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THERMAL CHARACTERISTICS OF A NEW SYSTEM FOR VACUUM AND HEAT
COGENERATION APPLIED IN PAPER MACHINES

Milan N. garevski, Vasko N. Sarevski

"Ss. Cyril and Methodius" University in Skopje, Faculty of Mechanical Engineering,
Karpos Il bb, P.O. box 464, 1001 Skopje, Republic of Macedonia
milan @mf.edu.mk

Abstract: Anew energy efficient thermal system for cogeneration of vacuum and heat in paper machines is
proposed in this paper. The paper machines are large consumers of electrical energy and thermal energy. A turbo
compressor — turbo expander unit is proposed in the new concept for generation of vacuum. The turbo compressor
vacuum pump is driven by a steam turbo expander, consuming high pressure and high temperature boiler steam. The
steam exiting the turbo expander is used, generating heat for paper machine drying processes. The needs for vacuum
and heat at different segments of a paper machine are analyzed. The characteristics of single stage high pressure ratio
centrifugal compressors are analyzed and possibilities for their application in the proposed new system are estimated.
The implementation of the new system can results in significant increment of the energy efficiency of the paper ma-
chine production process.

Key words: cogeneration; vacuum; heat; turbo compressor — turbo expander unit; energy efficiency

TEPMHUYKHN KAPAKTEPUCTHUKHU HA EAEH HOB CUCTEM 3A KOI'EHEPAIIMJA
HA BAKYYM U TOIIVIMHA TIPUMEHET HA MAIIIMHU 3A XAPTHJA

AmncTpakT: [IpeanoxeH e eaeH HOB eHEPreTCKH epUKaceH TEPMUUKH CUCTEM 3a KOreHepaluuja Ha BakyyM U
TOIUIMHA HAa MAIIMHHUTE 3a XapTHWja. MalIMHUTE 3a XapTHja C€ TOJIEMH HMOTPOLIYBadd Ha €JIEKTPUYHA M TOIUIMHCKA
eHepruja. Bo HOBHOT KOHIIENT 3a reHepupame Ha BaKyyM € MpeasiokeHa TypOOKOMIPECOPCKO-TypOoeKCnaHaepeka
enuHua. TypOOKOMIIPECOPOT € MOrOHYBaH Of TypOOEKCHaHAEp KOj KOPHCTH BHCOKOIPUTHCHA M BUCOKOTEMIIEpa-
TypHa Hapea oJ] mapeH KoTeid. M3me3Hara mapea ox TypOOEKCIIaHIEpOT Ce KOPHCTH 32 T'eHepHpame TOIUIMHA 3a
MPOLIECOT Ha CYIICHE HAa MAlIMHATA 33 XapTHja. AHAJIM3UPAHU ce MOTPeOUTE O BAaKyyM U TOIUIMHA HA PA3JIMYHU
CerMEHTH Ol MalllMHATA. AHAIM3UPAHU C€ KAPAKTEPUCTHKUTE HA €HOCTENIEHUTE BUCOKONPUTUCHH LIEHTPU(YraaIHu
KOMIIPECOPH U OLIEHETH C€ MOXKHOCTUTE 3a HUBHA aIUTHKAIHja BO MPEJI0KEHHOT HOB TEPMHUYKH CUCTeM. VIMIuiemMeH-
TalyjaTa Ha IPeAIoKEHHOT HOB CHCTEM MOXE Ja pe3yATHpa BO 3HAYUTENHO N0A00pyBamhe Ha eHepreTckaTa eukac-
HOCT Ha MPOU3BOJCTBEHHUOT MPOLEC HAa MALIMHUTE 32 XapTHja.

Kunyunu 360poBH: xoreHepanuja; BakyyM; TypOOKOMIIPECOPCKO-TypOOEKCIaHIEPCKa eNHULIA;
eHepreTcka e)UuKacHOCT

INTRODUCTION am and condensate leakages (losses) into the envi-
ronment and to improve the paper production pro-

The production and consumption of paper in cess energy efficiency [2, 3].

the world continuously increases. The paper Indus-
try is large and significant consumer of heat energy
and electrical energy. Recent development of the
paper production technology and processes has
resulted in reduction of heat energy consumption
[1]. Implementation of the ejector thermocompres-
sion technology is an effective way to prevent ste-

The electrical energy consumption of the vac-
uum system is significant part of the total electrical
energy consumption in the paper production tech-
nological processes. The optimal intensity of the
vacuum in different segments of the paper machine
is defined with technological requirements of the
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production processes. Mechanical drying of the
paper tape is realized by pressing of the tape and
by vacuum. Thermal drying is achieved by evapo-
ration of the water contained in the paper tape. The
humidity of the paper tape at the inlet on the ther-
mal drying section, which determined the thermal
energy (steam) consumption, directly depends on
the intensity of the vacuum. The total energy effi-
ciency (thermal and electrical) of a paper machine
directly depends on the intensity of the vacuum.
The possibilities of application of co-generative
(power and heat production) and three-generative
(power, heat and cool production) in the paper in-
dustry are discussed by Nikoli¢ et al. [4].

The characteristics of different vacuum sys-
tems with turbo compressors, screw compressors,
two-phase ejectors and mechanical vacuum pumps
with water ring are analyzed in our previous works
[5, 6]. The mechanical vacuum pumps with water
ring have wide application in the paper industry.
Their efficiency coefficient is very low = 0.2 +
0.3 [7]. For high capacity paper machines turbo
compressor vacuum systems are applied. The tra-
ditional turbo vacuum systems contain low speed
multi-stage turbo compressors.

Recent developments and technologies con-
sidered for oil-free direct-driven variable-speed
centrifugal compressors (active magnetic bearing
technology; high speed permanent magnet motor
technology) are discussed by Brasz [8] and by
Schiffmann and Favrat [9, 10]. Suggestions and
recommendations for optimal design of the cen-
trifugal compressor flow field are given by
Sarevski and Sarevski [3]. The developmental
achievements in the fields of material and strength
sciences and the achievements related to develop-
ment of high speed high pressure ratio transonic
centrifugal compressors can be used for develop-
ment of centrifugal compressor vacuum pump sys-
tems. The target is to develop high speed high
pressure ratio single-stage centrifugal compressor
for the turbo compressor — expander unit as a main
element of the new system for vacuum and heat
cogeneration in paper machines.

A co-generative system for simultaneous pro-
duction of vacuum and heat applied in the paper
machines is the subject of investigation in this arti-
cle. A turbo compressor — turbo expander unit is
proposed in the new concept for generation of vac-
uum. The unit contains a single-stage centrifugal
compressor directly driven by a single-stage turbo
expander. The characteristics of the centrifugal
compressor are analyzed in this work. The optimi-

zation of the boiler steam parameters and charac-
teristics of the turbo expander as an element of the
turbo compressor — turbo expander unit will be
subject of investigations in our next works.

The purpose of this paper is to propose and
introduce the new system for vacuum and heat co-
generation, to determine the characteristics of sin-
gle-stage high pressure ratio transonic centrifugal
compressors and to estimate the possibilities for
their application in the novel co-generative systems
with a turbo compressor — turbo expander unit.

INFLUENCE OF THE VACUUM INTENSITY
ON THE ENERGY EFFICIENCY
OF PAPER MACHINES

The intensity of the vacuum in different seg-
ments of the paper machine is defined with tech-
nological requirements of the production process.
An example of the paper tape movement in a paper
machine is given in Figure 1.

Mechanical drying of the paper tape is real-
ized by pressing of the tape and by vacuum. In the
first segment (I), when the paper tape is above the
sieve, the vacuum needed is 0.1 + 0.2 bar. In the
second segment (II, Gauch press) the pressing of
the paper tape and vacuum is applied. The intensity
of the vacuum is 0.5 + 0.8 bar. The third segment
is the felts drying section. The intensity of the
vacuum is 0.5 + 0.6 bar. In the fourth segment (IV,
wet press, Saug-roller) the pressing of the tape and
vacuum drying is realized.

The vacuum intensity on different paper ma-
chine segments depends on: characteristics of the
paper tape, thickness of the tape; characteristics of
the paper machine, tape speed; characteristics of
the sieve and felts; characteristics of the vacuum
system etc.

The aim of the previous text is not to define
drying process, because it is defined by drying
technology, but to emphases the necessity of dif-
ferent intensity of the vacuum in different paper
machine segments, and to accept the dependence
of the vacuum intensity on the characteristics of
the paper tape, paper machine, drying process and
vacuum system characteristics.

Thermal drying is achieved by evaporation of
the water contained in the paper tape. The humid-
ity of the paper tape at the inlet of the thermal dry-
ing section, which determined the thermal energy
(steam) consumption, directly depends on the in-
tensity of the vacuum.

Mech. Eng. Sci. J., 34 (2), 369-374 (2016)
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MECHANICAL DRYING

] R — 4
CQQ )ﬁ EO

<—— Paper tape

Boiler steam
. = =
= oK o oK oK o oK
@ @) @) @)

THERMAL DRYING

Fig. 1. Vacuum system and heat system in a paper machine

Each percentage decrease moisture in the pa-
per tape obtained by mechanical drying, which can
be achieved by intensifying the vacuum means re-
ducing the consumption of steam, or thermal en-
ergy to a few percent. It means that the total energy
efficiency (thermal and electrical) of the paper ma-
chine directly depends on the intensity of the vac-
uum.

Optimization of the vacuum system on the
paper machines, based on the criterion of the
maximum overall energy efficiency (thermal and
electrical) includes achieving optimum vacuum in
the system, optimizing the coupling element of
vacuum system of the paper machine, the optimi-
zation of vacuum system elements (pipeline,
valves, separators, etc.), the optimal choice of the
vacuum pumps and achieving optimal functioning
of the vacuum pumps in operating conditions with
the highest efficiency coefficients.

VACUUM AND HEAT COGENERATION
IN PAPER MACHINES

A new system for vacuum and heat cogenera-

tion in paper machines is proposed. A schematic
diagram of the system is given in Figure 2. A turbo

Mawi. unie.nayu. ciuc., 34 (2), 369-374 (2016)

compressor — turbo expander unit is proposed in
the new concept for generation of vacuum. The
unit contains a single-stage centrifugal compressor
directly driven by a single-stage turbo expander.
The boiler steam firstly comes into the turbo ex-
pander, where it expands generating mechanical
work to drive the turbo compressor. The steam ex-
iting the turbo expander is used for heat generation
in the drying cylinders for drying purposes.

The turbo compressor — turbo expander units
should be optimally installed in the paper machine
vacuum system. The units generating the highest
vacuum are connected with segments (drying cyl-
inders) which need lower drying temperatures
(Figure 2). The optimization of the boiler steam
parameters (pressure and temperature) and charac-
teristics of the turbo expander as an element of the
turbo compressor — turbo expander unit will be
subject of investigations in further works and case
studies for a particular paper machine.

The vacuum and heat cogeneration system
should be designed by the requirements for heat
(steam) drying in different segments of the paper
machine. According to our preliminary studies and
considerations a balance between steam consump-
tion for the mechanical power for turbo unites vac-
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uum generation and for the drying heat power gen-
eration can be obtained. If additional vacuum ca-
pacity is needed, then additional electrically direct
driven single-stage centrifugal compressor should
be proposed, applying the active magnetic bearing

technology, high speed permanent magnet motor
technology (high frequency electrical drivers tech-
nology) and achievements in the field of high
speed, high pressure ratio, transonic centrifugal
compressor technology.

MECHANICAL DRYING

<——— Paper tape

= 5 - :E
( [E— ) — ) @
S Boiler steam ‘
‘ T —— -1 = @ =
K K K ™
/ ® @/ @/ o)

@

@

!

9

THERMAL DRYING

Fig. 2. System for vacuum and heat cogeneration in paper machines

Complete or partial substitution of the electri-
cal energy for vacuum generation can be obtained
with optimal implementation of the new system for
vacuum and heat cogeneration in paper machines.
Energy and exergy analysis of the new system
show that the proposed system has advantage in
comparison with traditional systems by technical,
economical and environmental reasons.

CHARACTERISTICS OF CENTRIFUGAL
COMPRESSORS

Recent developmental achievements in the
fields of material and strength sciences have
moved the boundary limitations of impeller speed
peripheral speed over 700 m-s™' [3]. These achie-
vements, along with the achievements related to
development of high speed high pressure ratio
transonic centrifugal compressors, provide the pos-

sibilities for development of centrifugal vacuum
pump units and implementation of single-stage
centrifugal compressor in the turbo compressor —
turbo expander units and in the proposed vacuum
and heat cogeneration system.

The single-stage centrifugal compressor can
reach relatively high pressure ratio. If the dimen-
sionless work coefficient is 7 = 0.6 and the com-
pressor efficiency is #, = 0.8, the dependence of
the pressure ratio on the impeller peripheral speed
is given in next table, for compressor inlet tem-
perature Ty = 20 °C.

uy(ms™) 200 250 300 350 400 450 500 550
I 1.3 15 1.8 40 50

21 26 32

The calculating relations for the centrifugal
compressor pressure ratio //, main dimensions of
the centrifugal compressor flow field (impeller tip

Mech. Eng. Sci. J., 34 (2), 369-374 (2016)
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diameter D, (m)), rotational speed of the impeller
I7 (s in functions of the compressor (vacuum
pump) capacity V (m’s™') are given in the follow-
ing text [3],

I=(1+yx-)M; /m,

D, = \/V/ (ﬂb_zkvzz'zuzgoz )

u
n=—2.
D,

The dimensionless work coefficient is y =
0.50 — 0.65, the dimensionless work coefficient is
¢ = 0.25 — 0.35 and compressor polytropic effi-
ciency #, = 0.70 — 0.85, depending on centrifugal
compressor flow field characteristics and operating
conditions, Mach number, Reynolds number

etc.[3]. The peripheral Mach number M, = wu/ay,
depends on peripheral speed u, and sound velocity

do,
a,=+k&RT,,
R=R,/u,

¢, =p,v,/(RT,).

Gas constant is R, universal gas constant is
Ry, compressibility factor & is about & = 1. The
quantities of thermodynamic state at the compres-
sor inlet are: pressure py, temperature 7 and speci-
fic volume vy. The coefficient o =7k / (k—1) de-

pends on efficiency #, and on isentropic exponent
k. Correction factor of the specific volume at the
impeller outlet is k,,. The range of values of the

impeller relative width is b2 = b,/D, = 0.02 — 0.06;

wider range is Ez= 0.01-0.08 [3]. Coefficient of
reduction of the impeller outlet cross-section is 7.

The turbo compressor pressure ratio is deter-
mined by the intensity of the vacuum needed. For
vacuum of 0.2, pressure ratio is /7 = 1/0.8 = 1.25
and impeller peripheral speed is u, =190 m-s™'. For
vacuum of 0.3, I7=1/0.7 = 1.43 and u, = 240 m- s,
For vacuum of 0.5, 77 = 1/0.5 = 2.00 and u, = 340
m s~ For vacuum of 0.7, IT = 1/0.3 = 3.33 and U=
455 m s™'. For vacuum of 0.8, I1=1/0.2 = 5.00 and
=550 m s

The capacity (volumetric flow rate) V (m3 )
determine the compressor flow field dimensions

Mawi. unie.nayu. ciuc., 34 (2), 369-374 (2016)

(tip impeller diameter D,). The small diameter D,
determined by the capacity V, and the high periph-
eral speed u,, determined by the pressure ratio
needed /7, causes high and extremely high impeller
rotational speed n (s™.

The high impeller peripheral speed causes
high Mach number of the flow in the compressor
flow field. Local supersonic flow, embedded at
other subsonic flow, appears firstly at the impeller
cascade inlet around the suction side of the blade.
Appearance of supersonic flow at the cascade inlet
causes shock wave and choking of the flow. This,
along with appearance of separated jet-wake flow
at the impeller cascade causes disorder at the flow
field and decrease of the compressor efficiency [3].

CONCLUSIONS

A new thermal system for cogeneration of
vacuum and heat in paper machines is proposed. A
turbo compressor — turbo expander unit is applied
in the new concept for generation of vacuum. The
unit contains a single-stage centrifugal compressor
directly driven by a single-stage turbo expander.
The boiler steam firstly comes into the turbo ex-
pander, where it expands generating mechanical
work to drive the turbo compressor. The steam ex-
iting the turbo expander is used for heat generation
in the drying cylinders for drying purposes. Direc-
tions for optimization of the cogeneration systems
in case studies are given.

The characteristics of single-stage high pres-
sure ratio transonic centrifugal compressors are
determined and the possibilities for their applica-
tion in the novel co-generative systems with turbo
compressor — turbo expander units are estimated.

Complete or partial substitution of the electri-
cal energy for vacuum generation can be obtained
with optimal implementation of the new system for
vacuum and heat cogeneration in paper machines.
The proposed system has advantage in comparison
with traditional thermal systems by technical, eco-
nomical and environmental reasons.

NOMENCLATURE

a Speed of sound (m s
bs Relative impeller width
D, Impeller tip diameter (m)
M, Peripheral Mach number

Rotational speed s™
Pressure (Pa, bar)
Individual gas constant (J kg™ K™)

TS
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R, Universal gas constant (J mol™ K™
T Temperature (K, °C)

U, Impeller peripheral speed (m )

\%4 Volumetric flow rate (m’s™)

Vv Specific volume (m® kg™)

Greek letters

Temperature difference (K)
Efficiency

Isentropic exponent
Molecular mass
Compressibility factor
Pressure ratio

Work coefficient

Flow rate coefficient

“‘@iﬁ"\“t Rd%

Contraction of the flow cross-section

Subscripts

P Polytropic

0 Compressor inlet
2 Impeller outlet
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A bstract: Application of ejector thermocompression in paper machines is investigated in this paper. The
paper machines are very large consumers of heat energy. With optimal application of ejector thermocompression in
the paper machine steam-condensate system the losses of the steam and condensate can be prevented and significant
improvement of the energy efficiency can be achieved. Thermal characteristics of the open, cascade and ejector
thermo compression steam-condensate systems are analyzed. Thermal-flow characteristics of steam ejectors are es-
timated and suggestions for optimization of the ejector flow field are given. Results of theoretical and experimental
investigations are presented and discussed.

Key words: paper machine; ejector thermocompression; steam-condensate system; energy efficiency

HOJOBPYBAILE HA EHEPTETCKATA EOUKACHOCT HA CUCTEMUTE
3A KOHJIEH3HAIINJA HA ITAPEA KAJ MAILIMHUTE 3A XAPTHJA
CO NTIPUMEHA HA EJEKTOPCKA TEPMOKOMIIPECHUJA

Amcrtpaxk 1 Bo 0BOj Tpyn ce mpe3eHTHPAHH PE3YNTATUTE Of UCTPAXKyBamaTa 3a ONTHMAJHA IPHMCEHA Ha
€jeKTopcKaTa TepMOKOMIIpECcHja BO CUCTEMUTE 3a KOHJICH3allja Ha rapea Kaj MalllMHUTE 3a XapTHja. MammHuTe 3a
XapTHja ce rojieMH MOTPOIIYBayM Ha TOIUTMHCKA eHepruja. Co onTHMaiHa MpUMEHa Ha €jeKTOpCcKaTa TepMOKOMIIpe-
CHja BO CHCTEMHTE 3a KOHJICH3alMja Ha rapea Kaj MallMHUTE 332 XapTHja 3aryOuTe Ha mapea M KOHASH3aT MOXKarT a
Ouzat CIpeveH: U a Ce MOCTUTHE 3HAYUTENHO N0A00pyBakhe Ha HEpreTckaTa ehUKacHOCT. AHAIM3UPAHU CE OTBO-
peHHTE, KaCKaJHUTE M MAapPHOKOHCH3ALMOHUTE CHCTEMH CO €jeKTOpCcKa TepMoKomIpecHja. OLEHETH Ce TePMHYKO-
CTpPYjHHTE KapaKTEPUCTUKH HAa MApHHUTE €jeKTOPH M Ja/ICHH CE CYTeCTHH 3a ONTUMAaJHO OOJIMKYBamhe Ha CTPYJHHOT
pocTop Ha ejexropute. [Ipe3eHTUpaHu U JUCKYTHPAHU CE PE3YJATATHTE OJ TEOPETCKUTE M Of CKCIEPUMEHTATHUTE

HCTpaXyBama.

