0.01 95 - 100
BE 0.03 71 0.001 98 0.003 95 0.08 76 0.09 71 0.02 88 0.03 84 0.002 87
UT 0.064 0.032 0.060 0.193 0.112 0.12 0.026 0.010
M; CA 0.001 98 - 100 - 100  0.01 95 0.003 97 0.007 94 - 100 - 100
BE 0.006 90 0.002 94 0.003 95 0.02 90 0.008 93 0.01 92 0.002 92 0.001 90
CONCLUSION 3. Contribution of fly ash in changing pH val-

Based on the results that were achieved, fol-
lowing conclusions can be summarized:

1. Kosovo coal ash and bentonite show very
good sorption capacity toward heavy metal ions
and other pollutants.

2. The sorption rates were very high. Over
90% of the total adsorption can be obtained in thir-
ty minutes of contact time.

Maw. unic. nayu. ciuc., 34 (1), 107-112 (2016)

ues of studied samples, indicated that adsorption
(as primary effect) might be accompanied by pre-
cipitation process.

REFERENCES

[1] World Energy: Looking ahead to 2020; Published for the
World Energy Conference by IPC Science and Technol-
ogy Press, London, Guildford IPC science and technology
pr, 1979.



112 M. Daci-Ajvazi, L. Zeneli, N. M. Daci, S. Govori, A. Mehmeti, D Hoxha

[2] Ishag, M., Saeed, K. Ahmad, I. Sultan, S.: Coal Ash as a
Low Cost Adsorbent for the Removal of Xylenol Orange
from Aqueous Solution, Iran. J. Chem. Chem. Eng. 33 (1)
(2014).

[3] Geetha V. Ram, S. Vaishali S.: A comparative study on
the removal of heavy metals by adsorption using fly ash
and sludge: A review, IJAIEM, 2 (7) (2013).

[4] Samson, B. Sanja, V.: Evaluation and Treatment of Coal
Fly Ash for Adsorption Application, Leonardo Electronic
Journal of Practices and Technologies, 12, 37-48 (2008).

[5] Wang, S., Soudi, M., Li, L., Zhu, Z. H.: Coal ash conver-
sion into effective adsorbents for removal of heavy metals
and dyes from wastewater, J Hazard Mater., 243-51
(2006).

[6] Daci, N. M. et al: Environ. Prot. Eng, 14, 3—4 (1989).

[7] Daci, N. M., et al,: Inovation, Industried Progress and
Environment, Strasburgh, 1-9 (1991).

[8] Ekonomy of Kosovo, http://wikimedia.org/wikipedia/en/b/
b4/Kosovo-lignite.jp.g

[9] Zeneli. L., Daci. N., Daci-Ajvazi. M., Pagarizi. H.: Effects
of pollution on lead and cadmium concentration and cor-
relation with biochemical parameters in blood of human
population nearby Kosovo thermo power plants, Ameri-

can Journal of Biochemistry and Biotechnology, 4 (3),
273-276 (2008).

[10] Zeneli L., Daci N., Pagarizi H., Daci-Ajvazi M.: Interac-
tion between cadmium and calcium in human blood at

smokers, American Journal of Pharmacology and Toxi-
cology, 5 (1) 48-51 (2010).

[11] Ahsan S., Kaneco S., Ohta K., Mizono T., Kani K.: Use
of some natural and waste materials for waste water treat-
ment. Water Res., 35, 3738-3742 (2001).

[12] Kirk D. W., Charles Q., JiaJ. Y., Alan L. T.: Wastewater
remediation using coal ash. J. Mater. Cycles Waste Man-
age. 5, 5-8 (2003).

[13] Vega J. L. et al,: Bentonite as adsorbent of heavy metal

jons from mine waste leachates, 9" International Mine
Waste Congress, Oviedo, Spain, 2005, 603-608.

[14] Amit B., Minocha A. K.: Conventional and nonconven-
tional adsorbents for removal of pollutants, Indian Jour-
nal of Chemical Technology, 13, 203-217 (2006).

[15] Faust, S. D., Aly O. M.: Adsorption Process for Water
Treatment, Butterworths Publishers, Stoneham, 1987.

[16] Daci-Ajvazi M., Daci N., Zeneli L., Gashi S., Hoxha D.:
Coal ash as adsorbent for heavy metal ions in standard so-
lutions, industrial wastewater and streams, Ecohydrology
and Hydrobiology, 1, 129-132 (2011).

[17] Rosenwinkel H., Weichgrebe D., Meyer H., Wendler D.:
Suspended solids from industrial and municipal origins.
Ecotoxicol. Environ. Saf., 50, 135-142 (2001).

[18] The Water Sourcebook, Water quality and bioaccumula-

tion, http://rjd.miami.edu/conservation/bioaccumulation.
pdf//

Mech. Eng. Sci. J., 34 (1), 107-112 (2016)



Number of article: 517 Mechanical Engineering — Scientific Journal, Vol. 34, No. 1, pp. 113-118 (2016)

CODEN: MINSC5
Received: January 4, 2016
Accepted: December 29, 2016

In print: ISSN 1857-5293
On line: ISSN 1857-9191
UDC: 502.521 : 504.5]:516.81 : 543.421(496.6)

Original scientific paper

THE IMPACT OF INDUSTRIAL WASTE OF THE FORMER BATTERY
PRODUCTION FACTORY ON SURFACE SOIL AROUND IT
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A bstract: The current study reports the distribution of lead concentration on the surface soils samples at a
distance 80-2000 m around the former Factory Production of Batteries to Berat, Albania. We have selected 33 sur-
face sampling points of soil where 20 of them represent the uncultivated soils and 13 cultivated surface soil samples.
All the representative soil samples were analyzing using Atomic Absorption Spectrometry for their lead content, in
Institute of Applied Nuclear Physics, University of Tirana, Albania. From results obtained the fraction of lead in sur-
face soil samples ranged from 78 to 24207 mg/kg and average concentration of lead was 1821 mg/kg. Concentration
of lead in uncultivated soil samples was found higher than the concentration of lead in cultivated surface soil samples,
soils which have been worked for cultivated crops. The fraction of lead in soil samples that are collected at different
points are compared with the MCL specified by the Directive 86/278/EEC. Also, we have calculated factor of Haz-
ardous Quoted for each sampling point. It was observed that oftentimes HQ values were higher; they were ranged
from 0.4 to 80.7.

Key words: lead; surface soil samples; atomic absorption spectrometry

BJINJAHUE HA HHAYCTPUCKHOT OTHIAJL O/l HIOPAHEIIIHA ®ABPUKA
3A TIPOU3BOJACTBO HA AKYMYJIATOPH BP3 NIOBPHIMHCKATA ITIOYBA OKOJIY HEA

A ncTpacxk 1 OBaa cryadja ja enabopupa qucTpuOyijaTta U KOHIIEHTpALKjaTa Ha OJIOBO BO MPUMEPOLM Ha
MIOBPIIMHCKATa 104YBa 3eMeHH Ha oxnanedeHocT oj 80-2000 m oxony nmopanemHata ®@abpuka 3a IpOU3BOICTBO HA
akymyiaropu Bo bepar, Anbanuja. 130paBme 33 jokaunu 3a coOuparme MprMepoLH MOBPIIHHCKA To4YBa, o kou 20
npeTcTaByBaaT HeoOpaboTeHa nouBa, a 13 ce nmpumepol o 00paboTeHa NOBPIIMHCKA TouBa. CHTE pernpe3eHTaTHB-
HH TPUMEPOLH Ha 1oyBa Oea aHAJIM3MPAHU CO KOPUCTEHE HAa aTOMCKA alCOPIIMCKA CIEKTPOCKONHja 3a COAPKUHA
Ha 0JI0BO BO MHCTUTYTOT 3a mpuMeHeTa HykJieapHa (usnka npu YHuBep3utetor Bo Tupana, Anbanuja. Jlobuenure
pe3yaTaTu Mmokaxkaa JeKa yJeJoT Ha OJIOBO BO NMPUMEPOILMTE O MOBPLUIMHCKATA MOYBa ce JBivkene ox 78 no 24207
mg/kg 1 npoceuHaTa KOHIEHTpauuja Ha onoBo Oeme 1821 mg/kg. Konuenrpanujara Ha 0J0BO BO IPUMEPOLIUTE O
HeoOpaboTeHaTa mouBa 00paboTyBaHa 3a O/IJICyBakEe HA KUTHH KYJITHPH Oelile MOBHCOKA OTKOJIKY KOHIIGHTpaluja-
Ta HAa OJIOBO BO NPUMEPOILMTE OJ] KYATUBHPAHATA [0OYBA. Y IEJIOT Ha 0JIOBO BO NPUMEPOLIMTE [04YBA COOpaHU Ha pa3-
JIMYHHM JIOKALMK € CIOPEIEH CO MaKCHMAJIHO JI03BOJICHUTE KOHIIEHTpanuu yTBpiaeHu co Jupekrusara 86/278/EEC.
Hcro Taka, 3a cekoja JioKaluja Ha NPUMEPOLUTE I'o mpecMeTraBMe (akTopoT Ha pU3MK. BpeaHocTute Ha pHU3HK
(Hazardous Quoted) uectonaTtu 6ea moBucoku; ce asmxkea o 0,4 mo 80,7.

Kiyunu 360poBH: 010BO; IPUMEPOLIHN MOBPIINHCKA [I0YBA; AaTOMCKA alCOPIIIHCKA CIIEKTPOCKOIH]ja

INTRODUCTION heavy metals in environment is dangerous because

Lead is known as one of the most toxic heavy
metals in the environment (Alushllari M. and
Civici N., 2014). Lead can enter the human body
through food, water, and air (Alushllari M and
Civici N., 2014). The presence of lead and other

they have tendency to bioaccumulate (Censi et al.,
2006). The high level of lead has a negative impact
on the natural environment. Serious human health
risks are associated with lead poisoning. The
sources of emission of lead in the environment are
natural and anthropogenic (Carpenter et al., 1998).



114 M. Alushilari, N. Civici

Over the years lead is extracted from the mines for
different purposes, such as: production of batteries,
half-done production of metallic sheets and pipes,
alloys, additive in benzene, in polyvinil chloride, in
ammunitions (Demayo et al., 1982). Since lead is
mostly used for the production of batteries, the ma-
jor pollution comes exactly from this industry. In
general, areas close to Factory of Battery Produc-
tion are presented with environmental problems,
due to increased production and consumption of
lead from vegetation and livestock. As a result, the
contamination of soils has influence on the in-
crease of the level of lead in vegetation
(Zakrzewski, 2002). The high levels of exposure to
Pb result in biochemical and toxic effects on the
people (Aigbedion, 2005). The environmental pro-
tection should be and remain the main goal and
task of the society. The purpose of this study is: 1)
Assessment of the environmental and impact of the
industrial lead waste in the surface soil around the
former Factory of Battery Production, Berat, Alba-
nia. 2) Comparison of lead concentration in culti-
vated and non-cultivated surface soil samples. The
complex of Factory for the production of batteries
in Berat, Albania, has begun its activity in 1970. It
was designed to produce batteries for passengers’
cars and trucks and technical equipment. The Bat-
tery Factory conducted its activity as a state-run
factory for about 20 years. Fraction of lead in soil
samples was defined using AAS method. The level
of Pb in soil samples was compared to the values
recommended by the European Community ac-
cording to Directive 86/278 EEC and was calcu-
lated HQ by USEPA.

MATERIAL AND METHOD

Representative soil samples are collected at a
distance 80 — 2000 m around the former factory of
Battery Production, Berat, Albania. This Factory is
located in the northeastern city of Berat, with re-
spective coordinate: 40° 42’ 24.82” N and 19° 58’
59.42°’ E. During the sampling we have collected
33 surface soil samples (0 — 5 cm) — 20 were un-
cultivated soils and 13 cultivated soils. These sam-
pling stations are marked in Figure 1, while their
coordinates are presented respectively in Table 1
with results. Represented soil samples analyzed
using Atomic Absorption Spectrometer, Aanalyst
800 Perkin Elmer with Atomic Absorption Spec-
trometry, Flame method (Perkin-Elmer Corp.
1991-1999). HCL lamp used as radiation source
for the determination of lead according recom-

mended conditions. Acids used for the digestion of
samples, stock solutions of lead have high grade
purity. Glass and teflon vessels used were treated
with solution 10% v/v nitric acid, for 24 hours and
then washed with water bidistilled. Instrumental
conditions for lead are based on AMAAS, from
Perkin Elmer (Perkin-Elmer Corp. 1991-1999).
Digestion soil samples are prepared using a proce-
dure recommended by EPA, Method 3050B. Three
applications were carried out for the measurement
of calibration standards and measurement of sam-
ples. For each element calibration curve equation is
linear and passing through point zero. A quality
control material IAEA — Soil_7 was analyzed in
parallel with the soil samples and IAEA — 336 Li-
chen was analyzed in parallel with the biological
samples. To check the instrumental drift, an aque-
ous standard solution was analyzed after every
three-five samples.

RESULTS AND DISCUSSION

The measurements obtained by analyzing the
soil samples are presented in the Table 1. In this
table are presented: sampling points, code in AAS,
coordinates, mean concentration of lead, SD in
representative surface soil samples. From results
obtained we have calculated factor of HQ accord-
ing US EPA-2006, for representative surface soil
samples, their values ranged from 0.4 to 80.7. The
mean concentrations of lead in all surface soil
samples was found on the order 78 — 24207 mg/kg,
while in uncultivated soil ranged 139 — 24207
mg/kg and in cultivated surface soil samples
ranged 105 — 341 mg/kg. It was observed the mean
concentration of lead there is not unique distribu-
tion and the lead concentration was higher in un-
cultivated soils. The concentration of lead in the
some of the soil samples is found very high. The
highest concentration of lead was found in samples
that are collected in S_1 and S_14 points. These
points are very enclosing the factory and in this
area have a lot of solid wastes in soil. The concen-
trations of lead in representative soil samples are
compared with the MCL recommended by the Di-
rective 86/278/EEC, it is 300 mg/kg. The factor of
HQ in representative surface soil samples is found
in the order 0.42 — 80.69. The data presented in the
Table 1 are presented in graphical form as below.

Graph in Figure 2 is presented the lead con-
centration which was found in representative sur-
face soil samples, while graph in Figure 3 is pre-
sented the probability plot of lead in surface soil

Mech. Eng. Sci. J., 34 (1), 113-118 (2016)
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samples. Graph in Figure 4 is presented the lead
concentration in the uncultivated soil and graph in
Figure 5 is presented the probability plot of lead in
uncultivated soil samples. Graph in Figure 6 is pre-
sented the concentration of lead in cultivated soil
samples, while graph in Figure 7 is presented pro-
bability of Pb in cultivated soil samples. Graph in
Figure 8 is presented the factor of calculated HQ

for lead concentration was found in all surface soil
samples, while graph in Figure 9 is presented de-
pendence of lead concentration from distance of
factory. Graphs in Figures 10 and 11 are presented
dependence of lead concentration from distance of
factory, distributions of lead concentration respec-
tively in uncultivated and cultivated surface soil
samples.

Table 1
Sampling points and concentration of lead in surface soil and calculated of HQ
Nr. Sampling point Code in AAS Material Nord East Pb (mg/kg) £SD  HQ
1 S_1 P1 Tl Surface soil _UC  40°42"21.32' 19°58"56.74' 3008+33.09 10.0
2 S 2 P2 Tl Surface soil _UC ~ 40°42"21.61' 19°58"57.63' 5663+7.36 18.9
3 S_3 P3 Tl Surface soil _UC 40°42"22.40' 19°58"57.68' 1135+41.98 3.8
4 S_4 P4 Tl Surface soil _UC 40°42"24.18' 19°58"58.01' 5511+22.04 18.4
5 S_5 P5_T1 Surface soil _UC 40°42"22.08' 19°58"55.57' 397+3.00 1.3
6 S_6 P6_T1 Surface soil _UC 40°42"15.54" 19°58"53.06' 856+24.81 2.9
7 S_7 P7_T1 Surface soil _C 40°42"14 45" 19°58"53 .43' 333+19.32 1.1
8 S_8 P8_T1 Surface soil _C 40°42"09.06' 19°58"35.89' 105+6.53 0.4
9 S_ 9 P9_T1 Surface soil _C 40°42"09.23' 19°58"36.65' 329+35.15 1.1
10 S_10 P10_T1 Surface soil _C 40°41"58.97" 19°58"23.74' 200+£23.64 0.7
11 S_11 P11_T1 Surface soil _C 40°41"58.66' 19°58"22.29' 210+18.67 0.7
12 S_12 P12_T1 Surface soil _UC 40°42"04.20' 19°57"58.50' 13943.61 0.5
13 S_13 P13_T1 Surface soil _UC 40°42"04.20' 19°58"00.48' 177+45.67 0.6
14 S_14 P14_T1 Surface soil _UC 40°42"27.26' 19°58"59.67' 24207x11.00 80.7
15 S_15 P15_T1 Surface soil _UC 40°42"33 45' 19°58"57.86' 350+3.00 1.2
16 S_16 P16_T1 Surface soil _UC 40°42"34.04' 19°58"53.05' 342+12.00 1.1
17 S_18 P18_T1 Surface soil _UC 40°42"35.44' 19°58"56.36' 244+40.20 0.8
18 S_19 P19_T1 Surface soil _UC 40°42"31.29' 19°58"58.87' 951+28.00 3.2
19 S_20 P20_T1 Surface soil _UC 40°42"31.81' 19°58"59.00' 1203£22.00 4.0
20 S_21 P21_T1 Surface soil _C 40°42"31.33' 19°58"58.80' 236+9.70 0.8
21 S_22 P22_T1 Surface soil _C 40°42"31.03' 19°58"59.08' 228+12.00 0.8
22 S_23 P23_T1 Surface soil _UC 40°42"39.38' 19°59"05.72' 243+9.40 0.8
23 S_24 P24_T1 Surface soil _C 40°42"28.41' 19°59"02.91' 126+1.00 0.4
24 S_25 P25_T1 Surface soil _UC 40°42"23.70' 19°59"02.70' 460+0.30 1.5
25 S_26 P26_T1 Surface soil _UC 40°42"24 25" 19°59"00.87' 742+22.00 2.5
26 S_27 P27_T1 Surface soil _UC 40°42"22.67' 19°58"59.83' 384+0.40 1.3
27 S_28 P28_T2 Surface soil _UC 40°42"26.21' 19°59"01.29' 10614+3.00 354
28 S_30 S30_T1 Surface soil _C 40°42"04.97' 19°58"42.21' 341+1.11 1.1
29 S_31 S31_T1 Surface soil _C 40°42"06.07" 19°58"43.86' 185+2.70 0.6
30 S_34 S34_T1 Surface soil _C 40°42"08.13" 19°58"53 .46’ 14940.78 0.5
31 S_35 S35_T1 Surface soil _C 40°42"08.20" 19958"53.33' 163+0.94 0.5
32 S_36 S36_T1 Surface soil _UC 40°42"07.25" 15°58"52.39' 662+0.13 2.2
33 S_37 S37_T1 Surface soil _C 40°42"05.09" 15°58"59.73' 187+16.30 0.6
Directive 86/278/EEC 300

Mawi. unie.nayy. ciuc., 34 (1), 113-118 (2016)



116

M. Alushllari, N. Civici

100

Conenetration of Ph (me/ke

100000

10000

1

=
8

=)

0

S

1

Y SANEY A RN A o/

Probakbility Plot of Pb (ma/kag)
Lignosmal - 35% 01
Ll oy | “w s i ]
Li
I L3 - L] &l
= &
| - P 000
. | S— .
E= = »
Ew
f i
== = = = = = =
LLUERUEEREIERLORLELLE LORLERLL - 1
== = = = =4 =4 L - ..." ;
== = = = = = w7
HHHHAEHHRAEHRAEHRREHRRCH A
== = ] = = = L S ari
ACELGARCRRIEERIREERIEY L
i I I i i i ' & .
. f‘& L% % SN O ORI IS ] h 5o BRSNS M LRI H H “ m
Yy Y w»,,:.“_,\. \Q\A\A\Q\H\%\A\L‘”L‘ﬁ,ﬁw A ;Jﬁ “:’\ o %’\ “:Q ph[w
Fig. 2. The mean concentration of lead in topsoil Fig. 3. Probability of lead in soil samples
Concnetration of lead (mg/kg) in uncultivated soil samples Probability Plot of Pb (mg/kg) in uncultivated soil samples
Lognormal - 95% CI
% Loc 6817
Scale 1424
95 N 20
AD 0652
% P-Value 0.076

Percent

60
50
40
30
20
0
5

b o L
“)’\« \\«’é"

& Y
c-"‘/i‘g/fg/%/ >r9\\

YT

Fig. 4. Level of Pb in uncultivated soils.

T T T T
0 100 1000 10000 100000

Pb (mg/kg) in uncultivated soil samples

Fig. 5. Probability of Pb in uncultivated soils

Mech. Eng. Sci. J., 34 (1), 113-118 (2016)



The impact of industrial waste of the former battery production factory on surface soil around it

117

Concentration of lead in cultivated soil samples (mg/kg)

350
300

Q
o3

2!

G
IS

2

=1
IS

1

[
IS

1

wm o
S S

RN o e ok

%) ‘v"o‘”fa 5/ &/ %/5 o) 6 o &/ %

Fig. 6. Lead concentration in cultivated soils

Calzulate of Hazardoas Quoted for surface soil samples

r\_"

1000

\313

gy

T
el '. k3

1

Fig. 8. Calculated hazardous quoted of Pb

Probability Plot of Ph (mqukg) incultivated soil samples

Logecemal - 95% O

-
L0
T

L - ® L ]

# 7 =] erim

Lo ® s ATH

™~ -

= o'

™ W

= »

& &

» o

= -

= "

‘ -

o o

P (maflegl b Cultivaled woll emgde

Fig. 7. Probability of Pb in cultivated soils

m
m
(@]

0 200

400 600 800 1000 1200 1400 1600 1800 2000

Fig. 9. Dependence of lead concentration from distance

Depedence of lead concnetration from distance, Uncultivated

100000

-
10000 *
.

1000 +# o

100

1 i
0 200

' ' i ' i i i i
400 600 800 1000 1200 1400 1600 1800

Fig. 10. Distribution of Pb in uncultivated soils

CONCLUSION

Lead was present in all samples analyzed. His
level was found high in the representative surface
soil samples. But it was observed that the concen-
tration of lead in uncultivated soil samples was
higher than in cultivated soil samples. From the
results obtained it was observed that concentration

Mawi. unie.nayy. ciuc., 34 (1), 113-118 (2016)
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of lead in 12 from 33 surface soil samples is high,
concentration of lead was above the MCL, recom-
mended by Directive 86/278/EEC for concentra-
tion of lead in soil. In these points the calculated
HQ were high.

If calculated HQ factor in surface soil sam-
ples was higher than 1, then this territory is con-
taminated and this contamination is associated with
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the negative effects to both ecological and human
health. It was observed that distribution of lead
depending of distance from factory is decreased to
about 400 — 500 m distance from the factory. The
presence of lead in high concentration in represen-
tative soil samples was contributed by industrial
waste as a result of the activity of the factory.
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Abstract In the soil from the micro-locality E-NE-SE around the OHIS factory, an increased degree of
contamination with arsenic of anthropogenic origin has been detected. The objective of this research is an integral
perception of the soil state with this pollutant, aiming to determine options for remediation of the contaminated soil.
The basic parameters are being monitored for the extracted quantities of arsenic from various plant species that exist
at the micro-locality, in correlation with soil composition in the medium of the root system and the external factors.
Intention is to define the affinity of the existing plants for available forms of arsenic. Two natural inorganic raw ma-
terials have been appointed as potential materials for remediation of contaminated soil with arsenic from the micro-
locality: diatomaceous earth from the locality of Slavisko Pole and trepel from the locality of Suvodol. Applying the
extractors, their appropriate selective affinity and capacity for arsenic and other micro-elements is evident.

Key words: arsenic; soil; remediation; affinity

CEJIEKTUBHA EKCTPAKIINJA U TACUBU3ALIUJA HA APCEH U IPYT'U MUKPO-EJIEMEHTHU

OJ AHTPOIOI'EHO KOHTAMUWHHUPAHU NOYBHU

A mncTpack T Bo mousata ox mukponokamuteror M-CH-JU oxomy dabpuxata OXUC e nerexrupan
3rojleMeH CTEeNeH Ha KOHTAMUHHPAHOCT CO apCeH Ofl aHTPOINOreHo notekno. OCHOBHATA Lied Ha 0Ba HCTPaKyBame €
la ce no0ue MHTerpajiHa CiIMKa Ha cocTojboata BO MOYBaTa CO OBOj IOJIYTaHT, CO MOCOYYBamkEe HA MOKHOCTHTE 3a
peMenujandja Ha KOHTaMHMHUpaHaTa rousa. Ce ciegaT OCHOBHUTE HapaMeTpH 3a eKCTPaXHpaHUTE KOIMYMHU Ha
apceH o] CTpaHa Ha Pa3JIMYHM PACTUTEIHM BUJOBU 3aCTAalleHU BO HABEJCHHOT MUKPOJOKAIUTET, BO KOpelaluja co
COCTAaBOT Ha M0YBATa BO MEAMYMOT Ha KOPEHOBHOT CHCTEM M HaJ[BOPEIIHUTE (haKTopH, 3a Aa ce cornena ahuHUTETOT
Ha MOCTOJHUTE PAaCTeHHja KOH pocTanmHute Gpopmu Ha apceH. [locoueHn ce U aBe IMPUPOTHU HEOPTAHCKU CYPOBHHH:
IujaToMejcka 3eMja ox nokamureror Cnasumko Ione u Tpemen on noxamureroT CyBOION, KaKO IOTEHIMjAIHU
MaTepHjaii 32 peMe/injaliija Ha oYBaTa oJ HaBeJIeHHOT MUKPOJIOKAIUTET KOHTAMHHUpaHa co apceH. Co mpuMeHaTa
Ha eKCTPaKTOPHTE, TOKaKaH € HUBHUOT COOJIBETEH CEJICKTUBEH KaNaluTeT 1 aQHHUTET KOH apCeHOT U APYTH MUKPO-
€JIEMEHTH.

Kay4ynu 300poBH: apceH; mouyBa; pemeaujaiuja; apuauret

AIMS AND BACKGROUND

According to previously explicitly confirmed
contamination of the soil from the micro-locality
E-NE-SE around the OHIS factory [1-3], an at-
tempt has been made in order to define possibilities
of its remediation. Primarily, before initiating the

process of remediation, it is necessary to define the
soil parameters: the degree of contamination of the
soil, identification of the pollutants, their horizon-
tal and vertical distribution through the soil profile,
the form in which they exist, their stability and
solubility as well as their mobility. Also necessary
is soil to be defined, i.e. its structure, granulometric
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composition, chemical composition, mineralogical
composition, porosity etc.

Arsenic of anthropogenic origin exists in the
soil in various forms. It can easily transform from
one form into another, depending on external con-
ditions. Insoluble forms are dominantly fixed to the
solid phase of the soil and have a reduced availa-
bility. Soluble forms of arsenic exist in the soil
solution, have a high degree of mobility and are
available for the plants [4].

Plants don’t have equal affinity to all present
pollutants in contaminated soils, i.e. they have af-
finity to absorb only certain pollutants, which indi-
cates existence of selective extraction. According
to the literary review, the optimum results on ex-
traction of arsenic possess Chinese brake Pteris
vittata, which has the ability of hyper-accumulati-
on even with low concentrations in the soil. Also a
rather high affinity for extraction of arsenic from
soil is manifested by grasses Vetiveria zizanoides
and Vetiveria nemoralis [5-6].

Remediation of soil can be based on the prin-
ciple of passivation of heavy metals and reduction
of their availability. For that application, natural
inorganic raw materials with a high affinity to ap-
propriate micro-elements can be used. For a right
selection of potential materials, it is necessary pre-
viously to define their efficiency. Trepel, diatoma-
ceous soil, tuff, zeolites and other, demonstrate
respectable results for extraction of arsenic from
anthropogenic contaminated soil.

EXPERIMENTAL, RESULTS
AND DISCUSSION

With the aim to determine the quantity of the
extracted arsenic in plants, ICP-AES analyses on
various vegetative species that exist at the contam-
inated locality were performed. The tendency is to
define the affinity of plants for available forms of
arsenic, which would be an relevant indicator for
the potential process of soil remediation.

The plant samples were taken from two sam-
ple points with homogeneous contamination, with-
in the boundaries of the defined locality. The affin-
ity of plants for arsenic is in correlation with the
soil composition in the zones of the root system,
which is why for analysis samples of plants with
shallow and plants with deep root system were
sampling (Figures 1-4).

At the beginning of month of May, the plant
for analysis were sampling as a composite sample

of stem, leaf and fruit. This is the period when
vegetative growth of the most plants is of high in-
tensity, due to which the absorption of nutrients is
at its peak, incorporating arsenic (and other micro-
elements) from the contaminated soil.

Mech. Eng. Sci. J., 34 (1), 119-125 (2016)
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Fig. 4. Sample point 2 — Acacia (Robinia pseudoacacia)

The plant samples for analysis primarily were
dried at room temperature in the laboratory during
summer months of July and August. Then, they
were laboratory treated according to standard pro-
cedure for the ICP-AES analysis. Obtained results
are presented in Table 1.

Table 1

ICP-AES analysis of content of As (ppm)
in various plant species

Sample point 1 Sample point 2

Wheat Walnut Wheat Acacia

<0.1 <0.1 <0,1 0.35

From the presented results, it is evident that
acacia have higher extracted quantity of arsenic. It
has an adequate affinity for arsenic, therefore mak-
ing it a potential plant for use in the process of
phytoremediation of soil anthropogenic contami-
nated with arsenic. The confirmed extraction capa-
city of acacia was of relevant importance due to
the fact that climate conditions in Skopsko Pole, as
the farthest north part of the Vardar river valley,
present ideal conditions for its growth. Other sam-
pled plants of walnut and wheat do not demon-
strate affinity to extraction of arsenic from the soil.
The arsenic content in them was minimal and un-
der the detection limit of the ICP-AES method
which is defined as sophisticated and precise
method with a low limit of detection.

The contents of other micro-elements in the
sampled plants are presented in Tables 2 and 3.

Maw. unic. nayu. ciuc., 34 (1), 119-125 (2016)

Table 2

ICP-AES analysis of content of micro-elements
(ppm) in various plant species,

Sample point 1

Wheat Walnut
B 886 1411
Cd <0.05 <0.05
Co <0.05 <0.05
Cr 0,20 0.26
Cu 696 146
Li 004 0.06
Ni 221 249
Pb 0.68 0.51
v <0.05 <0.05
Zn 185 271

Table 3

ICP-AES analysis of content of micro-elements
[ppm] in various plant species,

Sample point 2

Wheat Walnut
B 918 970
Cd <0.05 0.07
Co <0.05 < 0.05
Cr 017 021
Cu 500 671
Li 0.02 0.03
Ni 171 508
Pb 0.47 0.49
\ < 0,05 0.09
Zn 181 199

From the presented results, acacia can be part-
ly defined as selective extractor of nickel. Walnut
manifests a tendency for extraction of zinc and
boron, and wheat for extraction of copper from the
soil.

Plants from an agricultural soil were cyclical
harvested and along with them the extracted arse-
nic (as well as other present pollutants). A continu-
al reduction of arsenic content in soil is notable,
resulting by misbalance between available and un-
available forms of arsenic in the soil, creating con-
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ditions for its reversible transformations and mi-
grations. It is not the case with non-agricultural
soil where plants aren’t harvested. Therefore the
arsenic content (and other micro-elements) in the

80 -

topsoil horizon is minimally lower at agricultural
soil whet compared to non-agricultural soil (Fig-
ures 5 and 6).
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Figure 5. Histogram of content of As and other micro-elements (ppm) in the topsoil horizon (0-20 cm)
in agricultural and non-agricultural soils. Sample point 1
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Fig. 6. Histogram of content of As and other micro-elements (ppm) in the topsoil horizon (0-20 cm)
in agricultural and non-agricultural soils, Sample point 2

Two natural inorganic raw materials as poten-
tial materials for remediation with the method of
passive decontamination on contaminated soils
from the defined locality have been appointed in
this research.

Diatomaceous earth from the locality of
Slavisko Pole is of white colour and fine grained
structure. The raw material is sedimentary rock of
the type silicite-diatomite, with biogenic (phyto-
genic) origin. The structure is crypto-crystalline to
amorphous, and the texture is very low layered and
massive to homogeneous. It is dominantly consist-
ed of cryptocrystalline amorphous mass of SiO,
Fine grains of quartz and feldspars can be present
as impurities. The raw material absorbs water easi-

ly, which indicates it is highly porous. Some of
basic physical properties are: specific mass 2.355
g/cm’, volume mass 0.928 g/cm’, porosity 60.58 %
(open porosity 46.59 %, closed porosity 13.99 %),
water absorption 50.20 % [8].

The second examined material is trepel from
the locality of Suvodol, Bitola. The raw material
represents a gray to gray white colour sedimentary
rock (of biogenetic origin) with fine to superfine
grained structure. The trepel is consisted of a mi-
cro-cryptocrystalline ground mass composed of
opal with very fine to superfine grained quartz,
feldspars, chlorites and illite inclusions inside.
Some of basic physical properties are: specific
mass 2.413 g/cm’, volume mass 0.658 g/cm’, po-

Mech. Eng. Sci. J., 34 (1), 119-125 (2016)
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rosity 71.53 % (open porosity 56.48 %, closed po-
rosity 15.05 %), water absorption 89.35 % °.

During the process of remediation, materials
extract water soluble arsenic. In order to define
affinity of named materials for arsenic and other
micro-elements, an appropriate experiment has
been conducted. Distilled water is diffused through
mounted glass tubes with soil horizons of identical
and quantitative proportional vertical arrangement
as the soil profile in it. Rain fall is also simulated
for saturation of the soil with water, conditions
characteristic for arsenic with maximum water sol-
ubility. Then, water that diffuse through the soil
(soil solution) also diffuse through a layer of dia-
tomaceous earth and trepel (with grain dimensions
of 3 — 5 mm) arranged in the same tubes. Using the
ICP-AES analysis the content of remain fixed ar-
senic in the materials is determined. The results are
presented in Table 4.

Table 4

ICP-AES analysis of content of As (ppm) before
and after contamination of the raw materials

Diatomaceous earth Trepel
Before After Before After
7.10 8.64 5.78 7.02

The mass of the material, the mass of the soil,
the arsenic content in the soil as well as the volume
of water diffused through the material are precisely
defined, which theoretically allows determination
of the quantity of extracted arsenic. For diatoma-
ceous earth the quantity of extracted arsenic is
72 %, and for trepel it is 56 %.

According to the defined physical properties,
chemical and mineralogical composition, it empha-
sizes the positive influence of materials in the soils
treatment as regulator of porosity and regulator of
the accumulative water capacity. The materials
would be exceptionally effective by application of
separated granulometric fractions.

Results for other micro-elements are present-
ed in Tables 5 and 6.

In the context of the previous conclusions, the
histograms are presented in Figures 7 and 8.

According to the results from the ICP-AES
analysis, it is evident that applied materials have
affinity for extraction of micro-elements, which

Maw. undic. nayu. ciuc., 34 (1), 119-125 (2016)

emphasizes a potential capacity for cationic substi-
tution. There is a higher affinity of diatomaceous
earth for extraction of nickel and chrome, whereas
trepel manifests a tendency for extraction of cop-
per from anthropogenic contaminated soils.

Table 5

ICP-AES analysis of content of micro-elements
(ppm) before and after contamination
of diatomaceous earth from Slavisko Pole

Before After
contamination ~ contamination

B 23.86 24.13
Cd <1 <1
Co <1 <1
Cr 8.96 12.24
Cu 25.10 26.56
Li 4.71 6.23
Ni 3.83 7.96
Pb 33.93 35.46
\Y 49.80 54.34
Zn 79.58 84.26

Table 6

ICP-AES analysis of content of micro-elements
(ppm) before and after contamination of trepel
from Suvodol

Bef.ore. Aft.er .
contamination  contamination

B 14.64 14.89
Cd <1 <1

Co <1 <1

Cr 27.31 31.83
Cu 40.27 4143
Li 18.32 20.24
Ni 39.32 42.61
Pb 15.30 16.49
\Y 60.03 64.86
Zn 78.58 82.12
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Fig. 7. Histogram of content of As and other micro-elements (ppm) before and after contamination of diatomaceous earth
from Slavisko Pole
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Fig. 8. Histogram of content of As and other micro-elements (ppm) before and after contamination of trepel from Suvodol

CONCLUSION

In the defined locality, E-NE-SE from the
OHIS factory, a higher level of soil contamination
with arsenic of anthropogenic origin has been de-
termined.

Plants continually reduce the content of arse-
nic in the soils of the contaminated micro-locality
through extraction of available water soluble forms
of arsenic. Selective extraction of arsenic has been
evidenced by analysis of several plant species from
the researched area. Namely, acacia has a high af-
finity for arsenic extraction, unlike wheat and wal-
nut which have a minimal affinity for arsenic.
Acacia is a partial extractor for nickel from soil,
walnut for zinc and boron, and wheat for copper.

There has been a selection of natural inorgan-
ic materials for the processes of decontamination.
Diatomaceous soil from Slavishko Pole and trepel
from Suvodol present positive results at remedia-
tion of contaminated soil, and appointed as passive
decontaminants that available water soluble forms

of arsenic and other micro-elements would fixate
and transform into unavailable stable form for the
plants. They have a higher cation exchange capaci-
ty (CEC). Trepel has affinity for extraction of cop-
per, whereas diatomaceous earth has affinity for
extraction of chrome and nickel from contaminated
soil.
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INTENSE RAINFALL AND DEGREE OF REMOVAL OF POLLUTING PARTICLES
FROM THE AIR OVER SKOPJE
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A bstract: The intensity of precipitation is a major parameter in the calculation of the size of precipitation
and deployment of water sediment in time and space. The intensity of rains can be determined by the duration of the
rainfall and according to probability of an occurrence of rainfall, which is defined as the probability of an occurrence
for a number of years. The emergence of atmospheric pollution, which unfortunately is increasingly present in the
Republic of Macedonia, is a consequence of the water pollution sediment that fall to the ground and thus the rain-
drops absorb the filth in the atmosphere. The filth is then transported through sewers to the recipients, and then they
are exposed to further pollution. By analyzing the most common occurrences of the intensive rainfall, the size of rain-
fall in the Skopje region is found, which depends on the size of the fallen precipitation and duration of rainfall that is
shown by mathematical curves (hyperbolic functions) that define the size of the rains in depending on the appearance
of rain in a period of time (once in two years, once a year, twice a year or once every five years). Processing of tabu-
lar displays of polluting matter or their concentrations in air and precipitation intensity gives the values of the neces-
sary critical (minimum) rain to naturally purify the atmosphere. In this way, the optimal values of intense rainfall are
received, which purify the atmosphere without causing flooding or raise the level of groundwater.

Key words: hydrological cycle of rainfall; mathematical modeling of hydrological cycles; hyperbolic functions;
curvilinear regression coefficient; concentration of pollutants; critical value of rainfall

HMHTEH3UBHU BPHEXXU U CTEIIEHOT HA OTCTPAHYBAILE HA 3ATAJITYBAUYKUTE YECTUYKHA
OJ BO31YXOT HAJI CKOIIJE

A mcTpak T VHTEH3UTETOT Ha BPHEXHUTE € TIIABHUOT Mapamerap 3a MpecMeTKa Ha 00eMOT Ha BPHEXKUTE U
CTal[MOHHUPAhe HAa BOJHHUOT TAJOr BO BpeMe W HpocTop. VIHTEH3UTETOT Ha BPHEXKHUTE MOXE [a c€ OAPEIU HPEKy
TPaCHETO Ha BPHEXKHUTE U CIIOpE] BEpojaTHOCTA Ha I0jaBaTa Ha BPHEXH, KOja ce Ae(UHUpA KAaKO BEPOjaTHOCT 3a
nojaea 3a oxpeneH 0poj roxunu. IlojaBata Ha aTMOC(EPCKOTO 3aragyBame, KOE 3a JKal € BO mopact Bo PemyOinka
Make/oHHja, € MOCIEANIIa O TAIOTOT OJ] 3arajieHa Boja Koja mafa Ha 3eMjaTa Ha TOj HAQ4WH IITO KAIKUTE TOXK] ja
aricopbupaar HeyncToTHjaTa on arMocdepara. HeuwncroTujata motoa ce mpeHecyBa MpeKy OABOJHUTE KaHAIU 10
KOPHCHHUIIUTE, CO IITO THE CEC M3JIOKYBaaT Ha MOHATAMOIIHO 3aragyBame. [IpeKy aHamm3a Ha HajuecTUTE IOjaBH Ha
WHTCH3MBHU BPHEXKH HajleH € 00eMOT Ha BPHEXH BO pernoHOT Ha CKorje, KOj 3aBHCH O O00EMOT Ha IMaJHATUTE
BPHEXXH U TPAaCHETO Ha BPHEXKUTE IUTO € MPHKAKAHO CO MATEMAaTHYKU KPHBH (XHUIEPOONMYHH (DYHKLHH) KOH IO
neuHUpaaT 00eMOT Ha JOXKIOBUTE BO 3aBUCHOCT O] TI0jaBaTa Ha JIOJKI BO OJPE/ICH BPEMEHCKH IEepUOA (eqHAII BO
JIBE TOAVMHH, SAHAII TOAMIIHO, BA MATH TOJMIIHO WM €IHAII Ha ceKou metT roaunn). O6paboTkarta Ha TabenapHUTE
[PHKa3d Ha 3araJyBavykKHTe MaTEPHU MM HUBHATA KOHIEHTPALMja BO BO3AYXOT U MHTCH3UTETOT HA BPHEXKU TH 1aBa
BPEAHOCTUTE Ha IMOTPEOHMOT KPUTHYEH (MHHHUMAJICH) JO0X] 3a MPUPOIHO Ja ja ucyucTu atMocdepara. Ha oBoj
HaYUH ce TOOMCHH ONTHUMAIHHUTE BPEIHOCTH HAa MHTCH3MBHM BPHEXH O IOKA KOM ja MPOYHCTyBaaT aTMocdepara
6e3 1a mpeau3BHUKaaT MOIUIABH MM J1a TO TIOAUTHAT HUBOTO HA MOA3EMHUTE BOMH.

Kunyunu 360poBH: XUIPOJIOMIKU LUKIYC HAa BPHEXH; MATEMATHIKO MOJICIMPAthe Ha XUAPOJIOLIKH [IUKITYCH;
XHUIepOOTMYHH (YHKIIM; KOSHUIIUESHT Ha KPUBOJIIMHUCKA PEerpecuja;
KOHIIGHTpAllKja Ha 3arajyBadd; KPUTUYHA BPSAHOCT HA BPHEIKHTE

INTRODUCTION deployment of water sediment in time and space.
) ) ) ) ) The intensity of rains can be determined by the
The intensity of rainfall is a major parameter duration of the rainfall expressed as total rainfall in

in the calculation of the size of precipitation and minutes and according to the probability of occur-
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rence of rain defined as the probability of occur-
rence of intense rain for a number of years.

The emergence of atmospheric pollution,
which unfortunately is increasingly present in the
Republic of Macedonia, is a consequence of the
pollution of the water sediment that falls to the
ground and thus raindrops absorb the filth in the
atmosphere.

The level of atmospheric pollution and height
of rain clouds over the country result in greater or

lesser purification of the atmosphere by precipi-
tation.

In the Skopje region, there are solid measure-
ments of the intensity of the rain fallen conducted
by Hydro-Meteorological Administration. The hy-
drological cycles can accurately calculate the
amount of precipitation fallen in the Skopje region.

Table 1 is the average values of the fallen rain
for time period from 1963 to 2012 which is a time
period of 49 years.

Tablel
The average values of the fallen rain for time period from 1963 to 2012
Month I 1T . Iv \ VIl VIII IX X XI XII Sum
Rainfal (mm) 30 29 38 40 43 38 36 34 49 45 48 483

The values in Table 1 refer to the rainfall du-
ration of precipitation 24 hours. This data can im-
mediately determine the size (abundance) of pre-
cipitation qr expressed in gr (I/s/ha).

For different lengths of precipitation is differ-
ent and size gr fallen rain. Frequently, the rain is
analyzed with durations of 5, 10, 15, 20, 25, 30, 40
and 60 minutes. Also, beside the duration of the
fallen rain and analyze the emergence of a rain ob-
served by time frame the scale, expressed in years
with intensity occur once every few years (10, 20,
50, 100 and more years) may create problems thus
causing floods, raising water levels and similar
problems in the daily life of people.

Also, the recovery period of the appearance of
the rains is analyzed, which we can actually defend
the rains. These time periods are mostly appear
twice a year, annually, every two years and once in
five years. Figure 1 is a graphic representation of
the layout of curves that reflect the appearance of
rain. Because of the detailed analysis of the rainfall
in the Skopje region, which graphically displays
the form of hyperbolic curves, it remains only to
define the equations of the given hyperbolic
curves.

The mathematical equations defining the hy-
perbolic functions will be performed by means of
defining the size of precipitation which is a func-
tion of the size of precipitation gr (1 /s/ha), depend-
ing on the duration of the precipitation 7 (min).

Table 2 is the size and intensity of precipitati-
on for a return period of twice in one year or the
occurrence probability of P = 99.99%.

100

a0

80

ﬂ,—b

60
50 -
A0 —
30 +—
20 +——
10 -
o !
0 50 100 150
Twice a year frequency —m—Two Years Frequency
of return of Return
—e—One Year Frequency of ~ —a— Five Years Frequency of
Return Return
Fig. 1. Graphic representation of the layout of curves that

reflect the appearance of rain

Table 2

The size and intensity of precipitation for a return
period of twice in one year or the occurrence
probability of P = 99.99%

T H 1 -
Number — in)  (mm)  (mm/min) (Usq/ha)
1 5 19 0.380 63.346

2 0 3.1 0.310 51.677

3 20 41 0.205 34.174

4 40 41 0.103 17.087

5 60 41 0.068 11.391

6 90 41 0.046 7.5941

7 150 59 0.039 6.5569

8 300 73 0.024 40564

9 720 73 0.010 1.6902

10 1440 73 0.005 0.8451
Sum 2835 492 1.190 198.42

Mech. Eng. Sci. J., 34 (1), 127-132 (2016)
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Figure 2 is a graph of the hyperbolic function
by defining the equation of hyperbolic function
and the curvilinear coefficient regression.

The hyperbolic function with a return period
twice in one year or the occurrence probability of
P =99.99%, has the following equation

286.26
qr= 707

and curvilinear regression coefficient R* = 0.9885.

Table 3 is the size and intensity of precipi-
tation for a return period once in a year or the oc-
currence probability of P =99%.

Figure 3 is a graph of the hyperbolic function
by defining the equation of hyperbolic function
and the curvilinear coefficient regression.

100.00

£0.00

—#—Series1

—— Power (Series1)

Fig. 2. Hyperbolic function by defining equtation
of hyperbolic function and curvilinear coefficient regression

Table 3

The size and intensity of precipitation for a return
period once in a year or the occurrence
probability of P = 99%.

T H 1 qr

Number i) (mm) (mm/min)  (s./ha)
1 5 2.6 0.520  86.684
2 10 49 0490  81.683
3 20 66 0330 55011
4 40 78 0.195 32507
5 60 9.8 0.163 27228
6 90 106  0.118 19.634
7 150 114 0076 12.669
8 300 1385  0.046 7.696
9 720 143 0020 33108
10 1440 145 0010  1.6786
Sum 2835 9635  1.968 328.1

Mawi. unie.nayu. ciuc., 34 (1), 127-132 (2016)
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Fig. 3. The hyperbolic function by defining the equation of
hyperbolic function and the curvilinear coefficient regression

The hyperbolic function with return period
once in a year or the occurrence probability of
422.08

T0,72
and a coefficient of curvilinear regression R* =
0.9752.

Table 4 is the size and intensity of precipitati-
on for a return period once every two years or the
occurrence probability of P = 50%.

Figure 4 is a graph of the hyperbolic function
by defining the equation of hyperbolic function
and curvilinear coefficient regression.

P =99%, has the following equation gr=

Table 4

The size and intensity of precipitation for a return
period once every two years or the occurrence
probability of P = 50%.

Number T " ! . ar
(min) (mm) (mm/min) (I/sek/ha)
1 5 6.622 1.3244 220.77
2 10 10.198 1.0198 170.00
3 20 14.309 0.71545 119.265
4 40 17.49 0.43725 72.89
5 60 19.005 0.31675 52.802
6 90 20.237 0.22485 37.484
7 150 22.774 0.15183 25.3095
8 300 25.465 0.08488 14.15
9 720 30.004 0.041672 6.946
10 1440 34.792 0.024161 4.027
Sum 2835 200.896 4.341 723.6435

The hyperbolic function with return period
once every two years or the occurrence probability
of P = 50%, has the following equation

_947.37

qr= T0A734

gression R* = 0.9903.

and a coefficient of curvilinear re-
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Fig. 4. the hyperbolic function by defining the equation of
hyperbolic function and curvilinear coefficient regression

Table 5 provides the intensity and size of pre-
cipitation for a return period once in every five
year or the occurrence probability of P = 20%.

Table 5

The size of precipitation for a return period once
in every five year or the occurrence probability

200
250
150 }
0 R y — 1392.9x 0738
Pes = B?2-00295
0 500 1000 1500 2000
—+—Scrics1

Fig. 5. The hyperbolic function by defining the equation of
hyperbolic function and curvilinear coefficient regression

Table 6

The analyzed curves with its required parameters

Return Occurrence Curvilinear

Number period probability Curves coefficient

in years (%) regression
286.26

1 2/1 99.99 qr= 7077 R? =0.9885
422.08

2 1 99 9r="ram R*=0.9752

94737

3 2 50 qr = 707 R==0.9903
1392.9

4 5 20 qr=""om R®=0.9895

of P=20%.
Number (mTin) (nffn) (mmfmin) (1/2/;121)
1 5 9.466 18932 315.596
2 10 15217 15217 253.667
3 20 21.049 1.0524 175.443
4 40 25.73 0.6432 107.229
5 60 27.759 0.4626 77.124
6 90 29.139 0.3237 53.971
7 150 31.856 0.2124 35.402
8 300 35.62 0.1187 19.7928
9 720 43.825 0.0608 10.146
10 1440 50457  0.03503 5.841
Sum 2835  290.118  6.3237 10572118

Figure 5 is a graph of the hyperbolic function
by defining the equation of hyperbolic function
and curvilinear coefficient regression.

The hyperbolic function with return period
once in five years or the occurrence probability of

1392.9

0.738
T

P = 20%, has the following equation gr =
and coefficient of curvilinear regression R* =
0.9895.

Table 6 is a tabular presentation of the ana-
lyzed curves with its required parameters.

According to previous analyses that were per-
formed for the air quality in the Skopje valley, the
most frequent and common pollutants separated
organic components are as follows:

1) organochlorine pesticides;

2) azotophospheric pesticides;

3) PCBs;

4) PAHs;

5) Fenoli.

Some will say why pesticides, when the city
is urban, not agricultural land. These pesticides
have been used for over 50 years. Many are
banned, but under other names, they are still used.
Their average time of semi-disintegration is over
100 years. As a consequence of the long time of
semi-disintegration, they are present in the atmos-
phere, and with the movement of atmospheric mas-
ses, they are moving across the world, especially in
the Northern Hemisphere. When analyzing the
rainwater, disappointing results were received.
This type of pollution is also called transboundary
pollution.

Mech. Eng. Sci. J., 34 (1), 127-132 (2016)
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Pollutants with ordinal numbers 3, 4 and 5 are
mostly of local type and are due to local processes.
These processes are combustion of fossil fuels, in-
dustrial processes, various chemical processes,
reckless oil spillage, chemicals and other compo-
nents in urban environments and sewers, and the
presence of many plastic products and waste from
them.

Measured concentrations of these pollutants
are within, through which we could make an as-
sessment on it (mg/1) and water (mg/kg) substance.
All this requires a specialized laboratory in order to
carry out these analyses, and an even more special-
ized team of chemists who can make these analy-
ses on existing global standards. A second charac-
teristic for mention is (mg/kg) substance, because
the atmospheric water transport and have a strong
component of different grain sizes, which in itself
has accumulated a large amount of pollutants.
Every one of these existing standard samples sho-
uld contain the following components the state of
environmental pollution from organic pollutants.
Pollutants that are found in the atmosphere are
given in Table 7.

Table 7

Pollutants that are found in the atmosphere in
Skopje air beetwen November 15, 2015 and
January 15, 2016 (all measure pollutants)

Organochlorine pesticides
o — HCH

B -HCH

8- HCH

Heptachlor

Aldrin

Heptachlor epoxide
Endosulphan-alfa
Dialdrin

Endrin
Endosulphan-beta
4,4’-DDD (p’p’-DDD)
Endrin aldehyde
Endrin sulphat

DDT

DDE

Endrin ketone
Methoxychlor

PCBs

PCB-28 (2,4,4 Trichlorobiphenyl)
PCB-52 (2,2’,5,5" Trichlorobiphenyl)
PCB-101 (2,2’,4,5,5’ Pentachlorobiphenyl)
PCB-118 (2,3’,4,4°,5 Pentachlorobiphenyl)
PCB-163 (2,3,3’ 44,5 HexachloroBbphenyl)

Mawi. unie.nayu. ciuc., 34 (1), 127-132 (2016)

PCB-105 (2,3,3’ 4,4’ Pentachlorobiphenyl)
PCB-138 (2,2°,3’,4,4’,5 Hexachlorobiphenyl)
PCB-156 (2,3,3’ 4.4’,5 Hexsachlorobiphenyl)
PCB-180 (2,2°,3,4,4°,5,5 Heptachlorobiphenyl)
PCB-209 (2,2’,3,3° 4,4°,5,5’,6,6° Decachlorobiphenyl)

Phenols

Pentachlorophenol
Phenol

2-Chlorophenol
2-Methyl-4,6-Dinitrophenol
2-Nitrophenol
2,4-Dichlorophenol
2.,4-Dimethylphenol
2,4-Dinitrophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
4-Chloro-3-methylphenol
4-Nitrophenol

PAHs

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,ib)perylene
Benzo(a)pyrene
Chrysene
Dibenzo(a,h)anthracene
Fluorene
Indeno(1,2,3-c,db)pyrene
Naphthalene
Phenanthrene

Pyrene

Perylene

Azotrophosphoric pesticided

Atrazin
Azinphos-ethyl
Azinphos-methyl
Bentazon
Dichlorvos
Fenitrothion
Fenthion
Malathion
Parathion-ethyl
Simazine
Methomil
Fosmet

Captan
Alachlor
Napropamid
Terbumeton
Terbuthylazine
Folpet

Lanate

Note: In Macedonia there is such a laboratory with qualified
chemists that are not used.
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To place an assessment of the quality of water
and soil, the analysis must be performed continuo-
usly for at least 3 years, while the optimum is 10
years. Sampling should be monthly or every 3
months after one sample thereby include minimum
water (October and January).

Among other information, the system for
draining rainwater must be separated from the sys-
tem for fecal matter, due to the nature of pollutants
and to complete the specialized treatment plants
before the waste water led to the river of Vardar.
Atmospheric water pollution is specific and re-
quires specific types of advanced treatment plants.
These methods have been developed in the last ten
years and can provide water purification above
95%. The removal of priority pollutants (Water
Directive) can ensure high reliability.

With this type of waste water treatment
plants, the advanced design is relatively small, but
highly efficient, and it uses advanced purification
methods, using several types of natural bacteria.
There is no need for use of genetically modified
bacteria. This method provides high reliability and
environmental neutrality at work. In using them,
the need arises for the existence of a highly sophis-
ticated laboratory for the control of the water out-
put.

A characteristic of this process is that we can
use domestic technologies, technical solutions and
advanced analytics, all that which we own in the
Republic of Macedonia. We just have to want to
use it.

Pollutants in the air over Skopje, which have
appeared in the period from November 15, 2015 to
January 15, 2016 in the Skopje valley, are elimi-
nated by the rain that ranges of average rainfall.
The amount of rain fallen in the given period
ranged between 35 mm and 45 mm of precipita-
tion.

The intensity of the fallen rain can easily be
calculated by hyperbolic curves defined by inten-
sive rainfall with a certain probability and a certain
return period.

The dimensioning of the Skopje sewerage
adopted is intense rain with return period once
every two years. This rain is defined by the follow-

947.37

ing mathematical equation qr:W. For the

duration of the rain of 30 minutes, the size is fallen

94737 _ 78.04 (I/s/ha).

rami1s gr = W

The rainfall is far below the maximum values
that are relevant for dimensioning of the sewers for
the Skopje region and the size of rain is authorita-
tive for dimensioning.

CONCLUSIONS FROM THE ANALYSES

The main conclusion of the conducted analy-
ses is that the air above the city of Skopje is pol-
luted enough to be a problem for the health of resi-
dents of the city of Skopje. Also, the natural way
of purifying the polluted air with rain is problem-
atic because of all the pollutants from organic and
inorganic origin falling to the ground and contami-
nating the soil, and the river of Vardar, without
these substances, is already sufficiently contami-
nated.

It’s necessary to construct waste water treat-
ment plants as treatment of fecal sewage and water
treatment plants for treatment of storm water.

Also needed is the constant monitoring of
precipitation for the purpose of updating the data
required to determine the values of curves through
occurrence probability which you can size the ca-
pacity of sewers and treatment plants for sewage.
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A bstract: After the accident situations, tests of the quality of underground water on piezometers have been
performed in complex process systems industry. Measuring apparatuses were placed in the vicinity of complex proc-
ess systems area at the depth of 50 m. Results have shown that the water is of low quality. We came to a conclusion
that the underground water in the vicinity of main piezometers is polluted. At the complex process systems (example
1) area results of these tests indicate a higher amount of organic substance in the water. The amount of reduction pro-
duce such as ammonium ion has also been increased. The amount of halogen hydrocarbon is very high as well. In a
sample taken at the depth of 45 m there is a high amount of hydrocarbon, originating from oil. There is aromatic hy-
drocarbon at all depths (benzene, toluene, xylene). The amount of phenol is high, whereas the amount of mercury is
low. Tests have proven that substances of pyralen type are also present. Samples at all depths have high specific con-
ductivity. Results of the tests performed in the vicinity of complex process systems (example 2) area shown enor-
mous electrolytic conductivity of samples at all depths. At 25 m and 45 m we found a high amount of reduction pro-
duce of the ammonium ion type, as well as organic and pyralen substance load. On the basis of the provided informa-
tion, it is obvious that we are dealing with a long-term pollution of the environment. The paper presents soil remedia-
tion technologies that can be successfully used for problems.
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MOHUTOPHHI' HA ITIOJI3EMHMU BO/JIM 11O BPEMEHCKH HEITIOI'OAU

AmcTpaxkT: [To BpeMEHCKHTE HEOrO/IH, € TECTUPAH KBAJIMTETOT HA TIOJ3EMHUTE BOAU BO HE30METPHUTE BO
HHJYCTpHjaTa Ha KOMIUICKCHH CHCTEeMH 3a 00paboTka. Bo Gii3nHa Ha obnacta co KOMIUIEKCHHTE CHCTEMH 3a 00pa-
00Tka BO MME30MeTpHyTe Oea MMOCTaBeHH MEpHM amapatd Ha jnabounsa ox 50 merpu. Pesynrtature mokaxaa neka
BOJIaTa € CO HU30K KBauTeT. Jl0jI0BME 10 3aKIIy4OK JeKa BO OJM3MHA HA INIABHUTE MME30METPH MO3eMHATa BOJa €
3arajieHa. PeynTature o] mpUMEpoLMTe 3eMEHH 07 00J1acTa co KOMIUICKCHUTE CUCTEMH 3a 00paboTka (mpumep 1)
MOKarkaa MPHUCYCTBO HA BUCOKO KOJIMYECTBO OPraHcKa CyICcTaHIMja Bo BojaTa. ConpKMHATA HA MPOLYKTH HA PELyK-
L1ja KaKo LITO € jOHOT Ha aMOHMYM, € UCTO Taka 3rojeMeHa. MHOry BHCOKa € M COAP)KMHATA HAa XaJIOTeHH jarieBo-
nopoad. Bo nmpumepokor 3eMeH Ha JutabodnHa o 45 METpH MMa BHCOKO KOJIMYECTBO jarjeBOJOPOi, CO MOTEKIO OJ
Hadra. Ha cekoja mmabounHa ce NpUCYTHH apOMaTH4YHHU jarieBogopoau (OeHseH, TyneH, kcuieH). Comp)KuHaTa Ha
(heHoN € UCTO Taka BUCOKA, NOJEKa KOJIMYECTBOTO HA )KUBA € HUCKO. TECTOBHUTE MOKaXaa JieKa e MPUCYTHH U CyII-
CTaHLUK O]l TUIIOT Ha mupaieH. [Ipumepouure o cure [UIab0YMHU UMaaT BHCOKA creluprIHa CIPOBOIUBOCT. Pe-
3yJNITATUTE OJ] TECTOBUTE M3BEICHM BO OJM3MHA Ha oOJiacTa CO KOMIUICKCHHUTE CHUCTEMH 3a 00paboTka (mpumep 2)
MOKa)kaa OrPOMHa €JICKTPOJIMTHA CITPOBOAJIMBOCT Ha CHTE MIPUMEPOLM Ha cute janabounnu. Ha 25 meTtpu u 45 metpu
HajJJ0BME BHCOKO KOJHMYECTBO Ha MPOIYKT Ha PeIyKUHja OJf THIOT Ha jJOHOT Ha aMOHHYM, KaKO U OPTaHCKH U IH-
pajiHu cyncraHiuu. Bp3 ocHOBa Ha JOOHEHHTE MOJATOLH, jACHO € JIeKa CE COOYyBaMe CO 3arajyBame Ha )KUBOTHATA
cpenuHa Ha 10iar pok. TpyJoT I'u mpeTcTaByBa TEXHOJIOIHHUTE 3a CaHAIMja Ha OYBAaTa KO MOXKAT YCIIEIIHO Aa Ouaat
HNPUMEHETH NPU HACTAHATH MPOOIIEMH.

Kﬂy'-[l-ll/l 360POBI/IZ MOHHUTOPHUHI'; IHE30METPHU; XEMHUCKHU aHAJIN3U; IOA3EMHU BOAU

INTRODUCTION tion of organic origin. It is enough to express the
fact that the pollution caused by hydrocarbons use
lessness million times larger quantities of water in
relation to the initial pollution. Yet the nature of
the event processes, which in a certain way reduce
the initial concentration of pollutants, so it comes

Ground water pollution is one of the most
dangerous forms of contaminating the natural envi-
ronment. Pollution of ground water is very difficult
or impossible to clean, especially if the contamina-
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to cleansing ground water to some extent. The dan-
gers of pollutants of ground water can come from
various sources, ranging from industrial waste wa-
ter, municipal water settlements, waste water in
agriculture and other human activities that threaten
surface water and water reservoirs (Pocuca, 2008).
This paper presents the risk of pollution caused by
a sudden release of hazardous and toxic pollutants
in the country after the accident situations. The
main concern in the protection of ground water
against pollution must have a preventive character,
taking the necessary measures to prevent harmful
impacts. The monitoring plan and regular analysis
of the results enables timely response.

SOIL REMEDIATION TECHNOLOGY

There are many developed and applied reme-
diation (decontamination) technologies in the
world. They are used for decontamination of the
polluted objects and new ones are frequently deve-
loped whilst the old ones are upgraded. They differ
relative to the medium on which they could be ap-
plied, to the contaminating substances they re-
move, to their efficiency and expenses per polluted
medium unit and to the duration of the remedia-
tion. They are most commonly divided to those
that could be applied to the solid mediums (soil,
sediments, silt and solid waste) and those that
could be applied to water (ground water, surface
water, filtered water and waste water) [1, 2].

The remediation technology, itself, could be
the source of further pollution spreading or of po-
Iluting other mediums. All preventive steps should
be taken in order to prevent such events. The pres-
ence of contaminating substances in the polluted
area, the nature and the location of the polluted
area dictate the use of several technological op-
tions.

The remediation technology could be in situ,
which is implemented on the polluted area and ex
situ, which requires removal of the polluted mate-
rial to be processed away from the polluted area.
Many scientists can separate the technology opti-
ons according to the medium to which they are
applied, or according to the types of the contami-
nating substances, because different substances
have different characteristics and different reac-
tions hence they need to be treated differently in
order to be removed.

The types of remediation technology which
remediate soil, silt, sediments and solid waste pol-
luted with evaporative and semi-evaporative or-

ganic compounds, oil and oil products as well as
with inorganic substances are all presented in the
Table 1. The table presents the status of techno-
logy, availability, implementation, remediation
time and overall expenses. Data presented regar-
ding the status, availability and the expenses are
relevant to the USA situation in 1995.

The interpretation of the table items:

— the status of technology relates to the level
of technology development (is it developed to be
commercially applied or is it in pilot project
phase),

— availability implies the number of the spe-
cialized companies that are able to perform the
necessary planning and do the remediation (} un-
satisfactory — only 2 companies at the most can
perform the job, f{ average 2-4 companies can
perform the job, {17 satisfactory — there are more
than 4 companies specialized to use the technology
in question),

— implementation refers to the matter whether
the technology is self-applied or it has to be com-
bined with other types of technology in order to
obtain satisfactory results (0),

— contaminating substances present the eva-
luation of the applicability of certain technology
types when dealing with specific contaminating
substances (f unsatisfactory, {1 average, 111 satis-
factory),

— remediation time is the time required to
achieve certain standards for soil via remediation
(f unsatisfactory — over 3 years for the soil using in
situ remediation over a year for the soil using ex
situ remediation, over 10 years for water; {1 aver-
age — 1-3 years for the soil using remediation in
situ, 0.5-1 year for the soil using remediation ex
situ, 3—10 years for water, {1t satisfactory — less
than a year for the soil using remediation, in situ,
less than half of a year for soil using remediation
ex situ, less than 3 years for water),

— overall expenses include the expenses for
designing and development of the technology re-
quired as well as the expenses for the implement-
tation of remediation esteemed separately for each
technology type used (f unsatisfactory — over 330
$/t of soil, over 2.64 $/m3 of ground water or over
11.33 $/kg of gaseous contaminating substances;
+1 average — 110-330 $/t of soil, 0.75-2.64 $/m?
of ground water and 3.17-11.33 $/kg of gaseous
contaminating substances; Tf{ satisfactory-less
than 110 $/t of soil, less than 0.79 $/m? of ground
water and less than 3,17 $/kg of gaseous contami-
nating substances).
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Table 1

Soil, sediments and silt remediation technology

- Pollutants QE) §

«a £ =8 = g

c< Z 2% s 2

The status of technolo 2¢ = = E : =] = o
& SE % 22 voCsvoc Fuel MorEnic 2 5 o

ng = &E& substances @ ~ =

= < Z5 5 g

~ o

Biologic processes ex situ

Biologic processing of the polluted soil ® f¥t * 7ttt ¥ ¥ no Tt
Composting ® O * frT f T i ff no T
Controlled biologic processing of the polluted soil ® tft ¥ Tt T 1T T T no T
Biologic processing of the polluted soil in slurry state ® N * it Tt ¥ i no T

Physical and chemical processes ex situ

Chemical reduction/oxidation ® Tt 0 Tt Tt Tt T Tt solid Tt

Halogen removal ® ¥ * R ¥ O gas O

Halogen removal ® tt * AR AT + F P ¥

Soil washing R A S 2 S L A o S A tf

Soil vapor extraction ex situ ® fit TPt Tt T T+ P

Solidification/stabilization ® fit T T + 1t Ft4 P

Solvent extraction ® tt 0 SRR S + FH ¥

Superecritical fluid oxidation ® . . . . . . . .

Supercritical fluid extraction . . . . . . . . .

Thermal processes ex situ

High temperature thermal desorption ® i 0 SR & & S T T+ 4

Low temperature thermal desorption ® ¢ SRR & . ¥ T ++4

Incineration IR S AR S SR A £ S S

Pyrolysis ® f Y ¥t ¥ (i

Vitrification CHES s A S A A s AR L & t

Technology (plasma) . o * R R i o

Biologic processes in situ

In situ biodegradation ® ttt TP T t + Tt

In situ bioventing IS £ A A L A A A T i i

Natural attenuation N R R ¥ ¥ i

Phytoremediation

Physical and chemical processes in situ

Creating cracks in the layers (fracturing) o ft ¢ AR R it . i

Soil flushing N SR S & & S & B b T T o

Soil vapor extraction — SVE (vacuum extraction) ® ttt SRR L ¥ T T4t

In situ solidification/stabilization ® ttt * + tt t T T4t FHf

Thermal processes in situ

Enhanced vacuum vapor extraction ® T * SR & & S T T+ 1

Vitrification R SN SN 5 S £ O t
Legend: ® — completely developed technology, o — pilot facility level of developed technology, * — there is no data, T — unsatisfactory, {1 — average,

T11 — satisfactory, * — self-applied technology, ¢ — technology is applied in combination with other subsequent technologies, o — inadequate data,
voc — evaporative organic compounds, svoc, semi-evaporative organic compounds [3-5]. * — Technology types for remediation of soil ex situ
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Some twenty years ago, excavation of the pol-
luted soil, its illegal deposition on a public landfill
with other waste and covering the hole that re-
mains after excavation with clean material was the
commonest way of performing the remediation of
the polluted soil. The limitations of such procedure
were:

— An emission of gaseous contaminating sub-
stances.

— The distance of the polluted area from the
landfill.

— The necessity of transport through popula-
ted areas

— The depth and contents of the polluted soil.

The development of the environment protect-
tion turned the procedure, described above, into the
first phase in implementation of technology for
processing polluted soil ex situ.

All ex situ technology types commence with
the excavation of polluted soil, which may last
from several hours to several months depending on
the issues that may occur in the excavation process
and on the quantity of the polluted soil. The exca-
vation could be accompanied with uncontrolled
emissions of contaminating gaseous substances
and air pollution. When excavation is performed in
close vicinity of residential buildings, electric
lines, water supply pipes or sewerage system, then
the process demands additional caution and condi-
tions that may significantly slow the technology
down and the expenses of the process may rise.
Polluted soil couldbe a dangerous waste, which
would demand special conditions for processing on
a specific location according to the legal regula-
tion. Some special work conditions are also re-
quired for the workers on the excavation site and in
transport of the polluted materials for there is a
possibility of polluting 'the transport route'. The
excavated soil should be replaced with clean mate-
rials, which corresponds the excavated material or
purified material excavated from the same loca-
tion. That process may prolong the time of reme-
diation.

Once excavated, the polluted material-soil,
undergoes the ex situ remediation process, biolo-
gical, physical, chemical and thermal processes.
The ex situ techniques may be faster, easier to con-
trol, usable for multitude of contents and various
contaminating substances and adequate for various
types of soil.

Many limitations, side effects and large ex-
penses of soil remediation have stimulated the de-

velopment of the unconventional, alternative met-
hods, especially regarding the carbon hydrates
when microorganisms are used to degrade them.

The ex situ processes have some advantages
over the in situ processes and they are as follows:

— Simplified control over the reactions of re-
actants — contaminating substances and remedia-
tion by-products.

— Modification of the excavated soil adding
the alimentary substances and substances which
increase the permeability of the polluted soil.

— The improvement of control may compre-
hend the gaseous products which are collected by
placing the coverings, i.e. leachate water and by
placing a collecting pipe system.

— It requires less samples and analyses in or-
der to monitor the process and to verify its effi-
ciency.

The remediation can be improved as follows:

— Using aeration of the polluted materials
with injecting the air or extracting the vapor after
treating the polluted materials by adding the mate-
rials that increase permeability.

— Maintaining the humidity at the optimal
level of 50-85% of material capacity.

— Using balanced distribution of alimentary
substances in the pile and the reactor.

— Modifying the texture of polluted soil and
mixing it with the unpolluted soil.

1. Biologic processes for soil processing:

— Biologic processing of the polluted soil
(land treatment/land farming).

— Composting.

— Controlled biologic processing of the pol-
luted soil (biopiles).

— Biologic processing of the polluted soil in
slurry state (slurry-phase bioremediation).

2. Physical and chemical processes for soil
processing:

— Chemical reduction/oxidation.
— Halogen removal.

— Soil washing.

— Soil vapor extraction ex situ.
— Solidification/stabilization.

— Solvent extraction.

— Supercritical fluid oxidation.
— Supercritical fluid extraction.

Mech. Eng. Sci. J., 34 (1), 133142 (2016)
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3. Thermal processes for soil processing:
— High temperature thermal desorption.
— Low temperature thermal desorption.
— Incineration.

— Pyrolisis.

— Vitrification ex situ.

Technology types for remediation of soil in situ

In situ technology for soil remediation and
removal of the contaminating substances is perfor-
ming the processing on site without removing pol-
luted soil or water. Microorganisms and various
chemicals could be introduced into the system, but
polluted material, during the processing, remains at
the location where it was found when pollution
was detected. The technology may be biologic,
physical, chemical, thermal and some others.

1. Biologic processes for soil processing (in
situ) — bioremediation:

— In situ biodegradation.

— In situ bioventing.

— Natural attenuation.

— Phytoremediation.

2. Physical and chemical processes for soil
processing in situ:
— Creating cracks in the layers (fracturing).

— Soil flushing.

— Soil Vapor Extraction — SVE (vacuum ex-
traction).

— In situ solidification/stabilization.

— In situ chemical reduction/oxidation.

3. Thermal processes for soil processing in
situ:

— Vitrification.

— Enhanced vacuum vapor extraction.

EXPERIMENTAL

Construction of monitoring was setting on 4
locations, two in the vicinity of Panevo complex
process systems. On each location four piezo-
meters of varying depths were drilled through
which underground water samples were collected
for chemical analysis to determine the actual situa-
tion at this time of the pollution state of under
ground waters and, in future, monitor pollution
emission from these industrial plants. In the first
phase of monitoring, piezometers and chemical
analyses were done by the Republic Institute for

Maw. unc. nayu. ciuc., 34 (1), 133-142 (2016)

Health Protection, Belgrade, which are taken as
starting/reference parameters, called "zero analy-
sis". These results will be presented in a separate
chapter in this report and are named “zero ana-
lysis”. The second phase is anticipated to go on for
the next two years. Every three months samples
will be taken from the piezometers for chemical
and microbiological analysis. The aim of these
investigations is to determine the quality of under-
ground waters, that is, determine the degree of
pollution and potential of this locality for bioreme-
diation, i.e. self-purification. Bioremediation pro-
cesses are basically physical and chemical, chemi-
cal and microbiological-biochemical. Sorption cha-
racteristics depend on both the type and quality of
the soil (content of humus, sand, clay, granula-
tion...) and type of chemical in question. Sorbing
on the land is regulated by kinetics of degradation
processes.

@ - Sumsko PUUE%‘/
4B & N \_'leﬁvica/// -
N A S 02 Nl

naftna. £
ikl

77—
=

Fig. 1. Sketch of locations

Location number 1 is located some 100 m
from the fence of the complex process systems
(example 1) (Fig. 2). On location 1 the project an-
ticipated construction of 4 piezometers, depths: 45
m, 25 m, 15 m and 7 m. HDPE pipes, 160 mm in
diameter, were build in the piezometers (Photo 1).
Around the filter part quartz granulate 1-3 mm was
poured in. Above it, a clay tampon was made and
the space between the pipes and walls of the hole
above the clay tampon was filled with drilled mate-
rial. All piezometers were washed with pure water
by a pump followed by air-lift piezometer com-
pression until the water was completely clear. Also
piezometers were secured by protective metal caps
and locks (Fig. 1).
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Photo 1. Location No. 1

Location number 2 is located 30 m from the
fence of the complex process systems (example 1)
near the road towards Starcevo village (Fig. 3). On
location 1, the project anticipated construction of 4
piezometers, depths of: 45 m, 25 m, 15 m and 7 m.
HDPE pipes, 160 mm in diameter, were build in
the piezometer (Photo 2). Around the filter part
quartz granulate 1-3 mm was poured in. Above it,
a clay tampon was made and the space between the
pipes and walls of the hole above the clay tampon
was filled with drilled material. All piezometers
were washed with pure water by a pump followed
by air-lift piezometer compression until the water
was completely clear. Also piezometers were secu-
red by protective metal caps and locks.

