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  The Green Growth Strategy to achieve carbon neutrality by 2050 has been established by the 

Japanese government and sets forth a "roadmap" for the growth of the fuel ammonia industry. In 
connection with this, ammonia fuel conversion in coal-fired thermal power generation has been 
positioned as a future initiative. Mitsubishi Heavy Industries, Ltd. is developing technology for fuel 
conversion to ammonia for both circular firing and opposed firing systems of coal-fired boilers in 
response to the needs of various customers in Japan and overseas. This paper reports the completion 
of the development of ammonia single-fuel burners and the prospect of their application to actual 
boilers, and provides an outline of the modification plans of a boiler plant for ammonia fuel 
conversion. 

  

  
|1. Introduction 

Mitsubishi Heavy Industries, Ltd. (hereinafter referred to as MHI) has declared its intention to
achieve carbon neutrality by 2040 (MISSION NET ZERO) and seeks carbon neutrality of the
existing infrastructure. To achieve this carbon neutrality in thermal power generation, reducing CO2

emissions from coal-fired boilers is important. In this context, fuel conversion to ammonia, which
does not emit CO2 even when burned, has been attracting attention. 

The Green Innovation Fund Project aims to establish a fuel ammonia supply chain that
integrates fuel ammonia supply and demand and promotes the development of technology that will
enable 50% or more ammonia fuel conversion in coal-fired power plants, which is needed to
introduce 30 million tons of ammonia annually in Japan by 2050. 

In order to meet the diverse needs of various customers for ammonia utilization, development
of liquid-firing and gas-firing ammonia single-fuel burners that can be used for both circular firing
and opposed firing boilers has been completed, and the prospect of application in actual boilers has
been achieved. In addition, a plan for boiler plant modification using the developed ammonia single-
fuel burners has been established. The above topics are reported in this paper. 

|2. Ammonia fuel conversion concept 
2.1 Concept of ammonia single-fuel burner that enables 50% or more fuel

conversion 
A previous report described a two-stage electric furnace test in which coal and ammonia were

premixed. As a result, NOx increased as the ammonia combustion rate increased, and a maximum
ammonia combustion rate of 50% was achieved. In addition, NOx sensitivity to the air ratio increased 
during ammonia combustion.  

On the other hand, by burning coal and ammonia in separate (single-fuel) burners in a small-
scale combustion test, the air ratio for each fuel could be easily optimized and NOx could be
suppressed even when the ammonia combustion ratio was increased. (1) 
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Based on these results, a method to install ammonia single-fuel burners separately from coal
burners and burn the fuel in the boiler furnace was adopted. Burners on multiple stages are installed
in the boiler in the vertical direction. By changing the number of stages installed on the ammonia
burners, fuel conversions from a low-rate conversion, such as 20%, to a high-rate conversion, such 
as 50% or more, became possible. This method also allows for easy control of the air ratio of each
burner, thus better results in terms of NOx reduction are expected compared to combustion of coal
and ammonia in the same burner. 

Furthermore, a burner structure that enables switching the existing coal burners and start-up 
oil burners to ammonia single-fuel burners has been devised based on the premise that, while at the
stage where the use of fuel ammonia is still expanding, rated output and environmental performance
of coal single-fuel operations are still needed even after burner modification. 
2.2 Ammonia single-fuel burner for each firing system 
(1) Circular firing system 

For circular firing boilers, the function of an ammonia single-fuel burner was added to the 
start-up oil burner. For liquid-firing, a liquid ammonia spray nozzle was placed in the start-up oil 
burner section. For gas-firing, a flat head nozzle, which is widely used in MHI gas-firing burners, 
was installed (Figure 1(a)). The ammonia burner is sandwiched between the coal burners, and
when burning coal and ammonia in neighboring burners, the coal flames and ammonia flames
are in close proximity. Therefore, while taking into account the influence of mutual flames on
ignition and NOx characteristics, a performance evaluation during the combustion test was
carried out with both coal and ammonia burners burning. 

