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Technico-economic estimation of hydrogen production from one
PV module in Hassi Messaoud Region — Algeria

Abstract. The generation of hydrogen via the use of renewable energy sources, such as solar power, is turning out to be an increasingly appealing

alternative for reducing emissions of greenhouse gases. A techno-economic analysis of the generation of hydrogen from a single photovoltaic (PV)
panel in the Hassi-Messaoud area of Algeria was carried out for the purpose of this research project. Over the course of the study, consideration
was given to a variety of aspects, including the sizing and performance analysis of the PV panel, the expense of the equipment, and the cost of
producing hydrogen. According to the findings of the research, the amount of hydrogen that can be produced by a single PV panel in the Hassi-
Messaoud area is between 240 and 300 litres per hour at a total yearly cost of 4.53 dollars per kilogram of hydrogen. The cost of production looks to
be competitive, and there is the possibility that Algeria may be able to cut its emissions of greenhouse gases and assist the growth of a hydrogen
economy that is environmentally responsible

Streszczenie. Generowanie wodoru przy uzyciu odnawialnych zrédet energii, takich jak energia stoneczna, okazuje sie coraz bardziej atrakcyjng
alternatywg dla redukcji emisji gazéw cieplarnianych. Na potrzeby tego projektu badawczego przeprowadzono analize techniczno-ekonomiczng
generowania wodoru z pojedynczego panelu fotowoltaicznego (PV) w regionie Hassi-Messaoud w Algierii. W trakcie badania wzieto pod uwage
szereg aspektow, w tym analize wielkosci i wydajnosci panelu PV, koszt sprzetu i koszt produkcji wodoru. Zgodnie z wynikami badarn ilo$¢ wodoru,
ktorg mozna wyprodukowac¢ za pomocg pojedynczego panelu PV w regionie Hassi-Messaoud, wynosi od 240 do 300 litrow na godzine przy
catkowitym rocznym koszcie 4,53 dolara za kilogram wodoru. Koszt produkcji wydaje sie by¢ konkurencyjny, a istnieje mozliwosc, ze Algieria bedzie
w stanie obnizy¢ emisje gazdéw cieplarnianych i wspoméc rozwdj gospodarki wodorowej, ktéra jest przyjazna dla $rodowiska. (Szacowanie

techniczno-ekonomiczne produkcji wodoru z jednego modufu fotowoltaicznego w regionie Hassi Messaoud — Algieria)
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Introduction

Renewable energy sources including solar, wind,
hydropower, and geothermal are clean, plentiful, widely
accessible, and long-term. They have the potential to
generate new businesses and employment, strengthen
national economies, and offer more cost-effective and
dependable energy. They also have the benefit of not
depleting limited resources, unlike fossil fuels, and may
assist to minimize the negative environmental implications
of conventional energy. Overall, it is a significant step
toward a more sustainable, low-carbon future [1,2]

In recent years, Algeria has made it a priority to
encourage the use of energy from renewable sources as a
method of lessening its reliance on traditional fuel sources
and combating the effects of climate change. The nation
has committed itself to achieve a percentage of renewable
energy installations equal to 22 gigawatts (GW) of its
installed capacity in total by the year 2030. A renewable
energy development agency was established, feed-in prices
for solar and wind energy were set up, and a national
strategy to promote renewable energy was drafted; all of
these measures were taken by the government [3-6]

Algeria main plan for developing renewable sources is
focused on promoting solar and wind energy sources. They
consider research to address the main aspect of developing
these resources including efficiency improvement and
reducing cost of production [3-6]

Hassi Messaoud is a city located in the eastern part of
Algeria and known for its vast oil and gas reservesThe city
is also known for its high solar irradiance, which makes it an
ideal location for solar energy production [7-10]

The potential for solar energy in Hassi Messaoud is
significant due to the high solar irradiance levels in the
region. The area receives an average of around 3,000
hours of sunshine per year, with solar irradiance levels
reaching up to 6 kWh/m? per day. This makes it one of the
best places in Algeria for solar energy production [7-10].