Photo 2. Location No. 2

Location number 3 is located 250 m from the
complex process systems (example 2), next to the
road leading towards the Danube (Fig. 4). On
location 3, the project anticipated construction of 4
piezometers, depths: 45 m, 25 m, 15 m and 7 m.
HDPE pipes, 160 mm in diameter, were build-in
the piezometer (Photo 3). Around the filter part
quartz granulate 1-3 mm was poured in. Above it,
a clay tampon was made and the space between the
pipes and walls of the hole above the clay tampon
was filled with drilled material. All piezometers
were washed with pure water by a pump followed
by air-lift piezometer compression until the water
was completely clear. Also piezometers were
secured by protective metal caps and locks.
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Photo 3. Location No. 3
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Location number 4 is located 700 m from the
complex process systems (example 2), next to
Danube river (Fig. 5.). On location 4, the project
anticipated construction of 4 piezometers, depths:
35 m, 25 m, 15 m and 7 m. HDPE pipes, 140 mm
in diameter, were build-in the piezometer (Fig. 6).
Around the filter part quartz granulate 1-3 mm was
poured in. Above it, a clay tampon was made and
the space between the pipes and walls of the hole
above the clay tampon was filled with drilled mate-
rial. All piezometers were washed with pure water
by a pump followed by air-lift piezometer com-
pression until the water was completely clear.
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Fig. 6. Typical piezometric construction

RESULTS AND DISCUSSION

Chemical and microbiological analysis

In the two year (24 months) period on each
piezometer, every 3 months (32 analyses in total),
the following analyses will be done; the following
parameters will be monitored: general chemical
parameters and GC/MS testing.

In the two year period on each piezometer one
analysis will be done yearly, in total 8 GC/MS
analyses.

Maw. unc. nayu. ciuc., 34 (1), 133-142 (2016)

Result of chemical analysis taken from piezometric
on location No. 1

During the last year, as masauring testing of
pollutans have been observed, the concentration is
still high (Fig 7 — Fig 10). Spreading of the pollu-
tants still lasts, in our opinion beside everything
decreasing of concentration hydrocarbons from the
crude oil and the BTEX group you can see opti-
mistic result. Examption of this is high sudden
jump of concentration of the toluene is last circle
of sampling. Supposition is that it is the result of
fresh pollution. Measuring contents of the PCB
substances were under line of detection for ECD.
Casual apperarance of PAH is expectable and their
concentration is variable, what bring us the
problem in sampling concentration. Appearance of
chlorinated hydrocarbons is unstable intensity. For
now, we dont know, how can it be possible
tranformation of some chlorinated hydrocarbons,
because we still dont know their precursor on this
location.
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Fig 7. KMnO, concentration comparative chart
by depth on location No. 1
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Result of chemical analysis taken from piezometric
on location No. 2

On this location exits trend of reduce concen-
tration of some contaminent in previous period of
exsamination. Extremly high jump of the chlori-
nated derivates coincide with results of piezometric
on same location, at sample 1 (Figures 11 and 12).
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Fig 11. KMn0, concentration comparative chart
by depth on location No. 2
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Fig 12. Total hydrocarbons concentration comparative chart
by depth on location No. 2

Result of chemical analysis taken from piezometric
on location No. 3

Location No. 3 is specific for the high con-
centration of chlorinated derivates of hydrocar-
bons. High concentration of chloroform lead us to
the process of chorinated humic substances. Dur-
ing the time, the third sampling is come to the in-
creased concentration of hydrocarbons from group
BTEX (Figures 13 — 16). High concentration is
obvious.
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by depth on location No. 3
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Fig 14. PCB concentration comparative chart
by depth on location No. 3
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Fig 16. Phenol concentration comparative chart
by depth on location No. 3

Analysis on some wells in inhabited area
near the contamination cite

It’s been stressed out that near this contami-
nated area, in the direction of underground waters,
is an inhabited area where part of the population
uses well water for drinking. As far as we know,
the water quality in these wells is not defined.
Since the health of these people is at stake, we
select 3 wells in use under surveillance (Figures 17
— 20). Parameters that would be determined would
be same as parameters on locations 1, 2 3, and 4.

Fig 19. Phenol comparative chart by depth on location
in the direction of Starcevo
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Fig 17. KMnO, demand comparative chart by depth
on location in the direction of Star¢evo
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Fig 20. CHCI; comparative chart by depth on location
in the direction of Starcevo

Result of chemical analysis taken from chosen
locations (3 wells) in the direction of Starcevo

Calculated values show us that the well P-739
is most endangered object. If we by this occasion,
conductivity see as one who marks pollution, we
can see simiraly with examination of piezometrics.
Under current circumstances it would be very
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brave supposition to talk about pollution migration.
High conductivity, existing of total hydrocarbons
source from oil, BTEX, also like chlorinated
hydrocarbons, lead us to think about pollution
moves to populated village.

CONCLUSIONS

We came to a conclusion that the under-
ground water in the vicinity of main piezometers is
polluted. At the complex process systems area re-
sults of these tests indicate a higher amount of or-
ganic substance in the water. The amount of reduc-
tion produce such as ammonium ion has also been
increased. The amount of halogen hydrocarbon is
very high as well. In a sample taken at the depth of
45 m there is a high amount of hydrocarbon, origi-
nating from oil. There is aromatic hydrocarbon at
all depths (benzene, toluene, xylene). The amount
of phenol is high, whereas the amount of mercury
is low. Tests have proven that substances of
pyralen type are also present. Samples at all depths
have high specific conductivity. Results of the tests
performed in the vicinity of complex process sys-
tems (example 2) area shown enormous electro-
lytic conductivity of samples at all depths. At 25 m
and 45 m we found a high amount of reduction
produce of the ammonium ion type, as well as or-
ganic and pyralen substance load. Even though the
amounts of these substances are low, these indica-
tors are worrying. Chlorinated hydrocarbons and
phenol derivates represent the main pollutants. On
the basis of the provided information, it is obvious
that we are dealing with a long-term pollution of
the environment. As a solution to this huge prob-
lem, a number of foreign projects have been im-
plemented and proved that the soil pollution could
be successfully dealt with. Due to the level of pol-
lution, there is a necessity for the continual imple-
mentation of projects for the remedying of con-
taminated soil. Depending on the used technology,
these projects contribute to the adequate reduction
of pollution [6-11].

Although plans for purification of under-
ground pollution are being made in Municipality,
in actual activities we are no further than the begi-
nning. A certain amount of leaked toxic substances
have by now already been transformed or have
served as a reagent for formation of other toxic
substances — halogenating organic matter in the un-
derground. All these activities, investigating conta-
mination, make sense only if actions are taken
afterwards or if they are undertaken to establish the

efficacy of the undertaken measures. Undertaking
purification of such a big locality is an uncertain
procedure. In the meantime, the pollution is
spreading and is destroying of underground waters
as resources where from, or through the food
chain, it negativelly affects the health of the
people. We think that a project for localization of
the pollution should be done by building a
hydrological barrier with existing piezometers and
wells and eventually drilling of some new wells.
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A bstract: The intensive use of natural resources and the increased amount of waste that influence nega-
tively on the water and air pollution, gives us the concern to think more globally about new approaches and methods
of work that will lead us to constant development of the concepts ensuring sustainable development. For this purpose,
UNIDO developed a new business model for chemical management that is focused on providing services instead of
selling substances. The aim of the Chemical Leasing concept as a business model is not only to change the traditional
trade of chemicals and give value to the service that the chemicals do, but also to develop partnership between pro-
ducers and consumers of different chemicals globally. Chemical leasing reduces the consumption of chemicals and
optimizes their usage. It provides environmental, safety and economy improvements for all parties included in the
concept. It is a challenge for small and medium sized enterprises to improve their image by participating in this inno-
vative venture in developing countries and economy in transition. This paper presents the fundamentals of the chemi-
cal leasing concept and analysis its contribution to the sustainable industrial development.

Key words: chemical leasing; cleaner production; sustainable development

XEMUCKHU JIM3UHI' KAKO HOB BU3HUC-MOJAEJI KOJ MPUJOHECYBA
3A OJPKJIUB UHAYCTPUCKHU PA3BOJ

A 1mcrTpax 1 UHTeH3uBHATa ynoTpebda Ha HMPUPOJHUTE PECYpPCH M 3rojieMeHaTa KOJIMYMHA HA OTHAk KOj
HEraTHBHO BJIMjae Ha BOJATA M BO3AYXOT, HE HABEAyBa MOIIMPOKO Ja Pa3MUCITyBaMe 32 HOBH MPUCTAIN U METOIH Ha
paboTa Kou Ke HE BOJAT KOH KOHCTaHTEH pa3BOj Ha KOHIIENTH KOM OBO3MOXKYBaaT OJPIKIIMB pa3Boj. 3a Taa Lel,
YHUJO (UNIDO) pa3Bu HOB OM3HHC-MOJEN 3a XEMHCKH MEHAIMEHT KOj ce (oKycupa Ha HyICHETO YCIyTrd
HaMecTo mpoaax0Oa Ha cyrncraniuy. [{enTa Ha KOHIIENTOT XEMHCKH JIN3HHT KAKO OU3HHUC-MOJIEN € He CaMo J1a ro Mpo-
MEHH TPaJHULHOHATHOTO TPTYBarhe CO XEMHUKAINH U 1a UM JaJ¢ BPEAHOCT Ha YCIYTUTE KO XEMUKAJIUUTE I'M 1aBaar,
TYKy U Jia pa3Bue MapTHEPCTBO MOMEl'Y IIPOU3BOAUTENNTE U KOHCYMEHTHTE Ha Pa3IMYHUTE XEMHUKAJIMU HA TJII00aIHO
HHMBO. XEMHCKHOT JIM3UHT ja HaMaJlyBa IOTPOLIyBauyKaTa Ha XEMHKAIMUTE U ja ONTUMH3Upa HUBHATa yrnotpeba. Toj
00e30e/1yBa €KOJIOMIKH, Oe30eTHOCHH 1 EKOHOMCKH IM0JI00pyBama 3a CUTEe CTPaHU BKIyYCHH BO KOHIenTor. Toa e
MPEAN3BUK 32 MAJIIMTE U CPEIHH MPETHPHjaTHja a To MoJo0paT CBOjOT UMHII IPEKY YYECTBOTO BO OBOj HHOBATHUBEH
noTdaT Bo 3eMjUTE BO pa3Boj U EKOHOMHHUTE BO TpaH3uLrja. OBOj TPy I'M MPETCTaByBa OCHOBHUTE Ha KOHIICTTOT Xe-
MHUCKH JIN3UHT U JIaBa aHaJIHM3a Ha HErOBUOT MPHAOHEC 32 OJPHIIMBUOT HHAYCTPHCKH Pa3Boj.

KityyHu 360poBH: XEMHICKH JIM3HHT; IOYUCTO MPOM3BOACTBO; OJPXKIUB Pa3Boj

INTRODUCTION

Population growth affects directly on the eco-
nomic growth and the environment. The essential
resources for survival of human are food and wa-
ter. Therefore, with the predictions of increasing
the population growth until 2030 the consumption
of food is expected to increase by 30% and water

demand by 50%. These predictions will create
problem for farmers, because they will have to
produce more food with fewer available resources.
But with imposing this problem to the food manu-
facturers globally, it has connections with some
key objectives for sustainable development of so-
ciety such as poverty reduction, better access to
healthy food, better management and utilization of
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water resources, increased use of renewable en-
ergy, climate protection, ecosystems and biodiver-
sity. Hence, if undertake measures to protect the
environment and pay attention to the exploitation
of natural resources in order to achieve the need of
the population it will not be needed additional care
and creating fear among producers and consumers.
For this purpose the United Nations Industrial De-
velopment Organization — NIDO, focused on acti-
vities that achieve three priorities: poverty reduc-
tion through productive activities, trade capacity-
building and energy and environment which seeks
to set new global challenges level in order to
strengthen the economy and increase productivity
in a sustainable way. Through UNIDO Cleaner
Production and Chemical Leasing program, con-
nects these three objectives and promote through
models for sustainable industrial development and
management of chemicals in developing countries
and countries with economies in transition.

CHEMICAL LEASING CONCEPT

Chemicals and industry waste play an im-
portant role in society and the economy and affect
negative to the human health and environment.
Most chemicals are harmful to human health and
the environment, as well as most of the waste is a
threat to us and our environment. For this purpose
UNEP and its partners like UNIDO focuses to
achieve the goals of the World Summit for Sus-
tainable Development (WSSD), which is related to
the chemicals, that till 2020 the production and use
of chemicals will be on such way that will causes
minimal impact on human health and the environ-
ment. Programs that help with the chemical and
waste management throughout the entire life cycle
give the focus on waste and substances that are
dangerous and have the potential to disrupt the bal-
ance of the environment. One program of this type
is Chemical Leasing, new concept that develops
modern models of working and thinking where
instead of the principle of selling products it offers
a principle of providing services, or modify the
ratio of sale and the result is a win-win for the eco-
nomy and the environment. The complete defini-
tion for Chemical Leasing that is used by UNIDO
is:

— Chemical Leasing is a service-oriented busi-
ness model that shifts the focus from increasing the
sales volume of chemicals towards a value-added
approach.

— The producer mainly sells the functions per-
formed by the chemical, and functional units are
the main basis for payment (Functions performed
by a chemical might include: number of pieces
cleaned; amount of area coated, etc.).

— Within Chemical Leasing business models,
the responsibility of the producer and service pro-
vider is extended and may include the management
of the entire life cycle.

— Chemical Leasing strives for a win-win
situation. It aims to increase the efficient use of
chemicals while reducing the risks of chemicals
and protecting human health. It improves the eco-
nomic and environmental performance of partici-
pating companies and enhances their access to new
markets.

— Key elements of successful Chemical Leas-
ing business models are proper benefit sharing,
high quality standards and mutual trust between
participating companies (source: www.unido.org).

The traditional way of trade with chemicals is
based on the saying "The more you sell, the more
you earn". The profit is certainly greater when you
sell the chemicals for a higher price, but due to the
high competitiveness of the market price is not
always the right solution. This trade is focused on
selling higher volume of chemical. And this way of
trading leads to increased discharges of chemicals
to the environment, and a risk of reducing the natu-
ral resources. Therefore by applying Chemical
Leasing, the impact is on the work of the supplier
of the chemical in order to change the old type of
work or change the way of trade where the main
focus is on the quantity of sold chemical.

With the inclusion in the Chemical Leasing
method of work, supplier has the task of optimiz-
ing the use of chemicals in order to reduce their
use which reduces the environment pollution. In
the traditional way of trading, the responsibility of
the manufacturer of the chemical ends the day he
sold the chemical, while with the Chemical Leas-
ing business model he has responsibility through-
out the entire life cycle including the postponement
of landfill. With the chemical use a number of ac-
tivities are performed such as cleaning, painting,
lubrication, adhesion and therefore the chemical
leasing model is adequate for use in most industrial
areas. When using chemical leasing, the manufac-
turer does not just do chemical model but also the
know-how on reducing the use and how to opti-
mize the conditions of use of the chemical which
gives contribution systems for sustainable man-
agement of chemicals.

Mech. Eng. Sci. J., 34 (1), 143-147 (2016)
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The Chemical Leasing is a business model
that is oriented on the service that conducts the
chemical, so when it comes to payment, the cus-
tomer pays for the service that the chemical per-
forms, not for the substance itself. On this way, the
user avoids buying more chemicals than the neces-
sary need to perform the production. The new
payment method switches the traditional "Higher
sales, higher earnings" to "Less is more."

The producer and user of chemicals are con-
tributing to the environment and the country's
economy by reducing emission through added
value. By applying the chemical leasing the use of
chemicals is reduced, leading to a reduction in
waste, pollution of water, air and soil, thereby re-
ducing the impact of industry on the environment.
The reduced amount of chemicals that is required
for use and the increased amount of chemicals that
are obtained by restoring the old are lowering the
costs to the manufacturer of the chemical. This
profit is considered as a value-added chemical and
this value is shared between the manufacturer and
the user with both sides gaining economic advan-
tage of the new business model.

To clarify the profit from the method of pay-
ment for both sides and the difference in price
when applying the old and the new model of
Chemical Leasing an example will be used as fol-
lows: manufacturer of metal parts which require
cleaning before they are shipped. In presentation of

the two models, 2 million metal pieces that need to
be cleaned will be taken in consider. By applying
the traditional way, for the supplier to make an
annual net profit of 10.000$, after deducting the
fixed and variable costs, it is necessary to sell 100
tons of cleaning chemical of which will earn
100,000$. While, by implementing chemical leas-
ing, supplier and customer first optimize their
cleaning process, and make the use of the chemical
to be only for the specifically defined cleaning
process, and after the optimization the need of
chemical is 60 tons for performance of the same
activity for the same amount of 2 million pieces.
Because the service is cleaning metal parts, by
agreement between the two sides, the unit of pay-
ment is in $ per cleaned metal part. The difference
between the traditional method and the chemical
leasing for the supplier is 40% less requires for
chemical. This means that the added leasing value
of 0,04$ per cleaned metal part will bring to the
producer income of 80.000$. And the variable
costs for production of 60 tons of chemicals is
48.000%. After the calculations of costs the pro-
ducer will have earnings of 22.000$. With the
Chemical Leasing business model the producer
will have extra income of 12.000$ which in the
Chemical Leasing is known as added value. The
chemical leasing concept will bring to the user
20% less costs for doing the same amount of pro-
duction.

User needs cleaning of 2 million tubes

chemical producer
Traditional business model

100 t solvents sold = 100,000 § tumover
100 t production = 80,000 § var. costs
= 10,000 % fix cosis

Result 10,000 § net profit

e

chemical producer
Chemical Leasing model
Added value from process optimization
Only 60 t solvents needed
Leasing rate 0.04% per tube

Leasing income = 80,000 5 turnover
60 t production = 48,000 % var. cosfs
= 10,000 % fix costs

Result 22 000 3 net profit

Fig. 1. Added value 12.000 $ net profit
Source: Jakl, Schwager, Chemical Leasing goes global

This example presented the basic of Chemical
Leasing concept, but for different partners and
types of industry the models may be different. The
main roll in this business has the supplier of the

Mawi. unie.nayu. ciuc., 34 (1), 143-147 (2016)

chemical and it is important to have the know-how
technology for efficient use of the substance. And
the main partner of the supplier is the user of the
chemical, but as an additional member of this
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business can also be the manufacturer of the
equipment in which the chemical is used. Very
often the manufacturer has additional information
on know-how and contributes to increased effi-
ciency and optimization of the process. Also, if
companies that are in charge for recycling of the
chemicals may contribute to increase the efficiency
can be accepted as partners. The enrolment of
many parties in this business makes difficulties in

the communication and negotiation for signing the
contract. As a result of this, this concept is opened
for associates with experience in chemical leasing
and one of them must act as a mediator to lead
partners through the implementation of Chemical
Leasing. The mediator may be a consultant which
has experience with the work of industries such as
the Cleaner Production Centers of UNIDO.

Chemical
suppliers

Strengthen the relations to their clients
providing them an added value in the form of
technology know-how and service.

Chemical users

Can concentrate on their core business,
while benefiting from the service and know-
how provided by their suppliers.

Industry

Eguipment
suppliers

Enhance the process efficiency providing
know-how on the best available technologies
for the chemical's application. Through ChL
equipment suppliers also gain access to new
markets.

Recycling/disposal
companies

FProvide important know-how on recycling
and disposal technologies useful to increase
the chemical's recovery rate.

National governments

Can use ChL as a policy tool to improve risk
management practices and extend producer
responsibility.

CQuality assurance institutes

Provide confidence in companies offering
ChL services through an independent quality
assurance.

Consultancies

Act as mediators between the different
partners.

UNIDO

Establishes an intermational multi-
stakeholder working group. The Mational
Cleaner Production Centres of UNIDO serve
as a world wide network for the promotion of
ChL.

Fig. 2. Role and benefits of different partners,
Source: www.chemicalleasing.com

One thing is certain and that is that the eco-
nomic benefit in combination with environmental
for all parties involved in chemical leasing refers to
the reduced use of chemicals and other additional
resources such as electricity, water and other inputs
in the production process. As a result of reduced
resource inputs, the amount of waste, pollution of
air, water, soil are also reduced and comes to lower
harmful environmental impact from the industrial
processes. Chemical leasing is certainly an ad-
vantage for the manufacturer of the chemical from
the moment they sign a contract with the industry
or to strengthen the relationship with old partners.
The consumer’s advantage of this model is that

they can concentrate more on their business and
improve the chemical management. Both sides cer-
tainly gain a positive reputation in society for a
new innovative approach to work.

The Chemical Leasing concept, so far, has
been implemented in Egypt, Mexico, Russia, Sri
Lanka, Serbia, Colombia, Brazil, Croatia, Mexico,
Nicaragua, Ukraine and Uganda. From this year
Republic of Macedonia is involved in the imple-
mentation of the business model Chemical Leasing
through the Cleaner Production Centre of UNIDO
in Skopje. The target industries for implementing
this model are: wood processing and furniture in-
dustry, leather processing industry, agriculture and

Mech. Eng. Sci. J., 34 (1), 143-147 (2016)
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food industry, chemical industry, textile and cloth-
ing.

CONCLUSION

The Cleaner Production and Chemical Leas-
ing programs imply continuous application of
strategies to protect the environment from manu-
facturing processes, products and services in order
to increase efficiency and reduce risk to the com-
munity and the environment. Through the imple-
mentation of the new way of work with the
Chemical Leasing business model, industries can

Mawi. unie.nayu. ciuc., 34 (1), 143-147 (2016)

reduce the intake of materials, energy intensity and
pollution, which will reduce the impact on the en-
vironment and simultaneously to improve produc-
tivity and competitiveness among industries.
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A b s trac t: Transportation systems diversification has been one of the driving forces for diversification of
fuel sources, while increase of the vehicles’ number and electricity demands in remote areas have played a key role.
Exploitation of conventional fuels (like diesel and gasoline) nowadays has increased awareness for the future of our
global economy due to the limited capacities of natural resources. Use of blending of conventional fuels with
biodiesels according to EU and International legislation has been in accordance with the demands to use these
vehicles without the engine modifications. This situation leads to requirement of alternative fuels for engines.
Biofuels including, bioethanol and biodiesel, have been introduced in main global markets like USA, Brazil and EU.
Biodiesel is the best alternative in the conditions of European countries to replace the conventional fuels, like the
diesel in the diesel engine. Vegetable oils of soybean origin are the best alternative biofuels in the case of Albania,
due to the arable founds. The main advantage of biodiesel compared to the conventional fuel is reduction SO,
emissions to atmosphere due to their agricultural origin. In this paper, the biodiesel physical-chemical properties have
studied for pure and blended fuels, in terms of performance and exhaust emissions in comparison to the petroleum
diesel.

Key words: biodiesel; conventional fuels; performance; exhaust emissions; transesterification

CIIOPEJIBA HA TIEP®OPMAHCHUTE HA BUOJU3EJI TIPOU3BEJAEH Ol PACTUTEJIHU MACJIA
CO TPAJUIIMOHAJIHUTE 'OPUBA

AmcrtpaxT: [IpoMeHara Ha TPAHCIIOPTHUTE CUCTEMH € €ICH O[] IBUTATENIUTE HA IPOMEHATa Ha U3BOPHUTE Ha
ropuBa, JoJeka KIydHaTa yjora ja MMaaT 3roJIeMyBambeTo Ha OpOjoT Ha BO3WIAa U MobapyBaykaTa 3a eJNEKTpHYHA
eHepruja Bo oAjajeueHuTe odnacty. Jlenec, ekcrioatanyjaTa Ha TPAAUIMOHAIHUTE TOpHUBa (KaKo LITO CE AU3ENIO0T U
OCH3MHOT) ja MMa 3rOJIEMEHO CBECTa 3a WIHMHATA Ha Hallarta rinobajiHa eKOHOMHja KaKo Pe3y/aTaT Ha OrpaHHYCHUTE
KaraluTeTH Ha IPUPOIHUTE pecypcH. Kopucremero Ha cMecH O TpaAULMOHAIHUTE FOPUBa CO OHOIHU3EIHUTE, CIIO-
pen EY u meryHaponHara JieruciaTiBa, € BO COIJIACHOCT co OaparmaTa OBUE BO3MIIA J1a ce KOpHCTaT 0e3 Moauduka-
uuu Ha Motopute. OBaa cuTyalyja BOAH 10 Oapame Ha alTepaHaTHBHH OpHBa 32 MOTOpHTe. BroropusaTa, BKIIy4y-
BajKu T OMOETaHONIOT U OMoaM3eNoT, Oea BoBeneHU Ha riaBHuUTe riiodannu nasapu — CAJl, bpasun u EY. buoause-
JIOT € Haj1o0pa anTepHaTHBa BO yCIOBUTE HA EBPOIICKUTE 3€MjH BO ANU3E] MOTOPOT Ja C€ 3aMEHAT TPaJULHOHATHUTE
ropuBa Kako mT6 e Iu3eio0T. PacTuTenHuTe Macia co MOTEKJIO Of COja Ce HajaoOpu anTepHATHBHH OMOrOpHBa BO
CIIy4ajoT co AnbaHuja, opay IIOAHUTE 3eMjuITa. [ TaBHaTa MPEAHOCT HAa OMOAN3EIOT CIOPEACHO CO CTaHAAPAHH-
Te ropuBa € HaMaJlyBameTo Ha eMucujata Ha SO, Bo arMocdepara, 61arogapejku Ha HUBHOTO arpUKyJITYPHO MOTEK-
50. OBOj TpyZ T¥ poydyBa (HU3MUUTE U XEMHUCKUTE CBOJCTBA HA OMOJM3EIOT BO YHCTH U MEIIAHU TOPUBA BO OJJHOC
Ha neppOopMaHCUTE M EMHCHjaTa Ha U3yBHUTE TaCOBH BO cropenda co HahTEHHOT U3el.

Kiy4ynu 360poBu: Onoau3er; TpaAHLOHAIHN TOPUBa; MepHOPMAHCH; EMUCHja Ha U3LyBHU [ACOBH;

TpaHcecTepuduKanuja
AIM BACKGROUND
Comparison of quality indicators, production Significant rapid growth of population and
technology, and method of application between the change in life style causes high consumption

biodiesel and conventional fuels. rate of energy sources. This increase of energy
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demand has been supplied by the use of fossil re-
sources, which caused the crises of the fossil fuel
depletion, the increase in its price rate day by day
and the serious environmental impacts as global
warming, acidification, deforestation, ozone deple-
tion and photochemical smog and many others
hazardous impact on environment. As fossil fuels
are limited sources of energy, this increasing de-
mand for energy has led to a search for alternative
sources of energy that would be economically effi-
cient, socially equitable, and environmentally. Two
of the main contributors of this increase of energy
demand have been the transportation and the basic
industry sectors, being the largest energy consu-
mers. The transport sector is a major consumer of
petroleum fuels such as diesel, gasoline, liquefied
petroleum gas (LPG) and compressed natural gas
(CNQG) [1]. The demand for transport fuel has been
increasing and expectations are that this trend will
stay unchanged for the coming decades. World-
wide increasing number of vehicles and a rising
demand of emerging economies, demand will pro-
bably rise even harder. The expected scarcity of
petroleum supplies and the negative environmental
consequences of fossil fuels have spurred the
search for renewable transportation biofuels. Bio-
diesel is environmental friendly fuel compared to
diesel fuel which is obtained from petroleum pro-
cessing. Biodiesel is monoalkyl ester of long chain
fatty acid derived from renewable lipid feedstock
such as vegetable or animal fats. It is made from
nontoxic, biodegradable resources such as new and
used vegetable oil and animal fats. Fats and oil are
chemically reacted with alcohol to produce chemi-
cal compound called fatty acids (biodiesel). The
by-product glycerol is also important product ex-
tensively used in pharmaceutical, soap and cos-
metic industry and many others. However the cost
of biodiesel is very important component for its
commercialization. The used vegetable oils can be
the potential raw materials. Biodiesel can be used
directly or mixed with petroleum based diesel. In-
dia ranks high among the oil seed producing coun-
tries in the world with largest number of commer-
cial varieties like rape seed, soya bean, cotton seed,
palm, etc. [16]. It is non petroleum based fuel that
means it is not made with fossil fuels like oil or
coal. Another gas released when fossil fuel is
burned is sulfur dioxide which combines with wa-
ter in the atmosphere to form sulfuric acid. This
leads to acid rain which alters the normal pH of
soil that supports plant growth. What makes the
world today consider the production and use of
biofuels on a wide scale is the high level of atmos-

pheric pollution caused by the intense use of fossil
fuels leading to the greenhouse effect. The term
“waste vegetable oil” (WVO) refers to vegetable
oil which has been used in food production and
which is no longer viable for its intended use.
Waste vegetable oil arises from many different
sources, including domestic, commercial and in-
dustrial. Waste vegetable oil is a potentially prob-
lematic waste stream which requires to be properly
managed. The disposal of waste vegetable oil can
be problematic when disposed, incorrectly, down
kitchen sinks, where it can quickly cause blockages
of sewer pipes when the oil solidifies. Properties of
degraded used frying oil after it gets into sewage
system are conductive to corrosion of metal and
concrete elements. It also affects installations in
waste water treatment plants. Thus, it adds to the
cost of treating effluent or pollutes waterways.
Waste vegetable cooking oil cannot be reuse or
properly disposal. This waste vegetable oil can be
used for biodiesel preparation raw material. This is
one of the important energy resources. All cars that
uses conventional petroleum diesel can be bio-
diesel cars. It doesn’t matter what the capacity of
engine is or how old the car is, if it run on petrol
diesel it will have no problem running on bio-
diesel. It works great in pick-up trucks, big rig
trucks, buses as well as diesel electric hybrids.
Some vehicle manufacturers approve the use of
B100 but most only approve BS up to the B20. If
crude oil doesn’t run out soon it might still take a
couple of years for all vehicles approve the use of
100% biodiesel. One of the advantages of biodiesel
is that it cleans fuel tank and engine [2]. Biodiesel
has solvent like properties that will breakdown and
remove all the carbon build up inside your engine.

Alternative fuels from domestic sources are
emerging as a solution to the declining reserves of
fossil fuels, and the environmental unfriendliness
resulting from the combustion of fossil fuels. The
fuel that is consumed the most in Europe is bio-
diesel, a renewable mono-alkyl ester that is pro-
duced from vegetable oils, by a transesterification
reaction. When fossil fuels are burned, a lot of car-
bon dioxide is released. Carbon dioxide is a gas
that absorbs heat and contributes towards the
greenhouse effect.

What is biodiesel?

Biodiesel is an animal or vegetable oil based
diesel fuel that burns without the emission of much
soot, carbonlV oxide and particulate matter [11]. It
consists of long chain monoalkyl esters and is pro-
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duced by transesterifying vegetable oil or animal
fat. In this process, the animal or vegetable oil is
converted into biodiesel when one mole of triglyc-
eride reacts with three (3) moles of alcohol to pro-
duce a mole of glycerol and three moles of
monoalkyl esters. Biodiesel like petrodiesel is
made of hydrocarbon chains that do not contain
sulfur, or aromatics compounds in its composition.
It is an alternative fuel that is obtained from re-
newable resources that burns in diesel engines with
less environmental pollutants.

Advantages of biodiesel

Biodiesel is a fuel that has gained a lot of
public attention because it is environmentally
friendly and renewable and is being appreciated all
over the world. Among the many advantages of
using biodiesel, some are listed as follows: the use
of biodiesel is not dangerous to the environment.
Petrodiesel-powered vehicles produce a consider-
able amount of emissions, and unfortunately the
smoke these vehicles emit is hazardous to the envi-
ronment. Biodiesel is agriculture oriented, non-
toxic, and biodegradable and a renewable fuel. It
has a high cetane number (a measurement of the
combustion quality of diesel fuel during compres-
sion ignition), low sulfur, low volatility and pres-
ence of oxygen atoms in the fuel molecule. An-
other of the advantages of biodiesel fuel is that it
can also be blended with other energy resources
and oil. Biodiesel development will generate em-
ployment opportunity for developing countries,
where the level of unemployment is relatively
high. Biodiesel will also encourage the develop-
ment of the agricultural sector [1].

Disadvantages of biodiesel fuels

Although biodiesel has gained much scientific
attention in recent years, it is not without some few
disadvantages. One of the problems encountered
when using biodiesel is the increase in nitrogen
oxides emissions which can result in the formation
of smog and acid rain. Similarly, biodiesel when
compared to petrodiesel have a lower energy out-
put. In order to produce the same amount of en-
ergy, more biodiesel is required than petrodiesel.
Also, the use of valuable cropland to grow bio-
diesel crops could result to a rise in cost of food
and furthermore leads to food scarcity [1].
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What is petrodiesel?

Petroleum diesel, also called petrodiesel, or
fossil diesel is produced when crude oil undergoes
fractional distillation between the temperatures of
2000C and 3500C at atmospheric pressure, to pro-
duce a mixture of carbon chains that contains be-
tween 8 and 21 carbon atoms per molecule. Petro-
leum diesel is a fuel that is used to operate diesel
engine-internal combustion engine. Most com-
monly, it refers to a specific liquid fuel obtained by
the fractional distillation of petroleum, often called
petrodiesel [10].

COMPARISONS OF BIODIESEL
AND PETROL-DIESEL

Performance comparative analysis.

The performance and emission features of
compression ignition engines depends on the inner
nozzle flow and spray performance. Inner nozzle
flow and spray performance in an engine, controls
the air fuel mixing, which is necessary for the
process of combustion [17]. Because of differences
in the physical properties of biodiesel and petro-
diesel, the inner nozzle flow and spray structure
are expected to be significantly altered and, conse-
quently the performance and emission features of
the diesel engine.

Because of lower vapor pressure of biodiesel,
it was observed to activate less than petrodiesel. A
reduction in injection velocity and loss of flow ef-
ficiency was also observed because biodiesel vis-
cosity is higher [3]. Using biodiesel in comparison
to using petrodiesel increased the brake specific
consumption but a decrease in pollutants such as
particulate matter and carbon monoxide.

Fig. 1. First differences in appearance

The poor lubricity of petrodiesel fuel has led
to the failure of engine parts such as fuel injectors
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and pumps, because these parts are lubricated by
the fuel itself. Biodiesel possesses inherently
greater lubricity than petrodiesel, especially low
sulfur petrodiesel, and that adding biodiesel at low
blend levels (1-2%) to low-sulfur petrodiesel re-
stores lubricity to the latter. Biodiesel has a better
lubricity than petrodiesel hydrocarbons, because of
the polarity that is introduced with the presence of
oxygen atoms which is lacking in petrodiesel [5].

Biodiesel has some general features easily
identifiable compared with fossil diesel in addition
to being fully competitive in many technical as-
pects:

e Derived from renewable sources, so it re-
duces dependence and storage of petro-
diesel.

¢ Biodegradability.

¢ Significantly reduces emissions of green-
house (with the exception of NOx).

e Flicker high point leading to a safe storage
and treatment.

e Excellent lubrication. This fact is gaining
steadily in importance since the announce-
ment of diesel with low sulfur amount de-
creased lubrication. With the increase in
the amount of biodiesel low (1-2%) restore
the desired lubrication.

Other differences related to production tech-
nology for the manufacture of fossil diesel or gaso-
line required a sophisticated technology and more
production chains.

In addition to the images presented through

the following differences in the production flow-
sheet:
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Emission comparative analysis

The environmental impact of biodiesel de-
pends on several factors which are; the raw materi-
als from which the biodiesel was produced, differ-
ent production processes and the final use can de-
termine the environmental balance of biodiesel
introduction [9]. Replacing biodiesel with petro-
diesel fuel can produce environmental advantages
as well as disadvantages. Prominent among the
advantages that biodiesel has over petrodiesel is
that biodiesel has the potential of reducing most
exhaust emissions that have regulations, excluding
nitrogen oxides (NOx) [7].

Environmental hazards caused by the use of
fossil fuels, biodiesel is being considered to be the
best fuel for diesel engines since burning biodiesel
and its blends has the lowest green house emis-
sions on a life cycle basis. The emission of carbon
monoxide gas is reduced by using biodiesel as a
fuel. Carbon monoxide gas is a toxic byproduct of
all hydrocarbon combustion. The use of biodiesel
in blends, or its pure form reduces emissions such
as; particulate matter, visible smoke, odor, and
polyaromatic hydrocarbon emissions.

Paper also showed that particulate soot emis-
sions which have adverse health effect in terms of
respiratory impairment and related illness is sig-
nificantly reduced with the use of biodiesel or its
blends. Furthermore, biodiesel does not contain
undesirable element like sulphur as compared to
petrodiesel, which may have sulphur content. The
paper showed that biodiesel is a fuel that is clean
and environment friendly, which can supplement
or replace petrodiesel as a fuel in the future [13].

RESULTS AND DISCUSSION

After analysis conducted on quality indicators
for biodiesel and diesel we come in the following
table results.

Table 1

Comparison of quality indicators

The following tables are provided qualitative
characteristics of mixtures in various ratios

Biodiesel produced with fossil diesel tradi-
tional, where in this case we have used only one
party diesel. Interesting part of this study is to de-
termine sulphur content because for the results
achieved we see clearly important influence of
biodiesel to reduce the amount of sulfur in fuel.

Table 2

Qualitative characteristics of compounds
in various reports

(300 ml) (C) (gem’) (g/em’) (®)
B5 25 0.82 0.83 146 146 58
B10 25 0.82 083 146 146 73
B15 25 0.82 0.83 146 146 76
B20 25 0.82 0.83 146 146 64
B25 25 0.82 0.83 146 146 64

Table 3

Sulphur content depending on the ratio
of the mixture

Sulphur content Sulphur content
(mg/l) (ppm)

- Type Apparatus Multi EA 3100 Apparatus XRF
Standard ISO 20846:2011 Standard ASTM D 7220

Physic-chemical indicators Biodiesel Diesel

Density of biodiesel; (=24 °C) 0.886 0.821
Density of biodiesel; (d420); (g/cm3 ) 0.8877 0.832
Angle of refraction; (nD24) 1.467 1.461
Flash point; (°C) 189°C 45°C
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1 B5 .77 8.7
2 BIO 7.35 8.3
3 BIS 7.76 8.12
4 B20 7.05 7.4
5 B25 7.12 6.8
CONCLUSIONS

Biodiesel is a renewable alternative fuel that
can be used in a diesel engine either pure or in
blends with petroleum diesel. It has the potential of
replacing petroleum diesel in the future, or being
used in blends with petroleum diesel to improve
performance and reduce toxic exhaust emissions.

In terms of environmental assessment and re-
newability, biodiesel has a contribution in reducing
particulate matter emission, reduced emission of
greenhouse gases, and decrease in air pollution.
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Biodiesel when applied as a fuel in a diesel engine
works like petrodiesel or in some cases even gives
better results compared to petrodiesel fuel.

We have reviewed past research works com-
paring performance and exhaust emission charac-
teristics of biodiesel and petrodiesel from different
sources.

Because of the growing concern for a clean
and healthy environment, most modern research
has been centered on reducing the toxic exhaust
emissions generated from burning petroleum and
improving the performance of petro-diesel through
blending with biodiesel.
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A bstract: Public streets lighting have a great importance and is necessary as it affects the increase of secu-
rity and quality of life of citizens, but as an institution is also a standard that must be met to EU Directives. From the
current situation it appears that the public lighting in the streets of Mitrovica are not in good working condition be-
cause the system is outdated and bulbs have large consumption of electricity capacity. Consequently there are very
large expenditures of energy and investments in maintenance through which are affected the municipal budget. With
a proposed technology to replace the current bulbs by the source of renewable solar energy with photovoltaic system,
the supply will be independent of network system of public supply with electricity through which there will be nei-
ther electricity expenses nor investment in maintenance thus affecting a significant reduction the amount of carbon
dioxide that is released into the environment.

Key words: public lighting; solar-photovoltaic; environment; electric troops; cost

HNCIIUTYBAILE HA MOKHOCTA HA KOPUCTEBE COJIAPHU ®OTOBOJI TAMYHU CUCTEMMU BO

JABHOTO OCBETJIYBAIBE BO OIIITUHATA MUTPOBHUIIA

AmcTpakT: JaBHOTO yJIHYHO OCBETIyBahe € O/ ToJleMa BaXKHOCT M € HEOIIXOAHO OH/ICjKHU Binjae Bp3 3roJie-
MyBameTo Ha 6e30eJHOCTa M KBAJIUTETOT HA JKMBOTOT HA IparaHHUTE, HO KaKO MHCTUTYIMja UCTO TaKa € U CTaHIapa
KOj MOpa Jia ce JIOCTHI'HE criopen qupekTuBute Ha EY. Bo MOMeHTaIHaTa CHTYyalHja e YHHH JIeKa jaABHOTO OCBETITY-
Bame Ha yJauuuTe BO MUTpOBHILIA HE € BO 100pa paboTHa cocToj0a, OMIejKH CUCTEMOT € 3aCTapeH U CBETHJIKUTE NUMa-
aT rojeMa IOTpPOLIyBayKa Ha eJICKTPHYCH KanaiuTeT. Kako pe3ynrar ce jaByBa rojiema IoTpollyBayka Ha eHeprujaTa
U Ce MHBECTHPA BO OJIPXKYBAIBETO, CO IITO CE ONTOBapyBa ONIITHHCKHOT Oyner. Co MpelsioKeHaTa TEXHOIOrHja 3a
3aMEHa Ha MOCTOJHUTE CBETHJIKH CO CBETWJIKHA CO (POTOBOJTAWYECH CHCTEM KAaKO M3BOp Ha OOHOBIMBA COHYCBA
€Heprija HalojBamkeTo Ke OMe HE3aBUCHO OJ1 MPEKHHOT CHCTEM Ha jaBHOTO OCBETIIYBAaHE CO CICKTPUYHA CHEPTHja,
CO IITO HEMa MOBEKe Jia MMa TPOLIOLH 32 EISKTPUYHA SHEpruja HUTY IaK HHBECTHPABhE BO OJPKYBAbETO, a Toa ke
JIOBEJIE H 10 3HAYMUTEIIHO HaMaJlyBahe Ha KOJIUYMHATA Ha jarJpTOA JUOKCU UCIYLITAH BO )KMBOTHATA CPEIMHA.

Kiyunu 360poBH: jaBHO OCBETIIYBabE; CONAPEH (POTOBOITAMK; )KUBOTHA CPEANHA; CIEKTPHYHH TPYIIU; TPOLIOLH

AIMS AND BACKGROUNDS

The use of renewable energy sources is the
current objective, due to the benefits that are incre-
asingly being implemented in practice.

One of the renewable energy sources are sun-
light that reaches the earth in the form of energy.
This energy can be converted into other forms of
energy such as heat energy and electricity. Accord-

ing to data from the Hydrometeorological Institute
of Kosovo, Kosovo Agency for Energy Efficiency,
as well as other local and international institutions
it emerges that global radiation in Kosovo is 1400
kWh/m” per year.

The use of renewable solar energy as energy
is zero emissions balance. Hence the higher use of
solar energy will contribute to achieve three goals
of energy policy, such as: increasing the overall
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economic development, enhancing public safety in
energy supply and environmental protection.

The lack of public lighting is a factor which
causes the uncertainty that is manifested by acci-
dents through the streets of different neighbor-
hoods of the city. Only in the city are located 1568
lighting troops with bulbs of outdated technology
which have greater illuminating capacity, great
expense of energy, and high cost of maintenance
that affects the municipal public budget already
modest.

From the analysis of different technologies,
seeing trends of development, the use of technol-
ogy “ESC-Solar System XL220W,” which today is
used in several municipalities of Kosovo appears
to be the most advanced offering improved lighting
quality and without interruption regardless of the
weather.

Using solar renewable energy source with
photovoltaic system in public lighting of roads in
the country has a special interest because it affects
directly the sustainability of supply stability, in-
crease security and quality of citizen’s life and re-
duces costs in environment protection by eliminat-
ing the release of CO,.

EXPERIMENTAL

Based on the analysis and researches for a
system more efficient solar cells system, it appears
that the system ESC-Solar System XL220W, of-
fers the best conditions for an improved of uninter-
rupted lighting quality regardless of season,
weather conditions: rain, hail, storm, snow, ice and
cold.

Such a photovoltaic system has high solar
cells efficiency with a quality surface absorption
and with reduction of the reflection of sunlight by
placing of an antireflective layer. This system of-
fers a high safety and durability of converting solar
energy into electricity. Antireflective -efficient
coating technology set in panel enables optimum
efficiency with high performance even as the level
of radiation is lower.

Solar photovoltaic Panel system of this type
has the following features: in addition to the antire-
flective layer, battery with capacity of 48 Ah, elec-
tric voltage of 12 V, number of cells (monocrystal-
line) 36 pieces for one panel, power of 180 W, and
its working lifespan provide 26 years. Managing of
such a system performed in a computerized man-

ner by professional people for an applicative pro-
gram work especially for such a system.

Modules of such a system are placed on a
frame built from corrosion resistant aluminum.
This frame profile provides stability and on it are
easily placed modules with a side of the plastic
wrapping that can easily bonded into the holder.

This is then placed in the column built of gal-
vanized steel in the height of 6 m, diameter of 144
mm and weighing of 215 kg (Figure 1).

Fig. 1. Photovoltaic solar panel with lights body.

Bulb LED is placed on pole (lights body)
with maximum power of 12 W, energy flux of
1200 lumen with a lifetime > 50.000 h. Also in the
body are placed the battery with accumulation
power of 48 Ah and voltage of 12V.

RESULTS AND DISCUSSION

Mitrovica municipality for public lighting has
installed 1568 lighting troops of sodium and a
smaller number of mercury with different power
up to 500 W. By replacing them with LED bulbs
that will be supplied by sunny renewable energy
source, photovoltaic system, with advanced tech-
nology preferred XL220W, ESC Solar system.
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Such illumination will be more qualitative, effi-
ciently, sustainable, zero emission of CO,, and
with zero costs while investment settled.

Calculation of energy saving for this case is
made on the basis of the methodology Bottom up,
recommended by the €pean Union, where during
the summer lighting lasts an average of eight hours
staring from darkness falls until the morning, and
during the winter to 16 hours. From this calcula-
tion it appears that one bulb within a year 365 days

x in average shines 11 hours/day = 4015 hours per
year.

Calculations have got 151 lighting troops in
one part of the city center (which means approxi-
mately 10% of all lights in municipal bodies). The
actual number of 151 lighting troops taken for
analysis and if this technology used will be suffi-
cient to treat only 44 LED bulbs to reaches lighting
even more qualitative than actual (Figure 2).

Fig. 2. Public lighting at night with ESC technology, Solar System XL220W,

In the calculations are taken into account the
actual price of electrical power of 0.13 €/kWh, and
the calculations are made for one year. For elec-
tricity supply of 151 light bulbs per year spent
114973.54 kWh/year of electricity with financial
cost of 14946.56 €/year when we add the cost of
annual maintenance of 9750 €/year it appears that
the annual cost of in total is 22421.88 €/year. This
electrical energy is obtained by lignite fired power
plants where 151 illuminating bulbs during one
year releases 165331.95 kg COy/year that has di-
rect impact on the environment.

From these calculations it appears that this
technology with LED bulbs from photovoltaic so-
lar energy will not only contribute to the environ-
mental improvement with the impact directly on
the climate because there will be approximately 12
tons less CO, release and will also affect energy
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efficiency, public security, and stability in the sup-
ply of electricity.

CONCLUSIONS

From the above data we can conclude that
such a technology using sources of renewable solar
energy with photovoltaic system in cooperation
with “ESC-International” provides more efficient
lighting, without any financial expense, saving
electricity, greater security for citizens through the
streets of the city neighborhoods, replacing the
current bulbs which are of outdated technology
(with capacity installation of lighting troops up to
500 W) with great expense in lighting and mainte-
nance.

For €pean Union (EU), security of supply, in-
vestment promotion in the sector, environmental
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protection and further development of the energy
market are the main strategic goals of the new
€pean strategy for the energy sector in the EU.
From these goals arise a number of important ob-
jectives including the so-called 20% — 20% — 20%.
That means: 20% reduction in emissions of green-
house gases that are created by CO,; 20% growth
for the participation of renewable sources in en-
ergy consumption and 20% improvement in energy
efficiency.

By using this technology will contribute to
achieve the goal, where through this system will be
implemented photovoltaic solar lighting system
independent of the current public network supplier.
Using this system ensures that there will be no ma-
jor impact on the season, time of day, local cli-
matic conditions, it is sufficient to have only dur-
ing the day natural light in the average duration (in
winter also up to 4-6 hours) for recharging the ac-
cumulative system so that the power supply to be
continued. In this way, among others will also be
affected environmental protection, energy -effi-
ciency and saving public money.

Therefore all these investment in this technol-
ogy will be reasonable and worth because it will be
returned within a period of time and will provide
safety and durability.
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A bstract: Drying conditions for solar drying of fruits were estimated by field conducted experiments. Solar
driers without auxiliary heat source were under investigation. Water-filled vessels and a bed of rocks were used as
heat accumulators. Air state or psychrometric zones in the drying room of the dryer, flow rates of air, product thick-
ness and the time of drying are proposed for red raspberry solar drying.
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COJIAPHO CYHIEIbE HA MAJIMHHU

AmncrtpakT: [Ipeky ekcnepuMeHTH HalpaBeHU Ha TepeH Oea MPOLIEHETH YCIOBUTE 32 COJIAPHO CYIICHE Ha
opourje. McenutyBanu Oea ConmapHM CyIIMJIHMIM Oe3 JOINOJHUTENEH W3BOp Ha TomuMHA. Kako akymynatopu Ha
ToIUIMHAa Oea KOPHCTEHW CaJ0BH CO BOAA M TOIOJN SHI (KaMema). 3a CyIIeHhe LPBEHH MAallHU, C€ MPEII0KEHH
BO3IYLIHU WM HCHXPOMETPUCKU 30HM BO KOMOpAaTa 3a CyILICHe, CTalka Ha MPOTOKOT Ha BO3MyX, AeOenuHara Ha

TIPOMU3BOAOT U BPEMETO Ha CYIICHEC.

Kity4Hu 360poBH: COMapHO CYIICHE; MAIMHHI; YCIOBU Ha CYIICHE

AIMS AND BACKGROUND

This article expresses the results of field ex-
periments carried out on raspberry.

In order to benefit from the free and rene-
wable energy resource, as it is the sun, an attempt
is made to introduce solar drying as method of
food preservation.

Drying of foodstuffs is common phase of
food processing. The correctly realized drying op-
eration extends product storage life, enhances the
product quality, eases the product packing, han-
dling, transportation, further treatment, and can
represent a means of food sanitation.

Raspberries, usually consumed as fresh fruit,
are also needed as dried fruit for a variety of con-
fectioneries products.

Examples of raspberry species are primary
grown in Europe, Asia and America. The top pro-

ducers of raspberries, shown in 2013 order, are [1].
Russian Federation 143000 tonnes, Poland 121040
tonnes, U.S.A. 91300 tonnes, Serbia 68458 tonnes,
Mexico 30411 tonnes, Ukraine 29500 tonnes, Uni-
ted Kingdom 13800 tonnes, Spain 11700 tonnes,
Azerbaijan 10000 tonnes, Canada 9691 tonnes,
Bosnia and Herzegovina 9075 tonnes, Germany
5086 tonnes, France 3976 tonnes, Portugal 2500
tonnes, Norway 2017 tonnes and the Netherlands
2000 tonnes.

As wild plants raspberries grow in forests.
Cultivated raspberry exists as red raspberry, black
raspberry, yellow raspberry and purple raspberry.
More than ten species in Rubus subgenus are in the
production.

Red raspberry (Rubus idaeus), a perennial
red-fruited species, from the genus Rubus of the
rose family, is usually cultivated in our country
(Figure 1). In 2013 the production of 178 tonnes
was realized.
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Fig. 1. Red raspberry (Rubus idaeus)

The solar drying of fruits was always an im-
portant issue in the research programmes for the
last two decades, at the Institute of Thermal Engi-
neering from the Faculty of Mechanical Engineer-
ing in Skopje. The dried fruits were: apple, pear,
plum, fig, apricot and raspberry. Some results of
the activities: (1) Psychrometrics of drying, (2)
Solar driers development, (3) Field investigation,
are already published [2, 3].

Tests conducted on many types of solar dry-
ers enabled: nominal drying conditions, for the
mentioned fruits, to be proposed, to improve the
dryers construction and to obtain enough experi-

ence for managing the drying process. Dryer with
water-bed heat storage (Figure 2), and dryer with
rock-bed heat storage (Figure 3), were simultane-
ously used for raspberry drying.

v

Fig. 3. Solar dryer with rock-bed heat storage

Mech. Eng. Sci. J., 34 (1), 167-171 (2016)
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Fig. 4. The disposition of drying shelves (six, 920 x 920 mm) in the solar dryer with water filled vessels

Fig. 5. The disposition of drying shelves (seven, 830x860 mm) in the solar dryer with rock-bed heat storage

Maw. unic. nayu. ciuc., 34 (1), 167-171 (2016)
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EXPERIMENTAL

An experimental farm was fitted up with two
solar dryers and all needed conveniences: the
cleaning area for control of fresh raspberries and
dryer shelves after every drying cycle, the com-
mand cabin with acquisition system, computer and
instruments and the packing section for dried pro-
ducts. The local harvest time for raspberries is in
the period from 1 June until 20 July. That period is
suitable for solar drying as dry season, with the
longest days in the year.

Various manufacturers have slightly different
types of solar dryers with water vessels as heat ac-
cumulators. The used design is inexpensive and
allows the most foolproof operation. The dryer has
six metal boxes as accumulators, located under the
drying room in such way that access to them is
available. Every box has dimensions 250 x 250 x
2000 mm. The total amount of used water is 0.75
m’. The dryer is 3 m long, 2 m high and 2 m wide,
with 5 m” drying surface in the drying room. South
oriented solar collector has surface of 2 m’. The
chimney effect is ensured by the use of 2 m high
chimney. Six perforated shelves were used in the
drying room. The dried product was arranged in
thin layer, of single raspberry high, on the shelves.
Thirty kilograms of raspberry were treated in one
cycle of drying. The maximum temperature re-
corded in the drying room was 62°C. For the dried
product, the initial moisture content wet basis was
in the range 80 to 85%. The final moisture content
wet basis was 20%. Drying time reached 60 to 72
hours for cloudless days.

Table 1

The dryer with rock-bed heat storage is 6.4 m
long, 2.7 m high and 3.6 m wide, with 20 m* dry-
ing surface in the drying room. South oriented
rock-bed has surface of 23 m” and rock volume of
10 m’. The chimney effect is ensured with four, 2
m high chimneys. The dried product was arranged
in thin layer, of single raspberry high, on one quar-
ter of the available shelves. Thirty kilograms of
raspberries were treated in one cycle of drying.
The maximum temperature recorded in the drying
room was 64°C. The initial moisture content wet
basis of raspberries was in the range 80 to 85%.
The final moisture wet basis was 20%. The drying
time reached 60 to 72 hours for cloudless days.
The airflow in through the dryer room was regula-
ted by damper located at the entrance of fresh air.

For both dryers, two groups of measurements
were realized: (1) air (temperature, moisture,
flow), (2) raspberry (temperature, moisture). Air
state, for atmospheric air and for dryer room, was
determined with the use of digital psychrometers.
Alternatively, air state in the atmosphere was con-
trolled with the use of Assman psychrometer and
psychrometric chart [6, 7]. Digital anemometers
were applied for airflow rate measurement at the
entrance of atmospheric air and in the chimneys.
Initial, internal and final moisture content was in-
spected by taking representative samples from the
shelves. Then, the results were obtained in labora-
tory with electric moisture meter.

Selected data from the process of raspberry
solar drying are presented in Table 1.

Operating characteristics for solar drying of raspberry — measured and calculated

Parameter

Dryer with water vessels

Dryer with rock-bed

Air state in atmosphere

— Psychrometric zones, specific enthalpy, kJ/kg
— Relative humidity, %

Air state in dryer room

— Psychrometric zones, specific enthalpy, kJ/kg
— Relative humidity, %

— Velocities, m/s

Raspberry

— Shape and size of pieces for drying

— Initial moisture content wet basis, %

— Final moisture content wet basis, %

Dryer

— Heat accumulator

— Drying surface, m

— Number of shelves

— Time of drying, h

35-100 35-100
20-50 20-50
35-120 35-120
20-80 20 - 80
0,3-0,9 0,3-09
Whole fruit Whole fruit

80 -85 80 -85

20 20

Water Rock-bed

5 5

6 7
6072 60-72

Mech. Eng. Sci. J., 34 (1), 167-171 (2016)
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RESULTS AND DISCUSSION

Drying conditions for solar drying of rasp-
berry were tested in field experiments in expecta-
tion to gain new knowledge for three topics of the
drying process: air state in drying room, raspberry
and dryer.

Air state in drying room. In the period of
local harvest time for raspberry, at the experi-
mental farm in Skopje, the atmospheric air is in the
temperature range 25 — 40°C, and relative humidity
range 20 — 50% [8]. With these values, psychro-
metric zone of atmospheric air is defined in the
psychrometric chart. Using psychrometric chart
ASHRAE No. 1, the specific enthalpy range for
this psychrometric zone is 35 — 100 kJ/kg. In the
dryer room, the air states reached: temperature
60°C and relative humidity 80%.

Raspberry. The moisture meter indicated
moisture content wet basis in the range 80 — 85%,
for the harvested raspberries. Placed, in thin layer,
at the perforated shelves raspberries were exposed
to thermal drying to obtain 20% moisture content
wet basis. In order to maintain uniform raspberry
moisture content the shelves were occasionally
relocated. During the night and cloudy periods the
airflow dumper was closed or set to position mini-
mum opened.

Dryer. The atmospheric air is heated in the
dryer up to 60°C, and moisten up to 80%, reaching
specific enthalpy of 120 kJ/kg. In the investigation
process the dryer with water vessels was chosen as
referential while the dryer with rock-bed was
adaptable. This means adjusting the same drying
conditions dictated by the dryer with water vessels.
It was possible to accept this method because the
dryer with rock-bed has bigger capacity of drying
surface, heat accumulation and airflow. Such prac-

Maw. unic. nayu. ciuc., 34 (1), 167-171 (2016)

ice enabled simultaneous use of two different type
of solar dryers in the investigation process.

CONCLUSIONS

Red raspberry was dried, with the use of solar
energy, at final moisture content demanded by con-
fectioners. In the period of local raspberries har-
vest, the result of drying process was satisfactory
with drying time of 60 to 72 hours. Applied
method of raspberry drying with one referential
and one adaptable dryer enabled the realization of
test regimes on the dryer with rock-bed heat stor-
age and the definition of correct operating charac-
teristics.
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A bstract: Biomass (cellulose, hemicellulose and lignin) waste is a renewable energy source that can par-
tially substitute the fossil fuel in future. Pyrolysis of biomass is a thermo-chemical process conducted at high tem-
perature and in absence of oxygen for conversion of biomass to liquid (bio-oil), solid (bio-char) and gas fuel. Liquid
bio-oil can be stabilized with hydrogenation or esterification. Also, it can be directly used as a renewable liquid fuel.
In the present paper, wood chips bio-oil was produced by fast pyrolysis in a semi-batch reactor using Al,O3, SiO, and
opalized silicate tuff as catalysts. The effect of process parameters and catalyst influence on the yield and bio-oil
composition were analyzed. The presence of catalysts significantly increased the amount of bio-oil. Fourier Trans-
form Infrared Spectroscopy (FTIR) has been applied for qualitative and quantitative analysis of main bio-oil com-
pounds.

Key words: pyrolysis; wood chips; bio-oil; catalysts; FTIR analysis

XEMUCKH COCTAB HA BUO-MACJIO JOBUMEHO CO BP3A ITUPOJIM3A
HA CTPYI'OTHUHMU O APBO

A ncrtpakT: Ornagor ox 6uomaca (1eiys103a, MOJIYyLENyI03a U JUTHUH) € OOHOBJIMB €HEPreTCKU H3BOP KOj
MOXKE€ BO MJIHUHA JEIYMHO Ja ro 3aMeHH (ocuiiHoTo ropuso. IIuposnunsara Ha 6uoMaca € TEpMO-XEMHCKH NIPOLEC 3a
KOHBep3Hja Ha Ouomaca /10 Te4Ho (61o-macio), UBpcTo (OHo-jarieH) U racHO TOPHBO M3BEAYBaH Ha BHCOKA TEMIIEpa-
Typa U 0e3 IpHCYCTBO Ha KHCIopol. TeuHoTro Guo-Macio Moxe Ja Ouie CTabMIN3HPaHO CO XHIpOreHaluja Hin
ectepudukanmja. Mcto Taka, Toa MOXKe TUPEKTHO Aa Ouzie ynorpebeHo Kako 0OHOBIHBO TEUHO ropuBo. Bo mpukaka-
HHOTTPY]l, 100HEHO € OH0-MaciIo Of APBEHU CTPYTOTHHH €O Op3a MUPOIIN3a BO IOIy-1IApKEH PEAKTOP BO IIPUCYCTBO
Ha Al,Os, SiO, u onanu3upaH CHIMKaTeH Ty} KaKo KaTaau3aTopu. MCUTyBaHO € BIMjaHHETO Ha MPOLIECHUTE Hapa-
METpPH U KaTaJIn3aTOPOT BP3 KOIMYMHATA M COCTABOT HA OMO-MacioTo. [IpucycTBOTO Ha KaTaan3aToOpH 3HAUUTEITHO ja
3rojieMyBa KOJIMYMHATa Ha OMO-Macio. 3a KBaJIMTATUBHA M KBAaHTUTATHBHA aHAJM3a HA OCHOBHUTE COCIMHEHHja HA
6uo-macnoro 6emre npuMenysaHa Oypueposa TpaHchopumupana HHppanpseHa crexrpockonyja (FTIR).

Kay4ynu 300poBH: nuponu3a; IpBEHN CTPYroTHHH; O1o-Macio; katanuzaropu; FTIR ananuza

AIMS BACKGROUND

In the present work, the process parameters:
temperature, heating rate, catalyst and nitrogen
flow were rate optimized. Also, bio-oil samples
obtained from wood chips biomass pyrolysis were
analyzed. The main compound bands in bio-oil
were identified using FTIR analysis.

Biomass is a promising renewable source that
can replace the fossil fuels. The cost-effectiveness
of using biomass comes from an abundant of
woody biomass (forestry residues and waste
wood), agriculture and industrial wastes. The last
twenty years interest for using biomass as a widely
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available feedstock for bio-fuel production tre-
mendously increased due to the depletion of fossil
fuels and environmental friendly energy source.
The main constituents are cellulose (~50 wt% on
dry base), hemicellulose (~25 wt% on dry base)
and lignin (~25 wt% on dry base) [1]. Pyrolysis is
a thermo-chemical process of conversion biomass
to bio-fuels (solid, liquid and gas) conducted at
high temperature, with catalyst and in absence of
oxygen. Usually it is produced by fast pyrolysis,
high heating rate and low residence time. Industrial
realizing of low-cost bio-oil production obtained
from waste biomass pyrolysis is a challenge of
many researchers and scientists. The low-cost bio
fuel should be substituted the fossil fuels. Bio-oil
can be directly used as a fuel in boilers and gas
turbines or upgrading into stable oil by decreasing
oxygen and acidity value [2-4]. The composition
of bio-ail is responding to its fuel characteristics.
Usually it is determined by Gas Chromatograph
and Mass Spectrophotometer [5, 6]. Fourier Trans-
form Infrared Spectroscopy (FTIR) is a rapid met-
hod to determine the chemical composition, quali-
tative and quantitative, of bio-oil [7].

EXPERIMENTAL
Materials and methods

Semi-batch reactor (volume of 0.4 10° m’
and an inner diameter of 5 10 m) was used for
pyrolysis of wood chips. The reaction of fast pyro-
lysis was carried out in presence of commercial
ALO; (BASF 92.7% AlLO;), natural SiO, and
opalized silicate tuff (94.51% SiO,) as catalysts.
The water content of wood chips was 8.35%. Heat-
ing rate and temperature of the reactor vary from
10°C min™" to 15°C min™" and 500 to 650°C, res-
pectively and controlling by PID controller Uni-
tronics V 570. Nitrogen as a carrier inert gas was
used with flow rate (50-100) 10~ m’ h™".

Fourier Transform Infrared Spectroscopy
(Thermo Scientific Nicolet 6700 spectrometer) was
carried out to identify the main groups of organic
compounds in bio-oil by their functional groups.
The absorbance mode was recorded in a wave
range 400-4000 cm™'. FTIR specters were inter-
preted on the base of literature data.

Procedure

3040 g of analyzing material was putted into
reactor together with mixed catalyst (ratio 1:1 or

1:1:1, biomass: Al,O; or biomass: Al,O3: SiO,/opa-
lized silicate tuff) and heated at desired tempera-
ture. Nitrogen as a carrier inert gas was used. Ob-
tained bio-oil was collected at three separators with
constant temperatures (T; = 70°C, T, = Tz = 0°C).
The amount of gas fuel is estimated from the mass
balance of bio-oil and bio-char. Bio-oil was filter-
ed, analyzed and the main components were de-
termined by FTIR spectroscopy.

RESULTS AND DISCUSSION

The wood chips pyrolysis starts slowly at
250°C to 290°C, when collected bio-oil content
high percent of water. The higher amount of bio-
oil appears at 370 °C to 530 °C and at 550 °C starts
to decrease. During thermal cracking, without cata-
lyst, the amount of bio-oil decrease from 41% to
36% with increasing heating rate from 10 °C min™
to 15 °C min"' due increasing gas fraction from
38% to 42%. Catalytic pyrolysis biomass with
Al,O5 increase volatile components to 60% (40%
bio-oil) and using biomass with Al,O; and opalized
silicate tuff increase to 58% bio-oil. Increasing the
catalyst Al,O; increased the volatile components
and in combination with tuff decreased the bio-
char and increased the bio-oil. There are several
changes in composition of bio-oil most of it is a
result on a type of catalyst. Higher molecular
weight of pyrolysis products are obtained when
Al,0O; and opalized silicate tuff are used.

Pyrolysis bio-oil was dark brownish viscous
liquid with pleasant smell and characteristics dis-
played in Table 1.

Table 1
Density, 20°C Kinematic viscosity, 40°C Refractive pH
(kg m>) (mm” s index
1052.3 0.72975 1.6982 3

FTIR spectroscopy is a rapid and powerful
analytical technique usually used for identified the
functional groups of pyrolysis bio-oils. In this
study, FTIR spectra of bio-oil obtained from wood
chips pyrolysis representing functional group com-
positional analysis (Figure 1). In the wave range
between 400 and 3700 cm™ several peaks with
strong, medium, broad and weak intensities can be
clear identified. The biggest peak can be identified
between 2800 and 3700 cm™'. The broad absorb-
ance band ascribed to O—H vibrations of hydroxyl

Mech. Eng. Sci. J., 33 (1), 173-176 (2016)
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groups which indicate the presence of alcohols,
phenols, and water in the bio-oil. O-H and C=0
stretching vibrations are between 1650 and 1750
cm™' indicates the presence of carboxylic acids and
their derivatives [8]. In addition, the presence of
the peaks between 1650 and 1720 cm™ are as-
cribed to C=0 stretching vibrations and indicates
the presence of ketone and aldehyde groups [9]. At
the wave length 1639 cm™ the peak represents
C=C stretching vibrations due to the presence of
alkenes and aromatics. This wave range indicates
the presence of methyl and methylene groups of
alkanes. The absorbance of stretching vibration of
C=C peaks between 1680 and 1580 cm™" is indica-
tive for presence of alkanes and also aromatics [8].
The peak at 1394 cm™' represents C—H stretching
vibrations and belongs to alkanes between 1350
and 1470 cm™ [8]. Mono, polycyclic, and substi-

tuted aromatic groups related with plane C-H
bending are presence between the wave range 700—
900 cm™' [10]. Peaks between 1000 and 1300 cm™
belongs to primary, secondary, and tertiary alco-
hols [11]. The presence of single, polycyclic and
substituted aromatic groups are between wave
range 900 and 650 cm™'. Also, aromatic ring to-
gether with C=O0 stretching as well as C-O stretch
indicate the presence of aromatic esters [11]. Wave
ranges of substantial functional groups in bio-oil
were between 3000 cm™' and 3500 cm™' as well as
between 1000 cm™ and 1750 cm™, which indicated
the existence of C=0 bonds, C=C bonds, C-O
bonds, C-H bonds and O-H bonds in bio-oil.
These functional groups demonstrated there were
alcohols, phenols, aromatics and acids in bio-oil
[12].
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Fig. 1. FTIR spectral analysis for bio-oil
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CONCLUSIONS

In this study, fast pyrolysis experiments of
wood chips were performed in a semi-batch reactor
at 500 to 650°C temperature using Al,O;, SiO, and
opalized silicate tuff as catalysts. Produced bio-oils
were physically (density, viscosity, refractive in-
dex and pH) and chemically (identification the
functional groups) characterized and are typical for
light pyrolysis bio-oils obtained from wood bio-
mass. FTIR chemical characterization showed the
chemical concentrations for most bio-oil compo-
nents (water, alkanes, alkenes, alcohols, phenols,
aromatics and acids in bio-oil). The process pa-
rameters were also optimized. The maximum yield
of bio-oil was achieved at 550°C, heating rate 10
°C min™' and nitrogen flow rate 60 10~ m’ h™'with
Al,O; and opalized silicate tuff as catalysts.
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A bstrac t: The characterization of crude oils depends on the characterization and properties of pure hydro-
carbons. Calculation of the properties of a mixture depends on the properties of its constituents. Characteristics of
crude oil are very important in design and operation of almost every equipment in the petroleum industry. A petro-
leum fluid is defined by its thermodynamic and volumetric properties and by its physicochemical properties. Their
behaviors are modeled from experimental data in order to properly simulate the processing of these fluids during the
production. To achieve optimal crude selection and processing decisions is very important to have information refer
to crude oil quality. This includes: the characteristics of crude oil fraction, density, octane number, sulfur content,
viscosity, etc. The aim of the work for this paper has been gathering as full as possible information for the quality
identification of some specific crude oils extracted in our county, and determining the classification range of pre-
viewed fractions during the crude oil sequential distillation. It was indicated from our experiments that the most
physical properties of crude oils has not been varied wide range of their values, except the water content which has
been fluctuated in wide range for different resources.

Key words: crude oil; characterization; refinery processes; physical properties

KAPAKTEPU3ALIMJA HA CYPOBATA HA®TA OJ PA3JIMYHU IPUPOJHHU PECYPCHU
BO AJIBAHUJA KOPUCTEJKH HUHCTPYMEHTAJIHA AHAJIU3A

A 1ncTp ak T Kapakrepusaumjata Ha cypoBaTa HaTa 3aBHCH OJ] KapakTepusalHjaTa M CBOjCTBAaTa Ha
yucTHTE jariaexuapatu. [IpecMeTyBameTo Ha CBOjCTBaTa Ha CMecaTa 3aBUCH Off CBOjCTBATA HA HEJ3MHUTE COCTABHH
eneMeHTH. KapakTepucTHKUTE Ha CypoBaTa Had)Ta ce MHOT'Y BaXKHH 3a JIM3ajHOT M PabOTEHETO Ha PEYHCH CEeKoja OIl-
pema Bo HadreHata uHayctpuja. Hadrenata TeuHoCT € neduHMpana o HEj3UHUTE TEPMOIHUHAMUYKH U BOIYMEHCKU
CBOjCTBA, KaKO M 0] (U3NYKUTE U XeMUCKHUTE cBOjcTBa. Hej3MHOTO OiHECYBambe € MOACIUPAHO Ol EKCIIEPUMEHTATHI
MOJATOLH 3a COOJBETHO 1a CE CTUMY/IHpa 00paboTkara Ha OBaa TEYHOCT 3a BPeMe Ha MPOU3BOACTBOTO. 3a JOHE-
CyBame ONTHMAIHHU OJJIYKH 3a CeJIeKIMja Ha CypOBHHATa U 00paboTKara € MHOTY BaXKHO Jia C& UMaaT MH(POPMALHU
3a KBaJUTETOT Ha CypoBaTra HadrTa, IITO I'M BKJIy4dyBa: KapaKTePHCTHKUATE Ha (pakuujata Ha cypoBarta Hadra,
rycTuHara, OpojoT Ha OKTaHH, COApIKHHATA Ha Cyladyp, BUCKo3HOCTa UTH. LlenTta Ha OBOj Tpyx € Ja ce cobepaT KOJIKy
LITO € MOXKHO IMOAETaNHH MH(pOpMANUK 32 UICHTH(HKAIKja HA KBATHUTETOT Ha HEKOM OJAPEACHU BHAOBU CypoOBa
HaTa eKcTpaxvpaHa BO HAIlaTa 3eMja M OPEAyBamhe HA KBAIU(UKALUCKUOT OICEr Ha MPHKaKaHUTE (QpakuuH 3a
BpeMe Ha CEKBEHLMjaIHATA ACCTIIALMja Ha cypoBaTta HadTa. O HALIMTE EKCIEPUMEHTH IPOU3IIe3e ACKa BPEIHOCTHU-
TE Ha HAjrOJIEMHUOT e 07 (DM3MYKUTE CBOjCTBA HA CypoBaTa Ha)Ta HE Ce MEHyBaaT 3HAYHMTEIHO, OCBEH COZPKHUHATA
Ha BOJIa, KOja BapHpallle BO IIUPOK OICEr Kaj O/CTHUTE PECYPCH.

Kay4ynu 360poBu: cypoBa Ha)Ta; KapakTepu3alija; nporec Ha padhuHupame; GU3HIKH CBOjCTBA

INTRODUCTION hydrocarbons and polar organic compounds. It is
found in geologic formations below the earth’s
surface and recovered mostly through oil drilling.
It is refined and separated by distillation according

Crude oil is a naturally generated material
comprising a very complex mixture of coexisting
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to the various boiling points of the components
resulting in a number of products, such as petrol,
kerosene and numerous chemical reagents. Due to
the extreme complexity of the components of
crude oil samples, the characterization of these
constituents of their product has been challenging
research topic for analytical chemists. This aim
introduces the common methods for characterizing
crude oil and for their thermophysical properties.
Crude oils and petroleum fractions are the most
important feed stocks for refining processes. To
properly simulate the refining processes, we must
have good understanding of the compositional in-
formation and thermophysical properties of crude
oils.

In this study we have present the physical
characteristics of crude oil from various natural
resources in Albania using instrumental analysis,
specifically the water content, spefic gravity and
sediment content. Sampling of crude oil is done
directly in the source, about 20 samples. Sampling
points are taken from groups and decantation oil
plants. From our experiments the most physical
properties of crude oils has not been varied wide
range of their values. Petroleum refining involves
separating crude oil into its constituents and con-
verting and treating them into marketable products.
Processed crude compositions have the greatest
influence on refinery margins [1]. Therefore is
very important the study of crude oil properties.

Most of the oil fields around the globe are
producing oil that is often accompanied by signifi-
cant amounts of water, sediment, clay etc. So is
very important the study of water and sediment in
crude oil. To remove these compounds from crude
oil is nessesary the preliminary treatment, for ex-
ample desalting.

One main reason of installing desalting plants
is to decreases the flow of salt content to refinery
required for pumping and transportation [2].
Among the important reasons for treating water-in-
oil emulsions are scale accumulations, corrosion,
and lowering of activity of catalyst.

The main objective of an oil desalting and de-
hydration plant is to remove water-soluble salts
and entrained water. Principally, water normally
contains chlorides of sodium, calcium and magne-
sium. When designing a desalter, its type and size
are all dependent on a number of operational fac-
tors such as required pressure, temperature, viscos-
ity, and flow rate, as well as user specification re-
lating to maximum salt amount allowed in the
product oil stream.

MATERIALS AND METHODS

Samples collection and analyses of oil sam-
ples were carried out in line with recommended
procedures of the American Society of Testing and
Materials — ASTM [3]. A total of twenty crude oil
samples were collected from various natural Alba-
nia resources [4]. Sample collection was done out
in collaboration with field technicians from the
wellheads of the various producing wells. The oil
samples include: Marinza, Belina, Sheqishte, Kall-
mi areas. Samples were obtained in duplicates. The
samples were taken at group and decantation oil
plant. Specific gravity was determined with SVM-
3000 device [5]. Water and sediment in crude oil
are determining by the centrifuge method [6]. Ta-
ble 1 presents details of the instrument used in
analysis.

The water and sediment content of crude oil is
significant because it can cause corrosion of equip-
ment and problems in processing. A determination
of water and sediment content is required to meas-
ure accurately net volumes of actual oil in sales,
taxation, exchanges, and custody transfers. For this
test we used a centrifuge capable of spinning two
or more filled cone-shaped, centrifuge tubes (each
centrifuge tubes shall be a 203 mm cone-shaped
tube), and a solvent (toluene). The specific gravity
was determines by SVM 3000 Anton Paar auto-
matic equipment. The API gravity it is calculated
by specific gravity, with a inverse function.

