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CONDITIONS FOR SAFE APPLICATION 
OF LIQUEFIED NATURAL GAS IN HEAVY-
DUTY GARBAGE TRUCKS 
Abstract: When using alternative fuels in mobile systems, it is 
important to know that truck transport and shipping, as examples of 
transport modes, require a higher fuel energy density in the reservoirs. 
The physical and chemical properties of liquefied natural gas as an 
alternative fuel present some advantages (higher energy density, range 
of flammability, etc.). This paper systematizes the possibilities for the 
application of liquefied natural gas in mobile systems for 
transportation for longer distances. 

Keywords: emission, natural gas, safe transport, vehicles 
 

INTRODUCTION 

The increased amount of energy demand produces a 
large amount of greenhouse gases, specifically carbon 
dioxide emissions by the burning of fossil fuels, which 
ultimately causes global warming (Gil-Lopez & Verdu-
Vazquez, 2021; Gnap & Dočkalik, 2021; Jhawar, 2022; 
Marotta et al., 2015).  

In order to meet the proposed targets of the Paris 
Climate Agreement, multiple strategies are available to 
reduce emissions from transport. New technologies 
have been developed and applied to vehicles and their 
propulsion systems for higher fuel economy and lower 
raw emissions of toxic gasses (Livaniou & 
Papadopoulos, 2022; Milojević et al., 2023; Skrúcaný 
et al., 2018).  

In countries such as Serbia (with a large river port, 
many tourist centres and the transportation of goods by 
trucks due to the connection with international 
companies, etc.), the demand for alternative fuels that 
are suitable for long distance applications is expected to 
remain high. Natural gas is a high-quality fuel available 
for propulsion systems. Currently, in Serbia, there are 
878 natural gas-powered vehicles on the roads (792 
passenger and light duty vehicles, 58 buses, and 28 
medium and heavy-duty trucks). The fuel cost savings 
for owners of natural gas vehicles are higher, due to the 
difference between the cost of a cubic meter of natural 
gas and a litre of traditional fuels – petrol and diesel 
(Milojević, 2017). 

The growing number of vehicles powered by natural 
gas required that new regulations and rulebooks 
regulating this field be adopted. The requirements 
related to the aspect of safety and functionality of 
installation of gas devices and equipment have been 
defined under the regulations UN ECE 110R and UN 
ECE 115R. Laws and by-laws applicable in Serbia for 
natural gas vehicles are the Law on Road Traffic 
Safety, the Rulebook on the Classification of Motor 
Vehicles and Trailers and Technical Conditions for 
Vehicles in Road Traffic, and Vehicle Testing 
Rulebook (Milojević et al., 2016). 

LIQUEFIED NATURAL GAS AS FUEL 
IN HEAVY-DUTY VEHICLES 

Liquefied natural gas (LNG) is predominantly 92-98% 
methane that has been liquefied by condensation at 
cryogenic temperatures. At atmospheric pressure, the 
condensation temperature of natural gas is about  
-162 C. In the process of natural gas liquefication, its 
volume decreases approximately 600 times (Jhawar, 
2022).  

Another way to increase the energy of stored natural 
gas in vehicles is under higher pressure of 20 MPa 
onboard in cylinders as CNG (compressed natural gas), 
(Jurkovič et al., 2020; Lähde et al., 2021). In Serbia, 
natural gas was used for the first time in serially 
produced MAZ-BIK buses for the purpose of public 
transportation in Kragujevac, about which numerous 
studies were published (Milojević et al., 2018; 
Skrúcaný et al., 2019). 

The autonomy equivalence of one litre of diesel oil is 5 
litres of CNG, meaning that, concerning heavy 
vehicles, CNG is mainly recommended for urban fleets, 
with daily refuelling by night. LNG, by its liquid state, 
is the natural gas with a higher energy density, needing 
only a volume of 1.8 litres to give the same autonomy 
as one litre of diesel fuel. This significant characteristic 
opens the way for the medium- and long-distance road 
transport using LNG (Jurkovič et al., 2020; Zhao et al. 
2021; Pavlović et al., 2021). 

Gas engine power supply system 
Natural gas as fuel for vehicle drive systems in road 
transport is applied in new vehicles with original 
natural gas engines or by converting existing engines so 
as to use gaseous fuels.  

Figure 1 shows the main components that are added to 
vehicles when an LNG conversion kit is installed. 
Diesel blend system makes it possible to convert diesel 
engines to dual-fuel operation by substituting cleaner 
and cheaper LNG for some of the diesel fuel that would 
normally be injected into the engine. In principle, this 
system is suitable for all diesel engines. 