(2) Opposed firing system 
For opposed firing boilers, the function of an ammonia single-fuel burner was added to the 

coal burner. Ammonia is a gas at normal temperature and pressure, so liquid ammonia injected
from the nozzle immediately vaporizes in the boiler furnace. Therefore, a multi-spud nozzle 
structure was used for liquid-firing, which has already been demonstrated in existing gas firing 
burners. Also for gas-firing, as with liquid-firing, the existing gas firing burner structure was 
used. Both liquid-firing and gas-firing burners were optimized for ammonia combustion in terms
of the number of injection holes, injection angle, and jet velocity (Figure 1(b)). Since the distance
between the burners of opposed firing boilers is far and stable ignition and flame stabilization are
essential for a single ammonia burner, a performance evaluation in the combustion test was
carried out under ammonia single-fuel combustion conditions. 

 

Figure 1  50% or more ammonia combustion burner patterns for two combustion systems 
and ammonia single-fuel burners 

 

|3. Performance verification of ammonia single-fuel burners by 
combustion test 

3.1 Combustion test equipment 
For ammonia combustion tests, the ammonia supply equipment was installed under a project

commissioned by the New Energy and Industrial Technology Development Organization (NEDO)
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(Figure 2(a)). This equipment can supply liquid directly with a liquid feed pump and gas with a
vaporizer, and can be used for both liquid-firing and gas-firing tests. Combustion tests were
conducted using MHI's 0.5 t/h combustion test furnace (rated heat input: 3.7 MWth) (Figure 2(b)) 
and 4 t/h combustion test furnace (rated heat input: 23 MWth) (Figure 2(c)). A performance
evaluation was conducted using the 0.5 t/h furnace, and based on the results, the basic structure and
operating conditions of the burner were selected. Next, using the 4 t/h furnace, which can perform
combustion tests with full-scale burners equivalent to the actual burner, an evaluation of the
combustion performance of the scale-up burner was carried out, and burner specifications for the 
actual burner were determined. 

 

Figure 2  External appearance of combustion test equipment 
 

3.2 Combustion test results 
(1) Burner combustion test for circular firing system 

As previously reported, combustion tests were carried out using the 0.5 t/h furnace at a
55% ammonia combustion ratio to coal. Both unburned ammonia and nitrous oxide (N2O) with 
high global warming potentials at the furnace outlet were below the instrument detection limit
(ammonia: less than 0.2 ppm, N2O: less than 0.4 ppm). In addition, NOx and unburned
combustible in ash could be suppressed to the same level or lower than those produced during
coal single-fuel combustion in both cases of liquid-firing and gas-firing burners. (2) 

This report presents the results of the actual scale liquid-firing tests using the 4 t/h furnace.
The ammonia combustion rate in these tests was set at 55%, the same as in the 0.5 t/h furnace
tests. In addition to the liquid ammonia spray nozzle type, which exhibited the best combustion
performance in the 0.5 t/h furnace, several spray nozzle types were developed using
computational fluid dynamics (hereinafter referred to as CFD) to further improve combustion
performance, and their performance was evaluated through combustion tests. Measurement
results of NOx and unburned combustible in ash are shown in Figure 3. Nozzle D exhibited the 
best performance, with a reduction of both NOx and unburned combustible in ash by
approximately 30% compared to coal single-fuel combustion. 

As described in the previous report, early completion of vaporization by accelerating the
dispersion of liquid ammonia spray is important to control NOx in liquid-firing. (2) On the other 
hand, since the spray nozzle and coal burner are located close to each other, flow of liquid
ammonia spray into the coal flames inhibits coal ignition and the amount of unburned
combustible in ash increases in the case of nozzles A, C, etc., which aimed for wide-angle 
dispersion. Simultaneously satisfying both the speed of spray dispersion and the suppression of
flow into coal flames was found to be important in the suppression of both NOx and unburned
combustible in ash. Unburned ammonia and N2O at the furnace outlet were below the lower limit
of instrument detection, regardless of which nozzle was used. 

In consideration of actual operation, the load of coal, ammonia, and of both burners were
reduced in a step-wise manner from 100% to 75% then 50%, in order to confirm ignition stability
and combustion performance of liquid ammonia at a partial load, and the effect on combustion 
performance was evaluated. Flame state at 100% and 50% load is shown in Figure 4. Even at 
50% load, the flame detection signal and exhaust gas properties were stable, and unburned
ammonia and N2O were below the lower limit of instrument detection. NOx emissions were
lower than those for coal single-fuel combustion at each load, remained at the same level as those
at 100% load, and exhibited good combustion performance. 
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Figure 3  Properties of NOx and unburned combustible in ash in 
liquid-firing combustion test using 4 t/h furnace  

 