Table 1

Details of the instruments

Instrument Instrument,
make and model

Centrifuge Model Z 510,
manucfacturer
Bethold Hermle
AG, type Z 510

Purpose of the instrument

Read basic sediment and
water or water cut by
weight percentage through
small graduated tubes,
ASTM 4007-02

SVM-3000 Anton Paar
SVM 3000

A single measuring cycle
on a small sample volume
yields kinematic viscosity,
density, dynamic viscosity,
viscosity index and more,
ASTM D 4052

RESULTS AND DISCUSSIONS

The details of the experiment are presents be-
low.

Table 2 presents the average value after
treatment for sample taken in studies. The most

Mech. Eng. Sci. J., 34 (1), 177-181 (2016)
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important samples for study are samples taken
from plants decantation, which are then sent to re-
fineries. The following measurements have been
made in treated samples. The Marinza resources
include some small groups that may accumulate
from 3 to over 10 wells, two major groups (D-Pad,
H-Pad) and the central decantation plant.

Table 2

Characteristics of the crude oil samples

Property Average value after
treatment
Specific gravity (15/15) 1.000

API gravity to 15 °C Less then 15
Water content (%) 0.1

Sediment content (%) 0.2445

Water content

Crude oil can not be processed in refineries
before treatment, because the presence of water,
clay, salts, etc. increasing pressure, cause lowers
productivity, costs heat, etc. Water content in crude
oil ranging from 10-90% and after processing it in
groups and decantation plant it amounts to 1-2%
water. From the studies it is known that the propor-
tion of water is greater than the amount of oil that
produces a well [7]. In D-pad (Figure.l), from the
analysis performed we see that entered oil with
hight percent of water up to 30% and after cleaning
with 0.2% of water. This tell us that water separa-
tion technology is groups (Pad), is very high and
where crude oil can flow directly into sales with a
very good quality.

40
30 A
Q /
< 20 =—D-Pad ( before
® / treatment)
10 =—4—D-Pad ( after
treatment)

0 4 4 4
] 1 2 3 4
Samples number

Fig. 1. The percentage of water in the D—Pad
before and after treatment

In H-Pad (Figure. 2) on different days its
treated crude oil with different water percent. In
the analyzed samples we can see that before treat-
ment enters oil with high percent of water, after
treatment the percent of water is lower.

Maw. unic. nayu. ciuc., 34 (1), 177-181 (2016)
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Fig. 2. The percentage of water in the H-Pad
before and after treatment.
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Fig. 3. The percentage of water in the decantation plant before
and after treatment.

From experiment carried in D, H-Pad and in
central plant decantation, we see that the crude oil
after treatment reaches a percentage 0.1% water, so
its ready for sale.

Density

Density is very important indicators used in
the study of oil and its derivatives. The resources
which is under study consists of several small
crude oil groups, where the crude oil is collected
before to go to the central plant of decantation. In
small groups entering 5-20 different wells.

In Figure 4, O-30B group at the Belina area
has the greater °API gravity (¢’API =12.59). The
small value <API belongs J-27 A in the Sheqishte
area (°API = 7.23). While the specific gravity is
about 1 gr/cm’ (Figures 4, 5). So these crude oil
classified as heavy crude oil.

14
12
. 10
£
g 8
a 6 O Specific gravity
4 in 15°C (gr/cm’)
2 [ AP density
0 -

Fig. 4. Specific gravity and density in API for small groups
and decantation plant after treatment
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Fig. 5. Comparison of the relative density ( d 11:;66 )

and API density in D, H-Pad and decantation plant

If we make a comparison between the output
density of wells and small groups, note that after
the treatment the density decreases. This occurs as
a result of treatment especially for dewatering.

Gravity specific is in inversely propotion to
the density in °API. Almost densities in D, H-Pad
are the same while the density in API is lower than
31.

Sediment content

Marinza and Sheqishte (Figure 6) source have
the largest amount of sediment content (0.24 and
0.22%). Lowest contents of sediment have Kallmi
and Belina source (0.14 and 0.16%). This variation
in value is a result of oil-producing layers. The
amount depens on the layer of sediments derived
from it, the kind of pump used and also the method
used to extract crude oil.
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Fig. 6. Sediment content (%) for Marinza, Sheqishte, Kallmi
and Belina resources
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Fig. 7. Sediment content at groups (D, H-Pad)
and decantation plant

Different from water content which reduced
after treated, the amount of sediment does not
change after the crude oil treatment, so does not
affect the organic composition of crude oil.

Sediments are important in crude oil because:

Increasing the cost of transport, they depos-
ited in transport lines, in inner walls of the heat
exchangers causing increased pressure, reduced
capacity and temperature rise.

Blocking the main equipment operations and
tray of rectification columns, corrosion etc.

CONCLUSIONS

The oil can not be processed at facilities
without preliminary treatment because the non oil
compounds cause disturbed as increasing pressure,
reduction of production costs of heat, etc. There-
fore before processed crude oil must be separated
from the water and salts, which are in the form of
unstable and stable emulsions.

Water in crude oil can be removed from the
oil before it is processed, after treatment the crude
oil contains about 0.1 + 0.2% water.

After the treatment process, specific gravity
and °API density have changes of their values. If
we make a comparison before and after treatment
we note density decrease. This occurs as a result of
treatment especially for dewatering.

Crude oils in the Sheqishte, Kallm, Belina
and Marinza areal are classified as heavy crude oil.

In Figure 4, O-30B group at the Belina area
has greater °API gravity (°cAPI = 12.59). The small
value °API belongs J-27 A in the Sheqishte area
(°API = 7.23). While the specific gravity is about
1 g/em’.

Marinza and Sheqishte resources have the
largest amount of sediment content (0.24 and
0.22%). Kallmi and Belina resources (0.14 and
0.16%) have lower contents of sediment.

This variation in value is a result of oil-
producing layers. The amount depens on the layer
of sediments derived from it, the kind of pump
used and also the method used to extract crude oil.

The study of crude oil is very important, be-
cause their contents, Increasing the cost of trans-
port, they deposited in transport lines, in inner
walls of the heat exchangers causing increased
pressure, reduced capacity and temperature rise.

Mech. Eng. Sci. J., 34 (1), 177-181 (2016)
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A bstract: Kluyveromyces marxianus is well known yeast and it has many known qualities which make it a
desirable tool in biotechnology. Kluyveromyces marxianus is found in many dairy and wine products, which talks
about its features as a harmless microorganism for human usage. There are more than one unique capability, which
makes it a desirable organism for industry like high temperature fermentation and different kind of medium assimila-
tion. The wide range of the medium assimilation is a suitable feature for usage a complex media which have a
cheaper source. Many of food waste complex media hydrolysate is used for ethanol production and other food prod-
ucts. The work was based on the growth rate, and on yield. To see the improvements, comparison was done between
complex media, K. marxianus and S. cerevisiae. As a result of continuous work, the improvements are seen in the
growth yield, and less energy was lost for complex media hydrolysis. There are successful genetic modifications of
the microorganisms and large number of isolated genes for specific feature from Kluyveromyces marxianus, which in
the future are seen with perspective eye. The research work is in the beginning and it is needed continuous work for
better results, even that there are many outcomes which can hopefully improve some industrial yeast products.

Key words: Kluyveromyces marxianus; yeast; microorganism

KOMIIVIEKCEH MEJUYM U TEHETCKA OBPABOTKA 3A IIOJJOBPYBAIGE
N IMPOU3BOACTBO HA HOB ITPOU3BO/] CO KLUYVEROMYCES MARXIANUS

A ncTpax T Kluyveromyces marxianus € 100po MO3HaT KBacell U UMa MHOTY MO3HATH KBAJIUTETH KOU IO
npaBaT IocaKyBaHa anatka Bo OuortexHonorujara. Kluyveromyces marxianus ce Haora BO MHOTY MJICYHH M BHHCKH
MPOU3BOAY, ITO 300pyBa 3a HErOBUTE KAapaKTEPHUCTHKU Kako O€30maceH MHKPOOpPraHM3aM 3a 4OBEYKa yHmoTpeda.
Vma moBeke eIMHCTBEHN KapaKTEPUCTHKH, HA IMpUMep (epMeHTalija Ha BHCOKA TEMIIEpaTypa U pa3iniH{ BHIOBU
Ha acUMHJIalMja Ha mojjorara (MeAMyM), KOM IO IIpaBaT MOCAaKyBaH opraHm3aM 3a uHuayctpujarta. llupoxuor
CIIEKTap Ha acMMUJIALMja HAa MEJUYMOT € COOJBETHO CBOJCTBO 33 KOPUCTEH-€ Ha KOMIUIEKCEH MEJUyM OJ TIOEBTHH
u3Bop. ['oniem e o4 XUAPOIUTHTE Ha KOMILIEKCEH MEMYM OJ1 OCTAaTOLM OJ] XpaHa Ce KOPUCTAT 3a MPOM3BOJCTBO HA
€TaHOJI U JIPYTH MpexpaHOeHn npoaykTH. TpynoT e 6a3upan Ha CTanKaTa Ha PacTeX M HAa MPUHOCOT. 3a Ja ce BUIAT
moJ00pyBamaTa, HalpaBeHa ¢ cropeada nomery KOMIUIeKceH MeauyM, K. marxianus u S. cerevisiae. Kako pesynrar
Ha KOHTHHyHpaHa paborta, 3a0eexaHo e mogo0pyBamke Ha CTalKaTa Ha pacTeXk BO €AMHHIA BpeMe, a Oelie H3ryoeHo
MOMaJIKy SHEpruja 3a XHAPOJIH3aTa Ha KOMIUIEKCHHOT MeUyM. MMa yCreHy reHeTCKH MOTHU(UKALMH HA MUKPOOP-
raHU3MH M rosieM Opoj M30JMpaHH I'eHH Ha cnelu(UYHO cBOjcTBO Ha Kluyveromyces marxianus, ITO IPETCTaByBa
MEePCHeKTHBA 32 UIHUHA. VICTpaXkyBameTo € Ha CaMHOT TOYETOK M MOTpeOHa € KOHTHHyHpaHa padora 3a Ja ce moc-
TUTHAT NOM00pU pe3yiaTaTH, Hako Beke MMa MHOTY MCXOAM KOW OM MOJKese Ja TM MoAo0paT HEeKOM Ol MHIYCTpHUC-
KUTE MPOU3BOJH CO KBACell.

Kayunu 360poBu: Kluyveromyces marxianus; KBacel, MUKPOOPraHH3aM

KLUYVEROMYCES MARXIANUS Safe) status which make it a suitable organism for

food and pharmaceutical products [1]. In other

Kluyveromyces marxianus is yeast, closely re- cases K. marxianus is described as a sister species
lated to K. lactis, it can utilize wide range of sub- of K. lactis a non-conventional yeast [2]. There are
strates, and it grows more rapidly than K. lactis. K. variety of food and medical and other industrial

marxianus has a GRAS (Generally Recognized as products that are analyzed to be produced by K.
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marxianus [2, 3, 4], etc. The main characteristic of
K. marxianus is the resistance in high temperature,
K. marxianus is thermotolerant yeast, at 49°C this
microorganism can be grown, and this is a feature
which reduce contamination in commercial ethanol
fermentation, the doubling time of this micro-
organism at 37°C is 0.75-1 h [5]. K. marxianus has
gained GRAS status and it is considered to be one
of the most Crabtree-negative yeasts [6]. Recently
[7] K. marxianus DMBI was isolated from sugar-
cane bagasse hydrolysate and they determined its
genomic sequence, open reading frame YGLI57w
which shows 46% identity with S. cerevisiae
S288c GRE2.

K. marxianus yeast known for its ability to
produce great array of volatile molecules, K. marx-
ianus was analyzed how nitrogen and carbon
sources indicates in this ability. Even though, that
this microorganism is able to be grown in different
medium, was detected that nitrogen sources affect
some of metabolites but did not indicate in amyl
acetate or ethyl acetate production etc. [8]. Many
strains of K. marxianus, nonconventional thermo-
tolerant microorganisms were subject of complete
genome sequence like strain NBRC1777 [9], Kluy-
veromyces marxianus var. marxianus KCTC 17555
[10], another strain which complete genome was
analyzed is DMKU3-1042[11] strain, all these
works with genome sequencing and information
about K. marxianus makes it a suitable microor-
ganism for industrial usage and for analyzing the
production of new products. In terms to investigate
the physiology of K. marxianus CBS 6556 for pro-
duction of the ethanol and its enzyme activity
when it is exposed to sugar, batch cultivation was
used as a technique. With increasing the level of
glucose presence in medium, was shown the in-
creased level of phosphoglucomutanase activity in
a low level. The low responds to the injected pulse
mean that the enzyme activities of K. marxianus
remained constant, so they concluded that this is
the reason for low level production of ethanol [12].
The other characteristic of this microorganism that
is worth mentioning is its resistance to the growth
in a high concentration of metals, to absorb them
and to release them after a period [13].

With few words, the main characteristics of
K. marxianus are high capacity of converting sub-
strate to biomass, growth in high temperature, high
production of enzymes such as insulinase and f-
galactosidase, also aroma compound production
[12], a good expression of heterologous protein
production [14]. Low-affinity transport and high-
affinity proton-sugar symporter are two most used

transport system of D-glucose and D-fructose by
Kluyveromyces marxianus [15]. At last but not the
least, K. marxianus isolated from fermented food
was analyzed as a tool for preparing the feed for
ruminants which shows a potential [16] as a feed
additive, and lately it has been labeled as fastest
growing eukaryote on the planet [14]. These and
other characteristics of K. marxianus have driven
us to the choice to work with.

RANGE OF METABOLITES PRODUCTION
BY K. MARXIANUS IN DIFFERENT VARIETY
OF MEDIUM

There are many defined medium which are
used for the growth of K. marxianus, to investigate
its physiological parameters its expression ability,
many metabolite productions. But, these defined
medium are only financially suitable in laboratory
scale, meanwhile in industrial scale is more suit-
able usage of complex media. There are many
complex media that can be used, but, the waste of
raw materials in food industry find a great applica-
tion, especially the pomace of fruits or vegetables
which has a great concentration of hemicelluloses
components.

ETHANOL PRODUCTION

Opuntia ficus-indica cladode hydrolysate was
used for cultivation of K. marxianus and Candida
utilis, which they used for improvement of the pro-
tein content of Opuntia ficus-indica hydrolysate.
The results show a low biomass yield, but the pro-
tein content of the medium was improved [6].
Ethanol production by using Opuntia ficus-indica
cladodes as a medium is also used by Kuloyo et al.
They used K. marxianus and S. cerevisiae for sub-
strate fermentation in different growth conditions
for two yeast, metabolite production from yeast
were compared and results showed that S. cere-
visiae has a greater tolerance for ethanol con-
centration than K. marxianus, even though that the
tolerance of K. marxianus is enough for ethanol
production from lignocellulosic materials [17].
Kluyveromyces marxianus var. marxianus isolated
from sugar mills was analyzed for high efficiency
carbohydrate fermentation to ethanol above 40°C.
In this paper authors work with wild strains, to pu-
rify the thermotolerant strains they incubated plates
in 45°C. High-pressure liquid chromategraphy was
used for ethanol and substrate examination. From
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the results is shown that wild strains of Kluyvero-
myces were capable of rapid fermentation of car-
bohydrate to ethanol at temperatures up to 47°C
[18]. In another paper the resistance ability of K.
marxianus versus a certain concentration of etha-
nol was determined for production of ethanol form
Jerusalem artichoke juice. The results indicated
that the ethanol had an inhibitory effect on cell
growth, sugar uptake, and ethanol production by K.
marxianus [19]. The sugar concentration in Jerusa-
lem artichoke extract has shown effect to ethanol
yield only above 300 g/l initial concentration of
glucose [20]. Inulin at high concentration on mi-
cro-aeration condition was found to be an ideal
medium to produce ethanol form K. marxianus
Y179 [2]. Jerusalem artichoke irrigated with two
different percentage of sea water 25 and 50%, was

Table 1

used as a medium for growth of K. marxianus and
production of inulinase. The fermentation process
was best expressed with the highest ethanol pro-
duction in the halophilic medium with the arti-
choke irrigated of 25% sea water [21]. Ethanol
fermentation by K. marxianus Y179 in Jerusalem
artichoke was also analyzed at a high gravity con-
dition, with addition of pectinase and K,HPO, as a
medium optimization. The highest value of ethanol
production was 94.2 g/l [22]. For ethanol produc-
tion from microaerophylic medium was evaluated
using two K. marxianus mutant strains which were
irradiated with UV-C using automated protocols.
Compared with wild type the mutant strains were
more suitable to the high temperature growth and
promising strains for the future [23].

Different complex medium used for growth of K. marxianus

Reference Type of medium

Maximum production
of ethanol (g/1)
K. marxianus . cerevisiae

[24]  D-xylose 5.6 /

[20]  Jerusalem artichoke extract with 250 g/1 initial sugar addition 102 /

[21] Jerusalem artichoke irrigated with 25% sea water 57.5 /

[25] Mixture of beet molasses and cheese whey 72.6 70.8
[22]  Jerusalem artichoke at high gravity condition with addition of pectinase and K,HPO, 94.2 /

[17]  Opuntia ficus-indica 19.5 20.6
[26]  YDP medium 69 /

[27]  Henequen juice acid hydrolyzed 13.74 No growth
[27]  Henequen juice enzyme hydrolyzed juice 16.5 No growth
[28] 6.5 g/l Apple chokeberry pomace, free cells, without hydrolysis 1.37 /

[28] 6.0 g/l Apple cranberry pomace, free cells, without hydrolysis 1.65 /

[28] 6.5 g/l Apple chokeberry pomace, immobilized cells, without hydrolysis 1.08 /

[28] 6.0 g/l Apple cranberry pomace, immobilized cells, without hydrolysis 0.14 /

/ — There is no comparison between K. marxianus and S. cerevisiae

As it is shown in Table 1, there is a wide
range of complex medium used as a nutrient
sources for growth and production of ethanol from
K. marxianus, there are some good medium such
Jerusalem artichoke in high gravity and addition of
K,;HPO,, but even with low rate of production of
ethanol, in some complex media the rate of sugar
conversion in ethanol is in significant level.

Ethanol production was found to be success-
sful by using the juice from Henequen (agave four-
crodyes lem) leaf which is used as a source of
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natural fibers. The hydrolysis way of fructans had
no significant indication, so acidic hydrolysis is
more economically preferred, and is worth mentio-
ning that S. cerevisiae was not able to ferment hy-
drolyze [27].

Mixture of beet molasses and cheese whey
was used as substrate for cultivation of strains of
K. marxianus and S. cerevisiae, the substrate was
converted efficiently to ethanol from the strain K.
marxianus NBRC 1963. Despite the fact, this
strain used more sucrose to produce ethanol than
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lactose [25]. From the work of Nonklang et. all, K.
marxianus DMKU3-1042 strains compared with
the strains of S. cerevisiae, was found to be a suit-
able host for bioethanol production [29].

OTHER PRODUCTS OF K. MARXIANUS

There are other products like B-galactosidase
which is produced by K. marxianus MTCC1388 by
using whey, which was taken from dairy manufac-
ture. It is a great opportunity to use this strain in -
galactosidase production form whey, now that is a
big concern of whey in environment [30]. In yeast
extract medium with lactose as a main carbon
source was cultivated K. marxianus CBS 7894 for
production of B-galactosidase in an increased air
pressure of 6 bar. Due to the effect of the increased
air pressure, was increased the productivity from
5.8t0 17.0 U/g CD h [31].

Another food and pharmaceutical product is
xylitol, which is a sugar alcohol. As a complex
media for xylitol production, is used cashew apple
bagasse hydrolysate (CABH). CABH is a waste
product of juice industry, and is seen as a potential
source for other fermentation process after it is the
largest source of waste in juice industry [32].

Fructose syrup production from inulin is a
great area for application of inulinase. Inulinase is
another product produced by K. marxianus by us-
ing Dahlia tuber extract [33], which was fortified
with yeast extract as carbon and nitrogen source.
The combined medium shows potential for inu-
linase production. Inulinase production by using K.
marxianus was analyzed from Rouwenhorst et all.
and kinetic prosperities were analyzed too [34].
Same author in 1990, by using polyacrylamide gel
electrophoresis studied the structure of the inuli-
nase, produced by K. marxianus in culture fluid
and the other that is produced in the cell wall. They
found out that both inulinase structures are the
same in subunits of polypeptide, but they are dif-
ferrrent in size because of the subunit aggregation
[35]. Strains of K. marxianus were successfully
used to ferment Theobroma cacao seeds, the effect
was shown in inoculums with titrable acidity lower
than the maximum standard allowed [36].

K. marxianus is seen as a potential strain, for
industrial production of aroma compounds. Unlike
others products produced from K. marxianus, here
is needed more specific substrate, L-phenylalanine
labeled ("°Cy), and glucose was also labeled and
was used in a natural way. From tracing of these
substrate compounds conversion is found that L-
phenylalanine was mostly converted in two aro-

matic compounds 2-phenylethanol or 2-phenylet-
hylactate which has not happened with glucose
[37]. As we described there are plenty of enzyme
extract from the K. marxianus strains, one of them
is the amine oxidase, which was extract from Cor-
pillo et al.. [13].

Immobilized cells of K. marxianus by foamed
alginate solution, were analyzed in fermentation
medium which was supplemented with apple and
cranberry or apple and chokeberry pomace. In the
same time they cultivated the free cells too, and by
comparing them they found no difference in sugar
assimilation and in fermentation between immobi-
lized and free yeast cell [28].

GENETIC ANALYSIS AND MANIPULATION
OF K. MARXIANUS AND THEIR EXPRESSION

Many gene transformations of microorgan-
isms are known, and now these microorganisms
are used as horse worker in fermentation technol-
ogy and in many foods, pharmaceutical and biofuel
production products. Although with great ability
for many metabolite production K. marxianus was
also subject to many gene transformation for better
expression, adding foreign gene features for pro-
duction of new products. A good example is de-
velopment of gene integration method by non ho-
mologous end joining pathway, by using PCR-
amplified DNA molecules. High efficiency of this
linear DNA integrative technique could be used to
completely eliminate the burden of plasmid con-
struction, and also these could lead to enhancement
of expression of the heterologous proteins in yeast
[5]. For testing its heterologous expression ability
of K. marxianus, authors Siekstele et al. analyzed
the expression of the EPG gene (endopolygalactu-
ronase) in the yeast by cloning in PCR. With
pulsed filed electrophoresis of the K. marxianus
BKM Y-719 by using a chromoblotting they found
a single EPGI1 copy in the genome [38].

The gene encoding proteins abilities of these
microorganisms are fascinating, from a random
sequencing of K. marxianus var. marxianus
CBS712 were indentified 1300 novel gene encod-
ing proteins, which talks for the potential ability of
this organism in the biotechnology industry [39].

K. marxianus genes were found to be useful
for transformation of the other species, GAP1 gene
which is responsible for production of the p37 pro-
tein, mostly found in the cell of K. marxianus was
found to be doubtful for the flocculation of the
cells. The feature of GAP1 gene was proved when
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non-flocculation cells of Saccharomyces cerevisiae
were genetically transformed, expression which
shows to give to these cells the ability to floccu-
late, and the concentration of the p37 protein was
found in the walls of the cells [40]. Another gene
of the K. marxianus which was used for cloning in
Saccharomyces cerevisiae was PHO610 which
encodes an acid phosphatase, which is a novel cell-
wall protein having an enzyme activity [41]. The
significance of the yeast K. marxianus for the
ethanol production was the reason that Nonklang et
all. construct a flocculation type of the yeast by
introducing the gene of S. cerevisiae FLO1, FLOS,
FLO9 and FLO10 by using TDH3 promoter. The
production of the ethanol rate was not indicated
and the flocculation of the strains was appeared,
which gives more hope for easy and cheaper puri-
fication step [42].

To analyze the genetic properties of K. marx-
ianus which are responsible for ethanol production,
from this microorganism at high temperature, au-
thor Liang et al., cloned alcohol dehydrogenase
KmAdhl, KmAdh2, KmAdh3 and KmAdh4 of K.
marxianus to E. coli, to express them as a recom-
binant protein. Those purified proteins activity was
measured and they found out that KmAdh is the
primary alcohol dehydrogenase responsible for
production of ethanol [26].

CONCLUSION

K. marxianus is known yeast, recently for its
potential to replace some known horse work mi-
croorganism, like S. cerevisiae in bioethanol pro-
duction and by knowing the potential of biofuel
industry this is the point where the researchers
should be concentrated. High potential for using
lignocellulosic and food waste materials by K.
marxianus, makes it known for biotechnology in-
dustry. The catabolic ability to break down the un-
used components from producing process and to
turn them into valuable pharmaceutical or food
components is a great strength of these yeasts, and
this is seen with a good eye from the environment
issues too. With improvements of biotechnology
research techniques, many features of K. marx-
ianus were highlighted, with hope that with a con-
tinuous work in the future this microorganism will
be an important tool for bio products.
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Abstract The present study aims at selecting maize hybrids with tolerance to drought and scorch-
ing heat. To this end, it has set up a studied experience at ARDS Simnic (Romania), in terms of two years
with rainfall (2008/2009 and 2009/2010). On the basis of yields obtained in conditions without drought
(Yp) and in conditions of drought and scorching heat (Ys), were calculated twelve selection indexes. The
analysis of the correlation between studied indexes and yields showed that the yield under no stress (Yp)
and under stress (Y's) was correlated significantly positive with the indexes MP, GMP and STI and conse-
quently, the use of these indexes can lead to increased tolerance in both conditions. Screening for toler-
ance to drought of the studied hybrids using the ranking method, allowed the identification of hybrids
with the highest tolerance, respectively: Cobalt, Thermo and Symba. Therefore, these hybrids are recom-
mended to be used as sources of genes for imporving the tolerance to drought and scorching heat of maize
and cultivated in terms of the area of study.

Key words: correlation; rank sum; standard deviation of ranks; stress; yields

CKPUHUMHI HA XUBPU/N HA ITYEHKA (ZEA MAYS L.) BO TOJIEPAHTHU HA CYHIA U TOIIVIMHA
CO KOPUCTEIE UHJEKC 3A CEJIEKIHUJA U METOJ HA PAHI'MPAILE

AmncTpaxkT: OBaa cryauja uMa 3a Liel CeNeKTHPambe XUOPUIHM Ha MTUSHKA CO TOJICPaHIIMja Ha CyIlla U CHIIHA
TorutiHa. Jlocera e mpeTcTaBeHO HCKYCTBOTO O] HCIIUTYBambaTa BpreHn Bo CTaHULATA 32 3€MjOIEICKO HCTPAaXKyBatbhe
u pa3Boj Cumuui (ARDS Simnic) Bo Pomanuja, Bo mepuoz o ase roauHu co noxaosu (2008/2009 u 2009/2010).
Bp3 ocHOBa Ha MpUHOCHTE MOCTUTHATH BO yciioBH 0Oe3 cymia (Yp) U BO YCIIOBHM Ha cymia u cuiHa torunHa (Ys), 6ea
NpEeCMETaH! [[BaHACCET MHJACKCH 3a CelieKuuja. AHajiuM3ara Ha Kopenangjata ImoMmery MpOydyBaHHUTE HHACKCH U
MPUHOCHUTE MOKaXka JIeka mpuHocoT 6e3 ctpec (Yp) u mox crpec (Ys) Oea moBp3aHM 3HAYUTEITHO MO3UTHBHO CO
uHAeKcuTe Ha cpeaHa mnpoxyktuBHocT (MP), reomerpucka cpeana mnpoxyktuBHocT (GMP) u unzmekcor Ha
tonepannuja Ha cyma (STI). Cnencteno, ynorpebara Ha OBHE HHIAECKCH MOXKE 12 JOBEJE 0 3roJeMeHa ToJIepaHIyja
BO nBara ciydyaja. CKpUHHHIOT Ha TOJICpaHLMja HA CyIla Kaj MPOydyBaHUTE XHOPHIM CO NPHMEHa Ha METOJ Ha
paHrupame OBO3MOXH HIeHTH(]HUKaIMja Ha XHOPUAM CO HajrojeMa ToJlepaHlMja: Kobanr, TepMo U cuMba. 3atoa,
OBHE XHOPHIHU Ce MPernopavyBaar 3a KOPUCTEHE KaKO PECYpCH 3a TeHH 3a MMoJ00pyBame Ha TOJICpaHIMjaTa Ha Cyla
W rojieMa TOIJIMHA HA MYEHKATa U 3a KYJITHBHPAHE BO MPOyUYyBaHaTa 00JacT.

Kiyunn 360poBu: Koperanuja; CyMa Ha peIOBH; CTaHIapAHA JCBHjallfja Ha PSIOBH; CTPEC

AIMS AND BACKGROUND production in many regions of Roméania [1-2]. Ol-

tenia region is another region in Romania that suf-

Drought and related phenomena, i.e. aridifi- fers from frequent drought and heat, here only two
cation and desertification and desertification are years out of ten being favorable to the maize grow-

major risk factors in the decline of agricultural ing [3]. As global climate change progresses, agri-
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cultural production worldwide faces serious threats
from frequent extreme weather conditions [4]. In
Romania, maize (Zea mays L.) is the main crop
plant, ranking first place both in area and produc-
tion (total and per hectare average) [5]. Therefore,
the production and economic efficiency of maize
crops are a matter of national concern [6]. Roma-
nian Government and local authorities should de-
velop proper policies for the affected regions, such
as the rehabilitation of irrigation systems or the use
of varieties and hybrids with resistance to drought
stress [7].

Drought tolerance selection is not easy due to
the happening of strong interactions between geno-
types and the environment and restricted knowled-
ge about the function and role of tolerance mecha-
nisms [8]. The identification of resistant to water
stress genotypes for this region has been the sub-
ject of much research for different plant species
[9-12]. For the screening and selection of geno-
types that are tolerant to stressors, they have been
used selection indices, based on the production
decrease in stress conditions compared to normal
conditions [13].

The aim of this study was tolerance screening
to drought and heat of maize hybrids, so that the
most suitable hybrids for growing in dry regions of
Romania could be identified and recommended.

EXPERIMENTAL

Fourteen maize hybrids (Zea mays L), listed
in Table 1, have been cultivated on the luvosoil
(pH = 5.6; 1.8% humus content) of the Agricult-
ural Research Development Station (ARDS)
Simnic — Dolj District (44°19' N, 23° 48' E, and
182 m altitude), in two years with different pluvi-

ARDS Simnic, located 1n the central part of Olte-
nia, is known as an area in which alternate periods
of lack of rainfall, or periods of drought with abun-
dant rainfall periods, but having a non-uniform
distribution.

The experiences were placed at random in the
form of a latin rectangle with three repetitions. The
sowing was done in plots of 4 rows of 8§ m, the
density of 55 000 plants/ha.

The selection indexes used, respectively: tol-
erance (TOL), mean productivity (MP), geometric
mean productivity (GMP), stress susceptibility in-
dex (SSI), stress tolerance index (STI), yield index
(YD), yield stability index (YSI), modified stress
tolerance index MSTI (k1STI, k2STI), drought
resistance index (DI), stress susceptibility percent-
age index (SSPI) and relative drought index (RDI);
were calculated using the following equations cited
in Table 2, where: Yp — yields obtained in condi-
tions without drought, respectively in 2010 t/ha; Ys
— yields obtained in conditions of drought and
scorching heat, respectively in 2009 t/ha; Ypi —
average yield in conditions without drought; Ysi —
average yield in conditions of drought and scorch-
ing heat.

Table 1
Names and codes of hybrids
Code Hybrids Code Hybrids
1 AROBASE 8  PR38A24
2 OLYMPIC 9 OCCITAN
3 SYMBA 10 FURIO
4 KANSAS 11 CISKO
5 LUCIUS 12 COLUMBIA
6 COBALT 13 PAKO
7 THERMO 14 GALACTIC

ometric regime (2008/2009 and 2009/2010).
Table 2
Drought tolerance indexes were calculated using the following equations:
Index name Formula Reference
Tolerance index (TOL) TOL = (Yp- Ys) Rosielle and Hamblim [14]
Mean productivity (MP) MP = (Ys +Yp)/2 Rosielle and Hamblim [14]

Geometric mean productivity (GMP)
Stress tolerance index (STI)

Stress susceptibility index (SSI)

Yield index (YI)

Yield stability index (YSI)

Modified stress tolerance index (MSTI)

GMI' =,/Ys x Yp

YI = Ys/Ysi
YSI = Ys/Yp

]Drought resistance index (DI)
Stress susceptibility percentage index (SSPI)
Relative drought index (RDI)

STI = (Yp) x (Ys)/(Ypi)?

551 = [1 - (Ys/Yp)l/Sl where 51 = 1 - (¥si/Ypi)

Fernandez [15]

Fernandez [15]

Fischer and Maurer [16]
Gavuzzi et al. [17]

Bouslama and Schapaugh [18]

MSTI = kiSTI where k1 = (Yp?)/(Ypi?) and
k2 = (Ys?)/(Ysi?)

DI = Ys X (Ys/Yp)/Ysi

SSPI = (Yp — Ys/2(Ypi) x 100

RDI = (Ys/Yp)/(Ysi/Ypi)

Farshadfar and Sutka [19]
Lan [20]

Moosavi et al. [21]
Fischer and Wood [22]
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For screening drought tolerant genotypes a
rank sum (RS) was calculated by the following

equation [23]. RS :E+SDR, where: R — rank
mean, and SDR — standard deviation of rank. The
links between production (Yp, Ys) and the twelve
selection indexes were interpreted with the help of
Pearson correlation coefficients ().

According to Fernandez theory [15], on the
basis of their performance in stress and non-
stress conditions, genotypes are classified into
four groups: group A - genotypes producing
high yield under both drought stress and non-
stress conditions; group B - genotypes with
high yield in non-stress conditions; group C —
genotypes with high yield under stress condi-
tions; group D - genotypes producing small
yield under both stress and non-stress condi-
tions.

RESULTS AND DISCUSSION

The data on yields obtained in conditions
without drought (Yp) and in conditions of drought

and heat (Ys), and the selection indexes are pre-
sented in Table 3.

According to TOL and SSPI (Table 4) with
drought tolerance have been hybrids 1, 6, 10, 3, 9
and 7. In accordance with GMP and STI, hybrids
6,4,7,3, 2,11 and 8 had a higher tolerance, and
according to SSI and RDI indexes, most tolerant
hybrids were 6, 1, 3, 10, 9 and 7.

It can be observed that ranks for TOL and
SSPI were identical (Table 5). Also, the ranks for
GMP and STT and for SSI and RDI were the same,
suggesting that these indexes are equal in hybrids
selection. Ghobadi et al. [24] also reported similar-
ity between ranks for SSI and YSI to wheat. Ac-
cording to YI index (Table 4), the following hy-
brids were selected as being tolerant to drought:
hybrids 6, 3, 7, 4, 8, 2, 11, and in accordance with
YSI index hybrids 6, 1, 3, 10, 9 and 7 were se-
lected. According to the k1STI index, hybrids 14,
4,11, 2, 5,7, 8, 6 and 12 were selected, and ac-
cording to k2STI hybrids 6, 3, 7, 4, 8, 2 and 11
were also selected. Finally, according to DI, hy-
brids 6, 3, 7, 10, 9, 1, 4 and 8 were selected, and
according to RDI hybrids 6, 1, 3, 10, 9 and 7 were
selected.

Table 3
The indices of tolerance to drought and heat
H():/(l))crllds Yp Ys TOL MP GMP SSI STI YI YSI k ISTI  k2STI DI RDI SSPI
1 890 7.25 1.65  8.07 8.03 0.68 0.55 0921 0.814 0.677 0.848 0.750 1.131 7.63
2 1139 8.02 337 9.0 9.55 1.09  0.78 1.019 0.704 1.110 1.038 0.717 0977 15.58
3 10.75  8.59 216  9.67 9.60 0.74 0.79 1.091 0.799 0988 1.193 0.872 1.109 9,99
4 11.50  8.22 328 9.86 9.72 1.05 0.8l 1.044 0.714 1.131 1.091 0.746 0.992 15.17
5 1121 7.47 374 934 9.15 123 0.71 0.949 0.666 1.075 0901 0.632 0925 17.29
6 10.89  9.01 1.88  9.95 990 0.63 083 1.140 0.827 1.014 1.310 0947 1.149 8.69
7 11.18  8.42 276 9.80 9.70 091 0.80 1.069 0.753 1.069 1.144 0.805 1.046 12.76
8 11.12 8.03 3.09 957 9.44 1.02  0.76 1.020 0.722 1.058 1.041 0.736 1.002 14.29
9 9.99 17.82 2.17 8.90 8.83 0.80 0.67 0.993 0.782 0.854 0987 0.777 1.087 10.03
10 993 7.81 2,12 8.87 880 0.79  0.66 0.992 0.786 0.843 0984 0.780 1.092 9,80
11 1140  7.99 341 9.69 9.54 1.10  0.77 1.015 0.700 1.112 1.030 0.711 0.973 15.77
12 10.84  7.29 355  9.06 8.88 1.21 0.68 0926 0.672 1.005 0.858 0.622 0.934 1641
13 1041  7.11 330 8.76 8.60 1.17  0.63 0903 0.682 0927 0.816 0.617 0.948 15.26
14 11.85 7.16 4.69  9.50 9.21 146 0.72 0.909 0.604 1.201 0.827 0.549 0.839 21.69

Yp — potential yield; Ys — stress yield; TOL — tolerance; MP — mean productivity; GMP — geometric mean productivity;

SSI - stress susceptibility index; STI — stress tolerance index; YI — yield index; YSI — yield stability index;
(k1STI) — modified stress tolerance index; (k2STI) —modified stress tolerance index; DI — drought resistance index;
RDI - relative drought index; SSPI — stress susceptibility percentage index

Maw. unic. nayu. ciuc., 34 (1), 189-195 (2016)
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Table 4

Maize hybrids selected on the basis of stress
tolerance indexes in moderate drought conditions
(SI = 0.28) at ARDS Simnic

The estimations of stress tolerance indices
show that the identification of tolerant to drought
and heat genotypes, based on a single criterion is
contradictory. For example, in accordance with
index TOL, hybrid 1 (Arobase) was the most toler-

Selection indexes  Selected hybrids ant to drought, while in accordance with index MP
Yp 14:4: 11:2:5: 7: 8: 6: 12: hybrid 1 was the most sensitive to drought.
Ys 6:3:7:4:8:2: 11; In order to have a general answer, ranking
TOL 1:6: 10: 3: 9: 7: method was used (Table 5).
MP 6:4:7:2: 11: 3: 8: 14: 5: Genotypes with minimum R, SDR and RS are
GMP 6:4:7:3:2: 11: 8: the most stable [25]. The lowest values for RS
SS[ 6 1 3: 10: 9: 7 were those of hybrids 6 (RS = 4.64), 7 (RS = 6.05)
T and 3 (RS = 6.90), which were the most tolerant
STI 6;4,7,3;2;11;8; [
ones, therefore, it is recommended to be used as
YI 6:37:4:82: 11 genitors for genetic analysis and tolerance im-
YSI 6;1;3;10:9;7; provement of drought and heat in maize. The most
k1STI 14;4;11;2; 5, 7; 8; 6; 12; sensitive hybrids have proved to be 14 (RS =15.37)
K2STI 6:3:7:4:8:2: 11; and 1 (RS = 14.34). Ranking method has been used
DI 6:3:7:10:9: 1: 4: 8: for genotypes drought tolerance screening by other
RDI 6: 15 3: 10: 9: 7: authors in bread wheat [26-27].
SSPI 1;6;10;3;9;7;
Table 5
Ranks (R), ranks mean (Rm), standard deviation of ranks (SDR) and rank sum (RS)
Hybrids Yp Ys TOL MP GMP SSI STI YI YSI kISTI k2STI DI RDI SSPI E SDR RS
code R R R R R R R R R R R R R R
1 14 12 1 14 14 2 14 12 2 14 12 6 2 1 8.57 577 1434
2 4 6 10 4 5 9 5 6 9 4 6 9 9 10 6.85 234 9.19
3 10 2 4 6 4 3 4 2 3 10 2 2 3 4 421  2.69 6.90
4 2 4 8 2 2 8 2 4 8 2 4 7 8 8 492 273 7.65
5 5 10 13 9 9 13 9 10 13 5 10 11 13 13 1021 275 1296
6 8 1 2 1 1 1 1 1 1 8 1 1 1 2 2.14 250 4.64
7 6 3 6 3 3 6 3 3 6 6 3 3 6 6 450 1.55 6.05
8 7 5 7 7 7 7 7 5 7 7 5 8 7 7 6.64 092 756
9 12 8 5 11 11 5 11 8 5 12 8 5 5 5 792 294 10.86
10 13 9 3 12 12 4 12 9 4 13 9 4 4 3 792 4.06 1198
11 3 7 11 5 6 10 6 7 10 3 7 10 10 11 7.57 2.79 10.36
12 9 11 12 10 10 12 10 11 12 9 11 12 12 12 1092 1.14 12.06
13 11 14 9 13 13 11 13 14 11 11 14 13 11 9 1192 1.73 13.65
14 1 13 14 8 8 14 8 13 14 1 13 14 14 14 10.64 473 15.37

Analysis of correlations between grain yield
and drought tolerance indexes may be a good crite-
rion for screening of the best hybrids and best in-
dexes used (Table 6). Farshadfar et al. [28] consid-
ers that the most appropriate indexes for the selec-

tion of genotypes tolerant to drought are the indica-
tors which are showing a relatively high correla-
tion with yield, both in terms of stress and non-
stress conditions. From the correlation analysis
(Table 6) can be noticed that both maize yield un-

Mech. Eng. Sci. J., 34 (1), 189-195 (2016)



Screening of drought and heat tolerant hybrids in maize (Zea mays L.) using selection index and ranking method 193

der non-stress conditions (Yp) and maize yield un-
der stress conditions (Ys) was significantly posi-
tively correlated with the following indices: MP,
GMP and STI. As a result, these indices allow the

Table 6

selection of drought-tolerant genotypes in group A,
which offer a high yield under both culture condi-
tions, i.e. stress and non-stress. Similar results
were obtained by Ilker et al. [29].

Correlation coefficients between drought tolerance criteria

Yp Ys TOL MP GMP SSI STI

YSI kISTI ~ k2STI DI RDI SSPI

Yp - 0235 0.756%*% 0.853** 0.781** 0.643* 0.765**
Ys - 0457 0.707%% 0.790%* —0.589° 0.802%*
TOL - 0304 0.183 0.985** 0.160
0.992*%*% 0.151  0.987**
GMP - 0.027  0.998**
SSI - 0.005

MP -

STI -
YI

YSI

k1STI

k2STI

DI

RDI

SSPI

0236  -0.645" 0.999% (231
0.999%% 0.585% 0.219
-0.456
0.708** —0.153
0.790%*  —0.029
-0.588°  —0.999% 0.653*
0.803**  —0.006

0257  —0.647° 0.756%*
0.999% (.877** (.586* —0.457
—0.986° 0.766** -0460 —-0.825° —0.986% [**
0.843*% 0.704** 0284  —0.155 0.304
0.770** 0.786** 0399  —0.032 0.183
-0.592°  —0.903% —0.999% 0.985%*
0.754%%  0.799%% 0419  —0.009 0.164
0.587* 0220  0.998% 0.875%* 0.585% —0.456
- —0.654°  0.591%  0.902%* 0.999%* —0.985%
- 0215 0271 -0.656° 0.766%*
- 0.879%* 0.588* —0.460
- 0.901%* —0.825%
- -0.986%

* and **:significant positive at 5% and 1% level of probability, respectively

%and “:significant negative at 5% and 1% level of probability, respectively

Maize yield under non-stress conditions (Yp)
was significantly positively correlated with the
following indices: TOL, MP, GMP, SSI, STI,
K1STI and SSPI (Table 6). As a result, these indi-
ces are more effective in identifying genotypes
with high productivity under non-stress conditions,
i.e. genotypes in group B. An interesting aspect to
be noticed is the positive correlation between Yp
and SSI, correlation indicating the fact that stress
sensitivity has been positively correlated with yield
under non-stress conditions [22]. Farshadfar et al.
[30] suggests the fact that, some features which
have a contribution to productive potential, can act
to increase sensitivity to stress and that the selec-
tion both for Yp and SSI can be mutually can-
celled. However, Ehdaie and Shakib [31], found
that there was no correlation between wheat sensi-
tivity to stress and yield in optimal conditions.
Also, Bonea and Urechean [32] found that the ef-
fectiveness of indices TOL and SSI mainly de-
pends on stress roughness they proved to be good

Maw. unic. nayu. ciuc., 34 (1), 189-195 (2016)

predictors for hybrids that give good yields only
under stress conditions.

Maize yield under stress conditions (Ys) was
significantly positively correlated with the follow-
ing indices MP, GMP, STI, YI, YSI, K2STI, DI
and RDI. Therefore, these indices are effective in
identifying genotypes that obtain high yields under
stress conditions, i.e. genotypes in group C. Nega-
tive correlations between Ys and (TOL, SSI and
SSPI) show that the selection for high yields under
stress conditions must be based on the lowest val-
ues as possible of these indices. Other significant
positive correlations were observed between MP
and (GMP, STI, YI, k1STI and k2STI), between
TOL and (k1STI, SSI and SSPI) and between DI
and (YI, YSI, k2STI and RDI). Mevlut and Sain
[33] also reported a strong association between MP
and (GMP and STI) in barley. Strong negative cor-
relations occurred between TOL; SSI and (YSI, DI
and RDI), also between SSPI and (YSI, DI and
RDI). The negative correlation between Ys and
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(TOL, SSI and SSPI) shows that selection for large
productions in conditions of non-irrigation must be
made on the basis of as low as possible values of
these indexes.

CONCLUSIONS

The best predictors of maize yield in both
conditions (group A), i.e. drought or drought free
conditions, proved to be indices MP, GMP and STI
whose use could improve grain yield under both
conditions.

By using all twelve selection indices, geno-
types with similar tolerance cannot be selected,
therefore, it is better to make the selection based on
a combination of indices, i.e. ranking method.

As about the rank sum (RS), the most tolerant
hybrids to drought and heat, under given condi-
tions, were hybrids 6, 7, 3, while hybrids 14, 1
were the most sensitive hybrids. Therefore, these
tolerant hybrids: Cobalt, Thermo, Symba, are rec-
ommended to be used as sources of genes in im-
proving drought and heat tolerance, and their culti-
vation under the conditions of the study area or
other areas with similar conditions.
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Abstract In this study are presented data obtained for two hazelnut cultivars Visoka & Tonda romana cul-
tivated in Albania. As a Mediterranean country, the pedo-climatic conditions are suitable for hazelnut cultivation.
Analysis by ICP-MS of mineral composition in the hazelnut fruits was conducted for samples from harvesting years
2013 and 2014. Mineral composition varied from 2.23 to 3.35% of the dried weight, while Tonda romana
(3.09+0.21%) resulted in higher content compared to Visoka (2.43£0.21%). Analyzed mineral were: K, P, Ca, Mg,
Na, Mn, Cu, Fe and Zn. Their mean values were: K 6202 mg kg™'; P 2512 mg kg™'; Ca 1133.2 mg kg™'; Mg 1551.2
mg kg™'; Na 59.0 mg kg™'; Mn 15.36 mg kg™'; Cu 14.8 mg kg™'; Fe 34.85 mg kg™'; Zn 24.9 mg kg™'. Hazelnut is con-
sidered an important mineral source of the consumer diet. Study present information for the daily mineral element re-
quirements referred to 100 g hazelnut. Contribution to RDI for minerals from consumption of 100 g hazelnut may
conclude that manganese RDI overcomes the daily amount of 2 mg per day. Meanwhile RDI values for K, Ca, Fe, P,
Mg, Zn vary in the interval 8.3 — 41.0% of the recommended daily intake according Food and Drug Administration
(FDA), while for the Mn, RDI value exceedes the value of 2 mg per day, by 170.2 %.

Key words: Corylus avellana L.; hazelnut; minerals; nutritional value; Mediterranean diet

MUWHEPAJIHUOT COCTAB HA COPTUTE HA JIEHIHUK (CORYLUS AVELLANA) KYJITUBUPAHHU
BO AJIBAHNJA; JTHEBHU IIOTPEB HA KOHCYMEHTHUTE O MUHEPAJIHU EJIEMEHTHU

AmcrtpaxT: Bo oBoj Tpya ce mpeTcTaBeHH MOJATOLHUTE JOOHEHHU 3a ABE COPTH JICIIHUK OATNEIYBaHU BO
Anb6anuja: Bucoka n ToHma pomana (Visoka & Tonda romana). Kako MemutepaHCKa 3eMja, HEj3UHHUTE IIENO-
KJIIMATCKU YCJIOBU C€ IIOBOJIHM 3a OAIVICyBame Ha JICIIHUK. AHAIN3a HA MUHEPATHUOT COCTaB Ha JICIIHUIIUTE CO
UHIYKTUBHO CIIperHara Iuiasma Macena cnekrpomerpuja (ICP-MS) Geme usBeneHa Ha npumepouu o 6epoure of
2013 u 2014 roauna. MunepanHuor coctaB Bapupame on 2,23 no 3,35% cyBa kmarepuja, HO TOHAa pOMaHa
(3,09+0,21%) mmarie noBHCOKa COApXKUHA BO criopenba co Bucoka (2,43+0,21%). AHanusupanu O6ea MUHEpaiuTe:
K, P, Ca, Mg, Na, Mn, Cu, Fe u Zn. Hunure cpexuu BpenHoctu 6ea: K 6202 mg kg"; P 2512 mg kg’l; Ca 11332
mg kg™'; Mg 1551,2 mg kg™'; Na 59,0 mg kg™'; Mn 15,36 mg kg™'; Cu 14,8 mg kg™'; Fe, 34,85 mg kg™'; Zn, 24,9 mg
kg™, JleurHukoT ce cMeTa 3a BakKEH M3BOP HA MUHEDAJH BO HCXPAHATA HA KOHCYMeHTHTE. TPYJIOT I MPETCTaByBa
uHbopMaLUKUTE 3a JHEBHUTE IOTPeOM O MMHEpalHM eleMeHTH Bo oaHoc Ha 100 g nemHuk. Bo Bpcka co
HPHIOHECOT KOH JHEBHHUOT IIperopayaH BHEC Ha MHUHeEpaIU o KoHcyMandja Ha 100 g JIeITHuK, MoXe Jia ce 3aKIydn
JieKa THEBHHOT IIperopayaH BHEC HA MAaHIaH IO HAJMHHYBa THEBHOTO KOJIMYECTBO O] 2 mg AHEBHO. McToBpeMeHo,
BPEIHOCTHTE Ha IpenopadaHuoT aAHeBeH BHec 3a K, Ca, Fe, P, Mg, Zn Bapupaar Bo untepsan og 8,3 1o 41,0% oxn
JIHEBHUOT BHEC IIperopayaH oJ] CTpaHa Ha aMepHKaHCKaTa Ympapa 3a xpaHa u Jekou (FDA), noxeka 3a Mn Bpen-
HOCTa Ha IPENopayaHyoT JHEBEH BHEC ja HAJIMHHYBA BPEIHOCTA O 2 mg AHEBHO, 3a 170,2 %.

Kuyunnu 360poBu: Corylus avellana L.; nennuk; MUHepali; XpaHIMBa BPEIHOCT; MEAUTEPAHCKA HCXPAaHA
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INTRODUCTION

Hazelnut tree is a shrub, yielding a conside-
rable number of monoic endings, 10-12 pieces
reaching 3—4 m height, dark gray skin color, broad
leaves, where female and male reproducing bodies
are present in the same tree. Hazel starts awaken-
ing in December, the fruit begins connection by the
end of the May, while the core begins to form dur-
ing the June. Annealing starts from the first ten
days of August. By the end of October starts yel-
lowing and leaf fall. Hazelnut vegetation period
lasts 170-210 days, depending on the variety of
hazelnut and climate zones where cultivate. Cory-
lus avellana L., common hazelnut belong to the
Fagales order, Corylaceae family, corylus genus,
here we can mention the genus: Corylus avellana
L., Corylus pontica C. Kooch., Corylus maxima
Mill. (tubulosa), Corulus Colurna L., dhe Corylus
americana Walt. Hazelnuts are grown in all conti-
nents. Corylus avellana L. is an ancient plant that
lives and fructify in the wild fauna throughout
Europe. Large hazelnut plantations are found in:
Italy, Spain, Greece, southern France etc. In world
level, main producers are Turkey, Italy and Spain.
Albania lies between 39° South and 43° North,
with favorable conditions for growth and produc-
tion. In Albania are cultivated two cultivars "Vi-
soka" and "Tonda romana".

Hazelnut fruit beyond main constituents tria-
cylglycerol, is an important source of secondary
constituents like vitamins and minerals: iron (Fe),
calcium (Ca), potassium (K), Mangesium (Mg),

phosphorus (P) and zinc (Zn), (Demirbas, 2007;
Simsek, Aykut. 2007; Solar, Stampar, 2011); mak-
ing them very valuable in terms of nutritional in-
terest (Oliveira et al., 2008; Schmitzer et al., 2011;
Silva et al., 2007) and an essential impact in hu-
man metabolism (Demigné et al., 2004). The min-
eral content in different varieties of hazelnuts
ranges from 2:23 to 3:35% (Ferreira et al. 2010;
Rovira et al., 2005). This study present results on
mineral composition of "Visoka" (2:43 + 0:21%)
and "Tonda romana" (3:09 + 12:21%). The study
covered the period of 2012 to 2015. Analysis of
mineral elements were determined using ICP-MS
and flame AAS. These results showed that nuts are
a rich source of a number of important micro-
elements and an important source of micronutrients
to food and health.

MATERIALS AND METHODS

The study was conducted in close cooperation
with farmers of hazelnut plantations in three geo-
graphical areas of the country. Each region was
characterized from geographical indicators, lati-
tude, longitude, sea level elevation (m); soil struc-
ture; exposition of the tree (North, East, South and
West or intermediate). Collecting of samples was
conducted in the harvesting season according to
climatic features of the regions included in the
study. The data results are presented for the con-
secutive harvesting seasons 2012-2015 (Table 1).

Table 1
Geographic and climatic indicators for regions included in the study

Location Latitude Longitude  Elevation (above sea level), Sub-climate Exposition

coordinates  coordinates (m)

Larushk (Fushé

Krujé) 41°26' 19° 42 29 Mediterranean South

Visoké (Mallakastér)  40° 37 19°43' 147 Pre-continental North

Alarup (Pogradec) 40°51' 20° 43’ 848 Continental South-east
Apparatus 820-MS system (Varian, Mulgrave, Australia)

Microwave digestion of samples was per-
formed by a MARS 5 Microwave Acceleration
Reaction System (CEM Corporation, Matthews,
NC, USA). A closed-vessel digestion system was
equipped with temperature and pressure sensors.
Measurements were performed with an Varian

equipped with Varian’s ICP-MS Expert software
for the system control and data processing.

Reagents

All solutions were prepared using high purity
deionized water obtained by a Milli-Q water puri-
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fication system (Millipore, Bedford, MA, USA).
Stock standard solution for the calibration of the
system VAR-TS-MS (Inorganic Ventures, Lake-
wood, VA, USA) was used for the preparation of a
5 ug/l tuning solution, that allowed to cover a wide
range of masses. An internal standard solution,
containing 100 pg/l of Li, ¥Sc, "°In, ¥Y, Tb
and *”Bi, was prepared by internal standard stock
solution Var-IS-1 (Inorganic Ventures, Lakewood,
VA, USA).

ICP multi-element stock standard solutions
were purchased from Merck (Darmstadt, Germany)
and Inorganic Ventures (Lakewood, VA, USA).
Working standard solutions were prepared daily in
5 % of HNOj; at concentrations ranging from 0.05
to 5000 pg/l and used for external calibration.

Glassware was thoroughly acid cleaned and
rinsed with deionised water before use. Before
each analytical batch, the vessels were cleaned us-
ing the same microwave operating programme as
for samples.

ANALYTICAL METHODS
Dry weight and ash content

Dry matter determination was carried by
maintaining each sample in a thermostat initially
for a period of 12 hours at 75°C. For determination
of the ash content in a second step, the sample was
transferred to oven. The temperature was gradually
increased to 550 ° C, and held for a period of 24
hours until the sample ashes got white (AOAC,
1990).

Mineral elements

Determination of mineral content for the ha-
zelnut cultivars was conducted by Atomic Absorp-
tion analytical method (Varian Spectr AA-400 Plus
Atomic Absorption Spectrophotometer).

The sample mineralization was achieved by
applying the digestive system Milestone in the mi-
crowave. A quantity of 0.5 g sample, 6 ml HNO;
(65%) and 2 ml H,O peroxide (33%), were mixed
in teflon tube and settled in a program under pres-
sure, by heating them to 180°C, speed of 4.5 ° C/
min and held 20 minutes at 180°C. After cooling,
the liquid samples were transferred to glass tared
balloons, and drove in 50 ml volume, using 'ul-
trapure' water, and further analyzed according to
the specific procedure spectrometer instrument.

Maw. undic. nayu. ciuc., 34 (1), 197-202 (2016)

Control samples (blank) were prepared as follows:
6 ml HNO; (65%) and 2 ml H,O peroxide (33%);
and used the same strategy for their analysis as
well as real samples. Elements Mn, Cu, Zn, Na,
Mg, P, Ca and Fe (methods 985.35, 999.10,
986.24) and K (method 985.35) were defined ac-
cording to the Official Methods of Analysis,
AOAC (AOAC, 1990).

Statistical analysis

One way analysis of variance (ANOVA),
multiple range least significant difference (LSD)
test and correlation analyses were carried out by
using a statistical package program (SPSS ver.
5.0).

RESULTS AND DISCUSSION

Hazelnuts are an important source of minerals
with regard to nutritional aspects (Ozkutlu et al.,
2011). Hazelnut consumption have been proven
with beneficial impacts on human health and the
diagnosis of several diseases (Alasalvar et al.,
2009). Fruits are excellent source of minerals like
iron (Fe), calcium (Ca), potassium (K), Magne-
sium (Mg), phosphorus (P) and zinc (Zn) (Demir-
bas, 2007; Simsek, Aykut, 2007; Solar, Stampar,
2011), making them very valuable in terms of nu-
tritional value (Oliveira et al., 2008; Schmitzer et
al., 2011; Silva et al., 2007) and more essential in
human metabolism (Demigné et al., 2004). In this
paper are presented data on mineral composition
for two cultivars "Visoka" & "Tonda romana" cul-
tivated in Albania. Different authors have pre-
sented data on the mineral content, for different
hazelnut cultivars, ranging from 2:23 to 3:35% per
dry weight (Ferreira et al., 2010; Rovira et al.,
2005). During our study, we have concluded that
lower values of mineral content belonged to Cv.
"Visoka" (2:42 = 0:19%), while the Cv. "T. ro-
mana " resulted (3:06 £ 0:20%) (Table 2). These
values are influenced by a number of factors such
as: climate, soil composition, methods of irriga-
tion, fertilization and harvest time.

The mineral composition of hazelnut cultivars
"Visoka" & "Tonda romana" presented in Table 3.
The elements (mg kg ™) in the hazelnut is presented
according to the order: K> P> Ca> Mg> Na> Mn>
Cu> Fe> Zn. We conclude that the average annual
value £ SD for our country cultivars expressed by
analysis of variance (ANOVA) in Table 4.
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Table 2

Ash content in “Visoka” & ”Tonda romana”
cultivars cultivated in three regions: Larushk, Visoké dhe Alarup, 2012-2015 (Mean value £ SD)

Location

Cultivar

Content (%)

“T. romana’

Larushk

“Visoka”

293 +£0.15
2.58+£0.53

“T. romana’

Visoké

“Visoka”

2.62 £0.08
242 £0.19

“T. romana’

Alarup

“Visoka”

2.79 £0.44
3.06 £0.20

Table 3

Ash content in hazelnut cultivars (annual average values = SD)

Cultivar

Elements

“Visoka” SD “T. romana” SD Mean SD

Ash (%) 2.68 +0.30

2.78 +0.22 272 £0.29

Table 4

Hazelnut mineral content (annual mean value + SD)

Minerals T. romaﬁa Visokfll Meari 1 StaI.ldé.iI‘d

(mgkg™) (mgkg™) (mgkg)  deviation
Potassium, K 5603.0 6802.0 6202.5 +9.50
Phosphorus, P 2123.0 2901.0 2512 +24.4
Calcium, Ca 1122.0 1144.4 1133.2 +0.18
Magnesium, Mg 1610.4 1492.0 1551.2 +0.33
Sodium, Na 68.1 49.9 59 +0.43
Manganese, Mn 9.68 21.04 15.36 +0.30
Copper, Cu 11.4 18.2 14.8 +0.06
Iron, Fe 32.6 37.1 34.85 +0.07
Zinc, Zn 20.5 29.3 249 +0.03

P<0.05

In the Table 4 are presented the percentage
higher in potassium 6802.0 mg kg™ "Visoka" and
5603.0 mg kg™ "T. romana". Our study for the
percentage of the potassium present Turkish vari-
ety lower than 6830 mg kg™, referred by Koksal et
al., (2006), and comply with data cited by Alphan
et al. (1997). The phosphorus content found 2123.0
mg kg™ "T. romana" and 2901.0 mg kg™ "Visoka".
The average content phosphorus 2512.0 mg kg™ is

lower that data reported (3857.3 mg kg™'), from
Gunesh et al. (2010), for hazelnut cultivars grown
in Turkey. Phosphorus is a constituent of the hu-
man bones. Consumption of 100 g hazelnuts in
food diet is a good source of potassium for good
health. Potassium affects the nervous system and
the proper functioning of the heart (Demigné et al.,
2004). The calcium content in the analyzed culti-
vars observed between 1122.0 mg kg™ "T. ro-
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mana" and 1144.0 mg kg™' "Visoka". The average
calcium content 11332 mg kg™ resulted higher
that data reported (835.0 mg kg™') from Ackurt et
al. (1999). Magnesium plays an essential role in
reducing the risk of cardio-vascular diseases. Our
study observed by a magnesium content in the
range of 1610.4 mg kg™ in cultivar "Visoka" and
1509.2 mg kg' in Cv. "T. Romana". The average
content magnesium (1551.2 mg kg™') was found
lower compared to values reported (1588.0 mg kg ™)
from Ozdemir and Akinci (2004) and (1730 mg
kg'l) from Koksal et al. (2006) in hazelnut culti-
vars grown in Turkey. The sodium content 68.1 mg
kg™ in "T. romana" and 49.9 mg kg™ in "Visoka".
Average sodium was found three times higher
(59.0 mg kg') with data reported (between 12.4
and 26.5 mg kg’l) from Alasalvar et al. (2009), for
hazelnut cultivars grown in Turkey. Its presence in
food hazelnut diet provides our body the action of
enzymes, muscle contraction, osmotic pressure
regulation of fluids in the body and regulates dia-
betes (Murphy and Eisner, 2009). According to
researchers (Ackurt et al., 1999), manganese is
necessary for development of bones, nerves, me-
tabolism, immune system and blood sugar levels
regulation. Average manganese content of 15.36
mg kg™ was lower in Albanian cultivars compared
to the hazelnut cultivars grown in Turkey (Ackurt
et al., 1999). Also the manganese content found
was 9.68 mg kg™ in "T. romana" and 21.04 mg
100 g’1 in "Visoka" (Tables 4). The iron content
was found between 32.16 mg kg™' in "T. romana"
and 37.1 mg kg™' in "Visoka". The average iron
content was 34.85 mg kg™ compared to data re-
ported (75.3 mg kg™') from Ackurt et al. (1999),
Koksal et al. (2006) and Ozkutlu et al. (2011).
Copper and zinc were found in lower values in all
studied varieties (11.4 to 18.2 mg kg™'). Zinc and
copper, two trace minerals, essential for biochemi-
cal reactions with significant health impact for a
longevity (Ma and Betts, 2000), was found 20.48
mg kg™'. Higher content of Cu is found in "Visoka"
(18.2 mg kg™"), while "T. romana" resulted with
lower values (11.4 mg kg™"). These results showed
that nuts are a rich source of a number of important
elements and an important source of micronutrients
to food and our health.

Contribution to RDI for minerals from con-
sumption of 100 g hazelnut may conclude that
manganese RDI overcomes the daily amount of 2
mg per day. Meanwhile RDI values for K, Ca, Fe,
P, Mg, Zn and Mn vary in the interval 11.3 —
76.8% of the recommended daily intake according
Food and Drug Administration (FDA).
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Table 5

Reference daily intake of minerals for an adult
consuming a caloric intake of 2000 kcal per day

Nutrient RDI Mean value RDI contribution from
(mg) (mg) 100 g hazelnut (%)

Sodium 2400 5.90 0.2

Potassium 3500 620.2 17.7

Calcium 1000 113.3 11.3

Iron 18 3.48 19.3

Phosphorous 1000 290.1 29.0

Todine 150 -

Magnesium 400 155.12 38.8

Zinc 15 2.49 16.6

Selenium 70 -

Copper 2000 1.48 0.1

Manganese 2 1.536 76.8

Chromium 120 - -

Molybdenium 75 - -

Chloride 3400 - -

CONCLUSION

This study, particularly in terms of studied
agro-ecological zones, confirms that nuts constitute
an important agricultural product for Albania, with
great economical capacity revenues. They are a
rich source regarded to nutrients minerals, impor-
tant for human diet (micro-element). So, the min-
eral content in 100 g hazelnuts were respectively:
Their mean values were: K, 6202 mg kg’l; P, 2512
mg kg™'; Ca, 1133.2 mg kg™'; Mg 1551.2 mg kg™';
Na, 59.0 mg kg"l; Mn, 15.36 mg kg_l; Cu, 14.8 mg
kg™'; Fe, 34.85 mg kg™'; Zn, 24.9 mg kg™'. Con-
sumption of 100 g hazelnuts, as well as daily de-
mand for micro-elements made it necessary use a
diet with this fruit. Consumption of 100 g hazelnut
contributes in the RDI for elements K, Ca, Fe, P,
Mg, Zn and Mn in the interval 11.3 — 76.8% of
RDI according Food and Drug Administration
(FDA). Results obtained from this study also sug-
gest that the cultivation of two cultivars, presents

health and economic advantages for the Place.
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Abstract: Cabbage leaves is a sporadic species cultivated in Romania, although there are excellent climate
and soil conditions for growing this species. In this view and considering the nutraceutical qualities of the species,
was studied the behavior of three cultivars of leaf cabbage for a period of 3 years (2013-2015) in south-western Ro-
mania. The experience was set up in randomized blocks, with 3 repetitions. The biological material was represented
by two cultivars of Kale: Dwarf Green Curled and Nero Di Toscana and a variety of Chinese cabbage, cultivars 'Pak
Choy White'. The aim of the study was to know the agro-biological and biochemical properties of these cultivars of
cabbage leaves to promote and introduce the cultivation of this species in Romania. After carrying out this study, it
was found that the best performance was recorded for the productive Chinese cabbage Pak Choi 5.4 kg/m* and Kale
for the cultivar Nero Di Toscana (3.3). As for the chemical composition, reducing carbohydrates had the best Dwarf
Green Curled value (3.11%), and vitamin C in cabbage Pak Choi (120.23 mg/100 g S. P.).

Key words: cabbage leaves; vitamin C; nutraceutical qualities

HCTPAXYBAIBA HA ITIPUHOCOT U MOP®OJIOIIKUTE U BUOXEMUCKHNUTE KAPAKTEPUCTUKHU
HA HEKOH COPTU KEJb (BRASSICA OLERACEA L. VAR. ACEPHALA)
N KMHECKATA 3EJIKA (BRASSICA RAPA VAR. CHINENSIS)

AmcrtpakT 3enkara Bo Pomanuja ce oariexysa cropaJudHo, HaKO IOCTOjaT OJUIMYHH KIMMATCKH yCIOBH
U COO/IBETHA IIOYBA 3a OJTIEAYBamkC HA OBOj BHJ 3¢ICHUYYK. Bo Taa Hacoka, 3eMajKu I'M NPEIBHM HyTPHITHBHHTE
KBQJINTETH Ha OBOj B 3€JEHUYK, Oea IPOoyuyBaHU TPU COPTH JIUCTECTA 3eiKa Bo Jyro3amnaaHa PomaHuja Bo nepron
o 3 ropunu (2013-2015). IIpoyuyBamero Oelie U3BeAEHO BO OJOKOBH IO CIydyaeH M300p, CO TPH HMOBTOPYBamba.
Kako OuonomkuoT matepujan 6ea kopucteHu ase coptu kesb: Dwarf Green Curled u Nero Di Toscana u copra Ha
kuHecka 3enka, Pak Choy White. I{enta Ha oBaa cryauja Gemie aa ce J03HaaT arpo-OHOJIOMIKUTE U OHOXEMUCKHUTE
CBOjCTBA HAa OBHE COPTH JIMCTECTA 3€JIKa 32 HUBHA NPOMOLMja U HUBHO BOBeIyBame Bo Pomanuja. Ilo u3BenyBameTo
Ha CTYAMjaTa HajIoOpH Pe3y/ITaTH 3a MPOAYKTHBHATA ce 3abelexanu Kaj kKuHecka 3eixa Pak Choy (5,4 kg/m?) u
kesboT Nero Di Toscana (3,3). IlITo ce oaHecyBa 10 XEMHCKHOT COCTaB, peAyKlLHjaTa Ha jarJeBOAOPOAMTE Oele
Hajnobpa kaj Dwarf Green Curled (3,11%), u Ha Butamus 11 Bo 3enkata Pak Choy (120,23 mg/100 g S. P.).

Kuyunu 360poBH: 1UCTOBH 3€1Ka; BUTaMHH LI; HyTpHUIIEBTCKU KBAJIUTETH

AIMS AND BACKGROUND ing and promoting them on the Romanian market.

The emergence of new vegetables on the Roma-

The purpose of the study was to determine the nian market can have multiple benefits such as a
agro-biological and biochemical peculiarities of good profit for the producers, the opportunities of

some leaf cabbage cultivars, in order to start grow- diversifying people's food, by introducing in the
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diet vegetables with high biological value. Also,
these species can be used for ornamental purposes
given the plant size, shape, leaf color.

Kale (Brassica oleracea L. var. acephala) and
chinese cabbage (Brassica rapa var. chinensis),
originating in China [1] are little known in Europe
and very little in Romania.

Brassicaceae family is importantly ranked
among vegetables, since the species that are part of
this are believed to play an important role in terms
of quality of vegetables and the crops obtained [2].
They are used in various combinations in the cui-
sine, fresh or tinned. These plants contain free sug-
ars, flavonoids, organic acids, free amino acids,
lipids, mineral salts (potassium, phosphorus, cal-
cium, I, Fe, C) and vitamins (C, A, B complex),
which are natural constituents of many fruits and
vegetables, playing an important role in the deter-
mination of the nutritional value in the human diet
[3, 4]. Among all these, leaf cabbage species are
among the healthiest vegetables due to their con-
tent in antioxidants that protect body cells from
free radicals. Kale contains high levels of lutein
and B-carotene, when the leaves are harvested in an
advanced stage of development [5]. By eating rich
foods in lutein and B-carotene the risk of cancer
and chronic eye diseases, such as cataracts and
age-related macular is reduced [5, 6].

According to the estimates carried out by nu-
merous authors, the nutritional value of leaf cab-
bage is impressively higher than that of white cab-
bage that is extensively and intensively grown and
consumed in Romania. Leaf cabbage has a much
higher content of vitamin C, of 110 mg/100 g f.m.
in carotenoides up to 41.700 ug, total protein 3.4
g, etc. in comparison to white cabbage whose con-
tent in vitamin C is about 37.4 mg/100 g f.m., caro-
tenoides 218 pg and total protein 1.2 g [3].

Leaf cabbage is perfectly suitable for the Ro-
manian growing conditions [7, 8] following the
period for establishing a crop since the environ-
mental factors can negatively influence the crop
[9]. This is the reason why, the cultivars that are to
be inserted into the crop must be carefully evalu-
ated in order to observe their behavior to local cli-
matic conditions. These evaluations relate to mor-
phological elements (plant height, number of
leaves per plant, leaf weight, leaf rosette diameter)
in order to maximize the yield of these species.
Such studies for Brasicaceae (Cruciferae) family
were carried out in Poland by several researchers
[10-12]. In horticulture, there were created
mathematical models for which the air tempera-

ture, precipitation, solar radiation, backlight dura-
tion were calculated in order to increase crop
yields. Such studies were conducted in South Caro-
lina (Lactuca sativa L. var. longifolia Lam.) [13].
It was also carried out a study for 3 years in Cen-
tral Europe on Brassica rapa var. chinensis [14].

EXPERIMENTAL

The experiment was carried out at the Teach-
ing Resort of the University of Craiova, located in
the south-western Romania (44°19' N and 23°48'
E, favorable area for growing Brassicaceae spe-
cies. A comparative study was conducted between
2013-2015, and the experiment was placed in a
completely randomized design with 3 repetitions.
The biological material was represented by two
leaf cabbage cultivars: Dwarf Green Curled and
Nero Di Toscana and a chinese variety of cabbage
— Brassica rapa var. chinensis, Pak Choi White
cultivar. The cultivation was created by seedling
produced in alveolar pallets filled with peat. When
planted, the seedlings were 50 days. The sowing
started in early April, and planting seedlings in the
field was carried out in the last decade of May.
Planting distances were 80 cm between rows and
60 cm between plants in the row for leaf cabbage
and for Pak Choi 40 cm between rows and 25 cm
between plants in the row. In the experiment there
have been applied specific technological se-
quences.

In order to carry out the study there have been
analyzed the main morphological and productivity
characteristics, as well as the ornamental value of
the cabbage genotypes. Speaking about the mor-
phology and productivity characteristics, plant
height, the number of the leaves/plant, plate rosette
diameter and leaf weight. Biometric observations
and measurements were performed when the plant
reached its physiological maturity in the fall. Also,
for the genotypes studied, there were analyzed
some biochemical components by determining to-
tal dry matter content, soluble solids, vitamin C
and carbohydrates.

Characterization of genotypes. Dwarf Green
Curled Kale genotype is characterized by large,
densely curled, fleshy, petiolated, dark green
leaves. It forms a vigorous plant, with rich foliage,
spirally arranged. Also, the leaves are obliquely
upward oriented and outward rolled.

Nero Di Toscana genotype has the appearance
of a palm tree, with oblong, embossed blue-green
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leaves, covered with a thick layer of rime, verti-
cally oriented. These cultivars have a dual purpose
both for food and ornamental, being winter resis-
tant.

Pak Choi White genotype forms a rosette of
green, smooth, leaves, with well developed petiole,
whose color is white. The leaves are sessile, they
have a very well developed central string, which is
white and a lush foliar limb, soft and with a fine
texture.

Chemical method. The content of soluble
dry substance (TSS) was determined using
Abbe refractometer, and vitamin C was deter-
mined by iodometric method, and reducing sug-
ars (%) by colorimetric method using 3.5 dini-
trosalicylic acid (DNS).

The statistical method. The recorded data
were statistically analyzed by analysis of variance
method with single factor and interpreted by use of
multiple comparison method. Different letters be-

tween variants denote significant differences
(Duncan test, p < 0.05).
RESULTS AND DISCUSSION

In Table 1, the analysis of variance test results
for the characteristics measured in the experiment
on Brassicaceae is presented. The analysis of their
importance shows that there are significant differ-
ences in each of the studied characteristics due to
the diversity of species and cultivars studied (for
0.05 probability).

In the cultivars studied, plant height varied
depending on the species and genotype. The differ-
ences among cultivars regarding morphological
characters of the studied genotypes are highlighted
in Table 2.

Regarding the number of leaves/plant for the
genotypes studied, it was of 22.5 for Pak Choi cab-
bage and kale, from 57.3 for Dwarf Green Curled;
to 105.6 for Nero Di Toscana. In other studies, the
average number of leaves/plant for kale was be-
tween 16.62 and 23.94 [7] while others stated that
the highest number was of 36 leaves [12].