Kny4ynu 360poBu: MalIHa 3a XapTHja; €jeKTOPCKa TePMOKOMIIPECHja; CUCTEM 3a KOHICH3aIlHja Ha apea;

eHepreTcka e()UuKacHOCT

INTRODUCTION

The paper industry is large and significant
consumer of heat and electrical energy. The pro-
duction and consumption of paper in the world
continuously increases. The concept of cleaner
production and the energy efficiency improvement
strategy have led to research and development of
new combined thermal systems with utilization of
low temperature heat, solar energy, geothermal

enery and waste heat. Application of vapor ejector
thermocompression in paper industry steam-
condensate thermal systems and the improvement
of the energy efficiency of these systems is the
subject of investigations of this paper.

Steam-condensate thermal systems are appli-
ed in numerous industrial sectors. Traditionally,
open steam-condensate systems are applied in
thermal processing plants. Losses of the water va-
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por flowing from the open condensate reservoir
into the atmosphere are a common characteristic of
the open steam-condensate systems. The quantity
of these losses depends on the operating conditions
(pressure and temperature) and on the management
of the system, maintaining and servicing of the
facility and system components.

Improvement of the energy efficiency of
technological processes and plants has attracted
many research activities over the past years. A
study for alternative secondary heat uses to impro-
ve energy efficiency of a pulp and paper mill is
presented by Ruohonen et al. (2010). A feasibility
study on superheated steam drying of paper and
textile is proposed by Van Deventer (1997), resul-
ting in high improvement of the energy efficiency.
An overview of the investigations and a retrofit
analysis, using pinch technology/process integra-
tion methods, on the improving energy efficiency
in plump and paper Kraft mills is presented by
Savulescu et al. (2008), where a systematic proce-
dure is given to extract and analyze the impacts of
direct heat transfer on the overall energy efficiency
of a Kraft process, with a specific focus on mixing
along the pulp line and in the water tanks. An im-
provement of the energy management in a steam-
condensate system used for corrugated board pro-
duction is proposed by Bujak (2008). The system
containing an open condensate tank is modernized
installing a closed condensate tank to eliminate the
energy losses due to secondary steaming. The
technical and economic aspects of introduction of a
closed condensate reservoir in the steam-conden-
sate system of a tissue machine are analyzed by
Gabbrielli et al. (2006). The modifications to the
system make it possible to achieve consistent sav-
ings of natural gas, fresh water and CO, emissions
through elimination of steam losses that were pre-
sent in the open steam-condensate system. The
tissue machine drying section contains a rotating
Yankee cylinder which is supplied with steam via a
regulated ejector. Recent development of the paper
production technology and processes has resulted
in reduction of heat energy consumption (Krgovié¢
and Jovanovi¢, 2003). A comprehensive review of
investigations on water (R718) ejector refrigeration
and heat pump technology is presented by Sarevski
and Sarevski (2016). Implementation of the ejector
thermocompression technology is an effective way
to prevent steam and condensate leakages (losses)
into the environment and significant improvement
of the paper production process energy efficiency.

A novel closed steam-condense system with
ejector thermocompression has been proposed by

Sarevski et al. (1997) and applied in various indus-
trial technological and processing plants, including
the paper industry (Sarevski and Sarevski, 2003);
textile industry; chemical and pharmaceutical in-
dustries, among others. The improvement of the
energy efficiency is significant, resulting in energy
savings of 15% up to 45%.

The purpose of this paper is: to describe and
promote novel industrial closed steam-condensate
thermal engineering systems with ejector thermo-
compression; to estimate the energy efficiency im-
provement and performance characteristics of
these systems applied in the paper industry; and to
provide suggestions and procedures for their de-
sign.

CHARACTERISTICS OF OPEN
STEAM-CONDENSATE SYSTEMS

A schematic of a simple open conventional
steam-condensate system is given in Figure 1. The
steam produced in the boiler house is transported
via pipelines to the heat consumers (heat exchang-
ers; heat apparatus), where the steam condenses.
Pressure reduction control devices are usually in-
stalled before the heat consumers. At the exit of the
heat exchangers, condensate separators (conden-
sate batteries) are installed. There are various con-
structions of condensate separators. The conden-
sate via pipelines goes into the open condensate
reservoir and then is transported with condensate
pumps to the boiler supply reservoir located in the
boiler house.

The following disadvantages of the simple
open steam-condensate system can be identified:
losses of the water vapor flowing from the open
condensate reservoir into the atmosphere; cavity
operating conditions of the condensate pumps;
mismatched operation of the condensate reservoir,
condensate pump and boiler supply reservoir, re-
sulting in condensate losses; technical problems
with maintenance and servicing of the equipment.

When the condensate separators are func-
tioning perfectly, part of the superheated con-
densate evaporates (secondary steaming) when
it is throttled from high pressure (heat ex-
changer pressure) to atmospheric pressure in
the open condensate reservoir. This part is the
loss of water vapor which flows from the open
condensate reservoir into the atmosphere,

X = (hp — hat’) / (hat”_ hat,) (1)

Mech. Eng. Sci. J., 34 (2), 375-382 (2016)
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Fig. 1. Schematic of a simple open conventional steam-condensate system

The part (x) depends on the heat exchanger
pressure, which determines the saturated liquid
(condensate) enthalpy 4,’. The enthalpies of the
saturated liquid and saturated vapor at atmospheric
pressure are h,,” and h,”. The values of the loss of
vapor (x) are 11-20 % depending on the heat ex-
changer operating pressure 5—16 bar.

If the condensate separators are not in techni-
cally correct conditions and/or the by-pass valve is
open, then large quantity of vapor flows into the
environment and the losses of vapor are extremely
high. The losses are much larger than the thermal
losses due to damaged insulation of the pipelines
or/and any other thermal losses.

In some cases (rotating drying cylinders in
paper machines, for example) the installations with

classical condensate separators are typically the
wrong technical solution, which cannot function
properly. Therefore, the bypass valves must be
opened and water vapor flows uncontrolled into
the environment, resulting in extremely high en-
ergy losses.

If there are heat consumers at different oper-
ating pressures, then a cascade steam-condensate
system can be applied (Figure 2). The vapor exit-
ing the higher pressure heat consumers can be used
in the lower pressure heat consumers, resulting in a
decrease of the energy losses. However, compli-
ance of the heat capacities of the various heat con-
sumers working in different pressures is needed;
very often this condition cannot be fulfilled.
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Fig. 2. Schematic of a cascade steam-condensate system
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DESCRIPTION OF THE NOVEL
STEAM-CONDENSATE SYSTEM
WITH EJECTOR THERMOCOMPRESSION

A schematic of an original concept of a steam-
condensate system with ejector thermo compres-
sion is given in Figure 3. Many heat consumers
operating at the same pressure are supplied with
steam via an ejector. At the exit of any consumer
only a valve (balancing valve) and optionally a
non-return valve are installed. All consumers are
connected with a closed condensate-steam reser-
voir/separator. The steam is evacuated from the

reservoir/separator with the ejector and as a secon-
dary flow is compressed up to the consumer pres-
sure, using boiler motive steam as a primary flow.
The condensate, via the control valve, is trans-
ported to the boiler house with pipelines. The re-
turn condensate continuously flows in the boiler
supply reservoir. The vapor appearing due to pres-
sure drop is utilized for thermal preparation and
degasification of the boiler supply water. If the
pressure in the heat consumers is needed to be con-
stant in variable operating conditions, then a con-
trol valve (RV) should be optionally installed, al-
ways in front of the ejector.

R V- option
EJ j —
DEGASER
SUPPLY -
RESERVOIR L
HEAT HEAT HEAT E
CONSUMER CONSUMER | | CONSUMER =
N 2 1 >
STEAM I
BOILER o
—o—— |3
—<t+— —<t+— — <t
\
L. .
R/S i
—

RESERVOIR / SEPARATOR

Fig. 3. Schematic of an original concept of steam-condensate system with ejector thermocompression

The boiler pressure is higher than the required
pressure in the heat consumers. According to the
value of the boiler motive pressure (ejector pri-
mary flow pressure) and the value of the required
pressure in the heat consumers (ejector exit pres-
sure), the value of the pressure in the reservoir/
separator (return vapor pressure; ejector secondary
pressure) can be determined. According to the ex-
perience with design, construction and commissi-
onning of these systems, the recommended ejector
entrainment ratio (secondary flow rate/primary
flow rate) is @ = mge/m,, = 0.2-0.3. It means that
20-30 % of the supply boiler steam recirculates in
the ejector-heat consumers-reservoir/separator cir-
cuit. Using these recommendations the steam ejec-
tor can be calculated and designed and the steam—
condensate system can be constructed, concerning
the operating conditions of the technological
and/or processing plant.

A schematic of a steam-condensate system
with ejector thermocompression suitable for appli-
cation in thermal technological/processing plants
and systems containing rotating drying cylinders
(paper machines, for example) is given in Figure 4.
An alternative scheme of a cascade steam-conden-
sate system with ejector thermocompression suit-
able for application in the paper machines is given
in Figure 5. The first and the last sections of the
paper machine usually operate in conditions of
vacuum. In these conditions, the condensate from
the vacuum reservoir/separators should be trans-
ported by condensate pump, or by two-phase ejec-
tors installed in the condensate pipelines, using
high pressure condensate. A vacuum pump should
be installed to achieve and maintain vacuum in the
machine vacuum sections.

Mech. Eng. Sci. J., 34 (2), 375-382 (2016)
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Fig. 5. Schematic of a cascade steam-condensate system with ejector thermocompression applied on paper machines

RESULTS OF IMPLEMENTATION
OF CLOSED STEAM-CONDENSATE SYTEMS
WITH EJECTOR THERMOCOMPRESSION

Experimental investigations were carried out
on a prototype of the closed ejector thermocom-
pression steam-condensate system applied on a
paper machine (‘KOMUNA” Skopje; Sarevski and
Sarevski, 2003). Three ejector subsystems are in-
stalled: main drying rotating cylinder (Yankee cyl-
inder, YC), with nominal design steam con-
sumption of 2500 kg h™' and steam gauge pressure
4.5 bar; two drying cylinders (TDC), with 600
kgh™ and 3.0 bar; and convective air heater sec-
tion (CAHS), with 750 kg h™' and 4.5 bar. The
nominal design boiler steam gauge pressure is 6.0
bar. The calculating nominal gauge pressure in the
closed reservoir/separator is: YC, 3.7 bar; TDC,
2.0 bar; CSHS, 3.7 bar. The plant is equipped with
calibrated industrial measurement instruments.

Mawi. unie.nayy. ciuc., 34 (2), 375-382 (2016)

Bourdon tube pressure gauges have been used with
accuracy class £ 2% of span 0 to 6.0 bar and 0 to
10.0 bar. The primary boiler steam flow rate was
estimated by the measured pressures and by geo-
metrical characteristics of the ejector primary noz-
zle. The uncertainty depends on the uncertainty of
the measured pressures, on the uncertainty of the
nozzle critical cross-section diameter and on the
uncertainty of the calculating procedure. All ex-
perimental runs were carried over at steady state
conditions. The uncertainty of the measurements
was evaluated according to ISO “Guide to the Ex-
pression of Uncertainty in Measurement”, 1993.
The comparison of the experimental results with
the numerical estimations using the calculating
procedure shows that the differences are within the
accuracy of experimental investigation.

Prevention of the secondary steaming losses
by implementation of the closed ejector thermo-
commpression steam-condensate system additio-
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nally results in: significant reduction of the boiler
fresh water consumption: after reconstruction 2 — 3
m’ per day; before reconstruction 112 — 125 m” per
day; significant reduction of the thermal losses
from the boiler blow-off to prevent high concentra-
tion of salt in the boiler water; significant reduction
of the expenses for chemical and technical prepara-
tion of the boiler supply water; improved operating
conditions of the boiler, and other technical, eco-
nomical and environmental benefits.

According to the global annual technical and
economical indicators for the paper machine, the
specific average annual consumption of natural gas
per ton of paper is: after reconstruction 170 m,’ t™';
before reconstruction 305 m,’ t'. The energy con-
sumption has been reduced for 44 %. The meas-
urement of the natural gas flow rate and natural gas
consumption has been realized by calibrated tur-
bine type flow meter. According to the legal me-
trology principles, the maximum permissible error
is 1.5% (Directive 2004/22/EC Measuring Instru-
ment Directive, ANNEX MI-002, Gas Meters and
Volume Conversion Devices).

The concept of closed steam-condensate sys-
tem with ejector thermocompression has been im-
plemented on numerous technological and proc-
essing plants: paper industry (a paper machine
449% ES; a corrugated board production plant 29%
ES); textile industry plants 27% — 35% ES; chemi-
cal and pharmaceutical industry plants 17% — 31%
ES; a canning industry plant 33% ES; a dairy in-
dustry plant 28% ES; food and sweet industry
plants 23% — 42% ES; a leather industry plant 41%
ES; a leather processing and rubber industry plant
33% ES. The implementation results in energy sav-
ings (ES) which, depending on the conditions of
the thermal systems before the reconstruction, are
from 15% up to 45%.

SECONDARY

MIXING

The energy savings are established according
to the global annual technical and economical indi-
cators for the plant production, comparing the spe-
cific average annual fuel consumption per unit of
product after the reconstruction and before the re-
construction. Additionally, the expenses for chemi-
cal and technical preparation of the boiler supply
water are lower and pollution of the environment
with combustion exhaust gases and CO, is re-
duced. Improvement of the energy efficiency, sim-
plicity and reliable operation, easy maintenance
and servicing and low capital costs are advantages
of the novel steam-condensate system with ejector
thermocompression, resulting in technical, eco-
nomical and environmental benefits.

OPTIMAL DESIGN OF THE STEAM EJECTOR

The following geometrical parameters of the
ejector flow field (Figure 6) have strong influence
on the ejector performance characteristics: ejector
primary nozzle converging angle (&); ejector pri-
mary nozzle diverging angle (f); profile of the
secondary nozzle; primary nozzle exit position
(NEP); mixing chamber converging angle (); mix-
ing section length and diameter ratio (/,,/d,,.); mix-
ing section cross-section and primary nozzle exit
cross-section ratio; diffuser diverging angle ().
According to the based publications of the ejectors
and analysis of numerous theoretical and experi-
mental results of investigations of steam ejectors;
different refrigerant vapor ejectors; CFD simula-
tions and experimental verification; ejector flow
field optimization, systematized by Sarevski and
Sarevski (2016), the following recommendations
for optimal geometric parameters can be exposed:

DIFFUSER

NOZZLE

CHAMBER

PRIMARY

)

NOZZLE

Fig. 6. Geometrical parameters of the ejector flow field

Mech. Eng. Sci. J., 34 (2), 375-382 (2016)



Energy efficiency improvement of paper machine steam-condensate systems by application of ejector thermocompression 381

— a=30°-40° and S =10°-12°,
—NEP = (1-2) d,,

—ejector secondary nozzle should be optimally
designed,

— optimum mixing chamber converging angle ()
depends on design concept of the ejector and on
primary nozzle stagnation pressure; higher val-
ues correspond to higher stagnation pressure,

~ /e =7-9,

- 0=5°-17°,

— mixing section cross-section and primary nozzle
exit cross-section ratio depends on thermal sys-
tem operating conditions; optimum ratio can be

obtained using previously mentioned recommen-
dation for ejector entrainment ratio
= my/m,=0.2-0.3.

Using calculating procedure (Sarevski and
Sarevski, 2016) and recommendations given previ-
ously, the ejectors can be successfully designed
and applied in the closed steam-condensate sys-
tems of various technological and processing
plants.

CONCLUSIONS

An original concept of closed steam-conden-
sate thermal systems with ejector thermocompres-
sion is exposed. Technical and operating advan-
tages in comparison against traditional steam-con-
densate systems are discussed. Suggestions and
recommendations for design parameters of the
ejectors are provided.

According to the results of investigations and
experience in design, construction and commis-
sioning of these systems it can be concluded that:
the ejector thermocompression can be successfully
applied in paper industrial steam-condensate sys-
tems; significant energy efficiency improvement
has been achieved; simplicity of the construction;
reliable operation; easy and simple maintenance
and servicing; and low capital costs are character-
istics of the steam-condensate systems with ejector
thermocompression and advantages in comparison
against traditional steam-condensate systems.

The concept of the novel system has been im-
plemented in numerous industrial technological
and processing systems, including that in paper
industry, resulting in energy savings which, de-
pending on the conditions of the thermal systems
before the reconstruction, are from 15% up to 45%.

Mawi. unie.nayy. ciuc., 34 (2), 375-382 (2016)

Additionally, consumption of boiler water is re-
duced, expenses for chemical and technical pre-
paring of the boiler supply water are lower and
pollution of the environment with combustion ex-
haust gases and CO, is reduced.

Introduction of the ejector technology in the
industrial steam-condensate systems results in
technical, economical and environmental benefits.
The effects of the implementation can be signifi-
cant in industrial sector of developing countries,
resulting in global environment protection benefits.

NOMENCLATURE

d Diameter (m)

h Specific enthalpy (J kg™)

Le Mixing section length (m)

M Mass flow rate (kg s

m Relative mass flow rate

T Temperature (K, °C)
Greek letters

o Ejector primary nozzle converging angle
B Ejector primary nozzle diverging angle
V4 Mixing chamber converging angle

o Diffuser diverging angle

w Entrainment ratio

Subscripts

cr Critical

pr Primary

sec Secondary
mc Mixing chamber
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A bstract In recent years, due to the rapid depletion of conventional energy resources and the ever-in-
creasing energy demand, alternative energy sources and their optimal utilization have become a focal point in the
field of power engineering. Photovoltaic (PV) power generation technology specifically, has seen major advances in
the last decade, enabling its widespread use in both industrial and domestic applications. Maximum power point
tracking (MPPT) is a technique used to maximize the power output of a photovoltaic system. This paper presents a
maximum power point tracking (MPPT) algorithm for a photovoltaic system and its implementation as a virtual in-
strument in the graphical programming language LabVIEW. A theoretical outline of incremental conductance (IC)
method for MPPT is presented with an analysis of its advantages and disadvantages. The virtual instrument is used to
control and visualize the output power of the simulated model of the photovoltaic panel and to determine its most
suitable resistive load.

Key words: maximum power point tracking; incremental conductance; PV system; LabVIEW

HUMIIVIEMEHTAILIMJA HA METOJOT 3A CJIEJEILE HA TOUKA HA MAKCUMAJIHA
MOKHOCT HA ®OTOHAIIOHCKM IMMAHEJ BO LabVIEW

A ncTpa kT Bo nocneanuBe roauHu, nopaay 3abp3aHOTO UCLPIYBakbe HA KOHBEHIIMOHAIHUTE N3BOPU HA
€Heprija W MOCTOjaHOTO 3rojieMyBame Ha mobapyBaukaTa Ha CHEpruja, ajJTepPHATHBHHUTE M3BOPH Ha CHEpruja u
HUBHATa ONTHMAallHA MCKOPHCTEHOCT CTaHaa (OKycHa To4dka BO 00OjacTa Ha eJeKTpoeHepreTukarta. KoHKperTHo,
(hOTOHATIOHCKHUTE CHCTEMH 32 TPOU3BOACTBO Ha €JIEKTPUYHA €Hepruja OenexaT 3Ha4aeH HAIpeJOK BO IOCIeIHaBa
JICLICHIja, OBO3MOXKYBajKH HHBHA IIMPOKA MPUMEHa BO MHAYCTpHjaTa U BO JoMakuHCTBaTa. CleemheTo Ha TOYKaTa
Ha MakcumainHa MokHocT (MPPT) e TexHuka Koja ce KOPHCTH 3a Jia CE 3rojeMH H3Jie3HaTa MOKHOCT Ha €JeH
(oroHanoHCKU cucTeM. Bo 0BOj Tpyn € IpeTcTaBeH aNropuTaM 3a Clelehe Ha TOYKaTa Ha MaKCHMAaIHa MOKHOCT 3a
(hoTOHAIOHCKHM CHCTEM M HEroBa MMILUIEMEHTALMja KaKO BUPTYEJICH HHCTPYMEHT BO Tpa)MUKHOT MPOrPaMCKHU ja3uK
LabVIEW. IlpercTaBeH € TeopeTcKu Iperjies Ha METOAOT Ha 3rolleMyBame Ha CIpOBOAIMBOCTa (incremental
conductance) 3a clie/lelkhe Ha TOYKaTa Ha MaKCHMalHa MOKHOCT CO aHaJli3a Ha HETOBUTE MPEIHOCTH U HEJOCTATOLH.
BupTyenHHOT HHCTPYMEHT Ce KOPHUCTH 3a Jja ¢ KOHTPOJIMpPA U BU3YEIU3Upa M3JI€3HATa MOKHOCT Ha CUMYJIMPAaHHOT
Moyies1 Ha (POTOHATIOHCKHM TIAHEJ U J1a C€ YTBPIHM HajCOOABETHOTO ONTOBAPYBAHE.