Conditions for Safe Application of Liquefied Natural Gas in Heavy-duty Garbage Trucks 

202 | Safety Engineering & Management – Science, Industry and Education (SEMSIE) 2023  

 

Figure 1. Components for LNG diesel blend dual-fuel 
system 

Figure 2 shows the position of the installed devices and 
equipment on a heavy-duty truck, with a natural gas 
(LNG) propulsion system. 

LNG fuel tanks are made of aluminium alloy and 
covered with polyurethane foam thermal insulation 
with a thickness of about 50 mm. Such tanks not only 
maintain a low temperature (162 C), but also 
withstand overpressure up to 0.2 MPa. 

 

Figure 2. Fuel system of an LNG truck 

Heavy-duty LNG vehicles work much like petrol-
powered vehicles with a spark-ignited internal 
combustion engine. The natural gas is super-cooled and 
cryogenically stored in liquid form, usually in a tank on 
the side of the truck. LNG is typically a more 
expensive option than CNG and is most often used in 
heavy-duty vehicles to meet longer range requirements. 
Because it is a liquid, the energy density of LNG is 
greater than CNG, so more fuel can be stored on board 
the vehicle. 

The main disadvantage of CNG power is the increased 
curb weight of the vehicle, which reduces its carrying 
capacity by the same amount.  

The main disadvantage of LNG is the volatility of the 
gas and, as a result, its periodic venting into the 
atmosphere. This problem manifests itself only during 
long-term downtime of vehicles, and with its constant 
use, there are no gas losses. 

 

REGULATIONS RELATED TO THE 
VEHICLES POWERED BY GAS 

International Regulations 
From the aspect of safety and proper installation of gas 
equipment, the requirements to be met by CNG and 
LNG vehicles have been prescribed within two ECE 
regulations (United Nations Economic Commission for 
Europe, 2011):  

a) Regulation No. 110 (UN ECE 110R) – Uniform 
provisions concerning the approval of: 

 specific components of motor vehicles using CNG 
and/or LNG in their propulsion system; 

 Vehicles with regard to the installation of specific 
components of an approved type for the use of 
CNG and/or LNG in their propulsion system.  

b) Regulation No. 115 (UN ECE 115R) – Uniform 
provisions concerning the approval of:  

 specific retrofit systems to be installed in motor 
vehicles for the use of LPG in propulsion system; 

 specific CNG retrofit systems to be installed in 
motor vehicles for the use of CNG in their 
propulsion system. 

National Regulations 
The following laws and by-laws apply to the vehicles 
in Serbia: 

 Law on Road Traffic Safety;  

 Rulebook on the Classification of Motor Vehicles 
and Trailers and Technical Conditions for Vehicles 
in Road Traffic;  

 Vehicle testing regulations.   

SAFE INSTALLATION OF LNG 
EQUIPMENT IN VEHICLES 

On each tank, the manufacturer shall provide clear 
permanent markings not less than 6 mm high. Marking 
shall be made either by labels attached by adhesive or 
plates attached by welds. Each tank shall be marked as 
follows: 

a) Mandatory information: 

 “LNG ONLY”;  

 manufacturer’s identification; 

 tank identification (applicable part number and a 
serial number unique for every cylinder); 

 working pressure and temperature; 

 regulation number, along with tank type and 
certification registration number; 

 the pressure relief devices or valves, qualified for 
use with the tank or the means for obtaining 
information on qualified fire protection systems; 

 when labels are used, all tanks shall have a unique 
identification number stamped on an exposed 
metal surface to permit tracing in the event that the 
label is destroyed. 
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b) Non-mandatory information. On a separate label(s) 
the following non-mandatory information may be 
provided: 

 gas temperature range; 
 nominal water capacity of the tank to two 

significant numbers; 
 date of original pressure test (month and year). 

The markings shall be placed in the listed sequence but 
the specific arrangement may be varied to match the 
space available. An acceptable example of mandatory 
information is given in Table 1. 

Table 1. Example of mandatory information on an 
LNG tank plate 

LNG ONLY 

Manufacturer/part number/serial number 

1.6 MPa (16 bar) / (-162 C) 

ECE R 110 LNG (registration No. …) 

Use only manufacturer approved pressure relief device 

The LNG tanks shall be type approved, also with 
provisions on components fitted to the LNG tank. A 
system shall be provided for preventing the fuel tank 
from being overfilled.  

The LNG tank shall be equipped at least with the 
following components, which may be either separate or 
combined (special care shall be taken to prevent LNG 
trapping): 

 pressure relief valve; 

 manual valve; 

 automatic valve; 

 excess flow device; 

 the tank may be equipped with a gas-tight housing, 
if necessary. 