Table 1

Analysis of variance test results
for the characteristics measured in the experiment

Source of Variation Df SS MS F
Plant height (cm) 24 703.87 29.32*% 582.83
the number of leaves / plant 24 838.88 34.95* 45548
Leaf weight (g) 24 698.08 29.08* 8.99
Diameter of leaf rosette (cm) 24 282.06 13.58* 282.06
Yield kg/m® 3 0385 0.128 24.662
TDS (%) 3 0.6 0.2 173.23
SDS (%) 30725 024 5464
C Vitamin (mg/100 g s.p.) 3 15.145 5.04 681.77
Reducing sugars (%) 30392 0.13 4.00

at 5% probability levels

Table 2
Variability of some morphological characteristics of the studied genotypes
Specification Plant height No. of leafs /plant ~ Weight/leaf = Diameter of leaf rosette
(cm) (2) (cm)
Dwarf Green Curled 102.1 £2.62 57.3 £1.49 24.58+2.38 64.83£1.82
CV% 8.13 8.21 30.63 8.88
STDV 8.305 4.71 7.53 5.76
Nero Di Toscana 95.5+1.5 105.6 £2.69 16.24+0.51 47.8
CV% 4.76 8.05 10.09 8.19
STDV 4.55 8.51 1.64 3.92
Varza Pak Choy 23.57+0.76 22.5+0.51 26.73+1.36 24.78+0.40
CV% 10.3 7.28 16.12 5.12
STDV 243 1.64 4.31 1.27

Mean =+ standard deviation

Maw. unic. nayu. ciuc., 34 (1), 203-208 (2016)
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Leaf average weight, a productivity element
was of 16.24 g for kale, i.e. Nero Di Toscana, and
of 24.58 g for Dwarf Green Curled, and for chinese
cabbage Pak Choi it was of 26.73 g. In some re-
search, the return processing (leaf without petiole
and main vein) has been reported, so that the pro-
portion of marketable yield ranged from 48 to 55%
for leaf cabbage [12]. In the cultivars studied, the
diameter of leaf rosette greatly varied from 47.8
cm to 64.83 for kale, and from 24.78 cm for chi-
nese cabbage. During an experiment carried out in
Transylvania (Romania) on several varieties of
chinese cabbage, for Dwarf Choi genotype the
plant height was 16.00 cm, diameter of 31.83 cm
and number of leaves/plant of 12.17 [8]. Regarding
the variation coefficient of morphological charac-
teristics studied, it recorded low values, indicating

Table 3

good stability, except leaf weight, which for Dwarf
Green Curled genotype had high variability.

Many authors pointed to a different chemical
composition of vegetables produced at different
times of the year, caused by various environmental
and agronomic factors, variety, and degree of plant
maturity [16—18]. Moreover leaf cabbage is among
the most important vegetables in terms of dry mat-
ter yield [19]. The differences among cultivars re-
garding the chemical composition of the studied
genotypes are highlighted in Table 3. The coeffi-
cient of variation of chemical composition for the
varieties studied showed a very good stability (Ta-
ble 3).

In this study at the studied genotypes, the
content in TDS was 11.2 to 19.5%.

Variability of chemical compositionon the studied genotypes

Specification TDS Vitamin C Reducing sugars
(%) (mg/100g s.p.) (%)
Dwarf Green Curled 16 £0.11 8.5+0.17 45.240.23 3.11+0.45
CV% 1.25 0.88 254
STDV 0.2 0.4 0.79
Nero Di Toscana 19.5+0.28 10.2+0.28 52.8+1.56 2.4+0.11
CV% 2.56 5.11 8.33
STDV 0.5 2.7 0.2
Varza Pak Choy 11.2+0.11 5.3+0.17 120.2+0.4 1.71+0.005
CV% 1.78 0.58 0.58
STDV 0.2 0.7 0.01

Mean + standar deviation

For leaf cabbage, according to expert litera-
ture, solids content varies widely depending on the
cultivar, environmental conditions, fertilization,
etc. Thus, some authors reported for Kale, in their
studies in Romania, TDS values between 23.87 %
and 27.13 % [16] and in Turkey was found in chi-
nese cabbage Pak Choy White a TDS content of
6.54-9.30% [17].

Regarding the content of SDS for the cabbage
species studied, this ranged from 5.3 to 10.2%.
Some studies reported soluble dry matter content
in chinese cabbage leaves of 4.6% [8] and others
from 4.98 to 6.70% [17] while others found a solu-
ble solids content between 8.7 and 10.73% [16].

Brassicaceae plants are known for their high
content in vitamin C. Speaking in terms of vitamin

C, in the cultivars studied, this was 120.23 for Pak
Choy White cabbage and for leaf cabbage between
42.5 and 52.8 mg/100 g f.m.. In a research on leaf
cabbage there was obtained a content of vitamin C
between 9.66-52.9 mg/100 g f.m. and it was
reached the conclusion that this variation may be
due to the time when the samples were taken [16].
In a successive crop created in the unheated in
Turkey, it was found in Brassica oleraceae var.
acephala a content in vitamin C from 98.3 to
109.43 mg per 100 g [19]. In another study carried
out in Poland, on two leaf cabbage hybrids, vita-
min C accumulation ranged from 77 to 133 mg/100
g [18]. In other studies, the values in vitamin C
content were 93 mg/100 g [20]. In a study carried
out at the Indian Institute of Vegetable Research,
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researchers reported for Brassicaceae, a vitamin C
content of 52.9 mg/100 g s.p [21]. According to
others at chinese cabbage Pak Choy White it was
found a content of 22.1% in L-ascorbic acid [17].

Leaf cabbage reaches relatively quickly its
harvest maturity. If basal leaves are not harvested
in due time they get dry and fall, thus registering
losses. Staggered harvesting prevents losses and
stimulates the development of young leaves from
the top of the stem thus, leading to an increased
production [7].

For the studied leaf cabbage genotypes, the
production was between 3.15 kg/m” for Dwarf
Green Curled and 3.6 kg/m” for Nero Di Toscana
and for chinese cabbage Pak Choy 5.4 kg/m’. In a
study on the behavior, growth and development of
the leaf cabbage plants under the climatic condi-
tions of Transylvania (Romania) it was reported
the production from 2.84 to 4.69 kg/m” for kale [7].
According to some authors, the production was of
5.6 kg/m” at chinese cabbage [17], values that con-
firm our results.

CONCLUSIONS

Under similar growing conditions, the varia-
tion of morphological characters, chemical compo-
sition and production was due to the difference
between the cabbage species and growing;

In terms of chemical composition, the best vi-
tamin C accumulation was noticed fat Chinese
cabbage, Pak Choy cultivar, 120.2 mg/100 g f.m.
and in terms of production, the best yield was re-
corded at Chinese cabbage, Pak Choy cultivar (5.4
kg/m?), followed by leaf cabbage Nero Di Toscana
cultivar (3.3 kg/mz);

In order to obtain valuable plants that should
fulfill the decorative purpose, kale cabbage culti-
vars are recommended since they confer an extra
aesthetic value to the garden, due to the plant way
of being, it shining gloss and the color of its
leaves;

In the south-west of Romania, the species of
leaf cabbage can be grown since the climate and
soil conditions are optimal for their cultivation;

The emerge of these species on the Romanian
market should take place as soon as possible, due
to their numerous advantages, i.e.: the possibility
to have a diversified range of plant species in the
food sector with high nutritional value, short vege-
tation period, pleasing ornamental appearance, etc.
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A bstract: Despite of beneficial effects of antibiotics in treatments of infectious diseases, antibiotic residues
in meat, milk, eggs and another products can cause serious side effects for human health. It is clear that, antibiotic
residues in food stuff, cause bacterial resistance, allergic reactions, toxicity, carcinogenic effects and change of natu-
ral microflora of intestine in consumers. Improving the standard of food and consumption of eggs increased in recent
years in Kosovo have brought the development of the poultry farms. The latter aim to increase their products not only
through the quantity and quality of feed for poultry, but treating them with veterinary pharmaceutical preparations
with antimicrobial character in order to combat bacterial diseases in poultry, so the aim of present study is detection
of antibiotic residues contamination rate in chicken eggs. The study presented is focused on five regions of Kosovo:
Prishtina, Prizren, Ferizaj and Gjilan. Performance characteristics for Qualitative tests, screening methods described
in Decision 2002/657 / CE, were used for the evaluation and testing of samples of eggs. 125 samples of eggs are
tested, using Premi® test, a microbiological test screening based on inhibiting the growth of Bacillus stearothermo-
philus, a thermophile bacterium sensitive to many antibiotics and sulphonamides. Laboratory testing showed that
18.4% (23/125) of egg samples analyzed resulted to be positive for the presence of residues. Concluding, the antibi-
otic residue in chicken eggs has to be monitored as routine test due to their side effects on human health.

Key words: antibiotic residue; chicken eggs; screening test

PU3UK O PE3UAYH O AHTUBUOTHUIIHN BO JAJHATA O KOKOIIKH BO KOCOBO

AmncrtpacxkT: U nokpaj KOpucHHTE epeKTH Ha aHTHOUOTHUIIMTE BO TPETMAHOT Ha 3apa3Hu OOJIECTH, Pe3UIyH-
T€ 0J] aHTHOMOTHIIM BO MECOTO, MJICKOTO, jajliaTa M APYrH NPOIYKTH MOXAT Ja NPEAN3BHKAAT CEPHO3HU HECaKaHH
MOCJISIUIIM 110 YOBEKOBOTO 3/IpaBje. JaCHO € Jieka Pe3uIyrTe 0/ aHTHOMOTHIM BO XpaHa NpeIH3BUKYBaaT OaKTeprcKa
OTIIOPHOCT, JEPTUCKU PEaKLUH, TOKCHYHOCT, KaHI[EPOTreHH e()eKTH U MpOMeHa Ha LpeBHata Mukpoduopa. [lomob-
PYBambETO Ha CTAHIAPJOT HAa XpaHa M KOHCYMallfja Ha jajua BO mocieqHuTe roguHu Bo KocoBo noBese 10 pa3Boj Ha
XuBHHApcku (apmu. JKuBuHapckuTe GapMu MMaaT 3a LeJ a IO 3rojeMaT CBOETO MPOM3BOJICTBO, HE CaMO IPEKY
KBaHTHTETOT U KBAJMUTETOT HA XpaHATa 3a JKMBUHATA, TYKYy ¥ CO HUBHO TPETHPAHE CO BETEPUHAPHH (papMarieBTCKU
npenapary co aHTUMUKPOOEH Kapakrep, 3a Jia I'i cripeyat GakTepucKuTe 00JIecTH Kaj skuBuHaTta. Llenrta Ha 0BOj Tpyn
€ Jla ce IeTeKTHpa CTanKaTa Ha KOHTaMHHAIIMja CO PE3UIyUTe Of aHTHOMOTHIIM BO jajiata on kokourka. CTynujaBa ce
¢doxycupa Ha ner perunonu Bo Kocoso: Ilpumiruna, [Ipuspen, Ypowesar u ['uunane. 3a eBanyanuja U TeCTHpambe Ha
MPUMEPOLH Ha jajua Oea ynoTpeOeHH KapaKTepUCTHKUTE 3a M3Ben0a Ha KBAIUTATHBHU TECTOBH, CKPUHHUHI-METOAN
onumanu Bo Omrykara 2002/657/CE. bea Tectupanu BKymHO 125 mpumepomn Ha jajua kopucrejku Premi ® test,
MHUKPOOHOJIOIIKO UCTIUTYBabe 0a3upaHo Ha MHXHOMpame Ha pactoT Ha Bacillus stearothermophilus — TepmodunHa
OakTepHuja 4yBCTBUTEIIHA Ha roieM Opoj aHTHOMOTHIM U cyndonamuan. JlabopaTopuCKHUTE TeCTUpaba MoKaxaa JeKa
18,4% (23/125) on aHanu3upaHUTE IPUMEPOLHY C€ TO3UTHUBHH Ha MPUCYCTBO Ha pe3uayn. Moxe J1a ce 3aKiIydd JeKa
pe3uayuTe o] aHTHOMOTHIM BO jajia O] KOKOIIKM Tpeba Aa OMAaT MOHMTOPHPAaHH CO PYTHHCKH TECT, MMOpaau
HHUBHOTO IITETHO BJIHjaHHUE BP3 YOBEKOBOTO 3/paBje.

Knyynn 360poBu: pe3uayH ol aHTHOUOTHIIM; jajlia O KOKOIIKA; CKPUHUHT TECT
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AIMS

The study presented is focused on five regi-
ons of Kosovo: Prishtina, Prizren, Ferizaj and
Gjilan. In this part of the study, they tested 125
samples of eggs, using Premi® test, a microbiolo-
gical test screening based on inhibiting the growth
of Bacillus stearothermophilus, a thermophile bac-
terium sensitive to many antibiotics and sulpho-
namides. Performance characteristics for Qualitati-
ve tests, screening methods described in Decision
2002/657/CE, were used for the evaluation and tes-
ting of samples of eggs. 23/125 samples analyzed
were positive. Previously processed samples were
stored from 18 to —30°C, to be analyzed with other
tests in a second phase.

BACKGROUND

Poultry farms are one of the very important
directions of development of agriculture in Kos-
ovo. Local egg production meets about 95% of the
demand for eggs use of antimicrobial preparations
character in commercial poultry presents a problem
and a public health risk. Ensuring public health and
consumer interests, achieved only with the effi-
cient organization of official controls under a long-
term national plan for monitoring residues. Ap-
proval, strengthening and implementation of legis-
lation is the first step important being undertaken
in Kosovo, where currently implemented legisla-
tion in line with the European Community, which
prohibits the use of preparations in Group B1 and
consumption of eggs with residues resulting posi-
tive from these preparations 1. Adequate training
of personnel dealing with official controls, the es-
tablishment of laboratories, their advancement to-
wards the standardization and validation of meth-
ods used, organization of information and awa-
reness campaigns for communities and farmers, are
necessary measures to keep under control [2].

The use of antimicrobial drugs in poultry
farms with commercial character represents a pub-
lic health problem, which is struggling to prevent
and combat this phenomenon [3]. Today in the
world, not all countries have unique policies and
common views regarding keeping in control of this
phenomenon (the European Union countries on the
one hand and the United States on the other side).

Despite the measures taken in these countries,
their consumers are intimidated by environmental,
microbial, residues of veterinary drugs contami-

nants, and other problems (based on surveys carri-
ed out by the authorities in those countries) [3, 4].

Numerous socio-economic, political and
demographic changes in Kosovo are reflected and
included productive food chain (production of
food, animal feed, processing, distribution and
marketing).

Strengthening of standards for food and con-
sumption needs, they have led to the development
of poultry farms in Kosovo by promoting the
growth of their products not only through impro-
ving the feed for poultry, but by treating them with
veterinary antibacterial drugs in order to control
bacterial disease in poultry. On the other hand, the
consumer is feeling comfortable in terms of the
adequacy of the egg production and offering of
reasonable price in the market, but not sure in
terms of the possible presence of residues of
veterinary drugs [5, 6].

EXPERIMENTAL
Sampling

Samples are collected directly on the farm
and at the collection point (additional part of the
farm), under the supervision of the regional veteri-
nary inspector. Each sample consists of 1x12 units.
Sampling was carried out according to SOP Stan-
dard Operating Procedure for monitoring and
control of residues in food [7]. In order to follow
the traceability of the product and the principle of
transparency and care, we have sampling process
accompanying documentation with additional in-
formation as well as records of the sampling proce-
dure. Sample bags were identified by serial num-
bers and codes and poultry. During transport the
samples are placed in cool box at a temperature 4—
8 °C.

Laboratory control

Testing of samples was conducted at the
Laboratory of Food and Veterinary, at the Food
and Veterinary Agency of Kosovo, which has
validated a method for waste antibacterial search
just using R Biopharm Premi test.

Upon reaching the lab samples were registe-
red with analytical control procedures for detection
of residues. After homogenization, they were
divided into two parts. One part is used for analysis
while the rest is stored at a temperature from 18 to
—30 °C, to be tested with other tests [8, 9] .
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Premi® test

Premi® test is a microbial screening test to
search residues of antibiotics in eggs in less than 4
hours and is based on inhibition of growth of Baci-
llus stearothermophilus, a thermophile bacterium
sensitive to many antibiotics and sulphonamides. A
standardized number of spores of Bacillus stea-
rothermophilus is incorporated in a ground aga-
rizuar selected nutrient. When Premi® test is heat-
ed to 64 °C, the spores can develop (germinojng).
If no inhibiting substance, germinated spores
multiply by producing acid. This becomes apparent
by a change of color from purple to yellow. When
antimicrobial compounds are present in sufficient
quantities (above the detection limit) the spores are
able to develop and verify there is no color change.

The testing procedure

A 100 pl of the yolk homogenate was aspi-
rated using the already packaged 100 pl syringe, on
to the surface of the test ampoules. The ampoules
were then incubated at 80 °C for 10 min. There
after, the ampoules were transferred to already pre-
heated automated incubator at 64.3 °C for a period
of 2 h 45 min (Manufacturer’s recommendation is
2.45-3 h). Then both negative and positive ampo-
ules were read and interpreted accordingly when
compared with the negative controls.

RESULTS AND DISCUSSION

Testing by Premi ® Test, showed that 23/125
samples were positive. We note that this test is a
screening test qualitative, so all of homogenized
samples were conserved at —18 to 30 °C, to be
analyzed with other ongoing tests to study [9].
However, Premi® test is fast, easy to use and, in
combination with other antimicrobial tests can be
used to provide a comprehensive screening system

for antimicrobial control in foods of animal origin
[2, 10].

CONCLUSIONS

The results obtained from testing of 125
samples egg, testified that security for the con-

Maw. unc. nayu. ciuc., 34 (1), 209-211 (2016)

sumption of eggs definitely requires a strict control
of poultry, in relation with the use of drugs anti-
microbial substances veterinary pharmaceuticals
not authorized for use in the EC countries, inclu-
ding countries aspiring to integrate [1]

For well-known reasons, Kosovo has not had
the opportunity, experience and expertise to res-
pond to requests. Currently in Kosovo was raised
and strengthened authority shall control food safety
and quality in order to protect public health. This
agency is starting implementation of residue Moni-
toring Measures Plan in egg.
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SALICYLIC ACID PRIMING EFFECT ON THE GERMINATION CHARACTERISTICS
FOR BEAN (PHASEOLUS VULGARIS L.) UNDER INDUCED DROUGHT CONDITIONS

Marin Soare, Payla Iancu, Dorina Bonea, Pinita Ovidiu

University of Craiova, Faculty of Agronomy,
Libertatii Street 19, 200583 Craiova, Dolj, Romania,
soare_marin @yahoo.com

Abstract Seed germination and seedling growth are critical steps during the growing season of
plants. These steps can be affected by various abiotic or biotic stress factors, finally resulting in a plant
density reduction and thus of the production. Drought is one of the abiotic factors that manifests strongly
in many areas of the world, especially in arid and semiarid areas. The priming of the seeds with salicylic
acid (SA) can improve or not plant resistance to water stress according to the concentrations used. The
objective of this study was to evaluate the effect of seeds priming on the germination percentage (PG) and
growth parameters of bean seedlings after the 4 levels treatment with salicylic acid (SA) (0, 0.25, 0.75
and 1 mm) and 4 levels of sodium chloride NaCl (0; 89.9; 179.7; 269.5 mM). The results showed that the
induced stress by different levels of NaCl has significantly reduced the proportion of germinated (PG)
seeds and growth parameters of bean seedlings, except the fresh weight of the seedlings. Seeds priming
with low levels, i.e. 0.25 and 0.75 mM SA has significantly improved beans seedling growth parameters
except the weight of the bean shoots.

Key words: beans seedling; plant resistance; growth parameters

E®EKTOT HA KBACEWBE BO CAJIMIUJIHA KUCEJIMHA BP3 KAPAKTEPUCTUKUTE HA PTEIHE
HA TPABOT(PHASEOLUS VULGARIS L.) BO YCJIOBU HA UHAYIIUPAHA CYIIA

AmcTpaxkT: 'Premero Ha CeMETO M PaCTEHETO HAa CATHUIIATA CE HAjBAKHUTE (ha3h OX Pa3BOjOT U PACTEKOT
Ha Omnkure. Bp3 oBue dasu Moxar 1a Biujaat of adeKTHpaHH Pa3iIUYHU aOHOTHYKH M OMOTUYKH cTpec-(paKTOpH,
IITO HAa KPajoT PEe3y/ITHpa CO HaMalyBamke Ha TYCTHHATa Ha PAaCTEHUETO, a CO Toa U Ha mpousBoacTBoTo. Cymara e
e/ieH o1 abnoTnukuTe (PakToOpH M ce cpekaBa BO MHOTY 0OJIACTH BO CBETOT, IOCEOHO BO CYIIHHUTE M IOIYCYLIHHTE
nozpayja. [ToTonyBameTo Ha ceMUBbaTa BO CalUIMIHA KucelnHa (SA) Moe JAa ja mogoOpu i a He ja nopoopu
OTIIOPHOCTA HAa PaCTEHUETO HA BOJEH CTPEC, BO 3aBUCHOCT Ol ynoTpebeHnTe KoHueHrpauuu. Llenra Ha oBa ucnury-
Bame Oellle 1a ce OLeHN eeKTOT Ha KBACEHETO HA CEMHIbaTa BP3 MPOIEHTOT Ha “premero (PG) u Bp3 mapamerpure
Ha PacTeXOT Ha CaJHUIUTE TPaB 110 4-Te HUBOA Ha TPeTMaH co caimuipuiaa kucenuna (SA) (0; 0,25; 0,75 u 1 mm) n 4
HuBOa co HatpuyM xsopun (NaCl) (0; 89,9; 179,7; 269.5 mM). PesynraTure mokaxkaa Jeka HHIYIIUPAHUOT CTPEC HA
paznuuny HuBoa Ha NaCl 3HauuTeIHO T UMa HaMaJIeHo nponopuujaTa Ha u3’prenu (PG) cemuma 1 mapameTpure Ha
PacTexOT Ha CaJHUIHUTE I'PaB, OCBEH CO CBEKAaTa TE)KMHA Ha capHuuute. I1oTOmyBameTO Ha CeMHIaTa BO HUCKH
HHBOA, T.€. 0,25 1 0,75 mM, canuuuiIHa KUCENIUHA 3HAUUTENHO TY MOA00pH apaMeTPUTE Ha PACTEXOT Ha CaJHULIUTE
IpaB, OCBEH TEKHHATA HA HUKYIIIUTE HA TPaBOT.

Kuyunu 360poBH: caHHULY I'PaB; OTIOPHOCT HAa PACTEHHE; TAPAMETPH Ha PACTEx

AIMS AND BACKGROUND sibility of mitigating the effects of drought stress
by pre-treating seeds with salicylic acid (SA), un-

The objective of this research was the effect der different levels of osmotic stress.

of NaCl on the germination process for bean Befm, Phaseolus v.ulgar is .L., is a lf:gume of
(Phaseolus vulgaris L.) and to investigate the pos- the family Fabaceae with multiple uses in human
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food, animal husbandry, industry or as soil amelio-
rating species. Of great importance is the fact that
this species has the ability to fix atmospheric nitro-
gen ensuring a high degree of suitability (availabil-
ity) for the systems of sustainable agriculture, in-
cluding the ecological one the greatest economic
importance is given by the high protein content of
23-33%, supplying animal protein [1].

In Romania, areas planted with beans are de-
creasing. The factors that limit bean areas, specilly
in south of Romania, are drought and heat emer-
gence during flowering and fructification stages,
relatively low air humidity and strong air currents
during the growing season.

Common bean (Phaseolus vulgaris L.) can be
affected by several environmental stresses, and the
drought is one of the most important causes of
yield reduction [2]. Drought, considered as the
combination of water stress plus high irradiance
and temperature stresses, is the main abiotic factor
limiting yield [3]. Several authors have shown the
fact that pre-seed treatment with salicylic acid
(SA) plays an important role in determining plant
sensitivity to different biotic and abiotic stresses
[4-6], particularly during the seedling stage [7-8].

Salicylic acid (SA) is a phenolic compound
that is found naturally in plants, but in small
amounts, having an important role as a response to
external stimuli and activation of plant defense
system [9]. Drought is acting like a temporary un-
balance often in combination with the influences
produced by anthropic factor [10]. Several studies
have highlighted the key role of salicylic acid (SA)
in determining the damaging effects of some stress
factors and damage caused by them [6]. The treat-
ment with salicylic acid reduces the harmful action
of salinity on germination and growth processes
and it could be beneficial for seed germination in
arid and semiarid areas [11].

EXPERIMENTAL

This study was conducted in the laboratory of
Plant Breeding, Agricultural and Forestry Techno-
logy Department, University of Craiova (Romania)
in 2015, aimed at priming effect of bean seeds
(Phaseolus vulgaris L.) in salicylic acid under in-
duced drought conditions. NaCl was used for the
implementation of drought stress. The experiment
was bi-factorial with three repetitions, in a comple-
tely randomized design. The first factor was the
salicylic acid (SA) with four levels (A): a; — 0 mM
(distilled water); a, — 0.25 mM; a; — 0.75 mM, and

a,— 1 mM, and the second factor (B) was the solu-
tion of salt (NaCl) also with four levels: b; — 0
mM (distilled water), b, — 89.9 mM; b; —179.7 mM
and by — 269.5 mM. At the beginning of the ex-
periment, bean seeds were sterilized for 5 min in
1% sodium hypochlorite and then they were
washed with distilled water. The seeds were im-
mersed in the solution of salicylic acid (different
concentrations) for 20 hours and then put in sterile
Petri dishes. Each variant was represented by three
Petri dishes with 20 seeds placed on filter paper.
After six days there were made recordings on ger-
mination percentage (GP) and root length (RL) and
cotyledons (CL), roots fresh weight (RFW) and
cotyledons fresh weight (CFW), seedling length
(SL), seedling fresh weight (SFW) determinations
were made.

Germination percentage was calculated using
the formula: GP = (n/N) x 100, where n — no. ger-
minated seeds, NV — total seeds number in the bowl.
The obtained data were interpreted by analysis of
variance statistic was performed using ANOVA,
were Least Significant Differences (LSD) at the
0.05 probability level. Differences among the
means of the treatments were estimated using the
Duncan's multiple range tests at the 5% probability
level.

RESULTS AND DISCUSSION

From the data obtained on analysis of vari-
ance (Table 1) we can notice that priming with
salicylic acid (SA), affected significantly only
growth parameters of the seedlings, i.e. root length
(RL), root fresh weight (RFW), cotyledons length
(CL), seedling length (SL) and cotyledons fresh
weight (CFW). The drought induced by the use of
NaCl has significantly influenced both the germi-
nation percentage (GP) and all growth parameters
studied (RL, RFW, CL, CFW and SL) except seed-
ling fresh weight (SFW).

In terms of the interaction of salicylic acid
and NaCl, it was insignificant for both GP and for
all growth parameters studied. NaCl solution indu-
ced the osmotic stress. This osmotic stress reduces
water potential in the root zone, Na" and Cl ions
phyto-toxicity and a nutritional imbalance adverse-
ly affecting plant germination and seedlings
growth [12-13]. The germination percentage was
significantly affected by drought induced by NaCl
but not by priming with salicylic acid (SA) or their
interaction (Table 1).
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Table 1

Analysis of Variance test results for the characteristics measured in the experiment of Phaseolus vulgaris

S.0.V. Df GP RL RFW CL CFW SL SFW
(%) (cm) (&) (cm) (8 (cm) (8
SA 3 151.56™ 16.84" 0.02% 8.19° 0.01™ 33.56" 0.15%
NaCl 3 255.72" 13.89" 0.01* 5.81% 0.09* 40.62* 0.07™
SA x NaCl 9 129.68™ 12.47™ 0.02™ 3.81™ 0.04™ 25.52 0.08™
Error 32 850 29.766 0.053 19.655 0.19 74.134 0.307

* and ns = significant and nonsignificant at 5% probability levels, GP = Germination percent, RL = Rootlet length;
RFW = Root fresh weight; CL = Cotyledons length; CFW = Cotyledons fresh weight; SL = Seedling length;

SFW = Seedling fresh weight

The highest percentage of germination was
recorded in the control variant — 0 mM NaCl
(96.66%) and the lowest percentage of germination
of 89.9 mM NaCl (92.08%) (Figure 1). Germina-
tion percentage reduction (GP) in NaCl-induced
drought conditions was reported by numerous au-
thors. Thus, Habibi and Abdoli [14], recorded at
garden cress a minimum GP of 89.7% after seeds
treatment with 150 mM NaCl, Soare et al. [15] ob-
tained a minimum GP of 82.92% for chickpea after
seeds treatment with 179.7 mM NaCl, and Shahba
et al. [6] showed that germination decreased with
salinity increasing and SA had no effect at a high
level of salinity.

0
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92 — | —
90 — —
88 —— —
86 — —
84 — | —
82 — —
80

Germination percent (GP %)

Distiled 89,9 mM
water

179,7 MM 269,5mM

Fig. 1. NaCl concentration effect on bean germination
percentage

There are conflicting reports on the effects of
salicylic acid on seed germination. In our case, the
germination percentage was not significantly influ-
enced by priming with SA (Table 1). Anaya et al.
[16] reported that Vicia faba seeds priming with
0.25 mM SA has significantly increased the germi-
nation percentage, Soare et al. [15] reported that
chickpea seeds pre-treatment with 0.75 mM SA
significantly increased GP and Hassanzadeh et al.
[17] reported that the highest percentage of germi-
nation was obtained after the pre-treatment of

Maw. undic. nayu. ciuc., 34 (1), 213-218 (2016)

lemon balm seeds (Melissa officinalis) with 1.5
mM SA. However, other reports suggest that SA
could inhibit germination. Barley seed pre-
treatment with doses >0.25 mM SA inhibited seed
germination and for Arabidopsis thaliana the con-
centrations >1 mM delayed or inhibited germina-
tion [18, 19]. But these contradictory effects could
be related to the SA concentrations used and of the
species they were applied to, aspects that need to
be cleared out.

Radicle length is an important parameter un-
der stress conditions since roots are in direct con-
tact with the soil where they absorb water from
[20]. In this study, bean seeds priming with 1 mM
SA has significantly decreased both LR and RFW
(Fig. 2 A, B). An improvement of these parameters
was nevertheless recorded at the lower levels, i.e.
0.25 mM SA (4.28 mm and 0.148 g), but insignifi-
cant compared to the control.

Our results are inconsistent with those ob-
tained by Hassanzadeh et al. [17] who reported that
the maximum length of lemon balm rootlet was
obtained from priming with higher concentrations
of SA, meaning 1.5 mM, and the minimum for this
parameter was obtained from the pre-treatment
with 0.1 mM SA. The salicylic acid in a concentra-
tion of 0.5 mM resulted in wheat root growth, un-
der free salt stress conditions [11]. Also, Rajabi et
al. [21] reported higher values for fresh weight of
artichoke (Cynara scolymus L.) root when seeds
were pre-treated with 1.5 mM SA.

Radicle length and fresh weight were signifi-
cantly affected by the induced drought (Table 1),
they decreased significantly when increasing the
concentration of NaCl (Fig. 3A, B) for all levels,
compared to control. Similar results were obtained
for chickpea by Soare et al. [15] Also, Duan et al.
[22] reported that Achyranthes bidentate seed ger-
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mination and root growth were clearly inhibited by
NaCl in particular, at the level of 250 mmol/l and
Habibi and Abdoli [14] noted that the treatment
with NaCl has reduced garden cress radicle length
(Lepidium sativum) compared with the control, as a
result of the sodium chloride osmotic effects (salt
osmotic effects), this reducing water availability.

Radlicle lenght (cm)

Distilled 0,25mM 0,75mM 1 mM

A)

ight » RFW/

Radicle fi

Distilled 0,25mM0,75mM 1 mM

B)
Fig. 2. Salicylic acid priming effect on radicle length (A)
and radicle fresh weight (B) for bean
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Fig. 3. NaCl level effects on radicle length (A)
and radicle fresh weight (B) for bean

SA seed priming for cotyledons length was
significant, but this didn't work for cotyledons
fresh weight (Table 1). The best results for cotyle-
dons length were recorded at levels of 0.25 and
0.75 mM SA (4.069 cm and 4.008 cm) compared
with the control, and the worst results were ob-
tained at 1 mM SA (3,261 cm) (Figure 4). Our re-
sults are similar to those previously obtained for
chickpea to Soare et al. [15]. Unlu et al. [23] for
Vigna unguiculata L. reported cotyledons length
inhibition after the treatment with 1 mM SA.
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Fig. 4. Salicylic acid priming effect on cotyledons length
for bean

As for the effects of NaCl-induced drought on
the cotyledons length and fresh weight, they were
significantly influenced (Table 1). Both parameters
significantly decreased under induced drought
conditions, in particular, at the level of 89.9 mM
NaCl (Figure 5 A, B). Similar results were ob-
tained for chickpea by Soare et al. [15] and Unlii et
al. [23] for Vigna unguiculata L. where salt con-
centration increase inhibited these parameters.
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Fig. 5. (NaCl) Drought-induced levels effect on the cotyledons
length (A) and cotyledons fresh weight (B) for bean
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SA seed priming has significantly influenced
both seedling length and its fresh weight (Table 1).
Higher values for these parameters were recorded
at levels of 0.25 and 0.75 mM SA, but for seedling
length they were insignificant compared to control
(Fig. 6 A, B.). 1 mM SA level has significantly
reduced seedling length. Our results are similar to
those obtained by Unlii et al. [23] for Vigna ungui-
culata L. where the level of 0.5 mM SA resulted in
seedling length and weight increase 1 mM SA con-
centration inhibited this parameter. NaCl-induced
drought has not significantly affected seedling
fresh weight, but only its length (Table 1).
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Fig. 6. Salicylic acid priming effect on seedling length (A)
and seedling fresh weight (B) for bean

Low levels for seedling length (SL) were ob-
tained for all NaCl levels as compared to control
(Fig. 7). Similar results were obtained for SFW at
chickpea by Soare et al. [15] where drought did not
influence this parameter.
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Fig, 7. (NaCl) Drought level effect on bean seedling length
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CONCLUSIONS

Water stress induced by NaCl solution can
significantly reduce the percentage of germination
and bean shoots growth parameters, except seed-
ling.

In terms of the interaction between salicylic
acid and NaCl, it was insignificant both for GP and
all growth parameters studied.

Bean seeds priming with low levels of SA,
i.e. 0.25 mM and 0.75 mM SA, can positively in-
fluence seedling growth parameters.

As a result, SA seed priming is a simple and
cheap method that can be used by farmers to obtain
an homogeneous bean crop.
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A bstract This paper shows the results obtained from the monitoring of chemical contaminants
such as organochlorine pesticides in animal fat in Albania. The study presents the data collected for two
years 2014-2015. The samples tested were collected from veterinary inspectors from slaughter houses in
some of the main districts of Albania. These results have shown once again the persistent contamination
of all surroundings with these persistent organic pollutants, even if there is a long time since their use in
the past. Because of their strong lipophilic nature DDT and its isomers as well as their tendency of pass-
ing up onto the food chain, they are still encountered in animal fat tissues, though at a low level but at any
case detected and identified as such. The analysis was based on a modified QUEChERS method which
consists in ethyl acetate extraction followed by freezing out as a first cleaning up step and followed by a
second cleaning up using PSA/C-18. The extract then transferred in glass vial and further injected in GC
system coupled with a MS/MS detector. The results confirmed that major part of samples tested (74.5 %)
showed a detectable contamination by p-p” DDE (< 20 ng/kg), although none of the results exceeded the
maximum permitted level of 1 mg/kg established from EU Regulations.

Key words: organochlorine; pesticides; DDT; persistence; animal fat

EBATYAIIMJA HA YECTOTATA HA ITIOJABATA HA JT
[1,1,1-TPUXJIOPO-2,2]I1 (4-XJIOPO®EHUJI)ETAH] BO )KUBOTHUHCKA MACT

AmncrtpaxkT: OBOj TpyJ ' IPE3EHTHPA PE3YNTATUTE Ol MOHUTOPUHIOT HA XEMUCKUTE KOHTAMUHEHTH KaKBU
IITO CE OPTraHOXJIOPHAHM MECTULHIN, BO )KUBOTHHCKH MacTu Bo Anbanuja. CTynujaTta ' NPUKaXyBa Pe3yTaTHTE
coOpaHu BO mepuonoT ox nBe roaunu, 2014-2015. Tecrtupanure mpumepouu O6ea coOpaHM O] BETEpHHAPHUTE
UHCIIEKTOPH BO KJIAHULIUTE BO HEKOHW O]l TJaBHUTE oOnactu Ha AnGaHuja. OBHE pe3ynTaTH yHITe €AHALl MOoKa)kaa
Hep3UCPHHTHA KOHTAMUHAIM]ja Ha IEJIOTO ONKPYXYBamke CO OBHE IIOCTOjaHH OPTaHCKH 3arajyBadd, HaKo Beke IHO-
JIONro BpeMe ce HaaBop oA ynorpeOysa. [lopanu HuBHATa CHIHA TUNO(UIIHA IPUPOAA, KAKO U HUBHATA TEHICHIMja
Jla IPeMMHAT BO CHHIIMPOT Ha ucxpasa, JIJIT n HeroBute nzoMepu ce yuTe ce cpekaBaaT BO TKMBATa Ha XKHUBOTHH-
CKHMTE MacTH; MaKoO BO Maja KOJMYMHA, CeNaKk NETeKTHPAaHU M MACHTH(MKYBAaHM Kako TakBH. AHanm3arta Oemre
Gasupana Ha Moguduuupan Meroq QUEChERS koj ce cocTou of eKCTpakidja Ha €TWI aleTar, o IITO CICIH
3aMp3HYyBambe Kako MMPB YEKOp Ha YHCTEHE, a I0T0a ClielyBa BTOPO YHCTEHe co ynorpeda Ha PSA/C-18. Exctpakror
notoa ce npedpia Bo CTaKJIeH caJl ¥ Ce HHjEeKTHpa BO CHCTeM 3a racHa xpomarorpaduja (GC) moBp3aH co IETEKTOp
3a macena cnekrpomerpuja (MS/MS detector). Pesyarature noTBpAMja Jeka TIaBHHOT JA€N O TECTHPAHUTE
npumeporn (74,5 %) mokaxaine npemno3HamiMBa koHTamuHauuja co p-p° DDE (< 20 ng/kg), mako HUKO] Of
pe3yaTaTuTe He IO HaAMHHA MaKCHMAJIHOTO JJ03BOJIeHO HUMBO oX 1 mg/kg yTBpaeHo co perynaruBure Ha EY.

Kayunu 360poBu: opranoxmnopun; nectuunan; JJIT; nocrojaHocT; )KUBOTHHCKA MAaCT

INTRODUCTION sure. Studies show a range of human health effects
linked to DDT and its breakdown product, DDE.
The science on DDT's human health impacts DDT was one of the first chemicals in wide-
has continued to mount over the years, with recent spread use as a pesticide in our country as over the

studies showing harm at very low levels of expo- world (Figure 1). Farmers used DDT on a variety
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of food crops worldwide. DDT was banned from
use because it persists in the environment, gets ac-
cumulated in fatty tissues, and can cause adverse
health effects on wildlife. DDT is slightly to mod-
erately acutely toxic to mammals, including peo-
ple, if it’s consumed. People exposed to DDT
while working with the chemical or by accidental
exposure report a prickling sensation of the mouth,
nausea, dizziness, confusion, and headache, lethar-
gy, in coordination, vomiting, fatigue, and tremors.

cl CH cl

I
CC g

Fig. 1. Chemical Structure of DDT

DDT tends to accumulate in the fatty tissues
of insects, wildlife, and people, but produces no
known toxic effects while it is stored in the fat.
DDT is metabolized into various breakdown pro-
ducts in the body including DDE etc. DDT is high-
ly persistent in the environment as well. The half-
life for DDT in soil is from 2 to 15 years. When fat
stores are used during periods of starvetion the
breakdown products of DDT are released into the
blood where they may be toxic to the liver and the
nervous system. The organochlorine pesticides
have been widely used for agricultural purposes
even in Albania. They have been used intensively
in the south-western regions of the country because
accept for the agriculture purposes they were used
against insects borne diseases such as malaria [1].

The organochlorine pesticides more used in
Albania have been DDT, lindane, etc. DDT for ex-
ample was greatly used even in Albania for years
started from ’45 until *70. Their use was banned
after the years 90 although the organochlorine
pesticides and their residues have constantly been
reported in some environmental studies carried out
in our country [1, 2, 3].

Non systematic information and data do exist
relating to the imported quantity and usage of DDT
in public health sectors. What’s more some non
confirmed data say that DDT has been until re-
cently used by the Ministry of Public Health for
areas spraying against mosquitoes.

According to the information gathered in
some regions it results that DDT has been used
until 15 years ago though not for agricultural pur-
poses but for land and water areas spraying against

mosquitoes. The quantities of lindane and DDT (3
tons) which have been in storage from the Ministry
of Public Health until 2005 have been destroyed
under the frame of the project financed from Dutch
Government. Under the frame of PHARE program
in the year 2002 have been made the destruction in
Germany of some other quantity of DDT remained
at storage in the agricultural sector [6].

Though a number of studies, monitoring and
surveys have been undertaken from different insti-
tutions and interested parts in Albania, a number of
them under the frame of monitoring projects or
environmental scientific research, there is still the
need to correlate all the data obtained up to now,
especially relating to evaluate the presence of DDT
in different matrixes or districts in order to fully
estimate the risk Albanian customers and habitats
run of the presence of POP in the all the environ-
mental spheres. The aim of this study was the eva-
luation of DDT [1,1,1-trichloro-2,2-di(4-chloro-
phenyl)ethane] presence in animals fat such as
sheep and goats.

This study presents the data obtained from the
analyses of organochlorine pesticides in food
products of animal origin, which is only a part of
the National Monitoring Plan of chemical conta-
minants in Albania. The number of samples for the
two years of the monitoring is predetermined in the
National Monitoring Plan according to the number
of the animal (sheep and goat) registered.

MATERIAL AND METHODS

Sampling

All the samples have been taken by Food
Safety Inspectors from slaughter houses in some of
the main districts of Albania according to the re-
spective methods of sampling described in “Rec-
ommended methods of sampling for the determina-
tion of pesticide residues for compliance with
MRLS CAC/GL 33-1999. The samples have been
transported to the lab in thermo box within the
same day. The number of samples analyzed during
these two monitoring years (2014-2015) was 72.
The samples that could not be handled and ana-
lyzed during the arrival day have been processed
and put to deep frozen storage conditions. The
laboratory sample was prepared in accordance with
“Guidance document on analytical quality control
and validation procedures for pesticide residues
analysis in food and feed” [8].

Mech. Eng. Sci. J., 34 (1), 219-224 (2016)
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Chemicals

All chemicals used were of pesticide grades.
The standard was DDT mix at concentration 10
ng/ul. Standard working solution and calibration
curve solution at level 5, 10, 25, 50 and 100 ng /ml
were prepared by diluting the right amount of solu-
tion in matrix blank extract.

Extraction and clean-up

0.5 g of fat sample was accurately weighed
and 10 ml of ethyl acetate were used for extraction.
The samples were vortex vigorously and the ex-
traction was followed by addition of some magne-
sium sulfate, vortex again, followed by centrifuga-
tion. The samples were placed in —20°C over night,
are centrifuged and 1 ml of ethyl acetate layer was
passed in tube containing PSA/C-18 for further
cleaning up. After centrifugation the ethyl acetate
layer was transferred into glass vial and injected
into GC/MS/MS.

Instrumental analysis

The identification and quantification of DDT
isomers in the extracts was determined by using
gas chromatography couple to tandem mass spec-

DDE, p,p- - 5 Levels, 5 Levels Used, 10 Points, 10 Points Used, 0 QCs
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trometry (GC/MS/MS Agilent) in multiple reaction
monitoring (MRM) in EI MS/MS mode. The injec-
tion volume was 1 pl. The column used for separa-
tion was HP-5 MS (30 m x 250 um X% 0.2 pm).
Carrier gas was helium. Mass spectrometer was
operating electron impact ionization (EI) mode, the
electron energy was 70 eV and the temperature
source at 290°C. The initial oven condition started
at 50°C for 0,6 minute following by a temperature
increase up to 180°C at a rate of 15°C/min held for
one minute. Then the temperature was increased at
230°C by7°C/min and the last step was up to 280
°C by 3 °C/min. All the analysis were performed in
MS/MS mode. The transition used for the com-
pounds identification and the quantification was
taken from SweET method.

Statistical analysis

EXEL software was used for statistical analy-
sis of the data. Mean, standard deviation, minimum
and maximum values were taken by using descrip-
tive statistics. The significant differences between
DDT residues in goat fat and ship fat were calcu-
lated at P < 0.05. All analytic data of measure-
ments were entered into a data matrix. Descriptive
statistics were applied to interpret the results and to
explain the variations in the data, between two
categories of samples.

o

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 85 9 95 100 105

Concentration (ng/ml)

Fig, 2. Calibration curve of p.p’- DDE (5, 10, 25, 50 100 ng/ml)
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RESULTS AND DISCUSSION

Statistical variables of the DDT residue
values in fat for both types of animals are re-
ported in the Table 1.
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Fig. 3. Chromatogram of a fat sample where p, p’- DDE is detected RT=17.955"

As we see in the Table 1 the variance’s coef-
ficient of data for both types of fat is a little more
than the limit values of 75 %, showing a good
variance. We must emphasize that DDT residues
values of sheep fat (max 399.1 ng/kg) are much
more higher than goat fat (max 44.1 ng/kg).

Tabela 1
Descriptive statistics of DDT residue values in sheep and goats fat
Varaibles Mean Median Standard Deviation CV Kurtois Skewness Min Max Count
% mg/kg
Sheep fat 71.1 65.1 78.3 110 9 2.7 3 399.1 40
Goats fat 12.7 8.7 11.6 91 1.6 14 0.5 44.1 26
o | OMedian @ Max. [IMin. 0O Mean = Median + Maox = Min. o Madr
10000 - L
-
1000 | e
i 1020
2 L
g - g mo
1.0 | % 1.0
diay
04 i 2.1
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Fig. 4. Trend distribution of the DDT residue values of sheep and goats

In the above diagrams we have presented the
minimum and maximum values of DDT residues
with the most significant difference between two
groups. This has been proven with Fisher test,
where Fiit < F (4.16 < 12.93), and f,.s, Where 7.t <
Lyar (2.035 < 3.51). From these tests we have found
that there are significant differences between the
goats and sheep from all districts.

Another important point of this study was the
situation of the goats and sheep in each district of
the country. From the Table 2 the statistical variab-
les for both groups certifies that the DDT residue
values are much higher in sheep fat than in goats
fat and there are differences between animals of
diverse districts.

Mech. Eng. Sci. J., 34 (1), 219-224 (2016)
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Also, in diagrams below we have shown the
difference of data between two types of animal
according 5 districts in Albania. In the Figures 5
we have presented the mean, median and maxi-
mum for each district for the goats and sheep.
From this figure we see that max value of DDT is
greater for the sheep fat in Diber district (399.1

Table 2

ng/kg) and in Korca district (130.8 ng/kg). But the
mean of both districts are at the same order and we
take the conclusion that the most contaminated
animals are both districts Diber and Korca. The
statistical variables for goats fat reveal that the
most contaminated fat with DDT residue are the
animals from Korca district.

Fisher test for DDT values between sheep and goats fat

Source of variation SS df MS F P-value F crit
Columns 45890 1 45890 12.93 0.00 4.16
Error 110012 31 3549
Total 276667 63
Tabela 3.
Descriptive statistical variables of DDT values for each group of animal
Sheep fat Mean | Median Standard Sample (6)% Kurtois Skewness Min Max Count
variables deviation variance %
Diber 127.2 44.1 160.7 25823 126 -0.3 1.2 7.5 399.1 7.5
Elbasan 34.1 18.4 31 963 91 1.5 1.6 13 96.8 8
Fier 69.8 70.5 14.7 217 21 1.6 -0.3 46.2 91.4 6
Vlore 15 134 7.2 52 48 -0.8 0 44 24.7 7
Korca 95.4 102.6 29.6 877 31 -1 -0.5 39.8 | 130.8 13
Goat fat Mean | Median Standard Sample CvV Kurtois Skewness Min Max Count
variables deviation variance %
Diber 9.59 10.6 8.33 69.45 87 0.69 0.9 1.25 224 5
Durres 13.99 139 8.13 66.15 58 1.85 1.29 6.5 27.17 5
Elbasan 11.97 8.6 10.19 103.91 85 4.57 2.1 4.87 29.99 5
Vlore 7.16 8.4 323 1041 45 -1.88 -0.61 2.8 10.4 5
Korca 20.61 21.06 12.52 156.66 61 1.76 0.7 5.23 39.78 5
o Mean * Median < Minimum + Maxim um l o Mean » Median < Minimum + Maxim um
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As conclusion we can say that higher values
of DDT in the sheep fat, comes from the fact of
foraging behavior and diet selection of goats. Dif-
ferent conditions of feeding of sheep versus goats,
is reflected in DDT residue level much higher in
sheep (mean level 71.1 ng/kg) than goats (mean
12.2 ng/kg). However the DDT level in both types
of animal fat, are of ppb order, much lower of the
permitted level by 1 ppm DDT in fat.

CONCLUSIONS

The National Plan of Chemical Residues
Monitoring in Albania constitutes only a part of the
studies and facts gathered by different institutions
trying to give a clear overview of hazardous
chemicals presence in the surroundings and conse-
quently in the food products in Albania. Despite of
the numerous but though sporadic attempts up to
now, there is still the need for the coordination of
all the active parts in order to prepare a national
profile for the distribution of the dangerous chemi-
cals and POP in particular, in the all environmental
spheres. Though DDT have been banned in Alba-
nia since more than 35 years ago, its presence is
still evident in the surroundings; soil, water, and
living plants, fishes and animal matrices posing a
threatening for the food chain and consequently to
the consumers health. The samples of sheep and
goat fat taken from different regions of Albania
confirm the presence of DDT though at very low
level but still clearly detected at mostly of the
samples analyzed. The statistical data processing
shows a significant difference between two groups
of animals tested (sheep and goat) which relates to
the specific grazing and feeding way of these two

kinds of animal. This leads to DDT residue level
much higher in sheep (mean level 71.1 ng/kg) than
goats (mean 12.2 ng/kg). However, the DDT level
in both types of animal fat are of ppb order, much
lower of the permitted level of 1 ppm DDT in fat.
Comparing the data between two types of animal
for 5 districts monitored in Albania we draw the
conclusion that the most contaminated animals are
districts Diber and Korca. The statistical variables
for goats fat reveal that the most contaminated fat
with DDT residue are the animals from Korca dis-
trict.
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A bstract: In the food sector, to ensure the safety and health of citizens, essentially means ensuring the hy-
giene of foodstuffs. But apparently this is not always possible to standardize all products and behaviors of people who
manipulate the product, the practices necessary to ensure the hygiene of the final product. This occurs due to the
presence of different situations, as well as the rapid evolution of products and processes processing. Assessing envi-
ronmental hygiene in the food business, it is essential for the quality of the final product. Microbiological contamina-
tion can be transferred to food during preparation and treatment phase (secondary contamination). This strongly af-
fects two important values: health and accelerate the emergence of negative phenomena in food. Therefore it is nec-
essary that any establishment within the sector, food industry, with the support of organizations operating in the same
field (control authority, research institutes, universities as centers of education, associations of consumers, etc.), to
develop a specific analysis of operating conditions to identify the manner in which ensure hygienic control their proc-
ess. This paper describes ways of applying analytical verification, conducted with the aim of a correct practice of
HACCP (Hazard Analysis Critical Point) in the food business (products of animal origin). The determinations made
were based on the necessity of the application of this methodology opposite the current situation in plant transforma-
tion products of animal origin in Albania.

Key words: HACCP; microbiological control; swabs; air; surfaces; hands

BAKHOCTA HA IPUMEHATA HA XUI'NMEHCKUTE HABUKHU KAJ OIEPATOPUTE
BO IPEXPAHBEHATA HHAYCTPUJA

AncrtpakT: Jlace ocurypu 6e36eaHOCT U TOOPO 3ApaBje Ha XKUTENUTE (OTPOIIYBAYUTE), BO IPEXPAHOCHNU-
OT CEKTOp, BO OCHOBA 3HA4YH JIa C& OCUTYPU XUTHEHa Ha NpexpaHOeHute npousBoau. Ho, ounriieqHo, He e cexoramt
MOXHO J]a ce CTaHIapAU3UpaaT CUTC IIPOU3BOJHM M OJHECYBAKBCTO HA JIyfeTO KOM padoTaT Ha IPOM3BOAOT, KOU
IpaKTHKH Tpeba na 00e3benar xurueHa Ha (HHAIHHOT mpou3BoA. OBa ce IojaByBa KakO Pe3ylNTaT Ha Pa3JIMYHH
CHTyalluH, Kako M Ha Op3ara €BOIyIMja Ha IIPOM3BOJACTBOTO M IpolecuTe Ipu obpaborkara. OLEHYBameTO Ha
XUTHEHATa Ha OKOJIMHATA BO NMPEXPAaHOEHUOT OM3HUC € HEOIXOHO 32 KBAJIUTETOT Ha (PMHAIHUOT NPOM3BOJ. MHUKpO-
OUOIIONIKY XpaHAaTa MOXKE J]a c€ KOHTAaMHHHpA 3a BpeMe Ha ITOATOTOBKATa MM 00paboTkara (CeKyHAapHA KOHTAMHU-
Hauuja). Toa CHIHO BiMjae Bp3 JIBE€ BaXKHH BPEJHOCTH: 3/IPaBjeTO U 3a0p3yBarbeToO Ha MojaBaTa Ha HETATUBHU I0jaBH
BO XpaHaTa. 3aToa, € HEOMXOIHO CeKOja ApiKaBa BO PAMKUTE Ha CEKTOPH O] IpexpaHOeHaTa HHAYCTpHja, CO TOUIpPII-
Ka Ha OpraHu3aluTe KoM paboTaT Ha UCTOTO MoJje (IUpEKIHja 3a KOHTPOIA, UCTPAXKYBAYKH MHCTUTYTH, YHUBEP3H-
TETH KAaKO LEHTPU Ha 00pa30BaHHUETO, 3APYKEHNja Ha IIOTPOLIYBAYHX U CJI.) [a BpIIAT cIenudyyHa aHanu3a Ha paboT-
HHUTE YCIIOBH 3a []a ce WACHTU(HUKYBA HAUMHOT Ha KOj ce 00e30eayBa KOHTpOJaTa Ha XHUTHEHAaTa BO MPOU3BOIHUTE
nponecu. OBOj TPy IO ONHIIYBa HAUMHOT HAa NPHMEHA HAa aHAJIMTHYKATa Bepu(HKalHja, CIPOBEAEHA CO LIeN Mpa-
BUIHO J1a ce npuMend cuctemMor HACCP (ananu3a Ha OMacHOCTH M KPUTHYHH KOHTPOJHH TOYKH) BO OM3HHMCOT CO
XpaHa (IPOU3BOIH O XXUBOTHHCKO IOTEKJIO0). YTBPJACHO € JCKa ¢ HEONMXOAHA MPUMEHATa Ha OBaa METOJOJIOTH]a,
CIPOTHBHO 0J] MOMEHTAJIHATa CUTYyallja Bo (abpuKuTe 3a mpepaboTka Ha MPOU3BOAM O )KUBOTHHCKO MOTEKIO BO
Anbanuja.

Kuyunnu 360posu: HACCP; Mukpo6uosnolika KOHTpona; OpuceBU; BO3yX; HOBPILIUHY; palle



226 I Postoli’, F. Shehu

AIMS

In this paper describes ways of applying ana-
Iytical verification, conducted with the aim of a
correct practice of HACCP (Hazard Analysis Criti-
cal Control Point), in the food business (products
of animal origin). Determinations made were based
on the necessity of the application of this method-
ology opposite the current situation in the process-
ing industry of products of animal origin in Alba-
nia.

BACKGROUND

Laboratory tests conducted by swabs and/or
food samples in autocontrol system have a dual
purpose of verification for:

1. GMP (Good Manufacturing Practice), auto-
control plan approved by the company itself, are in
response to the prevention of risks to which they
are applied, validation of operational procedures of
GMP and SSOP (Sanitation Standard Operating
Procedures) [3];

2. Monitoring system CCP (Critical Control
Point), respond effectively to the critical control
points and applied correctly realizes the identifica-
tion of risk in a defined stage of production, and at
the same time keeping under constant [1, 2]. Ana-
Iytical laboratory settings can be defined as "ana-
Iytical verification" of the correct application of
proper sanitation procedures for risk control micro-
biological, chemical and physical, to demonstrate
the effectiveness of all autocontrol system. Labora-
tory test results provide useful information for the
assessment of:

a) unprocessed raw materials,

b) hygienic processing conditions,

¢) soundness and safety of the product,

d) effectiveness of the strengthening of an op-
eration of cleaning / disinfection and a disinfectant.

The main objectives of environmental micro-
biological control are evaluating the effectiveness
of procedures implemented for sanitation and cor-
rect application of norms of conduct implemented
by the staff [4. 5, 1].

Environmental monitoring can be performed
in:

1) Air, where the number of microorganisms
is proportional to the amount of dust, the number
of persons present and the frequency of air exchan-
ge.

2) On surfaces and materials in contact with
food, through contact that can make and keep a
saprophytic or pathogenic bacterial flora [6]. The
latter can be transmitted to other foods (cross con-
tamination) in case of an insufficient sanification
their (Space + means);

3) On the personnel hygiene (hands swob,
control of health cards) that mainly through ma-
nipulation can transmit pathogenic bacteria, but
also saprophytes, which do not pose a health risk,
but hasten the deterioration of food.

EXPERIMENTAL

Air sampling: will be performed through a
special aspiration instrument that directs the flow
of air over the surface of the agar nutritional field
(located at the head of the instrument), by deposit-
ing germs. Later, the agar plates incubated at the
optimum temperature of growth of the organisms
or microbial populations to be counted.

Taking microbiological samples (according to
the standards of sampling): be performed on the
surface that has been done before cleaning routine
and sanification to achieve quantitative assessment
(expressed in Unite Colonia Formed — UCF/24
cm’®) for qualitative indicators (expressed as pre-
sence/absence) and indicators. To assess the level
of contamination of surfaces required bio-indica-
tors below:

1) NMT (mesophile bacterial load at 37°C) —
indicator of process.

2) coliform — an indicator of process.

3) E. coli — an indicator of health.

The purpose of the sampling carried out on
abiotic surfaces is: Evaluation of the efficacy of
washing and disinfection operations at the end of
work, assessment of the state hygienic surfaces and
individualization of reservoirs contamination [3].

All techniques used for microbiological con-
trol surfaces to enter a type described below:

* Use of the tampon, or an analog material on
the surface, and the transfer of microorganisms
present in the buffer and then a diluting solution to
be examined by planting the plates.

Use the Contact Slide with the rigid cultural
terrain that rely on surface we want to analyze. Af-
ter incubation, count colonies that grow in the cul-
tural terrain.

Dilution of microorganisms present by wash-
ing the surface, collecting liquidit washing and
microbiological examination of the liquid

Mech. Eng. Sci. J., 34 (1), 225-227 (2016)
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RESULTS AND DISCUSSION

Information and awareness of personnel who
manipulates the facilities of the transformation of
food of animal origin associated with good hygiene
practices and the correct use of products for clean-
ing and disinfection of surfaces as part of the
HACCP plan, practice is necessary to ensure food
safety [2]. In connection with the intervention we
anticipate the training of the staff of these facili-
ties, we will seek to prove whether the concepts are
transmitted properly verifying the effectiveness of
sanitation procedures on the grounds set through
periodic evaluations quantitative and micro indica-
tors on surface and materials in contact with food-
stuffs. Also through statistical analysis of test ques-
tionnaires we will sensitive the companies sur-
veyed for the occasional necessity of training the
operators handling the food. Food businesses op-
erators themselves need to be aware of the impor-
tance of implementing the HACCP system in sup-
port of national legislation and the Community [5]

CONCLUSIONS

Implementation of the above-mentioned met-
hods is to implement the rules for the implement-
tation of analytical tests performed for analytical
verification of HACCP (Hazard Analysis Critical
Control Point) in the food business (products of
animal origin)

This is due to the presence of different situa-
tions, as well as the rapid evolution of products and
processes processing. Assessing environmental
hygiene in the food business, it is essential for the
quality of the final product. Microbiological conta-
mination can be transferred to food during prepa-
ration and handling stages (secondary contami-
nation) (8). This strongly affects two important

Maw. unc. nayu. ciuc., 34 (1), 225-227 (2016)

values: health and accelerate the occurrence of
negative phenomena in food.

It is therefore necessary that any establish-
ment within the sector of food industry, with the
support of organizations operating in the same
field (control authority, research institutes, univer-
sities as centers of education, associations of con-
sumers, etc.), to develop a specific analysis of op-
erating conditions to identify the manner in which
ensure hygienic control their process.
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A bstract: The waste sludge is a byproduct that is produced by the processes of purification of waste water
by sedimentation and biological treatment. In response to the requirements of the legal framework of the European
Union concerning the treatment of waste water, the number of urban waste water treatment (MWTP) in Bulgaria is
increasing and therefore the generated sludge also increased. Future changes in European and National legislation,
such as the introduction of stricter measures related to disposal and the reduction of the maximum permitted concen-
trations of certain components in the sludge for agriculture, complicating the recovery and disposal of sludge. In Bul-
garia this represents a serious current problem. As MWTP in Blagoevgrad town, where generated sludge which
treatment processes are temporarily stored and their quantities are increasing due to lack of long-term solution for
their recovery or disposal. This work aims to characterize sewage sludge in Blagoevgrad town and make analysis
(ICP, EA, IR, TG, drying) to demonstrate characteristics of the waste and to suggest thermal environmentally friendly
and cost-effective methods for recovery.

Key words: waste sludge; utilization; ICP; EA; IR; TG

AHAJIM3A HA TUIBATA O OTHAJHUTE BOAU O] ONIITUHCKATA IIPEYUUCTUTEJIHA
CTAHMIA BO BJIAT'OEBI'PAZl, BYT'APHUJA

AmncTpakTt: Tumara o1 OTHAZHUTE BOIH € HYC-TIPOM3BOJ JOOHEH O] IPOLIECUTE HA HUBHOTO MPEUHCTYBAE
co ceIMMeHTalMja 1 Ouosomka oopadoTka. Kako pesynrar Ha GapamaTa Ha IpaBHaTa pamka Ha EBporckara YHuja
BO OJHOC Ha IPEYUCTYBAWHETO Ha OTIAJHHTE BOIU, OPOjOT Ha IMOCTPOJKU 3a IPEUNCTYBAakE HA OTMAJHUTE BOIU BO
rpagosute Bo byrapuja pacte u 3aToa M KOIMYMHATA HA NOOMEHATa THHA Ce 3roeMHyBa. MmHHTE mpomMeHH BO
€BPOIICKOTO U HAIL[MOHAJIHOTO 3aKOHOJABCTBO, KAKO IUTO C€ BOBEYBAHETO HA IIOCTPOIM MEPKU MOBP3aHU CO
OTCTPaHYBaK-ETO HAa THHATA M HAMATYBAKETO Ha MAKCHMAJIHUTE JO3BOJICHH KOHIIEHTPAIIMH HA OAPEICHH COCTOjKH
BO THH-ATa 3a 3€MjOJEICTBOTO, TU IIPaBaT U INPepabOTyBameTO U (prameTo Ha THUHATa MOKOMIIMLIHUpaHH. Bo
byrapuja oBa npeTcTaByBa cepHO3€eH TeKOBeH mpodneM. TakoB npuMep € OMIITHHCKATa NPEYUCTHTENHA CTAHHIA BO
rpanor bmaroesrpan, kage coOpaHaTa THHA 3a HPEUYHCTYBAmE Ce dyBa IIPUBPEMEHO U HEj3MHATA KONHYHMHA CE
3rojieMyBa Kako pe3yinTaT Ha HEJOCTHI Ha JOJITOPOYHO pellieHHE 3a Hej3HHATa NpepaboTKa Uu OTCTpaHyBame. OBOj
Tpyd MMa 3a el Jla HalpaBU KaTeropusaluja Ha KaHAJIM3alUCKaTa THHa BO IpafoT biaroesrpajg u ja HampaBu
anammsu (ICP, EA, IR, TG, cymeme) 3a n1a ce BUAAT KapaKTEPUCTHKUTE Ha OTHAIOT M Aa MPEUIOKH TEPMUUKU
METO/H 32 IpepaboTKa KOU He ja 3araJyBaar )KHUBOTHATA CPEAUHA H € CKOHOMUYHH.

Kayunu 300poBu: Tuma o1 oTnanuu Boau; kopucrewe; ICP; EA; IR; TG

BACKGROUND tion of stricter measures related to disposal and the

reduction of the maximum permitted concentrati-

In Bulgaria is increasing the number of gene- ons of certain components in the sludge for agri-
rated sludge from MWTP. Future changes in Euro- culture, complicating the recovery and disposal of

pean and National legislation, such as the introduc- sludge.
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A bstract: Quantities of generated industrial and agriculture wastes during the last century are much more
then all the wastes released during human civilizations developments. Utilization of wastes became a global priority
on the way to solve global problem with shortage of raw materials and energy resources. Mixtures of solid industrial
and agriculture wastes are investigated on the way to produce of new materials with different application. Various
techniques are applied during mixtures pre-treatment and final thermal process is used for synthesis of new materials
suitable for agriculture or building industry. Thermal processes are studied using TG_DTA-DSC equipment. On the
base of the investigations it is proved that energy for the main thermal treatment are much lower (from 10 to 30%) in
comparison with traditionally used technologies. The same time due to the use of waste biomass as a component the
released quantities of carbon dioxide are also much less. The obtained results confirm that the carbon dioxide could
be about 50% less and natural fuels could be saved. On the base of the results obtained a suitable new materials are
developed and proposed for practical use in the building industry and agriculture.

Key words: wastes; utilization; new materials; thermal treatment

HHTEI'PUPAHA OBPABOTKA HA OTHAAOT KAKO OCHOBA 3A TIPOU3BOJACTBO
HA HOBU MATEPUJAJIN

A ncrTpak 1 KonmmunHure Ha NpoM3BEACHUOT MHIYCTPUCKH M 3EMjOCICKU OTIAJ BO TEKOT HA MMHATHOT
BEK CE MHOT'Y IIOTOJICMH OJf IISJIOKYITHAOT OTIIA]| CO3/a/ICH 3a BpeMe Ha pa3BOjOT Ha YOBeUKaTa NuBMIH3anuja. Mcko-
PHCTYBabETO HAa OTHAIOT CTaHa rI00aJeH NPHOPUTET HA MATOT KOH PEIIaBambEeTo Ha I100aJHUOT POoOIeM CO Heloc-
TaTOKOT OJf CYpOBH MaTepHjald U U3BOPU Ha eHepruja. CMecH O UBPCTH MHIYCTPHCKH M 3€MjONCICKH OTIAIU ce
MPOYYEHH 3a 11a Ce IPOM3BEIaT HOBU MAaTEPHjali CO pa3iMyHa MPUMEHA. Pa3mMyHu TEXHUKH ce MPUMEHETH 3a Bpeme
Ha npeJ-o0paboTkaTa Ha cMecHuTe U (PHMHAIHATA TEPMUYKa 00paboTKa ce KOPHCTH 3a CHHTE3a Ha HOBUTE MaTepH]jasn
COOJIBETHH 3a 3€MjOJEJICTBOTO MJIM IpajexHaTa HHAyCTpHja. TepMUUKUTE NMPOLECH Ce MPOYYEHH CO KOPHCTEHE Ha
TG_DTA-DSC onpema. Bp3 ocHOBa Ha HCIIUTYBambaTa ce JI0Kaxa JeKa CHeprujaTa noTpedHa 3a IIlaBHATa TePMHUKA
obpabotka e MHory nomana (ox 10 1o 30%) Bo criopeda co TEXHOJIOTUUTE KOU TPaJUIMOHAIHO ce KopucTart. VcTo-
BPEMEHO, KaKO Pe3yJITaT Ha KOPUCTEHETO Ha OMOMaca O OTHAJ KaKo KOMIIOHEHTa, UCIYIUTEHHTE KOJMYMHM Ha
jaryiepoj AUOKCHJ C€ HCTO TaKa MHOTY oMany. JloOueHHTe pe3ynTaTy OTBPAyBaaT AeKa jaryiepo] TUOKCHIOT MOXKe
na O6uze okony 50% moman v NPHPOAHUTE TOPUBA MOKAT Ja OuaaT couyBaHu. Bp3 ocHOBa Ha JOOMEHHTE pe3yaTaTH
Ce pa3BHEHU HOBHU COOABETHH MaTEepHjallk M THE Ce MPEJIOKCHH 3a MPAKTHYHA yIoTpeda BO rpajexHaTa HHAyCTpHja
1 BO 36MjOJICIIHETO.

Kay4ynu 300poBH: 0TIIa]]; KOPUCTEHE; HOBU MaTepHjajin; TepMUUKa 00paboTka

INTRODUCTION the previous period of human civilization. It is

global tendency that the generated wastes increase

Various great quantities of solid wastes are each year. High volumes of solid wastes are re-
generated from different industries. During last leased from mining, metallurgy and energy sectors.

100 years generated solid are more than those from Mostly that wastes are still deposited, creating
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longterm negative effects for human health, but the
global objective is to minimize wastes [1, 2]. There
are different directions for utilization of wastes,
already subject of patents and new techniques pro-
posed. Some of the studies and US and Korea pa-
tents [3—7] propose to mix clay basic raw material
with mineral additives with higher content of met-
als, permitting bordering at lower temperatures.
Depending on the properties of clay and wastes
used other mixtures with higher content of gypsum
and other salts are proposed as a energy resource
or secondary raw materials [8-18]. One way to uti-
lize some industrial wastes to produce more energy
efficiency ceramic bricks requires experimental

evidences that the proposed mixtures may give the
expected positive effect.

The aim of this paper is to present the results
from thermal studies of some clay mixtures with
wastes additives for Mirkovo Prolife Technology
factory bricks production.

MATERIALS AND METHODS

Materials Subject of research are different
mixtures with the main component of clay
Mirkovo, regularly used in plant bricks. As additi-
ves apply limited quantities of dried recycled mate-
rials and ash from TPS "Svilosa". Used amounts of
additives are given in Figure 1.

) Abbreviation | Description
Mixtures Clay Clay
C Coal
RC Recycling ceramic
A TPSTFly Ash
| | 1
Mixture 1 Mixture 2 Mixture 3
Clay+C+RC+A Clay+C+RC+A Clay+C+RC+A
29:3:1:1.3 26:1:1:5 23:0.6:1:8

Fig. 1. Mixtures and mass ratios of the components

Methods. In the frame of the present study,
we performed the investigations using suitable
equipment as follows:

Quantification was performed with an appara-
tus for atomic emission analysis type High Disper-
sion ICP-OES Prodigy company Teledyne Leeman
Labs USA with dual monitor plasma. The design
of the optical system "Eshelle" detector and "L-
PAD" (Large Format Programmable Array Detec-
tor), provide low detection limits (ppm), high reso-
lution (0.007 nm), continuous spectral range (from
165 to 1100 nm). The spectrometer is equipped
with so "Free running" RF generator that provides
power to 2 kW at 40.68 MHz to prepare the most
difficult samples.

Quantitative measurement is carried of ele-
mental analysis of samples of sediment content of
carbon (C), nitrogen (N) and hydrogen (H) with an
automatic analyzer EA 3000 the Italian company
EuroVector. The analysis method is the combusti-
on of the sample at high temperature (980-1100°C)
and determination of components by gas chromato-
graphy. Analysis of accuracy is + 0.01% absolute
error.

Crystal optical analysis proves to be very
useful in the study of phase composition and struc-

ture of artificial technical materials. These studies
are based on the optical properties of the minerals
and carried out in polarized light, using the meth-
ods of crystal optics. In microscopic studies depen-
ding on the composition and optical properties of
the components of artificial silicate materials, ob-
servations are carried out with optical microscopes
in polarized light — reflected or transmitted. There
were sightings in passing light polarizing micro-
scope "Laboval-pol-a" — "Carl Zeiss" Jena. Obser-
vations were carried out on immersions preparati-
ons.

Was used apparatus STA PT1600 TG-DTA /
DSC (STA Simultaneous Thermal Analysis), pro-
duced by LINSEIS Messgerite GmbH, Germany.
Thermal analysis was carried out in dynamic mode
of heating in the temperature range 20—1000 °C at
a heating rate of 10 °C/min. The type of the sample
is a powder with a particle size of 0.5 mm. Atmos-
phere is static air atmosphere. Determine the TG,
DTG and DTA. The type of the crucible is stabili-
zed corundum crucibles

For the purpose of the survey is used method
of pressing granulation as an easy and economical
method. This method includes a press with movab-
le bottom piston and a fixed upper. The mold is a

Mech. Eng. Sci. J., 34 (1), 237-243 (2016)
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cylinder [19-21]. The actual granulation represents
the weighting of certain quantity of the mixture,
the subsequent transfer into the press form, and
compressing at a specified pressure to the press.
The release of the pellet from the press after the
pressing form is as follows: Recovery under pres-
sure by the movable bottom is then removed and
the upper base again includes a movable piston - to
the ejection of the pellet. After pressing, samples
are heated for 2 hours in electrical furnace at tem-
peratures of 800, 850 and 950°C and mechanical
strength measured granules were tested on static
compressive strength of the same hydraulic press,
which are also made. The pellet is placed directly
on the press, and then drives the movable piston
and is pushed to the granule destruction, while at
the same time into account the pressure at which
occurs by crushing it [22, 23].

RESULTS AND DISCUSSION

Chemical composition — ICP analysis

The results of the analyses ICP are tabulated
(Table 3). The values for the percentage of organic
and mineral substances are taken from granted
preliminary analysis of sediments.

Table 1

Chemical composition in mixtures

Parameters,

mg/l Mixture 1 Mixture 2 Mixture 3
P 1.581 1.581 1.96
Na 4.181 6.032 5.548
Ca 25.86 44.69 44.51
Mg 21.44 21.16 19.54
Ba 0.56 0.696 0.67
Cu 0.094 0.126 0.125
Fe 135 149.3 145.9
Al 103.8 113.7 95.84
Zn 0.28 0.262 0.254
Cr 0.094 0.117 0.112
Mn 3.051 2.547 2.635
Ni 0.096 0.103 0.099
Co 0.043 0.042 0.04

It is obvious that the content of Mirkovo clay
is higher than in the other components, but that is

Maw. unrc. nayu. ciuc. 34 (1), 237-243 (2016)

important for concerning thermal stability and par-
ticles size in a appropriate range. The main com-
ponents in it are Fe,03, Al,0O3, CaO, MgO and mi-
nor impurities of other metals. Fly ash is from the
thermal power station (TPS) of Svilosa and the
main components in it are Al,0O;, Fe,O;, CaO,
MgO, Na,O.

Elemental analysis

Quantitative elemental analysis is made of the
mixtures 1, 2 and 3 for the content of carbon (C),
nitrogen (N), hydrogen (H), and sulfur. The results
of the study of the elements are tabulated in Table.
2

Table 2

Elemental composition of mixtures and other
combustible materials

Content (%)

g Mixture Reference [24]
21 2 3 | TPSfly Wood biomass Coals
m

ash (pellets)
C 4.283 8.833 8.415. 5.625 47.20 66.0-86.0
N - - - - 0.05 0.5-2.20
H 1.148 0.976 0.625 0.327 6.10 4.60-7.0
S 1.102 0.859 1.059: 1.230 - 0.4-3.5

In terms of thermal utilization, interest is
combustible components in the submitted sample,
i. e. the content of carbon (C), the basic structural
unit of organic compounds. The resulting value of
carbon content compounds is 4-8% and could not
be compared with the content of C in fuels — coal
and wood pellets.

It should be noted also that the nitrogen is ab-
sent which is good if the mixters are used like
bricks, because this is a great importance for
application of thermal methods for recovery. Thus
there will be no generation of increased emissions
of nitrogen oxides (NO,) during combustion.

Crystal optical analysis

Optical microscopy makes possible to deter-
mine the type and quantity of different crystallline
phases, their distribution, size, shape, presence of
amorphous phase, the amount of pores and their
size, cracks and other structural features and to
draw conclusions about the sequence in a phase
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formation and the nature of the processes of crys-
tallization [25]. From the observation (no analyst)
proved that the samples contain correct transparent
spheres, as well as areas in which the color varies
from pale yellow to brown smoky tones. There are
also black opaque areas, and also transparent
spherical shapes (Figure 2).

Fig 2. Microscopic images of the study
respectively to mixture 1, 2 and 3

In observations included analyst (+ N) irregu-
lar grains are anisotropic state (have optical singo-
niya), i.e. a crystalline nature, and in the correct
fields noticeable anisotropy, which are like inclu-
sions.

In observation noticed crystals which no
cleavage and glow in bright interference colors,
there are such low interference colors. There are,
included a black mass in crystals and vice versa —
in a black table included crystals. There are a
number crystals mechanical included in the tables
that has anisotropy. Furthermore, crystals without
cleavage is an outside and such a cleavage, which
again confirms that the sample contains several
layers with different characteristics. In the samples
was observed pattern of crystalline cubic symmetry
which is opaque and could be metal or metal oxide.

In a large number of broken crystals are observed
and solids that are like plates have anisotropic
phase for the most part.