Kay4ynu 300poBH: ciie/icshe Ha TOUKa Ha MAaKCHMaJIHa MOKHOCT; METO/I 33 TOJIEMYyBambe Ha CIIPOBOJUTHBOCTA;
®B cucrem; LabVIEW

INTRODUCTION

Solar energy is one of the most important re-
newable energy types due to its availability, clean-
ness and cheap energy resources. Nowadays, there
are a lot of different approaches for improving so-
lar energy utilization. More attention is being paid
to solar cells due to rapidly developing technology

and potential applications to meet societal energy
demands. A solar cell is a device which directly
converts the energy from the solar radiation into
electrical energy, in a process based on the photo-
voltaic effect [1]. PV cells are commercially avail-
able in a number of different semiconductor mate-
rials, mainly mono- or polycrystalline silicon.
Mono-crystalline silicon (mc-Si) cells are made of
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single continuous crystal lattice structure, with al-
most no defects or impurities. The main advantage
of mc-Si cells is their high efficiency, typically
about 15% [2]. Other advantages of mc-Si cells are
their low maintenance cost, high reliability, low
noise and being completely eco-friendly [1].

The overall performance of a mc-Si solar cell
strongly depends on the environmental parameters
such as light intensity or irradiance, cell tempera-
ture and tracking angle if the module is not fixed
[1]. The PV cell I-U characteristic is non-linear
due to the complex relationship between the output
voltage and current, and it varies with temperature
and irradiance. There is a single point on each I-U
curve known as Maximum Power Point (MPP), on
which the PV system operates with its highest pos-
sible efficiency and generates the highest output
power. The main source of energy losses is the
system’s failure to track the MPP [2]. In order to
maintain the system’s operating point at its maxi-
mum output power, many different MPP tracking
algorithms have been developed, with a practical
implementation in the DC-DC converter used for
adjusting the output voltage to a particular resistive
load [3].

In this paper, a model of a solar module is de-
veloped using the LabVIEW (Laboratory Virtual
Instrument Engineering Workbench) software en-
vironment, in order to simulate and analyze the
operation of the PV module. The PV cell output
current is calculated with an explicit equation de-
veloped by an approximation using a Taylor series.
The influence of weather conditions on the opera-
tion of the PV module is analyzed through varia-
tions in cell temperature and solar irradiation. The
incremental conductance (IC) method is used for
MPP tracking and for calculation of a most suitable
load at the MPP.

PV MATHEMATICAL MODEL
PV cell model

A photovoltaic cell consists of a p-n junction
that emits electrons when exposed to light, which
is known as photovoltaic effect. The solar cell can
be modeled as a current source which represents
the solar irradiation, in parallel with a forward bi-
ased diode. The most popular method of modeling
a solar cell is the single diode model shown in Fig-
ure 1 [3], [4], [5].

In practice, a PV cell is not an ideal diode, so
the energy losses are taken into account by the
presence of the series resistance Rg and parallel

resistance Rp. The series resistance Ry is very
small, which arises from the ohmic contact be-
tween the metal and semiconductor internal resis-
tance. On the other hand, the shunt resistance R is
very large and represents the surface quality along
the periphery. Leakage of current through the pe-
riphery is represented by /p. Both the diode current
1, and shunt current IP are provided by the photo-
current Ipy. Ideally, Rg =0 and Rp = oo [3].

O IVA l DRJ ;DR

Fig. 1. Equivalent circuit of a silicon solar cell

From Figure 1, the output current of a solar
cell is shown in Eq. (1):

q(V+RgI )

ol |y R

I1=1
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where [,is the cell saturation of dark current [A], V
is the cell output voltage (V), ¢ = 1.6:10™"° C is the
electron charge, k = 1.38-10> J/K is the Boltz-
mann constant, n is the ideal factor of the p-n junc-
tion and 7, is the cell operating temperature (K),
which can be calculated as shown in Eq. (2) [3]:
T — TVIGC[ B 20
¢ 0.8
where T, is the nominal operating cell tempera-
ture (K), given by the PV module manufacturer, G
is the solar irradiance (W/m?), and T, is the ambi-
ent temperature (K).

G+T,, )

The photocurrent can be calculated using Eq.

(3)[6]:
Iph = Isn [1 + lulsc (Tc - Tnoct )] ’ (3)

where I, is the nominal short-circuit current (A)
which can be determined by Eq. (4). g is the cell
short-current temperature coefficient (A/K).

G
I =—I.,
sn G Ne

nom

“)

where G,,,, is the solar irradiation (W/mz) at stan-
dard test conditions (STC: G = 1000 W/mz, T.=25
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°C, AM 1.5 reference spectrum, wind velocity
1 m/s [2]), and I is the short-circuit current (A).

The reverse bias saturation current can be de-
termined using Eq. (5) [6]:

1
— SC
=" [t (T )] ©)
AYoc (10 (7
e”chN; ‘”Vm_ c noct

where V. is the open circuit voltage (V), N is the
number of cells in series in the PV module, f,. is
the cell open circuit voltage temperature coeffi-
cient (V/K).

PV MODULE MODEL

Photovoltaic modules consist of a number of
silicon based photovoltaic cells electrically con-
nected in series and in parallel circuits, depending
on the voltage or current requirements [2]. The
equivalent circuit for the solar module arranged in
N, parallel and N; series identical cells is shown in
Figure 2. If the cells are connected in parallel, the
total voltage remains the same as the voltage of
one cell, but the output current is the sum of the
values of the current of each of the cells. Since the
current of a single cell can be more than 3 A, and
the voltage is less than 0.7 V, a parallel connection
is rarely applied [3]. When several cells are con-
nected in series, the PV module output voltage in-
creases, and the current remains the same.
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Fig. 2. Equivalent circuit of a PV module

The output current of the PV module is im-
plicitly given in Eq. (6) [7]. The module’s I-U
curve has the same form as the cell’s I-U curve,
whereas the equivalent model parameters differ
depending on the number of cells connected in the
module: the photocurrent and the dark saturation
current increase Np times, the series and shunt re-
sistances change according to Eq. (7), and the ideal
diode factor increases Ny times.
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A problem arises because Eq. (6) does not
have an analytical solution. Numerical methods
such as the Newton-Raphson’s method have been
widely applied to solve this equation. In this paper,
a different approach is made in order to establish
an explicit form of the Eq. (6). When a Taylor se-
ries is utilized to represent the function f{x)= ¢" as
a power series, the approximation is given in Eq.

(®) [8]:

. oo xn x2 x3
f(x)=e Z:(;n/ 1+ x+ TR (8)

If the same Taylor series representation is
used for Eq. (6), taking into account only the first
two parts of the series (first order approximation -
FOA), the PV module output current can be deter-
mined by solving the linear Eq. (9), assuming that
Ry is given by the PV module manufacturer or oth-
erwise previously determined and Rp= .

Nl =N, (e* -1)
1+ R, e

(€))

where A = ¢/nkT.N,.

MAXIMUM POWER POINT TRACKING

The maximization of the output power has
been discussed in the technical literature since the
1960s. The operation of PV arrays using MPPT
can generate 17% of extra annual power, when
compared to systems that use fixed output voltage
[6]. The voltage that produces maximum output
power (P,,) depends on the sunlight intensity
level and on the PV panel temperature. Several
techniques have been proposed for implementation
of MPPT. The basic idea consists in setting P,
when dP/dV = 0. The control is achieved by ad-
justing the output current through changes in the
equivalent load impedance.
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The incremental conductance (IC) method
utilizes the fundamental concept of hill climbing,
in which the slope of the P-U curve is zero at the
MPP, positive at the left side and negative at the
right side of the curve, as shown in Figure 3 [9],
[10]. In this algorithm, present and previous values
of the PV module’s voltage and current are meas-
ured and are used to calculate the values of dI and
dv [4].

100
o dldv=-1n/
a0 \\
70 P MPP
= Left of MPP ,:"” Right of MPP
g— @ dldV=- 1V difdv=-1/V
d 60 \
@ \
&
§ 40 i l\
= f i
a0 \
20 ‘Ir
I|
10 |
1
a L . . | )
a 5 10 15 20 26

Module Voltage (V)

Fig. 3. Basic concept of the incremental conductance method
on a P-U curve of a solar module

The mathematical description of the IC
method is shown in Eq. (10), and the flow chart
software design is shown in Figure 4 [9].

AtMPP: V =V, .

dP/dV=0:>£=—L. (10a)
av Vv
Left of MPP: V <V, .
dP/dV>O:>£>—i. (10b)
av Vv
Right of MPP: V >V |
dP/dVv <0 :£<—L. (10c)
av Vv

The main advantage of the IC method, which
is superior to the other MPPT algorithms, is that it
can calculate and find the exact perturbation direc-
tion for the operating voltage of PV modules. Also
it is easy to implement, has a high tracking speed
and is highly efficient [4].

yes

Inputs: V(k), I(k)

¥

AV=V(k)-V(k-1)
AI=I(k)-I(k-1)

increment Vier

decrement Vier

decrement Vier| | increment Vier

v

Y v )

I(k-1)=I(k)
V(k-1)=V(k)

Fig. 4. Block diagram of the incremental conductance method used on a PV module
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PV MODULE MODEL SIMULATION
IN LABVIEW

A LabVIEW model of the PV panel is devel-
oped to calculate the output current, using Eq. (9).
The electrical specifications of the module used in
the Laboratory for Electrical Machines, Trans-
formers and Apparatuses are given in Table 1 [10],
the number of cells connected is N 18 and
Np=1, and the model implementation is shown in
Figure 5.

The front panel and block diagram of the
model’s final implementation with MPP tracking
are shown in Figure 6 and Figure 7 respectively.

XY Graph

g T e

0

Table 1

Technical specifications
of the SPM030501200 PV module

Parameter Symbol Value
Rated power P, 50 w
Maximum power voltage Vi 18 \%
Maximum power current L, 278 A
Open circuit voltage Voc 222 A"
Short-circuit current Isc 3.16 A
Efficiency n 1503 %
Nominal operating cell temperature T, ., 4512 °C
Temperature coefficient of maximum
power Hpn, 024 W/°C

Temperature coefficient of open
circuit voltage

Temperature coefficient of short
circuit current

Series resistance

Shunt resistance

Hyoe —0.07548 V/°C

L. 0.001169 A/°C
Ry 083 ©Q
R, 881792 Q

E

=
>

B We

oo

Solar panel
= 0
i I |>
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G[W/m®] Tc[eC]
L ¥
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Fig. 5. Block diagram of the LabVIEW virtual instrument containing the solar panel model
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Fig. 6. Front panel of the virtual instrument used for MPPT of the solar panel model
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Fig. 7. Block diagram of the virtual instrument used for MPPT of the solar panel model

SIMULATION RESULTS

One of the main purposes of this paper is to
compare the approximated I-U curve calculated
with Eq. (9), and the curve provided by the PV
module manufacturer, in order to verify the accu-
racy of the model. To quantify the matching be-
tween these two curves, a coefficient of determi-
nation (R,) is used. It is a number that indicates
how well certain data fit a statistical model: R, = 1
indicates that the regression line perfectly fits the
data [11]. Basically, the method of least squares is
utilized for comparison of the curves.

In this research, the coefficient of determina-
tion is R, = 0.979 and it verifies that the LabVIEW
model gives an acceptable mathematical represen-
tation of the panel’s characteristics. If the ambient
temperature is 7, = 13.5 °C, and the ideal factor

[
23

N R A | PR
8 10 12 14 16 18 20

P-U

n=1.05, the cell temperature is T, = 47.25 °C,
which is close enough to the nominal operating
temperature. In order to increase the accuracy of
the mathematical model, all of the relevant pa-
rameters and operating conditions have to be taken
into consideration and implemented in the Eq. (9).
For example, the wind velocity is not analyzed in
the Eq. (9), but its influence can be regarded by
increasing the ambient temperature, thus making
suitable adjustments in the model.

Using the LabVIEW model, the influence of
solar irradiation on the I-U and the P-U curves for
a constant cell temperature 7, = 47 °C is presented
in Figure 8. The system characteristics at different
irradiances are shown in Table 2. These curves are
plotted in Figure 9 for different cell temperatures
and G = 1000 W/m®, and the system parameters are
given in Table 3.

| | S e | | D 131
8 10 12 14 16 18 20 23

1
2 4 6

U[v] U]
1000 W/m2 750wim2 [ 1000 W/m2 Ts0wm2 [
s0w/m2 B | 250Wim2 500 W/m2 250 W/m2

Fig. 8. I-U and P-U curves at constant cell temperature and variable solar irradiance
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Fig. 9. I-U and P-U curves at constant solar irradiance and variable cell temperature

Table 2

System parameters at variable irradiance
and constant cell temperature

G Vip L Poa 7 R T,
Wm? vV A w % Q °C
1000 1923 3.076 59.16 1723 62529 135
750  19.09 2307 4402 17.09 82735 220
500 1890 1.538 29.06 1693 12291 30.5
250 1877 0.769 1443 1681 24413 399

Table 3

System parameters at variable cell temperature
and constant irradiance

T, Vip L, Pax n R T,
°C v A W] % Q] °C

45 23.03 3.085 71.04 20.69 7.462 11.25
47 1974 3.081 6082 17.71 6.406 13.25
49 1647 3.072 5059 1473 5360 15.25
51 1322 3.055 4038 11.76 4326 17.25

The module’s efficiency can be calculated as
a ratio between the electrical energy produced and
the total energy of the solar irradiance [12]:

ot 2l (an

in

where S = 0.343 m? is the module surface which
absorbs the solar irradiance.
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The maximum output power is observed to be
decreasing with the solar irradiance, due to the no-
table short-circuit decrease. The short-circuit cur-
rent is proportional to the number of generated
charge carriers and their mobility. It strongly de-
pends on the generation rate of charge carriers and
diffusion length. This causes decrease in the effi-
ciency of the PV module. The solar irradiance only
slightly affects the V..

The results show that cell temperature also
has a significant impact on the PV module’s pa-
rameters and it controls the quality and perform-
ance of the solar cells. The open circuit voltage,
maximum power and efficiency are found to be
decreased with increasing the cell temperature, and
a slight increment is observed in the short circuit
current.

CONCLUSION

In this paper, a new mathematical model of a
solar panel was presented, using the Taylor Series
for linearizing the equation for PV module output
current, as well as the incremental conductance
algorithm for maximum power point tracking. The
model was designed as a virtual instrument in
LabVIEW to simulate a real solar panel and im-
plement the MPPT algorithm on it. The verifica-
tion and validation of the simulated results for the
I-U curves included comparison of the data from
the technical specification and /-U curve at STC of
the panel provided by the manufacturer. Using the
method of least squares, the accuracy of the model
was calculated and it can be concluded that the
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model gives an accurate representation of the char-
acteristics of the real solar panel.

The environmental parameters strongly affect
the PV module performance: solar irradiance
mostly impacts short-circuit current value, while
cell temperature has a significant impact on the
open circuit voltage value. These parameters are
related to the maximum output power and system
efficiency.
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PRODUCTION OF ALTERNATIVE FUEL FROM WASTE POLYOLEFIN MIXTURE
BY THERMAL PYROLYSIS
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A b s tra c t: Pyrolysis of waste polymers to alternative fuels can be the most promising plastics “recycling”
method. During the thermal pyrolysis waste plastic is converted into the liquid, gas and solid fuels. In this study the
thermal pyrolysis of polyolefin waste plastic has been investigated in a stainless steel semi-batch reactor in order to
produce a high yield of liquid product. The range of temperature was 400°C to 550°C and as a feedstock polyolefin
mixture composed of high density polyethylene (HDPE) and polypropylene (PP) was used. Due to the low heat con-
ductivity of waste plastics, a metal rings are putted into reactor. The amount of raw material was varied during the
process of pyrolysis. The main product is a liquid fuel with yield higher than 73%. The obtained results showed that
the yield of liquid fuel was dependent on the time of pyrolysis, as well as the amount of raw material. It is probably
due to the different retention time of oil vapours into reactor. Characterization of the liquid fuel (density, kinematic
viscosity, aniline point and refractive index) was performed using standard test methods.

Key words: thermal pyrolysis; polyolefin waste plastic; liquid fuel; semi-batch reactor; physical properties

IMPOU3BOJCTBO HA AJITEPHATUBHU I'OPUBA O/l CMECA HA ITOJIMOJIE®@UHCKHA OTIIA L
CO TOIIVIMHCKA ITNPOJIN3A

A mcTpak 1: [lnponusata Ha moTMMEpeH OTIAJA 0 AITEPHATUBHU TOPHBA MOXeE J1a Onie MeTox
KOj HajMHOT'Y BETYBa IIpH ,,pelIMKIMpame’ Ha MIacTUKaTa. Bo TEKOT Ha TepMHUYKaTa MUPOJIM3a IIIACTHY-
HHUOT OTHAJ| Ce IPETBOpa BO TEYHOCT, rac U LIBPCTO ropuBo. Bo oBaa cTynuja TepMHUYKaTa MUPOJIH3a Ha
MOJIMOJIEUHCKH TJIACTHYEH OTIIA/l € UCIIUTaHa BO HE' proCyBauKH IOJIYLIAPIKEH YETHUEH PEaKkTop CO Ll
no0uBame BHCOK IPUHOC Ha TeYeH Mpom3BoA. TemmepaTypHHOT mHTepBan ce apmwkeme on 400°C mo
550°C, a kako CypoBHHA c€ KOpHCTEIle MOJHoNIe(HHCKA CMeca COCTaBEeHa OJ1 MOJHETHIIEH CO BUCOKa I'yc-
tuHa (HDPE) u nonunponunen (PP). [lopanu Huckuata TOITMHCKA CIPOBOJIMBOCT HA IUIACTUYHUOT
oTHaj, BO peakToOpoT ce CTaBaaT MEeTAIHHU NpcTeHU. KonnynHaTta Ha CypoBHHA BapHpa BO TEKOT Ha MpPo-
[IECOT Ha MUpoJu3a. [ TaBeH Mpou3BO € TEYHO TOPHUBO CO BUCOK MpHHOC 07 73%. JloOuenure pesyiaratu
MOKa)XXyBaaT JieKa NPUHOCOT Ha TEYHO FOPUBO 3aBUCH OJf BPEMETO Ha MUPOJIM3a, KAKO U O KOJMYHHATA
Ha cypoBHHAaTa. Toa BepojaTHO ce JOJKH Ha Pa3JInuHOTO BPEME Ha 3aJ[pXKyBarbhe Ha aperTe O TOPUBOTO
BO peakTopoT. HampaBeHa e kapakrepu3alyja Ha TEYHOTO rOpHBO (TYCTHHA, KHHEMATCKA BHCKO3HTET,
aHMJIMHCKA TOYKa U MHJIEKC Ha pe)paKiinja) CO KOPUCTEHE Ha CTAaHIapAHNA METOMH 3a TECTUPAIBE.