Figure 4  Flame state during partial 
load operation 

 
(2) Burner combustion test for opposed firing system 

The previous report described liquid-firing and gas-firing single-fuel combustion tests 
using the 0.5 t/h furnace, and actual-scale liquid-firing single-fuel combustion tests using the 4
t/h furnace. The results showed that ammonia was completely burned and NOx could be 
suppressed to the same level or lower than that of coal single-fuel combustion for both liquid-
firing and gas-firing burners. (2) 

This report presents liquid-firing single-fuel partial-load tests using the 4 t/h furnace,
taking into account actual operation. In these tests, the liquid ammonia spray nozzle that reduced
NOx the most at 100% load was used, and the effect on ignitability was evaluated as burner load 
was reduced. Flame conditions at each load are shown in Figure 5. As shown in the figure, flame
formation near the burner was possible even at 65% load, and the flame detection signal and
exhaust gas properties were stable during combustion. 
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Figure 5  Flame state during partial load liquid ammonia single-fuel combustion 
 

(3) Effect of ammonia combustion on coal combustion ash 
There were concerns that combustion of coal and ammonia would result in residual

ammonia compounds in the coal ash, and that ash flowability would deteriorate due to changes
in ash particle shape caused by the decrease in combustion temperature. Therefore, ash samples 
were collected from coal single-fuel combustion and 55% ammonia combustion during the
combustion tests. Then, chemical analyses such as ion chromatography, X-ray diffraction, and 
total organic carbon measurement were conducted to detect the presence of various ammonia 
compounds in the ash. As a result, no ammonia-derived compounds were detected in either
sample, and no difference in properties was observed. All ammonia compounds have a low
melting point and therefore it is assumed that they decompose in the high temperature
environment in the furnace and do not remain in the combustion ash. 

In addition, ash particle shape of both samples was observed using a field emission
scanning electron microscope (FE-SEM) (Figure 6). In both the case of coal single-fuel 
combustion and the case of ammonia combustion, many spherical particles were observed, and
no significant difference was observed between the two samples. Ash particles melt and become
spherical when they reach a certain temperature. However, the ash particle shape was not strongly
affected by the reduction in flame temperature caused by ammonia combustion since the coal
and ammonia were burned at separate burners, and as a result, the effect on the ash particle shape
is assumed to be small. 

Based on the above, the effect of ammonia combustion on coal combustion ash is
considered to be small, and no problems are anticipated. However, since this evaluation was
made using combustion ash samples from a combustion test, collecting combustion ash samples 
from actual equipment is needed for a definitive comparative evaluation. 

 
Figure 6  FE-SEM analysis of coal combustion ash produced during 

coal single-fuel combustion and ammonia combustion 
 

 



Mitsubishi Heavy Industries Technical Review Vol. 62 No. 3 (September 2025) 
 6 

 

(4) Evaluation of nitriding characteristics of burner candidate materials 
There was concern that the ammonia burner component material would be nitrided and its

surface hardness would increase due to high-concentration ammonia, resulting in a decrease in
toughness. Therefore, nitriding exposure tests simulating the gas composition and metal 
temperature environment of the burner surface under operating conditions were conducted to
evaluate nitriding characteristics of burner component materials. External appearance of the test
apparatus is shown in Figure 7(a). 

In this test, component material samples were kept at a predetermined temperature in an
electric furnace and exposed to an ammonia gas mixture simulating the operating environment
of an actual furnace for a certain period of time. Sample texture was observed to evaluate the 
presence or absence of nitriding. Materials tested were high-chromium cast steel, austenitic
stainless steel, and low-chromium steel, which may be used as a burner material. An example of
the texture observation results of the component material samples is shown in Figure 7(b). In the
case of low-chromium steel, a nitrided layer formed entirely over the surface layer. On the other
hand, in the case of austenitic stainless steel, a nitrided layer only formed locally, and in the case
of high-chromium cast steel, no nitrided layer was detected. It is considered that the higher the
chromium content, the more stable the passivation film formed on the surface of the material,
thereby increasing the nitriding inhibition effect. 

A database of nitriding characteristics of component materials was constructed by
conducting the same tests while varying temperature and mixed gas compositions. For parts that
may contact high concentrations of ammonia, the material with high nitriding resistance will be 
used. 