Overall, the high solar irradiance levels in Hassi
Messaoud, along with the government’s policies to support
the development of renewable energy, make the region a
prime location for solar energy production and a promising
area for future solar energy projects. In the other hand,
Hydrogen is a key substance for oil and gas industries. it is
crucial in the oil and gas industries. Hydrogen production is
important for the oil and gas industries for several reasons
[7,11-13]

e Decarbonization: in oil and gas industry heat and
electricity generally produced by traditional
methods (fossil fuels) which produce a
considerable amount of CO2. Hydrogen is become
an alternative in producing heat and electricity
using fuel cells which allow to reducing CO2
emission.

e Carbon Capture and Utilization (CCU): Hydrogen
is used along side with CO2 in order to produce
methane and reduce GHG emissions of the oil and
gas industry [11].

e Refinery and Petrochemical: In the refining and
petrochemical processes, hydrogen is used to
enhance the quality of gasoline and diesel by
eliminating sulphur and other impurities.

e The generation of energy and its storage: the
energy production system employs hydrogen as a
means for generation (via the use of fuel cells),
storage in tanks, and restoration (using
electrolysers). It is simple to store hydrogen in
high-pressure tanks, and it is also straightforward
to transport hydrogen through pipes to far-flung
locations such as offshore drilling rigs.

Overall, the generation of hydrogen is significant for the oil
and gas sector since it may assist to decrease emissions of
greenhouse gases, boost the efficiency of industrial
operations, and store renewable energy sources [11-13].

In this study, a techno-economic analysis of hydrogen
production from a single photovoltaic (PV) panel in the
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Hassi-Messaoud region of Algeria is performed. When
assembling a PV panel with a PEM (Proton Exchange
Membrane) electrolyser, there are several factors to take
into account to ensure the system is efficient and reliable:
Efficiency: The production of hydrogen from PV module
depends on the efficiency of equipment included in the
system. PV module efficiency will highly impact the amount
of power being transformed into hydrogen. System Cost:
when analysing the cost of production of hydrogen, it is
important to explore the initial capital costs, operation and
maintenance cost and the replacement cost of each sub-
system as well as the frequency of these expenses during
the lifespan of the project.

System Modelling

Climate data for Hassi Messaoud Region

The sized system is considered as PV-EL-H2 Tank (see
Fig. 1) for Hassi Messaoud city in the south east of Algeria
(31°43'09.7"N, 6°03'01.5"E). The region is known by its oil
and gas industries in Algeria. In addition, it has a significant
solar energy potential due to the high solar irradiance levels
in this location.

PEM Electrolyser

n4 DC/DC converter

Hydrogen

Fig.1.Bloc diagram of hydrogen production system from PV module

The design of the proposed system size is determined as
daily average values over one year. Climate data for Hassi
Messaoud was obtained from [14]. The daily global
irradiance and daily mean ambient temperature data during
a one-year period, are presented in Fig. 4
Modelling of PV module

PV module circuit model is illustrated in Fig. 2

T Iph lld llp Rs
A Rp T v

Fig.2.Equivalent circuit of real model for PV panel

The equations that illustrate the model of PV module are
expressed in equation bellow [15] :

() 1= Nyl = Ny [exp(S52) - 1]

(2) Ip.h = [Isc + K; (To — Tr)] '?G;f

Reverse saturation current Irs and Is Saturation current is
calculated by using 3 and 4:

Electrolyser model

the electrolyser is modelled by its I-V characteristic curve,
the data obtained from experimental measurement. The
interpolated |-V characteristic curve is given by 5 and
showed in Fig. 3 [16]:

] ! v<i
108 33.507 1+ 276617V QOTEISO6 V> 10

1V curve for the electrolyser

(5) I

0 2 4 1 8 0 n 14
Voltage (V)

Fig.3. I-V PEM electrolyser characteristic curve

The volume of produced hydrogen is calculated using
Faraday’s law of electrolysis, the molar flow of the of
hydrogen produced by the electrolyser in 1 h can be
calculated by :

dn.Hz .

ne- IEL - A
(6) dat F

z-F

In one hour, the previous equation 6 will become:

n. Iz - A
Mgy = np-%-?,e{){)s

(7)