Knyunu 300poBH: TEpMHYKA MTHPOIH3a; MTOTHOICHUHCKH IUIACTHYCH OTIA/l; TSUHU TOPUBA;
TOJTYIIAPIKEH PeakTop; GU3MYKH CBOjCTBA

INTRODUCTION amount in solid waste. Plastic waste can cause se-
vere pollution problems [1]. Thermal or catalytic
Polyethylene and polypropylene are very fre- cracking of waste plastics is one of the possible

quently used polymers and they are present in large methods of their utilization. The advantage of
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thermal degradation (pyrolysis) of mixed plastics
macromolecules in the absence of air compared to
combustion is a reduction the volume of product
gases by a factor of 5-20 which leads to consider-
able savings in the gas conditioning equipment [2].
The thermal degradation process at 400°C or high-
er results in the formation of products which can
be used as fuels, gasoline and diesel fuel. [3].
Thermal pyrolysis needs higher temperatures and
longer reactive time compared to catalytic pyroly-
sis. This kind of conversion of polyethylene (PE)
and polypropylene PP) leads to a wide product dis-
tribution with poor economic value, which should
be further upgraded [4].The pyrolysis of the poly-
olefin plastics high density polyethylene (HDPE),
low density polyethylene (LDPE), polypropylene
(PP), yields an oil product consisting mainly of
alkenes, alkanes and alkadienes. The gas product
consisting of hydrogen, alkanes and alkenes; and
negligible char [5, 6]. Many researches proved that
pyrolysis of polyolefin has produced only a little
char, but the percentage of volatile products is
high, so they can be largely converted to liquid oil
[71.

Ingeneral pyrolysis processes, thermal or ca-
talytic are high energy, endothermic processes [8].
In case of waste plastic mixture comprising poly-
ethylene and polypropylene, thermal degradation
proceeds mainly via a random chain scission
mechanism to form intermediate species, which are
further cracked to produce the final products [9].
Bockhorn et al. using thermal degradation found
that formation of higher molecular weight com-
pounds increased in the liquid oil as the tempera-
ture increased. They also found a higher yield of
paraffins in the isothermal pyrolysis of polyeth-
ylene, but they observed that at low temperatures
(430°C), the ratio of paraffins to olefins was con-
stant over time, while at higher temperatures
(480°C) the mole fraction of paraffins increased
with time while that of olefins decreased [10].

The pyrolysis has many advantages because
of its simplicity, the low pressure operation, negli-
gible waste product and high conversion efficiency
in the order of 83% [11]. A various factors have
affected on the process of pyrolysis like tempera-
ture, retention time, type of raw material, presence
of catalyst, type of reactor and etc. Various tech-
nologies have been used for conversion of plastic
waste using thermal degradation [12-15]. All pyro-
lysis experiments were carried out in order to re-
cover valuable products and energy.

The present work reports the results of non-
catalyst, thermal cracking of waste mixture of

HDPE and PP. The waste plastic mixture was de-
composed in semi-batch stainless steel reactor. A
better heat transfer through plastic material in the
reactor is provided by metal particles. The amount
of raw material was varied during the process of
pyrolysis. The main product is a liquid fuel with
yield higher than 73%. The obtained results
showed that the yield of liquid fuel was dependent
on the retention time of pyrolysis, as well as the
amount of raw material.

EXPERIMENTAL

Materials

Waste samples of polyethylene and polypro-
pylene were used as raw material in this work and
mixture was supplied by a plastic recycling com-
pany which was a mixer of 75% PE and 25% PP,
(weight) in the form of post-consumer plastic pel-
lets. The samples were re-granulated by manufac-
turers. The polymer mixture pellets have maximum
particle size of 5 — 6 mm. The melting temperature
of HDPE+PP mixture, as determined by differen-
tial scanning calorimetry (DSC), was 127°C and
163°C, respectively.

Experimental setup

The thermal degradation experiments of
waste polyolefin mixture were carried out in a
stainless steel semi-batch reactor with 400 ml vol-
ume which was equipped with temperature meas-
urement system (Figure 1). A PID (Unitronics
V570) temperature controller was used to control
the temperature and to maintain the constant heat-
ing rate 10°C/min in the reactor. The reactor was
charged with different amounts of a sample, from
30 g to 100 g. Metal particles (M) were also added
into reactor, mixed with the sample, in order to im-
prove the heat transfer through the plastic sample.

The products of pyrolysis were collected thro-
ugh a deep pipe that reached down to the bottom of
the batch reactor afterwards being let out to a sys-
tem of condensers in order to condense the liquid
products. The system of separators was composed
of two water glass traps condensers. The first glass
was hot trap, and the other glass was cold trap sys-
tem. The first separator was maintained at 70°C to
prevent wax formation by immediate condensation,
while the second separator was kept at 0°C to con-
dense low boiling point hydrocarbons (H.C. range
C5-C8).

Mech. Eng. Sci. J., 34 (2), 391-395 (2016)
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Fig. 1 Schematic flow diagram of the semi-batch 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 (Cond. 1 and Cond. 2)

The reaction system was then purged with ni-
trogen and the reactor screws were closed at at-
mospheric pressure. The pyrolytic experiments
were carried out under dynamic conditions using
10°C/min heating rate and different retention time
on previously set temperature program. The con-
densed liquid products were formed in condensers
when all samples were heated up over 410°C. The
semi-batch reactor was heated up to the maximum
reaction temperature of 550°C, for around 3 h. Af-
ter finishing of the reaction cycle the batch reactor
content was cooled to ambient temperature, the
screws were opened and all contents (metal parti-
cles and solid residue) werere moved from reactor.

RESULTS AND DISCUSSION

The variation of the yield and the quality of
the pyrolysis products are significant in the litera-
ture and it strongly depends of type of raw material
and operating conditions. Obtained results (Table
1), clearly shown that yields of condensed products
strongly depends from cracking temperatures and
retention time.

Table 1
Liquid product yields and quantity

Sample Raw mixture Liquid oil  Liquid oil V Y

V cond. 1 cond. 2 cond. 1

No: g cm’ cm’ %
1 30.2 29 Trace 73.95
2 30.6 32 0.3 81.38
3 100.2 109 1.5 89.44

Changes in retention time at predetermined
set temperature of the de-polymerization process

Maw. unrc.nayu. ciuc., 34 (2), 391-395 (2016)

have great effect on the final yield of the liquid
product (Figure 2). HDPE with long linear polymer
chain and low branching led to high strength prop-
erties and thus required more time for decomposi-
tion [15]. The influence of retention time is obvi-
ous (Sample No:1 and No:2) because obtained
yields differs for both experiments with the same
initial mass of sample. As can be observed from
Figure 2 and Table 1, the generation of higher
yields of liquid products were obtained when long-
er retention time is used at 380°C and 410°C.The
obtained yield is 73.95 % for samples with shorter
retention time versus 81.38% for samples with
longer retention time at aforementionedset degra-
dation temperatures.

600
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Fig. 2 Retention time as a function of temperature

The results of comparing the liquid product
yields for samples with differential mass of waste
mixture at same operating conditions (Table 1,
samples No 1 and No 3) indicates that amount of
raw material and free operating volume of reactor
determinates the physical properties and the yields
of obtained liquid products. The greater amount of
initial sample improve the yield of liquid products
because the free operating volume is smaller as
well as retention time, so the large polymer mole-
cules can’t bereached of cracking to shorter mole-
cules of gases (C1-C4). Secondary pyrolysis
cracking occurs when residence time is long
enough, which enhances the yield of gaseous prod-
uct [16]. The production of volatile products starts
to increase around 430°C. When the amount of gas
products is large enough they, being let out to a
system of condensers. The greatest amount of gas-
eous and condensed products are, form during the
thermal degradation between 430 and 460°C. Be-
cause of a short retention time a big part of the lig-
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uid yields are not fully cracked and were obtained
waxy products. Samples with smaller initial mass
have bigger contact area with the reactor surface
space and higher retention time for cracking of a
big polymers molecules. Also a free space is larger
too, so the molecules have plenty of time to crack
to the small gases molecules. Therefore the yield
of liquid oil is 89.44% for sample with initial mass
of 100 g versus 73.95% for sample with initial
mass of 30 g. The obtained yields of liquid oil ob-
tained with thermal pyrolysis for all experiments is
high compared with literary data where the ob-
tained yield is around 50% for thermal degradation
of HDPE [17].

Physical properties of oil sample measured
according specified ASTM test method are depict-
ed in Table 2. The appearance of the oil is light
brownish free from visible sediments. In the regu-
lation for commercial diesels, the physical proper-
ties are very important. The quality of the liquid
fuels and their properties from pyrolysis of plastics
will vary with pyrolysis operation conditions, type
of reactor and plastic feedstock [16].

Table 2
Physical properties of HDPE and PP pyrolytic oil

Sample Viscosity Density ~ Aniline point  Index
No at 40°C at 20°C of
mm?*/s glem® °C refraction
1 1.0776 0.7704 60.8 1.4431
2 0.9973 0.7779 61.7 1.4404
3 waxy 0.8092 waxy 1.4435

It wasn’t possible to measure the physical
properties of sample No: 3, viscosity and aniline
because the product is waxy. This indicates that
aforementioned conclusions about the influence of
operating conditions on obtained yield of liquid
products are related with physical properties. The
measured values for density show that obtained
liquid fuel is in (first) diesel fraction — kerosene
with density 0.78-0.81 g/cm’. The aniline point for
kerosene is in range of 60-69°C and index of re-
fraction is 1.4408. All measured values confirm
that obtained liquid fuel is diesel fuel — kerosene.
The obtained results have proved that it is possible
to control the yield and physical properties of the
products by changing the operating conditions of
de-polymerization reaction.

CONCLUSION

In the present investigation thermal pyrolysis
of waste polyolefin mixture of HDPE and PP was
performed in a semi-batch reactor made up of
stainless steel at temperature range from 400°C to
550°C and at a heating rate of 10°C /min. The lig-
uid yield is between 74 and 90%. The highly vola-
tile products are obtained at temperature range
430-460°C. Obtained results show that amount of
row material, free operating volume of reactor and
correctly chosen temperature program (long eno-
ugh retention time) improve the physical properties
and the yields of obtained liquid products. All
measured values confirm that obtained liquid fuel
is diesel fuel — kerosene. The obtained results have
proved that it is possible to control the yield and
physical properties of the products by changing the
operating conditions of depolymerization reaction.
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A bstract: Recent few years due to the ecological problems with using fossil fuels there is increasing inter-
est to find alternative and ecology friendly fuel. A good alternative which will partially substitute the fossil fuels is a
bio-oil obtained from biomass. Pyrolysis is a thermo-chemical proceses of conversion the lignocellulosic materials to
bio-oil, biochar and gas. Because the characteristic composition of bio-oil it can be use both as a fuel and as a feed-
stock for obtaining chemicals. Wheat straw is a biomass obtained from agriculture residue that could be used for con-
version to bio-oil. In this paper, the composition of obtained bio-oil was analyzed using Fourier Transform Infrared
Spectroscopy (FTIR) and the main constituents of bio-oil (water, alkanes, alkenes, alcohols, phenols and aromatics)
were identified. The pyrolysis process was carried out in a semi-batch reactor and at optimized process conditions
52% bio-oil, 21% biochar and 27% gas were obtained.

Key words: bio-oil; wheat straw; Fourier Transform Infrared Spectroscopy; pyrolysis; semi-batch reactor

KAPAKTEPU3ALIMJA HA BUO-MACJIO JOBUEHO CO IINPOJIN3A HA TIYEHUYHA CJIAMA

AmcTpakT: Bo nocnenHure HEKOJIKY TOIMHU, KAKO PE3YNTaT Ha EKOJIOIIKKUTE TPOOIEMH CO yrmoTpedara Ha
(docunHuTEe TOPUBA, IIOCTOU 3rOJEMEH MHTEPEC Jia Ce Hajie alTepHATHBHO U EKOJOMIKH NpudaTauBo ropuso. buo-
MacJoTo JoOueHo ojf Onomaca mpeTcraByBa A00pa anTepHaTHBa Kako 3aMeHa 3a ocuiaHuTe ropusa. [luponusara e
TEPMOXEMHCKH IIPOLEC Ha KOHBEP3Hja Ha JIMTHOLEIYIO3HATE MaTepUjatd 1o 61o-Macio, 6uo-jarnieH u rac. [lopagu
KapaKTePUCTUYHUOT COCTaB Ha OMO-MAcJIOTO, TOAa MOXKeE J1a ce YMoTpeOyBa Kako FOPUBO M KaKO CypOBHHA 3a J00H-
Bame XeMuKanuy. CllaMata OJf TYCHUIA JOOMEHa KaKo 3eMjOIeIICKI OCTAaTOK MOJKe Jla Ce YIOTpeOu 3a KOHBEp3Hja 10
6uo-macno. Bo 0Boj Tpyn € aHaIM3MpaH COCTaBOT Ha OMO-Macio JOOMEHO co Kopucreme Ha DypuepoBa TpaHC-
(opmupana undpanpsera crexrpockonuja (FTIR) u uneHTH(UKYBaHU ce HETOBUTE OCHOBHM KOMIIOHCHTH (BOJa,
aJIKaHM, aJKeHH, ankoxond, enomu u apomatn). I[Iponecor Ha mMUponU3a € U3BEAYBaH BO MOJYIIAPKEH PEaKTOp H
IPH ONTUMHU3KPAHH IPOLECHY YCIOBH ce Jobuernu 52% 6uo-macio, 21% 6uoj-arinen u 27% rac.

Knyuynn 360poBu: Ouo-macino; myeHnyHa ciama; dypueposa TpaHchopMupaHa HH(paLPBEHa; CIIEKTPOCKOIN]ja;
MUPONN3a, TMONYIIAP)KEH PEaKTop

INTRODUCTION

Biomass is widely available energy source
usually used as a domestic solid fuel. It is cost-
effectiveness and renewable lignocellulose feed-
stock constitute from cellulose, hemicellulose and
lignin. Every year tremendous amount of waste
biomass comes from the agriculture residue which
is not adequate used. Energy conversion of bio-

mass is possible using three routes: combustion,
gasification and pyrolysis. Process of pyrolysis is a
thermo-chemical process conducted at high tem-
perature, without oxygen and usually in presence
of catalyst. Pyrolysis of biomass to liquid, solid
and gas fuel is a promising process especially at
this time when the fossil fuels are depleted. Also,
there is an environmental problem with using fossil
fuels due to the environmental pollution and global
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climate changes. Wheat straw is a promising agri-
culture residue that can use as a feedstock in a
lignocellulose biorefinery [1, 2]. During the proc-
ess of pyrolysis bio-oil, bio-char and gas are ob-
tained. Obtained bio-oil can be directly used or
refined to safe fuel [3, 4]. Fuel properties of bio-
oil are dependent by the oil constituents. The
amounts of bio-oil constituents can be identified by
Gas Chromatography and Mass Spectrometry [5]
and Fourier Transform Infrared Spectroscopy
(FTIR) [6].

EXPERIMENTAL

Materials and methods

Pyrolysis of wheat straw was carried out in
inert atmosphere in a semi-batch reactor (volume
of 04107 m’) in presence of commercial Al,O;
(BASF 92.7% Al,O3) and opalized silicate tuff
(94.51% SiO,) as catalysts. Heating rate varied
from 5°C min™' to 15°C min™', and temperature of
the reactor was between 500 and 650°C. The com-
position of bio-oil was analyzed by Fourier Trans-
form Infrared Spectroscopy.

Procedure

Air dried wheat straw material was finely
chopped and putted into reactor together with

mixed catalyst (ratio 1:1 biomass : Al,O;and 1:1:1
biomass :Al,O; : opalized silicate tuff) and heated
at desired temperature. The process of pyrolysis
was controlled using PID controller. Bio-oil was
collected at three separators with constant tempera-
tures (T, = 70°C, T, = T3 = 0°C), than was filtered
and analyzed.

RESULTS AND DISCUSSION

The wheat straw pyrolysis starts at 250°C to
290°C collecting bio-oil and water, than increase
and intensification of pyrolysis process at 370 °C
to 530 °C. At 550 °C process of pyrolysis finished.
The biggest amount of bio-oil (52%) was obtained
using both of catalysts, Al,O; and opalized silicate
tuff. Obtained bio-oil was dark brownish viscous
liquid. Identification of functional groups of ob-
tained bio-oil was carried out by FTIR spectro-
scopy (Figure 1). The biggest peak at 3354 cm™
belongs to O-H vibrations of hydroxyl groups
which and indicate the presence of alcohols, phe-
nols, and water in the bio-oil. The second biggest
peak with wave length 1639 cm™ represents C=C
stretching vibrations and presence of alkenes
(methyl and methylene groups) and aromatics. The
peak at 1383 cm™' represents C—H stretching vibra-
tions and belongs to alkanes between 1350 and
1470 cm™ [6, 7].

09
0.8

0,7

0,6

05

; 3354 04241

Absorbance

0.4

0,3

02

1383 0,1132
1277 0,1243
1016 0,1336
R

0,1

\> 1639 0,2391

0.1

0.2

3600 2800

2000 1200 400

‘Wavenumbers [ 1/cm]

Fig. 1. FTIR spectral analysis for bio-oil obtained by pyrolysis of wheat straw
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The standard test procedure for bio-oil quality
was also conducted. Obtained results are depicted
in Table 1.

Table 1
Density,  Kinematic viscosity, Refractive index, pH
dy Vo n
(kgm?) (mm’s ")
1029,6 0,62452 1,6981 4

Wheat straw is a promising feedstock for bio-
oil production. At optimal process conditions
(heating rate 10°C min" and temperature 530°C)
and combination of Al,O; and opalized silicate tuff
as catalysts the higher amount of bio-oil 52% was
produced. FTIR spectroscopy is efficient rapid
method for bio-oil components determination. The
obtained bio-oil was with quality adequate for bio-
oils obtained from pyrolysis of biomass with the
presence of the main components of bio-oil: water,
alkanes, alkenes, alcohols, phenols and aromatics.

Maw. unsc.nayuy. ciuc., 34 (2), 389-391 (2016)
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A bstract: This study is focused on women's leadership and the role of women in the process of resolving
business conflicts by using alternative methods such as arbitration and mediation. In this sense, the policy of the
companies to promote and support these processes through investments in professional development of staff is em-
phasized as a significant factor, particularly existing and potential women leaders in the field of women's leadership,
mediation and arbitration. That will continuously create conditions for increased performance. Women's management
style is built on the development of the individual-employee. Many studies show that women entrepreneurs and lead-
ers, more than their male colleagues, support staff in their ambitions for further education, support teamwork, reduce
hierarchy and strive for the quality of their offer to bein constant growth. Women spend more time on educating their
employees, because they believe that it will allow greater competitive ability of the enterprise.

Key words: woman leader; business conflicts; alternative methods; arbitration; mediation

CTPYYHO YCOBPIIYBAILE HA BPABOTEHUTE )KEHU-PAKOBOJIUTEJIU BO ®YHKIINJA
HA IT'PAJJEIbE KOMITIETEHIIMU 3A PEITABAIBE JEJIOBHU KOH®JIUKTH

A mctpaxkT Bo 0Boj Tpya ucTpakyBamara ce POKyCHpaHH Ha JKEHCKOTO PAaKOBOJCHC H yJorara Ha jKeHaTa
BO MPOLIECHTE Ha PellaBambe JeJOBHU KOHGIUKTH MPEKy NMPUMEHa Ha alTepHATHBHU METOIH — apOUTpaxa u Meauja-
uja. Bo Taa cmucia, Kako 3Ha4acH (GakTop ce MOTEHIMpa MOIMTHKATA Ha APYIITBATa [a TH POMOBHPAAT U HOIIP-
JKyBaaT OBHE IIPOLIECH MPEKY BIOKYBamka BO NPOPECHOHATHOTO YCOBPIIYBAakhE Ha BPaOOTEHUTE, a 0COOCHO Ha KEHH-
T€ MOCTOjHM U MOTEHLMjaJHH PAKOBOAUTEIN BO JETIOT Ha KEHCKOTO PaKOBOJCHE, apOuTpaxka u meaujauuja. Ha toj
HAa4YMH KOHTHHYHPAHO Ke ce CO3[aBaaTr yCJIOBH 3a 3rojieMeHa e(pMKaCHOCT BO paboTemeTo. JKEHCKHOT CTUIT Ha PaKo-
BOJICHC € M3rPaJICH Ha Pa3BOjOT Ha MOCAMHELOT — BpaboTeH. McTpaxyBamara MOKaKyBaat Jeka JKSHHUTE MpeTIpHUe-
MayM U PAKOBOJAMUTEI, MHOTY IOBEKE Ol CBOMTE KOJICTH Ma)KH, T'Y MOJJIPXKyBaaT BpaOOTECHUTE BO HUBHUTE aMOHIIHU
3a JIOMOJHUTEIHO 00pa3oBaHue, ja MOAAPKYBaaT TUMCKaTa paboTa, ja HaManyBaaT XHepapXujaTa U HaCTOjyBaaT KBa-
JIMTETOT Ha HUBHATA MOHYyJA Ja Ouze BO MocTojaH mopact. JKeHUTe TPOIIaT MOBeke Mapy 3a LIKOIYBaHmhe HA CBOHTE
BpaboTeHH, OuJIejKi BepyBaaT Jeka Toa ke OBO3MOXKH MOrojieMa KOHKYPEHTCKa CIIOCOOHOCT Ha MPETHPHjaTHETO.