The mineral composition and morphology of
the fly ash sample are indicated that the fly ash is a
mixture of fine inorganic compounds, and the de-
tected crystalline phases include minerals such as
SiO, (quartz), NaCasAl;SisO9 (plagioclase),
KAISi;Og3 (orthoclase), NaAlSi;Og (albite),
CaAl,Si,04 (anorthite), Fe,O5 (hematite) and Fe;O,
(magnetite) [26].

The clay made fine aggregates of clay, com-
monly associated with fine aggregates of carbon-
ate. Clay aggregates commonly contain fine <20
um inclusions of quartz. Fine aggregates of carbo-
nate as liberated grains and composite grains with
sylvite. Fine carbonate aggregates commonly host
fine carnallite and clay. The sample also contains a
minor population of coarser carbonate with crys-
tals. Sylvite and halite could not be differentiated
by optical microscopy due to their similar optical
properties. Quartz, has fine sub-angular grains of
quartz in aggregates of clay and carbonate [25, 26].
The sample also contains traces of hematite rare
fine inclusions in sylvite giving crystals a pinkish
color and as opaque fine inclusions in clay rich
aggregates. This is evidenced by the ICP analysis.

Particles are mainly under 0.040 mm (about
68%). Small areas reached 0.25 divisions (1 divisi-
on = 4.4 microns = 0.0044 mm). Environments that
are prevailing in the sample ranged 4-5 divisions.
Large areas are size 10—15 divisions.

Thermal analysis

The results of the studies of the thermal ana-
lysis in three mixtures are presented in Figure 3
and Table 3.

Table 3 have shown that there two dehydrati-
on steps take place. The physical water is evapo-
rated at the temperatures up to 125C, when the
crystal water is released in the temperature range
170-250 °C. The second stage of dehydration is
also confirming exothermic effect due to the bur-
ning of carbon compounds in the mixtures 300—
590 C. Degradation and in the third stage of the
thermal process in the range between 558 and
850°C. Above 600 °C is possible decomposition of
compounds such as CaCO;. At 630-770 °C tempe-
ratures, decomposed inorganic components which
is represented by a carbonate-containing phases —
mainly calcium. Decarbonisation is a typical one-
stage endothermic process [27-29].
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Fig. 3. TG-DTA curves of mixtures 1, 2 and 3
Table 3 Granulation and mechanical testing of static

Thermal effects associated with changes
in the structure

I stage II stage III stage T,m,1".

Mixture T  AG, T AG, T AG, AG,
C % cC % C % %

Nel 20-79 2.75 306=587 3.45615-809 1.42  8.27
Ne2 20-182 2.96 328-524 1.97569-8224.25 10.0
Ne3d 20-221 2.22 340-531 1.54558-845 5.5 9.91

“T.m.1. — Total mass losses

The decomposition of salts and in the pre-
sence of Na and K ions in the composition depends
on secondary minerals such as Na (halite) and K
(sylvite). Their decomposition and crystallization /
recrystallization is carried out to newly formed
(secondary and tertiary): (1) halite (500-900°C);
and (2) sylvite (500-900°C) [25, 27-29].

The maximum weight losses are registered at
temperatures 950—1000°C when the ceramic bonds
are completed.
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compressive strength of the granules

For the study was chosen pressing granulation
that is easy and economical method. After pres-
sing, samples are heated for 2 hours in electrical
furnace at temperatures of 800, 850 and 950°C and
mechanical strength measured granules were tested
on static compressive strength. The mold (tablet
form) is cylindrical. Of each mixture were prepa-
red in pellets at a pressure — 250 kg/cm? (Figure 4).

aal Ll o T

Fig. 4. Image received tablets from mixtures
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Granules (at pressure = 125 kg/cm® for d, =
10 x 20 mm) were tested on static compressive
strength of the same hydraulic press, which are
made. The granule was placed directly on the
press, after which the movable piston is driven
directly and the pressure to the granule destruction,
while at the same time into account the pressure at
which occurs by crushing [8, 9]. To calculate the
actual pressure is using the following formula:

P= % P, =0.475 kg/cm, (1)

m

where: S, — area of the piston, S, — area of the

matrix (corresponding diameters are: d, =2,6 cm
and d,, = 4.3 cm).

The results thus obtained for static strength by
the press are recalculated with the above shown
formula with coefficient 0.475 and averaged for
each sample and the results are presented on Table

4,
Table 4

Experimental data of granulation and drying
and testing of static strength

800°C 850°C 900°C
) Humidity Static Humidity Static Humidity Static
Mixture strength strength strength
w 2 2 w 2
Wi, % kg/cm Wi, % kg/cm Wi % kg/cm

Ne 1 3.4 67 8.7 66 8.8 65
Ne 2 6.04 35 9.64 38 2343 37
Ne 3 5.67 16 9.3 16 26.03 15

During the granulation has been monitored
for physical indicators of mixtures and their
behavior during the granulation. Marked are the
specific indicators for each of the mixtures. The
series has a better performance on moisture mix-
tures. The static strength of the granules in various
mixtures varies from 15 to 65 kg/cm’, and this
exceeds the requirements of the standard [30]. Tab-
lets were prepared with good adhesion granulation
capability and excellent strength characteristics.

CONCLUSION
Based on the facts and analyses reported in

this paper, the following conclusions could be
drawn:

e Selected additives improve the thermal and
other physical properties of the clay mixtures:
The idea of utilizing waste materials such fly
ash contribute to produce bricks with suffice-
ent mechanical strength and low water ab-
sorption;

¢ By combination of DTA/TG analysis, and
microscopy studies have proved that the cera-
mic crystal formation take place at temperatu-
res 150-200°C lower than for standard clay
mixtures now days used;

¢ From the studies found that the achievement
of sufficient compressive strength of tablets
can be achieved in a wide range of variation
of the initial moisture, allowing it to allow
different relationship between components.
Precedence has mixtures with a lower initial
moisture. Tablets were prepared with good
adhesion granulation capability and excellent
strength characteristics. These parameters are
important for the use of mixtures as secon-
dary raw resource.
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A bstrac t: Because of increasing environmental demands, especially on dealing with product life phase end,
manufacturers and designers must consider future disposal of their products. In recent years, an increased emphasis
on developing recycling techniques for industrial waste products has been placed, with the goals of protecting the en-
vironment. The aim of the work is investigation of the possibilities of reusing of cotton textile waste, generated dur-
ing the manufacture in garment industry, as reinforcement in production of composite materials. The main focus has
been put on the preparation and characterization of composites based on cut waste from garment industry. The mate-
rials have been cotton fabric and cotton textile waste as reinforcements and phenol phormaldehyde resin as matrix.
The composites containing 60 % wt. reinforcement were manufactured by compression molding. For the composites,
the mechanical and thermal properties were analyzed and compared to those of commonly used continuous fiber rein-
forced composites based on cotton fabric and phenloic resin. It was found that the composites based on cotton textile
waste are more sensitive to processing cycles with respect to continuous fiber reinforced composites. The mechanical
properties for composites based on cotton textile waste are lower for about 25% compared to continuous one. The
thermal stability, investigated by Martens method for both composites reinforced with cotton fabric and with cotton
textile waste is very similar. The obtained results have shown that cotton textile waste could be reused for production
of composite with acceptable mechanical properties and they can be successfully used in various industries as con-
struction material.

Key words: textile waste; cotton fabric; reinforcement; composite material, garment industry

YHOTPEBA HA TEKCTHUJIEH OTHHAL OJ1l KOHO®PEKIITMCKATA HHAYCTPUJA

Arncrtpaxk T Ilopagu mocTporure eKOJNONIKA HOPMH, OBP3aHH OCOOCHO CO KPajoT HA KUBOTHUOT BEK Ha
HPOM3BOJOT, IPU3BOAUTENUTE U AN3ajHEPUTE MOpA JIa F'O MMAaT NPEABHJ MAHOTO PACIoIarambe CO HUBHUTE TPOU3-
BOU. Bo mocienHuTE ro{uHK ce cTaBa 3rOJIEMEH aKIEHT Ha Pa3BOjOT HA TEXHUKH 33 PEUKINPAHhE Ha HHIYCTPHCKU-
OT OTHaj, CO LieJ Aa ce 3allTHTH KMBOTHATa cpenuHa. Llenra Ha 0BOj TPy[ € J1a ce HCTpakaT MOKHOCTHTE 3a MaMyd-
HHOT TEKCTHJICH OTIAaJ CO3JaJIeH 3a BpeMe Ha IIPOU3BOJCTBOTO BO KOH(DEKIMCKAaTa HHIYCTPHja 1a ce YIOTPEOU Kako
3ajaKkHyBad BO IPOM3BOJCTBOTO Ha KOMIIO3UTHH Matepujamy. [ TaBHHOT QOKyC ¢ CTaBeH Ha IOATOTOBKAaTa U KapakKTe-
pH3alMjaTa Ha KOMIO3MTHTE Ha 0a3a Ha OTHAJOT HACTAHAT IPHU KpOeemhe BO TEKCTWIIHATAa MHAycTpuja. Ilamyuna
TKaGHUHA M TEKCTUJICH IaMy4eH oTnaj 6ea KOPHCTEHH 3a TIPOU3BOJCTBO HA KOMIO3MTUTE KaKO 3ajaKHyBadd U Qe-
Hondopmanexun kako Matpuna. Komnosuraure Mateprjamu xou coxapkea 60 % Mmac. 3ajakHyBaun Oea IpOU3BENe-
HH CO TEXHHKaTa OOJIUKYBabe MO/ NPUTHCOK. AHAIU3UPaHU 6ea MEXaHUYKUTE U TEPMUUKHTE CBOJCTBA HA KOMIIO3H-
TH 3ajaKHATH CO TEKCTUJICH OTNAJ U THe Oea CIope/IeH! CO KOHBEHIIMOHAIHH KOMIIO3HTH 3ajaKHATH CO KOHTHHYHPAa-
HH BJIaKHA 0a3MpaHM Ha IIAMYy4YeH cOCTaB M (eHONHA cMona. [Ipomsnese neka KOMIO3HTUTE Oa3sHpaHU HAa OTHAJ OX
HaMy4eH TEKCTWI C€ IIOYyBCTBHTEIHU Ha IUKIYyCHTEe Ha 00paboTka BO cropenba co KOMIIOUTHUTE 3ajaKHATH CO
KOHTHHYMPaHHU BJIaKHA. MeXaHUYKUTE CBOjCTBA HA KOMIIO3UTHUTE Oa3UpaHM Ha OTHAJ OJ] HaMyueH TeKCTuUl ce 3a 25%
HIOHHUCKH BO criopezida co KOHTUHyHpaHuTe. TepMUyKkaTa CTaOMIHOCT, HCIIMTYBaHA CO METOJOT Ha MapTeHc, U Ha
KOMIIO3UTHTE 33jaKHATH CO IAMYYHH BIIAKHA WM Ha THE 33jaKHATH CO OTHAJ O] IaMy4eH TEKCTHII, € MHOTY CIIMYHA.
JloGueHnTe pe3ynTaTH MoKakaa eKa OTIaoT O MaMydeH TeKCTUI MOKe Jla ce yIoTpeOu 3a NPOU3BOJICTBO Ha KOM-
HO3KUTHH MaTepujay co NpU(aTINBI MEXaHHYKH CBOjCTBA KO MOXKAT YCIEIIHO Ja ce yIOTpeOyBaaT BO Pa3JIMYHH
UHYCTPUM KaKO KOHCTPYKIIMCKU MaTepHjall.

Kayunu 360poBH: TeKCTUICH OTNAJ; MaMy4Ha TKACHUHA; 3ajaKHYBay4; KOMIIO3HUTEH MaTepHjal;
KOH(EKIICKa HHIYCTpHja
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INTRODUCTION

As result of the development in industrial
production, the level of waste of different type and
background has been significantly increased be-
coming worrying problem for today's civilization.
Although in the last two to three decades progress
in technological processes has been reported, the
amounts of various waste materials represents huge
problem in today's modern lifestyle.

The quantities of textile wastes that increase
on daily basis, the energy used in the process of
waste disposal or incineration, whether performed
correctly or not, impose a need for creating sus-
tainnable waste management practices. Sustainable
management of textile waste will contribute to re-
ducing waste generation, more efficient use of raw
materials and decreasing the cost of disposal. This
inevitably implies the necessity of restructuring of
the garment companies and raising the environ-
mental awareness of all generators of waste.

Usually the company's modernization is the
first step for an effective implementation of the
integrated system for managing textile waste, ef-
fective in terms of cost. Modernization is usually
associated with technological and operational
changes. This is further accompanied by changes
of equipment, operational settings, and exploring
the possibilities for reuse of the generated textile
waste as potencial raw material. On one hand, this
will ensure reduction of costs for the disposal. On
other hand, the sale or reuse of the textile waste
will lead to increasing the profitability and compe-
titiveness of the company. One of the potential ap-
plications of the generated textile waste is the pro-
duction of a composite material.

Preparation of composite materials using tex-
tile waste as a reinforcement is a research challen-
ge, which involves solving multiple problems, such
as:

— appropriate choice of textile waste as a rein-
forcement regarding polymer matrix;

— achieving their compatibility with the appli-
cation of various accessories;

— establishing suitable technology for their in-
terference;

—determination of optimal process para-
meters for manufacturing composites of required
properties.

Acquiring these prerequisites will depend on
the features of the resulting composite material.

The purpose of this study is to investigate
sustainable technology for production of composite

materials based on textile waste, in order to arc-
hieve additional profits and reduce the costs for the
disposal of the textile waste.

EXPERIMENTAL

For preparation of the composite materials the
following constituents were used:

— 60% wt. of cotton textile waste as a rein-
forcements

Different and irregular shapes and sizes of
cotton waste fabric from 25 x 50 mm to 50 x 500
mm and larger, purified from various admixtures
and impurities.

— 40% wt. of phenol-formaldehyde resin as
matrices.

Phenol-formaldehyde resin was modified
with thermoplastic polyvinylbutiral (PVB) and di-
luted with alcohol in relation 1 : 0.2-0.5.

The preparation of composites has been per-
formed by mixing the resin and cotton textile waste
into a universal mixer Werner Pfliderer with two
S-fins, which can rotate in two majors.

The regime of mixing was as follows:
Half of the quantity of cotton textile waste and half
of the amount of resin was mixed first. It was
mixed for 2-3 minutes and then the other half of
the cotton textile waste and resin was added. The
total time of mixing was 60 minutes:10 minutes
movement of the fins of a mixer one versus an-
other, and five minutes movements in the opposite
direction. The mode of mixing was based on the
previous experience of industrial practice of the
company “Eurokompozit”. The mixed mass was
evenly divided in a layer with about 50 mm height.
The resulting mass was dried in a dryer at a tempe-
rature of 80 °C. The total drying time was 90 min-
utes: 60 minutes on the one side and 30 minutes on
the other side. Presence of impurities, ingredients,
fibers, fabric pieces and other substances in cotton
waste fabric were not allowed, which were visual
controlled in the early stage.

Thermal pressing of all samples was per-
formed on polyindustrial press under the following
conditions:

P =75 bar;
T=160 °C;
¢t = 20 minutes.

From the composite mass test samples were
fabricated and certain physical, thermal and me-
chanical properties of composite materials were
examined.

Mech. Eng. Sci. J., 34 (1), 245-250 (2016)
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For testing the physical and mechanical prop-
erties of composite based on cotton textile waste
and phenolic formaldehyde resin standard methods
and procedure were used. Flexural strength and
modulus of elasticity was tested according ASTM
D 790 standard, impact strength according ASTM
D 256, and the compression strength according
ASTM D 695 standard. Thermal degradation tem-
perature was measured by the method of Martens,
DIN 53462

RESULTS AND DISCUSSION

Influence of the content of PVB on the
characteristics of the polymer system and
composites

The basic physical and chemical character-
ristics of polymer systems controlled in terms of
industrial exploitation are: content of dry sub-
stance, density and viscosity by Ford (Table 1).

In order to assess the reactivity of produced
resin systems, B-time at different temperatures is
investigated (Figure 1).

As shown in Figure 1, all B-time are in a nar-
row range, the pure phenol-formaldehyde resin has
the shortest time and the modified resin with PVB
(50/50) has the longest B-time. With increasing the
content of PVB, B-time of resin systems slightly
increases. The biggest change in the B-time occurs
between 110°C and 120°C, where it is reduced
about 60%, while from 120°C to 160°C the decline
is significantly lower.

Table 2 shows the summary of shear strength
results for resin systems. From the statistical indi-
cators it can be concluded that there are many good
clustering of results around the mean value (Xsr),
i.e. it has a good reproducibility of results (the
standard deviation, Sd). It can be noted that PVB
has great influence on the shear strength, i.e adhe-
sion properties of the resin systems: the lowest
shear strength was showed the non-modified sys-
tem-pure phenol-formaldehyde resin.

Table 1
Physical-chemical characteristics of the polymer systems
PVB/phenolic formaldehyde resin
Characteristics
10/90 20/80 25/75 30/70 40/60 50/50
Content of dry substance, mas. % 15.2 14.8 14.6 15.2 16.3 16.1
Density at 20°C, g/cm’ 1.11 1.10 1.11 1.11 1.12 1.12
Viscosity at 20° C according to Ford (4 mm/20° C), s 220 210 215 225 195 210
Table 2
Shear strength of resin systems (MPa)
PVB/phenolic-formaldehyde resin
Tube 07100 10/90 20/80 25/75 30170 40/60 50/50
1 7.34 9.38 11.87 13.65 15.45 16.84 18.64
2 7.46 9.91 12.46 14.12 15.22 17.36 18.45
3 7.55 9.49 13.12 14.85 14.95 18.12 19.29
4 7.86 9.64 12.86 14.55 16.12 16.57 18.26
5 7.59 9.75 12.95 13.74 16.03 17.36 19.23
6 7.81 9.70 13.22 13.63 15.88 17.10 19.15
7 7.38 9.41 11.98 15.02 15.96 16.91 19.49
8 7.67 9.55 13.78 14.52 15.64 17.35 18.82
9 7.43 9.67 12.81 13.85 15.23 17.15 18.42
10 7.23 9.90 12.54 13.22 15.74 17.39 19.75
Statistical processing of results
Xsr 7.55 9.64 12.76 14.12 15.77 17.22 18.95
Sd 0.2 0.2 0.6 0.6 0.4 0.4 0.5
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B - time, min

W 50/50

Temperature” C

Fig. 1. B-time of phenol-formaldehyde resin modified
with PVB at various temperatures

With increasing the content of PVB, shear
strength increases, so when only 10% of PVB is
used in resin system, it increases about 28% (from
7.55 MPa to 9.64 MPa). The highest shear strength
showed the resin system with the highest content
(50%) of PVB and that more than 150% from non-
modified resin system.

Mechanical properties of the polymer systems

The mechanical and thermal properties of
composites based on cotton textile wastes were
compared with conventional (laminated) compos-
ites based on continuous cotton fibers. Tables 3
and 4 show the summary of the obtained results
from the testing of physical and mechanical prop-
erties of the laminated composites and the compos-
ites based on cotton textile wastes.

Table 3

Physical and mechanical properties
on the laminated composites

COMPOSITE

Physical properties Cotton fabric/phenolic

formaldehyde resin

Specific weight, g/cm® 13-14
Water absorption, % 0.4-0.8
Mechanical properties Test method

DIN 53457 > 150
DIN 53457 7

DIN 53453  >30
DIN 53454 >170

Flexural strength, MPa
Modulus of elasticity at flexural GPa
Impact strength, kJ/m,

Compression strength, MPa

Table 4

Physical and mechanical properties on the com-
posites based on cotton textile wastes

COMPOSITE
Physical properties vs;::;gﬁ:ﬁii
formaldehyde resin
Specific weight, g/cm® 13-14
Water absorption, % 04-0.8
Mechanical properties Test method

DIN 53457 128+8.8
Modulus of elasticity at flexural, GPa DIN 53457  5+0.5

DIN 53453 20+6.4
DIN 53454 140+9.6

Flexural strength, MPa

Impact strength, kJ/m>

Compression strength, MPa

The properties of the composite reinforced
with short fibers heavily depend on the content and
distribution of fiber orientation, and on the adhe-
sion between the fibers and matrix. The content of
fibers is usually precisely controlled, although it
may come to segregation of the fibres and resin
during the production. The orientation of fibers
changes when we change the conditions of press-
ing, but that it is too difficult to control. The prop-
erties of the thermoreactive composites reinforced
with cotton textile waste is sensitive to processing
conditions and particularly from the methods of
processing, especially for composite based on phe-
nol resin, and can greatly differ even for identical
samples.

The results from the comparison of physical-
mechanical properties of conventional (laminated)
composites and composites based on cotton textile
wastes, with respect to the constituents matrix/fiber
of 40/60 are shown as diagram (Figures 2, 3 and
4).

B Flexural
strength, MPa

120 -

B Compression
strength, MPa

Collon waste/
Phenolic resin

Colton fabric /
Phenolic resin

Fig. 2. Flexural and compression strength, MPa
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From the obtained results we can see that
there is a difference in mechanical properties be-
tween the composites. The mechanical properties
for composites based on cotton textile waste are
lower for about 25%, but the thermal stability in-
vestigated by Martens method for both composites
reinforced with cotton fabric and with cotton tex-
tile waste is very similar. It is obvious that for all
the same parameters: ratio of the constituents and
conditions of production, the main reason for the
difference in mechanical properties is different re-
inforcing of the textile product. The fibers are pro-
cessed differently in various textile products. In the
fabric, fibers are with a continuous length, crossed
or tangled around each other, while the fibres from
the cotton textile waste are short and chaotically
distributed.

Thermoreactive composites reinforced with
short fibers have the advantage of being able to
offer a unique combination of properties. However,
the differences in orientation and distribution of
the fibers usually occur in the samples themselves,
especially in thickness. It affects the optimal prop-
erties and can lead to imbalances of the mechanical
properties of the material.

CONCLUSION
The composite materials have been produced

from cotton textile waste, generated during the
manufacture in textile industry, as a reinforcing

Maw. unic. nayu. ciuc., 34 (1), 245-250 (2016)

phase and phenol-formaldehyde resin modified
with thermoplastic polymer (PVB) as a matrix.

e The mechanical properties on composites
based on cotton textile waste are about 25%
lower compared to the composites based on
continuous cotton fibers.

¢ The main reason for the difference in mechan-
ical properties at all parameters being equal:
ratio of the constituents and conditions of
production, the difference is in configuration
of reinforcing textile product. The lower
properties of the composites are obtained
where the reinforcement phase is cotton tex-
tile waste of fibers of various lengths and
random orientation. On the opposite, the con-
ventional composites have continuous rein-
forcement fiber.

¢ The thermal stability investigated by Martens
method for both composites reinforced with
cotton fabric and with cotton textile waste is
very similar. All composites are thermo stable
at temperature up to 200 °C.

¢ The obtained results have shown that the new
produced composite material has relatively
good properties and they can be successfully
used in many industries as a construction and
non construction material.

¢ The conventional composites are mostly used
in applications where quality is a priority.

¢ The composites reinforced with textile waste
are mostly used in applications where the cost
is a priority.

¢ Generally, composites based on cotton waste

are applying as non load construction ele-
ments.
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A bstract: Recycling of waste plastics is very important issue in order to relieve environmental pollution.
Worldwide, the conversion of plastic waste to fuel by application of different pyrolysis methods has been intensively
researched. In this study catalytic pyrolysis of waste polyolefin mixture of high density polyethylene (HDPE) and
polypropylene (PP) was investigated in order to obtained liquid fuel. The waste mixture was heated to 550 °C at a
heating rate of 10°C min™', in semi-batch reactor. Different types of catalysts, natural (opalized silicate tuff and SiO,)
and synthetic (Al,O3), were used for catalytic decomposition of waste mixture and the yield of the reaction were
compared in order to define optimal process conditions. The amount of the obtained condensed products in all inves-
tigated catalytic systems was more than 85%. The condensed liquid products were formed in condenser when all
samples were heated between 415 and 420 °C. The highest quantity of fuel oil was produced between 420 and 470
°C. The greatest amounts of condensed liquid products, around 92%, were formed during the catalytic degradation of
plastic waste with mixture of Al,O; and SiO; as catalysts, when metal particles were added in reactor.

Key words: pyrolysis; polyolefin; catalysts; liquid products; yield

E®PUKACHOCT HA PA3JIMYHU KATAJIN3ATOPH BO IUPOJIN3A HA OTITAJHA
MNOJMNOJE®UHCKA CMECA

A ncTpakT: Peuuknupamero Ha OTHANOT OJ MJACTHKA € MHOTY BaXKHO 3a Jla C€ HaMaJli 3araJyBambeTo Ha
KUBOTHATa cpeluHa. Bo cBeTCkM pamMkM, KOHBEp3HjaTa Ha IJIACTHYEH OTHAJ 4O FOPUBO CO INPUMEHA Ha Pa3JIMYHU
MUPOJIMTHYKA METOAU HIMPOKO CE UCTpaKyBa. Bo oBa HCTpaxkyBame € UCNHUTYBaHA KaTalUTHYKATa MUPONU3a Ha
oTnaj oX mojuosieuHCKa cMena oJ nonueruieH co Bucoka ryctuaa (HDPE) u momunpormnen (PP), co nen na ce
nobue tedHo ropuBo. CmecaTa ox otmaz ce 3arpeBa 10 550°C mpu Op3uHa Ha 3arpeBame ox 10°C min’l, BO IOJTY-
mapxeH peakrop. [Ipu KaTanuTHYkaTa AEKOMIIO3UIMja Ha OTHAJHATa CMeca C¢ KOPHCTE PAa3M4HH BUJOBH
KaTaJlu3aToOpy, IPUPOJHU (onanu3upaH cuiaukareH Ty — SiO,) u cunrernuku (Al,O3), U IPUHOCOT OZ THE PEAKLIMUI
Gemie criopegyBaH cO i€ 1a ce onpejiesaT ONTUMAIHUTE NPOLecHN ycaoBu. KonnuuHaTa Ha 10OMEHNTE KOHACH3U-
PaHU MPOSYKTU BO CUTE UCIMTYBAHH KAaTAJUTUUKU CUCTEMH € IOBUCOK Of 85%. KoHneH3upaHuTe TeUHH MPOSYKTU
ce (opMmmpaar BO KOHIEH3aTOPUTE Kora CHTe HpuMepouu ce 3arpesaar momery 415°C u 420°C. HajBucokara
KOJIMYMHA Ha ropuBo ¢ mnpoussenena momely 420 u 470°C. Hajronemara KoNMYMHA Ha KOHACH3HWPAHH TEYHH
Hpou3BOAH, 0Koly 92%, Gere GopMupaHa BO TeIOT Ha KaTaJIUTHYKa JErpajalija Ha MIIaCTHYEH OTNAaJ CO CMeca Ha
Al,O; n SiO, Kako KaTaaM3aTOpH, KOra BO PeakTopoT Oea 10/1aieH! METAIHH YECTUYKH.

Kuay4ynu 360poBu: nuponnsa; nonnonedrH; KaTaan3aTopy; TeYHH MPOAYKTH; KOIHIUHA

INTRODUCTION solid waste (MSW) globally will increase 70%
from the annual amount of 1.3 billion tones in
Waste plastic can cause considerable environ- 2014 to an estimated 2.2 billion tons by 2025 [1]. It

mental pollution. The forecasts are that municipal is considerate that the plastic wastes are about
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8 wt % of the MSW [2]. Nowadays only 2 % of the
waste plastic is recycled and the rest of it mainly is
disposed of in landfills or incinerate [3]. Plastic
waste is non-biodegradable, and therefore recyc-
ling of plastic wastes is a very important issue.

Polyethylene is thermally stable polyolefin
and it wouldn’t be decompose in an oxygen-free
atmosphere up to 290 °C [4]. Thermal cracking can
convert polyolefines to an olefin mixture (C1-C4)
and aromatic compounds (benzene, toluene and
xylene) when the temperature is high, while the
high calorific value gas, condensable liquid hydro-
carbons and solid waxes are produce at low tempe-
rature [3].Very complex chemistry is responsible
for formation of all end-pyrolytic products: solid,
liquid and gaseous. Thermal pyrolysis needs higher
temperatures and longer reactive time but the total
yield of fuel oil is still between 50 and 60% [5].
Since the total yield of fuel oil with thermal pyro-
lysis is still lower and the quality of oil is not satis-
fied as gasoline and diesel oil, the catalytic pyroly-
sis has been proven as a more promising method.
A number of experimental studies have been car-
ried out in order improving liquid hydrocarbons
yield from plastics pyrolysis by introducing suit-
able catalysts. The catalytic pyrolysis of plastic
wastes allowed the quality of degradation products
to be improved and to obtain valuable products
similar to diesel and gasoline [6]. The selection of
the catalyst and suitable process parameters in or-
der to control the chemical reactions and to in-
crease the yields of the desired components in the
products still represents a challenging issue [2, 7].
In general, by using the catalyst in the degradation
of the polymer, the molecular weight of the main
polymer chains may be rapidly reduced through
successive attacks by acid sites on the catalyst,
yielding a high fraction of low-molecular products
[8].

The most common catalysts used in catalytic
cracking are: zeolite, alumina, silica alumina, FCC,
reforming catalyst etc. The effects of various cata-
lysts on the pyrolysis of polyolefines, such as PE
or PP, were studied by different researches.
Beltrame et al. (1989) have studied polyethylene
degradation over silica, alumina, silica—alumina
and zeolites. They discovered that degradation of
polyethylene catalyzed by alumina and silica at
600°C have bigger yield of gas and condensed pro-
ducts than that in the thermal degradation on the
same temperature [9]. J. Mosio-Mosiewski found
that catalytic cracking reactions over alumina-
silica proceeds through carbo-cationic mechanisms
and more gasoline fraction is obtained than in non-

catalytic degradation [4]. Y.-H. Lin et al. (2004)
confirm that catalytic degradation of polyethylene
performed in fluidized-bed reactor under appropri-
ate reaction conditions and suitable catalysts can
have the ability to control both, the product yield
and product distribution from polymer degradation
for the production of valuable hydrocarbons [10].

All pyrolysis experiments were carried out in
order to recover valuable products and energy. The
laboratory experiments have proved that pyrolysis
of polyolefines has produced only a little char, but
the percentage of volatiles is high, so they can be
largely converted to liquid oil [11].

The present work study the influence of type
of catalyst used for cracking of waste mixture of
HDPE and PP on the yield of liquid fuel oil. The
waste plastic mixture was decomposed in semi
batch reactor. The efficiency of oil production was
analyzed under various types of the catalysts. Sev-
eral catalysts, such as natural (tuff and SiO,) and
purched aluminum oxide (Al,O3), have been used
for promoting the thermal degradation of waste
plastic mixture.

EXPERIMENTAL
Materials

The polymer used in this work is waste mix-
ture of high density polyethylene and polypro-
pylene. The purched pelletized catalyst (5 mm) of
Al,O; (assigned as A in further text) has specific
surface 400 m*/g. The specific surface area of SiO,
(assigned as S) is 39.3 m*/g and the opalized silica
tuff is with high porosity. The alumina-silicate
catalyst tuff (assigned as T) was screening through
the sieve with the mesh size of 0.06 mm, and the
fraction below 0.06 mm was employed in the ex-
periments. To remove traces of adsorbed water in
SiO, and tuff, both catalysts were dried at 110°C
over 6 h before they were used.

Experimental setup

All experiments on degradation of waste
polyolefin mixture in the presence of various cata-
lysts were carried out in a stainless steel batch re-
actor with 400 ml volume (Figure 1). A PID (Uni-
tronics V570) — temperature controller was used to
control the temperature and to maintain the con-
stant heating rate 10°C/min in the reactor. The re-
actor was charged with different amounts of a

Mech. Eng. Sci. J., 34 (1), 251-256 (2015)
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sample, from 60 to 100 g. The amounts of mixed
catalysts also varied from 33 to 100%. The sample
and the catalyst were mixed prior the reactor was
charged. Metal particles (M) were also added into
reactor, mixed with the sample and catalyst, in or-
der to improve the heat transfer through the plastic
sample. The effluent from reactor was collected
through a deep pipe that reached into reactor. The
other side of pipe was connected to a water con-
denser-separator in order to condense the liquid
products. The first separator was maintained at
70°C to prevent wax formation by immediate con-
densation, while the second separator was kept at
0°C to condense low boiling point hydrocarbons
(H.C. range Cs—Cs).

Fig. 1. Schematic flow diagram of the semibatch reactor
and the separation system:
1 — Reactor. 2 — Thermo-couple. 3 — Effluent pipe.
4 — Water cooler. 5 — PID controller. 6 — Exhaust for gases.
7. — Condenser separator

The cracking experiments were carried out
under dynamic conditions using 10°C/min heating
rate and different retention time on previously set
temperature program. The condensed liquid prod-
ucts were formed in condenser when all samples
were heated up between 415 — 420°C. After ending
of catalytic process the used catalyst was purified
from the coke. The regeneration process took place
in furnace with the known method. The catalyst
was heated up under air flow to the regeneration
temperature (550°C) that was maintained for 5 h
for promoting to remove the coke [12]. The coke
deposition has been removed when the black color
of the catalysts became light (white) color. This
process occurs at high temperature and long treat-
ment time in an oxidant atmosphere.

RESULTS AND DISCUSSION

In the first set of experiments the impact of
metal particles on the yield of oil fuel was studied
over the equal quantity of waste mixture mixed
with Al,O; and SiO, catalysts at 6:1:1 ratio. The
metal particles provide better heat transfer inside
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of the reactor through the molten plastic which is
poor heat conductor. Figure 2-a shows faster col-
lection of fuel oil at lower temperatures when the
metal particles are present into reactor (A-S-M).
The influence of metal particles is evident from the
beginning of the process, for the first 40 ml col-
lected oil, when temperature is still relatively low
(420 — 430°C). In the temperature range up to 460
— 470°C the viscosity of plastic sample decrease
rapidly, the heat transfer is improved and most of
the sample is transformed into vapor. Over these
temperatures the influence of metal particles on the
heat transfer is not so important. The obtained
yield of fuel oil is 92% for experiments with metal
particles, compared to 88% yield of oil for experi-
ments without them (A-S). The conversion rate of
plastic sample into fuel is nearly the same for both
experiments at the beginning of pyrolysis (first
5000 s, Figure 2b). After 30 ml collected fuel oil,
the rate of conversion for experiments with metal
(A-S-M) slightly decreased, because metal parti-
cles increased the contact area. Therefore heat
transfer is more balanced and the obtained vapors
needs longer time to leave the reactor.
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Fig. 2. Influence of: a — reaction temperature, b — reaction
time, on the yield of fuel oil with and without metal particles
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In the second set of experiments the influence
of catalyst amount used for pyrolytic degradation
of waste polyolefin mixture was studied. The ratios
of used catalysts, Al,O; and tuff, were 1:1 and 1:3.
The mass of sample for all experiments was cons-
tant. Different amount of mixed catalysts, 33%,
50% and 100% were added in samples and the me-
tal particles were added to improve the heat con-
duction. The obtained results are shown on Figure 3.

The overall effect of increasing the catalysts
with temperature over the obtained yield of liquid
products is shown on Figure 3a.
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Fig. 3. The influence of amount of catalysts on required
a) temperature and b) time, for production of oil fuel
in the presence of Al,O; and tuff catalysts

A lot of researchers studied the influence of
the catalyst and temperature over the yield of ob-
tained products [3-5, 13-16]. As the amount of
catalyst increases, a lower temperature is required
for pyrolytic process. The yield of oil fuel also in-
crease from 76.2% for sample with 33% catalysts,
85.9% for sample with 50% catalysts up to 87.9%
for sample with 100% catalysts when amount of
catalysts increase. More than 70% (80 ml) oil fuel
yield can be obtained below 400°C (396°C) for

sample with 100% catalysts. It is obvious (Figure
3b) that temperature increases for around 50°C as
percent of catalysts decrease from 100% up to
33%. Thereby, for 50 % catalysts the temperature
is 448°C and 498°C for samples with 33% cata-
lysts. There is reduction of time for production the
same quantity of fuel oil when the amount of cata-
lysts increased (Figure 3b).

Related changes are obvious for the samples
when tuff (A-T-M) is replaced with SiO, (A-S-M)
(Figure 4). The ratio of Al,O;: SiO, was 1 : 1 and
mass of sample was kept constant for all experi-
ments. The amounts of added mixture of catalysts
were 10%, 33%, and 100% (the metal particles
were also added). The obtained results are shown
on Figure 4. The temperature reduction is evident
for these samples, but the effect is smaller than for
the samples with Al,O5 and tuff catalysts. Thus, for
70% collected oil the temperature is 470°C for 10
% catalysts, 462°C for 33% and 432°C for 100%
catalysts. The time reduction is insignificant com-
pared with previous used mixture of catalysts. Ob-
tained yield of oil fuel increased with catalyst in-
creasing from 86 % for 10% catalysts, 87% for
33% and 92% for 100%.
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Fig. 4. The influence of amount of catalysts on required
a) temperature and b) time, for production of oil fuel
in the presence of Al,O; and SiO, catalysts
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The efficiency of 33% added catalysts mix-
ture on conversion of plastic waste to liquid fuel
was also subject of this study. The yield of liquid
fuel obtained under the same experimental condi-
tions was compared for both catalysts mixture
(Figure 5). As is evident from Figure 5 the mixture
of Al,Os and SiO, gives better results in decreasing
temperature and time for production liquid fuel
compared with Al,O; and tuff mixture. Neverthe-
less, the obtained yield of oil for both catalysts is
almost the same, 87%.
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Fig. 5. The comparison between two samples with same ratio
(sample: mix of catalysts = 6:1:1) using different mix |
of catalysts (AL,O; : SiO, and AlL,O; : tuff = 1:1)

CONCLUSION

The employed mixture of catalysts in the
study successful converts waste polyolefin mixture
into liquid. The yields of condensed products for
all samples were more than 85%. High yield of
liquid products was obtained from above 420°C.
The fuel oil formation is greatly affected by the
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type and amount of catalyst. The metal particles
added into reaction mixture provide better heat
transfer, improve the cracking process and increase
the yield of condensed products. The increased
amount of catalysts significantly decreased reacti-
on time and temperature for pyrolytic process for
both used mixtures of catalysts. The obtained yield
of liquid fuel is 87% for both catalyst mixtures
used under the same experimental condition (33%
catalysts with 6:1:1 A-S/T-M ratio and 100 g sam-

ple).
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A bstract: Waste engine oil is a hazard waste usually combusted without controlling of air pollution. Rein-
forcing waste engine oil using acid treatment is impracticable because the sludge generated by this process. Process
of pyrolysis is an environmental friendly process to conversion of waste engine oil to liquid fuel. In this work dried
and filtered waste engine oil was catalytic (AL,O; and SiO,) subjected to pyrolysis and converted to gasoline and die-
sel fuel. The process of pyrolysis was conducted in a semi-batch reactor at 10°C min™' and 15°C min™' heating rate
and 400-600°C temperatures. Process conditions were controlled using PID controller. Optimal process conditions
were 10°C min~' heating rate and 530-600°C temperatures. Using Fourier Transform Infrared Spectroscopy (FTIR)
the presence of gasoline and diesel fraction into the pyrolysis oil was confirmed.

Key words: pyrolysis; waste engine oil; process parameters; catalysts; FTIR analysis

IIUPOJIM3A HA OTHAAHO MOTOPHO MACJIO 10 BEH3UH U JU3EJI-'OPUBO

Amncrtpax 1 OTHaJHOTO MOTOPHO MAcJIO IPETCTaBYBa OIIACEH OTIAJ KOj YEeCTO Ce COropyBa 0e3 KOHTpOoIa
Ha 3araJlyBamero Ha Bo31yXoT. OOHOBYBAaETO HA OTIIAJJHOTO MOTOPHO MAaciio CO TPETHPAhE CO KUCENIMHA € HelpaK-
THYHO TIopaau GopMupame Ha Tumba. [IponecoT Ha MHPOIM3a € eKOJIOMIKU IIPOLEC 32 KOHBEp3Hja Ha OTIAJHOTO MO-
TOPHO MAacjo BO TEYHO ropuBo. Bo 0BOj Tpya cymieHo u GpuiITpUpaHO OTHAZAHO MOTOPHO MAacio Oelle KaTaluTHYKU
(ALLO3 1 SiO,) MOUIOKEHO Ha MHUPOJIM3a ¥ KOHBEPTHPAHO 10 OEH3MH U Ju3en-ropuso. IIporecor Ha muponu3sa deme
H3BE/lyBaH BO MOJYLIAPXKEH PEAKTOp cO Op3uHa Ha 3arpeBame ox 10°C min™' 1 15°C min~' npu Temneparypu o 400
10 600°C. IlpouecHute ycioBu 6ea KOHTPOJIUPAHU cO Kopuctewe Ha PID-konTponep. OnTuManaHUTE MPOLECHU
yerosu 6ea 10°C min~' 6psuma Ha 3arpeame u Temmepatypa on 530 mo 600°C. Co kopucreme Ha Dypueposa
TpaHncopumupana uHdpatpsera cnekrpockonuja (FTIR) Bo muponuTudkoTo Maciao 6erie NOTBPACHO MPUCYCTBOTO
Ha OCH3MHCKa U Au3eln-(pakuuja.

Kunyunu 360poBH: n1posu3a; oTnasiHo MOTOPHO Macllo; IPOLECHU napaMeTpu; katanusaropy; FTIR ananusa

AIMS

In this study the influence of process parame-
ters (temperature, heating rate and catalyst) on the
yield of pyrolysis oil obtained from waste engine
oil were investigated. The composition of the pyro-
lysis oil was analyzed by FTIR spectroscopy.

BACKGROUND

Waste engine oil is an environmentally haz-
ardous waste produced in millions tons every year

throughout the world. Most of the countries using
this oil for heating and the others re-refining and
mixing with virgin oil. Vacuum distillation process
is economically impracticable. Process of fast py-
rolysis is a practical thermo-chemical process con-
verted waste engine oil to gasoline and diesel fuels.
It is promising, economic and environmentally fri-
endly process that reducing pollution during the
combustion and sledge generated with acid re-
refining process [1]. During the pyrolysis process
sample is heated at high temperatures and in the
absence of oxygen. The process conducted at pres-
ence of catalyst and at that conditions resulting to
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pyrolysis oil with shorter hydrocarbon chains. This
is a promising method for mass (approximately
90%) and energy recovery of waste engine oil [2].

Using fast pyrolysis process of waste engine
oil are produced gasoline and diesel fuels compa-
rable in properties with fossil fuels. Obtained fuels
are with low levels of oxygen and toxic PAH com-
pounds and lower heating value comparable with
diesel and gasoline as fossil fuels. Diesel obtained
from pyrolysis of waste engine oil is also tested in
engine with internal combustion and was observed
that can be used in diesel engines without any
problem in terms of engine performance [3-5].
Process of pyrolysis conducted in microwave heat-
ing reactor shown fast thermally cracking of oil
into shorter hydrocarbon chains. The resulting
volatile products are subsequently recondensed
into pyrolysis oils of different composition depend-
ing on the reaction conditions [2]. An additional,
the presence of aliphatic and aromatic hydrocar-
bons in pyrolysis oil could be also used as a chemi-
cal feedstock in petrochemical industry [6, 7].

EXPERIMENTAL
Materials and methods

The pyrolysis of waste engine oil is perfor-
med in a semi-batch glass reactor (inner diameter
0.02 10° m and volume 0.03-10~ m’). The reac-
tion of fast pyrolysis was carried out in presence of
commercial Al,O; (BASF 92.7% Al,O3) and natu-
ral SiO, as catalysts. Composition of pyrolysis oil
was identified by the main functional groups using
Fourier transform infrared spectroscopy (Thermo
Scientific Nicolet 6700 spectrometer). Commercial
diesel and gasoline were purchased from the petrol
station A.D. Makpetrol, Skopje.

Procedure

The waste engine oil was taken by the pump
from the storage tank, dried and filtered to purify
from some impurities. After the 10-20 g catalyst
was putted in cylindrical shape glass reactor, pre-
pared 10 g of waste oil was flowed into the reactor.
Equipment for pyrolysis was composed from con-
denser, two separators at constant temperatures
(T, = 70°C and T, = 0°C) and controller for reactor
temperature. Heating rate and reaction temperature
were varied from 10°C min™' to 15°C min™' and
400 to 600°C, respectively. To prevent the heat
lost, the reactor was isolated with glass wool with a

thickness of 5 cm. Heating rate and temperature in
reactor were controlled with a controller. Produced
pyrolysis oil was filtered and conducted to FTIR
analyzing.

RESULTS AND DISCUSSION

In this study, different process parameters
(temperature, heating rate and catalyst) were stu-
died to determine the optimum conditions that pro-
vide the greatest yield of liquid oil. Pyrolysis pro-
cess starts at 500°C with slaw intensity and incre-
ase after 530°C. Fast pyrolysis process starts at
575°C and continue with increasing the tempera-
ture to 600°C. The greatest yield of valuable liquid
hydrocarbons was achieved at optimal tempera-
tures of 575 to 600°C, heating rate 10°C min™' and
catalyst (Al,O; and SiO,) to oil ratio (1:1:1). Ap-
proximately 84% of waste engine oil was recov-
ered and converted to pyrolysis oil, diesel and
gasoline. The color of obtained oil was dependent
of the fuel fraction. It was with red to dark brown-
ish color.

FTIR spectroscopy was used for identified the
functional groups of pyrolysis oils obtained from
waste engine oil (Figure 1). The classification was
defined based on the degree of infrared absorption
at different frequencies. Figure 1 shows that the
compounds with O-H vibrations of hydroxyl
groups which indicate the presence of alcohols and
phenols in the wave length from 3200 to 3400 cm™
are not present. Also, C=0O stretching vibrations
between 1700 and 1750 cm™' characteristic for
aldehydes, ketones and carboxylic acid is not pre-
sent in the pyrolysis oil. The biggest peak at 2924
cm™' represents C—H stretching vibrations and be-
longs to alkanes with wave range between 2750
and 3000 cm™ and also the two low peaks for this
group of compounds at 1375 and 1454 cm™ in the
wave range of 1350 and 1470 cm™'. There are sev-
eral low peaks (1605 and 1643 cm™' at wave range
from 1575 to 1675 cm™ and 887 cm™ at wave ran-
ge from 860 to 945 cm™' characteristic for C=C
streching) that indicate group of alkenes. Single
ring aromatics are low present in a wave range
from 675 to 850 cm™'. From the Figure 2 it can be
concluded that the alkanes and alkenes are in
higher percent in waste pyrolysis oil than in the
commercial gasoline. On the other hand, the single
and polycyclic aromatics were in higher percent in
a gasoline than in waste engine pyrolysis oil. Com-
paring the waste engine pyrolysis oil and commer-
cial diesel it is evident that the diesel has higher
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percent alkanes and lower percent alkenes and sin- sition of waste engine pyrolysis oil is between the
gle and polycyclic aromatics contents than the gasoline and diesel fuel which is consistent with
waste engine pyrolysis oil (Figure 3). The compo- the researching from the other authors [4, 5].
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Fig. 3. FTIR spectrum of pyrolysis oil (black) and commercial diesel (red) color

CONCLUSIONS

Pyrolysis of the waste engine oil showed con-
version of the oil to gasoline and diesel like a fuels.
The composition of pyrolysis oil is between the
gasoline and diesel. Before it used as an engine
fuel, obtained pyrolysis oil should be fractionated
to gasoline and diesel fuel and blended with ade-
quately fossil fuel. It is observed that approxi-
mately 84% of filtered and dried waste engine oil
is converted to valuable products at optimized
conditions, temperatures 575 to 600 °C, heating
rate 10°C min~' and catalyst (ALO; and Si0,) to oil
ratio (1:1:1). FTIR spectroscopy is a rapid method
for determination the main chemical components
present in the pyrolysis oil.
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A bstract: Decreased prices of photovoltaic system components in the last years have led to electricity gen-
eration cost reduction, obtained by photovoltaic systems to the level of electricity price offered to the distribution
consumers. Still, compared to the other type of generators, the energy output from photovoltaic systems is generally
low in amount and with varying power profile. Hence, they cannot reach adequate price at liberalized markets. One
approach for supporting these systems is the introduction of rules for net metering within the distribution systems. In
this paper, technical and economic aspects for installation of photovoltaic systems in households in the Republic of
Macedonia, in cases with possibility for net metering, are analyzed. Several rules for net metering are elaborated, and
using realistic examples, their influence to technical acceptability and cost effectiveness for the electricity consumers,
the suppliers and the distribution grid, is estimated.

Key words: photovoltaic systems; residential electricity consumption; net metering

MPABUJIA 3A PASMEHA HA EJTEKTPUYHA EHEPTUJA 3A TIOMAKHHCTBA
CO UHCTAJIMPAH ®OTOBOJITAMYEH CUCTEM

AmcrTpak T HamamyBamero Ha LIEHHTE HA KOMIIOHEHTHTE Kaj (POTOBOITANYHHTE CHCTEMH BO IIOCICIHUBE
TOIMHH JIOBEJE 0 HaMallyBalbe Ha MPOU3BOJHATA [[CHA HA CJIEKTPUYHATA CHEpPruja OJf OBHE CHCTEMH [0 HHUBO HA
LIEHAaTa LITO CE HYAH BO EIEKTPOoauCcTpHOyTHBHATa Mpeska. Cenak, BO criopeada co APyruTe HAYWHHU Ha MPOU3BOACT-
BO Ha €JIGKTPHYHA CHEprHja, o (POTOBONTAHYHUTE CUCTEMU OOUYHO ce 100KMBa MOMAJIO KOJMYECTBO SHEPrUja U THE
MMaaT IPOMEH/IMB IxjarpaM Ha npousBoncteo. [lopaan Toa, THE He ce BO MO3MLMja Ja IOCTHUIHAT COOJBETHA [ICHA Ha
CNIEKTPHUYHATA CHEPrHja BO YCJIOBU Ha Jubepanu3upad nasap. EneH o HaYMHHUTE 3a MOJIPIIKA HA OBHE CHCTEMH €
00e30eyBame Ha T.H. pa3MeHa Ha eJICKTpUYHATa EHEepruja co cCHabyBa4yoT. Bo 0BOj TPy ce pas3riefaHu TeXHUIKH-
T€ U EKOHOMCKHTE aCIIeKTH 3a HHCTAJIUpame Ha (OTOBONTAWYHM CHCTEMH BO JOMakuHCTBa Bo P. MakenoHuja, npu
OBO3MOYKEHA pa3MeHa Ha eeKTpHYHaTa eHepruja. EnmaGopupanu ce mpaBmia 3a pa3MeHa Ha eJIeKTPUYHATA CHEPrHja.
[pexy peanHu MpUMEpH CE OLCHETH TEXHUYKATa MPU(ATINBOCT U UCIUIATIMBOCTA 33 ONEPaTOPOT HAa JUCTPHOYTHB-
HaTa Mpexa, 38 CHaOyBaunTe U 32 JOMaKHHCTBATA.

Kiy4unu 360poBu: (OTOBONTAHYECH CHCTEM; IOTPOIIYBAaYKa Ha CICKTPHYHA CHEPIUja BO JOMAaKHHCTBA;
pa3MeHa Ha eJIeKTPHYHATA CHEPTHja

INTRODUCTION

During the last decade, installation of photo-
voltaic (PV) system continually expands. World-
wide, the total installed power of PV systems was
around 5 GW by the end of 2005. By the end of
2014, the total installed power have reached 180

GW [1]. This increase is mainly a result of the
support from numerous governments in form of
feed-in tariffs for the electricity generated by PV
systems. The continuous growth of electricity gen-
eration from PV systems has led to a decrease of
costs for PV modules, resulting in decreased price
of the electricity from PV systems [2, 3].
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Starting from 2008, feed-in tariffs for electric-
ity generated by PV systems in R. Macedonia have
been introduced as well. Up to now, feed-in tariffs
have been decreased several times. For PV plants
with power lower than 50 kW, feed-in tariff has
been decreased from 46 cent€/kWh to 16
cent€/kWh. For PV power plants from 51 kW to 1
MW the feed-in tariff has been decreased from 41
cent€/kWh to 12 cent€/kWh. The allowed period
for usage of feed-in tariffs has been decreased as
well from twenty to fifteen years. In the meanwhile
the total installed power of PV plants in the coun-
try is limited to 18 MW [4]. Although feed-in tar-
iffs were decreased, the quota for the total installed
PV power in the country has been almost filled.

According to Energy Regulatory Commission
(ERC) [5], the price of the consumed electricity for
small commercial consumers connected to the dis-
tribution network is 0.14 (+ 18% VAT) €/kWh.
For households it is 0.09 (+18% VAT) €/kWh in
high tariff and 0.05 (+18 % VAT) €/kWh in low
tariff. For households the average price of electric-
ity during daily hours (six days high tariff and one
day low tariff) is 9.95 cent€/kWh with included
VAT. Following the tendency for installation of
the PV systems and by considering the decreased
prices of PV components and the potential of solar
radiation in R. Macedonia, it can be easily con-
cluded that, even without the feed-in tariffs for
generated electricity, the payback of the PV sys-
tems is feasible. Still, as consequence of relatively
low installed power of PV plants within the coun-
try, small amounts of generated electricity from
them, variable diagram of electricity generation,
the generated electricity has no real opportunity to
reach the adequate price level at the liberalized
electricity market. In spite of the achieved genera-
tion price, in cases when there are no other incen-
tives for trading with this type of electricity, it can-
not be expected that the increasing number of peo-
ple who will install PV systems in their homes.

The problem with selling of the generated
electricity from PV systems can be reduced or
avoided, if this electricity is used for own con-
sumption. Still, it is not realistic to expect that the
household will consume all generated electricity in
every moment of time completely. Namely, in cer-
tain periods there will be excess of electricity (Fig.
1). This electricity can be redirected to other con-
sumers in the distribution network. For this to be
feasible, it is essential to have a model for electric-
ity exchange. In this paper, such model for electric-
ity exchange from photovoltaic residential systems

is presented and proposed for further evaluation,
since up to now there is no applied methodology
for electricity exchange from residential PV sys-
tems in R. Macedonia. Further, more experiences
from other EU and non-EU countries, with respect
to installation of PV systems at households and
their connection to the grid, are analyzed.

€XCess energy
energy consumed
purchased from grid

== electricity consumption
== S0lar power produced

o€ 3 € 6§ oo riQis i 2 o o

Fig. 1. Example daily diagram of electricity consumption
and generation by a PV system

MODEL FOR ELECTRICITY EXCHANGE

Technical and economical aspects of electric-
ity exchange (generated and consumed electricity)
are complex and involve several aspects: distrib-
uted electricity generation, configuration of PV
systems for residential use, as well as technical and
economical conditions that will provide profitabil-
ity for all participants in electricity distribution.

Backgrounds

Several examples of different models and
rules for electricity exchange between PV systems,
installed at households (roofs) and distribution
network world-wide are presented and analyzed.
Presented experiences from other countries may
serve as guidelines for development of model for
electricity exchange that should be implemented in
the Republic of Macedonia as well.

Self-consumption of PV electricity is allowed
in the Netherlands for all systems. Homeowners
and tenants with their own solar panels are exempt
from energy taxation for the electricity they have
generated. They are allowed to deduct their private
use from the generated electricity. This process is
commonly known as netting or offset. An advan-
tage of this process is that the value of the electric-
ity that is fed back to the grid is determined by the
price of electricity including tax and transport
costs. For households this is about 23 euro cent per

Mech. Eng. Sci. J., 34 (1), 261-267 (2016)
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kWh, including a 11.65 euro cent per kWh energy
tax component. Netting was limited to 5,000 kWh
until the end of 2013. The over generation was cal-
culated at a lower price. The electricity generated
may be unlimitedly netted with the personal use
from 1 January 2014 onwards [6]. In the U.S fol-
lowing metering arrangements are usually encoun-
tered [7]:

— Net purchase and sale

Under this arrangement, two uni-directional
meters are installed: one records electricity drawn
from the grid, and the other records excess electric-
ity generated and fed back into the grid. House-
holds pay retail rate for the electricity they use and
the power provider purchases the excess generation
at its avoided cost (wholesale rate). There may be a
significant difference between the retail rate that is
pied by the households and the power provider's
avoided cost.

— Net metering

Net metering provides the greatest benefit to
the household as a consumer. Under this arrange-
ment, a single, bi-directional meter is used to re-
cord both electricity that is draw from the grid and
the excess electricity that PV system feeds back
into the grid. The meter spins forward as house-
hold draw electricity, and it spins backward as the
excess is fed into the grid. If, at the end of the
month, household used more electricity than the
PV system has generated, the household pay retail
price for that extra electricity. If the household
generated more than have used, the power provider
generally pays for the extra electricity at its
avoided cost. The real benefit of net metering is
that the power provider essentially pays to the
household retail price for the electricity that is feed
back into the grid.

All of the schemes currently operational in
Australia (as of May 23, 2012) are net schemes,
which pay only for surplus solar power exported to
the power grid. The remaining programs come in
essentially three forms: State government-backed
Solar Feed-in Tariffs (SA, Victoria, and Queen-
sland), 1-for-1 Solar Buybacks through electricity
retailers (ACT, Tasmania, Northern Territory), and
voluntary Solar Buyback schemes, which offer
(often nominal) rates for exported solar power that
are lower than retail electricity rates (New South
Wells, West Australia) [8].

In Greece since July 1st 2009 a program has
been in force for the installation of small PV sys-
tems (<10 kW) in the residential sector. In Sep-
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tember 2010, the program was extended to cover
all regions, and authorization procedures have been
further simplified. Most barriers have now been
lifted for this segment. Residential PV is one of the
most dynamic segments of the market. A new self-
consumption scheme (based on net-metering) has
been decided and is being planned by the authori-
ties in parallel with the existing support scheme
which is based on feed-in-tariffs [9].

Distributed electricity generation

There are many definitions regarding “dis-
tributed generation of electricity” [10] most of
them are related to distributed generators with
small power ratings connected to the distribution
network and located nearby consumers (house-
holds, industrial plants etc.). As distributed genera-
tors can be considered PV systems, wind genera-
tors, micro-gas-turbines, etc. Due to their simple
construction, decreased prices of components, pos-
sibility for cogeneration, electricity tariffs, these
generators are becoming very attractive source of
electricity generation from economical point of
view. Additionally, since the electricity generation
is located nearby the consumers, electricity losses
are decreased and quality of the power supply is
improved. This paper will give an overview of
technological and economical aspects of the PV
systems application at households in R. Mace-
donia.

PV systems at households

The main components of a grid-connected PV
system to distribution network are generator and
inverter. In Figure 2 a PV system installed at resi-
dential house, is presented. Up to now, experience
shows that such systems are easily constructed. In
presented application, the generated electricity
from PV system is primary aimed for own con-
sumption, while the excess is feed in into the net-
work. During night hours, or in cases when the
generation is less than the consumption of house-
hold, the required energy is supplied by the distri-
bution network.

In order such electricity exchanges to be car-
ried out, a bidirectional meter should be installed.
This meter registers the consumed and supplied
electricity. Inverter is also important with respect
to the power quality. It should also satisfy the dis-
tribution network requirements.
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Electricity is imported from
the grid and is metered by
a new Digital Time of use
Meter'known as the
Consumption Meter.

New Digital Time of Use
Consumption Meter that measures
how much power your home uses

and any excess power your solar

power system feeds back to the grid.

Solar panels convert
sunlight into clean green
DC electricity
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Fig. 2. PV system at households with possibility of electricity exchange

PV generators are consisted of a number of
modules, which define their power rating. PV
modules are connected in series and they form
strings. These strings can be further connected in
parallel connection [11].

In the past period, in R. Macedonia the total
installed capacity is reaching PV systems with total
capacity of 18 MW. Experiences from investors
have shown that price of the investment in PV sys-
tems is about 1200€/kWh. This price covers ex-
penses for equipment and its installation with in-
cluded costs for land, connection to the distribution
network, design and other expenses for obtaining
necessary documentation. Operation and mainte-
nance expenses of PV systems are relatively small,
so in further analysis they will be neglected.

Calculations applied to this paper are using
experiences from already installed PV systems in
R. Macedonia. Consequently it is estimated that
annual generation of electricity from PV system
with fixed mounted modules is 1400 kWh/kWp.
PV system of 6 kWp generates 8400 kWh/per year.
In case when PV generator is consisted of modules
with rated power of 250 Wp it is necessary to have
24 PV modules.

Prices of electricity

Currently all consumers of electricity in R.
Macedonia are divided into two groups [5]. In the
first group are households while in the second
group are the commercial and industrial consum-
ers. Both types of consumers are split into two tar-
iffs. In this paper households with two tariffs are
analyzed. Tariffs for households are: high tariff
from 07:00 up to 22:00 o’clock and low tariff in
the remaining part of the day. In Sunday during the
whole 24 hours the tariff is low.

During the year, sun rises in interval from
4:58 to 7:02 o’clock and the sun set is from 16:03
to 20:14 [12]. Further more in the day when sun
rises most early, solar radiation up to 7:00 o’clock
is less than 3.5 % of total solar radiation if the day
is clear (calculated for the area of city Skopje with
software tool “Solar Calculator” [13]). In the re-
maining part of the year this percentage is too low
and it is between 0 and 0.35 at clear days. Conse-
quently if generated electricity from PV systems
from sunrise up to 07:00 o’clock is neglected, the
error in calculations is very small. This means that
major part of electricity from PV systems is gener-

Mech. Eng. Sci. J., 34 (1), 261-267 (2016)
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ated in high tariff (six days per week) except Sun-
day (one day per week) when the tariff is low. The
average price of electricity from 07:00 to 22:00
o’clock is:

0.09-6+0.05-1
7

VAT of 18 % can be added to the obtained
price and consequently, the average price is 9.95
cent€/kWh. Calculated average price of generated
electricity from residential PV systems is still be-
low the feed-in tariff (12 cent€/kWh and 16
cent€/kWh). But gaining the status of feed-in pro-
ducer of electricity from renewable resources in R.
Macedonia requires submission of extensive
documentation. Sometimes to gain the status of
feed-in producer, considering the power ratings of
PV systems, it is necessary transformer station to
be built as well as the associate cable or overhead
distribution network. If these expenses are de-
ducted, the investment in PV systems can be de-
creased. Still, in further calculations the worst sce-
nario with price of 1200 €/kWh will be considered.
Also it is assumed that electricity generation from
PV system is 1400 kWh/kWp (for PV systems with
fixed tilt of 30°, oriented toward south).

=0.0843 €/kWh. (1)

Regulations for electricity exchange

Electricity generated from residential PV sys-
tems is not always matching with its consumption.
In certain periods there is an excess of generated
electricity while in others the consumption exceeds
the generated electricity. For example, PV system
generates electricity during daytime while con-
sumption is larger at night hours. One solution is
the usage of battery. Negative sides are more ele-
ments in the system, possibility for faults, larger
dimensions of the system. Other solution is chang-
ing the habits of the consumers. Still it can not be
avoid consumption of electricity during night hours
as it reflects on quality of living.

One measure to stimulate installation of large
number of PV systems, is to create opportunity for
electricity exchange with the distribution network.
In order this to be feasible, it is necessary a set of
regulations to be adopted. In this paper, such regu-
lations are proposed and the influence of all par-
ticipants in electricity exchange will be analyzed
(consumer, electricity supplier and operator of dis-
tribution network). Model is developed based on
following hypothetical rules for electricity ex-
change:
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® The excess of generated electricity is taken
over by the electricity supplier.

e The ratio of prices of taken over and con-
sumed electricity is regulated on yearly ba-
sis. This ration can be smaller or bigger (i.e.
0.9:1or 1.1 : 1). In this paper ratio of 1 : 1
is considered.

e If the generation of electricity from one
household during one year is less than con-
sumption, the household pays only the dif-
ference between consumed and generated
electricity.

e If during one year more electricity is gener-
ated than it is consumed, then the excess of
electricity is not paid. In such case the ex-
cess of electricity is transferred to the fol-
lowing year, decreased by a certain percent-
age, considering the variations of sun radia-
tion. In this paper, the excess of electricity is
transfer to the following year, decreased by
50 %.

In Table 1 is presented an example with few
alternatives. Example is worked out in accordance
to above set regulations. Exchange of electricity is
between household with consumption of 4000
kWh per year with installed PV systems and elec-
tricity supplier.

Table 1
Example of electricity exchange (kWh)

Consumed Generated Consumed Generated Balance
EE-HT EE-LT EE-HT, EE-LT
Payment of
4000 5000 3000 1000 1000 kWh — LT
4000 6000 3000 1000  Payment O
Payment 0,
transfer of
4000 7000 3000 1000 500 kWh in

next year — HT

EE - Eleectricity, HT —high tariff, LT — low tariff

Additionally, following technical conditions
must be fulfilled:

¢ Installation of meter, which register electric-
ity in both directions (or two meters)

¢ OQOutput power of the inverter should be lim-
ited in range of 5 kW to 10 kW. This limita-
tion is necessary in order to stimulate instal-
lation of small PV systems and to avoid in-
effective heating with electricity.
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¢ Instantaneous power at the inverter output
should not exceed in any moment the rated
power of the inverter. In this way, the de-
signer of the PV system defines the power of
PV generator. Later on, depending on the
meteorological conditions and regardless of
the power of the generator, the output of the
inverter is limited (rated output).

Inverters should satisfy EN standards (high
order harmonics, flicker and island opera-
tion).

Three phase inverters should be used for the
purpose of voltage symmetry.

DISCUSSION

In this section, the impact of rules for electric-
ity exchange from PV residential systems on dis-
tribution network, electricity supplier and consum-
ers with PV systems is analyzed.

Impact to the distribution network

There are several works addressing the issue
of impact of PV systems on distribution network
[14, 15]. Generally, PV systems are decreasing the
losses in distribution network and are improving
quality of the power supply. In [16] it is presented
that quality of the power supply is improved if PV
systems are distributed within feeders instead of
PV systems connected in one of the distribution
nodes. In cases when power of the PV systems is
large, losses in distribution feeder are lower if the
PV systems are connected to all nodes. Besides
this, inverters in modern PV systems can generate
reactive power, which can additionally decrease

the losses in the network [17]. Further more, con-
temporary control strategies of PV systems enables
dynamics of the PV system to be decoupled from
those of the distribution network and, therefore, the
PV system does not destabilize the distribution net-
work [18]. Results in [19] indicate that the PV
penetration level should not adversely affect the
voltage on the grid when the distributed PV resour-
ces do not exceed 2.5 kW per household on aver-
age on a typical distribution grid. Results of the
study in New Zeeland [20] have also proved that
only minor overvoltage problems can be expected
in the future, particularly in urban areas where PV
systems are installed.

Impact to the electricity supplier

According to the above-described regulations
for electricity exchange, is planned that the elec-
tricity supplier is obligated to take over the excess
of electricity from PV systems (electricity that is
not consumed by the household). As presented in
Fig. 1 supplier takes over the electricity during day
time, in high tariff (HT), and this electricity is
compensated during night hours in low tariff (LT).
Price difference in tariffs is the profit for the sup-
plier.

In Table 2 is presented one example of a
household with consumption of 7000 kWh per
year, from which 3000 kWh per year are in high
tariff and 4000 kWh per year are in low tariff. The
household has PV system which generates 7000
kWh per year (6000 kWh per year in high tariff
and 1000 kWh/per year in low tariff). Electricity,
which is taken over by the electricity supplier, is
sold to other consumers. In this case, the supplier
has profit of 30 %.

Table 2
Calculation of profit for electricity supplier
Example EE, Price of EE, Price of EE, Total price  Price difference
kWh per year €/kWh €/year €/year €

Consumed electricity — HT 3000 0.09 271.3

452.6
Consumed electricity — LT 4000 0.05 181.2

135.4 (30%)

Generated electricity — HT 6000 0.09 542.7

588.0
Generated electricity — LT 1000 0.05 453

Impact to the consumers with PV systems

According to Table 2, household with
monthly bill for electricity of 48.7 € (584.4 € per

year), consumes annually 7000 kWh. This electric-
ity can be generated by a PV system of 5 kW and
cost of 6000 €. PV modules can be placed on roof
and they occupy 35 m’. The payback period of the
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investment is eight to ten years, in dependence of
ratio high-low tariff, expected rise of electricity
price, bank interest rates etc. In contrast, the opera-
tional life of the system is long event up to and
may be expected to forty years.

CONCLUSION

Paper proposes a set of regulations for elec-
tricity exchange, which will enable installation of
large number of PV systems in R. Macedonia. Pre-
sented analysis confirms that proposed regulations
are well-balanced providing benefit for all partici-
pants (households, electricity supplier and operator
of distribution network). These set of proposed
regulations can be implemented by the aid of legis-
lation, which anticipates quick and cheap proce-
dure for obtaining all necessary documents for the
installation of residential PV system.

From current point of view, payback period
of the investment is eight to ten years. Considering
that, it is expected that the price of electricity
would rise and price of components of PV system
to go down, this period for payback can be short-
ened. On that way, without any financial obliga-
tions for the state, the number of installed PV sys-
tem will be increased and consequently the per-
centage of installed renewable resources in total
energy balance of the state. Additionally, favorable
conditions are created for lowering the emission of
green house gasses.
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A b s trac t: Efficient energy usage today represents one of the most important issues affecting the global
environment which directly reflects on quality of life and doing business by reducing the financial costs of energy
consume. High energy requirements in modern homes and commercial buildings by using various appliances, sys-
tems for heating, cooling and lighting have a significant participation in electricity consumption. In electricity distri-
bution networks, the smart buildings represent a modern approach to applying information and communication
technologies in buildings. The goal is basically to increase energy efficiency and comfort by using various modern
technologies through the high degree of devices and appliances automation. Energy savings in smart buildings is
enabled primarily by appearance of efficient control and consumption management systems in the buildings automa-
tion. Efficient use of energy is achieved by using various types of sensors, intelligent control and executive devices
with programmed scenarios, smart metering devices, remote management of appliances and devices, even and
integration of renewable energy sources themselves into the smart buildings.

Key words: information and communication technologies; building automation system; smart building;
building management system

E®UKACHO KOPUCTEILE HA EHEPTUJA BO MOJAEPHUTE 3I'PAIU

AncTpakT EpukacHOTO KOpHCTEHE Ha eHeprujata JeHec NPeTCTaByBa eHO O/l HajBaKHHUTE Mpallamba Ha
rJ100aJIHO HUBO, OMIEjKU TUPEKTHO ce peduieKTHpa Ha KBAIUTETOT HA )KUBOTOT M pabOTEHETO MPEKY HaMallyBambeTo
Ha (UHAHCHCKUTE TPOLIOLH 3a MOTpOLIeHaTa Ha eHepruja. ['oemMara moTpebda o eHepruja BO MOJCPHUTE JOMOBH U
KOMEPLIMjaTHATE 3rpaay MOpaau ymoTpedara Ha pa3iuYHH allapaTh, YPEAH 3a IPeckhe, IaChe H OCBETIyBamke, HMa
3HAYMTEJICH /e BO MMOTPOIIyBaykaTa Ha eHepruja. Bo cucremure 3a qucTpuOyiyja Ha eNEKTpUYHA SHEeprHja, ma-
METHHTE 3Tpaju NPETCTaByBaaT MOJACPEH MPHCTAN KOH NPUMEHATa Ha HH(POPMALHCKO-KOMYHHKALMCKUTE TEXHOIO-
U Bo 3rpaauTe. Bo ocHOBa, Lenra e qa ce 3roiemar e(hMKacHOCTa Ha eHeprujata U KoM(OopoT co KOPHCTEHhE Ha
pa3NUYHE MOJCPHU TEXHOJIOTHH MPEKYy BUCOKHOT CTEICH Ha aBTOMATH3alMja Ha ypeau H amapard. 3auiTequTe Ha
CNIEKTPHUYHA CHEPTHja BO MAMETHHUTE 3rPajii CE OBO3MOXKEHH MPEX C& cO MojaBaTa Ha e(UKaCHU CHCTEMH 33 KOHTPOJIa
U ynpaByBame Ha MOTPOIIyBadyKaTa BO aBTOMarH3auijaTta Ha 3rpagute. EQUkacHOTO KopuCTeme Ha €Heprujara ce
MOCTUTHYBa CO KOPUCTEH-E HA PAa3IMYHU TUIIOBU CEH30PH, MHTEIMICHTHH YPEIH 3a KOHTPOJIA U H3BPLIYBakhEe CO MPO-
rpaMHpaHH CLEHApHja, TaMETHH MEPHU YPEIH, JalICUHHCKO YIPaByBamke CO YPEIU U alaparty, IypH U CO HHTErpHpa-
B¢ Ha cCaMuTe OOHOBJIMBU W3BOPH HA CHEPIUja BO ITAMETHUTE 3rPa/IH.

Kiyunu 360poBu: nH(GOPMALMCKO-KOMYHHKALIMCKN TEXHOJIOTHI; CUCTEMH 3a aBTOMATH3ALMja Ha 3TPajIi;
HaMeTHa 3rpajia; CUCTEMH 3a YIIPaBYBambe CO 3rpaau

AIMS

The manuscript describe the basic methods
and ways of increasing energy efficiency by using
efficient control and management systems of ener-
gy consumption involved in automation systems of
modern buildings. The goal is to show that with
increasing energy efficiency contributes to finan-
cial savings and for short period of time brings
back the investment. At the same time, the smart

buildings energy efficiency reduces the use of
harmful fuels that affect the environment, which
contributes to better quality and healthier life.

BACKGROUND

Because lately many is exploring how effect-
tively preserve the environment during combustion
process of fossil fuels from harmful gases and par-
ticles, in this manuscript is given a brief descrip-
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tion of modern buildings. By householders and
commercial buildings consumption energy distri-
bution data [1, 2, 3, 4] and by analyzing the energy
efficiency improved in modern buildings by using
energy information and communication technolo-
gies [3, 4, 5, 6, 7], obtained results show that is
possible energy annual savings of 20% and the
investment returning in 5 years.

MODERN SMART BUILDINGS

In order to protect the life environment from
the harmful effects of fossil fuels by reducing en-
ergy consumption, thereby saving funds, to in-
crease work efficiency and living comfort, by im-
plementation of information and communication
technologies in building objects in the last 10 years
are introduced automation systems, known as BAS
systems (building automation system). The build-
ings equipped with automation systems belong to
the category of smart buildings.

The term smart buildings, which may be resi-
dential homes (houses or apartments), buildings of
small, medium and large business firms and indus-
trial plants, means buildings that contain advanced
automation systems allowing it to perform intelli-
gent monitoring, management and control of all
functions in the house.

In the category of smart buildings, living
houses and homes are named smart homes and
business facilities are named smart buildings.

The automation of all systems and their func-
tions of the smart buildings which include heating,
cooling, ventilation, movement of blinds, water
heating, lighting, garden watering, security sys-
tems, conference systems, entertainment devices
like TV, internet, audio and home appliances for
cooking, cleaning, various alerts and reminders, as
well as the usage of energy generated from the
renewable energy sources.

The building automation systems are compo-
sition of a communications network, monitoring
and control devices and executive units. The cen-
tralized management system has a special com-
puter equipped with software programs for central
supervision, control and management.

The communication network is basically con-
sists of the physical connection path through the
appropriate transmission medium, which may be
wire, optical or radio path and communication pro-
tocol. By the physical connection between the ele-
ments of the system and the communication proto-

col is allowed two-way data exchange between
elements of the system. The large and complex
smart buildings communication network may con-
sist of several levels with different transmission
media and various communication protocols.

Monitoring, control and executive units of the
system represent different types of system devices,
sensors, actuators and controllers.

As the word itself suggests, the system units
are devices serving the system and provide power
supply and connectivity of various subsystems by
the power supply devices and communication in-
terfaces. In the case of a centralized system, this
includes the central computer system to the entire
system.

The sensors are devices that in real time
monitor the measurable variables and conditions in
the system. It is used sensors with analog and digi-
tal inputs. The sensors perform measuring analog
values, such as light intensity, temperature or wind
speed belong, to the group of analog sensors. The
digital sensors read only one state of two possible,
as the state of various switches and push buttons. A
special group of sensors are those which monitor,
control and measure the consumption of electricity,
gas and water. They represent the group of smart
metering devices, developed as two-way commu-
nication devices and are intended for monitoring
and control in real-time of consumption and the
cost of measurement media.

The actuators represent the automation sys-
tem executive devices. They exist as analog and
digital output devices. The analog actuators output
value is continuous changing in a defined range
which allows continuous regulation of certain para-
meters, such as continuous change in the intensity
of the light bulb. The digital actuators output has
only one state of two possible. It means that if the
variable output is voltage, the output of the actua-
tor may be powered or not, or if the output is ex-
ecutive relay working contact will be opened or
closed.