Hydrogen tank model

Produced H2 from electrolyser was stored in high pressure
storage tank in proposed hybrid system. The volume of H2
tank (V) is calculated according to van der Waals Equation
(19) [17-19]

The van der Waals equation for hydrogen storage is given
by :

o (P +%)(v — b)= RT
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a is a constant that accounts for the attractive forces
between the molecules of the gas acts to reduce the
effective pressure. b is a constant that accounts for the
finite size of the gas molecules. It represents the volume
occupied by the gas molecules themselves. For hydrogen,

the constants [18] a = 24.73 [kPa-m® - mol %] and
b = 0.02654 (m3mol™)

Optimal coupling of PV and PEM Electrolyser using
DC/DC converter

Optimal coupling of PV module with PEM Electrolyser
encompasses the maximization of energy transfer between
them. In fact, energy transfer maximization involves
matching (I-V) curve of the Maximum power point of PV
array during the climate working condition to the [-V
characteristic curve of PEM electrolyser [20]

B Poy Neomy 1 Poy *Neomy < PELmted

(10) Py = ;
ELyated otherwise

Where PeLrated is the rated power of the PEM Electrolyser.
In the case where the Power generated by PV array is
greater that the PeLrated, the scenario of power management
and control in the converter assumes that the PV
generator's excess electricity is wasted [16].
Power management
The power management technique in the controller of the
DC/DC converter describes the direction of power flow in
the suggested system taking into account the maximization
of power transfer between the two sub-systems. The
chronogram steps for energy flow management adopted for
this study are as follow:

1. Acquire climate data for each day of the year (T,G|)

2. Estimate the PV system MPPT parameters (Ppv

Amppt, Vimppt)
3. Checkif p,, < PLratea if not set PeL= PeLrates and

Neconv

the excess of electricity is wasted
4. Otherwise calculate Pg; = Poy * Neony = Vir * g

5. Compute leL and VeL
6. Compute the quantity of produced hydrogen

Economical modelling

The cost of installing photovoltaic panels is 350 $ per
kilowatt. The price of installing photovoltaic panels is
entirely determined by the manufacturer of the equipment.
The cost of installing a PV system, which includes all of the
necessary components, components, and accessories. It is
assumed that the running and maintenance cost of PV
panels is equal to ten dollars per kilowatt per year of the
installation cost, and that the service life of PV panels is
twenty-five years [21,22]

The initial cost of purchasing a PEM electrolyser accounts
for the acquisition of all necessary apparatus and
components, such as a dehumidifier, deionizer, and other
such items. It is anticipated that the initial capital cost of the
PEM electrolyser will be 100$ per kilowatt; it is anticipated
that the maintenance and operation cost of the PEM
electrolyser will be 8% of its capital cost; and it is assumed
that the life span of these pieces of equipment will be 15
years with a replacement cost of 100% of the original cost.
[21,22]

The economic data of the remaining system components,
which are the converter and the tank, are presented in
[tab:table1]. It is assumed that the replacement cost of
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these pieces of equipment will be the same as their initial
cost; this is due to the fact that these pieces of equipment
will need to be replaced in their entirety when their lifetime
comes to an end.

Due to the fact that both the converter and the tank will

have to be replaced in their entirety at the end of the
system’s lifetime, it is anticipated that the cost of replacing
either component will be equivalent to the original cost of
capital. [tab:table1] displays all of the economic information
pertaining to these systems.

Results and discussion

The techno-economic assessment of hydrogen production
in Hassi Messaoud, which is located in the southeast of
Algeria at (6°37'N, 31°39.7'E), is provided. In the context of
this calculation, the assessment of the amount of hydrogen
generated utilizing one PV module in conjunction with one
or more PEM electrolysers and a DC/DC converter is being
carried out. From [14,23] hourly Climatic data are
extracted, the daily average values of the temperature and
solar irradiance are shown in Fig. 4.