Kay4ynu 300poBH: xeHaTa PaKOBOAUTEI; ACJIOBHU KOH(INKTH; aATEPHATUBHE METO/IH; apOUTpaka; MeIujaliuja

INTRODUCTION price since they successfully run businesses in any
field to function successfully and achieve superior
performance. That is the logical consequence re-
sulting from growing changes in the environment,
and therefore will not be wrong if we say that has

In recent years the world has a tendency of
exceptional increase in interest on leadership.
Leadership or leaders are resource with the highest
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never been a greater need for the leaders as today.
Leadership in modern organizations is bound to
change.

Strong leadership begins with the manifestta-
tion of the ability to form a group of individuals —
who may have nothing in common — and will
embrace the vision of themselfs as a team which
can achieve above-average results. Today the Ma-
cedonian economy needs brave, innovative, expert
and positive individuals and companies who will
motivate and encourage women in Macedonia,
with the aim of increasing participation in decisi-
on-making processes, working with people, care
for their development and resolution conflict situa-
tions. The characteristics of the woman leader indi-
cate that they can successfully cope with this cha-
llenge and in that the management should find un-
derstanding for adequate support whose forms are
processed in this paper.

Certain studies have shown that mostly "com-
mon" qualities, as always nice and very understan-
ding are feminine qualities, while mostly "organi-
zational" qualities such as self-confidence and
competitive spirit are qualities associated with
men. These organizational features are considered
crucial to successful leadership.

The paper developed two theses:

(1) investment organization specialized trai-
ning in leadership, mediation and arbitration em-
ployees and existing and potential women leaders
will create competencies to effectively solve busi-
ness conflicts and adequate management in achie-
ving organizational goals and objectives, and

(2) the impact of employee participation —
existing and potential women leaders, training on
leadership, mediation and arbitration directly on
the reduction of business conflicts.

For this purpose, there are many studies who
show how investment managers in specialized trai-
ning and mentoring of existing and potential
women leaders in the organization will result in
efficient achievement of organizational goals and
objectives. In addition, studies have focused on
investment management in professional develop-
ment and career advancement, or what level of
employee participation, especially women and wo-
men leaders of these trainings on leadership, medi-
ation and arbitration.

This paper is concentrated on a issue that is
close to the public. Of great importance is the rese-
arch which helps gathering information about the
situation in the world and here in Macedonia, and

the factors and barriers to greater involvement of
women in leadership positions and tasks to solve
business conflicts through alternative methods,
such as arbitration which is presented in this paper
and made a solid theoretical development of key
terms related to the treated problem, and what is
even more important and useful through the pro-
cessing and analysis of the responses of the sur-
veyed target groups — managers and staff, pre-
sented a certificate of advance and set these.

CONCEPT, MEANING AND
CHARACTERISTICS OF LEADERSHIP

Leadership in the company is understood as a
process of influence and inspiring employees to
achieve common goals, by providing necessary po-
wer and freedom of employees to act in that direc-
tion.

Today it is considered that without true lead-
ership, companies can achieve above-average per-
formance — on the contrary, they would have stag-
nated at the level of mediocrity or would sunk to-
below average. New technological change is signi-
ficantly changing the way people work, such as
communications of people inside the company and
outside it, and change the relations in the sphere of
competition. All these changes have a significant
reflection on the leadership, the leadership of the
companies.

For entrepreneurship are important leadership
and vision, both for the individual and for the
team. Entrepreneurs have a vision around which
they try to gather other people and inspire them
with their example, energy, dedication and deter-
mination. Leadership does not necessary mean that
entrepreneurs have formal authority, especially
when it comes to so-called corporate entrepreneur-
ship, which is important for individuals to be moti-
vated to solve problems that will recognize the
opportunity, at the same time identifying the suc-
cess of the firm in which they work.

Although the definitions of leadership differ
among themselves, they include important elemen-
ts that mutually bring them closer, as follows [11]:
e [ eadership is process.

e With the leadership is accomplished influence.

e [eadership occurs in the context of a group.

e [eadership exists in terms of achieving the
goal.

Mech. Eng. Sci. J., 34 (2), 401-408 (2016)
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According to the same source, conducting
(leading) is a set of processes aimed at attracting
members of the organization work together to
achieve the interests of the organization, which
consists to the following four groups [11]:

e Activities aimed to motivate employees.

¢ Oriented activities for keeping employees.

e Activities of interpersonal relations, group be-
havior and conflicts within the organization.

¢ Communication activities.

Leadership is one of the key factors influen-
cing the development of the company, whether it is
about a business entity whose product or material
goods is a company with a service activity. The
dynamic development of society requires leaders
with high performance and emphasized the ability
of motivation and achievement of daily positive
impact on effecting employees of the company.

The impact on others, the leader has achieved
thanks to the characteristics that distinguish and
which include love for the work and for people,
honesty, self-confidence, know how, intelligence,
confidence, adaptability, communication, objecti-
vity, ability for team coordination, sanity, compli-
ance and other real lasting value. This impact on
the rest is the influence which the leader has achie-
ved without coercion or influence employees in a
manner that creates trust, respect and implementta-
tion of effective actions aimed at achieving deve-
lopment all changes and achieving the established
objectives.

The organization needs leaders who are able
to lead the process of change, which is one step
ahead of the others, who always bear in mind the
long-term successful functioning (and not minor
successes shortness of breath), with particular
sense of adaptation and definite view that efforts to
preserve the 'status quo™ position is usually fatal in
times of turbulent change.

This profile of an individual, no matter how
capable, can independently achieve the result ne-
eded to associates / supporters / followers who will
take their role, purpose and manner of unques-
tioned implementation of the plan of the leader and
his intentions — the benefits could be achieved in
favor of the enterprise, to ensure that they trust,
who will be motivated to selfless and full commit-
ment to work commitments and achieve planned
objectives for a successful operation and develop-
ment of the business entity.

"Leaders sometimes do not want to admit that
their followers will always weigh the advantages
and disadvantages of the change in terms of per-

Maw. undic. nayu. ciuc., 34 (2), 401-408 (2016)

sonal gain or personal loss, not from the standpoint
of the organization" [8]. According to the same
source, "People do not want to be managed. They
want to be led".

Running is an impact, that it is the ability to
get the title. However, keeping it defines as the
ability to obtain a certain position.

According [9], there are four levels of vision
in humans:

1. Some people never see (they are stray);

2. Some people see but never set out alone in
its implementation (they are followers);

3. Some people see and set out in its imple-
mentation (they are successful);

4. Some people see it, they start bringing in
and help others to see (they are the leaders).

The level of success of the leader have a deci-
sive influence from those who are closest. There-
fore, the most important lesson of leadership is
developing staff [8].

The bright side of becoming a leader in work
and private life is that you can practice the skills of
influence and persuasion of others towards a com-
mon goal. They can promote the principles of out-
standing teamwork values and objectives to deter-
mine their activities and conduct planned action.
They can be improved by continuous assessment
of their performance compared to its standards.

Successful leaders are recognized for their
willingness and determination to go to change
when necessary. The need to adapt to the new
changes is key, so in contemporary literature [3]
speaks of these approaches to leadership:

e transactional approach — marks leader that sets
reasonable goals, effectively organize the work
of followers and gives them all necessary
assistance and resources that are necessary to
achieve the objectives set,

® charismatic approach — marks leader who has
the ability to motivate subordinates to accomp-
lish the tasks above normal expectations,

e transformational approach — marks leader who
is able to modify the tenets of subordinates in
order to increase their commitment to the
organization,

e interactive approach — a style characteristic of
women. It is thought that women use different
style of running than men. For men bound
aggressiveness, initiative, hierarchy and compe-
tition, while the interactive leader prone to in-
spiration. Of course, many men also implement
an interactive style.
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Many experts argue that women entrepre-
neurs and leaders, more than their male colleagues,
support employees in their ambitions for further
education, support teamwork, reduce hierarchy and
tend to the quality of their offer asin constant gro-
wth. Studies at Boston University showed that
"women are more cooperative, informal, their lead-
ership behavior build mutual understanding". In
contrast, men tend to competitive leaders, formal
and systematic management. In other words,
women all their lives were also raised to feed and
support others. This natural trait, along with hard
work used in entrepreneurship also like in working
with people: they support the ambitions of their
collaborators.

CONEFLICTS

The literature brings together a number of
definitions of conflict. Some emphasize the beha-
vior of the participants in the conflict, others con-
centrate on the sources of conflict, while others
relate to the attitudes and feelings that arise in the
conflict.

Definition that would unite all the important
aspects of the conflict should indicate its three
components [7]:

e sides of the conflict,
e conflict behavior, and
o conflict interests.

Each organization is bringing together people
in order to achieve personal and common goals by
working together. Each one has its own personali-
ty, and accordingly their own needs for personal,
community, and social goals. Because there are no
organizations without people, there is no organiza-
tion without conflicts. In fact, conflicts are accom-
panying and inevitable occurrence of any organiza-
tion. Conflicts arise from the contradiction of appe-
arances. So contradiction is the hallmark of the
outbreak, and the conflict is characteristic of the
system or the organization. On the other hand,
conflicts arise conflict, although there are conflicts
which do not cause conflict.

Absence of contradictions means stagnation
of ideas and phenomena. Absence of conflict
means stagnation of the system. Absence of con-
flict means tolerating hazards.

The conflict is a social phenomenon and it
can be: temporary, local, illusory, paltry, insignifi-
cant, admissible and inadmissible needed, nece-
ssary, constant, progressive, declining, conditions,
impending, objective and subjective.

In issues of organization, the conflict is al-
ways a combination of several of its features. The-
refore, the resolution of the conflict is a very com-
plicated thing. The complexity of solving the com-
plexed problems directs organizers using sub-
jective and alternative methods (arbitration and
mediation).

SAMPLE SURVEY, TECHNIQUES AND
MEASURING INSTRUMENTS

The survey was conducted on a representative
number of 130 respondents from the public and
private sectors [10].

Target groups: managers (52 respondents)
and employees (78 respondents).

The research used the following research
techniques: surveys, interviews and content ana-
lysis.

Methods used in this research are as follows:
Method of survey; Method of analysis and synthe-
sis; Method of abstraction and concretization;
Comparative method; Descriptive method.

Measuring instruments used in this research:
A questionnaire (for each target group of respond-
ents); Scale views.

RESULTS ANALYSIS

Thesis 1 treats the impact of the investment of
the organization in specialized training and mento-
ring for leadership, mediation and arbitration for
the employees and existing and potential women
leaders to create competencies to effectively solve
business conflicts and adequate management in
achieving organizational goals and objectives.

According to the survey, attitudes of mana-
gers and employees in terms of the investment the
organization in appropriate training is (independent
variable) in Table 1 covers the issues or statements
1, 2, 3 employees and managers 1,2,3 the question-
naire.

The outline of a continuum for the indepen-
dent variable is 2.820512821, indicating insuffici-
ent results and shows that employees and managers
are still not sufficiently invested in training , it is a
real reflection of the situation.

The dependent variable refers to the views of
employees and managers about how training for
professional development increases the competen-
ce of efficiency in operations. The dependent vari-
able in the same table is presented with questions

Mech. Eng. Sci. J., 34 (2), 401-408 (2016)
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or statements No. 4, 5, 6 for employees and 4, 5, 6
managers of the questionnaire. The line of the con-
tinuum is 3.83974359, that is the scale of values is
seen as a good result (presented in Table 2 and Fig-

ure 1).

From the above it can be concluded that the
independent and dependent variable on the scale of
values ranging between 3 and 4, which means they
have relatively overlap and provide adequate, good

results which prove the thesis 1:

Table 1

Thesis 1

1-independent variable
2- dependent variable

‘ Series1

2,820512821

3,83974359

Fig. 1. Qualitative changes of the independent

and dependent variable

Questionnaire for managers and employees

No. QUESTION / STATEMENT

AW N~

W

Does your organization invests in specialized training and mentoring for leadership?

Does your organization invests in specialized training and mentoring for arbitration and mediation?

Specialised training and mentoring for leadership competencies to increase efficiency in operations.

Whether to effectively resolve disputes and conflicts, your organization employ alternate methods — arbitration and mediation?

The application of alternative methods — arbitration and mediation results in efficiency of resolving disputes and conflicts, or
in the effective realization of organizational goals and objectives.

6  Specialised training and mentoring for arbitration and mediation increase the competence of efficiency in operation

Table.2
Qualitative analysis of hypothesis 1
Type of Question number Yes Sometimes Not Number of respondents Yesx5 Sometimesx3 Notx1 Total Points
respondents
1 2 3 4 5 6 7 8 9 10 11
Independent variable Establishing criteria for the advancement of woment’s leadership
1 49 19 10 78 245 57 10 312 4
Employees 2 14 19 46 70 57 45 172 2,20512821
3 10 26 42 50 78 42 170 2,17948718
1 33 11 8 52 165 33 8 206 3,96153846
Managers 2 9 14 29 45 42 29 116 2,23076923
3 11 13 28 55 39 28 122 2,34615385
A set of points: 16,9230729
A set of points / number of questions:  2,82051285
Dependent variable Effective management and operation
4 42 23 13 78 210 69 13 292 3,74358974
Employees 5 41 25 12 205 75 12 292 3,74358974
6 50 16 12 250 48 12 310 3,97435897
4 32 12 8 52 160 36 8 204 3,92307692
Managers 5 31 12 9 155 36 9 200 3,84615385
6 30 13 9 150 39 9 198 3,80768231
A set of points / number of questions: ~ 23,0384615
A set of points / number of questions:  3,83974359

Source: Mirjana Markovska, Leader role of women in the process of resolving business conflicts by applying alternative methods,

Master thesis, Skopje, 2014,

Maw. unic. nayu. ciuc., 34 (2), 401-408 (2016)
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The investment of the organization in specia-
lized training and mentoring for leadership, media-
tion and arbitration employees and existing and
potential women leaders will create competencies
to effectively solve business conflicts and adequate
management in achieving organizational goals and
objectives.

Thesis 2 treats the participation of employees
— current and potential women leaders, training on
leadership, mediation and arbitration, and direct
how it affects reduction of business conflicts.

According to the survey, attitudes of mana-
gers and employees regarding employee participa-
tion in training is in the field of leadership, media-
tion and arbitration (independent variable) in Table
3 covers the issues or propositions 7, 8 and 9 em-
ployees and 7, 8 and 9 managers of the questionna-
ire.

The outline of a continuum for the indepen-
dent variable is 4.286324786, which means excel-
lent results and shows that employees and mana-
gers have a high degree of employee participation
— existing and potential women leaders, training on
leadership, mediation and arbitration.

The dependent variable refers to the views of
employees and managers about how participation
in training resulting in reduced business conflicts
and effectively address the current.

The dependent variable in the same table is
presented with questions or propositions 10, 11 and
12 for employees and 10, 11 and 12 for the mana-
gers of the questionnaire. The line of the continu-

Table 3

um is 3.155982906, or in the scale of values is seen
as a good result (presented in Table 4 and Figure 2.)
the independent and dependent variable on the
scale of values ranging between 3 and 4, which
means they have relatively marked overlap and
give good or excellent results which prove the
thesis 2.

Participation of employees — current and
potential women leaders, in training on leadership,
mediation and arbitration, will directly affect the
reduction of business conflicts, and effectively
address the current by applying alternative
methods — arbitration and mediation.

Thesis 2

1-independent variable
2- dependent variable

Series1 4,286324786 3,155982906 ‘

Fig. 2. Qualitative changes of the independent
and dependent variable

Questionnaire for managers and employees

No. QUESTION/STATEMENT

7 Do you think that the share of training of employees, i.e. existing and potential women leaders, the basic principles of

leadership, to increase their capacities?

8 Do you think that the share of training of employees, i.e. existing and potential women leaders, mediation and basic
principles of arbitration and mediation will increase their competences?

9 Do you think that training for mediation are useful in relations / disputes and conflicts between workers and employers?

10 Training for professional development of women will contribute them to increase their capacity for career

advancement.

11 Judiciary, mediation and arbitration are complementary.

12 Mediation training will increase the competences of the participants in the reduction of business conflicts and

effectively address the current.

Source: Mirjana Markovska, Leader role of women in the process of resolving business conflicts by applying alternative methods, Master

Thesis, Skopje, 2014.
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Table 4
Qualitative analysis of hypothesis 2
Type of . . . .
respondents Question number Yes Sometimes Not Number of respondents Yesx5 Sometimesx3 Notx1 Total Points
1 2 3 4 5 6 7 8 9 10 11
Independent variable Establishing criteria for the advancement of woment’s leadership

7 48 20 10 78 240 80 10 310 3,97435897
Employees 8 51 19 8 255 57 8 320 4.1025641
9 63 10 5 315 30 5 350 4,48717949
Managers 7 40 7 5 52 200 21 5 226 4,34615385
8 39 5 195 24 5 224 430769231

9 63 4 215 15 4 234 4,5
A setof points : 25,7179487
A set of points / number of questions:  4,28632479

Dependent variable Effective management and operation
10 62 15 1 78 310 45 1 356 4.56410256
Employees 11 17 50 11 85 150 11 246 3,15384615
12 57 14 7 285 42 7 334 428205128
10 45 5 2 52 225 15 2 242 4,65384615
Managers 11 7 38 7 35 114 7 156 3

12 30 14 8 150 42 8 200 384611585

A set of points / number of questions: 23,5
A set of points / number of questions:  3,91666667

Source: Mirjana Markovska, Leader role of women in the process of resolving business conflicts by applying alternative methods,

Master Thesis, Skopje, 2014,

CONCLUSION

Any company, to create the conditions for in-
creasing the efficiency of operations, should be
continuously practiced building and strengthening
leadership capacities as a policy to solve business
conflicts by applying alternative methods -
arbitration and mediation.

Survey focused primarily on the role of a
woman leader in the process of resolving business
conflicts using alternative methods of arbitration
and mediation. The survey was conducted in 24
public and private companies, which surveyed 52
leaders and 78 employees. The research showed:

e For the effective resolution of business disputes
and conflicts should no longer apply alternative
procedures — arbitration and mediation.

e Need to increase the involvement of women
leader in the process of resolving business con-
flicts of internal and external level.

e Necessary greater involvement of the woman
leader as a decision maker, or its participation
in the work of the management companies.

Maw. undic. nayu. ciuc., 34 (2), 401-408 (2016)

Continuously working to strengthen women's
leadership.

Leadership is a key factor in the development
of the company.

The dynamic development of society requires
leaders with high performance and a pro-
nounced ability to motivate and effecting em-
ployees of the company.

Requires motivated and satisfied employees as
a basic prerequisite for efficient operations.

Continuously investing in appropriate training
and mentoring women in leadership, arbitration
and mediation.

Need to strengthen the efficiency of networking
among Macedonian women — business leaders.

It is necessary sharing and use of foreign ex-
perience to overcome the social barriers to the
development of women's leadership.

It is necessary to motivate women and their fo-
cusing on positive examples for strengthening
the capacities of women's leadership in the Re-
public of Macedonia.
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¢ Organizing educational events through which
individual will learn about the experiences of
professionally accomplished and successful
people — who will share their experiences, diffi-
culties, ways of bridging.

e Should be the role of women in the business, or
developing the potential of women as leaders.

e Strengthening the capacity of women with a set
of specific skills that will bring an even higher
level in the business community or business
that stretch.

¢ Business networking through the development
and expansion of businesses, new contacts,
connections, lobbying and support for the
growth of an entrepreneurial spirit.