The logically connection of sensors to actua-
tors is by controllers. The controllers can be vari-
ous types of PLC controllers programmed to per-
form certain scenarios or provide certain actions
when detecting changes in the system. In the small
buildings monitoring, management and control
functions are performed through the decentralized
intelligent individual devices of the systems which
are communication related interconnected. The
controllers often are built directly into the sensors
and actuators, but also they may be in the form of
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independent logical devices. In large buildings, the
entire automation system monitoring, management
and control is centrally by a special computer sys-
tem called the building management system
(BMS).

ENERGY EFFICENCY

According to Center for Climate and Energy
Solutions C2ES [1] data for 2010, the total energy
consumption for the industry needs, transportation
and facilities in the US, the residential homes and
commercial buildings use 39%. These 39% are
divided as 21% for living homes and for commer-
cial buildings as 18%. Figure 1 and Figure 2 pre-
sent the typical residential homes and commercial
buildings energy consumption distribution.

Space Heating

5%

Electronics

13%

Space Cooiing
15%

Fig. 1. Residential buildings primary energy end use splits
(2010)
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Space Heating
16%

Water .~
Heatin
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Refrigeratinn
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15%

Fig. 2. Commercial buildings primary energy end use splits
(2010)

From the diagrams it is evident that most of
the consumed energy refers to the heating, cooling
and ventilation, as and lighting needs. This indi-
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cates that the segment for heating, ventilation, air-
condition and cooling (HVAC) and lighting sys-
tems offers the greatest opportunity for energy sav-
ings, which especially can effectively manage
through the smart modern automated buildings. It
should be noted that on HVAC and lighting sys-
tems an important role plays control of the motor-
ized blinds.

The most complicated system that is covered
by the building automation system is HVAC sys-
tems, consisting of several components designed to
warm, ventilate and cool and the premises by the
principles of thermodynamics, fluid mechanics and
heat transfer. The HVAC system, besides provid-
ing a pleasant and healthy environment for occu-
pants, should manage and power consumption.
Also there are significant affect of the occupant’s
safety in the building premises providing high
quality air by monitoring of the parameters inside
and outside of the building, such as external
weather conditions, the conditions in different
parts of the building and the presence of occupants
in them. In modern buildings the optimization of
HVAC system is done with the supervision of nu-
merous sensors and active regulation of the system
parameters. On that way the automation system
significantly affect the energy efficiency.

The buildings lighting and illumination sys-
tems due to prolonged period of activity are poten-
tially a large energy consumer, especially due to
long winter nights. The modern buildings equipped
by high degree of lighting and illumination auto-
mation can significantly increase the energy effi-
ciency. Simultaneously, they can increase the liv-
ing comfort and business effects by changing the
intensity of light according to the brightening con-
ditions of the premises, using previously pro-
grammed lighting scenarios, turning off lights in
empty rooms, as and the use high efficiency lamps.

Facade lighting (illumination) is increasingly
becoming a mandatory design and construction ac-
tivities for two reasons. First, an attractive manner
the perception of the object at night conditions, and
secondly, a powerful media tool for conveying
messages. That means extra power consume.
Therefore it is imperative:

1. Careful selection of high-efficiency light
bulbs (LED, which in turn further because of the
smaller size is easier to fit the design of the fa-
cade).

2. Ilumination design concept that will pre-

vent energy contamination of people and the envi-
ronment.
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It means that the facade plastic and its details
can be illuminated as long as necessary, without
unnecessary waste of light, like effect which would
be a perception of the facade different from that in
daylight. To achieve that, what is the ultimate ef-
fect to contribute to energy efficiency it requires
careful selection of suitable lamps and detail
photometric calculation. As example, for lighting
of architecture poles should be selected lamps with
narrow angle of propagation of light (max. 6 de-
grees). This will avoid unnecessary spillage and
interference of light with illuminated adjacent de-
tails from facade plastic. Certainly not to be forgot-
ten the standard automatic switching of lights
which mean a day-night mode with 50% duty cir-
cle in the selected part of the night.

Increasing of energy efficiency is possible by
implementation of the renewable energy sources in
the building automation systems, such as the use of
wind, solar, geothermal sources and small power
plants. Today, it is trend these renewable energy
sources to become an integral part of the whole
energy system in the house.

It should be noted that in addition to direct
energy savings obtained through the automation
systems, there is an indirect energy savings.

A typical example is increasing of the lighting
energy efficiency by measuring the brightness and
adjusting the light intensity in accordance to requi-
red value and at same time monitoring the presence
of the occupants in the rooms, as well as the de-
crease the solar radiation using automated motor-
ized blinds and louver, which especially reduces
the energy need for cooling systems during the
summer.

In last decades, the increase in energy effi-
ciency by using energizers in buildings are imple-
mented by several manner relating to architectural
design and construction undertakings that reduce

Percentage of reduced energy consumption (%)

the thermal conductivity between the external envi-
ronment and building premises, use of highly en-
ergy-efficient appliance and automation systems
implemented in the buildings.

By the architectural design projects and con-
struction measures, besides increasing the thermal
insulation it is necessary to introduce heat accumu-
lators, improving winter solar heating, control of
summer sunlight, and more.

In regard of the older generations of electric
devices, modern energy efficient appliances can
save up to 30% of consumed electricity. Energy
efficiency of appliances in European countries are
ranked in classes marked with the letters A to G,
where the least efficient appliances are labeled G,
and the highest energy efficient appliances are la-
beled A.

RESULTS AND DISCUSSION

When investing in equipment to increase
energy efficiency in smart modern buildings, one
of the most important factors is the magnitude of
increasing energy efficiency and profitability of the
investment. Numerous research centers made many
studies and analyses for energy savings and cost-
effectiveness of automation systems. Depending on
the complexity and purpose of the buildings, used
technology in embedded automation systems and
used methods of energy resources application, it
can be said that the energy savings is ranging from
11% to 31%, or an average value of 20%. The per-
centage savings is based on data presented on Fig-
ure 3 and Table 1 as a result of the study made by
the Association of German Electrical Industry —
ZVEI and the data are presented by the company
ABB [2].

v
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Source: Zentralverband Elektrotechnik- und Elektroindustrie e V. (ZVEI)

Fig. 3. Percentage of reduced energy consumption (%)
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Table 1

Range and maximum value of energy saver

Consumer Maximal saving, %
Room heating control 50
Heating automation 40
Shutter control 45
Lighting control 80
Ventilation control 60

The analysis of energy efficiency is taken that
a household lives in an apartment with an area of
60 m> which includes a living room, two bed-
rooms, kitchen, bathroom and hallway. The heat-
ing is an electric hot water system. The windows of
the living room and one bedroom having a south-
ern orientation and have automated blinds set. The
average daily consumption of electricity is 51.636
kWh/day [3] or per year total of 18.847 kWh. Ac-
cording to EUROSTAT Statistic Explained data
[4], the EU-28 average electricity price for house-
holds is 0.208 €/kWh. From these data, only for
one household which is living in a modern smart
building it is clearly visible that the energy effi-
ciency allows savings of 3769 kWh annually, and
invested price of 4200 € for the required informa-
tion and communication equipment for the neces-
sary automation system based on KNX communi-
cation protocol annually saving € 784 per year and
the investment returns for about to 5 years. On the
other hand, energy efficiency, due to the reduction
of used energy significant impact on the improve-
ment of environmental conditions by reducing the
emission of harmful gases and particles.

CONCLUSION

Technical characteristics of modern smart
buildings directly impact positively on the envi-
ronment, enabling significant savings, improve the
comfort of living and contribute to increased effi-
ciency at work. Increasing energy efficiency re-
duces the usage of fossil fuels that negatively af-
fect the environment and by combustion every day
emit large quantities of harmful gases and parti-
cles. Integration of renewable energy sources in the
smart buildings energy systems approach us to-
wards green houses, concerning buildings which
not use or use minimal quantity of grid distribution
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energy. Lately, in addition to the term smart house
more introduces the term smart distribution grid.
The smart distribution grid further increases the
energy efficiency. Increasing the energy efficiency
is achieved by the two-way interfaces between
buildings infrastructure with the smart grid energy
distribution infrastructure by the newly developed
information and communication technologies.
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INFLUENCE OF COAL QUALITY ON THE BOILER EFFICIENCY
AND OPPORTUNITY FOR IMPROVEMENT

Lidija Joleska-Bureska

ELEM, TPP Bitola, Bitola, Republic of Macedonia
lidija.j.bureska@elem.com.mk

Abstract: Boiler is very important device for developing industry and production, and because of that it is
necessary to optimized its work and in the same time efficiency. Efficiency of the boiler can be determined by two
methods, direct and indirect method. Indirect method for determination of boiler efficiency includes all heat losses in
a system, while direct method didn’t include any losses. In this paper are represent changes of the boiler efficiency
determined with indirect method, according EN12951, part 15, and combustion coals with different quality, differ-
ent heat value and ash content. According the results from the calculations and test, combustion coal with higher heat
value increases boiler efficiency. In this paper also is analyzed influence of the other characteristics of the coal on the
boiler efficiency. Comparison of the results from the calculation with different coal quality, make possible to find out
the proper fuel selection. In order to improve boiler efficiency different opportunities are analyzed.

Key words: boiler efficiency; low calorie value; ash; increase efficiency; comparison

BJIMJAHUE HA KBAJIUTETOT HA JATJIEHOT BP3 EOUKACHOCTA HA KOTJIUTE
U MOXKHOCT 3A IOJOBPYBAILE

A nctpak 1 KoTenor npercraByBa MHOTY BaKeH ypel 3a pa3BOj Ha MHAYCTPHjaTa M IIPOM3BOACTBOTO U
MOpaju MITO € HEOXO/IHO ONTUMH3UPAmkEe Ha Heroparta pabora u edukacHocT. EdQukacHoCTa Ha KOTETOT MOXKe Jia ce
YTBPAH CO JBa METOJA, IUPEKTEH U MHAUPEKTeH. MHANPEKTHUOT METO/I 32 YTBpyBabe Ha e(PUKACHOCTA HA KOTEJIOT
T'M BKITydyBa CUTE 3aryOH Ha TOILTMHA BO €JIH CHCTEM, JI0JIeKa TMPEKTHUOT METOJl He BKIydyBa HUKAaKBH 3aryou. Bo
0BOj TPYJ Ce HPETCTABEHU IIPOMEHUTE BO e(hMKACHOCTA HA KOTEIOT YTBPACHH CO MHAUPEKTHHOT METOJ, CIOpEN
EN12951, gexn 15, co pasnuueH KBaIMTET HA jarJICHOT LITO CE COrOPYBa, Pa3iIMYHA TOIUIMHCKA BPEIHOCT U Pa3jInyHa
compxxuHa Ha mpaB. Cropen pesylraTHTe O] HPECMETKUTE U TECTUPAIETO, COMOPEHUOT jarjieH CO IIOBHCOKA
TOIUIMHCKA BPEJHOCT ja 3rojleMyBa e(pMKacHOCTa Ha KOTEJIOT. Bo 0BOj TPy € aHaIM3MPaHO U BIMjaHUETO HA APYTHUTE
KapaKTepHCTUKU HA jarleHOT Bp3 eduKkacHOcTa Ha KorenoT. Cropendata Ha pe3yNTaTHTE OJf MPECMETKUTE CO
pa3IMueH KBAIMTET Ha jarJieH OBO3MOXYBAa Ja C€ HPOHAjIE COOJIBETHA CENCKLHMja Ha TOPUBO. AHAIM3HPAHHU Ce
moBeKe MO>KHOCTH 32 TI0R00pyBame Ha e(pHKacHOCTa HA KOTEJIOT.

Kuryunu 360poBH: epUKaCHOCT HA KOTEI; HUCKOKAJIOPUYHA BPEIHOCT; MEMEN; 3rOJIEMYBatbe Ha €UKACHOCT;
criopeba

INTRODUCTION 45 into consideration a lot of parameters like pressure,

46 temperature and flow for feed water, primary and

Boiler is a steam generating device, which 47 secondary steam, coal mass flow, analysis of the

produces steam with burning of fuel. In this case 48 flue gas, chemical analysis of the coal, ambient

that is boiler with burning coal-lignite. If the coal 49 condition etc. Those all data are related to each
has higher heat value, then it is able to produce 50 other and required for calculation.

more heat per kg of coal. It is directly proportional 51 For calculation boiler efficiency by indirect

to the efficiency. Efficiency of the boiler should be 52 method, according EN 12952, part 15, we prepare

calculated by two methods, direct and indirect 53 mathematical model in Microsoft Excel. Because

method. The both methods, for calculation take 54 this method has a lot of calculations, Microsoft
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Excel make possible quiet easy to follow changes 39
of the related parameters during change input pa- 40
rameters.

The calculations were made for boiler type 41
Pp-65, installed in TPP Bitola, for five type of coal 47
with different low heat value, from 6.18 to 8.07 43

MIJ/kg, and different ultimate analysis.

In the end of this paper are possibilities to 44

improve boiler efficiency by taking necessary steps 45
on different parameters which directly affected to 46
the boiler efficiency.

47

METHODS FOR CALCULATION OF BOILER 48
EFFICIENCY

There are two methods for determination of 49

boiler efficiency: 50
a) direct method, 51
b) indirect method. 52
53
Direct method
54

In accordance this method, boiler efficiency is 55
calculated by formula:

56
boiler efficiency = w 57
heat input

DG —-i)-D (i —i
ﬂ:&IOO: s(s a) m(m| mz)loo(%) 58
, B Hd 59
(in case with one reheating of the steam). 60
61
Indirect method [2] 62

By this method, boiler efficiency could be de- 63
terminate by determining the following heat losses g4
in the boiler:

L, —loss due to dry flue gas, 65
L, —loss due to moisture in fuel, 66
L; — loss due to hydrogen in fuel, 67
L4 —loss due to moisture in air, 68
Ls — loss due to unburned CO, 69
Lg — loss due to enthalpy and unburned com- 70
bustibles in slag and fly ash, 71
L; —loss due to radiation and convection. -
Boiler efficency 73
=100 - total losses = 74

=100 — (Li+ Ly+ Ly + Ly+ Ls+ Lg+ Ly).

Steps and formulas for determination
heat losses in the boiler
Step 1. Theoretical combustion air required

Uroa = 11.5122)C + 34.29747H + 4.312945 —
-4.321270 (kg/kg)

and theoretical dry flue gas

Vo = 8.8930C +20.97247H + 3.319078 —
~2.642470 +0.7997 y(Nm*/kg).

Step 2. Percent excess air required

A= Yoo

Yo2ada ™ Yo

Step 3. Real dry combustion air mass to fuel

mass ratio,

Had = Maos + Pag Vo (Yoo (Yoraa — Yoro)) (kg/kg).

For real dry flue gas:

Voa = Voo (Yorna/ (Yoms = Youu)) (m/kg).
For wet flue gas

Ha= Ha+ 1 =Yaa (1 = W) + plas (kg/kg)
For dry flue gas:

Haa= Ha = Hino (kg/Kg).
Step 4. Total heat input:
ON)or = mF H(N)iot + O(N)z.

Step 5. Heat losses:
1. Heat loss due to dry flue gas.

O(N)6 = HUoa Cpaa(tg — 1) (kI/kg)

or
L= Q6! HN)ox (%)
2. Heat loss due to evaporation of moisture in
coal,
SO GST (- 1) (Wkg)
or

or

Ly = H,0 ¢,ST (tg — tr)/ HN) (%)
3. Heat loss due to evaporation of water for-

L3 =9YH ¢,ST (tg — tr)/ HN),o, (%).

Mech. Eng. Sci. J., 34 (1), 275-280 (2016)
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4. Heat loss due to the moisture in combus-
tion air,

= Xinoad Maa Cpst (tg — tr) (kJ/kg)
or

Ly= Xinoaa Hoa Cpst (tg — tr)/HN) (%).
5. Heat loss due to the unburned CO in flue
gas,

Jeo = Via Ycos Heon (kI/kg)
or
Ls=VGd yCoy Heco HN) o (%).

6. Heat loss due to the unburned in slag and
fly ash,

Osr = Qs + mF Jps (kW)

or
L6 = QSF/Q(N)lul (%)
7. Heat loss due to the radiation and convec-
tion,
Ore = CQNY /mF (kJ/kg)
or

L7 = QRC/Q(N)lol (%)
Step 6. Sum of all heat losses:
=L+ Lo+ L3+ +Ly+ Ls+ Lg+ Ly (%)
Step 7. Determination boiler efficiency:
77=100—— (Ll +L2+L3+L4+L5+L6+L/7)
Input data and results from the test .
The test was done on boiler 3 in TPP Bitola

with coal marked “coal 1”. Some of parameters
received during the test are showed in Table 1.

Table 1

Parameters on boiler during testing [1]

Pressure of primary steam 13.43 MPa

Temperature of primary steam 540 °C

Coal mass flow 281 t/h
Low heat value of coal 8.0 MJ/kg
Temperature of feed water 236 °C

Those data were used for the next calcula-
tions, only coal was changed and according pre-

Maw. une. nayu. ciiuc., 34 (1), 275-280 (2016)

34
35
36
37

39

49
50

pared Microsoft Excel program were determined
heat losses and boiler efficiency for suitable coal.
Ultimate analyses of different coals are showed in

Table 2.
Table 2
Ultimate analyses of coals [3]
Coal
1 2 3 4 5 6
W (%) 55.9 49 5225 495 48.06 43.83
A (%) 6.6 20 13.5 124 26.15 25.65
C (%) 245 19.7 225 251 1598 1891
H (%) 1.96 1.9 193 195 1.5 1.77
S (%) 0.25 0.7 057 0.76 056 0.61
0 (%) 10.29 8.4 825 987 733 873
N (%) 0.5 0.3 1 042 042 049
Hd (MJ/kg) 800 618 731 807 655 684
Ash analysis

During calculation of boiler efficiency with

coals 2, 3, 4, 5 and coal 6, are appropriating the

same analysis of the slag and fly ash, like analysis
during testing with coal 1, and

— ash temperature f,= 800 °C,

— ash heat value H,,, = 27.2 MJ/kg (according
EN 12951/15).

Results from calculations
Table 3

Results from calculations

Coal
1 2 3 4 5 6

L1 (%) 8.00 8.69 832 822 6.60 745
L2 (%) 231 261 236 203 242 211
L3 (%) 0.73 091 078 0.72 0.68 0.77
L4 (%) 0.17 0.19 0.18 0.18 0.14 0.16
LI+L2+L3+L4 11.21 1240 11.64 11.14 9.84 1049
L5 (%) 0.03 0.03 0.03 0.03 0.02 0.03
L6 (%) 1.27 3.89 238 205 478 449
L7 (%) 041 039 041 041 040 040
n (%) 87.07 83.28 85.54 86.37 84.96 84.60
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Graphical analysis of results

From the results shown in Table 3, can see
that the biggest changes of the boiler efficiency are
result from changes of heat losses L1 and L6, that
is heat losses due to dry gas and unburned in the
slag and fly ash. On the Figure 1 are presented
changes the boiler efficiency caused by changes of

10
11
12
13
14

above mentioned heat losses. From Figure 2, can
be seen that when boiler for combustion use coal
with high low heat value, then his efficiency is
high and opposite. One of the parameter which
have the biggest influence of the boiler efficiency
is ash contain in the coal. This influence is shown
on Figure 3.

10.00 88.00
* - 87.00
8.00 ——
\ ’/\ - 86.00
£ 600 \ / —, 850 L1 (%)
:J{ 4.00 N~ - 84.00 L6 [%]
- 8300 —*—n[%]
2.00
- 82.00
0.00 ! ! ! ! ! 81.00
Coal 1 Coal 2 Coal 3 Coal 4 Coal 5 Coal 6

Fig. 1. The dependence of boiler efficiency by changes heat losses due to dry gas and unburned in the slag and ash.
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T ——1[%
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Fig. 2. The dependence of boiler efficiency by low heat value of coal
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Fig. 3. The dependence of boiler efficiency by ash contain in coal
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B
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Fig. 4. The dependence of boiler efficiency by moisture contain in coal
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Influence of the moisture contain in the coal
on the boiler efficiency is shown on the Figure 4.
There can be remarked that with increasing mois-
ture contain in coal, is increasing boiler efficiency.
This case is opposite from the case when should be
compared coals with the same ash contain, and if
different is only moisture contain, and there in-
creasing moisture contain in the coal, cause reduc-
ing boiler efficiency and opposite. In the case
shown on Figure 4, situation is different, because
in the comparative coals, some of them have lower
moisture contain but ash contain is high and then
reduce low heat value of coal and in the same time
reduce boiler efficiency.

THE OPPORTUNITY FOR IMPROVEMENT
BOILER EFFICIENCY

The proper coal preparation

The proper coal preparation, mean coal with-
out strange parts (stones, steel parts etc.), clean
from dirt, dust but moisture and ash contain have
to be in project range. Dimensions of the coal
pieces have to be in accordance the project, be-
cause bigger pieces cause problems in the milling
system. It is known that milling system directly
has influence on the boiler efficiency because with
better milling, in the boiler has better combustions
with reduced loss due to the unburned in the slag
and fly ash. About influence of the ash and mois-
ture we explained above.

In the coal preparation belong and milling
system. For better milling is very important main-
tenance of the mills, that mean regular control and
repairing of the wear part in order to keep good
clearances.

Elimination the incomplete combustion

Heat production in the boiler depends from
combustion. In order to have organized combus-
tion is very important to eliminate reasons which
bring incomplete combustion, that mean:

— control of the false air in the furnace,

— optimal relation coal-air-water,

— to keep the necessary speed of the secon-
dary air,

— good distribution of the air mixture to the
burner levels etc.

Maw. une. nayu. ciiuc., 34 (1), 275-280 (2016)

46
47

Elimination slaging on the heat surfaces
in the boiler

Deposit on the heat surfaces in the boiler
cause reducing of heat exchange, reducing of
steam temperature in one part of the boiler, and on
other parts increasing. With unequal temperature
distribution in the boiler heat surfaces, boiler work
with reduced load and reduced its efficiency.

control system) for combustion is efficient, reliable
and flexible. DCS of the boiler reduce personal
influence (influence of the operators) on the boiler
work and enable higher efficiency of the boiler.
DSC collects and analyzes all continuous tempera-
tures, pressure and flow measurements, measure-
ment on the oxygen along to the gas ducts etc. and
after that operates with boiler.

Installation of the frequency regulation of drivers

The frequent driver regulation of induced
fans, pumps for feed water and other pumps, mills
(if its type allow), provide better speed control and
reduction on power consumption. Because the
power consumption is function of the speed, then a
little speed reduction, significant will reduce power
consumption. In the calculation of the boiler effi-
ciency, power consumption is included in credits
calculation. Equipment which is included for cred-
its calculation depends of the envelope boundary
covered by the heat balance of the steam generator.

CONCLUSIONS

From above mentioned calculations and
analyses we can conclude that combustion coal
with higher low heat value, lower ash contain and
lower moisture, enable high boiler efficiency. Here
when we used for calculation coals with low heat
value 8.0; 7.31 and 8.07 MJ/kg, for boiler effi-
ciency received: 87.07; 85.54 and 83.37% appro-
priate. And when we used coals with high ash con-
tain (20, 26.15 and 25.65) then boiler efficiency is
lower: 83.28; 84.86 and 84.60.

The prepared program for calculation the
boiler efficiency by indirect method, enable to re-
cord every changes of efficiency by adding a dif-
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ferent values of the data. Its use is easy and quickly
could be prepared diagrams.

NOMENCLATURES

Q. — heat output (kJ/kg)

Q; — heat input (kJ/kg)

D, — primary steam production (t/h)

D,, — secondary steam production (t/h)

H(y) — heat in fuel (kJ/kg)

i, — enthalpy of the primary steam on the
boiler output (kJ/kg)

imis imx — enthalpy of the secondary steam of
the output and input of the reheater on the boiler
(kJ/kg)

H,y—low heat value of the coal (kJ/kg)

B, — coal mass flow (kg/s)

Yoa — OXxygen content in the dry flue gas
(m’*/m”)

Yoaa — OXygen content in the dry air (0.20938
m’/m?)

Ycoa — carbon dioxide content in the dry flue
gas (m3/m3)

Hco, — heat value of carbon monoxide in stan-
dard condition (MJ/m”®)

Puna — standard density of dry air 1.2930
kg/m’

%sn — ash content in the coal (kg/kg)

%, — hydrogen content in the coal (kg/kg)

Ximoad — Water content in air (kg/kg)

v— volatile matter content of ash (%)

MHxs — atomizing steam mass to fuel mass
(kgrkg)

32
33

34
35

36
37
38
39
40
41

42
43
44

45

Mo — mass of water in flue gas to fuel mass
ratio (kg/kg)

¢pea — specific heat for tg of dry flue gas
(kJ/kgK)

¢,st— specific heat for tg of steam (kJ/kgK)

t, — flue gas temperature (°C)

t,— referent temperature (°C)

S.— heat losses with slag (kJ/kg)

Jea — enthalpy on the fly ash (kJ/kg)

mg— coal mass flow (kg/s)

Onyz — heat credit include the pulverizer
power, recirculating gas fan power, power of circu-
lating pumps and any other drive motors (kJ/kg).

Ox — maximum useful heat output (MW).
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CLIMATE CHANGE IMPACT ASSESSMENT OF CULTURAL
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A bstract: Cultural and natural heritage in the Ohrid are not only the most important category of heritage in
Macedonia, but probably groups that will be most susceptible to impacts of climate change in the next few decades.
Frequent flooding and extreme weather events (storms, winds) can cause considerable damage to biological species
and of historic buildings too. Therefore, a climate change impact assessment on natural and cultural heritage of the
Ohrid region was prepared through detail identifying and describing of the vulnerable biodiversity and monuments.
The methodology was established through analyzing of the risk vulnerability, to detect the consequences of climate
change. It was done by an archeologist from IECE and ecologist from CEIM after few field and desk research. The
results from the given assessment were more damage and increased loss of natural and cultural heritage in the Ohrid
region. Mitigation plan and recommendations were part of the assessment. This paper presents an approach to con-
tribute to understanding of the current impacts of climate change on natural and cultural heritage in the Ohrid region
as an important precondition for tackling this challenge in the future.

Key words: climate change; ohrid; cultural and natural heritage

IMPOIIEHA HA BJIMJAHUETO HA KIMMATCKUTE IPOMEHHU BP3 KYJTYPHOTO
U IIPUPOAHOTO HACJEACTBO BO OXPUJACKHUOT PETHOH

AncTpaxk 1 KyITypHOTO M MPpUpOAHOTO HAcHeACTBO Bo OXpua HEe caMo LITO € HajBayKHATa KaTeropuja Ha
HACIIeCTBOTO BO MakeqoHHja, TYKy BEpOjaTHO crara BO IPYyMHUTE IITO K€ OMAAT HAjIOJJIOKHH Ha BIMjaHHETO Ha
KIMMATCKUTE IPOMEHH BO CICAHHUTE HEKOJIKY ACUeHHH. YeCTUTE MOMIaBH 1 eKCTPEMHHTE BPEMEHCKH 1ojaBu (OypH,
BETPOBH) MOXKAT Jia MPEAU3BHKAAT 3HAUUTENIHA LITETa HA OMOJIOLIKKTE BUIOBH U Ha MCTOPUCKUTE 00jeKTH. 3aToa,
Oelre HalpaBeHa IPOLICHA HA BIMjaHHETO HA KIUMATCKUTE MIPOMEHHU BP3 NPHPOJHOTO U KYJITYPHOTO HACIEACTBO BO
OXPHUICKHOT PETHOH MPEKY ACTAIH KO IO HACHTU()UKYBAAT U ONHIIYyBAaT PAHIHBHOT GHOANBEP3UTET U CIIOMEHHULIU-
Te. Merozonorujara Oelie yrBpAeHa NPeKy aHajln3a Ha PaHIMBOCT Ha PH3HUK 3a Jia C€ JACTEKTUPAAT MOCICIULIUTE O]l
KINMaTCKUTe NpoMeHH. [IpoleHara ja HampaBHja eleH apxeosior of WHCTHTYTOT 3a MCTpaXkyBama Ha )KMBOTHATA
cpeanHa, TPaICKHUIITBOTO U SHEPreTHKATa U €ICH EKOJIOT 01 I paIe)kHHOT HHCTHTYT Ha MaKkeIoHHja IpeKy HeKO-
Ky MCTpa)KyBarba Ha TEPeH U BO KaHLelapuja. PesynraTure ol NpoleHaTa oKaaa IOrojieMH IITETH U 3rojieMeHa
3ary0a Ha OPUPOAHTO M KYJNTYPHO HACJIEICTBO BO OXPUICKHOT pernoH. Jlen ox mporeHaTa.0ele miaH 3a yonaxysa-
BC Ha pU3MLHTE, Kako U npenopaku. OBOj Tpyn mpeTcTaByBa 0OH[ 3a HPHIOHEC KOH pa30MparmeTo Ha TEKOBHHUTE
BIIMjaHHja Ha KIMMATCKUTE MPOMEHH BP3 MPUPOJHOTO M KYJATYPHO HACICICTBO BO OXPHICKHOT PErHOH, KaKO CICH
Ba)XCH IPEIYCIIOB 3a CIPAaBYBAEbE CO OBOj MPEAM3BHK BO HAHUHA.

Kiyunu 300poBM: KIuMaTcku npoMenn; OXpua; KyITypHO M IPUPOJHO HACIEICTBO

INTRODUCTION heritage. Cultural and natural heritage in Ohrid are

not only the most important category of heritage in

Ohrid region is one of the 981 places on the Macedonia, but probably groups that will be most
planet Earth whose values belong to the entire susceptible to impacts of climate change in the

mankind as UNESCO World natural and cultural next few decades. The assessment of the impacts
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of climate change must account for the complex
interactions within and between them. Climate
change effects in the Ohrid region are reality. It is
predicted that climate change will cause raisin of
the Ohrid Lake level, higher air temperatures and
disrupted rainy seasons in region. As the Ohrid
Lake largely regulates the climate, changes in wa-
ter temperatures and currents are already altering
the frequency, intensity, and distribution of storms,
floods, heat waves, and the amount and distribu-
tion of rainfall. The most recent reports from the
Intergovernmental Panel on Climate Change
(IPCC) confirmed that a high percentage of the
world's species will face increased risk of extinc-
tion unless actions to mitigate those risks and to
adapt to climate change will be taken.

Climate change affects biodiversity in many
ways [1]. Impacts on species include changes in
distribution and abundance, the timing of seasonal
events and habitat use and, as a consequence there
are likely to be changes in the composition of plant
and animal communities. Habitats and ecosystems
are also likely to change character by, for example,
showing altered water regimes, increased rates of
decomposition in bogs and higher growth rates in
forests [2]. Based on expert assessments presented
in the Third National Plan for climate changes [3]
in the Ohrid region as the most vulnerable natural
category are the habitats in highly-belt of Mt.
Galicica and Lake Ohrid itself.

Terrestrial ecosystems on Mt. Galicica are
subject to many pressures, such as changes in land
use, uncontrolled / illegal logging, grazing of live-
stock, introduction of non-indigenous species, and
natural climate variability. Climate changes reduce
the stability of ecosystems which comes to the
emergence of new, more competitive species of
flora and fauna, including pests and pathogens.
The transformation of vegetation communities and
forests lead to creation of new conditions for
fauna, especially insects, amphibians, reptiles and
birds. The impact of climate change on certain eco-
system will depend on its location (placement),
combined with climate needs of the species that
inhabit it. The response of natural ecosystems to
climate change is complex and has not yet been
sufficiently studied. Small, fragmented and isola-
ted ecosystems that doesn’t have genetic potential
for adaptation, nor capacity for spatial relocation to
a new site, are practically vulnerable and threat-
ened [4].

The impact of climate change on fresh water
ecosystems is expressed through a series of

changes, primarily by changing of the hydrological
cycle. The water will warm up, ice-free periods
and duration of temperature stratification will be-
come longer. The water temperature is a major de-
terminant of water quality and its increase will lead
to a chain of events that could affect the composi-
tion of biological communities. Aquatic organisms
are adapted to the existing temperature conditions
over the lake. The content of oxygen in the water,
development cycles and conditions of feeding fish
and crustaceans (such sensitive species) depend on
the water temperature in the lake. As the worst ef-
fect of climate change on the Ohrid Lake are the
problems associated with natural aging and eutro-
phication of the water body which could become
increasingly pronounced. If Lake Ohrid continues
to be exposed to increased nutrients and warming
processes, the deep water layers will become so
dangerously stagnant that they may destroy all
wild life when a mixing process eventually brings
the deep stagnant low oxygen water to the top [5].

Changes in air temperature and precipitation
have direct effects on the physical, chemical, and
biological characteristics of lakes (Table 1), and
they also operate on lakes indirectly via modifica-
tions in the surrounding watershed, e.g., through
shifts in hydrological flow pathways, landscape
weathering, catchment erosion, soil properties, and
vegetation [6].

Table 1

Climate change effect on lakes

Physical effects of
climate change

Disorder in basin integrity, water
balance, temperature and
stratification, ice cover

Chemical effects of

climate change In-lake effects, catchment effects

Biological effects of
climate change

Problems with ecosystem
integrity, vertical habitat
structure and photosynthetic
communities

Changes in light and nutrient availability that
accompany climate change will also have a quali-
tative effect on species composition and diversity
at the primary producer level, which in turn may
impact on higher trophic levels. A major concern is
related to the ability to change the composition of
phytoplankton species towards dominance of blue-
green algae. The ecological significance of blue-
green algae extends beyond their productivity,
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since many of these organisms are capable of
modifying their habitats through the producing of
“blooms” and synthesis of biologically active sub-
stances known as cyanotoxins [7]. The biological
responses to the physical and chemical changes
noted here involve multiple interactions, feedbacks
and complex nonlinear responses that are not pos-
sible to fully predict on the basis of current knowl-
edge. However, a great variety of direct and indi-
rect effects can be identified as some of the likely
impact pathways of ongoing climate change [6].

At the broadest scale, climate change has the
potential to radically alter the physical structure of
lake ecosystems and thereby cause the extinction
or alteration of aquatic biota. For example, the
coastal reeds belt of macrophyte in the Studeciste
marsh which are important nesting and breeding
part for birds and the majority of species of fish is
fragmented due to climate change.

CULTURAL HERITAGE IMPACT

Although cultural heritage is not recognized
to be one of the most vulnerable sectors to climate
change globally, it is an important and urgent issue
in Europe as well (e.g. Palmer 2014 — Council of
Europe). This is fact, widely accepted among the
scientific community.

This was stressed for Macedonian conditions
in the Third National Communication (TNC) to
United Nations Framework Convention on Climate
Change (CC). Climate change will have a direct
effect on cultural heritage, through the physical
changes in the environment that change the con-
servation materials at the cultural site. Now we
can see only the beginning of the physical
changes. Mean global temperatures have risen
by 0.7 °C in the course of the last century and the
global sea level is rising over three milimetres a
year. The effects from the climate change in the
Ohrid region UNESCO protected cultural heri-
tage sites in the future will be caused by a
warmer climate and more frequent extreme
weather.

Climate change will effect the Ohrid cultural
heritage also even more in a indirect way. Meas-
ures to reduce greenhouse gas emissions will affect
the whole of society, including the cultural heritage
field. Unlike climate changes, which occur slowly
and whose effects are mostly felt only after a long
time, society s responce to climate change is al-
ready having consequensces for the management
of cultural heritage.

Mawi. unic.nayu. ciuc., 34 (1), 281-288 (2016)

The climate will affect the built environment
to impact such as humidity, temperature fluctua-
tions and wind [11]. Biological, physical and
chemical decomposition processes of the cultural
heritage in the Ohrid region will be expected to be
affected.

Table 2

Climate change effect on cultural monuments

Physical effects ~ Physical decomposition of clay and

of climate materials that contain clay, flaking

change plaster or cracking and fragmentation
of pointing, stones, bricks and concrete

Chemical
effects of
climate change

Chemical decomposition, increase of
the risk of corrosion of metal structures
and building elements, stone, marble
and limestone, change in materials che-
mical decomposition of stone, metal

and wood
Biological Biological decomposition of wooden
effects of elements and wooden building, biolo-

climate change gical growth, increased risk of rot and

pests, moisture and humidity growth

BIOLOGICAL DECOMPOSITION

Climate change will subject biological de-
composition of the wooden buildings and building
elements in the Ohrid region to an increased risk of
rot and pests, while increased biological growth
could lead to the faster decomposition of all kunds
of buildings. This will impact especially the
wooden decoration and elements in the byzantine
and postbyzantine churches. The biological de-
composition of timber requires a certain amount of
humidity. Moisture is one of the biggest problems
for the damage to buildings. With more extensive
rainfall in future, the effects of humidity on build-
ings will become an even greater challenge [11].

BIOLOGICAL GROWTH

Buildings and sites from the Ohrid region that
are not regularly maintained will become colonized
by biological organisms, like mosses, algae and si-
milar. More vegation aroung buildings creates more
humidity and slows the drying-out of the outer skin
of the building, thus leading to the growth of fungi
and algae [12]. Not only timber buildings, but also
brick and concrete can be affected by decompo-
sition caused by biological growth, primarly
through plant roots growing into and expanding
cracks in the wall. Increased biological growth will
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affect not only buildings, but also whole cultural
environments and landscapes.

PHYSICAL DECOMPOSITION

Climate change will bring risk of frost dama-
ge in the Ohrid regon. Clay and materials that con-
tain clay will be exposed to increased decomposi-
tion [11]. Frost damage occurs when water collects
in cracks and pores and freezes. When water
freezes into ice it expands and can therefore cause
building materials to crack. The effects on built
cultural heritage sites include flaking plaster or the
cracking and fragmentation of pointing, stones,
bricks and concrete [11].

CHEMICAL DECOMPOSITION

Climate change will increase the risk of cor-
rosion of metal structures and building elements in
the Ohrid region. The chemical decomposition of
stones like marble and limestone that contain car-
bon will probably increase [11]. More humidity
could also increase the risk of concrete cracking.

Chemical decomposition involves a change in a
material’s chemical decomposition. Stone, metal
and wood are all subject to chemical decomposeti-
on, often together with physical and biological
processes.

An increase in extreme rainfall episodes could
lead to the more frequent incidence of damp in
buildings of the Ohrid region and an increase in
damp damage. The risk of flash flooding, land-
slides and avalanches will also increase, and thus
cultural heritage in the Ohrid region will probably
be particularly vulnerable to landlides and ava-
lanches.

METHODS

Climate change Impact assessment on natural
and cultural heritage of the Ohrid region (Figure 1)
is a study financed by MoEPP in 2015. It was pre-
pared through detail identifying and describing of
the vulnerable biological diversity and cultural
monuments. The methodology was established
through desk and field analyzing.

Fig. 1. Ohrid region as UNESCO site
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Once a review of relevant literature had been
completed, including reports and previous assess-
ments, a several times drive in the the area was
made by ecologists and EIA experts from Civil
Engineering Institute “Macedonia” (CEIM) and an
archeologist from IECE. The purpose of this was
to identify areas of natural and cultural of conser-
vation importance.

RESULTS AND DISCUSSION
Impact on natural heritage
Biodiversity is recognized to be one of the

most vulnerable sectors to climate change globally
[8]. It is an important and urgent issue in Europe as

well (e.g. Usher 2005 — Council of Europe). This is
an indisputable fact, widely accepted among the
scientific and policy making community. This was
stressed for Macedonian conditions in the First
National Communication (FNC) and Second na-
tional Communication (SNC) to United Nations
Framework Convention on Climate Change (CC).
Anthropogenic impact combined with climate
change impact has significant role in vulnerability
assessment of the biodiversity. The alpine belt is
the most vulnerable to climate change due to the
most intensive air temperature rise in alpine and
subalpine regions, according to the local climate
scenarios. Loss of the alpine belt can be expected.
According to Melovski et al. (2013) plant and ani-
mal species on the Mt. Gali¢ica which are vulner-
abile are presented in Tables 3 and 4.

Table 3
Summary of plant species in the Ohrid region vulnerable to climate change
Species Taxonomic group Ecosystem/biome Remarks
Crocus cvijici Iridaceae In places where snow melts Endemic on Gali¢ica
Centaurea soskae Asteraceae Endemic on Galicica

Table 4
Summary of animal species in the Ohrid region vulnerable on climate change
Species Taxonomic group Ecosystem/biome Remarks
Montenegrina stankovici Gastropoda Rocks and cliffs Endemic species of rocky places at the foot
of the Mt. Galicica, near lake
Tandonia macedonica Gastropoda Mountain ecosystems Endemic to Mt. Gali¢ica

Arctodiaptomus niethammeri Crustacea

Arctodiaptomus osmanus Crustacea

Heterocypris gevgelija Crustacea

Saga pedo Orthoptera
Ceutophyes karamani Coleoptera
Dorcadion macedonicum Coleoptera
Duvalius vignai Coleoptera
Ochridiola marinae Coleoptera
Trechus Galicicaensis Coleoptera

Glacial lakes and temporary waters
Glacial lakes and temporary waters
Temporary waters

Pastures

Caves

Alpine pastures

Beech forests and rocks

Endogenous habitats, Endemic to
Mt. Galicica

Mountain rocky parts

Mt. Gali¢ica

Mt. Galicica

Mt. Galicica

Isolated populations present on Mt. Galicica
Endemic to the caves of Mt. Gali¢ica
Endemic to sub-alpine habitats Mt. Gali¢ica

Endemic to Mt. Galicica

Endemic to Mt. Gali¢ica

Endemic to Mt. Gali¢ica

Species that are likely to be the strongly af-
fected by projected climate changes are: butterfly
Parnassius apollo (Figure 2/3) and plant Crocus

Mawi. unic.nayu. ciuc., 34 (1), 281-288 (2016)

significant impact on the survival of populations of
Apollo butterfly, because their populations are
pulling in higher altitude of the mountain. Based
on investigation there are evidences of the eleva-
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tional pattern of the Apollo butterfly, during the
past decades to assess the effect of global warming
at a regional scale. Crocus cvijicii is rare species
and Mt. GaliCica is a locus classicus for this spe-
cies [9]. Due to the specific environmental needs
of the species (altitude over 1,800 meters on the
edges of snowdrifts that melt in the spring), this
species is particularly sensitive to climate change.
So climate change will increase the temperature
and this will lead to shorter retention of snow on
the mountain, which will lead to the disappearance
of many species.

According to the research, climate change
will effects physical, chemical and indirecty
biologigal characteristics of Ohrid Lake. As a re-
sult of water level fluctuations in the Ohrid Lake
shore can be seen only fragments of macrophyte
vegetation. Threatened plant community is: ass.
Caricetum elatae subass. Lysy machietosum (Fig-
ure 2/1) and threatened plant species are: Carex
elata, Senecio paludosus, Ranunculus lingua [10].

From the fauna the most obvious is the global
warming impact on the endemic and relict fish —
Ohrid trout Salmo ochridanus (Figure 2-4) which
lives in the deep layers of the Ohrid Lake.

Fig. 2. Threatened plant and animal species

It is thought that an increase in 30°C water
temperature in the lake in summer can cause juve-
nile representatives of trout to consume eight times
more food than the food which they can maintain.
Ohrid trout achieved sexual maturity by the age of
4 to 5 years and breed in the winter months, de-
pending on climatic conditions, from October by
the end of February in gravel sections of the Ohrid
Lake, near the shore.

Impact on cultural heritage

Climate change is a serious threat also to cul-
tural heritage of the Ohrid region, because cultural
buildings and heritage can not adapt to the climate
and to higher temperatures, more frequent droughts
and more extreme weather events. Because of this
numerous number of cultural heritage sites and
buildings are inevitably expose to risk variety.
Climate changes in the Ohrid region will result in
the disappearance or reduction of the number of
cultural buildings and material. Based on expert
assessments presented in the Third National Plan
for Climate Changes [3] and expert assessments
from the project of the climate change influences
in the Ohrid region cultural heritage as the most
vulnerable category are the byzantine and cave
churches, archaeological and underwater archaeo-
logical sites (Table 5).

The biological decomposition of timber re-
quires a certain amount of humidity and moisture.
The effects of humidity on buildings will become
greater and moisture will efect especially the
churches without roof like the cave churches St.
Archangel Michael (Figure 3/4), Radozda, The
Holy Mother of God (Pestani) and St. Erazmo.

Timber buildings, brick and concrete can be
affected by decomposition caused by biological
growth, primarly through plant roots growing into
and expanding cracks in the wall. According to the
fast vulnerability assessment they will affect build-
ings, whole cultural environments and landscapes,
like the archaeological sites of the Antic theater,
archaeological site Plaosnik (Figure 3/2), medieval
fortress and Studenciste.

Regarding the physical decomposition, cli-
mate change will bring risk of frost damage in the
Ohrid regon. The effects on built cultural heritage
sites include the cracking and fragmentation of
stones, bricks and concrete, which can be seen in
the cave churches in Ohrid, in the houses from the
old Ohrid architecture, as well as on the exterior
walls of the byzantine churches in the Ohrid re-
gion.

Due to the climate change the chemical de-
composition of stones like marble and limestone
that contain carbon will probably increase. Climate
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changes will increase the risk of corrosion and
cracking of metal structures and building elements
[11]. Stone, metal and wood are all subject to
chemical decomposition, often together with physi-

cal and biological processes. Especially underwater
archaeological sites will be effected but also the
marble and limestone from all the byzantine and
postbyzantine churches in the Ohrid region.

Table 5
Review of building types in the Ohrid region vulnerable on climate change
Name Type/Dating Vulnerability Effects of climate change/decomposition
St. Sofia Byzantine church, Neutral/ negative ~ Physical, chemical, biological decomposition

St. Holy Mother of God
Perivieptos

St. Naum

St. Jovan Theologian, Kaneo
Plaosnik

St.Nicholas Bolnicki

St. Holy Mother of God,
Zaum

St. Holy Mother of God
Bolnicka

Samuil Fortress

Antic theatre

Zaliv na koskite,
Ploca — Mikov Grad

St. Arch. Michael
RadoZda

The Holy Mother of God
Pestani

St. Erazmo

Old Ohrid house

XI century

Byzantine church
1294/95

Byzantine church
X century

Byzantine church
Before 1447

Archaeological site
V century

Byzantine church
1330-1340

Byzantine church
1361

Byzantine church
1335-1345

Medieval fortress
X century

Archaeological site/

200 BC

Underwater arch. Site

1500-700 BC

Cave church
XIII century

Cave church
XV century

Cave church
XIII century

Architecture
XIX century

Neutral/ negative

Neutral/ negative

Neutral/ negative

Negative

Neutral/ negative

Neutral/ negative

Neutral/ negative

Negative

Negative

Negative

Negative

Negative

Negative

Neutral/ negative

Physical, chemical, biological decomposition

Physical, chemical, biological decomposition

Physical, chemical, biological decomposition

Biological, physical decomposition

Physical, chemical, biological decomposition

Physical, chemical, biological decomposition

Physical, chemical, biological decomposition

Biological decomposition

Biological decomposition

Chemical decomposition

Physical decomposition

Physical decomposition

Physical decomposition

Physical decomposition

Fig. 3. Threatened cultural heritage
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The effects of climate change on archaeolo-
gical material can be dividied into: the effects on
archaeological material above the ground, in the
ground and underwater. Climate change will bring
changes to the water balance in the ground. It is
very important for preserving archaeological mate-
rial that the environment around it is stable, this
especially implies to the archaeological material
like coins and other objects made from metal. If
the environment changes, the chemical balance
that has been maintaned between the object and its
environment is disturbed, leading to renewed de-
composition [11]. Increased erosion and higher
temperatures will affect archaeological material
and sites in lakes and fresh waters, like the ar-
chaeological underwater sites, like Zaliv na koskite
—Ploc¢a Mikov Grad (Figure 3/3).

CONCLUSION

Following conclusions could be made:

— The climate change impact on ecosystems
will depend on the land and water management and
the interaction with other pressures. Climate
changes will reduce the stability of ecosystems,
which comes to the emergence of new, more com-
petitive species of flora and fauna, including pests
and pathogens. The transformations of vegetation
communities and forests, will lead to the creation
of new conditions for fauna, especially insects,
amphibians, reptiles and birds.

— The most vulnerable ecosystem in the Ohrid
region are oak and white hornbeam forest, hilly
pastures, beech forest, alpine grassland and Lake
Ohrid.

— To reduce the impact of climate change ex-
pressed through temperature fluctuations uneven
rainfall, frequency of extreme events such as
droughts, heat waves and forest fires are needed
adaptation measures. Adaptation measures to cli-
mate change can be categorized as:

— Ecosystem adaptation measures which op-
timize the use of existing natural systems to create
and strengthen resilience to climate change.

— Structural adjustment measures, which in-
clude specific engineering facilities often, have a
protective function against or ancillary effects of
climate change.

— Institutional adaptation measures include
the design, implementation, implementation of
regulatory policy, education and activities for the
organization of institutional responses to climate
change [10].

— The consequences of the effects of climate
change will result in more damage to cultural heri-
tage in the Ohrid region and increased losses.

Recommended measures would be:

— Identification, mapping and documentation
of cultural heritage sites that are particularly vulne-
rable to damage

— Repairing climate-induced damages to cul-
tural heritage sites, intensification of exterior main-
tenance and vegetation management of cultural
heritage sites [13].

— Measures to improve conservation conditi-
ons for archaeological material in the ground, mo-
nitoring and developing knowledge and expertise.

The century long synthesis of the ancient na-
ture and the remnants of the material and spiritual
heritage of several civilizations that had stayed in
this region or just passed by, the quality and diver-
sity of the cultural heritage, as well as the excep-
tional conservation and genuine protection, make
this a unique region. Intensive climate changes can
destroy it, so mitigation measures should be taken
urgently.
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A bstract: Introducing new technology in the agro industry in Macedonia at this stage is of paramount im-
portance for the SMEs in order to be competitive on the domestic and international markets. The importance is even
greater when that technology is related to environment since that is an area in which the legislation is becoming stric-
ter. The National Cleaner Production Centre — Macedonia is implementing a project that will help companies from
the agro industry in Macedonia to adopt low carbon technologies according the UNIDO approach — dematerializing
products, increasing process efficiencies, minimizing process emissions, switching to low carbon inputs and closing
the carbon loop. This paper presents the challenges and results achieved in the process of implementation of the Low
Carbon Technologies in a company from the agro industry in Macedonia. The selected company is a dairy with tradi-
tional production processes interested in lowering the environmental burden and improving its competitiveness.

Key words: low carbon technologies; cleaner production; sustainable development; agro industry

INTPUMEHA HA TEXHOJIOI'HU 3A HAMAJITYBAIBE HA EMUCHUUTE HA CTAKJIEHUYKHA 'ACOBHA
BO KOMITAHUHA O ATPOUHAYCTPUJATA BO MAKEJJOHHUJA

AmcTpakT: BoBenyBamero Ha HOBM TEXHOJIOTUH BO arpo MHAycTpHjaTa Bo MakenoHuja Bo oBaa (asa e ox
OrPOMHO 3HAYEHE 32 MAIUTE U CPEAHH MPETIPHjaTHja CO LIeJ THE Ja OMAAT KOHKYPEHTHU Ha JIOMALIHUOT U MelyHa-
poxHHTE na3zapy. BaxkHOCTa HAa HOBHTE TEXHOJIOTHH € YIITE IOrojieMa Kora THe TeXHOJOTHHU ce BO (DYHKIMja Ha 3ail-
TUTA Ha J)XUBOTHATA CpeIUHA, OMIEjkU Toa € 00JacT BO Koja HAIMOHAIHOTO 3aKOHOAABCTBO MOCTOjaHO IOCTaByBa
MOBHCOKH KPUTEPUYMH 338 KOMIaHUUTE. HalMOHAIHUOT 1IeHTap 3a IOYKCTO MPOU3BOACTBO — MakeoHH]ja CIIpoBeny-
Ba MPOEKT KOj K& UM IIOMOTHE Ha KOMITAaHUUTE OJ] arpo HHIyCTpHjaTa BO MakeoHHja a ' MPUMEHAT TEXHOJIOIHUTE
3a HaAMaJlyBamhe Ha EMHCHHTE Ha CTaKJIICHHYKU racoBH coryiacHo npuctanor Ha YHUJIO — nemartepujanuzanuja Ha
MPOU3BOJIUTE, 3roJeMyBambe Ha e(hUMKACHOCTA Ha MPOLIECUTE, MUHUMHU3HPAhe Ha EMUCHHTE O] IPOLIECUTE, IPEMHUHY-
BamC Ha BJIC3HU CYpPOBHMHH KOHM HE 0asupaaT Ha jarjiepof U 3aTBOpame Ha jarfiepoAaHUoT Kpyr. OBoj TpyA T MpHKa-
XKyBa MPEAU3BUIMTE U PE3YNTATHTE IOCTUTHATH BO IPOLIECOT HA MPUMEHA Ha TEXHOJOTHHU 332 HaMaJlyBahe Ha eMUCH-
WTE Ha CTAKJIICHWYKH FacOBH BO €[jHa KOMIIAHMja Of arpo MHIycTpHjaTa BO Makenonuja. Vi30panata koMnaHuja € o1
HHIYCTpHjaTa 3a NpepadoTKa Ha MJIEKO M MJIEYHH MPOM3BOJM CO TPAJULHOHAIHU MPOU3BOIHM MPOLECH YUE PAKO-
BOJICTBO MOKa)KyBa IOCTOjaH MHTEPEC 32 HaMajlyBaibe Ha 3araJyBamaTa Ha KMBOTHATA CPEMHA M 3TrOJEMYBambe Ha
KOHKYPEHTHOCTA.

Kiny4ynn 360poBH: CTaKJICHIYKU [ACOBYU; YHCTO IIPOU3BOJCTBO; OJUKIINB Pa3BOj; arPOUHIYCTPH]ja

INTRODUCTION It is positioned as well-known company for
milk products in Macedonia and has a good distri-
bution network over all country mainly in leading
supermarket stores. It's excellent cheese brands
(white cow, mixed, sheep and goat cheese) and
yogurt (cow and sheep yogurt) is easily recognized
and accepted by customers, giving everybody with
it concurrent prices a good choice for fresh and
tasty milk product.

As a private established company which pri-
mary orientation is production and processing of
milk and milk products and their distribution, over
the past period it has noted a continuous progress
on production line mainly of various types of
cheese and yogurt, followed by production of pas-
teurized milk, liquid yogurt, curds and other milk
products.
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Formed in 1991 as a result of existing reforms
and optimizations followed by splitting of existing
agricultural complex, it is formed as a separate
unit, concentrated on cattle growing and produc-
tion of milk and milk products.

In it's today configuration, we can identify
five business sectors:

1. Farming, with main interest production of
cattle food. It satisfies 70% of needs for food
of cow and goat farms. Main production is
wheat, barley, alfalfa, vetch, fodder beet,
corn silage and other products.

2. Cow farm with total daily production of milk
of 40006000 liters.

3. Sheep farm, closed mid of 2015.

4. Dairy, with daily capacity of 20000 liters
fresh milk.

5. Administration facility.

Total number of employees at dairy unit is 22
people, working in two shifts. Its main business is
processing of milk and milk products and its distri-
bution.

Production program at this moment consists
of:

— Production of white cheese (cow, mixed,
goat and sheep).
— Production of yellow cheese-kashkaval.
Production of solid yogurt.
Production of curds.

Situated in the south and the south-east part
of Republic of Macedonia it experiences a Medi-
terranean climate with fairly little rain, strong
winds, and sometimes small amounts of snow dur-
ing the winter followed by low but acceptable tem-
peratures during winter and high temperatures dur-
ing summer. The quantity of rain and snow falls
during the year is relatively small, around 600-750
mm of rain and 9 days of snow during the whole
year. There are around 55 ice days during the year
and the winds in the ravine are frequent. The sunny
days capture most of the days in the years, around
2540 hours every year. The humidity in average is
around 71%, it has lower value in July, and higher
in January.

The mission

The management team is proactive and has
the vision to understand that implementing a stra-
tegic approach can bring return on investment in
environment-related measures. Having in mind that
the company is one of the bigger milk production
companies in Macedonia and also obligated to
maintain HACCP procedures, it is obliged to satis-

fy the high production and environmental stand-
ards. However the company is committed to im-
prove its performances continuously and this is the
reason why it is part of the Low Carbon Project.

IMPLEMENTATION

Following practical steps of previous success-
ful implemented projects, a couple of meetings
were made as a startup point. Interactive presenta-
tion was made about UNIDO, cleaner production
and low carbon technologies. Practical results of
National Cleaner Product Center — Macedonia
were presented through couple of case studies.

During this period top and middle manage-
ment team of the company showed big interest and
devotion for implementing these principles. Practi-
cal success of presented projects was starting point
for top management to make final decision to ac-
cept implementation of low carbon principles in
the company. For this purposes LC team was cre-
ated consisting of 4 people from production, main-
tenance and management area of the company, and
two CP experts from NCPC-Macedonia (Fig. 1).
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Fig. 1. Smiley diagram

Initial environment assessment

Following the UNIDO accepted tools and
methods like Smiley diagram and environmental
questionnaires were prepared before site visit and
initial environmental assessment was performed.
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During initial assessment several site visits
were performed with the main objective to discuss
and been introduce with general environmental
issues within the company as follows: waste gene-

Storm water

Do you know where the storm water drains on your
premises are located?

TYes fINo ON/A

Do you have any features or procedures in place to
prevent storm water pollution?

Yes HINo [IN/A

Are the storm water drains around your business
free of pollution? (litter, sand, metal shavings etc.)

Byes 1No (IN/A

Do you store all equipment, materials and liquids so
that spills or leaks could not enter the storm water sys-
tem?

FiYes 1No ON/A

Do you regularly clean up the surface areas around
your premises?

BYes 0No ON/A

Do you use a broom instead of a hose to sweep and
clean up the surface areas around your premises?

BYes 0No ON/A

Waste water

Do you have a permit from the local water authority
(if needed)?

TYes fINo ON/A

Do floor drains in the work area drain to either a
storage tank or direct to the sewer?

Byes 1No IN/A

Do you use a vacuum cleaner (appropriate to the
process) to clean up dust and sand?

FiYes 1No ON/A

Ground water
Do you know if your site has groundwater under it?
BYes 0No ON/A

If there is groundwater under your site, do you take
precautions to prevent pollutants from entering the
groundwater?

Byes 1No IN/A

Raw material
Do you know the composition of your materials?
Hyes No (IN/A

If a supplier was willing to take your waste for re-
use can you guarantee a regular supply?

BYes 0No ON/A

ration and waste management of all types of waste,
energy and water consumption, State Environmen-
tal Inspectorate’s visits, national environmental
legislation, etc. (Figure 2).

Do you have a licensed waste transporter to trans-
port:

General production waste? Yes lNo [IN/A
Waste chemicals? Yes [INo lN/A
Liquid wastes? Yes [INo .N/A

Air quality management

Do you take measures to prevent dust from leaving
your premises?

FYes TNo TIN/A

Do you take measures to prevent fumes and vapour

(including odorous emissions) from leaving your prem-
ises?

Byes INo ON/A

Hazardous materials

Do you store all hazardous materials (such as resins,
catalysts) in a bunded, covered area that will not allow
any spilled or leaked materials to enter the storm water
system?

FYes TNo TN/A

Do you have a Dangerous Goods Licence, if
needed?

Yes [INo [IN/A

Do you have all the relevant material safety data
sheets (MSDS) and keep them in an accessible place?

Byes 1No ON/A

Do you have a spill fighting equipment and written
procedures?

OYes lINo [IN/A

Noise management

Do you regularly check and carry out maintenance
on noisy equipment?

Byes (No [IN/A

If you have had complaints about noise, have you
identified the source of the noise and taken steps to re-
duce its effects?

FYes 0No ON/A

Management of premises
Have you made any changes to your business for

environmental reasons?

Byes 1No OIN/A

Do you have an environmental policy or plan?
OYes lNo ON/A

Fig. 2. Environmental questionnaire

Maw. unic. nayu. ciuc., 34 (1), 289-296 (2016)
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From filled Smiley diagram and questionar-
ies’ it is evident that the company has a mid-level
of conscience for environmental impacts [1]. The
employees are more or less good educated. The
water quality management is not efficient and im-
provements should be made toward the treatment
of the clean and the waste water. Energy consump-
tion is issue too, since the heating of the facility is
based on fossil fuels such as diesel fuel [2].

Low carbon assessment

For proper evaluating and implementing low
carbon principles valuable data was collected and
sorted so proper measures and activities should be
given [3]. Most important products, raw and pro-
cess materials, waste emission, water, electricity
and fuel usage (energy consumption data), process
equipment data with power consumers list and
boiler facility data was collected during low carbon
assessment (Tables 1 and 2) [4].

Table 1
Waste data summary 2012-2015

No 2012 Yearly qty unit
(m? kg)
1 Plastic waste 33.137 kg
2 Paper and hard paper (carton)
waste 4.810 kg
Metal waste 0.331 kg

4 Cow manure 5245 000.00 kg

No 2013 Yearly qty unit
(m? kg)
1 Plastic waste 29.319 kg
2 Paper and hard paper (carton)
waste 8.900 kg
3 Metal waste 0.065 kg
4* Cow manure - kg
No 2014 Yearly qty unit
(m?, kg)
1 Plastic waste 15.360 kg
2 Paper and hard paper (carton)
waste 2.460 kg
Metal waste 0.211 kg
4 Cow manure - kg

No 2014 Monthly qty unit

(m?, kg)
500 000.00 kg

1 Cow manure

Table 2
Energy data summary 2012-2015

Energy supply 2012 2013 2014
Electricity

(A) kWh 214716.00  156639.00
O € 16512.79 9018.07 6578.84
Fuel

Litres 99861.00  101325.00 96325.00
(B) kWh 1167 375.00 1 184 489.00 1 126 039.00
(D)€ 80887.00  75993.00  75133.00

kWh (A)+ (B)= 1570126.00 1399 205.00 1282 678.00
€O +D)= 97 399.79 85011.07 8 1711.84

All data was sorted and listed for past 3—4
years depending of it availability for mentioned

period. Mainly, data was collected for period
2012-2014 (Figure 3).
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ey, == Electricity (kWh)

1,500,000,00 $=em——=.

1,000,000.00

500,000.00

e

—

0.00 T 1
2012 2013 2014

Fig. 3. Total energy demand for electricity and fuel
2012-2014

Based on collected data E-sankey diagram
was prepared showing the total energy demands
(Figure 4).

The LC team also checked for processes op-
timization but no options were identified since all
production processes are according the best availa-
ble techniques.

For each production process at the company a
flow diagram was created showing the flow of ma-
terials, the inputs and outputs in each step, as well
as the temperatures of the inputs and outputs of
each step [4]. This is necessary in order to get a
better understanding of the heat and cold demand
of all production processes (Figure 5).
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The next step after creating the flow diagrams
is to translate these information into a single
stream list showing the process name, the start and
end temperature, the category of the process (hot
or cold), the mass flow, the Cp value and the total
power quantity (Figure 6) [5].

Bollr: 1,086,250

Energy demand kih; 1 282,678 Toal: 1,282,678

Process Equipment; 142,008

Lignining and computers: 8,331 =
Loses: 45,089

Fig. 4. Sankey diagram of the total energy demand for 2014
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Fig. 5. Flow diagram of process in dairy

WHITE CHEESE
No. [Process name Start temp. | End temp. | Hot/Cold | Mass flow | Cp P Total power Q
0 (°0) (1h) (kW) (kWh)
1 [Pasteurisation 4 76 cold 1.4 3.93 393 261387,444
2 |Cooling 76 32 hot 0.6 3.27 | -79,93333333 -53164,29947
3 |Culturing 32 34 cold 0.6 3.27 3,633333333 2416,559067
4 |Cooling 34 20 hot 0.6 3.27 | -25,43333333 -16915,91347
5 |Ripening 20 18 hot 1.4 3.27 | -9,083333333 -6041,397667
6 |Final cooling 18 4 hot 0.6 3.27 | -25,43333333 -16915,91347
Fig. 6. Stream list of process in dairy
BENEFITS ufacturing date is relatively new, there is no evi-

The LC team has identified 5 measures which
result in lowering the costs for diesel fuel, elec-
tricity and lowering the company’s CO, emissions:

— The first measure is implementation of
monitoring system for exhaust gases from boilers
in order to manage future optimization of genera-
tion of steam and better using of waste heat gener-
ated from exhaust gases [8]. Although boiler man-

Maw. unic. nayu. ciuc., 34 (1), 289-296 (2016)

dence that there is optimized production of steam
and good working parameters of boiler.

— The second measure is use monthly waste
produced from milk cattle (cow manure) for pro-
duction of bio-gas (Table 3). It is highly suggest
due to satisfactory level of generated cow manure
and good alternative fuel for steam boilers [7] [9].
Implementation of suggested alternative fuel will
result in lowering carbon emission and valuable
savings per year.
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Table 3

Biogas calculation
Manure / month in tons 50
Produced bio gas / month in m® 12 500
Daily energy value of used fuel in MJ 12 250
Daily need values of bio gas in m* 556
Total available bio gas in days 22
Daily consumption of diesel in lit. 350
Costs for diesel / day in € 276,5
Fuel savings in €/year 99 540
Expenses 4% from initial value / year 30 000
Initial savings in € 60 540
Incomes from selling fertilizers (min. value)
€/year 76 800
Other expenses 15% of total savings
interests rates bills, etc.) 29951
Total savings in € 124389

*Note: Energetic values: Diesel 35 MJ/lit, bio gas: 22 MJ/m’

A. Monthly cow manure collected at facility:
500000 kg (500 tons).

B. Boiler daily consumption of diesel fuel:
350tons

C. Monthly consumption of diesel fuel:
350 x 30 = 10500 lit.

D. 1 kg of cow manure = 25 — 30 lit bio-gas
Total produced bio-gas per month:
500000%25 = 12500000 lit biogas
=12500 m*/month.
E. Consumption calculus:
— Energetic value of diesel and bio gas:
diesel = 35 MJ/lit; bio-gas = 22 MJ/m’.
— Daily energy value of used fuel:
350x35=12250 MJ/day

— Monthly energy value of diesel fuel:
10500%35 = 367500 MJ/month.

— Daily needed values of bio-gas:
12250 MJ/day: 22 MJ/m® = 556 m*/day.

— Total available bio-gas for running:
12500 m*/month: 556 m*/day = 22 days

continuous work of boiler on bio-gas

Note: Production of bio gas is only calcula-
ted from fresh cow manure. Sludge from
waste water management facility and other
bio-waste is not taken in this calculation.

F. Costs/savings calculus for replacing diesel fuel
with bio-gas:

— Value of diesel fuel at this moment
(09.2015): 1 1it=0.79 €
350%0.79 = 276.50 €/day for diesel
fuel purchase.

Fuel savings: 276.50x360 days =
99540 € savings/year (other costs not
included).

— Maintenance, staff, electricity
costs/year for bio-gas plant: 4% of
starting investment.

Initial value of bio-gas facility: 750000 €
750000%4% = 30000 €.

Total savings: 99540 — 30000 = 69540
€/year.

G. Incomes from liquid and solid fertilizer:

— Total created fertilizer per month from
500000 kg fresh cow manure:
¢ Solid fertilizer or fiber fraction
(80 kg/ton) = 40000 kg/month.
— Price for fertilizers:
Liquid = 1.4 €/lit, Solid =0.32 €/kg.
— Total income per month for selling fertile-
Zers:
® Solid: 0,16 €x40000 kg = 6400 € (min)
or 0.32x40000 kg = 12800 € (max).
— Total income from fertilizers for one year
(with minimum values):
¢ Solid: 6400 €x12 months = 76800 €/year.

H. Investment payback time:
— Incomes: 69540+76800=146340 € / year
— Other costs (interest rates, water bills, etc)
15 % of total income: 21951 €/ year

— Total income:
146340 — 21951= 124389 €/year
Payback period:
750000 / 124389 = 6,02 years

I. CO; savings:

— Diesel fuel CO; content per litre:
2,68 kg/lit.

Mech. Eng. Sci. J., 34 (1), 289-296 (2016)
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— Bio-gas CO, reduction content per m’:
1,62 kg/m’

Generated CO; from diesel fuel per month:
10500 lit = 28140 kg/month CO..
Generated CO, from diesel fuel per year:
12 x 28140 = 337680 kg/year CO,

Reduced CO; from bio-gas per year:
12500 x 12x1.6 = 240000 kg/year CO,.

— The third measure is implementation of heat-
ing collectors on roof top for generating hot
sanitary water that will save around 2% of
yearly energy consumption in production facil-
ity. Existing boilers (3x3 kW) can be replaced
with one simple rooftop vacuum (36 vacuum
tubes, around 7.5 m2) 4.5 kW heating collector
and it will be used for sanitary water for offic-
es. Installing of this system will cost around
600 € providing 300 liters per day of hot water
during whole year, due to relative higher ambi-
ent temperatures and mild climate.

— The fourth measure is integration of heat re-
covery system for cooling units. This solution
will manage to use excess of heat generated
during running period of cooling units. It will
result in cheap preparing of hot water and sav-
ings for fuel for steam boilers. Used equipment
is older type so there is lack of data for other
calculations. Further deeper analysis is needed
in order to give proper calculations and sug-

Table 4

gested heat recovery system for using waste
heat from cooling units

— The fifth measure is possible use of PV System
in main grid that will give company 162583
€/year savings for electricity and also lowered
carbon emissions in the air.

All of these alternatives give company valua-
ble financial and energy savings per year. This
provides company with competitive advantage on
the domestic and international markets [10].

CONCLUSION

The conducted research shows that the regular
miner’s helmet is simply not enough for maximum
protection of the user. Aa result of that the miner is
forced to use additional equipment such as light,
radio transmitter, batteries, air filter, protective
mask for eyes and other body parts that only make
the operation more difficult.

The RECP project was mainly focused on
minimizing the consumption of water, fuel (diesel),
raw materials, and waste production, with the aim
of determining RECP options. The main focus of
RECP options is related to reduction of fuel con-
sumption and monitoring process of exhaust flue
gases from boiler (Table 3) [6]. The effect of the
options, if implemented, are presented in Table 5.

Benefits from options.

Absolute indicator

Change (%) Year 1

Relative indicator Change (%) Year 1

Resource use

Energy use

Materials use

Water use

Pollution generated

Air emissions (global warming, CO, equivalent)
Waste water

Waste

Production output

Resource productivity

Energy productivity 334
Materials productivity 10
Water productivity 23
Pollution intensity

Carbon intensity -35
Waste water intensity -33
Waste intensity -100

Maw. unic. nayu. ciuc., 34 (1), 289-296 (2016)
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Table 5
Success areas from the assessment.
Benefits
Economic Resource Use Pollution generated
Principal Options Implemented
. Reductions in energy use, Reductions in waste water,
Investment  Cost Saving : : S
water use and/or materials  air emissions and/or waste
€) (€lyear) .
use (per annum) generation (per annum)
Use monthly waste produced from milk . .
cattle (cow manure) for production of bio-  750,000.00  124,389.00 ~eduction of fuel (diesel) 240,000 ke/year CO,
. consumption) by 85%
gas and fuel supply for steam boilers
Implementation of vacuum tube heating Reduction in electricity for
collectors on roof top for generating hot 600,00 1,200.00  providing hot water for
water sanitary usage by 5-10%
Installing of PV 2,240,648.00 162,583.00 133,892.50 kg/year CO,
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A bstract: During last 20 years climate changes of our planet became the most often discussed global prob-
lem. Many scientists have still different views on the factors and the coming climate changes. On the base of col-
lected data UN as a global organization adopted special convention with proposed measures to limit the negative ten-
dencies. After Kyoto Protocol EU almost a decade is calling for next step Global document and measures to be
adopted. This paper presents data available and results from our studies on the problem proposing the missing suc-
cessful measures. The methodology used is on the base of the energy and carbon cycle balances, rottenly forgotten in
many statements and legal documents. On the base of the evidences available the priority measures needed to mini-
mize climate changes are given for Bulgaria.

Key words: climate; changes; factors; carbon and energy balances

BJINJAHUE HA HEKOH ®AKTOPH BP3 I'VIOBAJTHUOT KJIMMATCKHU CUCTEM
N IIOTPEBHU MEPKHU

AmcrtpakT: Boumunarure 20 rognHu, KIMMAaTCKUTE IPOMEHHU Ha HAIlATa [UIAHETa CTaHaa HajIUCKyTHpa-
HHOT Ty100aieH npobiieM. MHOTY Hay4YHHUIM C& YIITE HMAaT PAa3jIMYHU MOTJIEIH Ha (aKTOPUTE M UAHHUTE KINMAaTCKU
npoMeHu. Bp3 ocHoBa Ha cobpanuTe nogatouy, O6eaunernte Haumu, kako rinobanHa opraHusaiuja, yCBouja Creri-
jaJiHa KOHBEHIIMja CO MPEJIOKEHN MEPKH 3a OrpaHrdyBambe Ha HeratuBHUTE TeHaeHuu. [1o TIporokonor on Kjoro,
EY peuncu eqHa JeleHuja MOBUKYBa Ha CIEJHUOT YEKOP — YCBOjyBambe Ha ['TOOAIHHOT JOKYMEHT M Ha MEpKUTE.
OBOj TPy I' PETCTABYBA JOCTAIHUTE MOAATOLN M PE3YJITATH OJ HAIIETO MPOYUYYyBamke Ha MPOOIEMOT, IPEIIOKY-
BajKK yCIIEIHU MEPKU KO HeqocTuraar. KopucreHara METO0JIOTHja ce 3aCHOBA Ha OMIIAHCHTE HA €HEPreTCKUOT U
jariepoJHHOT LHUKIYC, 3a00paBeHH BO MHOTY HM3jaBH M NpaBHH JIOKYMEHTH. Bp3 ocHOBa Ha JOCTalHHUTE JOKa3H,

JIaZIeH! ce MPHOPUTETHUTE MEPKH IIOTPEOHH 32 MUHIMHU3UPae Ha KIMMAaTCKUTE IPOMEHH 3a Byrapuja.

Kay4ynu 300poBu: Ki1nMa; mpoMeHH; pakTopu; OMUIIaHCH Ha jarjepoj U eHeprija

BACKGROUND

During last two decades many publications,
reports and different type of legal documents have
been published explaining that the is certain rela-
tionship between green house gases content in the
atmosphere and climate changes, but the same time
a number of scientists have shown different evi-
dences [1-5]. On the base of inventory data a num-
ber of mitigation scenarios have been proposed and
algorithms used for distribution of pollutants and

estimation of their effects. Any way many parame-
ters have to be used on the way to achieve needed
evidences and forecast to be done for coming cli-
mate future [4-9]. The aim of this paper is just to
give attention to some of the factors effects using
some balances data.

FACTORS, DATA, BALANCES, DISCUSSION

Energy balance of the Earth. Earth receives
from the Sun considerable amount of energy in the
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form of electromagnetic radiation (from radio to
gamma range) and solar cosmic rays (flow of solar
plasma). The main part of this energy is light falls.
Streams of solar cosmic rays (mostly ionized hy-
drogen) are captured by the Earth's magnetic field
and few manage to interact with the upper
atmosphere in the polar (northern lights). Virtually
all inserted in the system Earth energy is solar
electromagnetic energy.

As the sun radiates as a blac kbody at a tem-
perature T = 5778 K, then, according to Planck's
law (Figure 1), 75% of the energy accounts for the
range of wavelengths from 0.4 to 1.5 pm (Figure 1
gray area between the lines). In this field, enter the
entire visible portion of the electromagnetic spec-
trum 0.4 — 0.75 pm, where the maximum of the
energy and luminosity. In turn, the earth radiates
energy received from the sun, such as black body a
temperature T = 288 K (Figure 2), with 75% of the
energy is distributed in the range of 7.8 — 28 pum,
which is the infrared region (IR) [10].