Fig.4. The daily average values of the Climatic data for Hassi
Messaoud (6°37'N, 31°39.7'E)

The quantity of hydrogen that the system under
consideration in this research produces is evaluated with
regard to the climatic condition of selected region. The
findings from the simulation are presented at a variety of
time scales (daily, monthly). In addition, there is a
consideration of economic assessment about the
generation of hydrogen. This involves the estimation of the
yearly cost of the system ACS as well as the cost of
hydrogen COH. As the efficiency of the system is reliant on
the design of the system, it is necessary to take into
account how the operating margin of the electrolysers may
be adapted to work alongside the PV modules. The
technical feasibility and financial viability of various
configurations are analysed.

PV module production

The Power output of PV Module depends on module
characteristics, solar irradiance and ambient temperature in
the study region. The |-V and P-V and maximum power
point for different climatic conditions are showed in Fig. 5
and Fig. 6.

1V curve at 40.00 °C

Fig.5. PV module current (left) and power (right) vs voltage curves
in different irradiance conditions at 40 C
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Fig.6. PV module current (left) and power (right) vs voltage curves
in different temperatures conditions at irradiance of 1000W/m?

Coupling PV with Electrolysers

Figure 7 shows the PV module |-V curves superimposed on
that of the electrolyser.

DC/DC converter plays a key role in this PV-EL adaptation.
Converter control strategy makes both system works at
their optimal working point and the power supplied to the
electrolyser will be always the power produced by the PV
module after deducing the power losses from DC/DC
controller/converter defined by neconv [16,17]

Table 1. The economic data of the system components

Rated Repla
Servic  Capacit cemen O&M
e life y Capital t yearly
PV 25 320 W $350/kW 100%  $8/kW
years
PEM EL 15 50 W $100/kW 100% 8%
years
DC/DC 15 70w $1000/k 100%  0.5%
converte years W
r
Tank 25 1kg $1/kg 100%  $8
years

33007

Bs0C

0

] H H

Fig.7. PV module and electrolyser |-V curves

In fact, the DC/DC converter makes the PV works at its
maximum power point and ensuring at its output that the V-I
values matches the working point of the Electrolyser.

Hydrogen production

The amount of hydrogen that was produced daily by the
system that is shown in Fig. 8 for the configuration 03 that
was studied. The results of the simulation reveal that the
hourly generation of hydrogen is dependent on the amount
of solar irradiance that is accessible, and that the system
has the potential to create more than 0.020 kg of H2
(242.651 litres at 25° and 1atm) every day between the
months of April and August.
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Effect of Electrolysers number on the Hydrogen dally production

Fig.8. daily hydrogen production over the year

Economic Analysis

It is also clear that the quantity of hydrogen gas generated
by a single PV module change according to the number of
electrolysers that are taken into account in the calculation.
This is due to the DC/DC converter enables the PV module
to operate at its maximum power point, so allowing it to
harvest the greatest amount of power that is available.
Nevertheless, increasing the amount of hydrogen that is
produced will drive up the overall system cost. Figure 9
depicts the impact that increasing the number of
electrolysers has on the price of hydrogen COH.

- of Electrolysers number on the Hydrogen annual cumulative production and
|16

6.8 —+— H2 mass
—8— H2 Cost

6.6 [

H2 mass (kg)
o o
[¥] 'S

el
o
L

annual cost of the H2 ($/kg of H2)

5.8

5.6

2 a 6 8 10
number of electrolysers
Fig.9. Effect of Electrolysers number on the Hydrogen annual
cumulative production and its cost

The price of hydrogen is largely dependent on the cost of
each component of the system. The cost of producing H2
may be reduced to its lowest point by using only one
electrolyser, which costs 4.5309 dollars per kilogram. The
breakdown yearly cost of the system is and shown in the
Fig.10 and table2 below.

Capital : 5.10 $
PV 80.58%

Tank 0.72%

DC/DC conv. 15.11 %

Electrolyzer 3.60 %

O&M yearly : 20.15 $

Electrolyzer 44.46 %
PV 1584 %

Tank 39.70 %

Fig.10. Capital and O&M cost distribution between system sub-
equipment’s
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Table 2. The breakdown yearly cost of the system

Capital Cost
(converted to Replacement
annual) Cost (annual) O&M Cost

PV 4.111606 0 3.192
PEM 0.183554 0.00403 8.96
Electrolyser
DC/DC 0.770926 0.016926 0
Converter
Tank 0.036711 0 8

Due to the significant upfront investment required to install
PV modules and a DC/DC converter, the initial capital cost
of PV modules accounts for 80.58% and 15.11% of the total
annual capital cost of the system, which amounts to $5.10
per year. The electrolyser accounts for 44.46% of the
system’s annual O&M cost, the hydrogen tank for 39%, and
the PV module for 15.64%. As the PV module and
Hydrogen tank have a lifespan in excess of the system
lifespan, they will not incur any replacement costs during
that time. With just a single repair of PEM Electrolysers and
DC/DC converter required during the project’s lifetime, the
annual cost of maintenance is minimal.