 

Figure 7  Nitriding test apparatus and example of observation results of texture of 
component material sample 

 

|4. Evaluation of actual boiler performance using combustion CFD 
According to the previous report, when the combustion CFD analysis of opposed firing system

liquid-firing and gas-firing burners was applied to actual boilers, both burners were found to suppress
NOx and unburned loss to the same level as coal single-fuel combustion and application to actual 
boilers was considered feasible. (2) 

This report presents the results of the combustion CFD-based performance evaluation of
circular firing system liquid-firing and gas-firing burners when applied to actual boilers. The analysis
targeted an existing commercial large-capacity circular firing system coal-fired boiler, which has six 
stages of coal burners and three stages of start-up oil burners between the coal burners. Application
of the developed burners, both liquid-firing and gas-firing, to the start-up oil burners was simulated.
The ammonia combustion ratio was set to 55% in both cases. The distribution of gas temperature,
NOx concentration, and ammonia concentration in the furnace in the longitudinal center cross
sections of the burners on the front side of the boiler wall is shown in Figure 8. From the results, no 
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unburned ammonia was observed at the furnace outlet, and ammonia was completely burned in both
cases of liquid-firing and gas-firing. Distribution of NOx and ammonia concentrations indicated that
ammonia combustion was completed in the burner section, and that although NOx is generated in
the burner section, it was almost completely reduced in the reduction atmosphere up to the additional
air input section. As shown in Figure 9, NOx at the outlet of the furnace was lower than that for coal
single-fuel combustion, and the unburned loss was at the same level. As described above, circular
firing system liquid-firing and gas-firing burners also satisfied the specified performance in
combustion tests and good combustion performance was observed in actual-boiler combustion CFD 
analysis, demonstrating feasibility of use in actual boilers. 

 

Figure 8  Circular firing system / Results of actual-boiler combustion CFD analysis  

 

Figure 9  Circular firing system / Combustion performance of actual-boiler ammonia 55% 
combustion 

 

|5. Boiler plant modification plan 
5.1 Boiler plant modification plan for ammonia fuel conversion 

In order to modify existing coal-fired boilers with ammonia fuel conversion rate over 50%, the 
burners and boiler modification plan, boiler performance, operation control, auxiliary equipment
modification plan, safety measures, etc. are studied for both opposed firing and circular firing
systems. There are two types of fuel ammonia combustion systems: gas-firing and liquid-firing. The 
boiler plant modification plan adopted gas-firing, which is advantageous in terms of operating costs,
including fuel cost. 

An overview of modifications to the existing coal-fired boiler for ammonia fuel conversion is 
shown in Figure 10. The modification policy is to make effective use of existing equipment, reduce
modification costs, and minimize unit shut-down periods. Problems in operation caused by
conditions such as certain types of coal, certain atmospheric temperatures, etc., are dealt with by 
setting operational restrictions, thereby avoiding large-scale modifications to the boiler pressure
parts, major auxiliary equipment, and flue gas treatment system. The boiler design requirements are
as follows. 

- Set the target NOx at the boiler outlet to a value at the same level during coal combustion. 
- Design of the ammonia combustion system to have the capacity to achieve the rated load

even when the fuel of the power generation facility is converted to 50% ammonia. 
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- Maintain the ability of coal combustion operation even after modification for ammonia fuel
conversion. 

- Minimize the scope of modifications and additional installations. 
- The plant start-up and shut-down procedure is not changed from the existing plant, using

auxiliary fuel in the same manner as the existing plant. Switching to/from ammonia-fired 
operation shall be performed from/to coal combustion operation. 

- Provide leakage prevention measures for fuel ammonia gas piping. In addition, instruments
shall be able to promptly detect gas leaks. The leaked gas is not allowed to accumulate, and
abatement measures shall be implemented. 

- Supply auxiliary steam from the boiler to fuel ammonia heater in the fuel supply system. 

 

Figure 10  Overview of boiler modification for ammonia fuel conversion 
 

5.2 Fuel ammonia piping and safety measures 
Fuel ammonia is fed to the ammonia burners through the flow meter, the shut-off valve, and 

the control valve. A purge system is designed to replace ammonia in the piping with nitrogen and air
at plant start-up and/or shut-down. Ammonia vent gas is planned to be directed to the abatement
system. For reliable system isolation, double block and bleed valves are adopted. 