SunT=377T8 K
1L
e ' = } [m
5. %1077 11078 15x1078 2. ><1f;n'£‘l
Fig. 1. Planck's law
Earth T =288 K
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Fig. 2. Radiation of the Earth as a black body at 7= 288 K
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The absolute magnitude of the Sun is
M =4.83, which means that the luminosity is
L =3.829x1026 W [11]. Assuming the sun for a
point source at the center of a sphere of radius R =
149.6x109 m (average distance Earth—Sun), then
each square meter of the field and the land (outside
the atmosphere) will receive power: A = L / 4nR’
= 1361.5 W/m? [12]. This energy is called the solar
constant (Ag). According to data from 2008., Ay =
1360.8 + 0.5 W/m® [13]. Average in the earthly
sphere (except for the difference parallels the
Earth's axis is tilted relative to the plane of the ec-
liptic about 23 °C) value of solar power is 340
W/m® [13]. Part of this energy is reflected back and
is called albedo (a). The rest is absorbed by the
atmosphere and the surface converts to heat radia-
tion (Figure 2) and radiates back into space (I). To
be in equilibrium the system must be running con-
dition:

Ag=a+1. (1)

Earth is nearly equilibrium system, i.e. (1) is
not implemented strictly and should be written as:

Ay=a+1 2)

Overall energy balance is shown in Figure 3
[13]:

solar reflected thermal outgoing

atmospheric
window *

solar absorbed latent heat " ! grege:;\::ise
atmosphere X

solar’ AL
down reflected
surfaceyul y surface

84 20

irbalance (70,85) (15, 25)

06 solar absorbed  evapo-  sensible thermal thermal
02,1.0 surface ration heat up surface down surface

Fig. 3. Overall energy balance

On the one hand, the Earth releases energy
through a series of internal earth processes. These
are volcanoes, hot springs, radioactive decay and
earthquakes. The share of the internal energy is
negligible compared to the sun, but the Earth has
its own energy. On the other hand, the output back
to the IR energy is strongly absorbed by the
molecules of the so-called greenhouse gases (CO,,
H,O, SO,, NHj, etc.). Obtained the following
picture. Atmosphere dissipates sunlight in the
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visible region with almost no loss, however, ab-
sorbs near ultraviolet (UV) and infrared compo-
nent. Visible light reaches the surface heats the
land and oceans and is transformed into heat
energy. Hot gases formed upstream, energy is
emitted into space already considerable height.
This mechanism leads to a strong temperature
dependence of the height in the troposphere. This
temperature difference is greater, the higher the
greater the concentration of molecules capable of
absorbing IR radiation (greenhouse gases) and is
called greenhouse effect.

Factors forming the Earth's climate. As is
clear from 1, the main factor accounting for the
earth's climate is solar energy. Changing the
amount of energy absorbed by the Earth will lead
to a total change in average temperature. For
example, the atmosphere of Mars is composed
primarily greenhouse gas (95% CO,), but the solar
constant is 2.3 times less than that of the Earth
(586 W/m?), which in turn leads to 5 times lower
average temperature surface (-63 °C to Mars, 15
°C for Earth) [10]. Of course, there are too many
differences between the climate system of the
Earth and Mars, but determining the difference in
energy received from the sun.

The question arises how the solar constant is
constant and within what limits are change? This
question can now be partially answered. We know
11 year cycles of solar activity during which the
solar constant is changing its value is not more
than 0.2 — 0.6%. This change is small, but is
sufficient to cause very noticeable fluctuations in
the climate system of the Earth. If only for one
year solar constant is changed by 0.1%, the global
temperature will change with no less than 0.1 °C
[10], and this will inevitably affect the entire
system. Figure 4 shows the change of ground solar
radiation for the period 1923 to 2010 years ago in
Stockholm, Sweden, which is the longest statistics
[13].
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Fig. 4. The change of ground solar radiation for the period
1923 to 2010 years ago in Stockholm, Sweden

Clearly distinguished 11 year cycles (of
course this time is not accurate and can vary + 1-3
years), which are easily "catch" at 90 years of sta-
tistics. Quite differently, however, is the issue of
change of solar activity in large time scales. For
example, the sun made one orbit around the
galactic center 2x108 years [12]. This movement is
cyclic, and within a period of sun passes through
areas of different density of the interstellar
medium. Even a slight change of this density can
result in a noticeable change in energy, which
receives the Earth. Completely unknown are also
major climate periods of solar activity determined
by internal solar processes. Either way, change the
amount of energy that the Earth receives a large
time scale remain hidden to us, although objec-
tively exist.

As mentioned in 1, very important climatic
factors are greenhouse gases. In the atmosphere the
amount of water vapor is only about 0.1% carbon
dioxide and about 0.04% and that is enough green-
house effect to shape change. Change the amount
of greenhouse gases can alter the picture beyond
recognition. For example, in the atmosphere of the
planet Venus carbon dioxide is 96.5% and 0.2%
water vapor, i.e. almost the whole atmosphere is
made up of greenhouse gases. Although the albedo
of Venus is a full 75% (Earth is 30 percent),
greenhouse effect raises the surface temperature to
735 K (= 460°C) at an effective temperature (the
temperature that determines the spectrum of radia-
ted energy) even lower than that of the Earth T =
230 K [10].

Water occupies 71.3% of the whole surface of
the Earth, which means that the world's oceans is
also a determining factor for change. Due to the
huge volume of the oceans can underpin were long
(up to several thousand years) changes in the Earth
system. Here it may be noted that all planetary
factors for the formation of the change are linked.
These links may be stronger or weaker, but defini-
tely there. Since this work focuses on certain fac-
tors, it will continue to list them.

Climate change. With the development of
our knowledge placed two significant issues. Does
changing the Earth's climate is changing and if the
extent to which is this related to human activity
(anthropogenic factors)? Since change is entirely
determined by inserted in the system energy (radia-
tion effects in the terminology of [14]), then the
main factors were considered in 2. Oceans, as men-
tioned in 2, have very high heat capacity, so the
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climate system can respond to change in radiation
effects for significant periods of time. Any changes
in the energy balance of the Earth, including
changes in concentration of greenhouse gases are
changing the global hydrological cycle, which can
last for millennia. Climate change caused by hu-
man activity are superimposed on the natural back-
ground of climatic variations that occur in large
time scale. From here stems the difficulty to sepa-
rate anthropogenic factors causing change in the
energy balance of the planet (climate) of "noise" of
natural changes. So is changing the Earth's clima-
te? According to [13] and [14] the answer is yes!
Figure 5 shows the annual temperature anomalies
(°C) of surface air for the period from 1861 to
2000. Compared to the period 1961 — 1999 (zero).
Sections show the uncertainty associated with the
mean square error [14].
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Fig 5. The annual temperature anomalies (°C) of surface air
for the period from 1861 to 2000

Figure 6 shows the trend in the change of
ground temperature by geographical area for the
period 1901 — 2012. The following are three diffe-
rent sources of data, gaps indicate lack of such [4].
The color of each square indicates the overall trend
in temperature for the period. Available
information indicates that in XX and beginning of
XXI century is a clear trend towards warming of
the surface layer, which results in an average tem-
perature increase. According to [13], the average
global temperature for the period 1979 — 2012 has
risen by 0.16°C.

In 2, it was shown that the main factors that
determine the state of the climate system are the
solar activity and the concentration of greenhouse
gases, we will add the amount of aerosols in the at-
mosphere. As already stated, eleven year solar cyc-
les affect Earth by variations of the solar constant.
These variations are too short intervals are
relatively well known and can be excluded. Were
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long for changes in solar activity do not know
practically nothing. Measurements of the solar
constant with spacecraft over the last 30 years
show no significant deviations from the mean [13].
These sparse data (the period is too short) allow to
conclude that the reasons for the observed
warming should look more into the system Earth.

LOST 1901-2012

06 04 02 0 02 04 06 08 1. 125 1.5 1.75 25
Trend (°C over period)

Fig. 6. The trend in the change of ground temperature by
geographical area for the period 1901 — 2012 year

Effect of greenhouse gases on climate.
Figure 7 shows the average annual global radiation
effects on a number of factors from the beginning
of the industrial era (1750) to 2000. [14]. Rectan-
gular pillars give the best evaluative impact and
their absence means that simply can not be a good
estimate. Vertical line at pillars limited with the
"x" means the evaluation value of the range of
uncertainty. Vertical line outside staircase limited
with the "0" means the impact of which can not be
made a central evaluation because of too much
uncertainty. At the bottom of the graph is a level of
scientific knowledge of a given factor. This is a
subjective judgment about the reliability of the
assessment of a specific factor accounting for such
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features as the assumptions made in the specific
assessment, the level of knowledge of the physico—
chemical mechanisms and other determinants. All

seasonal

shows impact factors have different spatial and

properties as the scheme are given their

global annual average values.
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Fig. 7. The average annual global radiation effects on a number of factors from the beginning of the industrial era (1750) to 2000
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As seen from Figure 7 "the safest" and the
most important factor affecting climate system are
greenhouse gases. The quantitative change (con-
centration) in the atmosphere of the main green-
house gases during last 1,000 years are shown in
Figure 8 [14].. Data marked with different signs
are obtained in studies of the Antarctic and Green-
land ice. The right side is applied radiological im-
pact assessment for the gas. It can be seen that the
total radiative forcing of greenhouse gases is about
1% of the sun to the ground layer. To predict the
exact effect of this radiation effects on temperature
and general climate is very complex, but it is clear,
however, that it exists. Here, of course, the ques-

Table 1

tion arises whether the man is responsible for the
observed changes.

Anthropogenic factors. On the basis of Fig-
ure 8 can be concluded that in the last two hundred
years anthropogenic factors contributing to climate
change have increased significantly. Actually more
correct is to say that during last two and a half cen-
turies the anthropogenic factors became the leading
one. The first of all, this is related to greenhouse
gas emissions since the industrial era to now. The
data from Table 1 presents the concentration of
greenhouse gases to which human activity has an
impact [13, 14]:

Data on the concentration of greenhouse gases to which human activity has an impact

CO, CH,4 N,O CFCl; HFC CF,

Concentration in the preindustrial era
Contemporary concentration (year)

Rates of change of concentration for the period 1990-1999

Storage period in the atmosphere (years)

~280 ppm ~700ppb ~ 270 ppb 0 0

390.5 ppm 1803.2 ppb 3242 ppb 268 ppt 14 ppt 80 ppt
(2011) (2011) (2011) (1998) (1998) (1998)

1.5 ppm/y 7 ppbly
5-200 12 114 45 260 >50000

~ 40 ppt

0.8 ppbly —1.4 pptly 0.55pptly 1 pptly

As long as the period of storage in the atmos-
phere, the irreversible impact of the gas on the
climate system. Tetrafluoromethane (CF,) exists in
the atmosphere at a long time, but so does the con-
centration is more than two hundred thousand
times smaller than that of CO,, which may be a
one—-two centuries. Furthermore, the rates of chan-
ge of the concentration of CO, are the highest com-
pared to other greenhouse gases. In this connection
it should be clarified the reasons causing these
changes. The main sources of CO, are volcanoes,
rotting organic material, forest fires and the bur-
ning of fossil fuels. In Figure 9 is shown a carbon
cycle [13].

Available carbon is shown in units of PgC (1
PgC = 1015 gC = 1012 kgC = 109 tC) and the
change in PgCl/yr. The black arrows show the num-
bers and stocks and climate before the industrial
era (1750). And red indicate new data for 2000 —
2009. The essential difference between this and the
volcanic CO, emitted during combustion of fossil
fuels is that the first increases the mass of the at-
mosphere as much as the second one off gas re-
places some of the atmospheric oxygen and increa-
se the expense of burned organic carbon. Volcanic
eruptions unless they are irregular, but emit diffe-
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rent amounts of carbon dioxide. Average score in
the last century of the liberated carbon dioxide
from volcanic activity between 108 and 2x108 tons
per year. Meanwhile wards CO, resulting from the
combustion of fossil fuels in 2008. Is 31.8x109
tons [13] (compared to the average amount of CO,
emissions for the period 1990-1999 is 6.3x109
tons per year [14]). Based on these data it can be
concluded that at present volcanic CO, is less than
the percentage of anthropogenic.

Can you say with certainty that the observed
climate changes are the result of human activity?
The only sure thing for now is that this issue is not
conclusive. As already noted, the climate system
responds to anthropogenic factors on the backgro-
und of natural internal and external variability.
Internal variability of the climate which is a major
contributor oceans can happen in a huge range of
time scales from weeks to millennia. This means
that the change can be changed significantly for
large periods of time without the intervention of
any external factors. The presence of this natural
variability indicates that the detection and explana-
tion of anthropogenic climate is a serious statistical
problem. In other words, you need to separate
"signal" from "noise".
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Fig. 9. A carbon cycle

Data from direct measurement of the tempera-
ture of the surface layer in the last 150 years and
the historical reconstruction for the last 1,000 years
show that the change in temperature over the last
century is hardly completely natural. Figure 10
[13] shows the change of ground temperature for
the period 1870 — 2010 and the amendment of four
main factors forming the climate for this period.
One of the curves in Figure 10 (a) shows the avera-
ge annual ground temperature variations globally
for zero average temperature is taken in the period
1961 — 1990., And the other curve is a model based
on the remaining four factors. Internal variability
Figure 10d) are the changes caused by the pheno-
menon of El Nifio — Southern Pacific hesitation.
Visible relatively high correlation coefficient bet-
ween the curve (a) and the schedule (e). According
to [14] theoretical models including all greenhouse
gases and aerosols used in the study of climate
change indicate that an explanation of the current
trend in at least the last 40 years is necessary to
have a significant anthropogenic component.

The main anthropogenic factors (in order of
priority) to increase greenhouse gas emissions are
the burning of fossil fuels (gas, oil, coal) and de-
forestation.
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Fig. 10. The change of ground temperature for the period

1870 — 2010 and the amendment of four main factors forming
the climate for this period

Mech. Eng. Sci. J., 34 (1), 297-306 (2016)



304 Y. Pelovski, E. Serafimova, N. Kozarev, A. Petrov, V. Petkova

For example, as already noted, the liberated
carbon dioxide from burning fossil fuels in 2008
was 31.8x109 tons. For the same year the reducti-
on of forests as a result of human activity has led
to an increase in CO, equivalent of burning 1.2 x
109 tons of coal, which is 12% of the total feed.

Biological carbon cycle. Increasing global
population, deforestation and desertification, pro-
tein reserves on earth and water reservoirs is other
side of climate change picture. Kyoto Protocol as a
part of the UN Framework Convention on Climate
Change [15] proposed a positive measures related
to the limitation of the anthropogenic emissions of
greenhouse gases, but did not proposed adequate
measures, related to the biological carbon cycle.
Existing CO, will have an impact on the global
climate for at least a century or even two. Options
to limit the radiative forcing of CO, are associated
with a decrease in its concentration in the atmos-
phere. In [16], for example, it is noted that the pos-
sible way for that is the cultivation of photosynthe-
tic plants particularly sensitive to the concentration
of CO,. Plants that form C3 in the process of pho-
tosynthesis, react much more strongly to the CO,
from those which form C4. To the first belong
deciduous trees, wheat and potatoes, to the second
tropical plants, maize and sugar cane. In this
regard, the Kyoto Protocol, Article 2, paragraph 1,
by the way it is written [15] "Each Party shall im-
plement and / or further elaborate policies and
measures in accordance with its national position
... protection and enhancement of sinks and reser-
voirs of greenhouse gases ... encourage practices
for sustainable forest management, afforestation
and reforestation."

Biological processing of carbon dioxide may
have a significant effect on the concentration in the
future. According to [17] rational agricultural
policy and massive afforestation can lead to a
reduction of atmospheric carbon by 2050 with
83%x10° to 131x10° tons, 70% of them fall to the
forest. Course and only afforestation can not solve
the whole problem. The possibilities of different
ecosystems to absorb and accumulate carbon can
vary significantly. A young forest for example, has
a much greater potential for accumulating another
older, has already gained a significant amount of
carbon. IPCC (Intergovernmental Panel on Climate
Change) assess the potential of biological proces-
sing of carbon dioxide to 2020 of 10-20% of the
emissions caused by the burning of fossil fuels
[17]. Very complicated is also the equilibrium of
dissolved carbon in water basins. If sophisticated
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methods are developed applied for increasing the
content of dissolved carbon in aqua systems it
could be expected more intensive biota in that sys-
tems.

PRIORITY MEASURES IN BULGARIA

Forests in Bulgaria. According to [18] the
average rate per hectare pine forest is between 2.39
and 4.25 tons, or an average of 3.32 tons. This is
the accumulated pulp a year. Carbon in wood table
fluctuates between 40 and 60%, so it can be assum-
ed average 50%. Gets that experience in a hectare
of forest carbon is about 1.7 tons. As trees accumu-
late fully atmospheric carbon, it is possible to cal-
culate the processed carbon dioxide. The relative
atomic mass of carbon is 12.011 and the relative
molecular mass of CO, is 44.0098. Therefore, the
mass of the carbon is 0.273 parts by mass of the
carbon dioxide. If the accumulated carbon in pulp
is 1.7 tonnes, respectively absorbed CO, is 1.7 x
(1/0.273) = 1.7x3.663 = 6.23 tons per hectare. On
this basis, one can evaluate the effectiveness of the
forests in the processing of carbon dioxide, the
main greenhouse gas. Forests in Bulgaria (conife-
rous and deciduous) have 3.72x10° hectares, of
which 69.8% are deciduous. [19] Deciduous
forests absorb more CO,, so that the assessment for
the territory of Bulgaria will be reduced. Taking
the above obtained value for the processing of CO,
per hectare is obtained that the Bulgarian forests
absorb annually 2.3x107 tons of carbon dioxide.
At the same time in 2013., CO, emissions from
Bulgarian plants were 2.64x10” tons. Assuming
that transport emissions account for 30% of all, it
turns out that for 2013., Bulgaria has issued about
4x10" tons CO,. These calculations show that the
forests in Bulgaria handling more than half of CO,
emissions. Further develop this reasoning is easily
calculated that the increase of forests 2.7 million
ha (total area 6.42x10° ha) will lead to the com-
plete absorption of carbon dioxide "local produc-
tion". It is evident that the importance of forests as
grand as it is not limited to the reduction of CO..
According to [19] forests provide about 85% of the
water flow in Bulgaria. Increasing forest by 30%
will lead to the absorption of 75% of the emitted
carbon dioxide, without taking into account the
benefits of water resources.

Sustainable agriculture. Applying principles
of sustainability is of great importance for Bulga-
ria, because more then 40% of the land is suitable
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for agriculture activities and because of suitable
climatic conditions. Studies have shown that Bul-
garia may double the area of cultivated soils. It is
obvious that it will contribute to a more effective
carbon recycling, and the same time increase pro-
tein production and reserves. In parallel combining
organic fertilization with balanced mineral ferti-
lizers use may have an eco-economical result of
increasing green production. Now days the use of
fertilizers is much less the optimum norms. Well
known measures and techniques against salinity,
pollution and acidification must be also applied.
Increasing organic matter in the soils and use of
suitable additives will help to keep higher water
soil’s capacity. Efficient irrigation systems and
measures against erosion processes are other
needed actions to be taken.

Carbon in water reservoirs. Instead of loos-
ing financial resources for storage of carbon diox-
ide under ground efforts must be directed to the
methods and techniques for increasing of dissolved
carbon dioxide in the water reservoirs used for irri-
gation. This area is not well developed and new
investigations and practices are needed on the way
to find the optimum needed. .

Utilization of biodegradable wastes. The
new EU legislation introduced limits for deposition
of biodegradable components from household
wastes. Calculating the sum of all agriculture was-
tes, biodegradable household wastes, wastes from
treatment of waste waters and other industrial bio-
degradable wastes one may see that very high
amount of carbon could be recycled and return to
the soil. Very sophisticated composting systems
and other use of some of the wastes as a energy
renewable resource facilitate the converting of
such organic wastes to the soil conditioners. Bio-
char wastes are also useful components for soil
quality improving.

CONCLUSIONS

Fully in line of a market economy and the
problem of greenhouse gases is reduced to the so—
called trading allowances in greenhouse gas
emissions equivalent tonne of CO,. The idea of
this trade originates from the Kyoto Protocol in
1998 (for Bulgaria in force since 2005). Good
intention is by auctioning allowances to stimulate
national reduction of greenhouse gas emissions. It
is not clear how the trading of the securities and

exchange of money will decrease CO, emissions if
no understanding and goodwill in people managing
these cash flows. EU emissions trading system
seems more like an unfair way to deal with com-
peting industries, which is not exactly in line with
the market economy. Afforestation is one sure way
of reducing the main greenhouse gases and keep-
ing drinking water resources. So as a strategy it is
much more effective to give money for affores-
tation and reforestation, utilization and carbon re-
cycling via biodegradable wastes and increasing
carbon content in the irrigation waters and globally
in the oceans. Effective legal measures should be
additionally introduced in those directions as a part
of the global agreements and national policies.
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A bstract: Evaluation of building energy efficiency necessitates systematically designed experimental stud-
ies since the design parameters should be validated with real life data. In this scope, it is a well known fact that indoor
thermal comfort conditions are thoroughly important for design. However, collection of data may be time-consuming
and expensive. Because necessary data is collected after construction of the building, determination or prediction of
these parameters can be useful in design stage. These parameters can also be used for back-calculation of energy effi-
ciency parameters. In this study, adaptive neuro-fuzzy inference systems (ANFIS) and back-propagation neural net-
works (BPNN) were employed to predict the indoor thermal confort conditions. Data used in this study is collected
from a residential building in Eskisehir, Turkey. Three hobo dataloggers were placed in three rooms of different loca-
tions in the building. The data concerning indoor temperature, relative humidity and dew point was systematically
collected. A novel approach was adopted in evaluation of data: data collected from two rooms were used for predic-
tion of relative humidity in the third room. It was concluded that ANFIS and BPNN are useful tools for estimating in-
door thermal comfort conditions using data collected from same environment.

Key words: thermal comfort; residential building; ANFIS; BPNN

IMPOLEHA HA PEJJATUBHA BJIAKHOCT HA BHATPEIIEH ITPOCTOP
CO YIIOTPEBA HA MOJEJIUTE ANFIS U BPNN:
CTYJNJA 3A CJIYUAJ OJ1 ESKISEHIR, TYPLIJA

AmcTpakT: 3a OLEHYBambeTO Ha eUKACHOCTA HA EIEKTPUYHATA CHEePrHja BO 3rPajuTe € MOTPeOHO 1a ce
HAIpaBaT CHCTEMATCKU OCMMCIICHH €KCIEePUMEHTAIHU CTYJIHH, OMZEjKM mapaMeTpuTe Ha NpOEKTUpame Tpeda na
OuaT BaIUAUPAHH CO MOAATOLY Ol PEATHHOT JKHBOT. Bo Taa Hacoka, 100pO MO3HAT (akKT e JieKa yCIOBUTE 3a TOII-
JIMHCKU KOM(Op BO 3aTBOPEH MPOCTOP C& MHOT'Y BaXKHH 32 NPOEKTHpamweTo. Cenak, coOupameTo Ha MOAATOLN MOXKeE
Jia oJ3eMe MHOTY BpeMme U ja 6uze ckano. Co orjes Ha Toa IITO MOTPEOHUTE MOJATONU ce coOMpaar 1o urpanba Ha
3rpajara, yTBpyBameTO WIH MPEABHIYBAHETO HA OBHE apaMeTpu Moxe Ja Ouae KOpUCHO BO (pa3ata Ha MPOCKTH-
pame. OBHE MapaMeTpu MOXAaT Ja c€ MCKOPHCTAT M 3a INPEeCMEeTyBame HaHa3aj] Ha MapaMeTpUTe Ha eHeprerckata
e¢ukacHOT. Bo oBaa ctynuja 6ea kopucrenn moaenure ANFIS (amantuBHu HeBpo-¢asuu cucremu) u BPNN (HeB-
paJHU MpeXH co 00pPaTHO PacIpOCTPaHyBaHkE HA MPELIKATa) 3a MPEIBH/IyBamkbe HA YCIOBUTE HA TepMalieH KoM(pop Ha
BHatpeuieH npocrop. [lomaTonure KOpUCTEHH BO OBaa CTyIMja ce coOpaHu o cranOeHa 3rpaga Bo Eckumiexup,
Typuuja. Tpu x060 ypeau 3a npubHupame Ha MEPHH MMOJATOLM Oea CMECTEHH BO TPH COOM Ha Pa3JIMYHHU JIOKALUH BO
srpagara. CucremaTcky 6ea coOpaHH MOJAaTOIM 32 BHATPELIHATA TEMIIepaTypa, peaTHBHATA BIAKHOCT U TOYKATa Ha
opocyBame. belie ycBoeH HOB IpUCTAIl BO OLEHYBAKETO HA MOAATOLUTE HAa MOJATOLMTE: IOJATOLMTE COOpaHU Of
niBe cobu Oea yrnoTpeOeHH 3a MpeBUIyBamke Ha PellaTUBHATA BIAKHOCT Ha Tperarta coba. Ce 10jae 10 3aKIyd0K JeKa
ANFIS u BPNN ce kopucHH anaTku 3a OlleHYBambe Ha YCIOBUTE Ha TOIUIMHCKH KOM(Op Ha BHATPEIICH IPOCTOP MPH
KOPHCTEHE Ha NOJATOLH COOpaHH OJ] HCTaTa CperHa.

Kay4ynu 360poBu: TornHcku koMpop; ctanbeHa srpana; ANFIS; BPNN
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INTRODUCTION

Thermal comfort is an important issue for all
buildings nowadays since expectations of occu-
pants from indoor conditions are increasing. When
thermal comfort is neglected during design, indoor
environmental conditions can pose risk to human
health in a long period [1]. Parameters related to
indoor environment including relative humidity is
essential for evaluation of thermal comfort in
buildings. This parameter is frequently required in
calculation of thermal comfort based on standards
such as ASHRAE 55-2004 [2] and ISO 7730 [3]. It
has also a significant influence on human physio-
logical response and thermal sensation [4]. Most of
the studies show that the relative humidity in in-
door environments influences the incidence of res-
piratory infections and allergies [5]. In addition, it
has a role in determination of climate control strat-
egies in warm climates [6]. For that reasons, data
concerning thermal comfort should be collected for
different purposes. In this way, sophisticated in-
struments, simulation tools including EnergyPlus
and DesignBuilder, calculation or prediction by
mathematical models are alternative ways to col-
lect valuable data.

BACKGROUND

Several parameters (building material proper-
ties, geometrical information about building, weat-
her data, indoor gains, etc.) are necessary for cal-
culation of thermal comfort. For this aim, several
studies on prediction of indoor environmental pa-
rameters by use of several methods such as back-
propagation neural network (BPNN) and adaptive
neuro-fuzzy inference system (ANFIS) was carried
out. In this scope, Ghazali [1] developed a predic-
tive model to forecast indoor environmental pa-
rameters using Artificial Neural Network (ANN)
technique. Results indicated that twelve ANN
models with the best structure were developed to
predict indoor temperature, humidity and air veloc-
ity. Benjamin et al. [7] used a neural network for
air quality prediction model in a sensitive area of
Ujjain city in India. The best model was developed
with minimum percentage error of 0.332. Thomas
and Soleimani-Mohseni [8] defined different
black-box prediction models for the indoor envi-
ronment in two buildings. The results for both
buildings showed that accurate temperature predic-
tions were taken from non-linear ANN-models.

Based on the brief summary of past studies, a
different approach was made. This study presents

an investigation into development of a suitable
model using the BPNN and ANFIS that could be
used to predict relative humidity in a room of resi-
dential building, based on measured data in two
other rooms: indoor temperature, relative humidity
and dew point per hour in addition months (June,
July, August, and September). The results seem to
be promising: these methods provided great bene-
fits in prediction of relative humidity, using data
from other structural divisions of different indoor
and outdoor thermal conditions.

MATERIALS AND METHODS

Climatic conditions of study area

This study is carried out using data obtained
in a residential building in Eskisehir city, Turkey.
The city is located at 39.78 latitude and 30.52 lon-
gitude and 798 meters above sea level. In Eskise-
hir, annual average temperature is 10.9°C. The
coldest month of the year is January with average
temperature of —2°C. The coldest days and frost
action are generally observed from second half of
December till first half of February. The minimum
temperatures range between —10°C and —25°C dur-
ing this period. The hottest period is observed dur-
ing June, July and August. The highest mean mont-
hly air temperature is between 30°C and 40°C
from July to August. Temperature differences bet-
ween night and day are substantial, which ranges
between 12°C and 29°C. Winter is snowy and rainy.
Annual average precipitation is 378.9 kg/m’ [9].

Information about building in consideration

Selected building is a household located in
Eskisehir (Figure 1). Its ground floor was built in
1956. Afterwards, first floor was reconstructed in
1980. Total floor area of household is 170 m®. It
had no thermal insulation but it was renovated in
2004 and thermal insulation was applied on exter-
nal walls with 4 cm XPS then roof was treated with
glass wool of 10 cm thickness. Temperature, rela-
tive humidity and dew point temperature were
measured in entrance, living room, and buffer zone
of first floor with HOBO RH/Temp/Light/External
data logger during the five months (06 June 2009 —
25 September 2009) at intervals of 5 minutes. The
measuring accuracy of HOBO data logger is +0.7
°C for temperature and +%35 for relative humidity.
Data loggers are placed on the walls at a height of
1.5 m from the ground. Living conditions in house
during the measurement were not restricted to re-
flect real life situation.
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Fig. 1. Floor plans of selected building including locations of data loggers [10].

SOFT COMPUTING METHODS FOR
PREDICTIVE PURPOSES

Two well-known methods, namely BPNN and
ANFIS are employed to estimate the relative humi-
dity. A short description of the methods are given
below.

Back-propagation neural networks

Artificial neural networks were firstly intro-
duced in 1943 by McCulloch and Pitts [11]. The
idea behind these networks was constituting a
mathematical model similar to parallel data proc-

essing and learning ability of neurons in human
brain. Basically, an artificial neural network consti-
tutes a nonlinear relationship between multidimen-
sional input and output spaces. These networks are
widely used for clustering, optimization, simula-
tion and prediction purposes [12]. Several methods
are available for learning in an artificial neural
network including competitive learning, Boltz-
mann learning and back propagation learning algo-
rithms. Multi layer back propagation neural net-
works (BPNN) are of the first choice, and Figure 2
shows a typical BPNN structure.

Neuron ~

Synapses

2" hidden

Fig. 2. A typical back propagation neural network structure.
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During the learning process, input signal (x;)
at all nodes are multiplied by synaptic weights (@)
after consecutive iterations, and the constant bias
value (b;) is added to the result. The resulting value
is filtered using a transfer function (¢), for calcula-
tion of the output of that neuron. Among all the
transfer functions, the most frequently used are
logistic and hyperbolic tangent. Mathematically
speaking, the output of a neuron can be calculated
as:

yj=¢[2xjwﬁ+bjj. (1)

BPNN uses an iterative approach adjust the
weights and bias values, and an error energy func-
tion is used to end the iterations. In the last phase,
trained network can be used to calculate the inputs
for given outputs, for prediction or validation pur-
poses.

Adaptive neuro-fuzzy inference systems

Adaptive neuro-fuzzy inference system (AN-
FIS), which was firstly introduced by Jang in 1993,

is another alternative for establishing nonlinear
relationships between input and output space [13,
14]. In other words, this method is a quite reason-
able tool for prediction. Basically, the method
trains membership function variables using a hy-
brid learning algorithm composed of least squares
method and back propagation gradient descent al-
gorithm. As can be inferred from its name, the
method utilizes a combination of neural network
and fuzzy inference system. The method is based
on the Takagi-Sugeno inference model [15]. AN-
FIS uses a hybrid learning algorithm to determine
related parameters of Sugeno-type fuzzy inference
systems. Based on Figure 3, for the first-order
Sugeno fuzzy model, a typical rule set with two
fuzzy if—then rules can be expressed as:

If xis A; and y is B; then

fi=px+qy+n (2)
If xis A, and y is B, then

f=px+qy+n (3)

Weighted averages of the individual rule out-
puts are used to calculate output f. Details of the
calculation procedure can be found elsewhere [16].

Fig. 3. A typical Sugeno ANFIS structure [15].

RESULTS

ANFIS and BPNN were used to model the
data obtained from three data loggers. Tempera-
ture, dew point and absolute humidity were select-
ed as inputs and relative humidity was selected as
the output. A different approach was adopted here:
we used three data loggers located in different po-
sitions of the same level and the data obtained
from two (Hobol and Hobo2) are used to question
if the recordings obtained from third one (Hobo3)
can be predicted or not. Acquired in a certain peri-
od, 57354 recordings were obtained by Hobol and
Hobo2, and this data is used for training. 28677
recordings were obtained by Hobo3, and this data
is used for testing the performance of established
ANFIS and BPNN structures.

A simple architecture of 3x10x1 is selected
for NN model. It should be noted that, the data ob-
tained from hobo3 is divided into two parts for val-
idation and testing. Mean squared error (MSE) cal-
culated during training is given in Figure 4. It
should be noted that, the MSE value calculated
here is extremely low, and this will boost up to
success of the NN architecture, although a very
low number of hidden neurons is selected. Besides,
error histogram comprising a statistical approach to
the difference among targets and outputs are given
in Figure 5. It is clear that, the targets are concen-
trated at a very narrow range in the vicinity of ze-
ro.

The scatter plots considering training, valida-
tion, testing and all data sets are given in Figure 6.
It is clear that there underlies an almost perfect
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relationship among input and outputs and this ex-
tremely simple architecture can map the relation-
ship among inputs and outputs. MSE values calcu-
lated from training, validation and testing data sets
are 1.55x107°, 1.83x10™ and 2.29x107°, respecti-
vely.

Best Validation Performance is 0.0018805 at epoch 300
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Fig. 4. Mean squared error obtained during training.
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A Sugeno-type fuzzy inference system was
designated (Figure 7). In Figure 7, inputs 1, 2 and
3 and output are temperature, dew point, absolute
humidity and relative humidity, respectively. The
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input parameters were instructed to this inference
system and obtained relative humidity values were
compared with actual relative humidity values.
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Fig. 7. Sugeno type inference system with three inputs
(input 1: temperature, input 2: dew point; input 3: absolute humidity; output: relative humidity)

Comparisons of ANFIS outcomes and actual
values of uncompensated relative humidity are
given in Figure 8. ANFIS almost perfectly models
the uncompensated relative humidity parameter.

60
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! R? = 0.9998

40

Relative humidity (ANFIS outcome)

20
20 25 30 35 40 45 50 55 60 65
Actual Relative humidity

Fig. 8. The scatter plot and linear trend line describing
the relationship between real and ANFIS outcomes
of relative humidity

CONCLUSIONS

In this study, ANFIS and BPNN are em-
ployed to model the uncompensated relative hu-
midity value by use of temperature, dew point and
absolute humidity parameters. A different ap-
proach was adopted: Using data obtained from two
data loggers located in two different locations at
the same level, relative humidity data on the third
logger was predicted using soft computing tech-
niques. Following are the outcomes of this study:

1. Performances of ANFIS and BPNN were
superior in prediction of the relative humidity pa-
rameter. The scatter plots among calculated and
real values concluded coefficient of determination
(R?) values greater than 0.99.

2. Relative humidity parameter can be esti-
mated using the data obtained from a single data
logger or different data sources may be used for
prediction of this parameter, for a specific build-
ing.
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3. The results of this study should be im-
proved using data obtained from different build-
ings under different climatic conditions.
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A b s tract: Contemporary tourists are fully aware of numerous environmental concerns the tourism devel-
opment is facing with, so they have shifted their accommodation preferences towards eco-friendly hotel establish-
ments. They prefer green products and are willing to pay for “green” services. They expect an environmentally re-
sponsible hotel to meet their environmental needs and expectations. This provokes a profound modification in the ho-
tel industry which has steadily recognized the necessity for becoming greener in order to be well positioned in the
competitive tourism market. The aim of this study is three-folded: (i) to assess the possibility of having “green” hotels
in Macedonia, by elaborating the case of hotel “Flamingo” from Gevgelija; (ii) to analyze the level of fulfillment of
ecological and energy standards necessary for becoming an environmentally friendly hotel, i.e. eco-hotel; and (iii) to
pose some valuable recommendations for boosting the development of eco-hotels in Macedonia. The research is
based on interviews with hotel managers at all levels responsible for managing various hotel sectors related to pro-
ducing green products and services. The study has revealed that this five-star hotel has a positive attitude and percep-
tion for becoming an eco-hotel due to its willingness to use energy efficient appliances in order to reduce the energy
consumption. In this line, some recommendations are posed in terms of strategies to help reduce negative impacts on
high operational costs. These strategies include better isolation of the facility; enhancing and increasing the level of
awareness among hotel personnel regarding the benefits that eco-hotels bring; introducing subsidies on local and cen-
tral level aimed at fulfilling preconditions for running a high energy efficient hotel; and introducing standards and
specifications which will lead to application of environmental protection practices and energy efficient concepts in
hotels as a strategic priority for further national tourism development.

Key words: green tourism; eco-hotels; environmental protection; energy efficiency; hotels

JIAJII MAKEJTOHCKHUTE XOTEJIA MOAT JA BUJIAT ,,3EJIEHU:
MPUMEP XOTEJIOT "®JIAMHHIO" - TEBIEJIMJA, MAKEJOHHJA

A ncTpaxkT: COBpeMEHUTE TYPUCTH NPETIOUNTAAT ,,3€JICHN " TIPOM3BOAN U CE MOJATOTBEHH /1A IIaTaT 3a T.H.
3eneHn yenyru. OCHOBHHU Liesii Ha oBaa ctyadja ce: (1) ma ce jajae mpolieHa Ha MOXKHOCTA Ha pa3Boj Ha "3eeHu”
xoTeu Bo MakeJoHHja ITPeKy aHaiiu3a Ha paboTemero Ha xorenot "®namunro” Bo ['eBrenuja; (2) na ce aHaIM3upa
HHUBOTO HA HCIOJIHYBAamkhE HA BAJIMIHNATE €KOJIOMIKI M CHEPIreTCKU CTaHIapau MMOTPEOHH 3a €eH XOoTel Ja Ouje mpus-
HaCH KaKo ,,3eJIeH"*, OIHOCHO eKo-xoTel; U (3) Ja ce JaaaT KOPUCHH MPEeropaKky 3a yHalpeyBambe 1 pa3Boj Ha APYTU
eko-xotend Bo Makenonuja. VcrpaxyBameTo ce 0a3upa Ha peaju3MpaHd aHKETH CO MEHA[IePUTE O] Pa3IMYHU
HHBOA Ha MEHALIUpamhe Ha XOTEJIOT KOU C€ IUPEKTHO OJrOBOPHHM 3a yIpaBYBarkhe CO XOTEJICKHTE CEKTOPU KO BO cebe
BKJIy4yBaaT CO3/1aBam¢ U ITOHY 1A Ha ,,3€JICHH " IPOM3BOAN M yCIyrH 3a roctute. CTynujara moKaxa JIeka 0BOj XOTel
CO TET SBE3IMYKHU MMa MO3UTHBEH CTaB U MEpLEIIHja 3a ]a CTaHe eKo-xoTel. JlomoaHuTenHo Oelie yTBpAeHa U HEro-
BarTa IOJrOTBEHOCT BO CEKOjIHEBHOTO paboTemhe Aa ce KOPHCTAT CHEPreTCKU e(hUKACHU YPeau CO Lel Ja Ce HaMalu
MOTpOLIYBayKaTa Ha eHepruja. Bo TpyaoT ce fa/ieHn 1 HEKOU MPErnopaky BO OJJHOC Ha MPUMEHa Ha MPOBEPEHH CTpa-
TETHU BO HACOKA HA HAMAaJyBarhe HAa HETATHBHOTO BIIMjaHKE KOE 3rojIeMEHaTa MOTPOLIyBavKa Ha SHEpruja ro uMa Bp3
BHCOKH ONEPAaTHBHU TPOLIOLH.

Kay4ynu 300poBHu: ,3e/eH" TypHr3aM; eKO-X0OTEINH; 3alITUTA Ha )KUBOTHATA CPE/IMHA; CHEPreTCKa eprKacHOCT

INTRODUCTION globalization, improvement of the air traffic, espe-
cially the long-distance flights, modest transporta-
Tourism industry has developed world-wide tion prices and easiness of the internet-based reser-

by spreading its numerous positive impacts. World vations, provided increased number of opportuni-
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ties to travel, not only for leisure as in the past, but
even more for business. The boom of tourism in-
dustry has brought a huge interest in investing
largely, expecting quick repayment and increased
profits.

In parallel, the vast majority of tourists who
frequently travel all around the globe, have become
aware and started considering not only the quality
of the lodgings and tourism-related services, but
also some quite new and far from ordinary tourist
issues, like: environmental protection, waste treat-
ment measures, energy efficiency, usage of renew-
able energy sources, green-house gas emissions,
etc. In general, modern tourists start to seek and
would gladly pay more for a “green tourism” or
“eco-friendly tourism” rather than just select a
simple low-cost ordinary hotel that offers standard
services.

In particular, the hotel managers had to re-
arrange quickly their priorities and to implement
various measures to meet guest’s requests in re-
spect of their increased environmental needs. This
means starting with education and training of the
hotel personnel, followed by step-by-step imple-
mentation of a set of measures towards improve-
ment of services, and finally obtaining green or
eco-certificates for the business in order to easily
cope with the ever growing competition.

On the other hand, the academia and research-
ers spent a lot of research efforts and published
extensively on the investigated subject. So, the is-
sue of application of the renewable energy sources
in tourism industry is a relatively well studied area
[1-10]. Furthermore, Khemiri and Hassairi [8]
along with Kirk [11] argue the necessity of the en-
ergy use and the hotel environmental performance.
Moreover, number of studies debate the need of
always having in mind the environment, thus in-
troducing environmental protection programs in
hotel activities in terms of reducing the energy
consumption, recycling, composting food scraps
etc. [12—15]. All this led to changes in tourists atti-
tudes towards eco-friendly business establishments
[16], as well as to modifications in purchase, pro-
duction and operation processes and procedures
resulting with increase for ecological conscious
[16, 17]. The previous studies were also focused on
the green economy and acceptance of renewable
sources of energy [18-21]. Many academics note
that hotels have noticed the benefits from improve-
ments into the environmental performance gene-
rally by reducing the operational costs [11, 22, 23]
and sustaining the competitive advantage and in-

creased demand for eco-friendly hotels [3, 24, 25].
Even more, in some studies was found that tourists
prefer much more to consume green products and
are willing to pay for eco-friendly services [26—
28]. rather than for ordinary hospitality services.

This research discusses lengthily the status of
Macedonian hotel industry towards the environ-
mental awareness, the implementation of modern
environmental standards, and perception on the
energy efficiency, as well as the application of re-
newable energy resources. For that purpose, the
analysis is based on the elaboration of the case
study of the “Flamingo” hotel complex in Gevge-
lija, as one of the most representative five-star ho-
tels in Macedonia. The stress is put on assessment
of the implemented standards, audit of the hotel
business and interviews with employees and hotel
managers on various managerial levels. The out-
comes revealed that this hotel has already under-
taken numerous successful steps to significantly
develop the ecological and environmental status of
the facility and notably has improved the energy
efficiency of the business. Furthermore, the study
concluded that the “Flamingo” hotel complex con-
siders to makes serious investments in future in
order to obtain some of the widely renowned eco-
certificates for hotel business.

RESEARCH BACKGROUND

Hotel Complex “Flamingo” — Gevgelija

The “Flamingo” hotel complex is located just
outside the city of Gevgelija, in the southeastern
part of Macedonia, near the Macedonian-Greek
border. The complex covers an area of over 30,000
m” with more than 12,000 m? construction area and
has been operational since 2005. It comprises of a
casino, a five-star hotel with a night club, a pent-
house, several superb level restaurants and a wide
choice of bars. The hotel offers spacious and archi-
tecturally well-designed 41 luxury rooms, 11 busi-
ness suites, 6 super-exclusive apartments and spe-
cial rooms for disabled guests. The hotel also has a
modern spa center and hydrotherapy massage, a
fitness center, a hair salon, manicure and pedicure
and a salon for cosmetic treatment.

Research tasks and aims

The main task in the research was to answer
the following questions: Whether and to what ex-
tent the hotel managers in the hotel complex “Fla-
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mingo” implement the environmental and energy
efficiency standards? Do they possess enough
knowledge and capabilities for enforcing the eco-
standardization in their daily hotel operations?

The research methodology was divided into
several segments including personnel surveys and
interviews with the managers on several executive
levels, field work and audit of the daily operation
of the hotel facility, as well as analysis of the ob-
tained results of the already taken measures for
energy efficiency improvements. The surveys cov-
ered several important business fields such as: im-
plementation of the HACCP system, day-to-day
hotel operation and maintenance, housekeeping
and laundry, purchase of food, drinks and other
goods and services, running of the kitchen, restau-
rants and bars, energy efficiency and reduction of
energy related expenditures, inclusion of renew-
able energy resources, etc.

Using the “Flamingo” hotel complex as a role
model, the expected outcome of this research was
to estimate the present environmental awareness in
the five-star hotel industry in Macedonia, along
with the necessity for defining a new standard level
that has to be followed by other hotels in the line
of obtaining a “green” or “eco-friendly” label or
certificate. Additionally, the intention was to esti-
mate the expected investments which were part of
this eco-friendly labeling process as well as the
expected benefits for a particular hotel individually
and possibly for the hotel industry in Macedonia in
general.

How “green” is enough green

In its earliest phase, the term "green hotel”
was related to several more or less today well
known activities, such as a regular daily replace-
ment of the linens and towels with occasional re-
placement in accordance and cooperation with the
hotel guests, re-setting the toilets flush and bath
taps to spend less water, using additional room
lightings instead of a single central main light, re-
cycling some of the hotel amenities or used goods,
or even a modest utilization of renewable energy
resources, especially for heating water. Today, all
of the above mentioned measures are absolute
minimum that any real "green hotel” must fully
respects.

In addition to these activities, today’s modern
“green” or “eco-friendly” hotel must apply some
measures for energy savings through the use of
renewable energy, usage of bio-gradable cleaning
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products, natural materials, an offer of organically-
grown food and drinks and do recycling for all
products and goods starting from their office sup-
plies up to the waste oils in the kitchen, batteries,
used lamps, TV or and other electric appliances in
the hotel. The rooms, by definition have to be
"smart" and be able to provide full control and
regulation of the energy consumption, heating and
cooling system (HVAC), utility of efficient light-
ings and to have full security control over the
guests regardless they are in or out of the room.

The analysis of the average energy use in the
hotel divided into segments is shown in Figure 1. It
gives an idea where the focus of all activities for
energy efficiency increase should be placed. The
point which can be seen is that only four hotel ac-
tivities such as heating, cooling, hot water produc-
tion and lightings on average spent more than 60%
of the entire hotel energy needs. Obviously, the
major savings should be concentrated on the effi-
cient usage of energy and utilize any possible way
for energy savings in these areas.

Lightings

Coling
31,60%

Fig. 1. Energy use in hotel “Flamingo” divide by segments

However, being "green” does not stop here.
The hotel facilities with good "green” story always
go a step further. Their employees have uniforms
made of environmentally friendly material, guests
have the opportunity to buy a number of eco-
friendly products as souvenirs and even complete
public procurement within the hotel is determined
by the principle: more environmentally acceptable,
rather than cheap.

Hotels which operate in accordance with
these principles are often certified as "green".
There are numerous certificated companies which
deal with this type of eco certification of such ho-
tels with an assortment of more or less global eco-
certificates or eco-labels. To aid in these matters, if
some hotel as a whole facility does not fulfill cer-
tain “green” practices and could not qualify for
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obtaining any particular global eco-certificate, par-
tial certification is also possible, moving step-by-
step. For example first happens the certification
only for the kitchen or one particular restaurant
within the hotel complex, followed by a certi-
fication for eco recycling and disposal of hazardo-
us goods, then implementation of energy efficient
measures, waste and sewage water treatment, etc.,
and finally finishing with a certification of the em-
ployees as so-called "green ambassadors."

Eco-hotels and Eco-tourism

Despite the already affirmed wellness, family,
heritage, ethno-gastro, ethno, business hotels, ho-
tels for active holidays, etc. over the recent years
the so-called eco-hotels have become a real tour-
ism hit. Eco-hotels are usually defined as hotel fa-
cilities that provide synergy between their opera-
tion and services and the full harmony of the na-
ture. A hotel labelled as "eco” is actually a classic
hotel which differs in that manner that the man-
agement team and its employees have an obliga-
tion about all their operational activities, starting
from daily activities and ending with their long-
term decision makings. Their conduct is also
guided by the principle of having least harmful
impact on the environment and the best impact on
the community. Such a commitment means under-
standing the impact their hotel has on the local en-
vironment at all levels, as well as the removal or
mitigation of any potential adverse impacts that
their business could have on the environment. In
general, this kind of business operation is consid-
ered to be community responsible behavior or sus-
tainable business operation.

In fact, this is only a part of the mandatory
mode of operation, which perhaps more than any
others requires systematic and quality education
for the employees. For example, the staff working
in maintenance must be familiar with the numerous
procedures related to daily check of the efficiency
of the hotel system and its consumption — from
heating, electricity, water, forest waste, work
washing, to the tiniest elements that guests have
come to expect in such hotels. Therefore, we be-
lieve that continuous education of the employees is
one of the most important tasks for a successful
operation of such “green” hotels, and this is the
field where the major investment has to be directed
for future eco-hotel managers, especially in Mace-
donia.

HOTEL COMPLEX “FLAMINGO” AS A ROLE
MODEL FOR ECO-HOTELS

As mentioned above, the initial intention was
to investigate the ecological standards applied in
the hotel complex “Flamingo”. We compared these
ecological standards with the contemporary inter-
national ecological standards, and selected those
already implemented which fully comply with re-
nowned international standards. Finally, on one
hand we estimated the benefits brought by that im-
plementation to the operational costs of the hotel,
and on the other hand, used those standards as a
model for other high category hotels in Macedonia
to develop general national eco-hotel standards.

Selection of the standardization criteria

Several years ago, the top management of the
hotel complex “Flamingo” decided to work to-
wards obtaining a “green” hotel or eco-friendly
label certificate. For that purpose, they selected a
set of the most important certification criteria.
Those criteria were divided into several groups
according to their similarities, such as:

Energy efficiency measures and clean
energy resource

® Adequate selection and combination of en-
ergy resources (fossil fuels and renewable);
¢ Energy efficiency of water heaters (boilers);
Energy efficiency of the central cooling sys-
tem (chillers);
Thermal insulation of all hotel facilities;
Hotel heating and air-conditioning systems;
Lighting (main and additional);
Utilization of efficient light bulbs; and
Control of the working hours of sauna and
other spa facilities.

Efficient use of water resources

e Use of efficient toilet flushes and taps;
Protection of water sources and water sav-
ings;

Adjust the water flow in taps and showers;
Avoiding any possible water linkage;
Change of towels and bedding;

Watering the flowers and grass; and
Cleaning of waste water and sewage water.

The use and disposal of hazardous materials
and chemicals

e Utilization of bio-degradable cleaners;
e Use of disinfectants;
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¢ Working with hazardous materials; and

e Permanent education of the hotel staff for
appropriate way of handling hazardous ma-
terials, disinfectants, cleaners and deter-
gents.

Waste management

e Waste selections by the staff and the guests;

e Treatment of the hazardous waste;

e Collection of waste in the rooms and bath-
rooms; and

e Appropriate treatment of any other munici-
pal waste.

Hotel management

e Operation and maintenance of air condition-
ing and other servicing equipment;

e Maintenance and servicing of boilers and
heaters and piping;

e Staff training; and

¢ Promoting public transport.

Policy for environmental protection

e Establishing policy for environmental pro-
tection with an action plan;

¢ Appointing responsible persons;

¢ Recording and archiving; and

¢ Educating and informing staff.

Introduction of “smart” or “intelligent”
hotel rooms

The term "smart" or “intelligent” hotel room
means use of microprocessor operated and con-
trolled station that monitors all parameters impor-
tant for normal functioning of a single hotel room
or a group of hotel rooms. In general, it includes
the supervision of the room temperature, guests
input/output, alarms, etc. For achieving higher ef-
ficiency, these stations are usually connected to a
single centralized computer, which provides cen-
tralized control of the entire floor, wing or even the
entire hotel. With implementation of the concept of
“intelligent” rooms in the hotel “Flamingo”, the
following objectives are accomplished:

¢ Significant reduction of energy and water
consumption;

e Reconcilable and smooth operation of all
devices in the room;

¢ Maximum convenience and comfort for the
guests;

¢ Increased reliability, security and quality of
the hotel stay for the guests;
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¢ Increase staff efficiency due to the continu-
ous reception of on-line information; and

e Development of increased "environmental
awareness" among guests and employees.

Except for administrative tasks, the computer
system installed in the hotel is also used for man-
aging and supervision of all hotel operations. It has
been proven that an investment in these new tech-
nologies (e.g. HVAC system) quickly pays off,
both financially and by increasing the reliability
and quality of the provided hotel services. Setting
the HVAC system is very straight-forward. Usu-
ally, it is based on a fuzzy logic and depends solely
on the presence of the guest in the room and their
wishes and needs.

An example of automation settings of the
HVAC system installed in the “smart” rooms of
the hotel “Flamingo” is given in Table 1. As it can
be seen, when the room is available, i.e. unoccu-
pied, only the refrigerator is operational, while af-
ter occupying the room, the settings of the room
temperature and operation of the appliances be-
come subject to guests’ desires.

Table 1
Automation of HVAC system

Room status Status of the HVAC system

Room is available (Anti-frost mode)
Only the refrigerator from the mini

bar is in function.

Room is occupied,
but the guest is
outside the room

(Economy mode)

The refrigeratorr is in function, room
temperature is set 3°C lower than the
outside temperature. If the window is
open, the HVAC system does not
operate.

(Comfort mode)

All functions (temperature, air-flow,
etc.) within the room may be set by
the guest. If the window is open, the
HVAC system does not operate.

Room is occupied,
and the guest is
inside the room

Three separate operation modes are available,
anti-frost mode, economy mode and comfort mode,
which fully satisfy, on one hand the needs of the
guests, and on the other hand they provide sustain-
able energy savings for the entire hotel. In addition
to the heating and cooling regime, the “smart”
rooms also enable some energy savings due to the
various lighting modes, such as, all lights out for
unoccupied and/or empty room, to full selective
main and additional lightings when the guest is in
his/her room. Finally, if the window or balcony
door is left open, the whole air conditioning system
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goes off for additional energy savings. All hall
lights have motion sensors and they go on only if
these sensors detect movements in the hall, other-
wise, the hall lights are permanently off.

Obtained room data is transferred into the
main computer where at any time the operators can
get the whole picture of the events in the hotel.
Figure 2 shows the computer monitor for the first
floor of the hotel “Flamingo” with the obtained
data for each room.

Beside energy savings, these “smart” rooms
provide high security and comfort for the guests by

implementation of the so-called monitoring and
supervision system. This system is based on the
use of smart cards for opening the room door.
These cards can have two options: “read”, or
“read & write.” The “read” card can be used only
for opening the room door and setting the control
system within the room on. The “read & write”
cards in addition to the above services, generate a
computer log file where all activities for that par-
ticular room such as “when”, “who”, “how”, etc.
are logged, monitored, and later even analyzed.
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Fig. 2. A snapshot of the HVAC monitoring system at hotel “Flamingo”

Additionally, the smart card system supports
several categories of inputs, such as:
e Guest, maid, waiter, maintenance and
management;
Room entry with a contactless card;
Supervision of the room’s front door, with
alarm for unauthorized entry;
Signaling the presence of the guest in the
room;
Various alarms, such as SOS alarms in
bathrooms, rooms, common areas; etc.

Investments and expected repayment period

Before discussing the obtained benefits of the
implementation of various energy efficiency mea-
sures and introduction of the “smart” room con-

B DAEIDES 1117 am

cept at hotel “Flamingo”, we feel that a simple in-
vestment analysis should be done in respect to the
invested funds and expected benefits, cost savings
and repayment periods. A simple pre-investment
analysis to justify the needs of new investments in
implementation of environmentally and energy-
friendly measures was carried out. The proposed
measures were divided into three groups, based on
the implementation time, such as: the short time
measures (amendment of thermostatic valves, re-
placement of showers’ heads, temperature adjust-
ment, etc.), the medium term measures (installing
thermal solar systems for production of hot water,
replacement and/or modernization of mixing
valves and pumps, replacement of boilers, insula-
tion of the water pipes, etc.), and the long term
measures (installation of photovoltaic system, in-
stallation of new energy efficient facades on the
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building, etc.). The results of this pre-investment
analysis are given in Table 2.

Table 2
Pre-investment analysis

Investment Energy Cost savings
Type of taken measures ~ recovery  savings (per year)
(years) (%) ©)
Short term measures <5 25 6,000
Medium term measures >5 37 10,000
Long term measures > 10 70 20,000

Effects of short term measures and introduction
of “smart” rooms

To show that introduction of a "smart” room
at the hotel “Flamingo” can result in substantial
energy savings, and to fully justify the investment
in the new HVAC system, in cooperation with the
hotel management, some measurements were car-
ried out for the period of only four months (Octo-
ber 2011 — January 2012). The measurements were
conducted using two identical rooms; Room A
where all functions provided in the HVAC system

Table 3

were enabled, while in the other room, Room B all
HVAC functions were blocked. The energy sav-
ings were monitored, mostly as a result of various
temperature adjustments in the rooms depending
on the room status (unoccupied room, guest in the
room, guest out of the room, etc.). The comparison
of the obtained results for both rooms is shown in
Table 3.

According to the presented data, one can see
that in case of the unoccupied room, the spent en-
ergy was 74.61% less for the room with installed
HVAC system compared with the room without
HVAC system, while in the case of occupied
rooms, the energy savings are lower, but still sig-
nificantly high, at the level of 15.67% savings.
These results show that investments in a HVAC
intelligent system could rapidly repay its invest-
ment by reducing the operational cost spent only
for energy, not mentioning the improvement of the
quality of the guests’ accommodation. If this test
had been done for a longer period and for different
types of room, various guests, various occupancy
rates, etc., even better energy saving results could
have been obtained.

Comparison of the obtained measured results for a room with fully functional
HVAC intelligent system (Room A), and a room with HVAC system blocked (Room B).

Month October November December January Total
Room A B A B A B A B A B
Energy consumption (room is occupied) 712 816 661 773 749 886 891 1098 3013 3573
Energy savings (B-A)/B (%) -12.75 -14.49 —-15.46 -18.85 —-15.67
Energy consumption (room is unoccupied) 72 272 31 78 70 298 75 369 248 1017
Energy savings (B-A)/B (%) -73.53 -60.26 -76.51 -79.67 -75.61

According to some other tests done by other
renowned hotel brands similar or even better re-
sults could be seen. For example, a similar analysis
has been done by the hotel brand Holiday Inn in
Madison, USA. The so-called GREM (Guest Room
Energy Management) system was installed in their
110 rooms and the same was tested. The results
showed that for the testing period of only nine
months (January — September 2006), they saved
381,908 kWh, which amounted more than 100% of
the annual electricity consumption of the same ho-
tel for the entire previous year in the amount of
378,673 kWh, or they were able to save more than
$24,000 USD”. Even more, decreasing the room

Maw. unic. nayu. ciuc., 34 (1), 315-325 (2016)

temperature for only 1°C on average could lead to
energy savings up to 6%, which in case of large
hotel facilities could be significant drop-down of
the overall operational cost [30].

Other significant energy and cost savings in
the hotel industry could be expected in the air-
conditioning and air quality systems improving
facilities. It is well-known that there are more than
1,500 various bacteria, viruses and fungi that live
in the air-conditioning units. Therefore, constant
cleaning and proper maintenance of such devices is
crucial for providing quality and clean environ-
ment for the hotel guests in their rooms and in
other hotel facilities such as restaurants, bars, spa
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and fitness areas, children playgrounds, disco-
clubs, casinos, or anywhere the guests spend most
of the time during their hotel stay. The hotel “Fla-
mingo” pays special attention to air-condition sys-
tems and their clearness. For monitoring and con-
trol of the air-conditioning system, at hotel “Fla-
mingo” a special software tool is installed as
shown in Figure 3. Using this software tool, the
management of the hotel can take serious and
timely measures to protect the health of the guests
by means of regular periodical maintenance, at
least once a month, for all filters of split systems,
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air handling pipes and electrostatic cleaners in full
compliance with the appropriate ISO standards.
The software also keeps records and documenta-
tion on all activities undertaken in connection with
it. Therefore, the energy savings should not always
be treated as compulsory, especially where the
health and well-being of the hotel guests is of pri-
ority issue. Having “green” hotels means having
the best on all levels not only savings in the opera-
tional cost, but also providing healthy environment
and pleasure for the guests.
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Fig. 3. AirConditioning system control software at hotel “Flamingo”

Finally, the measures implemented in the ho-
tel “Flamingo” in respect of water savings, espe-
cially hot water savings, are discussed. Hotels are
large consumers of hot water. They use hot water
on all levels, not only for the guests, but also in the
kitchen, for cleaning, washing and ironing, indoor
pools, spa and fitness centers, etc. Therefore, any
hot water savings, even on a small scale could have
a huge operation cost effect. A study done by the
bathroom equipment producer Ideal Standards
[31] shows that the type of water taps and shower
systems used in the bathrooms could have huge
influence on the amount of water expenditures and
lowering the operational costs. Based on the total
number of rooms in a hotel, the savings could be
measured in thousands of euros annually. The data
are presented in Table 4.

This data was compared with the data ob-
tained from the hotel “Flamingo”. Since this hotel

has 60 rooms, and its average occupancy rate is
80%, then the number of annual showers is esti-
mated at 12,000. If the average shower time is 5
min, and the price of the water for heating and
waste disposal is 4.6 EUR/m’ while the cold water
price is 0.46 EUR/m’, the price per shower could
be estimated as 0.76 EUR for non-mixing (two-
handle) taps, 0.69 EUR for mixed-valve taps, and
0.32 EUR for thermostatic mixed-valve taps.
Therefore, the savings per shower are estimated at
0.07 EUR and 0.44 EUR for using mixed-valve
and thermostatic mixed-valve taps instead of ordi-
nary two-handle non-mixed valve taps. Conse-
quently, the expected savings would be (12,000 x
0.07) = 840 EUR when two-handle taps could be
replaced with mixed-valve taps, up to (12,000 x
0.44) = 5,280 EUR when new thermostatic mixed-
valve taps could be installed. As it can be seen,
these results correspond with the data given in Ta-
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ble 4. At present, the management of the hotel
“Flamingo” has replaced all two-handle taps with

Table 4

mixed-valve taps, with a future plan all of them to
be replaced with thermostatic mixed-valve taps.

Average annual water & energy consumptions and savings depending
on the bathroom taps type

Number Number of Cost (X)
of rooms taken showers Non-mixed tap Mixed- Thermostatic
annually (two-handle tap)  valve tap mixed-valve tap
20 5,840 4,420 4,001 1,851
Savings 419 2,569
50 14,600 11,048 10,003 4,628
Savings 1,045 6,420
100 29,200 22,096 20,006 9,256
Savings 2,090 12,840
200 58,400 44,192 40,012 18,513
Savings 4,180 25,679
300 87,600 66,287 60,017 27,769
Savings 6,270 38,518

EXPECTED FUTURE ACTIVITIES
AND IMPROVEMENTS

To be a “green” hotel today is not a question
of fashion but rather a question of survival espe-
cially in renowned tourist destinations such as It-
aly, Spain, France, Greece, Thailand, Switzerland,
Hawaii, etc. Macedonia has a strategic aim to im-
prove its tourism supply and to increase the annual
revenues from tourism. For the past several years,
the number of tourists visiting Macedonia in-
creased dramatically mostly as a results of inten-
sive campaigns, promotions at international tour-
ism fairs, TV, magazines and other media com-
mercials. However, this positive trend could not
last long if hotels do not follow the modern trends
and standards specifically by investing in environ-
mentally friendly hotels and tourism services. Fur-
thermore, the eco-labeling and eco-certification of
hotel establishments, as well as the education and
training of the employees in terms of the environ-
ment protection, utilization of organic food, usage
of renewable energy sources, the increase of en-
ergy efficiency and large penetration of sophisti-
cated information technology at any level, is a pri-
ority to Macedonian hotel industry.
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Application of all of the above mentioned, ac-
tually leads to implementation of a new and mod-
ern concept called “smart hotel” concept. This
new concept means totally new and enhanced level
of accommodation that might be offered to the
guests, which satisfies even the highest standards
in hotel industry. An example of a “smart hotel”
concept is schematically presented in Figure 4. It is
noticeable that this new hotel standard possesses a
huge technical capability to capture the guests’
interest — from the time they step into the lobby, to
the time they leave the hotel.

m

Table-Top
Ordering

r J Guest Wi-Fi
Digital Check-in

Fig. 4. The “smart” hotel from the future
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Starting from the lobby and registration desk,
restaurants and bars, a full high-speed Wi-Fi Inter-
net connection in all facilities is considered as a
must. Each guest should freely enjoy using auto-
matic check-in and check-out, digital concierge
and restaurants with specially designed POS termi-
nals where the guest can automatically set their
food and drink preferences, eating time and table
selection, variety of room and hotel entertainments,
all other hotel services, video-surveillance, etc.
This new concept of the hotel industry gradually
becomes available.

CONCLUSION

The study gives a brief overview of the pre-
sent status of the hotel industry in Macedonia, with
a special accent on the environmental awareness.
The key investigated issue was: how “green” are
Macedonian hotel facilities by elaborating the case
of the hotel complex “Flamingo” in Gevgelija, as
one of the best positioned five-star hotels in Mace-
donia,. By means of several methodological ap-
proaches, such as literature review, survey and in-
terview with the hotel management, the field work
and direct hotel audit, the study concludes that the
“green” hotel concept is not unknown in Macedo-
nian hotel industry. However, mostly as a result of
long already established practices, not enough staff
education and lack of suitable investments, many
hotel managers are conservative and reluctant
when considering the issue of further investments
in environmentally beneficial programs and the
improvements of the eco-friendly appearance of
their hotel facility.

However, there is positive experience gained
from the hotel “Flamingo” especially in the area of
cost reduction based on the energy efficiency
measures already taken, the implementation of
“smart” room concept, the treatment of the waste
water and garbage, hot water savings, etc. It also
presents a valuable step forward towards the appli-
cation and achievement of eco-labeling of the ho-
tel. Some additional steps should be taken, particu-
larly in the field of better and larger level of utili-
zation of renewable energy sources, e.g. solar en-
ergy which is excessive at this location, not only
for water heating, but also for self-sustained pro-
duction of electricity using the hotel and parking
rooftops. Eventually, according to the guest re-
quests and the available funds, the management of
the hotel is strongly motivated to enter into the
modern “smart” hotel era in the future.

What is most relevant is that other hotels in
Macedonia should follow and closely monitor the
current ecological improvements implemented in
the hotel “Flamingo” in the line of implementation
realised in their facilities. It is also important to
initiate some development of national standards in
respect to these issues, and to enforce them in tour-
ism industry by the official policy makers, such as
the Ministry of economy or the Tourism Chamber
of commerce. Hence, the hotel industry in Mace-
donia will be enhanced resulting into higher com-
petitiveness. Finally, the study recommends that
the key-tourism players should necessarily create
preconditions for further improvements of tourism
and hospitality sector, generally by spending more
efforts, time and investments for developing mod-
ern and highly sophisticated hotel facilities in the
near future.
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A bstract: This paper contains brief history review and analysis of actual trends of production and introduc-
ing electric vehicles in road transport, globally, and more specific in EU countries. Based on that and on analysis of
actual road transport characteristics in the Republic of Macedonia, a number of challenges have been recognized:
need for new business models, an issue of network of charging stations, needs in education adopting, policy making
etc. Some of the result of this research and analysis are expected to be of help to professionals and researchers in the

area of road transport now, and in the near future.
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HNPEAU3BUIINA 3A BOBEAYBAILE EJIEKTPUYHHU BO3UJIA BO PEIIYBJIUKA MAKEJOHHUJA

A mnmcrtpacxk Tt OBOj Tpyd COApPKH Kyc HCTOPHCKH INperjiel M aHaliki3a Ha TEKOBHHTE TPEHIOBH Ha
MPOU3BOJICTBOTO M BOBEIYBAETO HA €IEKTPUYHH BO3MIIA BO MATHHOT COOOpakaj BO CBETOT, CO MOCEOHEH aKLEHT Ha
3emjure Ha EY. Bp3 ocHOBa Ha Toa, Kako M Ha aHaJIM3aTa HA KApPaKTEPUCTUKUTE HAa aKTYEIHHOT MMaTeH coobpakaj BO
PenyOnuka Makenonuja, Ipeno3HacHu ce MoBeKe MPEAU3BUIHM: MOTpeda 0 HOBU OU3HKC-MOJIEIH, IPOLINPYBakE Ha
MpeKaTa Ha CTaHHIH 32 IOJHEHE, IOTPedu 0] NPHCIOCO0yBambe Ha 00pa30BaHHUETO, Kpeupame MOMUTHKA UTH. Ce
04YeKyBa HEKOHM O] Pe3yJTaTUTe O]l OBa UCTPAXyBale M aHaIM3a Ja OMAaT OJ MOMOLI Ha NMPO(ECHOHANIUTE U
HCTpaXKyBayHTe OJf OBaa 00JacT, KaKo cera Taka v BO OJIMCKa HIAHHUHA.

Kﬂy'-[l-ll/l 360POBI/IZ CJICKTPHUYHU BO3WIA; NIPEAN3BULIN; CTAHULU 3a ITIOJIHCHEC; 06p3.30BaHI/IC; 06y1<a; 6I/I3HI/IC—MOL[CJ'II/I

INTRODUCTION

One of the most complex and important areas
in contemporary economy and life is road trans-
port. Number of characteristic is related to this sec-
tor: one of the biggest employers globally, one of
the largest people and goods movers, safety issues,
energy aspects, and well known problems with
pollution.

Due to mobile nature of road vehicles, there is
a reach history of efforts of international harmoni-
zation of regulations tackling technical issues.
Education, trainings, specific business models and

policy building are areas very close related to this
area.

Witnessing the latest development in terms of
design, sale and use of electric vehicles it is not
difficult to recognize the need for smaller countries
like the Republic of Macedonia to be proactive
and, first of all to recognize opportunities and chal-
lenges this process brings.

Environment and health issues have been, and
now, most then ever, are key triggers of efforts to
introduce and widen the use of electric vehicles in
road transport.
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HISTORY, NOWADAYS, FORESEEING

According to [1], the picture of this area in
US is:

— In 1914, there were approximately 35,000
electric vehicles on city streets in the U.S. com-
pared to 1.4 million liquid fuel powered vehicles.
Between 1900 and 1920 battery vehicles lose the
battle with internal combustion engine (ICE) pow-
ered vehicles. As a finish of this stage, Detroit
Electric, the most successful producer of battery
electric vehicles, produced its last car in 1935.

— New interest in electric vehicles has emer-
ged in the late 1980’s. It has been mixed picture in-
cluding methanol and other alternative fuels (1983
— 1990), CNG vehicles (1988 — 1993), ZEVs —
primarily battery electric vehicles (1990 — 2001),
FFVs — E85 (1988 — 2007), hybrid Electric vehi-
cles (HEVs) (1999 - today), hydrogen fuel cell
vehicles (2001 — 2006), and plug-in HEVs and bat-
tery electric vehicles (2006 — today).

— President Obama in 2011 has stated that
there will be around 1 million electrical vehicles in
USA by 2015.

Sources from Europa area are talking about
the following picture:

— After 2010 there is a rise in interest for elec-
tric vehicles in Europe. Leaders are Netherlands,
France, Norway, Germany and Great Britain with
total of 60.000 new vehicles in 2013 (Round Table,
Amsterdam, 2010).

— According from European parliament, in
2010 electrical vehicles in EU represent around 1%
of total vehicle number. This percentage is ex-
pected to rise between 3 to 10% between 2020 and
2025.

WORLD, EUROPE IN A MOVE TOWARDS
IDENTIFICATION OF CHALLENGES
AND DEALING WITH THEM

It is common that every effort to introduce
new technology is related to a number of chal-
lenges. Although the main attention is put on tech-
nology limitations, deeper studies recognize a
number of other challenges related to future of
electric vehicles [2, 3, 4, 5, 6, 7].

Technology limitations mainly are discussed
in the following categories [2]:

— Energy and power density.
— Battery charging.

— Lifetime performance.
— System costs.

These limitations are normally considered in
the lights of the similar characteristic of conven-
tional vehicles with ICE, we are used too.

The cited studies and some more sources,
recognise such limitations, but also emphasize the
need of finding more creative ways to address
them, maybe the first of all system costs. In this
direction one of most mentioned needed activities
is work on new innovations in the business plan for
auto sales.

Conclusions in the available analysis [2], nor-
mally contain views that electric vehicles enter
automotive markets in a big way. In this process
companies should learn much more about warran-
tee costs, lifetime, vehicle performance over time,
and user satisfaction. It is expected that the grow-
ing market for electric drive will continue to spur
innovation in battery technology and charging in-
frastructure. But, still some of challenges that have
yet to be overcome. Some of conclusions deserve
to be cited [2]: “Perhaps the largest one will be
non-technical. The biggest challenge that remains
for the acceptance of electric vehicles is simply
education of the driving public”.

EU approach to this phase of development of
European market for electric vehicles has already
employed activities from Directorate General for
Internal Policies [3]. Analysis carried shows that
“The introduction of the electric vehicle to Euro-
pean industry is seen important for many reasons”
[3]. Bringing new market opportunities and new
jobs are recognized as some of more important
possible achievements, besides expected better
energy efficiency and reduce greenhouse gas emis-
sions. Still there is a need of “considerable re-
search technology development (RTD) invest-
ments, support for the creation of new markets and
new business models but also changes in the mo-
bility behaviour of both individual people and the
society as a whole” [3].

Going deeper into the analysis done, a num-
ber of significant issues and conclusions are ana-
lyzed and offered. Most of them are with global
importance, and almost all of them are so for the
Republic of Macedonia and the Balkan region.
Here are most important of them:

— Electrically chargeable vehicles suited for
both individual and public mobility and for goods
distribution in urban areas, since they promise
many benefits to towns and cities, such as very low

Mech. Eng. Sci. J., 34 (1), 327-332 (2016)
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(plug-in hybrid electric vehicle — PHEV) to zero
(battery electric vehicle — BEV) tailpipe emissions
and reduced noise. It has been estimated that with
current average European energy supply the green-
house gas (GHG) emissions of electric vehicles
would be less than 50% compared with conven-
tional vehicles.

— There is a need for a strategy based on the
complementary use of electric vehicles instead of
simple substitution of the existing combustion en-
gine. It is therefore estimated that a realistic market
share for new, electrically chargeable vehicles
would be 3 to 10% by 2020 to 2025. The market
penetration can be further increased if current
technological and economic barriers are addressed,
adequate infrastructure for power supply is devel-
oped and new mobility patterns are accepted by
potential customers.

— Industry needs to develop new business
models but at the same time these need to be sup-
ported by corresponding public decisions of sup-
porting the development of these models, e.g.
through the creation of lead markets and support
for pilot projects.

— There is a need of European harmonized
approach (standards and norms) for the charging
system of batteries used in electric vehicles as well
as decisions that make sure that customer-friendly
operation and billing systems are created. The goal
should not be just European but worldwide stan-
dards to avoid market fragmentation and to reduce
overall costs.

— Coordinated collaboration between the in-
dustry, the research community, governments and
customers is needed for the development of a lead
market for electric vehicles in Europe, as other
governments in countries such as the USA, Japan
and China already support the new technology in-
tensively.

— Not only new technological and infrastruc-
ture solutions are needed, but also significant
changes in the mobility behaviour of the society.

MAIN CHARACTERISTICS OF ROAD
TRANSPORT IN REPUBLIC OF MACEDONIA

The nature of transport as economy area dic-
tates the need of each country to consider itself as a
functional part of regional and global economy.
Therefore, smaller countries, first of all, should be
aware of global and regional developments, in this
case, related to introducing of electrical vehicles in
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the transport. Understanding of such developments
means taking the necessary steps towards avoiding
blindness, and recognizing and taking the chances
in all possible areas.

As important factors defining the strategy to-
wards introducing vehicles in road transport, sev-
eral key factors should be considered: road net-
work, registered vehicles, type and intensity of
traffic, type of industry, electrical network, legisla-
tion and standardization, research and education
capacities, etc.

Road network

Figure 1 shows road network in the Republic
of Macedonia. It shows, that besides main interna-
tionnal roads, most of the network is concentrated
close to the bigger cities/regions.

Statistical report of State Statistical Office of
the Republic of Macedonia [8], gives an overview
of road network in the country — Tables 1 and 2.

Table 1

Roads and road categories in km 2012

TOTAL 14 038

Of which asphalt and cobbled roads 8 308

ACCORDING TO ROAD CATEGORY

Trunk 911

Regional 3772

Local 9 355

International E-roads 553
Table 2

Overview of local roads,
situation 31. 12. 2012 in km

Total Asphalt and

cobbled roads
REPUBLIC OF MACEDONIA 9355 4629
Skopje 551 335
Bitola 167 156
Ohrid 163 97
Stip 150 39
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Fig. 1. Road network in the Republic of Macedonia

Registered vehicles The number of passengers in urban transport
is shown in Table 6 [8].

The Table 7 shows characteristics of taxi
transport [8].

Table 3 shows review of registerd vehicles in
the Republic of Macedonia and partially in some of
bigger cities [8]

Table 4
Table 3 .
) ) ) Length of E-road according year average
Registered motor vehicles in 2012 daily traffic(2010)
Motorcycles Passenger cars TOTAL Road length km
Republic of Macedonia 8473 301 761 350762
Total 550.8
Skopje 3635 122 400
Less than 1000 -
Bitola 550 18 961
Ohrid 573 8910 1000~1999 135
gtip 237 8 489 2000 - 3999 195.8
4000 - 5999 194.2
6000 — 9999 41.6
Road traffic
10000 — 14999 105.7

Main characteristics of road traffic, as one of
the key information needed for planning, is shown
in Tables 4, and 5 [8].