Conclusion

For the city of Hassi Messaoud in South Est of Algeria, this
study provides a techno-economic assessment of hydrogen
generation from a single PV module.

A technical and cost-benefit analysis of hydrogen
production forecasting is performed. On a technological
level, the impact of using several Electrolysers in
conjunction with a single PV module being studied to see
whether it is possible to increase PV power usage. In
contrast, numerical estimations are used to examine the
economic evaluation, with the yearly cost of the system, the
original capital cost, and the operating and maintenance
expenses comprising the backbone of the analysis.

As a further recommendation in this research axis, it is
valuable to conduct an optimization process that investigate
the hydrogen production in this region taking into account
technical, economic, environmental and social key
performance indicator.

Authors: El Mouatez Billah Messini, Yacine Bourek, Electrical
Engineering Department, Faculty of Applied Sciences, Ouargla
University, Road Ghardaia, 30000 Ouargla, Algeria email:
messini.elmouatezbillah@univ-ouargla.dz emb.messini@gmail.com
El Mouatez Billah Messini, Sonatrach - Institut Algérien du Petrole ,
Ecole de Hassi Messaoud , BP 54 — Hassi Messaoud, 30001,
Ouargla, Algeria, email: el-mouatez-billah.messini@sonatrach.dz,
Chouaib Ammari, Department of renewable energy, Faculty of
Hydrocarbons, Renewable Energy, Science, Earth and Universe,
University Kasdi Merbah-Ouargla.
REFERENCES

[1]1 S. Rehman, “Hybrid power systems — Sizes, efficiencies, and
economics,” Energy Exploration & Exploitation, vol. 39, no. 1,
pp. 3—43, Jan. 2021, doi: 10.1177/0144598720965022.

[2] Y. Himri et al., “Overview of the Role of Energy Resources in
Algeria’s Energy Transition,” Energies (Basel), vol. 15, no. 13,
p. 4731, Jun. 2022, doi: 10.3390/en15134731.

[3] Y. Zahraoui, M. R. Basir Khan, |. AIHamrouni, S. Mekhilef, and
M. Ahmed, “Current Status, Scenario, and Prospective of
Renewable Energy in Algeria: A Review,” Energies (Basel), vol.
14, no. 9, p. 2354, Apr. 2021, doi: 10.3390/en14092354.

[4] F. Sahnoune, M. Belhamel, M. Zelmat, and R. Kerbachi,
“Climate Change in Algeria: Vulnerability and Strategy of

Mitigation and Adaptation,” Energy Procedia, vol. 36, pp. 1286—
1294, 2013, doi: 10.1016/j.egypro.2013.07.145.

[5] S. R. Ersoy and J. Terrapon-Pfaff, “Sustainable transformation
of Algeria’s energy system,” Wuppertal Institut, 2021.

[6] A. B. Stambouli, Z. Khiat, S. Flazi, and Y. Kitamura, “A review
on the renewable energy development in Algeria: Current
perspective, energy scenario and sustainability issues,”
Renewable and Sustainable Energy Reviews, vol. 16, no. 7,
pp. 44454460, Sep. 2012, doi: 10.1016/j.rser.2012.04.031.

[71 R. Boudries and R. Dizene, “Potentialities of hydrogen
production in Algeria,” Int J Hydrogen Energy, vol. 33, no. 17,
pp. 4476-4487, Sep. 2008, doi:
10.1016/j.ijhydene.2008.06.050.

[8] SONATRACH, “Sonatrach. Rapport annual 2021.”