The other LNG system components shown below shall 
be type approved: 

 LNG heat exchanger – vaporizer; 

 LNG filling receptacle; 

 pressure control regulator; 

 LNG pressure and/or temperature sensor/indicator; 

 natural gas detector; 

 automatic valve, check valve, the pressure relief 
valve, excess flow valve, manual valve and non-
return valve; 

 fuel pump and electronic control unit. 

Installation of the LNG tanks 
Every LNG tank shall be tested at a minimum pressure 
of 1.3 times (the working pressure plus  
0.1 MPa). The tank shall be permanently installed in 
the vehicle and shall not be installed in the engine 
compartment. The tank shall be installed such that there 
is no metal-to-metal contact, with the exception of the 
fixing points of the tank(s). When the vehicle is ready 

for use, the fuel tank shall not be less than 200 mm 
above the road surface (Figure 2). 
The fuel tank(s) shall be mounted and fixed so that the 
following accelerations can be absorbed (without 
damage occurring) when the tank(s) is full (Table 2). 

Table 2. Prescribed accelerations of the LNG tank 

Categories of Vehicles 
M1  

and N1 
M2  

and N2 
M3  

and N3 
Accelerations in the 
direction of travel 

20·g 10·g 6.6·g 

Accelerations 
horizontally 

perpendicular to the 
direction of travel 

8·g 5·g 

A calculation method can be used instead of practical 
testing if its equivalence can be demonstrated by the 
applicant for approval to the satisfaction of the 
Technical Service. 

LNG component type approval mark 
Figure 3 shows an example of approval mark affixed 
on the LNG component. 

 

Figure 3. Example of approval mark affixed on the 
LNG component caption 

The above approval mark affixed to the LNG 
component shows that this component has been 
approved in Italy (E 3), pursuant to Regulation No. 110 
under approval number 042439 (United Nations 
Economic Commission for Europe, 2011). The first 
two digits of the approval number indicate that the 
approval was granted in accordance with the 
requirements of Regulation No. 110 as amended by the 
04 series of amendments. The letter “L” indicates that 
the product is suitable for use with LNG. The letter 
“M” indicates that the product is suitable in moderate 
temperatures. The letter “C” indicates that the product 
is suitable in cold temperatures. 

TECHNICAL INSPECTION OF LNG-
POWERED VEHICLES  
“Periodical technical inspection” means a periodical 
administrative uniform procedure by which the 
authorized technical inspection centres responsible for 
conducting the inspection tests declare, after carrying 
out the required verifications, that the wheeled vehicle 
submitted conforms to the requirements. 

“International Technical Inspection Certificate” means 
a certificate about the first registration after 
manufacture and the periodical technical inspections of 
wheeled vehicles in compliance with the provisions. 
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“Wheeled vehicle” means motor vehicles of categories 
M1, M2, M3, N1, N2, and N3, as specified in 
Consolidated Resolution on the Construction of 
Vehicles (RE.3) (TRANS/WP.29/78/Rev.6, as 
amended), used in international transport. 

Wheeled vehicles used in international transports shall 
satisfy the requirements set out below when they are 
fitted with LPG, LNG, or CNG engines according to 
UN Regulations Nos. 67, 110, 115, or 143 (Table 3).  

Table 3. Periodicity of technical inspection 

Categories of Vehicles 
Maximum inspection 

intervals 
 Passenger-carrying 

motor vehicles: M1, 
except taxis and 
ambulances 

 Goods vehicles: N1 

Four years after the first 
entry into service of the 

first registration and 
every two years thereafter 

 [Taxis and 
ambulances] 

 Passenger-carrying 
motor vehicles: M2 
above 3.500 kg and 
M3 

 Goods vehicles: N2 
and N3 

One year after the first 
registration 

(or if the vehicle is not 
required to be registered, 

date of first use) and 
annually thereafter 

“Verification” means the proof of compliance with the 
requirements set out in Table 4 through tests and 
checks carried out using techniques and equipment 
currently available, and without the use of tools to 
dismantle or remove any part of the vehicle. 

For the purpose concerning the uniform conditions for 
periodical technical inspections of wheeled vehicles 
and the reciprocal recognition of such inspections, the 
items to be inspected are related to safety requirements 
of motor vehicles using CNG, LPG, and LNG in their 
propulsion system (Table 4). 

The method of inspection shall be the minimum 
requirement. Where a method of inspection is given as 
visual, it means that in addition to looking at the items, 
the inspector can also handle them, evaluate noise, etc. 