¢ Increasing the number of women decision mak-
ers, and to improve the position of women en-
trepreneurs in the company hierarchy.

e Increasing the impact and the willingness of
businesses to practical actions in favor of the
development of women's leadership.

The findings from the survey show the impor-
tance of investment and support for companies in
the professional development and career advan-
cement of employees, especially working women,
then they will be proactive to operate effectively
and solve business conflicts. In that sense, today, a
growing aspect is placed on employee participation
in training for professional development and career
advancement will create conditions for building
leadership capacity and skills to solve business
conflicts by applying alternative methods — Arbit-
ration and Mediation or effective achievement of
organizational goals and objectives.

New technological changes significantly
change the way people work, communications of
people inside the company and outside it, and
change the relations in the sphere of competition.
All these changes have a significant reflection on
the leadership or the leadership of the companies.
Today it is considered that without true leadership,
companies can achieve above-average performance

— on the contrary, they would have stagnated at the
level of mediocrity or would sinking to below av-
erage. A mid the turbulent changes of each
organization needs leaders who are able to lead the
process of change.

In times of transition and democracy, women
entrepreneurs are an important force increasing,
although their overall role in business and public
policy arenas is often difficult because of lack of
understanding, legal obstacles and the traditional
role of birth. However, the future of the modern
woman is entrepreneurship, i.e. the possibility to
choose its economic independence, the establish-
ment of a private enterprise — separate. Thus, it is
the woman entrepreneur is one of the generators of
successful family businesses and new jobs.
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A bstract: Good business cooperation with the franchisor is the most crucial element for a successful im-
plementation of the franchising system and realization of successful performance. Without this cooperation, the suc-
cess is brought into question. Constant cooperation and support by the franchisor implies a complex package of inter-
related services with the aim to help the successful business management and profit realization. The goal of the coop-
eration is to decrease the possibilities of failure, to provide successful targets and to avoid the mistakes characteristic
when starting up a business via realizing efficient business relations. Advantages from working with this business
model, from the viewpoint of the provider of the franchise — the franchisor, and especially its user — the franchisee,
shall provide determination of the basic directions of how an entrepreneur could start a small business with a fran-
chised business model. The potential franchisor can make a right decision to start his business with a franchise, and
especially later for the business development, if he had previously analyzed and arranged the business relations that
are to be established and built between the franchisor and the franchisee. The research which had been conducted
through surveying and interviewing of around 30 franchisees in the Republic of Macedonia had for its goal to scan
the real situation of the cooperation between the franchisor and the franchisee.

Key words: franchise; cooperation; small business; franchisor; franchisee

BJIMJAHUE HA COPABOTKATA MEI'Y ®PAHIIU3EPOT U ®PAHIIM3AHTOT
BP3 UMIIJIEMEHTALIMJIATA U PA3BOJ HA ®PAHIIN3HUTE BU3HNUC-CUCTEMHA
BO PEIIYBJIMKA MAKEJOHUJA

Amncrtpak T [oOpara Ou3HHC copabOTKa CO (PpaHIIM3EPOT € HAjOUTEH EIEMEHT 32 YCIEIIHO UMIUIEMEH-
TUpame Ha (PAaHIIM3HUOT CHCTEM M OCTBapyBamhe Ha yCIEIIHO paboTeme,. be3 oBaa copaboTka, ycHexoT € JOBeIeH
BO npamame. [locTojanara copaboTka U MOAAPIIKA O (PaHIIM3EPOT MOAPa3OUpa CIOKEH MaKeT MeryceOHO MOBp-
3aHH YCIIyTH CO LeJI Ia Ce IIOMOTHE BO YCIICLIIHO BOACH:E¢ Ha OM3HUCOT U OcTBapyBame npodurt. Llenra Ha copaboTka-
Ta ¢ HU3 OCTBapyBame eUKaCHH OM3HHC Pelaliy Ja ce HaMalaT [IAHCHTE 33 HEYCIEX, [1a CE OBO3MOKH YCIICIIHOCT
Ha IeNUTe ¥ M30erHyBame Ha TPELIKUTE KapaKTepPUCTHYHH IPH MOYHYBame Ha OusHuC. [IpeaHocta ox paboTemeTo
€O OBOj MOJies Ha OM3HHUC, O IJIeJHA TOYKa JaBarel Ha (paHiinzara (ppaHimsep) U, 0COOEHO, KOPUCHUK Ha (paH-
mm3ara (QpaHIIN3aHT), € ASTEPMUHHPAHETO Ha OCHOBHUTE HACOKM KAaKO €ICH IpeTIpHeMad Ja 3aro4yHe Mai Ou3-
HHC co (paHimn3eH Moen. [IoTeHIINjaTHHOT (paHIIM3aHT MOXKE J1a JIOHECe MTPaBUIIHA OJUTyKa 3a MOYETOK Ha CBOjOT
Ou3HKC co (paHIIK3a, a 0COOCHO IMOJOIIHA U 32 Pa3BOjOT Ha OM3HUCOT, JOKOJIKY T UMa aHAITM3UPAHO M MOJOLHA J10-
TOBOPEHO OM3HKC-PENAllMUTE KOU C€ BOCIIOCTABYBAaT M IpajiaT MOCTOjaHO Mery ¢paHim3epot U ¢panimunzanror. Hc-
TPaXKyBameTO Koe Oellle CIpOBEICHO MPEKY aHKETHPAamhe U HHTEPBjyHpame Ha TprueceT (paHIIn3anTu Bo PemyOiuka
MakeoHHja ©MalIe 3a 1IeJT /1a ja CIIMKa peaHata cocToj0a Ha copaboTKarta nmoMery (GpaHIIN3aHTOT U (PaHIIU3EPOT.

Kay4ynu 360poBu: ¢panuinza, copaborka, Maji 6u3Huc, Gppamiusep, ppaHIIn3aHT
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1. INTRODUCTION

One of the basic advantages of the franchise
as a business model is providing an application of
previously developed business plan which has been
developed through practice. This business plan is
operational and is already profitable. The fran-
chising system which had developed this business
plan, conditionally had had pulled through all ob-
stacles related to starting up and managing a busi-
ness. This business system learnt from its mistakes,
found the answers, solved the problems and mar-
ked a continuous upgrade. Now, all the knowledge
and know-how experience is becoming part of the
franchising package and provides the small busi-
ness to lower its learning line and start up its busi-
ness from an advanced starting point. This starting
position saves time while making a profit.

In a technical sense, the small business gets
an operative manual with a detailed activities’ plan
which in great degree covers the part of the every-
day business performance.

2. REQUIRED INFORMATION
FOR COOPERATION

When an entrepreneur finds a franchise,
which he would like to work with, he gets in con-
tact with the franchisor-owner of the specific fran-
chise that he has interest in and starts the negotia-
tions of the franchised business. The first contacts
are actually information exchange between con-
tractors.

When the franchisor gets a request from an
entrepreneur for the franchise, he would like to
have the following information from the potential
franchisee:

e If the requestor has had an experience with the
same or similar business;

¢  Which are the motives for requesting a fran-
chise and if the requestor is informed of the
method of franchising performance;

e If the requestor finds this a long-term invest-
ment or he expects a fast return of the capital;

e (Questions about the readiness for further edu-
cation and trainings;

e If the requestor is an enthusiast and capable to
bring a success for the franchisor invests in the
entrepreneur by giving the franchise;

e Information on the financial condition of the
requestor, as well the whole family;

e Preview of a bank statement in order to check
the financial condition;

e References from bank institutions;

e If he is a member of a franchising organization
and on which level.

The potential franchisee shall request some
information and data on the franchising system
which he is interested in, such as:

e The franchising system, that is the constant
franchising units and information on their per-
formance;

¢ Insight in the contract which is to be signed.

3. SUPPORT FROM THE FRANCHISOR

Constant support which the small business
gets before, during and after the business startup
relates to a complex package of interrelated busi-
ness services whose aim is to provide successful
management of the new business and realizing
profit with the bought franchising model [1].

The constant support includes basic and ad-
vanced training, constant promotion and improving
the product’s quality, consulting system (daily and
monthly meetings with franchisor’s experts), re-
search and development, marketing and sales, ac-
counting systems, financial support, etc.

The type of support is greatly related to the
phase in which the small business is in, that is the
amount of its development. In the beginning, sup-
port is often being connected to providing training
(for the product), business system, marketing and
establishing an accounting system. While the small
business grows and develops, the support focus is
changing too. In the later phase of the small busi-
ness development, the franchise provides support
in the employees’ training, promotion of the ac-
counting system, cooperation and netting with oth-
er franchisees for realizing the general purposes of
the franchise and experience exchange.

Most common forms of support known by the
contemporary franchise are the following: training,
marketing and sales, brand development, purchas-
ing power — favorable supply, easier access to fi-
nance.

4. ADVANTAGES AND DISADVANTAGES
FROM FRANCHISOR’S POINT

The advantages which the franchisor gets by
putting a concession on his franchised business
model to the franchisee are actually the main driv-
ing force of the franchisor. These advantages could
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be very significant and could generate disposable
economical advantage for the franchisor. Those are
the following:

Using foreign capital. For the franchise uses
his own capital for starting up a business, the fran-
chisor has no expenses to the level of franchising
unit. This enables him to efficiently use the funds
and their real location for other business activities
[2].

Investment return. Relatively low level of
investment per franchise shall enable the franchisor
to have a high and fast return of investment.

Low risk. Using foreign capital greatly re-
duces the risk in franchisor’s performance for in
case of bad management of the franchising unit,
franchisee’s invested capital is in direct risk.

Limited/decreased responsibility. Technical
specifications around the organization of the fran-
chising unit are in franchisee’s responsibility and
authority. It means that franchisor’s responsibility
in that part of business is limited. The franchisee
primarily maintains the high profitable performan-
ces of the franchisor and he is not included in the
daily operational activities around managing the
franchising unit. This business model enables the
franchisor to be excluded in eventual problems and
conflicts related to human resources management.

Greater growth. Using franchisee’s time and
spent efforts, the franchisor could increase the
speed of his growth without employing new people
and engaging additional workforce.

Improved performances of the franchising
unit and quality control. As practice has shown,
in the beginning franchisees are preoccupied with
the operative condition of the franchising units
much more than franchisor’s employed managers.
The basic reason for this is the sense of ownership
of business over the franchising unit, and not only
administrative business management.

Management consistency. As a result of the
constant investment in the franchisee’s and other
employers’ training, one could get a management
to a higher level of consistency due to the feeling
of ownership which prevails at the franchisor.

Efficient brand building. Due to low in-
comes in the area of development of franchising
units, the franchisor finds it much easier to spread,
develop and strengthen the brand. Market repre-
sentativeness is increased (for example, retailing)
and positioning of the brand is much easier.

Advertising. The franchisor shall get support
and contribution regarding advertising by the fran-
chisee. Of course, these local campaigns are cre-
ated, managed and controlled by the franchisor.
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Internationalization. The franchisee, as a lo-
cal partner, with his knowledge of economics, law,
social, political and other conditions, shall provide
easier risk management of internationalization and
easier adjustment of the franchisor to the local
working conditions.

The basic disadvantage for the franchisor is
the constant possibility of incorrect review of the
business capacity of the future franchisee in real-
izing the contracted conditions. However, it could
be the case that despite the thorough evaluation of
the franchisee that he cannot realize the required
working standards.

This could produce the so-called “domino ef-
fect” and to develop a new disadvantage for the
franchisor. This disadvantage for the franchisor,
which stems from the direct relation of the franchi-
sor to the franchisee, is a reflection of the franchi-
see’s bad management on the franchisor’s man-
agement. The franchisor also has disadvantages in
the area of franchisee’s performance control [3].
The franchisee always has a certain independence
(related to the need of initiative and creativity) in
his performance which is not controlled by the
franchisor. The franchisee could take actions that
are not in accordance with the franchising brand
and which “destroy” the business reputation of the
franchisor.

5. METHODOLOGY

The subject of this paper is the analysis of
the importance that cooperation between franchisor
and franchisee has.

The problem of the research is:

o Insufficient representativeness of franchise as a
method to establish a new business or to de-
velop already-established business, and

o Low level of successfully organized access to
information for potential buyers of the fran-
chise (franchisees) about the available compa-
nies — franchise sellers (franchisors), infor-
mation on establishing contacts and a method
of starting up a business.

Research sample, techniques
and measurement instruments

The research included 30 franchising systems
from all over the country and their owners were
surveyed.

Target groups: managers and employees.
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The methods used for this research are the
following: Survey Method; Method of Analysis
and Synthesis; Method of Abstraction and Con-
cretization; Comparative Method; Descriptive
Method.

Measurement instruments used in this re-
search are: survey questionnaires (for each target
group of respondents); views scale.

6. RESULTS

The questionnaire consisted of 25 questions.
The following text highlights the results from the
answers in the questionnaire.

In the Republic of Macedonia there is a high
level of attraction of the franchise as a business
model for starting up a small business. The sur-
veyed respondents, 70%, think that the franchised
business model is quite attractive for starting a new
business, and only 10% consider it as an unattrac-
tive model (Figure 1).

The greater part of the surveyed franchisees
were entrepreneurs when they had made the deci-
sion of using this business model and who recog-
nized the franchise advantages [1].

10%
0%

10%

@ UNPOPULAR
B VERY LITTLE
10% OALITTLE
OAVERAGE
mALOT

70%

Fig. 1. Popularity of the franchise
in the Republic of Macedonia.

Especially indicative are the results about
finding ways to the working information required
for making this decision (Figure 2). Of the re-
spondents, 73% found the needed information for
potential franchises in the foreign business areas.
They had already used their already-established
business relations with foreign partners and these
contacts often arise from long-term relations with
foreign business partners. This method of finding
information is quite useful for it increased the se-
curity level due to knowing the information source.

Anyway, 20% of respondents got information
via direct offers from franchisors, but yet the es-
tablished foreign business contacts had their part

here. The others 7% of the respondents got the re-
quired information through researching various
media with the purpose to find a franchise which
they are interested in.

Analyzing the results one could conclude that
in the Republic of Macedonia there is no estab-
lished information system on franchising as a pos-
sibility for starting up a business.

0% 7o, 0%

T OWN RESEARCHES
20% B MEDIA

0 DIRECT OFFERS

0 FOREIGN BUSINESS

CIRCLES

73% m NATIONAL BUSINESS
CIRCLES

Fig. 2. Information sources on franchise

Finding information greatly depends on the
business profile of the franchisee-to-be, i.e. if and
to what degree is it involved in the export-import
transactions and if and what kind of relations does
it have with foreign partners. We would add that
according the franchisees, in the Republic of Mac-
edonia there is no official franchising union, nor is
there some sort of association which would pro-
vide information exchange between the interested
potential national franchisees and foreign fran-
chisees.

Figure 3 represents the determination of mo-
tives for starting a franchising business. The great-
est percent, 87%, of the surveyed franchisees high-
lighted the expansion of the already-established
business as a main motive to start this franchised
business. This leads to the conclusion that these are
already experienced entrepreneurs who have their
mind on this sort of business model because they
can recognize the franchise’s advantages.

3%~9% 10%

B FINANCIAL
INDEPENDENCE

B INVESTMENT
OPPORTUNITY

0O BUSINESS
DEVELOPMENT

O CREATING A FAMILY
BUSINESS

87%

Fig. 3. Reason for starting a business

This conclusion is even more reliable if one
adds the results that neither one of the respondents
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had started his business with a franchise due to the
financial independence or unemployment. 10% of
respondents started their business as an investment
opportunity, and only 3% of them see the fran-
chised business model as a chance for opening a
family business.

Figure 4 presents the data related to the qual-
ity of support that the franchisee gets from the
franchisor. A general conclusion of 63% of re-
spondents is that the support they get from the
franchisor is very good. 27% claimed that the sup-
port was good, and 3% said that it was satisfactory.
7% of the surveyed franchisees think that the sup-
port was unsatisfactorily which still being consid-
ered as somehow tolerable percent. One can notice
that the percent of not getting any support is 0,
which is totally understandable having in mind that
support is one of the basic elements and ad-
vantages of franchising.

0% 7%

@ DON'T GET SUPPORT

m UNSATISFACTORY

27% |OSATISFACTORY

oGOOD

m VERY GOOD

Fig. 4. Franchisor’s support

In close relation with the previous data are the
data presented in Figure 5 that imply on training as
a kind of support. From the surveyed respondents,
71% pointed out that the support in the training
area was very good, 13% of them said that the
support in this area wasn’t good, and another 13%
of the respondents clarified that the support is un-
satisfactory. Quite symptomatic is that 3% of the
surveyed franchisees stated that they are not get-
ting any kind of support in the areas of training and
practice, which is completely contrary to the con-
cept of the franchise.

13%

@ DON'T GET SUPPORT
B UNSATISFACTORY

13%
0O SATISFACTRY

O GOOD

71% B VERY GOOD

Fig. 5. Support in the area of training and practice
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To the question how one could describe the
support by the franchisor in the management area,
50% of the respondents answered that it was on
satisfactorily level, 16% thought that it was good,
20% were very satisfied, as for the rest 14% they
said that they are not satisfied (Figure 6).

o
13% 0%

20% | @VERY GOOD
mGOOD

17%
O SATISFACTORY

O UNSATISFACTORY

mDON'T GET
SUPPORT

50%

Fig. 6. Support in the management area.

One could conclude that franchisor’s support
in the management area is on satisfactory level but
also, part of the respondents are not satisfied due to
the difficult access and the strict procedures by the
franchisor [5].

Results to the answers regarding support of
the franchisor in the business development lead to
a data that 83% of the answers belong to the an-
swers group: very good, good and satisfying,
which implies that the franchisor supports the fran-
chised business (Figure 7).

o)

17% 17%

B VERY GOOD
mGOOD

O SATISFIED

O UNSATISFIED

mDON'T GET
SUPPORT

36%

Fig. 7. Support in business development

7. CONCLUSION

Franchising as a business concept, although it
is relatively new in these areas, it is not new to the
world; on the contrary, it is quite often being used
by companies as a strategy for business develop-
ment, more precisely for the so-called non-capital
expansion on the one hand, and it is being used by
lots of entrepreneurs and young companies as a
way of opening a business on the basis of already
proven and successful concept on the other hand.
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Franchise as a term in economy practice marks the
tremendous development of time and geographical
perspective.

With the appearance of globalization and the
need for expansion outside the local markets, com-
panies use this business format for expansion of
their businesses in a relatively easy way without
having to invest much finances, and they mainly
use their knowledge and experience when it comes
to internationalization and the knowledge of their
local partners.

On the other hand, increasing number of en-
trepreneurs want to start their own business, and
conditionally speaking, they have enough real re-
sources and finances, but do not have knowledge
and experience, identify franchise as an oppor-
tunity for opening their own business with objec-
tively decreased risk of failure due to the support
by the franchisor and using his know-how and his
successful business concept.

When all the relevant data are ready and elab-
orated, the following step is preparing an action
strategy and making contacts with the franchisor in
order to define the contracting conditions regarding
taking the franchise. This area too requires excep-
tional alertness. Lots of laws, especially when it
comes to international franchises, do not arrange
franchising as a separate area. The most typical

form it takes is a classical obligatory relation or
contracts are based on more legal provisions from
different laws. Therefore, one needs an expert help
about negotiating a contract and precise determi-
nation of the rights and obligations of the con-
tracted parties in order to create conditions for a
successful business.
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A bstract: The development of new technologies constantly brings changes in the performance of compa-
nies. Product Lifecycle Management implies monitoring of market dynamics and quick adjustments of strategies to
achieve their goal. Digital technology brings new features to the marketing concept and a completely different ap-
proach to the market. The goal of every brand is to gain market growth and extend the product lifecycle. Knowledge
of social media enables companies to create digital marketing campaigns that will strengthen customer relationships.
Social media are powerful analysis tools that can track marketing campaign results, customers’ needs and competi-
tion performance. This allows for the creation of marketing tactics, which in turn makes the marketing strategy sub-
ject to change. Digital marketing requires an innovative and continuous approach by the companies to attract and re-
tain customers. Customer loyalty is the key in achieving competitive advantage and long-term customer relationships
means extending product lifecycle.