[9] B. Zaidi, I. Saouane, and C. Shekhar, “Electrical Energy
Generated by Amorphous Silicon Solar Panels,” Silicon, vol.
10, no. 3, pp. 975-979, May 2018, doi: 10.1007/s12633-017-
9555-8.

[10]J. H. Zheng, J. C. Guo, Z. Li, Q. H. Wu, and X. X. Zhou,
“Optimal design for a multi-level energy exploitation unit based
on hydrogen storage combining methane reactor and carbon
capture, utilization and storage,” J Energy Storage, vol. 62, p.
106929, Jun. 2023, doi: 10.1016/j.est.2023.106929.

[11]S. Sadeghi, S. Ghandehariun, and M. A. Rosen, “Comparative
economic and life cycle assessment of solar-based hydrogen
production for oil and gas industries,” Energy, vol. 208, p.
118347, Oct. 2020, doi: 10.1016/j.energy.2020.118347.

[12]S. Schneider, S. Bajohr, F. Graf, and T. Kolb,
“Verfahrensubersicht zur Erzeugung von Wasserstoff durch
Erdgas-Pyrolyse,” Chemie Ingenieur Technik, vol. 92, no. 8, pp.
1023-1032, Aug. 2020, doi: 10.1002/cite.202000021.

[13]J. Mufioz Sabater and others, “ERA5-Land hourly data from
1981 to present,” Copernicus Climate Change Service (C3S)
Climate Data Store (CDS), vol. 10, 2019.

[14]H. Hersbach et al., “ERA5 hourly data on single levels from
1979 to present,” Copernicus climate change service (c3s)
climate data store (cds), vol. 10, no. 10.24381, 2018.

[15]E. M. B. Messini, Y. Bourek, C. Ammari, and A. Pesyridis, “The
integration of solar-hydrogen hybrid renewable energy systems
in oil and gas industries for energy efficiency: Optimal sizing
using Fick’s Law optimisation Algorithm,” Energy Convers
Manag, vol. 308, p. 118372, May 2024, doi:
10.1016/j.enconman.2024.118372.

[16]D. Ghribi, A. Khelifa, S. Diaf, and M. Belhamel, “Study of
hydrogen production system by using PV solar energy and
PEM electrolyser in Algeria,” Int J Hydrogen Energy, vol. 38,
no. 20, pp. 8480-8490, Jul. 2013, doi:
10.1016/j.ijhydene.2012.09.175.

[17]C. Ceylan and Y. Devrim, “Design and simulation of the
PV/IPEM fuel cell based hybrid energy system using
MATLAB/Simulink for greenhouse application,” Int J Hydrogen
Energy, vol. 46, no. 42, pp. 22092-22106, Jun. 2021, doi:
10.1016/j.ijhydene.2021.04.034.

[18]M. M. Mench, Ed., Fuel Cell Engines. Hoboken, NJ, USA: John
Wiley & Sons, Inc., 2008. doi: 10.1002/9780470209769.

[19]Y. A. Cengel, M. A. Boles, and M. Kanoglu, Thermodynamics:
an engineering approach, vol. 5. McGraw-hill New York, 2011.

[20]B. PAUL, “Optimal coupling of PV arrays to PEM electrolysers
in solar—hydrogen systems for remote area power supply,” Int J
Hydrogen Energy, vol. 33, no. 2, pp. 490-498, Jan. 2008, doi:
10.1016/j.ijhydene.2007.10.040.

[21]M. Ur Rashid, I. Ullah, M. Mehran, M. N. R. Baharom, and F.
Khan, “Techno-Economic Analysis of Grid-Connected Hybrid
Renewable Energy System for Remote Areas Electrification
Using Homer Pro,” Journal of Electrical Engineering &
Technology, vol. 17, no. 2, pp. 981-997, Mar. 2022, doi:
10.1007/s42835-021-00984-2.

[22]E. Ozden and |. Tari, “Energy—exergy and economic analyses
of a hybrid solar-hydrogen renewable energy system in
Ankara, Turkey,” Appl Therm Eng, vol. 99, pp. 169-178, Apr.
2016, doi: 10.1016/j.applthermaleng.2016.01.042.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 10/2024 117




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