“Inappropriate repair or modification” means a repair 
or modification that adversely affects the road safety of 
the vehicle. 

Recommendations for the main reasons for rejection 
are also given in the annex. The three criteria for 
assessment of defects are defined as follows: 

 “Minor defects” (MiD) are technical defects that 
have no significant effect on the safety of the 
vehicle and other minor non-compliances. The 
vehicle does not have to be re-examined as it can 
reasonably be expected that the detected defects 
will be rectified without delay;  

 “Major defects” (MaD) are defects that may 
prejudice the safety of the vehicle and/or put other 
road users at risk and other more significant non-
compliances. Further use of the vehicle on the road 
without repair of the detected defects is not 

allowed although it still may be driven to a place 
for repair and afterwards to a specified location for 
the repair to be checked; 

 “Dangerous defects” (DD) are defects that 
constitute a direct and immediate risk to road 
safety such that the vehicle should not be used on 
the road under any circumstances. 

Table 4. Minimum inspection requirements 

Item 
Method and Main reasons for 

rejection 
Defect assessment 

 MiD MaD DD 
Legal requirements; visual 
inspection; documentation 
Installation is not approved 
according to UN Reg. Nos. 
67, 110, 115, or 143, etc. 

 
 
 

X 
 

Fuel control command; 
visual inspection or by 
operation 
Operation not possible 
Not clear marking that 
may confuse the driver 

  

 
 
 

X 
 

X 

 

Ventilation housing and 
its ventilation pipes 
Visual inspection with 
the vehicle, on a hoist 
when appropriate 
Not adequately secured 
with risk of detachment, 
gas leakage or fire 
Components missing, 
damaged, corroded, or 
not appropriated 
Blocked ventilation pipes 

  

 
 
 
 
 
 
 

X 
 

 
 
 
 
 
 

X 
 
 
 
 

X 
Other components of gas 
filling system: valves, 
pipes, injectors, etc. 
Visual inspection 
Discharge valves with 
blocked discharge holes 
Pipes without an 
appropriate protection 

  

 
 
 
 
 
 
 

X 

 
 
 

X 

Electronic control unit 
Visual inspection 
Warning device 
malfunctioning  
Warning device shows 
system malfunction 

  

 
 
 
 

 
 
 

X 
 

X 
Leakage; Inspection and 
use of leak detecting 
devices  
Presence of gas 

   

 
 
 

X 
Marking; Visual control 
Marking and data plate 
or component marking 
not in accordance with 
the requirements 

  X  
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CONCLUSION 
In the future, more intensive use of environmentally 
cleaner alternative fuels is expected. In this regard, the 
paper presented the logistics of using liquefied natural 
gas as a fuel in garbage trucks. 

The following three conclusions were made after the 
presented discussion: 

1. Natural gas is a high-quality fuel for propulsion 
systems. Available reserves equal the known oil 
reserves; the negative influence upon the 
environment is lower than that of fuels derived 
from oil, as is the price. Therefore, natural gas as a 
fuel has been increasingly used in motor vehicles. 

2. The advantage of using and storing natural gas in a 
liquid state in tanks on motor vehicles is reflected 
in the fact that in the process of natural gas 
liquefaction, its volume decreases by 
approximately 600 times. Consequently, using 
liquefied natural gas as fuel, it is possible to cover 
approximately the same distance in kilometres 
with a single filling of the tank as with diesel-
powered vehicles.  

3. From the aspect of safety and proper installation of 
gas equipment, the requirements to be met by CNG 
and LNG vehicles have been prescribed within 
ECE Regulation No. 110 (UN ECE 110R). 

ACKNOWLEDGEMENTS 
This paper is the result of the research within the 
project TR35041, financed by the Serbian Ministry of 
Science, Technological Development and Innovation. 

REFERENCES 

Gil-Lopez, T., & Verdu-Vazquez, A. (2021). Environmental 
Analysis of the Use of Liquefied Natural Gas in Maritime 
Transport within the Port Environment. Sustainability, 
13(21), 11989. http://dx.doi.org/10.3390/su132111989  

Gnap, J. & Dočkalik, M. (2021). Impact of the operation of 
LNG trucks on the environment. Open Engineering, 11(1), 
937-947. https://doi.org/10.1515/eng-2021-0096 

Jhawar, P. S. (2022, May 05). Natural gas (CNG) vs. LPG, 
LNG, RNG and diesel. Cummins Newsroom. 
https://www.cummins.com/news/2022/05/05/natural-gas-cng-
vs-lpg-lng-rng-and-diesel  