The fuel ammonia piping route is based on the existing piping arrangement, and is confirmed
that there are no major obstructions and that accessibility is ensured through an on-site survey. And 
the fuel ammonia piping is planned considering boiler steel frame support beams which can support
piping and permit the additional piping load. The piping arrangement of the fuel ammonia is shown
in Figure 11. 

In order to install additional system which handles a large amount of ammonia as fuel, the
basic safety design policy is determined for the purpose of ensuring the safety for the neighboring
inhabitants and the workers in the power plant. The ammonia combustion system is designed with
emphasis on leakage prevention measures and fire and explosion prevention measures. 

As countermeasures against ammonia gas leakage, safety measures based on the concept of
multiple protection are established by setting step-by-step safety measures: First, "leakage prevention 
measures" to prevent leakage, followed by "leak spread prevention measures" to prepare for an 
ammonia leakage, and then "damage prevention measures" to minimize damage after a leakage has
occurred. Measures taken at each stage are outlined below. 

- Leakage prevention measures 
Since ammonia is a toxic gas, appropriate material selection, corrosion countermeasures,
seismic design, and piping connection design are carried out to prevent leakage. Piping and
fittings are basically welded. 

- Leak spread prevention measures 
If the ammonia gas leakage occurs, promptly detecting the leakage at an early stage and
implementing measures to prevent the spread of the leak are essential. The ammonia gas
detection and alarm system, diffusion protection screen around areas where leakage may
occur, and a fuel shut-off function are installed to prevent the spread of a leak. The diffusion
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protection screens are added to the ventilation system, which also serve as an ammonia
abatement measure described below. And the ammonia gas detectors are placed inside the
screen to enable early detection of leaks. 

- Damage prevention measures 
Since ammonia is a flammable gas, explosion-proof and static electricity prevention
measures are taken to prevent fire and explosion. In addition, since ammonia is a toxic gas,
installation of ventilation system that can safely and quickly abate ammonia is necessary to 
prevent damage to the human body. Therefore, diffusion protection screens are connected 
to the ventilation ducts to discharge any leaked gas to the forced draft fan inlet for
combustion treatment in the boiler. An overview of the ventilation system is shown in
Figure 12. 

 

 

 Figure 11  Arrangement of fuel ammonia piping 
 A case of opposed firing system is shown. Additional piping 

is indicated by color.  

 

Figure 12  Overview of ammonia abatement and ventilation system 
 

|6. Conclusion 
MHI has developed ammonia single-fuel burners for ammonia fuel conversion in coal-fired 

boilers. According to the results of performance evaluation using data obtained from combustion
tests and actual-boiler CFD analysis, the prospect of application to actual equipment could be
obtained. In addition, an outline of a boiler plant modification plan for 50% or more ammonia fuel
conversion and safety measures for handling ammonia as fuel have been presented. This fuel
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conversion technology can also be applied to a 20% fuel conversion, which meets the needs of an
initial introduction of ammonia, by adjusting the number of modified burner stages. 

In the future, MHI will continue to make every effort to respond to the wide range of needs of
utility and industrial boilers so that various customers in Japan and overseas can take advantage of
fuel ammonia as they work toward carbon neutrality. 

This development was conducted under "JPNP21020 Green Innovation Fund Project / Fuel
Ammonia Supply Chain Establishment / Ammonia high-ratio co-firing and single-fuel firing for 
thermal power generation / High-ratio co-firing and single-fuel firing needed for ammonia power 
generation/ Development and demonstration of high-ratio ammonia co-firing technology (including 
single-fuel firing technology) in coal-fired boilers / Demonstration project of high-ratio ammonia co-
firing in the commercial coal-fired power plants utilizing ammonia single-fuel burners" of the New 
Energy and Industrial Technology Development Organization (NEDO). (3)  

References 
(1) T. Yamashita et al., Development of Ammonia Co-firing Technology for Coal-fired Boilers toward 

Decarbonized Society, Mitsubishi Heavy Industries Technical Review Vol.59 No.4 (2022) 
(2) T. Yamashita et al., Development of Ammonia Single-Fuel Burner at Boilers for Decarbonized Society,

Mitsubishi Heavy Industries Technical Review Vol.61 No.3 (2024) 
(3) Mitsubishi Heavy Industries Press Information, JERA and MHI Start a Demonstration Project to Develop

Technology to Increase the Ammonia Co-firing Rate at Coal-fired Boilers (2022) 
  



<<
  /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