15000 — 19999 -
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Table 5
Length and use of the roads, 2010
Kilometers passed (millions yearly
Lenght (km)  Total Motorcycles Passenger cars Load vehicles Busses
and three cycles and light duty vehicles
Total lenght 1724.1 178.4 2.2 143.5 27.1 5.6
Type of road
All E-roads 550.8 63.1 0.1 55.2 6.1 1.7
Total non E-roads 11733 115.3 2.1 88.3 21.0 3.9
Highways 37.0 0.6 0 0.3 0.2 0.1
Other non E-roads 1136.3 114.7 2.1 88 2.08 3.8
Table 6 countries in the process [3], [4]. That way, a view
. on possible challenges for the Republic of Mace-
Number of passengers in towns o . . . .
. donia in the process of introducing electric vehi-
in thousands, 2012 . .
cles contains following aspects.
Bitola 775 1. Coordinated collaboration of all key play-
Skopje 68 270 ers .(il.ldus.t.ries, scientific institutes, government,
i municipalities, customers).
Strumica 224 . .
2. Taking part in the development of techno-
logy, and development of an adequate charging
Table 7 infrastructure.
Taxi transport, 2012 3. Working with society which is used to
highly-developed internal combustion engines and
Passenger cars, number 2494 associated filling-station infrastructure. There is a
Kilometres travelled, in thousands 74394 need of understanding of benefits and limitation
Urban and suburban transport 66911 r'elated to use of electri'c Yehicles. Individual mgbi-
- . 7 483 lity needs could be satisfied through new services
1ty to city transport that transform mobility significantly.
Passengers, in thousands 40413

ANALYSIS TOWARDS IDENTIFYING
CHALLENGES FACING ELECTRICAL
VEHICLES IN REPUBLIC OF MACEDONIA

At this point electrical vehicles in Republic of
Macedonia are taking very first steps. Those efforts
have form of initiatives and activities of some pro-
ducers offering electric cars, few companies al-
ready purchased limited number of them, some
examples of municipalities, legal measures, NGO’s
activities, private initiatives in the area of conver-
sion, some research and education efforts, etc.

Any effort of supporting the new develop-
ments in technology, economy, and in life should
start with identifying the challenges towards the
wanted goals. For a country as Macedonia the best
way is to use and adopt the experience of leading
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4. Legislation and standardization (type-
approval of vehicles and standardization of char-
ging infrastructure). Regulation to ensure safe
framework conditions for investments in techno-
logies and infrastructure.

5. Coordination of market incentives for elec-
tric vehicles with the policies across the EU. Such
incentives need to take into account not to hamper
other means of greening transport (e.g. bio-fuels,
hydrogen, advanced internal combustion engines).

6. Complementary use of electric vehicles in-
stead of substitution of existing combustion engine
cars. While urban areas create specific mobility
needs due to often congested conditions and a typi-
cally limited traveling distance, other transport
needs do require larger daily driving distances at
higher speed.

7. Collecting for more reliable data. Both life-
time costs and environmental impact of electric
vehicles should be carefully analyzed based on
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experiences gathered in different areas, as soon s
available. Such data should be facilitated by com-
petent institutions.

8. A clear policy framework including pro-
vision of adequate infrastructure and incentives
and the definitions of a reliable time frame could
reduce investment risks and foster the deployment
of electric vehicles.

CONCLUSION

Republic of Macedonia has number of simi-
larities with most of the countries in Balkan region
when it comes to this phase of development of
electric vehicles market. Main arguments to con-
clude so come from the fact that most of the traffic
with cars is urban or suburban. Also, international
routes through the country are quite short.

Being a country without car production, and
relying on development done in technology ad-
vanced countries, Macedonia should be fully aware
of new technologies and prepare itself for the rest
of activities in this economy area. That is not un-
important and smaller part of the process. In oppo-
site, a number of challenges have to be recognized
and addressed.

There are areas where Macedonia has already
done quite a lot (European wise legislation related
approval of vehicles an standardization). There are
promising activities in higher education (intro-
ducing courses for electric and hybrid vehicles,
intelligent transport systems), dealing with the so-

ciety (NGO activities), removing some taxes for
electric and hybrid electric vehicles, etc.

Still, there significant number of issues which
need to be addressed without delay. Further incen-
tives, development of network of charging stations,
development of new business models, are only a
part of them.
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VOLTAMMETRIC SENSOR FOR CHLOROPHENOLS BASED ON SCREEN PRINTED
ELECTRODES MODIFIED WITH REDUCED GRAPHENE OXIDE
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A bstrac t: Electrochemically reduced graphene oxide at screen-printed carbon electrode (SPCE-ERGO) ef-
fectively enhances electrochemical responses of chlorophenols. The influence of the modifier on the electrochemical
behavior of catechol, hydroquinone, 2-chlorophenol, 2,4-dichlorophenol, 4-chloro-3-methylphenol, and pentachloro-
phenol at the screen printed carbon electrodes (SPCE) was investigated in phosphate buffer solution at pH 7.0. The
electrode material was printed on transparency film for inkjet devices. Modification of the SPCE with reduced gra-
phene oxide has been significantly increased the sensitivity compared to unmodified electrode. In cyclic voltammetry
(CV) and differential pulse voltammetry (DPV) signals increased for investigated phenols except for pentachlorophe-
nol. Amperometric measurements show the most significant increased sensitivity to phenols with modified electrode,
where more significant increase of sensitivity is observed to hydroquinone about 38 times at applied potential of 0.1
V, 2-chlorophenol for 16 times at 0.3 V, and 2,4-dichlorophenol about 13 times at 0.4 V. Simple way of preparing
such a sensor, its easy modification, and improvement of signal to chlorophenols make this sensor suitable for appli-
cation.

Key words: SPCE; chlorophenols; reduced graphene oxide; sensor

HATIMHCKH MEPEH CEH30P 3A XJIOPO®EHOJIA BA3UPAH HA CUTO-IIEYATEHU EJEKTPOIA
MOJAUPUIUPAHU CO PEAYIIUPAH TPAGUTEH OKCHJL

A mcTp ak 1 EnekrpoxeMucku penynupa rpaduTeH OKCHI Ha CHTO-IIEYaTeHA jarsiepojHa eIEeKTPoIa
(SPCE-ERGO) ethexTrBHO TH To00pyBa €IEKTPOXEMUCKUTE pEakluK Ha XJopodeHoiute. Biujanuero Ha momudu-
KaTOPOT Ha eNEeKTPOXEMHUCKOTO OJHECYBAmhE Ha KATEXOIOT, XUAPOKHHOHOT, 2-XI0po(eHONOT, 2,4-1uXI10podeHONOT,
4-x110p0-3-MeTUIN(EHONOT U MEHTaXJIOpOEeHOJIOT Ha cHTo-ledaTeHa jarnepoaHa enekrpoaa (SPCE) Gemre ucnu-
TyBaHO BO (ocdateH mydep co pH 7.0. EnexrpoauuoT marepujan Oellie OTIeUaTeH Ha TPaHCIIAPEHTEH QUM 3a ype-
i co MacTuio (MHKET). MonudukaiujaTa Ha reyaTeHarta jarjepojiHa elIeKTpoJa Co peAylupaH rpaduTeH OKCHUI
3HAYMTEIHO ja 3roJIEMH YyBCTBUTEIIHOCTA BO criopenda co HemoauduuupaHata enekrpoaa. Bo nukianyHuTe HamnoH-
cku Mepewa (CV) u nudepenuunjanaute myncHo HamoHckn mepewa (DPV) curnanure 3a cute ucnutyBaHu (eHonn
ce 3rojeMuja, OCBEH 3a IICHTAaXJIOPO(EHOIOT. AMIEPOMETPUCKUTE MEPErba T'0 IOKaKyBaaT Haj3HAUUTEIHOTO 3TOJe-
MYBamb€ Ha UyBCTBUTEIHOCTA Ha (heHOINTE CO MOAMpUIIMpaHa eNeKTPOAa, NIPU IITO HAJ3HAUYUTEIHOTO 3rOJIEMyBambe
Ha YyBCTBUTEIIHOCTA ¢ 3a0eNexaHo Kaj XUAPO KHHOHOT, OKOIy 38 maTu Ha npuMeHeT noteHuyjan ox 0,1 V, 2-xiopo-
(enomnor 3a 16 matu Ha -0.3 V u 2.4-nuxnopodenonor okony 13 mati Ha -0.4 V. EAHOCTaBHHOT Ha4HH 3a MOJr0-
TOBKa Ha TAaKBHUOT CEH30p, HEroBaTa JiecCHa MOAM(HKAIMja U M0100pyBakETO HA CUTHANIOT Ha XJIOpO(EHOIUTE, o
MPaBM OBOj CEH30DP COOJIBETEH 3a IIPUMEHA.

KiyyHu 360poBH: CHTO-TICYaTEHA jarJepoaHa eIeKTPOAa; XI0PO(hEHOIN; peayLipaH rpaUT OKCHI; CEH30D;

INTRODUCTION nols are known as widespread compounds in natu-

ral and industrial ingredients and particularly in

Phenolic compounds are considered as major industrial waste. Their presence in environment

and persistent pollutants of the environment. Phe- can be of natural origin or from anthropogenic

nols and substituted phenols including chlorophe- sources (Zhang et al., 2015). Phenols are conside-
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red as primary pollutant components in waste wa-
ter due to their high toxicity, high oxygen demand
and low biodegradability (Victor-Ortega et al.,
2016; Wu et al., 2016; Korbahti & Tanyolag, 2003;
Miilazimoglu & Yilmaz, 2010; Safavi et al., 2007).

For a long time have been developed many
methods in order to determine phenols due to
harmful effects they cause to human and other be-
ings. Among them, conventional colorimetry and
spectrophotometry are easily disturbed by the col-
ors of detected components. The electrochemical
technique has attracted considerable interest due to
its suppleness, convenience and low cost, com-
pared to other existing methods (Korkut et al.,
2008). In terms of phenols and related compounds,
waste treatment and detection are two major rese-
arch directions. In both fields electrochemical met-
hods are of prime importance (Korbahti & Tan-
yolag, 2003; Miilazimoglu & Yilmaz, 2010; Safavi
et al., 2007; Wang et al., 2008; Farrell et al., 1999;
Hernandez et al., 2013; Lin et al., 2009; Yang et
al., 2013). These methods are based on the direct
oxidation or reduction of substrate onto an elec-
trode surface. Screen-printed carbon -electrodes
(SPCE) are widely used as the working electrode
because of high stability and their precision in de-
tection. But the demerit of low sensitivity gives the
SPCE limitations in practice. Enhancing the elec-
trochemical response, great efforts have been made
on SPCE by its treatment and modification (Shan
et al., 2002; Thévenot et al., 2001; Zhang & Zheng
2007).

In continuation of our recent work, aiming to
prepare the electrochemical sensors in order to de-
termine the different analytes (Berisha et al.,
2015), we decided to develop a new electrochemi-
cal sensor for the determination of chlorophenols.
Our research is focused on modification that use
electrochemical reduced graphene oxide (ERGO)
as a means to increase the sensitivity of the elec-
trode surface to phenols. Electrochemical reduction
of graphene oxide shows an increase of electronic
mobility and electrochemically active surface area
(Moraes et al., 2015; Benitez-Martinez & Valcar-
cel, 2014). Using functionalized graphene also
gives a good results on detection of different ana-
Iytes. The chlorophenols investigated in this work
represent the most commonly phenols present in
the environment and human surrounddings that
reveal toxic influence towards living organisms,
including humans (Yi et al., 2001; Pan & Kuru-
mada, 2008; Shah & Chen, 2012; Girelli et al,.
2006).

EXPERIMENTAL

Reagents and materials

The catechol, hydroquinone, 2-chlorophenol,
2,4-dichlorophenol, 4-chloro-3-methylphenol, and
pentachlorophenol were obtained from Sigma Al-
drich and Carbon/graphite ink GWENT group. The
supporting electrolyte, phosphate buffer solution
(PBS) pH 7 was prepared by mixing 0.1 M sodium
dihydrogen phosphate dihydrate and 0.1 M di-
sodium hydrogen phosphate dodecahydrate, ob-
tained from Lachner. All chemicals were of analy-
tical grade. Phenolic compounds solutions were
prepared in phosphate buffer solution (pH 7). Re-
distilled water was used for preparing solutions.

Apparatus

Voltammetric measurements were carried out
using a computerized potentiostat (PalmSens,
Compact Electrochemcal Interfaces) that was con-
nected to a personal computer. The experimental
conditions for the voltammetric measurements
were controlled with a PSTrace Software. All elec-
trochemical studies were performed at 25 + 2 °C
with a three-electrode assembly with a screen
printed carbon electrode (unmodified or modified)
as working electrode, an Ag/AgCI/KCI (3 M) refe-
rence electrode, and counter electrode of platinum
wire. Nitrogen was used for degassing the solu-
tions. A magnetic stirrer provided convection of
the solution. A digital 781 pH/Ion Meter Metrohm
was used to read the pH of the buffered solutions.

Synthesis of eraphene oxide (GO)

Graphene oxide was synthesized using Hum-
mer’s method mixing 1.5 g graphite, 1.5 g NaNOs,
and 69 ml of concentrated H,SO,. In the mixture
was added gradually 9 g KMnOQy stirring continuo-
usly in ice bath. The solution was let in 22°C for
1 h under stirring conditions and after was added
100 ml water and heated to 90°C for 1 h. The re-
sulting solution was diluted with 300 ml water and
excess potassium permanganate was reduced by
addition of 10 ml of hydrogen peroxide 30%. After
filtration and washing with HCI, graphene oxide
was dried at room temperature.

Screen printed carbon electrode (SPCE)
and modification

SPCE were printed in transparent paper for
inkjet in dimensions 35 x 3 mm using carbon con-
ductive ink. The electrode surface was covered

Mech. Eng. Sci. J., 34 (1), 333-339 (2016)
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using epoxy resin and electrode contact area was
9 mm®. The silver paint was used for electrode
contact. Electrode was modified using cyclic volta-
mmetry by cycling of SPCE in graphene oxide so-
lution 0.01 mg/ml in 0.1 M phosphate buffer (pH
7) as supporting electrolyte. Modification condi-
tions using cyclic voltammetry were at applied po-
tential in range from O to to 1.5 V with scan rate 50
mV/s and 20 scan cycles.

Analytical procedure

Cyclic voltammetric method is applied along
the potential interval from —1 to 1 V. Measuring
started after stirring the solution for 3 minutes and
the voltage-scanning step was initiated after 10 s
equilibrium time. Cyclic voltammograms (CVs)
were carried out at the rate of 50 mVs™" with a step
potential of 5 mV. The parameters performed with
differential pulse voltammetry (DPV) were chosen
as follows: Estep 0.005 V, Epulse 0.05 V, tpulse
0.09 s, scan rate 0.02 V/s. Measuring in DPV start-
ed after 10 cyclic voltammograms registered with
scan rate of 50 mV/s to stabilize working electro-
de. The peak currents were recorded by subtracting
the background. The amperometric measurements
have been developed in different operating poten-
tials under stirring 300 rpm by several addition of
tested analytes.

RESULTS AND DISCUSSION
Voltammetric measurements

Unmodified and modified screen printed car-
bon electrode (SPCE) was tested on cyclic volta-
mmetry in phosphate buffer solution 0.1 M (pH
7.5). In Figure 1 are shown the cyclic voltammo-
grams of plain SPCE and modified with electro-
chemical reduced grapheme oxide (ERGO), com-
paring them for chlorophenols and other analytes
used in this investigation.

At cyclic voltammograms of hydroquinone
(Figure 1B) the effect of electrode modification
surface can be seen. The oxidation peak of hydro-
quinone (50 ppm) at unmodified electrode is 0.3 V
with a peak intensity 9.33 pA and reduction peak
at —0.05 V with peak intensity 9.77 pA compared
to a modified electrode where oxidation and reduc-
tion peaks are at 0.135 V and reduction at 0.01 V,
with corresponding peak intensity 14.87 uA and
18.36 nA.

Maw. unic. nayu. ciuc., 34 (1), 333-339 (2016)
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Fig. 1. Cyclic voltammograms of phenols at plain (blue)
and ERGO modified (red) screen-printed carbon electrodes,
scan rate 50 mV/s and analytes concentration 50 ppm, except
pentachlorophenol concentration 15 ppm
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Based on these results, electrochemical reac-

tion with hydroquinone is reversible because the
ration between peak intensity is about 1 and poten-
tial difference between peaks is 125 mV. Unmodi-
fied electrode shows different electrochemical
properties to hydroquinone because potential dif-
ference of oxidation and reduction peak is 350 mV.
Also significant increases of oxidation peaks (0.1
V and 0.62 V) and reduction peak (-0.01 V) is ob-
served for 2.4-dichlorophenol (Figure 1D) with
modified electrode where intensity of oxidation
peaks are 14.46 pA, respectively 10.22 pA and
reduction peak 17.81 pA compared to unmodified
electrode with intensity of oxidation peaks 1.24
UA, respectively 2.11 pyA and intensity of reduc-
tion peak 2.88 nA. Electrode seems to be very use-
ful in phenolic compounds determination based on
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its electrochemical parameters. Background cur-
rent is increased after electrode modification,
which can be seen at cyclic voltammograms of all
investigated phenols (50 ppm) (Figure 1 A-E), ex-
cept to pentachlorophenol (14 ppm) where back-
ground current is decreased (Figure 1F), and also
for pentachlorophenol seems decrease in oxidation
and reduction peaks with SPCE-ERGO.

In order to see the effect of modifier on elec-
trode response to phenols we have developed mea-
surements with differential pulse voltammetry.
Also unmodified and modified screen printed car-
bon electrode (SPCE) was tested and DP volta-
mmograms comparing plain SPCE and modified
with ERGO, for all chlorophenols and others used
in this investigation are shown in Figure 2.
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Fig. 2. Differential pulse voltammograms of phenols at plain (blue) and ERGO modified (red) screen-printed carbon electrodes,
scan rate 50 mV/s and analytes concentration 15 ppm
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Voltammograms of tested phenols in phos-
phate buffer show difference between them in mo-
dified electrode. Generally electrode modified with
reduced graphene oxide using -electrochemical
method has a higher current compared to unmo-
dified because the reduced graphene oxide is good
conductive material. The modification consists in
covering electrode surface with reduced graphene
oxide by reducing oxygen containing groups. Dur-
ing the measurements in DPV was mentioned that
phenols interact with modified electrode in differ-
ent way compared to unmodified one, because of
containing unreduced or easy oxidable functional
groups. Modified electrode shows better electro-
chemical response for catechol with increase peak
intensity from 3.06 pA to 5.07 pA and potential
shift from 0.23 V to 0.165 V (Figure 2A) after
electrode ERGO modification. In the same manner
is increased the electrochemical response to hydro-
quinone from 1.11 pA to 4.64 pA and potential
shift from 0.16 V to 0.045 V (Figure 2B). Also

Catechol

A
0.6
!
mo0.-5 mSPCE
Eozx mSPCE-ERGO
Eos
$0.2
§

0 . ———————— J
-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 0.1 0.2 0.3 0.4

Significant increase can be noticed for peaks of
2,4-dichlorophenol from 0.19 pA, respectively
0.41 pA to 4.94 pA, respectively 4.47 uA (Figure
2D). Also a slight increase was observed for 2-
chlorophenol and 4-chloro-3-methylphenol (Figure
2C and 2E), and decrease in intensity peak of pen-
tachlorophenol for two times (Figure 2F) using
SPCE-ERGO as working electrode compared to
SPCE.

Hydrodynamic amperometry

Electrochemical properties of modified elec-
trodes were investigated using hydrodynamic am-
perometry at different operating potentials from -
0.7 V to 0.4 V. Figure 3 shows sensitivity of elec-
trodes with unit uA/ppm for modified and unmodi-
fied electrodes, where sensitivity of modified elec-
trode is more increased in positive potentials for A,
B and F, and in negative potentials for C, D and E.
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Fig. 3. Electrodes sensitivity (WA/ppm) in hydrodynamic amperometry,
operating potential -0.7, -0.6, -0.5, -0.4, -0.3, -0.2, -0.1, 0, 0.1, 0.2, 0.3 and 0.4 V, stirrer 300 rpm
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Comparing sensitivity of electrodes (Figure
3A) shows that the highest increase of electrode
sensitivity for catechol is in potential 0.2 V with an
increase for 6.34 times (Table 1), for hydroquinone
in potential 0.1 V (Figure 3B) for about 38 times
(Table 1), which are expected based on respective
information received from cyclic and DPV volta-
mmograms, and pentachlorophenol in potential 0.3

V (Figure 3F) with increase for 4.5 times (Table
1). Best increase in sensitivity of modified elec-
trodes were observed for 2-chlorophenol in —0.3 V
(Figure 3C) for 16 times (Table 1), 2,4-dichloro-
phenol in potential —-0.4 V (Figure 3D) with in-
crease around 13 times (Table 1), and 4-chloro-3-
methylphenol in —0.2 V (Figure 3E) for 7.5 times
(Table 1).

Table 1
Ratio of modified electrode (SPCE-ERGO) sensitivity (uA ppm™') and unmodified electrode (SPCE)
to phenols.
Potential Sensitivity ratio of SPCE-ERGO/SPCE (A ppm™
V) Catechol Hydroquinone 2-chlorophenol 2.4-dichlorophenol 4chloro-3-methylphenol Pentachlorophenol
-0.7 1.22 0.64 1.14 1.55 0.65 1.78
0.6 1.45 0.68 1.00 1.13 0.63 0.94
-0.5 1.58 0.95 1.11 6.48 0.80 1.03
-0.4 1.18 2.16 1.88 13.14 0.61 1.01
-0.3 1.62 4.54 16.00 8.33 4.80 1.53
-0.2 0.80 2.29 - - 7.50 1.02
-0.1 - 275 - - - -
0 - 4,50 - 1.00 - -
0.1 3.33 38.11 - 0.90 3.00 -
0.2 6.34 10.42 - - 2.00 -
0.3 5.57 3.24 - 10.00 1.14 4.50
0.4 2.54 1.35 - 2.00 2.00 2.33

During electrochemical reduction of graphene
oxide at SPCE some of hydroxyl and carbonyl
groups may still be present because they were not
reduced. They can also interact with substituents at
phenol molecules because the cyclic voltammo-
grams show more redox peaks at modified elec-
trode.

CONCLUSION

In this work we have prepared a new electro-
chemical sensor for the purpose of electrochemical
behavior investigation of chlorophenols and we
have achieved this by modifying screen-printed
carbon electrodes with reduced graphene oxide.
Screen-printed carbon electrodes on transparent
laser jet paper modified with electrochemical re-
duced graphene oxide are suitable for electroche-
mical investigation of chlorophenols. Using cyclic

voltammetry for electrochemical reduction of gra-
phene oxide at screen-printed carbon electrodes is
a simple way of modification and it is successful
on improving electrode response to phenolic com-
pounds. SPCE-ERGO modified shows good stabil-
ity in all applied electroanalytical methods, but
differential pulse voltammetry and especially hy-
drodynamic amperometry has shown good results
in increasing the sensitivity of modified electrode.
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ULTRASONIC PULSE VELOCITY INVESTIGATION OF POLYPROPYLENE
AND STEEL FIBER REINFORCED CONCRETE
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Abstract: UPV (Ultrasonic pulse velocity) method has been shown for some time to provide a reliable
means of estimating properties and offers a unique opportunity for direct, quick and safe control of building damaged
by earthquake, fatigue, conflagration and catastrophic scenarios. On this investigation hybrid reinforced concrete has
been investigated by UPV method. Hooked end steel fiber of length 50 and 30 mm was added to concrete in different
proportion 0, 0.25, 0.5, and 1 % by the volume of concrete. On the other hand polypropylene fiber of length 12, 6, 3
mm was added to concrete of 0.1, 0.2, and 0.4% by the volume of concrete. Fifteen different mixture has been pre-
pared to investigate the relation between compressive strength and UPV values and also to investigate on the effect of
volume and type of fiber on UPV values.

Key words: compressive strength; polypropylene fiber; steel fiber; ultrasonic pulse velocity; volume; type of fiber

OINIPEJEJTYBAILE HA BP3UHATA HA YJITPAZBYUYHHUOT UMITYJIC
HA IMOJUITPONIUJIEHOT U ®PUBEP-APMUPAHUOT BETOH

A mcTpax T Meronor Ha OGp3uHa Ha YITPACOHMYEH MMITYJIC C€ KOPHCTH BEKe U3BECHO BpeMe 3a 06e30e1y-
Balb€ Ha CUTYPHH HAYMHU 32 TPOLICHYBalbe Ha CBOjCTBATA M HYJM €MHCTBEHA MOKHOCT 3a TUPEKTHA, Op3a u 6e36e-
Ha KOHTpPOJIa Ha 3rpajiuTe OLITETECHH O 3eMjOTpEC, 3aMOp, MOXap U cleHapHja 3a karactpodu. Bo oBa ucrpaxysame
CO METOJOT Ha Op3HMHA Ha YNTpPa3By4YeH MMMOYJIC Oelle MCIHUTYBaH XHOpUIEH apMupaH OeToH. YennvHO BIAKHO CO
CBUTKaH Kpaj co nowkuHa ox 50 u 30 mm Geure nogaaeHo Ha 6etoH Bo paszmuunu nponopiun: 0; 0,25; 0,5 u 1 % on
BOJIYyMEHOT Ha O6eroHoT. O Apyra cTpaHa, MOJMIIPONUICHCKO BIAKHO €O JODKHHA 12, 6, 3 mm Oerie 1oaaeHo Ha
6eronor co 0,1; 0,2 u 0,4% on BosymeHOT Ha OeToHOT. bea MOAroTBEHW HETHaeceT Pa3IMYHU CMECH 3a Jia ce
HCTpaXKH BPCKaTa MoMery BPEIHOCTHUTE Ha jadrHATa Ha KOMIpecuja i Op3MHATa Ha yATPACOHHYHHOT UMITYJIC U [1a Ce
HCTpaXKH epeKTOT Ha BOJIyMEHOT M THIIOT Ha BIIAKHO BP3 BPEJHOCTUTE Ha Op3MHATa HA YITPa3ByYHHUOT UMITYJIC.

Kny4ynu 300poBH: jaunHa Ha KOMIIpECHja; NOIUIPOIHMICHCKO BIAKHO; YEIIMYHO BIAKHO;
Op3uHa Ha yNTpa3By4YeH MMITYJIC; BOJIYMEH; THI Ha BIIAKHO

INTRODUCTION been using for detecting internal cracking void and
variation of the physicaly properties in concrete
due to severe chemical environment, freezing and
thawing and heat resistance [4]-[6].

Nondestructive tests are widely applied to
study mechanical properties and integrity of con-
crete structures. They are simple to use and often
economically advantageous. They are suitable for
taking measurements on site and taking continuous
measurements [1]-[3].

The pulse velocity method is also used to es-
timate the strength of concrete test specimens UPV
test is prescribed in ASTM C 597 and BS 1881:
Part 203 [7]. These techniques have been grown
during recent years especially in the case of con-
struction quality assessment. The main advantage

These non-destructive methods are usually
associated with each other to improve diagnosis
and reduce the number of test. This method has
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of non-destructive testing method is to avoid con-
crete damage or the performance of building struc-
tural components [8], [9]. Additionally, their usage
is simple and quick.

The measurement of pulse velocity is affected
by a number of factors which are [6], [7]:

1. Smoothness of contact surface under test: if
the surface is not reasonably smooth, they should
be ground smooth.

2. Moisture condition of concrete: In general,
pulse velocity through concrete increases with the
increased moisture content of concrete [10].

3. Influence of path length on pulse velocity:
As concrete is inherently heterogeneous, it is es-
sential that path lengths are sufficiently long so as
to avoid any errors introduced due to its heteroge-
neity.

4. Temperature of concrete: It has been re-
ported that variations of the ambient temperature
between 5 and 30 °C do not significantly affect the
pulse velocity measurements in concrete [11, 12].
At temperatures between 30 and 60°C, there is up
to 5% reduction in pulse velocity [13].

This is probably due to the initiation of micro-
cracking in concrete. At below freezing tempera-
ture, the free water freezing within concrete thus
resulting in an increase in pulse velocity [13].

5. Presence of reinforcing steel: The presence
of steel bars will tend to increase the pulse velocity
because pulse velocity in steel is 1.2 to 1.9 times
the velocity in plain concrete.

6. Age of concrete: For a give pulse velocity,
the compressive strength is higher for older speci-
mens [14].

In the present investigation, the effects of type
and length of polypropylene and steel fiber effect
on the UPV values measured on concrete speci-
mens were examined.

METHODOLOGY

Based on ASTM C597-09 “Standard Test
Method for Pulse Velocity Through Concrete”, this
method based on the wave generated by an electro-
mechanical transducer placed on the surface of the
test specimens [15]. This test method can be ap-
plied to assess the uniformity and relative quality
of the concrete in order to indicate the presence of
the void and cracks. The accuracy of the results
greatly depends on various factors such as:

— the ability of the operator to interpret the re-
sults,

— surface roughness,
— alignment of the two transducers ,

— temperature and moisture content (condition
of storage of concrete. Un ultrasound equipment
consist of un pulser receiver transducer, display
device to measure the time.

The test begins when an ultrasonic pulse is
generated and transmitted for an electro-acoustic
transducer placed in contact with the surface of the
concrete. After traversing through the material the
pulses are received and converted into electrical
energy by a second transducer.
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Fig. 1. Ultrasound scheme equipment
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MATERIALS AND MIX PROPORTIONS
Materials

The cement used in concrete mixtures was
ordinary Portland cement of 32.5 grade. Fine ag-
gregate and coarse aggregate of river of Milot with
maximum size of 25 mm are used. Natural river
sand from the Milot river is used with maximum
size of Smm.

Two types of fibers were used for present in-
vestigation as shown in Figure 3 (i) hooked steel
fibers — 50 mm and 30 mm long and (ii) polypro-
pylene fibers with 12 mm, 6mm and 3 mm length.
The properties of hooked steel fiber and polypro-
pylene fibers are given in Table 1 and Table 2, re-
spectively.

Fig. 3. Polypropylene of length 12 mm
and steel fiber of length 5 cm

Table 3

Mix proportion of concrete
Components Sp ec(i(f;c/ H%g;‘“ty
Sand 900
Sand 900
Cement 400
Coarse aggregate, 10-25 m0 670
Coarse Aggregate, 5—10 mm 300
Water 200
Supper plasticizier 1

Steel fiber 0.25%, 0.5%, 1%

by the volume of concrete

0.1%, 0.2%, 0.4 % by the
volume of concrete

Polypropylene fiber

RESULTS

Below are represented the results of this in-
vestigation. All the samples are investigated at
room temperature.

Table 4

Relation between density, UPV and compressive
strength of steel reinforced concrete
at room temperature

Density UPV Compressive strength

%

kg/m3 m/s N/mm?
Standard 1975 4063 30.52
SF1 - 1% 2575 4856 335
SF1-0.5 % 2437 4640 327
SF1-0.25 % 2015 4128 304
SF2-1% 2332 4469 34.7
SF2-0.5% 2492 4734 335
SF2-0.25 % 1983 4083 29.52
Table 5

Relation between density, UPV and compressive
strength of polypropylene reinforced concrete
at room temperature

Table 1
Properties of steel fiber
Type Length Width Tensile
of steel fiber  of fiber of fiber Arirt)f:t strength
(cm) (mm) (mm) (MPa)
SF1 5 50 0.75 67 >1100
SF2 3 30 0.75 44 >1450
Table 2
Properties of polypropylene
Type of fiber Modulus of elasticity Extensibility
(mm) (N/mm?) (N/mm?)
P1=12 3900 400
P2=6 3700 370
P3=3 3500 320

Type of fiber — polypropylene fiber. Melting point —
170°C;.Electrical conductivity — zero.

Maw. unoic. nayu. ciuc., 34 (1), 341-345 (2016)

Mixing Ratio ke/m’ UPV  Compressive strength

m/s N/mm>
Standard 1975 4063 30.52
PP1-0.4 % 2317 4551 38.78
PP1-0.2 % 2286 4427 37.6
PP1-0.1 % 2173 4182 32.47
PP2-0.4% 2001 3769 31.81
PP2-0.2% 1984 3894 35.54
PP2-0.1% 1905 3390 27.76
PP3-0.4% 2122 3775 27.76
PP3-0.2% 2267 3951 349
PP3-0.1% 2083 3765 28.85
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CONCLUSION

» It was seen a significant effect of polypro-
pylene and steel fibers, added to the mixture, on
the ultrasonic pulse velocity of steel reinforcement
concrete.

* It was determined that the polypropylene
fibers added to the mixture did not have a signifi-
cant effect on the ultrasonic pulse velocity of rein-
forced concrete. The optimum percentage of poly-
propylene fiber is 0.2 % by the volume of concrete
for all types of polypropylene fibers used in this
study.

* The effect of steel fiber on the compressi-
ve strength of concretes showed alteration based
on the fiber volume. It can be said that the incre-
ased of percentage of steel fibers added to the mix-
ture cause an important increase in compressive
strength of composite.

* It was determined that the polypropylene
fibers added to the mixture affect more than added
of steel fiber on strength of reinforced concrete.

It has been found a linear relation between
compressive strength and ultrasonic sound values
for both polypropylene and steel reinforced con-
crete.

» It has been found a linear relation between
ultrasound velocity values and density of speci-
mens of polypropylene and steel fiber reinforced
concrete.
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A bstract: With everyday population growth, city territory is spreading and pollution is increasing rapidly.
In order to finish all their obligations faster, people more often use car than bicycles and most of the cities have
enormous problem with air pollution, traffic congestions and life in urban areas became unbearable. In order to make
cities more “livable places” and to create green smart cities, it is important to improve sustainable urban mobility.
That way CO, and other negative emissions and also energy consumption will be reduced, and at the same time the
attractiveness of the urban area will be increased. This paper discusses problems of urban mobility in the city of Nis,
the third largest city in Serbia. Ni§ has more than 320 km of motor roads, approximately 75,000 of registered vehicles
different categorized and only 20 km of bicycle paths. Every year number of new registered vehicles is increasing and
in last 10 years this number increased for 30%. The aim of this paper is to point out on main problems of urban mo-
bility and to show strategies for improving mobility by increasing bicycle traffic in order to improve quality of life in
city and to reduce pollution. Current emission is about 180,937.44 tCO, per year. By improving urban mobility plans
and promotion of bicycle traffic, building better infrastructure for bicycle traffic in the city it is possible to reduce this
emissions for 10% in section of private and commercial vehicles in next few years.

Key words: urban mobility; air pollution; green-smart cities; bicycle traffic; energy consumption

OJPKJIMBA YPBAHA MOBUJIHOCT
- ITPOBJIEMMU HA OAPXJINB BEJIOCHUIIEACKH COOBPAKAJ BO I'PAJOT HUII -

AmnctpaxT: CoCeKojAHEBHHOT IOPACT Ha HACEJICHUETO, TEPUTOPHjaTa Ha IPAoT CE IIHPH U 3aTayBameTo
Opry ce 3rosemyBa. 3a moOpry ja ru 3aBplIaT CBOUTE OOBPCKH, JyI€TO MHOTY OYECTO KOPHCTAT aBTOMOOMJIH, OT-
KOJIKY BEJIOCUIICIH M HajTOJIEMHUOT Je] Of IPaJOBUTE IMaaT OrPOMEH IIPOOIEM CO 3aralyBambeTo Ha BO3IYXOT U IyxkK-
BUTE BO COOOPAKkajoT, CO IUTO )KUBOTOT BO OBUE ypOaHU 00JIacTU CTaHA HEBO3SMOXKEH. 3a J1a Ce HAlpaBaT I'PafoBUTE
noy06aBH MecTa 3a JKMBEEHE U J]a CE CO3/IajlaT 3¢JIeHH IaMETHH T'paJIoBH, BAJKHO € Ja ce Moj00pu oJpikiauBaTa ypba-
Ha MoOuiHocT. Ha Toj HaunH, ke ce Hamanu emucujata Ha CO, 1 IPyruTe MTETHH FACOBH, KAKO U MOTPOLIYBayKaTa
Ha CHepruja, a BO HCTO BpeMe Ke ce 3roJIeMH IIPUBIEYHOCTA Ha ypOanute obnactu. OBOj Tpyx 300pyBa 3a mpobiaeMu-
Te co ypbaHata MOOHIHOCT BO rpanoT Humr, Tper no ronemuna rpaja Bo Cp6uja. Hum nma noseke o 320 km mortop-
HHM nartuiTa, npubmmwkao 75.000 peructpupaHu Bo3mila O pa3iIMUHM Kateropud, a camo 20 km Benocunencku
nareku. Cekoja roguHa, Op0OjOoT Ha HOBOPETHCTPUPAHU BO3MJIA C€ 3royieMyBa U BO mocieaHute 10 roaquHu oBoj Opoj
ce sronemun 3a 30%. Llenta Ha 0BOj TPy € [a yKa)ke Ha IJIaBHUTE Ipo0JeMH Ha ypOaHaTa MOOMJIHOCT U Jja T IpH-
Ka)kKe CTpaTerHuTe 3a MoJ00pyBambe Ha MOOWIHOCTA MPEKY 3rOJIEMYBAamETO Ha BEJIOCHIEICKHOT cOoOpakaj, a BO
HACOKa Jia ce H0oJ00pH KBaIUTCTOT Ha JKMBOT BO TPaJOT U Ja ce HaMalu 3aragyBamero. CeramuaTa emucuja Ha CO,
n3HecyBa okony 180.937,44 t ronumao. Co nonoOpyBameTo Ha INIAHOBHTE 38 MOOMIIHOCT, CO IIPOMOLIUjaTa Ha BEIO-
CHUIIEACKUOT co00pakaj u m3rpaadara Ha mogoopa HHGPACTPYKTypa 3a BEJIOCHIIECKH coo0pakaj BO IpagoT, MOXKHO €
BO CJICJTHUTE HEKOJIKY TOJMHY OBaa EMHUCH]ja BO JIEIOT Ha IPHUBATHU U KOMEPIMjalHU BO3UIIA J1a ce Hamanu 3a 10%.

Kiyunu 360poBu: ypbana MOOHITHOCT; 3arafyBame Ha BO3AYXOT; 3eJICHH TaMETHH IPajoBH;
BEJIOCHUIIEICKH COO0paKaj; MOTpoIyBa4yKa Ha eHepruja

AIMS AND BACKGROUND nning and takes into account integration, parti-
cipatory and evaluation principles to satisfy current
Sustainable Urban Mobility Plan is strategic and future needs of residents for mobility and

plan that supplements on existing practice in pla- provide a better quality of life in cities and their
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surroundings [1]. As main objectives of these plans
stand out availability of jobs and services to every-
one, enhancement of safety and security, reduction
of pollution (emissions of CO, and other harmful
gases) and power consumption, increase efficiency
and cost of transport of goods and people and also
enhancement of attractiveness of the urban area.

This paper discuss problem of sustainable
urban mobility in Ni$. Due to the expansion of the
city which follows constant growth of population,
there is need for an efficient transport infrastruc-
ture network and adequate solutions for sustainable
transport. On the other hand, the daily increase of
the number of motor vehicles in the city increase
harmful emissions, which often leads to appearan-
ce of smog and has a significant negative impact
on residents everyday life. As a financially most
cost-effective mode of transport, but also as the
healthiest form of transport — which does not pro-
duce harmful emanations is considered bicycle
traffic. Bicycle traffic is very developed in the city
but network of cycle paths is not developed, and
also cycling infrastructure in general, so large
number of cyclists are forced to drive in the lane
together with the cars. Safety of cyclists is endan-
gered and therefore interest in for this type of
traffic is decreasing. SWOT analysis of the poten-
tial and advantages for the development of bicycle
traffic in NiS, which was done on the basis of the
situation and research in the city will be shown in
this paper. Also the effect of increasing intensity of
bicycle traffic on the reduction of CO, emissions
will be discussed. The aim of this paper is to show
and analyze contemporary problems of urban
mobility and organization of bicycle traffic in Nis,
in order to point out to all potential and opportu-
nities that the city has, to highlight weaknesses that
should be overcome in order to create functional
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cycling network and thus reduce air pollution due
to harmful emanations. In order to make more effi-
cient urban and economic development of a city, it
is essential that there is a network of efficient and
well-organized roads and to put the emphasis pri-
marily on the development and improvement of
pedestrian and bicycle traffic.

Bicycle traffic in NiS has a long history and is
quite developed in all parts of the city. The age
structure of cyclists is different and there are no
accurate data on the age and gender representation
cyclists because not all cyclists are active daily.
Also, because the law on traffic safety for children
that younger than 12 years they are required to be
accompanied by the elderly.

In Ni§ and the surrounding suburban areas,
there is no developed system of bike trails that was
done according plans and which serves to connect
certain parts of the city or paths mutually. Figure 1
shows the currently existing bike paths in the city
and most of it them were built in the last 5 years.
Trails that are marked in red — have traffic signs
and horizontal signaling, they are two-way one-
sided bicycle trails. Bike trails that are marked in
blue in the picture, have no horizontal or vertical
signaling and but they are used as bicycle paths.
These paths are also two-way and one-sided but
without any signage. The trails that are marked in
green are the paths along the river that are not
specially designed but users themselves "defined"
— created the path along the banks of the river.
Bicycle paths exist within one elementary school
and one park but they are not adequately marked.
In the city there are no bicycle lanes and there are
no bike paths that would connect the city with the
surrounding towns and villages. Ni§ and spa near
Ni§ are connected with mixed pedestrian and
bicycle path.

Fig. 1. Existing bicycle paths in city of Nis

Mech. Eng. Sci. J., 34 (1), 347-355 (2016)
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The total length of marked bicycle paths is
10.7 km. Length of the trail along the NiSava river
is 5.5 km and it is also a bicycle and pedestrian
path that is active only during the summer months
because the track is on soil so when there is rain
and snow it cannot be used because of mud.
Length of unmarked bicycle paths is about 3 km.
The existing bike paths do not have the possibility
of returning to an existing point — they are not
created as ring roads. Also they are not connected
with other modes of transport — none of the paths
leads to the main bus station, railway station, city
center, hospitals.

Despite all the initiatives for reducing harmful
emissions and for healthier environment, main
mode of transportation in city of NiS is still motor
traffic. According to the data from the Republican
Bureau of Statistics [2], in 2014. in municipal of
Ni§ 72.692 different type of motor vehicles were
registered and 2.536 trailer vehicles. Because of
the global warming problem, lately more attention
is paid on CO, emission and it is known that the
vehicles are one of the main emitters. Because of
that, many cities worldwide are trying to reduce
motor traffic and to restrict vehicles in city cores in
order to reduce air pollution in high density popu-
lated areas. As eco-friendly modes of transporta-
tion are suggested bicycles and hybrid cars.

General regulations concerning bicycle traffic
and traffic in general in Serbia are defined by the
Law on Road Traffic Safety [3], which was deve-
loped by the Ministry of Inner Affairs. According
to this law basic terms for bicycle traffic are defi-
ned: Bike Trail — Bicycle path is the path desig-
ned only for bicycle traffic that is not in the level
of the main road; Bike lane is intended exclusively
for the transport of bicycles, mopeds and tricycles
that is in the same level with the main road and is
separated from it only with horizontal line. As a
recommendation to increase the safety of cyclists
is coloring these lanes in red or blue in order to
achieve the visual differentiation of different types
of traffic; Bike path is the path which is intended
primarily for bicycle traffic, and that has horizontal
and vertical signaling adequately marked. Because
in most of the towns in Serbia there are no bicycle
paths or adequately marked lanes, law proposes
that bicyclist can drive on the main road along the
edge and they can use space in width of 1 m.

Bike lanes are normally performed as a one-
sided and they are recommended only for bicycle
traffic within urban area while in traffic between
the settlements it is not recommended due to the

Maw. unic. nayu. ciuc., 34 (1), 347-355 (2016)

high speed of motor vehicles. The minimum width
of a bicycle lane is defined at 1m while optimal
width is defined at 1.60 m. To increase safety of
bicyclist it is recommended to paint bicycle lanes
in red or blue as a visual stripes and to highlight
them in order to draw attention to other drivers.
Also, in all places where the bike path intersects
with the main traffic road, for safety reasons, it is
necessary to mark the color to cyclists, but also to
other drivers in order to adjust speed on time. How
bicycle trail goes along the edge of the pavement,
it is necessary that the lane is at least 25 cm away
from the vertical signs on the sidewalk so that
cyclists would not hit the obstacles, and a mini-
mum of 60 cm away from parking niches. Radius
for the turning roads must be minimum 5 m so that
bicyclist can adequate maneuver [4].

The city of Ni§ is the third biggest city in
Serbia but still doesn’t have urban mobility plan.
In 2010. city parliament adopted Strategy for
safety in city of NiS$ [5]. Within this document was
discussed about air pollution in the city and results
of measurement on different location in Ni§ was
presented. These results included also the emissi-
ons from Heating plant and other plants in the city.
Within the Action Plan for sustainable energy
development for the city of NiS§ [6] in section for
Promotional, informational and educational measu-
res and activities, it is proposed to initiate the
campaign "Cycling is healthier", primarily in ele-
mentary and secondary schools to familiarize
pupils with the basic rules of traffic safety, and
also with organizing mobility week. This plan
defines the group of measures for the promotion of
bicycle traffic: the establishment of networks of
stations for bikes renting service, construction and
ongoing maintenance of cycle tracks on the entire
territory of the city, introducing and defining
priorities and primacy of bicycle traffic. In order to
implement effectively these measures, it is
necessary to regulate and designate bike paths; to
organize workshops and tribunes on the topic of
sustainable bicycle traffic; complete building the
network of bicycle parking lots — in front of each
public enterprise, public building; to make
interactive bike maps with all the information
about bicycle traffic in Ni§; to minimize critical
points of crossing motor vehicle and bicycle
traffic; build a parking garage and bicycle work-
shop, which would be under video surveillance due
to theft; get bicycles that will be the subject of
lease and secure them from theft; better and more
effective promotion of bicycle traffic particularly
for smaller distances in the city. As effect of this
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plan, until 2020 is expected to reduce CO,
emissions for 6641.39 tco, and energy savings for
26,035.14 MWh. In relation to all the measures
suggested within this strategy, it is considered that
the measures improving bicycle traffic has 10.32%
share in the overall reduction of CO, emissions.

DISCUSSION

Table 1 presents the basic characteristics of
bicycle paths in the city of NiS. All routes are two-
way, one-sided and their width varies. Along each
of the path there is a pedestrian path, with the bike
path closer to the main road. Most of the paths are

separated from the roadway with protective green
belt, only the paths in Vojvode MiSic¢a street and
part of the path in Nemanji¢a Boulevard are
without protective belt. Bicycle paths are made of
asphalt, in the same color as main road, except
those along river banks. None of the paths has
parking lots and bicyclist use traffic signs to “tie”
their bicycles. Dividing lines along the paths are
only mode of horizontal signage that marks the
division of the directions. From vertical signage,
on some paths there are only signs that mark the
beginning of the track. Width of the paths is
measured by the author, and it varies in different
sections and in a table average values are given.

Table 1
Main characteristics of bicycle paths in the city of Nis
Bicycle path Length Width Material Signage Protective zone Parking
(m) (m) Horizontal Vertical
Somborski Boulevard 2,200 2.60 asphalt dividing line Bicycle path sign greenery /
Vase Pelagica street 300 2.30 asphalt dividing line Bicycle path sign greenery /
g Matejevacki put 600 2.00 asphalt dividing line Bicycle path sign greenery /
% Medijana Boulevard 2,200 1.90 asphalt dividing line Bicycle path sign greenery /
v
‘g Boulevard Sv. Cara Konstantina 2,600 1.90 asphalt dividing line Bicycle path sign greenery /
Boulevard Nemanji¢a 2,800 1.80 asphalt dividing line Bicycle path sign partly greenery /
partly without
protective zone
Path along river 5,500 undefined width  soil / / / /
é Pariske Komune street 500 undefined width asphalt / / without yes
o protective zone
3
% Vojvode Misica street 350 1.80 asphalt / / / /
=)
£ 12. February Boulevard 2,600 2.4-2.6 asphalt / / greenery /

The widest is the path along the Somborski
Boulevard and it is also the last built. Bicycle path
goes along the entire length of the Boulevard, and
extension of this path is planned due extension of
the boulevard. Bicycle path in Vase Pelagica street
is extension of this bicycle path and it has a width
2.30 m which is in accordance with the regulations.
Bicycle path along Matejevacki put is width 2 m,
but due to improper parking it often can’t be used.
Paths along the boulevards Nemanjica, Medijana
and Sv. Cara Konstantina are wide from 1.80 to
1.90 m and that is less than the recommendations
in the manual. Bicycle path along Boulevard
Nemanjica is the oldest bicycle path while the bi-
cycle path along Somborski Boulevard is last built.
Bicycle trail along the river bank has no defined

width because it varies depending on embankment
width. The trail in the Pariske Komune street is
combined pedestrian- cyclist so it is impossible to
determine the width. Greatest width of bicycle
trail, which also has the most variable width, has
unmarked trail along 12. February Boulevard
where width varies from 2.4 m to 2.6 m and it is
very difficult to define the boundary between the
bicycle and pedestrian path.

Total length of bicycle paths in Ni§ is 10,7
km. Total city surface is 597 km* and length of all
roads, beside highway is 323,16 km. Municipality
roads are the longest and their total length is 246
km, after them are State roads II order 65,73 km
and State roads I order that are 11,42 km long
(Chart 1). Bicycle paths are not functional over
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entire length because of the barriers that exist. One
of the fails that was made are bus stations that
interrupt bicycle path. In the Figure 2 is one of the
bus stations in Somborski Boulevard that intersects
bicycle trail. On these points, bicyclist are forced
to go on roadway or to drive in pedestrian path —
which is also problem because on pedestrian path
is bus stand. Also, on these sections of bicycle path
there is no sign that trail is interrupted and that is
critical point because it is unmarked intersection of
different modes of transport.

250 OBicycle paths
200
150 @ State road |
order
100 — O state road I
50 order
0 O Municipality
lengthin km road

Chart 1. Length of roads and bicycle paths in Ni§

Fig, 2. Intersection of bicycle path and bus station

The biggest problem for bicyclist, beside in-
sufficiently km of bicycle trails, is at the first place
undeveloped network and connections for bicycle
traffic. People cannot go from one point to another
and to return back by the same road and bicycle
paths are not connecting main institutions in the
city. There are no adequate joints — turns for paths
and bicyclist must stop and to elevate their bicyc-
les. High roadsides that are without ramps repre-
sent barriers for unobstructed bicycle traffic. Place-
ment of vertical signage in the middle of bicycle
paths (Figure 3) makes troubles for bicyclist and
they must turn in opposite direction lane. Irregular-
ly parking of motor vehicles on the surface of bi-
cycle path disables bicyclist to drive on their road
(Figure 4). Bicycle paths have inadequate surface —

Maw. unic. nayu. ciuc., 34 (1), 347-355 (2016)

asphalt and soil and because of inadequate main-
tenance these surface doesn’t last long. Beside pro-
blems on bicycle paths, bicyclists also have prob-
lems when driving on main road because drivers of
motor vehicles have priority according to Serbian
laws. According to regulations, when driving in
roadway cyclist must drive in the width of 1 m
from roadside and their biggest problem are ire-
gularly parked cars on the road which make them
to drive in the middle of the road. Along the road-
sides there are shafts and grid for atmospheric wa-
ter which are often above level of the road and bi-
cyclist cannot drive over them. Because of the
damages on the roadway there are cracks (Figure
5) which prevent bicycle to drive safely next to the
roadside.

Fig. 4. Irregularly parking
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%

Fig. 5. Damage along the roadside

Even there are many studies that show ad-
vantages of bicycle transport in Ni§ and in Serbia
in general, this mode of transport is still not deve-
loped. In the city of NiS§, within every annual plan
there are sections about developing bicycle trans-
port as most cost — effective and healthiest trans-
port mode. Unfortunately, ideas and strategies re-
main only on the paper. In strategy for city deve-
lopment for 2016 [7] there are some sections about
developing bicycle transport but until now nothing
was done. Existing bicycle paths are not safe
enough so most of the people are not even trying to
use bicycles. The biggest problems are in the main
city center where they don’t have surfaces for
cyclist and they are forced to go on sidewalks
which are barely 2 m width or in roadway lanes
where they have problems with motor vehicle dri-
vers. Last 15 years there is significant increase in
population size and as a consequence number of
registered motor vehicle is also increased. Accord-
ing to data from Republican Bureau of Statistics,

2014, city parliament published official data about
CO, emissions in the city from traffic [8].
According to data shown in this strategy (Table 3),
the greatest values of CO, emissions have private
cars and they are 91.76 % of total emissions. On
the second place are vehicles from public transport
with 6.61 % and vehicles in city ownership with
1.63 %. These values represent current state in the
city and all the experts are warning about negative
impact of these emissions. With strategies that city
parliament adopted, it is planned to improve bi-
cycle transport in order to reduce negative emissi-
ons. If strategy is efficiently implemented it is pos-
sible to reduce 10% of CO, emissions by the 2020.
There were many studies about negative impact of
traffic emissions in the city of Ni§ and about air
pollution in general. Results that are shown in one
of the researches, show that CO, emissions from
traffic are about 38% of total harmful emissions [9]
and the rest percentage goes to emissions from
household and from heating plant. There is also
research [10] about negative impact of carbon
monoxide from traffic depending on type of the
motor that vehicle uses. This research shows sce-
narios how is it possible to reduce these negative
emissions and to improve air quality in urban areas
of the city.

According current state in the city, and based
on research, in Table 4 SWOT analysis is prese-
nted.

Table 2
Number of registered motor vehicles

2006 2010 2011 2014

. . .. . Motorcycles 545 647 834 1.234

number of registered motor vehicles is increasing
each year and in Table 2 number of different type Cars 57.521 36.849 60481  64.717
of registered motor vehicles is shown. Number of Busses 502 293 449 485
motqr vehicles has increased for more than 10.000 Trucks 3364 4217 3970  4.530
for just 8 years. Unfortunately there are not . )
precisely data about number of bicyclist or about Working machines 31 13 69 %3
number of bicycles that are in the city of Nis. Trailers 403 589 2.126 2536
Because of the increasing number of vehicles in Total 62366 42.608 67.929 73.595

Table 3

Total CO, emissions from motor vehicles in the city of Nis (tco,)

Type of vehicle Petrol Diesel LPG Total

Vebhicles in city ownership 561,34 2.183,81 194,59 2.939,74

Vebhicles for public transport 120,12 11.212,39 630,42 11.962,93

Private vehicles 64.913,72 85.338,31 15.782,74 166.034,77

Total 65.595,18 98.734,51 16.607,75 180.937,44
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Table 4

SWOT analysis

STRENGHTS

WEAKNESSES

There is already developed bicycle transport;

Already built bicycle trails show that there is
developed awareness of the benefits of bicycle transport in
spatial planning practice;

The city of NiS has favorable structure for organizing
bicycle traffic — there are possibilities to create very
functional network of cycle paths and to connect all the
main points in the city;

Streets in the main city center are not higher rank so
it is possible to organize bicycle traffic;

Configuration of the terrain is very favorable — there
are no big climbs;

There are possibilities to create green corridors along
the paths to increase safety and to ennoble existing
roadways and to bring greenery in all parts of the city;

Organizing recreation corridor along the river banks
and arranging existing bicycle paths;

Possibility of connection with sights in the town and
in rural areas next to the city;

Developed network of associations and clubs that are
improving and promoting bicycle transport;

Positive analyses about reduction of negative
emissions and energy saving within local strategy plans;

Foreign funds for development of bicycle transport
and urban mobility plans;

Insufficient number and length of bicycle paths;

Existing technical omissions during construction that
are repeating on almost all trails;

Unmarked bicycle paths;
Irregular width of the bicycle paths;

Unconnected bicycle paths prevent smooth and
functional bicycle transport;

Undeveloped awareness about bicycle transport
among motor vehicle drivers. Because of that they don’t
respect bicyclist and park their car in the main road lane
along roadsides;

Threatened safety of bicyclist because of damages on
the road and they are forced to drive in opposite lanes in
order to pass the holes and shafts;

Threatened safety of bicyclist on the critical points
where is intersection of bicycle, motor and pedestrian
traffic;

Insufficient number of parking lots — bicycle brackets
and also there is no protection from theft;

Lack of bicycle trails in the city and also bicycle
roads that could connect city and rural areas. Densely built
city core without possibility for road widening;

Ineffective system for atmospheric water drainage
create ponds that are making problems for cyclist;

Public parking lots with payment along sidewalk
make cyclist to drive on the middle of the roadway;

OPORTUNITIES

THREATS

Promotion of bicycle transport as sustainable and
cost-effective mode of transportation;

Planning of new bicycle paths based on the existing
experience and better maintenance of bicycle trails;

Planning of bicycle paths according to technical and
esthetic requirements. Creating green corridors and refining
ambient for bicyclist and pedestrians;

Introducing penalties for motor vehicle drivers in
order to increase safety for bicycle drivers;

Reconstruction of city core with planning bicycle
corridors;

Organizing educational workshops and lectures about
positive characteristics of bicycle transport;

Creating combined lanes for bicyclist and public
transport within existing roads;

Announcement of competitions in order to obtain
quality and innovative solutions;

Applying positive practice in planning from other
cities and creating network of cities with sustainable
mobility plan;

Unplanned construction of bicycle paths with

constant repeating of the same technical errors;

Tllegally placement of signage on the bicycle paths;

Quantity and not quality of the trails — priority is
length and not quality;

With organizing high rank streets, safety of the
bicyclist in city centers is reduced;

Adjusting current regulations for bicyclist to the real
needs in practice;

Inadequate maintenance of the bicycle paths;

Legal and property issues can stop construction of
paths in sections where land is not in public ownership;

Insufficient lightning can endanger safety of the
bicyclist and reduce bicycle traffic during night,

Financial deficit in city budget can slowdown process
of construction and revitalization of bicyc paths because
they are not marked as priority investment;

Priority for the bicyclist and not motor vehicle
drivers;
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CONCLUSION

Based on analysis and research on the ground,
and based on the data presented in the paper, it can
be concluded that the city of Nis has great potential
for the development of bicycle traffic. Currently
the city has a couple of bike trails that were built in
the past decade, however, the length and quality of
these tracks do not meet the requirements given in
Manual for constructing the roads in Republic of
Serbia and requirements of modern sustainable
mobility. Because of its configuration, the city has
great potential for development and expansion of
cycle network, however, very little has been used
and done and city area is not covered with ade-
quate network of bicycle corridors although there
are a large number of bicyclists. Intensity of
bicycle traffic is very high and the need for moder-
nization and also expansion of infrastructure for
cycling are essential. But implementation and fi-
nancial capabilities of the city are not the best
because city is facing huge budget deficit. Yet in
many plans adopted by the city council problem of
bicycle traffic is mentioned and possible solutions
are considered, but unfortunately there is no
concrete development.

Existing paths, although the "newly designed"
do not correspond to the standards and require-
ments of the users because their width in most
cases is not adequate, the materialization is not
permanent, signage is poor and in many places
badly placed, and there is a problem with crossing
of pedestrian, bicycle and motor traffic. The exis-
ting bicycle routes are mostly on the outskirts of
the city and they don’t have connection to the city
center nor a relevant public institutions - Court,
Police Station, Hospital, Shopping Malls ... Paths
are not adequately designed for bicycles so their
roadsides are quite high and this makes difficult
descent and climbing of bike and also it is problem
for the persons with disabilities. Although this
problem is constantly discussed — Association of
Persons with Disabilities and the Association of
cyclists constantly appeal to this problem, and they
made a couple of interventions mainly in the cen-
tral city core. The big problem is the complete
absence of sidewalks in some neighborhoods and
that is huge threat for bicycle and also pedestrian
traffic. Due to the high density of built area there is
no possibility of extending the existing regulation
width of the street. In places where cyclists des-
cend to roadway there is a problem with a bad set-

ting manholes and drains which often are not in the
level of road — they are raised or recessed so that
cyclists are forced to by pass them and thus com-
ing to roadway where their security is threatened.

Despite numerous problems, the city of Nis
has potentials to overcome most of them, and also
for the formation of an effective and functional
network of bicycle surfaces which would further
develop a sustainable transport and all its positive
effects would come to the fore. City identifies
problem of urban mobility and in recent years
within the framework of the action plans sugges-
tions for a solution are shown. Benefits of using
bicycle traffic are numerous and use of this mode
of transport would also reduce the level of moto-
rization, which is a major threat to ecosystems
around the world. In the planning bicycle traffic,
city should involve the local population so that
final users are involved in the planning process and
based on everyday problems that they are facing
they will give suggestions and guidance for their
improvement. Public-private partnership is also an
effective solution private companies could donate
and invest in the development of transport infra-
structure and this way to financially support the
development of cycling in the city.

The most important impact of the develop-
ment of urban mobility is certainly better quality of
life because it reduces the level of motorization
and consequently the level of pollution and noise
caused by the traffic on the streets. Housing, which
is next to a frequent street gets better quality and
the street itself becomes visually better because it
is relieved from traffic and greater safety of
pedestrians and cyclists is achieved. Mobility and
accessibility to all public and important institutions
in the city is improved, and that is very important
for citizens, and transport is planned for human
scale and not for cars. Residents can get from one
point to another in a short time and in a very
efficient manner, and distribution of all the ser-
vices and functions in the city will be much easier.
In this way image of the city is improved and it is
turning towards the modern trends of sustainable
planning and city becomes creative place for inno-
vative approach to urban and regional planning.
And finally, urban mobility promotes tourism and
cultural heritage, because thanks to better mobility
system, tourists can visit all the sites in the city and
beyond and also tourist organizations may qualify
for a much better and richer offer.
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A bstract: In this paper will be addressed law enforcement challenges in the field of environmental protec-
tion as the main issues that is repeatedly emphasized in the annual progress reports of the European Commission for
Albania. Emphasize that the issue of law enforcement in the field of environment is problematic not only in Albania.
As will be mentioned in this paper in the context of the main directives of the European environmental crime (2008 /
99KE) and some of the basic EU instruments covering environmental policy areas, have faced significant problems in
their implementation in EU in general. In this context, all the states applicant for EU membership have to accept the
acquis communitaire before being a membership, even in Albania along the approximation of legislation in the field
of environmental protection and Albanian criminal legislation, will be necessary to adapt in time with environmental
crime directives.
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AJIBAHCKOTO KA3HEHO ITPABO BO JIEJIOT HA 3AIITUTATA HA )KUBOTHATA CPEJJUHA

U NPEAN3BULUATE HA CEI'AIIHOTO 3AKOHOJABCTBO BO PAMKUTE HA UHTEI'PAITMJATA

BO EBPOIICKATA YHUJA

AmncrtpaxkT: BooBoj Tpyn cranyBa 300p 3a MpeAN3BULMTE NP CHPOBEIYBAETO HA 3aKOHUTE O] 00JacTa
Ha 3allTHTaTa Ha >KMBOTHATA CpeJMHA KAaKO IJIABCH IPOOJIEM KOj ce IOBTOpYBa M CE HArJlacyBa BO TOIUIIHHUTE
n3BemTan Ha EBpornickara Komucuja 3a Hanpenokor 3a Andanuja. Cexako Jeka IpoOIeMOT CO CIPOBEIYBAHBETO Ha
3aKOHHTE 0] 00JIacTa Ha 3aIITUTaTa Ha KUBOTHATA CPEIUHA HE € IPHCYTCH caMo Bo Anbanuja. Kako mTo e ciomena-
TO BO TPYAOT, BO KOHTEKCT Ha IJIaBHUTE €BPOICKM JUPEKTHBH 3a exosomku kpumunai (2008/ 99KE), u nekon ox
ITIaBHUTE HHCTPpyMeHTH Ha EY kou ru mokpuBsaaT o06IacTUTE Ha HONMTUKHTE 3a 3AIITUTA HA KMBOTHATA CPEJMHA CE
“MaaT COOYEHO CO 3HAYUTENHH MPOoOJIeMH BO HUBHATa UMILIeMeHTanuja Bo EY Bo rnobana. Bo 0Boj KOHTEKCT, cuTe
JIp’KaBY KaHIUAATHU 32 WICHCTBO Bo EY Mopaat ma ro npudarar acquis communitaire mpej 1a CTaHAaT WICHKH; HCTO U
BO AnbaHHja BO TEKOT Ha XapMOHH3all{jaTa Ha JIETHC/IAaTHBAaTa Ha IIOJETO HA 3alITHTAaTa HA )KUBOTHATA CPEIUHA W
JI0AHCKOTO KPUBMYHO 3aKOHO/ABCTBO K€ Ouze MOTpeOHO HaBpeMme Ja ce M3BPIIHM YCOrJIacyBame CO KPUBHYHUTE
JIPEKTHBY 3a 3allTHTA HA )KUBOTHATA CPEJIMHA.

Kiyunu 300poBM: 3aK0OH 3a 3aIITHUTA HA )KUBOTHA CPEIMHA; IPEIU3BUIM; 3aITHTa; EY

INTRODUCTION

This paper addresses the complex issue of le-
gal protection of criminal environment as a rela-
tively new field and developing, focusing on ac-
cess for Albanian legislation to address its imple-
mentation in practice of the penal law that are in
force, and in the effectiveness of criminal law to

ensure the protection of the environment, as seen
in the light of contemporary trends in the field of
protection of the environment through criminal law
referring to concrete initiatives for harmonization
of national legislation in the framework of inter-
national organizations, particularly under the Euro-
pean Union. In the framework of the Republic of
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Albania's aspiration to join the EU, this issue,
which has acquired a new dimension through the
latest directive of the European Parliament and the
Council of EU to protect the environment through
criminal law (2008/99/ EC) calls for a review of
the Albanian legislation to protect the environment
of the 90s of last century, which need to be adapted
to new developments that occurred while the Al-
banian legislation in the field of environmental
protection in the framework of its alignment with
the environmental acquis of the EU.

A COMPARATIVE LOOK AT THE OFFENSES
AGAINST THE ENVIRONMENT

Depending on the choice of the legislature or
the system of law to which they belong, different
countries have provided the catalog of offenses
against the environment in the CC, in other legis-
lation in the field of environmental protection, or
partially in these laws and partly in Penal Code.
This choice, apparently influenced the models used
for the protection of the environment through cri-
minal law, as the simplest model of criminal en-
dangerment abstract results to be widely followed
in those states in which the penal law are found
mainly in administrative legislation of environ-
ment.

Although criminal offenses against the envi-
ronment, especially in the field of environmental
pollution, are provided in the legislation of differ-
rent countries, they are characterized by fundamen-
tal differences between different countries in terms
of the forms in which they are provided, as well as
the main elements necessary concrete figures.
Also, depending on the developments in the right
dynamic environment, as well as trends in growth
of the problems encountered in practice in certain
areas, the legislators of the respective countries
have reacted either by toughening penalties or add-
ing new forms of criminal existing laws, either
adding new works associated with those areas that
have the need for judicial and criminal defense. An
important role have played international organiza-
tions through various initiatives in the field of en-
vironmental protection criminal law.

In the framework of the EU, as Member
States, as well as other countries that are towards
membership in, they have made amendments in
their national legislation on offenses against the
environment, due to the obligations that they have
in the context of transposition of the Directive

2008/99 / EC on the protection of the environment
through criminal law. In some Member States the
most developed, which had a fair criminal environ-
mental develop, the necessary changes have been
minimal, and even there were cases like France,
where it is judged necessary to make changes or
supplements, considering more than complete the
existing legislation on offenses against the environ-
ment.

Based in a conducted study, prior of the adop-
tion of this Directive has shown that, in the laws of
the Member States there were major divergences in
some aspects, which made it very difficult to com-
pare them with each other. In this context, the ef-
forts to harmonize the criminal legislation in this
area represent an important step in terms of crea-
ting new spaces to national criminal jurisdictions
that are more easily comparable among them.

Although in different countries of Europe
have noticed some significant differences in the
area of special protection of the environment thro-
ugh criminal law, a meeting point between them is
achieved the evident and it consists in the position
of their shared that environmental protection in a
high level can not be achieved only through puni-
shment with criminal sanctions of a violation of
administrative provisions, as this is already consi-
dered inadequate in achieving this important objec-
tive.

OFFENSES THAT SHOULD BE REFLECTED
IN NATIONAL LEGISLATION BY EUROPEAN
UNION DIRECTIVES ON ENVIRONMENTAL
CRIMES

As noted, two Directives of the environmental
crime, adopted respectively in 2008 and 2009, con-
stitute an important step towards a right offense of
European environmental. Indeed, since for the first
time Member States of the EU are obliged to use
the right offense to criminalize serious breaches of
national legislation implementing European legis-
lation. In selecting environmental crimes stipulated
in the directive, the Community legislator is based
on the most important provisions of Community
legislation on environmental protecttion, by con-
sider those offenses that were considered most se-
rious by the Committee of Experts during the draft-
ing of the Council of Europe Convention on the
protection of the environment through criminal
law.
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In this context, Directive 2008/99/EC of the
European Parliament and of the Council of EU at
19 November 2008 on the protection of the envi-
ronment through criminal law sets minimum rules
to be implemented in national criminal legislation.
In this way, this directive provides a minimum
standard for criminal justice environment, which
means that polluters will have the chance to benefit
from differences or divergences between the vari-
ous national systems, after the transposition of the
Directive into domestic law of Member states will
not have the "paradise or accommodation for pol-
luters" in the European Union.

Meanwhile, Member States are free to adopt
or maintain measures that are more stringent in
terms of effective criminal law protection of the
environment, as long as these measures are in ac-
cordance with the Treaty. This minimum threshold
for harmonization of legislation will enable a better
implementation of environmental legislation in
compliance with the essential objecttive of envi-
ronmental protection provided for in the Treaty
establishing the European Community.

The Acts of unlawful that must be envisaged
as offenses against environmental legislation ac-
ross the Member States of the EU, are defined in
Article 3 of the Directive, accompanied by Article
4 on the promotion, provision of assistance and
support in the commission of offenses defined in
the Directive. In the Article 3 of the Directive,
which remains its essential provisions are stipu-
lated nine offenses, which have two common ele-
ments that are necessary for each of them:

(1) illegality of the action or inaction, and

(2) fault in the form of intent or serious negli-
gence.

Regarding to the community legislation listed
in the two annexes of the Directive, in paragraph 9
of the Preamble it is stated that the obligations laid
down in this Directive relate only to those pro-
visions of the Community legislation, which oblige
Member States when implementing this legislation,
to provide measures of prohibition. Meanwhile, the
Directive is considered "potentially very broad in
its application", as in Article 2 is not looking nec-
essarily to Community legislation listed in the an-
nexes of the Directive to be implemented or trans-
posed into national legislation, making that as a
result of implementation of this Directive, each
Member State will be obliged to criminalize the
violation of all community legislation mentioned
above, even if it is not transposed into it’s national
legislation.

Maw. unic. nayu. ciuc., 34 (1), 357-361 (2016)

As it stated in legal literature, the selection of
directives and regulations are included in the scope
of Directive 2008/99/EC which made having as
goal, setting rules more stringent in the areas of
environmental policy, which according to the
community lawmakers are facing significant inco-
nsistencies or problems in their application in the
EU as a whole and as such, they are sufficiently
problematic to enforce criminal penalties for in-
fringement of the relevant instruments.

Seen from the description of the essential
elements of different offenses, the objective of the
action involves not only active, but also omissions.
Given the fact that the Directive focuses only on
the most severe forms of environmental crime, the
majority of the offenses established in, required
actions have caused or at least, have risked causing
some concrete consequences, which include con-
sequences severe effects on human health, as well
as serious environmental consequences.

However, although the definition of these of-
fenses, human health is set "on par" with environ-
mental protection. At the legal literature is recom-
mended that in determining the appropriate sanc-
tion be a clear differentiation between the sanction
provided for when work only serious causes of en-
vironmental damage, as well as the sanction pro-
vided when the damage consists in death or serious
injury to any person, considering that in the second
apparent crime represents a higher degree of risk.

In some of the offenses established in the Di-
rective, these dire consequences are not anticipated
as indispensable elements of the objective side of
the criminal offense. The main reason is the fact
that, in these cases is "almost impossible" to prove
that the crime has caused or may cause a result
concrete, because they appear in third countries or
because the effects will be shown only in long-
term and in a cumulative form. Specifically, such a
necessary element is not provided in the case of
offenses of illegal transboundary movement of
waste and illegal trading of species of wild fauna
or flora protected. Such a condition is provided in
the case of the offense of murder, destruction,
holding or taking individuals of species of fauna or
flora of protected wilderness, which is considered
committed only if the offense relates to an amount
not small these individuals and has a non-negli-
gible impact on the conservation status of pro-
tected species.

In addition to Article 3 of the Directive,
which remains the essential provisions of its Arti-
cle 4 of its Member States were asked to criminal-
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ize the incitement, aiding and supporting the ac-
tions or omissions of the situation, provided Article
3, when they are committed intentionally.

Regarding to the penalties that need to be ap-
plied to the aforementioned, Article 5 of the Direc-
tive provided only obligation of states to take the
necessary measures to ensure that the offenses re-
ferred in Articles 3 and 4 are punishable by criinal
penalties "effective, proportionate and discourag-
ing ".
It is worth mentioning that the obligation to
provide for criminal penalties apply only to offen-
ses committed by natural persons, as according to
Article 7 of the Directive on legal persons are not
required to impose criminal penalties character. In
this particular provision is paid fines for legal enti-
ties provided only obligation of states to take the
necessary measures to ensure that legal persons
having responsibility under Article 6 of the Direc-
tive are punishable by effective and proportionate
penalties. Member States are obliged to ensure that
legal persons will be responsible for offenses
committed against them and will apply penalties,
which may be criminal or non-criminal.

As noted from the content of Articles 5, 6 and
7 of the Directive, in full respect of the decision of
the Court of Justice of 23 October 2007 the Com-
munity legislator is not expressed or is not impos-
ing obligations regarding the type and extent of
punishment applicable.

In a critical review, and faceing with the Di-
rective 2008/99/EC with a certain fundamental
principles on a criminal policy coherent at the level
of the EU, a group of international research called
"Initiative for Europe Criminal Policy " has identi-
fied two main issues , which appear to be problem-
atic in the terms of respecting fundamental princi-
ples. On the basis of the so-called "Manifest on
criminal policy European", which is published by
the research group in 2009, Directive 2008/99/EC
constitutes the problem in terms of respecting the
principles ultima ratio and lex certa and specifi-
cally it criticised as follows:

— Criminalizing acts that have a character
purely formal, as in the case of the offense move-
ments of illegal cross-border waste being criminal-
ized in this way administrative offenses, which is
estimated to be contrary to the principle European
proportionality of his ultima ratio;

— The failure to observe the principle of de-
termination, as one principe of legality, because
the formulation of offenses is punishable in this
Directive and also used techniques of reference in
other Community legislation, forcing the national

legislator to fulfill their obligation to a full transpo-
sition of the Directive, repeat these references in
implementing legal act, which may be a barrier to
the delivery of justice.

In similarity with Directive 2008/99/EC, in
Directive 2009/123/EC is provided having each
Member State to take the necessary measures to
ensure that the offenses set out in the new provisi-
ons added to the individuals, shall be punishable
by criminal penalties effective, proportionate and
discouraging. Similarly, this Directive contains
special provisions for liability of legal persons and
Article 8/c, ad in Directive 2005/35/EC, for legal
persons responsible for the crime must provide
effective penalties.

Under a finale clause provided in both Direc-
tives environmental crime, legislative measures
need to be taken by each Member State to trans-
pose them into national legislation should contain a
reference to the relevant directive or be accompa-
nied by such a reference on occasion of their offi-
cial publication.

CONCLUSIONS

Due to the complexity of the environment and
the interaction between its various components, a
prerequisite regarding to this is, the adoption of an
integrated approach, which would ensure the pre-
vention of risk to the environment, "in its entirety".

In this context, a particularly important state
institutions competent to take their responsibilities
related to the environmental protection since the
beginning of the planning process. As noted in this
paper, the main role in this process have the Minis-
try of Environment, starting from the periodically
preparation strategies and environmental national
plans to the crucial role that it has in the process of
strategic environmental assessment, which pre-
cedes the approval process of plans and programs
with significant negative consequences on the en-
vironment. Also, it has an important role in pro-
moting and supporting the activities aimed at a
higher level of environmental protection through
the use of instruments and tools of environmental
protection policy, provided in this frame.
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