Jurkovič, M., Kalina, T., Skrúcaný, T., Gorzelanczyk, P., & 
Ľupták, V. (2020). Environmental Impacts of Introducing 
LNG as Alternative Fuel for Urban Buses – Case Study in 
Slovakia. Promet – Traffic & Transportation, 32(6), 837-847. 
https://doi.org/10.7307/ptt.v32i6.3564  

Lähde, T., & Giechaskiel, B. (2021). Particle Number 
Emissions of Gasoline, Compressed Natural Gas (CNG) and 
Liquefied Petroleum Gas (LPG) Fueled Vehicles at Different 
Ambient Temperatures. Atmosphere, 12(7), 893. 
http://dx.doi.org/10.3390/atmos12070893  

Livaniou, S., & Papadopoulos, G. A. (2022). Liquefied 
Natural Gas (LNG) as a Transitional Choice Replacing 
Marine Conventional Fuels (Heavy Fuel Oil/Marine Diesel 
Oil), towards the Era of Decarbonisation. Sustainability, 
14(24), 16364. http://dx.doi.org/10.3390/su142416364  

Marotta, A., Pavlovic, J., Ciuffo, B., Serra, S., & Fontaras, G. 
(2015). Gaseous Emissions from Light-Duty Vehicles: 
Moving from NEDC to the New WLTP Test Procedure. 
Environmental Science & Technology, 49(14), 8315-8322. 
https://doi.org/10.1021/acs.est.5b01364 

Milojević, S., Gročić, D., & Dragojlović, D. (2016). CNG 
propulsion system for reducing noise of existing city buses, 
Journal of Applied Engineering Science, 14(3), 377-382. 
https://doi.org/10.5937/jaes14-10991 

Milojević, S. (2017). Sustainable application of natural gas as 
engine fuel in city buses: Benefit and restrictions, Journal of 
Applied Engineering Science, 15(1), 81-88. 
https://doi.org/10.5937/jaes15-12268 

Milojevic, S., Skrucany, T., Miloševic, H., Stanojevic, D., 
Pantic, M., & Stojanovic, B. (2018). Alternative drive 
systems and environmentally friendly public passengers 
transport. Applied Engineering Letters, 3(3), 105-113. 
https://doi.org/10.18485/aeletters.2018.3.3.4 

Milojević, S., Savić, S., Mitrović, S., Marić, D., Krstić, B., 
Stojanović, B., & Popović, V. (2023). Solving the Problem of 
Friction and Wear in Auxiliary Devices of Internal 
Combustion Engines on the Example of Reciprocating Air 
Compressor for Vehicles. Tehnički vjesnik, 30(1), 122-130. 
https://doi.org/10.17559/TV-20220414105757  

Pavlović, A., Nestić, S., & Bošković, G. (2021). Upravljanje 
cirkularnom ekonomijom u poslovnim organizacijama 
primenom digitalnih tehnologija. Serbian Journal of 
Engineering Management, 6(1), 22-29.  
https://doi.org/10.5937/SJEM2101022P 

Skrúcaný, T., Milojević, S., Semanová, Š., Čechovič, T., 
Figlus, T., & Synák, F. (2018). The Energy Efficiency of 
Electric Energy as a Traction Used in Transport. Transport 
technic and technology, 14(2), 9-14.  
https://doi.org/10.2478/ttt-2018-0005 

Skrucany, T., Semanova, S., Milojević, S., & Ašonja, A. 
(2019). New Technologies Improving Aerodynamic 
Properties of Freight Vehicles. Applied Engineering Letters, 
4(2), 48-54. https://doi.org/10.18485/aeletters.2019.4.2.2 

United Nations Economic Commission for Europe. (2011). 
Regulation No. 110 of the Economic Commission for Europe 
of the United Nations (UN/ECE) – Uniform provisions 
concerning the approval of I. specific components of motor 
vehicles using compressed natural gas (CNG) in their 
propulsion system; - II. vehicles with regard to the 
installation of specific components of an approved type for 
the use of compressed natural gas (CNG) in their propulsion 
system. http://data.europa.eu/eli/reg/2011/110(2)/oj  

Zhao, Q., Huang, W., Hu, M., Xu, X., & Wu, W. (2021). 
Characterizing the Economic and Environmental Benefits of 
LNG Heavy-Duty Trucks: A Case Study in Shenzhen, China. 
Sustainability, 13(24), 13522.  
http://dx.doi.org/10.3390/su132413522  

 
 





<<
  /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 [595.276 841.890]
>> setpagedevice