Key words: new technologies; management; lifecycle; product; strategies; brand; social media; market;
digital marketing; customers

JUT'NTAJIEH MAPKETHUHI - AJIATKA 3A IPOJOJIZKYBAIBE HA )KUBOTHHUOT HUKJIYC
HA MNPOU3BOJUTE

A mcTpax T Pa3BojorT Ha HOBUTE TEXHOJIOTHH IIOCTOjaHO BHECYBA IPOMEHH BO paboTaTa Ha KOMIIAHUHTE.
MeHayUMEHTOT Ha YXHBOTHHOT LMKIYC HAa MPOM3BOIMTE MOAPa30OHpa clieemhe Ha AWHAMHUKAaTa Ha 1Ma3aporT u Op30
npucnoco0yBame Ha CTPAaTErHUTE 3a OCTBapyBambe Ha HUBHHTE Lend. Co JUrHTajHaTa TEXHOJIOTHja, MApKETHHI-
KOHIIeNIMjaTa 1001Ba HOBM (DYHKLMM M €CH cOoceMa IOMHAKOB MpHcTan Ha ma3aport. Llenta Ha cekoj OpeHn e na
OCTBapyBa pacT Ha Ma3apoT M Ja ro MPOJOJDKH KMBOTHUOT LUKIYC Ha MPOM3BOIH. [103HABambETO HA COLMjaTHUTE
MEIUyMH UM OBO3MOXKYBAa Ha KOMIIAHHUHTE Ja CO3IaJaT IUIUTAIHA MAPKETHHT-KaMIIambH, CO LITO Ke T'0o 3alBpCTaT
OJIHOCOT cO KymyBauure. COLMjaTHATe MEMYMH HAEIHO CE M aJlaTKH 33 aHAJIM3a CO Koja Ce CIIeJaT Pe3yJTaTHTE O]
MapKeTHHIIKHTE KaMIlamkH, Oapamara Ha KylyBauylTe U HACTAaNoOT Ha KOHKypeHuujaTa. Ha Toj HauuH ce corjiemyBaar
CIISTHATE MapKETHHIIKU TAKTHKH KOW Tpeba Ja ce mpe3eMar, co IITO MapKeTHHI-CTpaTerdjaTa Ke MOIeKH Ha
NpOMeHH. JIMrUTaIHHOT MAPKETHHT Hajlara MHOBATHBEH M KOHTHHYHPAH MPHUCTAIl HA KOMIIAHUHTE 3a MPHBJIEKYBabe
1 33/Ip)KyBabe Ha CBOUTE KymyBauu. JIojalHOCTa HA KyIyBauKTe € KJIy4HA 32 OCTBApyBame KOHKYPEHTCKA MPEIHOCT,
a JJOJITOPOYHUTE OTHOCH CO KYITyBauUTe MMOAPAa30HUpaaT NpoAoKYBamke Ha )KUBOTHHOT LIUKITYC HA IIPOU3BOJIUTE.

KiyyHu 360poBH: HOBH TEXHOJIOIMH; MCHALIMEHT; )KUBOTCH LHKIYC; IPOU3BO/, CTPATEIUH; OPEH;
COIIMjAJTHN ME/IIYMH; [1a3ap; IUTHTAIICH MAPKETHHT; KyITyBauH

INTRODUCTION reflect on the product lifecycle. Digital marketing
allows companies to interact with customers on a
daily basis and long-term communication strategy

With digital marketing, traditional media are contributes to long-term use of the product. The
replaced by social media. The marketing function purpose of this paper is to show the role of digital
is changed — from the process that has certain dura- marketing in the product lifecycle and to show its

tion, becomes a continuous process whose effects influence as a tool for extending product lifecycle.
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THE DEFINITION OF DIGITAL
MARKETING

Digital marketing [1] is an umbrella term for
the marketing of products or services using digital
technologies, mainly on the Internet, but also in-
cluding mobile phones, display advertising, and
any other digital medium.

Digital marketing activities are search engine
optimization (SEO), search engine marketing
(SEM), content marketing, influencer marketing,
content automation, campaign marketing, and e-
commerce marketing, social media marketing, so-
cial media optimization, e-mail direct marketing,
display advertising, e-books, optical disks and
games, and any other form of digital media. It also
extends to non-Internet channels that provide digi-
tal media, such as mobile phones (SMS and
MMS), callback and on-hold mobile ring tones.

Digital marketing with social media

Social media are Internet tools by which peo-
ple and companies create, share and exchange in-
formation, photos and videos in virtual commu-
nities. Unlike other digital activities where ap-
proach to customers is limited, social media en-
ables companies to keep constant communication
through the user’s profile and establish strong cus-
tomer relationships that lead to brand loyalty.

The research of GlobalWeblIndex [2] publish-
ed in January 2015 shows the twenty most used so-
cial networks in the world where the top five are
Facebook, YouTube, Twitter, Google + and Insta-
gram. Acording to eMarketer [3], by 2017 when
US digital display ad expenditure will reach $37.36
billion, Facebook and Twitter together will account
for 33.7% of the market. Young people across the
world's largest advertising markets will spend
more time accessing the Internet via mobile than
via all other devices. This is the key finding from a
new global insight study into changes in mobile
behavior conducted by Zenith Optimedia and
Global Weblndex. [4]

In the study entitled The Mobile Imperative,
presented at dmexco 2015, Zenith Optimedia and
GWI found that across all 34 markets surveyed,
41% of Mobile First users — defined as those with
90% internet access via mobile handsets — are from
the 16-24 age group. A further 31% of Mobile
First users are aged between 25 and 34. Mobile
First users spend a significantly large amount of

time on the mobile web, on average 3.59 hours per
day, and 23% said they had bought a product via
mobile in the last month. The most popular mobile
web activity for Mobile First users is using a social
networking service, coming in at 44%. This is
closely followed by checking the weather (38%)
and watching an online video (22%) — which has
significant implications for marketers investing in
content programs.

In Macedonia, 1,281,000 citizens use the
Internet or 61.2% of the total population, the data
published by the specialized statistical website
Internet World Stat show [5]. An account on Face-
book social network have 963 000 Macedonians.
There are between 7000 and 10000 Twitter users
of which 70% are using it as a source of news and
information according to research agency Rating
[6] and there are 120 000 Instagram users [7].

Internet divided media into old/ traditional
media (television, radio and print media) and new
media (digital devices — desktop computer, laptop,
smart phone and tablet). One of the ways in which
the Internet has become so central to contemporary
media is trough the way in which its symbiotic re-
lationship with media culture has offered audiences
participatory opportunities [8]. This is the key ele-
ment of digital marketing with social media were
customers are included in many aspects of the
marketing campaign trough interactions.

BENEFITS OF SOCIAL MEDIA MARKETING

In the 7th annual study Social Media Exa-
miner 2015 [9] more than 3700 marketers provided
insight for benefits of social media (Figure 1).
Most participants (52%) are from United States,
followed by United Kingdom (9%), Canada (6%)
and Australia (5%). The top two benefits of social
media marketing are increasing exposure and in-
creasing traffic. A significant 90% of all marketers
indicated that their social media efforts have gen-
erated more exposure for their businesses. Increas-
ing traffic was the second major benefit, with 77%
reporting positive results. Most marketers are using
social media to develop loyal fans (69%) and gain
marketplace intelligence (68%). More than half of
marketers who've been using social media for at
least 2 years report it helped them improve sales.
More than half who spend 6 or more hours per
week find the same results and 73% of those who
spend 40+ hours per week earn new business
through their efforts.
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Fig. 1. Benefits of Social Media marketing

More than half of marketers who've invested
at least 2 years in social media marketing report
that new partnerships were gained. More than half
of those investing as little as 6 hours per week in
social media were able to build new partnerships.
By spending as little as 6 hours per week, 66%+ of
marketers see lead generation benefits with social
media. More than half of those who spend at least
6 hours per week on social media efforts saw a
benefit of reduced marketing expenses. Improved
search engine rankings were most prevalent among
those who've been using social media for one year
or longer, with 54%-+ reporting a rise. Improved
search engine rankings were most prevalent among
those who've been using social media for one year
or longer, with 54%-+ reporting a rise. At least 61%
of those investing a minimum of 6 hours per week
in social media marketing saw improvements in
search engine rankings. More than half of market-
ers who have been using social media for 2 or
more years (57%+) have been able to establish
thought leadership. Most marketers (56%-+) gained
thought leadership with at least 6 hours per week.

DEVELOPMENT PROCESS OF INTEGRATED
MARKETING CAMPAIGN

Integrated marketing campaign is the best
way for attracting and retaining customers. It in-
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volves constant use of offline and online activities
and it is equally important at each lifecycle stage.

Integrated marketing [10] is a marketing
strategy that stresses the importance of a consis-
tent, seamless, multi-dimensional brand experience
for the consumer. This means that each branding
effort — across television, radio, print, Internet, and
in person — is presented in a similar style that rein-
forces the brand’s ultimate message.

On Figure 2 development process of inte-
grated marketing campaign has been presented.

Depending of the product lifecycle stage,
company develops the marketing strategy:

1. In the Client Services Department, a client
meets account and he sets demand with defined
time frame and budget. The account makes market
research and defines a strategic plan which is used
as a basis for the marketing campaign. Some mar-
keting agencies have Strategic Planning Depart-
ment where this kind of research is made by the
strategic planner. The research is completed by
Media Department which submits data of product
media coverage and data of competitors’ perform-
ance.

2. Based on the research, the account creates
brief that is delivered to Creative Department. The
brief consists of: client’s data; campaign goal; tar-
get group; customer profile; competitors’ data; re-
quest of elements for the campaign and timeframe.
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Fig. 2. Development process of integrated marketing campaign

3. Creative Department develops creative
concepts. Concept developer and copywriter sug-
gest 2-3 concepts that are visually defined by the
Art Director and Creative Director and executed by
graphic designers. A creative concept consists of:
screenplay and storyboard for TV commercial;
screenplay for radio commercial; billboards and
print solutions; point of sale solutions; promotional
merchandise materials; BTL and guerrilla activi-
ties. All activities through marketing departments
are coordinated by the account that controls
whether a marketing campaign is developing ac-
cording to the strategic plan.

4. Based on the creative concepts, Public Re-
lations and Digital Marketing departments submit
proposals for PR activities and digital marketing
strategy. PR activities include: PR content for print
and digital media; organizing and sponsoring
events; various promotional materials and activi-
ties etc. Digital marketing strategy consists of cre-
ating website and maintenance; search engine mar-
keting; display advertising; social media and digi-
tal applications.

5. Before final concepts are sent to the client,
they are revised by Production and Media Depart-
ment. Media Department makes media plan for
media displaying and Production Department re-

vise the elements of the campaign if they are ac-
cording to budget.

6. The final solution of the integrated market-
ing campaign is delivered to the client. If the client
has requirements for change, changes should be
made. When campaign is approved the execution
process begins.

Before the advent of social media, marketing
activities had a short duration with limited market
reach. Today with social media, marketing activi-
ties run longer and for significantly lower costs.
When TV promotion is over, video commercials
continue their broadcast on YouTube and social
media. Social media unites all digital activities:
website, videos, digital applications, educational,
informative and entertaining content with a main
goal to increase interaction with customers. Face-
book and Twitter give back to businesses in the
form of real-time feedback. Companies can see for
themselves when their lackluster advertising or
weak marketing gets panned or ignored, and how
their creative, engaging, authentic campaigns get
praised and passed along [11].

Social media Facebook, Twitter and Instra-
gram are crucial for digital marketing and their
functions provide unique opportunities:
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— Reaching a large number of users for a very
short time;

— Sharing different types of content;

— Targeting users according different pa-
rameters;

— Fast feedback of digital campaign;
— Instant insights of interactions with users;

— Providing data of users behavior (when they
are online, how they reach company profile, pro-
viding information toward customers needs);

— Providing data of users profile (gender, age,
location, interest);

— Implementation of digital application;
— Monitoring global and local trends;
— Monitoring competitors’ activities.

Brand Equity

Digital marketing has big influence in strengt-
hening the elements of brand equity system [12].
As it can be seen from the proposed scheme (Fig-
ure 3), the brand value depends on factors such as
favorable associations in the mind of the consumer
who may be influenced by the brand through the
marketing mix and a consistently constructed iden-
tity.

Cash Flow“

Planning | Introductio Growth

Knowledge related to quality is based on pre-
vious experience of the customer with the produc-
tion of the brand and recommendations received
from the closest circle of people, and associations
for reliability are a result of the enduring relation-
ship of the consumer with the brand.

Brand Association for
Reputation Quality

Brand
Loyalty

Good Association for Dignified
Marketing Mix

Appearance

Association for
Reliability

Fig. 3. The elements of brand equity system

DIGITAL MARKETING IN THE STAGES
OF PRODUCT LIFECYCLE

At each stage of product lifecycle (Figure 4)
[13] digital marketing plays an important role in
the implementation of marketing strategies:

— Social media in the planning stage can be
used for market research for creating prod-
uct/services, co-creation and marketing-mix re-
search for product that is already developed.

Decline Retiremennt

[ 3
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Fig. 4. The generic lifecycle model with appropriate PLM metrics for measuring the business performance in each lifecycle phase
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— In the introduction stage, the role of social
media is to familiarize customers with the product
(brand awareness). Promotion includes YouTube
videos and web banners. Customer relationships
are built and depend on social media activities.
With the functions of social media for choosing
different marketing objectives and defining target
audience, companies can reach a large number of
users for a very short time and create a customer
database.

— Digital marketing makes product differenti-
ation in the growth stage. Integrated offline and
online activities will increase the number of custo-
mer and sales. The main goal is constant communi-
cation and online presence that can be achieved
through digital applications, marketing activities,
support of online community, influential marketing
etc. which reinforce favorable association and
brand loyalty.

— In the maturity stage, companies should be
maintaining online communication and observing
competitors’ marketing strategy in order to take
actions toward their customers. To maintain custo-
mer loyalty, innovations in digital marketing stra-
tegies should be made especially when extension
strategies are applied. With the digital marketing
strategies, customers are included in the process of
changing/ improving the product or in the process
of co-creation.

— In the decline stage, the unique digital cam-
paigns toward loyal customers will reinsure market
presence of the brand.

RESEARCH ON THE IMPACT OF DIGITAL
MARKETING ON SOCIAL MEDIA USERS
IN MACEDONIA

To determine the impact of digital marketing
on social media users in Macedonia research was
conducted with questionnaire with Google Forms,
in the period from 1.4.2016 to 30.5.2016 in which
98 people responded. Of the respondents 65 are
women and 33 are men. Most of the respondents -
61.2% are between the ages of 31 and 40 years, 2%
are over 51 years old, 25.5% are between the ages
of 21 to 30 years and 11.2% are between the ages
of 41 to 50 years.

Regarding the use of social media, only 3 re-
spondents do not use Facebook, but in terms of
other social media 40.8% do not use Instagram and
56.1% do not use Twitter.

In terms of time spent on social media, 57.1%
of respondents said they spent more than two hours
a day, 26.5% spend one to two hours a day and
16.3% spend about an hour a day. On the social
media 43.9% of respondents follow 1 to 4 brands,
24.5% follow 5 to 10 brands, 31.6% follow over 10
brands and 72.4% of respondents said that digital
marketing has influence on their purchasing deci-
sions.

As the most important type of content in digi-
tal marketing 70.4% of respondents indicated
informative content, 55.1% indicated educational
content, 34.7% indicated entertaining content,
20.4% indicated contest games and 11.2% indi-
cated gifs/videos. Even 78.6% respondents agree
that digital marketing affects customer loyalty.
More than a half of respondents (65.3%) think that
Macedonian brands have good social media mar-
keting strategy. Of those who don’t share this opin-
ion stated that Macedonian brands lack creativity,
originality, innovation and professionalism. They
also stated that companies shouldn’t use identical
communication as in their brochures and leaflets
and shouldn’t copy foreign campaigns that are not
corresponding to local lifestyle.

THE IMPACT OF DIGITAL MARKETING ON
PRODUCT LIFECYLE MANAGEMENT

Digital marketing has big impact in the areas
of Product Lifecycle Management such as
Innovation, Research and Development, Customer
Experience Mapping and Customer Relationship
Management.

Involving customers early in the product life-
cycle reduces development time and costs. It
brings new ideas and potential problems to light
quickly, avoiding expensive rework. Involving
customers throughout the lifecycle helps avoid the
discovery of problems when it’s too late to avoid
their effect. Customer Surveys are carried out to
discover what customers are thinking about exis-
ting products and future products. And, using tech-
nologies such as RFID and the Web, information is
exchanged directly with customers using the prod-
uct. Getting feedback from a customer at the actual
time of use provides even more valuable informa-
tion than a survey form [14].

Social media effects Customer Experience
Mapping which consist of points of interactions
(touch points) that customer has with the product,
service, brand or organization, starting from brand
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awareness, purchase, use, building relationship and
sharing experience. With social media, Customer
Relationship Management turns into Social Custo-
mer Relationship Management [15].

Based on a survey of more than 3000 senior
executives across industries, geographies, and
functions, a resent McKinsey report indicated that
companies qualified as “networked” (those that
used collaborative Web 2.0 technologies intensi-
vely to connect internet efforts of employees and
extend the organization’s reach to costumers, part-
ners, and suppliers) outperformed other companies
in terms of market share, profitability, and market
leadership (Bughin & Chui 2010). The -car
manufacturer Audi creates a “Virtual lab” for
customers to contribute to the innovation process.
This is folowed by 1662 participants who are
chosen among online Audi communities to support
the development team of Audi by developing
ideas. Ducati and Harley-Davidson use social
media communities for the purpose of developing
new products. Nike allows customer to desing their
own shoes and choose the features that they wish
to see in company products by means of online
portals. Apple iPod also benefits from the
improvements made to exsisting company products
by online communities who, in addition, also give
ideas for new designs. In the study on the usage of
social media, Naylor, Lamberton & West (2012)
have found that the use of different form of social
media by top companies for the purpose of
connecting with customers is around 83% [16].

One of the many cases were company use
social media for product development is Vitamin
Water which is part of the Coca-Cola Company
[17]. Nivea used social media for product innova-
tion. Their Social Product Innovation process re-
sulted with a revolutionary deodorant to the mar-
ket. Invisible for Black & White became the com-
pany’s best-selling deodorant in the company’s
history. This success story encouraged the com-
pany to use the co-creation process in other prod-
uct lifecycles [18].

CONCLUSIONS

Companies must use digital marketing be-
cause we are living in the digital era and most of
our daily communication takes place online. The
function of digital marketing significantly facili-
tates marketing strategy implementation in each
stage of product lifecycle and provides information
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of customer behavior which directs the work of the
company. The aim of digital marketing is to attract
customers and make them share their experience
online. Constant use of digital marketing especially
as a part of integrated marketing campaign in-
crease sales and strengthens customer relationships
which directly affects on extending of the product
lifecycle.

RECOMMENDATIONS FOR FUTURE
RESEARCH

Global companies use social media for market
research and new product development. The fea-
tures of digital marketing and analytics functions
can be used as a base for creation of new applica-
tion for connecting companies and customers for
monitoring their behavior and collecting signifi-
cant data for the innovation and new product de-
velopment. In a similar way, customer relationship
management should be improved.

The gained knowledge of the use of digital
marketing points out the need for new additional
futures that will improve customer service ap-
proach.
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A bstract: The European Union as one of the largest communities in the world is strongly dedicated to the
protection and improvement of the environment. The Treaty on the EU and The Treaty on the functioning of the EU,
as fundamental legal acts create preconditions for common activities and legislation in field on the environment. The
contemporary EU has built a comprehensive system of environmental legislation. This legislation has placed a high
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NJIHU NEPCIIEKTUBU HA 3AKOHOJABCTBOTO HA EBPOIICKATA YHHUJA
BO OBJIACTA HA ’KMBOTHATA CPEJJUHA

AncrtpackT EBporncka YHHja Kako elHa O] HajrOJEMHUTE 3aCIHHIM BO CBETOT CHJIHO € ITOCBETCHA Ha
3allITUTaTa U YHANpeAyBameTo Ha kuBoTHaTa cpeauHa. Crorogbara 3a EY u Criorombarta 3a (yHKIHMOHHpamke Ha
EVY, xou ce ¢pynmamenTanHu npaBHu aktu Ha EY, co3maBaaT mpeaycioBH 3a 3ae¢AHUYKH aKTUBHOCTH M 3a€THHYKO
3aKOHOJIaBCTBO BO O0OJlacTa Ha »XMBOTHara cpeawHa. OBa 3aKOHOAABCTBO IOCTaBM BHCOKO HHBO HA EKOJOIIKH
CTaHAApIM M NpeTcTaByBa Oa3a 3a 3aeAHMYKO JejcTByBame Ha EVY. JlupexkTtuBuTe ce HajroieM JIeia O OBa
3aKOHOJABCTBO. 3aKOHOAABCTBOTO Ha EY Bo obmacta Ha ’KMBOTHATa CpeArMHa CE COOYYBAa CO HHU3a MPEIU3BUIIM.
['maBHa 11e)1 Ha OBOj TPY/A € Ja Ce aHaIM3Upa MOCTOJHOTO 3aKOHOAaBCTBO Ha EY Bo o0iacta Ha HBOTHATa CpEAHHA U

Jla CC pacBETJIaT HETOBUTEC UAHU NIEPCIICKTHUBU.

Kunyunn 360poBu: EBporicka YHuja; X)KUBOTHA CPEJMHA; 3aKOHOaBCTBO; HHCTUTYLIMHU; IEPCIIEKTHBU

INTRODUCTION

European Union as one of the largest com-
munities in the world has been developing com-
mon policies and activities in many spheres. At the
beginning the EU was created as a community
which harmonized a part of economic activities of
the member states. Today the EU is community of
28 member states with more than 500 million citi-
zens which has developed common policies and
activities in many spheres such as economy, cus-
tom and financial policies, social issues, foreign

policy, defense and security, health and consumer
protection, environment etc. The EU citizens have
an opportunity to use the numerous of benefits.
High level of environmental standards is one of the
most important benefits for the citizens. According
to the Treaty on the European Union, the Union
shall establish an internal market, which shall work
for sustainable development of Europe, based on
balanced economic growth and price stabilities, a
highly competitive market economy, aiming to
make full employment and social progress and a
high level of improvement and protection of the
quality of the environment [1]. This Treaty to-
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gether with the Treaty on the functioning of the
European Union has a constitutional importance.
The Treaty on the functioning of the EU stipulates
the main objectives and principles of EU common
environmental policies and activities [2]. It pro-
motes principle of subsidiary which means that in
the areas where the EU does not have an exclusive
competence, the responsibilities are shared be-
tween the EU and the member states. In addition
the European Council has agreed that subsidiary is
to be taken into account at every stage of legisla-
tive process [3]. The need for the harmonization of
policies, legislation and activities in the area of the
environmental is clearly recognized in these trea-
ties and they provide that the environmental legis-
lation shall be adopted by the European Parliament
and Council of the EU with the ordinary legislative
procedures after consulting the Economic and So-
cial Committee and the Committee of the Region,
which demonstrates respecting the diversity in the
regions. These treaties together with the numerous
of other treaties and international conventions are
the primary source of the EU environmental law.
The EU environmental legislation as a secondary
source of this law consists on directives, regulation
and decisions and the tertiary part of this law as
legally non-binding acts consists on recommen-
dations, conclusions, opinions etc.

The EU as one of the world leaders in the area
of environment has built a high level of environ-
mental standards, which are regulated in the com-
mon environmental legislation. The main aim of
this paper is to analyze the EU environmental leg-
islation and to research its importance, challenges
and to highlight its future perspectives.

THEORETICAL BACKGROUND
AND EXPERIMENTAL

Within the preparation of this paper there
were analyzed the main EU strategic documents
and legal acts. The paper makes efforts to synthe-
size the main characteristic from different sectors
of EU environmental legislation. There were ana-
lyzed the EU treaties. Also there was analyzed and
classified the secondary sources of EU environ-
mental law: directives, regulations and decisions as
a most represented part of the EU environmental
law. Finally there were analyzed tertiary sources of
EU legislation.

The paper presents a historical development
of the EU environmental legislation. Also it is ana-
lyzed a decision making process in adopting of this

legislation. There were used statistical data both of
the EU and Macedonia. It was reviewed a relevant
published literature. Also, it was made a SWOT
analysis which tends to determine strong and weak
sides, and opportunities and threats for the future
perspectives and challenges of EU environmental
legislation.

RESULTS AND DISCUSSION
History of EU environmental legislation

The roots of European Union are in European
Economic Community which was established by
Treaty of Rome in 1957 [4]. Before it in 1951 was
adopted Treaty of Establishing the European Coal
and Steel Community — ECSC Treaty signed by
Belgium, France, West Germany, Netherlands,
Luxemburg and Italy [5]. These six countries also
signed The Treaty of European Economic Com-
munity — Treaty of Rome. Since then European
Union, from 6 member states has grown to the Un-
ion of 28 member states.

The Treaty of Rome did not content the clear
legal provisions about environmental protection
although it contents provisions for the importance
of quality of human life. It creates a Community as
economic union. The first amendment of Treaty of
Rome was performed by Single European Legal
Act. This legal act has a strong importance for fur-
ther common environmental policy and has ac-
celerated developing of the EU environmental leg-
islation. The next phase was adoption on Treaty on
European Union and Treaty of the functioning of
the European Union, incorporated in Maastricht
Treaty’s in 1992, which transformed the Union
into a wider community with common activities in
many new spheres. Since then there were amended
by Treaty of Amsterdam in 1997, Treaty of Nice in
2000 and Treaty of Lisbon which entered into
force in 2009 [6].

Changing in Treaty of Maastricht opens the
new perspectives of further development of com-
mon EU environmental legislation which was
marked as a legal base for developing of environ-
mental standards. The Amsterdam Treaty and the
Treaty of Nice continues to strengthen the EU en-
vironmental measures which accelerated the de-
velopment of environmental legislation. The
Treaty of Lisbon makes a significant step toward
building the higher environmental standards. The
EU environmental policy and activities received an
international dimension and the Union undertakes
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the responsibility for global environmental threats.
This Treaty involves the stronger cooperation be-
tween the EU and a member state in the environ-
ment and solidarity in the spheres of environment
and energy. It shows that the EU has gone a long
way in the development of the system of common
environmental legislation [6].

Development of EU environmental policies
and legislation is closely related with the frame-
work of the common activities which are deter-
mined in the EU environmental action programs.
These programs determine the priorities and dy-
namic of the common activities for harmonization
of EU environmental legislation. First action pro-
gram covers the period 1973-1976 and determines
that environment belongs to the essential task of
the Community and underlines the most important
environmental objectives. Since then seven EU
environmental action programs have been adopted.
The Second program (1977-1981) is focused on
water quality, industrial pollution and risk man-
agement. This program emphasizes a need for
strengthening of common environmental legisla-
tion. The Third action program (1982-1986) ex-
plores benefits of environmental policies to the
common internal market. It promotes that the envi-
ronmental emission standards should be harmo-
nized in aim to provide equal position on the EU
market. The Fourth program (1987-1992) pro-
motes creation of high level standards and risks
prevention from trans- boundary pollution. It de-
signs a stronger links between the environment and
economy. For the first time economic instruments
such as eco taxes are promoted. The Fifth program
(1993-2000), underlines negative effects on the
environment from agriculture, transport, energy
and industry and the need for reduction of emis-
sions from these sectors. The Sixth action program
(2001-2010) promotes effective implementation of
the EU environmental policy and legislation. The
last adopted program is Seventh environmental
action program which covers the period 2013-
2020. It is a guide rule for the EU environmental
policy and legislation until 2020, but also stresses
the limits of the planet and potential conditions of
the planet until 2050. This program highlights the
need of harmonization and completely implemen-
tation of the environmental legislation.

The EU environmental action programs have
a significiant role in the creation, development and
enforcement of the common environmental policy
environmental legislation. The programs have
posted precise objectives and priorities of the EU
and they have accelerated building a comprehen-
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sive system of common environmental legislation.
In the Table 1 there is presented the development
of the common EU environmental activities and
environmental legislation.

Table 1

Development of EU Environmental Law

Year Treaty / amendment

1957 Treaty of Rome (EC treaty). Treaty is
concentrated on designing of common
economic policy and has no provisions directly
dedicated to the environment

1972 Meeting of leaders of member states in Paris.
Promoting the importance of environmental
protection and its relations with living
conditions.

1973 — 1976  First Environmental Action Program
1977 - 1981 Second Environmental Action Program
1982 — 1986  Third Environmental Action Program

1986 Single European Act, involving the separate
environmental chapter

1987 - 1992  Fourth Environmental Action Program

1992 — 2000 Treaty on European Union (Maastricht Treaty):
establishing common environmental legislation
and underline the importance of EU
environmental legislation for the development
of common activities.

1993 — 2000 Fifth Environmental Action Program

1997 Treaty of Amsterdam : environmental
protection has to be integrated in all
community policies and promoting
harmonization of EU environmental legislation

2000 Treaty of Nice : promoting further
development of the common environmental
activities and legislation

2001 — 2010  Sixth Environmental Action Program

2009 Treaty of Lisbon: strengthening the common
environmental activities and promoting the
advantages of common environmental
activities and the importance of common
harmonized legislation for building a high level
of environmental standards and promote
international role of the EU in the
environmental issues.

2013 - 2020 Seventh Environmental Action Program (2013
—2020).

The main principles of the EU environmental
Legislation

The EU environmental legislation produces a
high level of environmental protection and pro-
vides a high level of standards which are based on
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the fundamental principles: precautionary princi-
ple, principle of prevention; polluter pay principle
and principle of liability for environmental dam-
ages.

The precautionary principle promotes that all
subjects which are involved in any process which
produce negative impacts on the environment
could should be considered and predicts all possi-
ble environmental risks and undertaking measures
for elimination or minimization of the risks. This
principle promotes that in conditions where the
environmental risks exist, the project and other ac-
tivities that could produce the risks should be
stopped. It suggests a need of precautionary meas-
ures even in case of suspicion of some environ-
mental threats which is visible in many directives,
for example in Directive 2000/76 [7], and Direc-
tive 2010/75 [8]. The principle of prevention is
similar with the precautionary principle but also
there are some differences. It signs preventive ap-
proach in all projects activities and insists on strict
procedures and detail information about negative
consequences on the environment during the per-
formance of different public and private projects.
This is determined in Directive 2011/92 [9] where
are regulated the procedures for performing of cer-
tain projects and in Directive 2000/13 [10], which
promotes consumer protection. However there are
a lot of similarities between precautionary princi-
ple and preventive principle. The precaution-
ary/prevention principle is overriding importance
in every serious environmental policy, since it al-
lows or requires action to be taken at an early stage
[11].

The principle of liability promotes a liability
for environmental damages, which is regulated in
detail in Directive 2004/35 [12]. The main point of
this principle is that the operators and other sub-
jects whose activities caused environmental dam-
ages or imminent threat are financially responsible.
It promotes full compensation for all direct and
indirect damages. The polluter pay principle is one
of the most important principles for designing the
EU policy and legislation, which promotes that
subject who produced pollution, has to pay for pol-
Iution and degradation of the environment. All cost
spent in combating with the pollution should be
submitted by the polluters. This includes the cost
of prevention, monitoring, elimination, reducing
and rehabilitation of negative impacts of pollution.
The main goal of the principle is to discourage all
types of pollution. The polluter pay principle is
closely link with establishing of eco taxes. The eco
taxes are deeply involved in the environmental and

fiscal policies of the EU and the member states. In
the future strengthening of these principles will be
a big challenge for the further potentials and per-
spectives of the environmental policy and legisla-
tion on the EU and member states level.

In addition to the above mention principles
also there are a number of other principles, such as
principle of public participation, principle of trans-
parency, principle of decentralization and principle
of planning. It has to be considered that all princi-
ples are deeply related to each other and they are in
the interactive relations. All principles have pre-
ventive, precautionary, planning elements and all
of them have a goal to minimize and to reduce all
types of environmental risks.

Sources of EU environmental legislation

Generally the sources of the EU environ-
mental laws are classified in three groups the pri-
mary, secondary and tertiary. Treaty on the EU and
Treaty on the functioning of the EU are the most
important treaties with a constitutional importance.
These treaties, as a primary source of the EU envi-
ronmental law present the general orientation of
the EU in the field on the environment. As a part of
primary law also it should be mention the interna-
tional conventions in the field on the environment
which are signed and ratified by the EU and the
treaties that are concluded between the EU and the
third countries and the decisions of the Court of
Justice of EU.

Regulations, directives and decisions are sec-
ondary source of EU environmental law and they
are the most presented part of environmental leg-
islation. Regulations have direct effect into the na-
tional legislation of the member states. They are
directly applicable in the member states and there
is no need for member states to adopt national le-
gal acts for transposition and they provide uni-
formity of the part of environmental legislation.
Some of them have an administrative function for
establishing the EU common administrative struc-
ture, such as establishing European Environmental
Agency [13]. Other regulations establish environ-
mental financial instruments such as the EU LIFE
instrument [14]. Some regulations have an aim to
transpose the obligations from the environmental
international convention. Additionally there are
regulations which regulate collecting, classifying,
and analyzing statistics data in separate sector of
the environment. This is a case with Regulation
2002/332 which stipulates methods for establishing
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waste statistic on generation, recovery, disposal
and other types of waste treatment, as well the ex-
port and import of waste in a way which enables
comparable results on the EU level [15].

Directives are the most frequent legal acts of
the EU environmental legislation. They are flexible
legal instruments that determine environmental
standards and goals which have to be achieved
from the member states. Member states can make a
choice of methods and forms how to achieve the
goals and they are obliged to transpose the provi-
sions from the directives into the national legisla-
tion in determined terms. Sometimes the period for
transposition of the obligation from the directives
is different for different countries, mainly because
of the differences of their economic, environmental
and other potentials. The member states are
obliged to implement the minimum standards
which are determined in the directives and they can
provide higher standards into the national legisla-
tion. This means that member states play a large
part in the implementation of EU Environmental
Law [16]. Some directives in general way regulate
a particular environmental sector such as Directive
2000/60, which sets out a framework for the EU
activities in field of water policy that apply for all
water sections [17]. Separate waste sections such
as drinking water, bathing water, industrial and
waste water etc. are regulated in separate direc-
tives. The same situation is in waste section where
Directive 2008/98 on waste regulates general prin-
ciples and standards [18] which are applicable for
all waste sections, while the separate waste sec-
tions such as packaging waste, hazardous waste,
electrical and electronic waste etc, are regulated in
separate directives. Decision supplements regula-
tions and directives with some technical details.
They are directly applicable and do not require any
implementation.

The future perspectives of EU environmental
legislation

Regulations and directives as the most fre-
quent part of the EU environmental legislation are
adopted in a complex procedure. This legislation is
adopted by the European Parliament and the EU
Council (Council of ministers) in procedure of co —
decision, where both institutions have an equal
role. Proposals of the legislation are performed by
European Commissions in cooperation of 33 gen-
eral directorates that are functioning in the frame-
work of the Commission. The role of the Director-
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ate General for Environment and Directorate Gen-
eral for Climate Action is the most significant. In
the process of adoption of the legislation consulta-
tions with Committee of Regions and European
Economic and Social Committee are mandatory.
After the amendments of the EU treaties which
have done by Lisbon Treaty the role of national
parliaments are strengthened in the process of
adoption of the legislation. Monitoring of the en-
forcement of the common environmental legisla-
tion is obligation of Commission, which prepares
the reports for the enforcement of environmental
legislation to the European Parliament and to the
Council of EU. In case of failure of the obligation
from the member states the Commission has a
power to initiate the procedure in front the Court of
Justice of EU.

From the above mention it can be concluded
that the cooperation between the different EU in-
stitutions and between the EU and member states
institutions in adopting and enforcement of the
common environmental legislation is very impor-
tant. Permanent improvement of this cooperation is
one of the biggest challenges for the future per-
spective this legislation. Also the enforcement of
the environmental legislation and enforcement of
the decisions of Court of Justice of EU is very im-
portant for the practical effectiveness of the legis-
lation. Additionally it has to be considered the su-
premacy of EU law versus law of the member
states, which is not directly determined in the EU
treaties and it has been introduced by the decisions
of European Court of Justice.

The EU environmental legislation covers all
environmental sectors, including air, nature, waste,
water, chemicals safety, and other cross sectors
environmental issues, such as environmental im-
pact assessment, environmental information and
public participation, liability for environmental
damage, risk management, integrated preventive
pollution control and other environmental issues.
But it is very closely related with the many other
spheres such as economy sphere, social, health,
agriculture, energy, transport and other spheres.
This shows its complexity and depth. Taking into
account the diversity of the numerous of differ-
ences in the member states harmonization of envi-
ronmental standards is not easy task. The member
states such as Sweden, Denmark, Finland, Ger-
many, Austria and Holland have a bigger progress
than the other states, especially the member states
which joined the Union after 2004. The equaliza-
tion of the environmental standards in all member
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states is one of the main challenges and tasks of the
common environmental legislation. Orientation for
gradually and progressively equalization is a real
answer for the overcoming the differences between
the member states and it is also a big challenge for
the future perspectives of the environmental legis-
lations. The EU has adopted more than 300 legal
acts in the sphere of the environment which clearly
shows the complexity of the EU environmental
legislation. The EU legal regulation is aimed to
determine high standards [19].

Lisbon Treaty which amends the basic EU
treaties opens new perspectives for the common
EU legislation. This treaty generally has intro-
duced a more coherent legal structure which af-
fects also the environmental sphere. EU assumes a
greater responsibility for global environmental pro-
tection. Environmental policy is stronger integrated
with other common policies. This produces
stronger relations between the environmental leg-
islation with other parts of common legislation. It
means further building of a high level of environ-
mental standards. The Treaty promotes legally
binding of Charter of Fundamental Rights of the
European Union [20], which strengthen the envi-
ronmental rights as one of the most important hu-
man rights. Stronger respect of regional conditions
and diversity is also a big future challenge of the
common environmental legislation. The provisions
of Lisbon Treaty promote strengthening the pol-
luter pay principles which will have a strong future
impact on this legislation.

Within the activities of the preparation of this
paper it has been performed a SWOT analysis
which presents strong and weak points, opportuni-
ties and threats for the future perspectives of the
EU environmental legislation. The main strong
points are: providing the concentration of the hu-
man and financial resources on the EU level; es-
tablishing a high level of environmental standards;
protection of common market; involving strict and
precise procedures and criteria in environmental
sectors and promoting health protection and quality
of life. The main weak points are: slow transposi-
tion in some member states; disparities of poten-
tials between the member states; complicity of the
legislation; exiting of different obstacles for en-
forcement of the decisions of the EU institutions
and relatively slow procedure for adoption of the
legislation. The main opportunities are: further ca-
pacity building of the EU and national institutions;
enhancement of the environmental economic in-
struments; simplification of a part of the legislation
and further strengthening of public participations

in the process of adopting of the legislation. The
treats are: still low level of public awareness in
some member states, resistance of a part of in-
volved stakeholders, especially of some polluters
and still low institutional capacities in some mem-
ber states. However this analyzes shows a number
of potentials for the future perspectives of the
common environmental legislation.

CONCLUSIONS AND RECOMMENDATIONS

European Union as a community of 28 mem-
ber states is strongly committed to the protection
and improvement of the environment, which is
clearly emphasized in the EU treaties. The main
legal framework of common environmental activi-
ties is determined in the EU environmental legisla-
tion. The EU has built a comprehensive system of
environmental legislation which is a legal base for
establishing of high level of environmental stan-
dards. More than 300 legal acts have been adopted
in the field of the environment. This legislation is
based on a number of principles. Directives as a
flexible legal instruments are the most frequent
part of this legislation. The variety of economic
and other potentials is a main obstacle for more
efficient practical implementation of the legislation
in some member states. In the future the EU should
continue with the efforts for development of the
legislation which will provide equalization of the
environmental standards in all member states. This
legislation has to provide strengthening of the fi-
nancial instruments for building a high level of en-
vironmental standards. Enhancement the interna-
tional role of the EU in the global environmental
issues opens the new perspectives for environ-
mental legislation which should produce wider
positive effects. Besides some obstacles in the
practical implementation of the environmental leg-
islation, there are the big potentials for the further
development of the standards which will produce
the benefits for the EU citizens. This is a good ex-
ample for the other states.
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