
Introduction

Combustion instability in bagasse-fired furnaces is a

key issue for operation but is presently not well un-

derstood. During periods of instability, there is con-

siderable dulling of the flame, the furnace pressure

oscillates, large mounds of wet fuel accumulate on the

grate and it becomes impossible to maintain the mill

steam requirements. Moisture is the ‘single factor

limiting the further development of bagasse suspen-

sion firing’ [1]. In fact, one of the key motivations for

this present research is the detrimental effect that the

fuel moisture can have upon the boiler operation. In

order to gain insight into the location of temperature

fields and the reaction zones, experimental program

was carried out on an operating, industrial size ba-

gasse-fired furnace. Temperatures are recorded at key

points of interest. The furnace was modeled by using

three dimensional computational fluid dynamics

package FLUENT by incorporating various submod-

els. The experimental data set provides a valuable

base for the validation of the computational side of

this present work. Both experiment and calculations

clearly display the temperature zones and their

distribution within the furnace.

Studies related to the behavior of bagasse com-

bustion has revealed that the flame front is not at-

tached to the bagasse spreaders and also a continu-

ously burning bed at the rear of the furnace is desir-

able to stabilize the combustion. k–� turbulence

model have been used for bagasse combustion [2]. Fi-

nite volume approach for moeling bagasse combus-

tion has been carried and time dependent equations

for conservation of mass, momentum, energy and

chemical species are solved [3]. The effect of fuel

moisture has been investigated connected with the

steady state calculations of a bagasse furnace and re-

ported that the combustion activity reduces when the

moisture level reaches 60% [4]. The effect of fuel

moisture on pyrolysis and the effect of ‘flash ignition’

on wetter particles are carried by some research-

ers [5]. The intensity of combustion and energy effi-

ciency will be affected by the moisture content of the

fuel [6]. Some experimental investigations have re-

ported that the heat conduction through the dry outer

shell is a controlling factor in the drying of bagasse

cylinders [7]. The steady state and time dependent

calculations to investigate the instability in bagasse

fired furnaces due to moisture of the fuel and various

operating parameters have been well predicted in a

bagasse fired furnace [8]. The influences of boiler op-

erating parameters such as excess air and boiler load

on emissions in a bagasse fired furnace have been

studied and evaluated [9]. The deposition behaviour

at various parts in the boiler is also investigated [10].

Excess air has a key operating variable and plays a vi-

tal role in achieving the higher combustion effi-

ciency [11]. In the present work the temperatures are

measured at various points in the furnace to locate the

maximum temperature zones, pattern of flame propa-

gation within the furnace. The DSC and TG-DTA for

the bagasse are performed to study the thermal degra-
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dation. The test furnace used for this work has tangen-

tial over fire air system to aid the combustion of ba-

gasse in suspension and under grate air is the primary

air. The operating characteristics, flow pattern, and

the model of mixing in a furnace with tangential over

fire air system has not been adequately invest-

igated [12].

Furnace description

The furnace used for the test is a traveling grate

spreader stoker furnace with tangential over fire air

system to aid the suspension burning of the fuel. The

two important input parameters are bagasse and air.

The main source of air for combustion are under grate

air (65% of the FD air), tangential over fire air (30%

of the FD air) and distributor air (5% of the FD air).

There are 5 air distributors placed below the bagasse

spreaders. The test boiler operates at a nominal power

of 20 MW. The bagasse spreaders (5 Nos) are spaced

evenly in horizontal on the front wall of the furnace.

The air coming from the tangential ducts forms a

large vortex in the furnace. The size of the vortex de-

pends on the tilt angles and dimensions of the furnace.

These air flows from all the four ducts resulting in ef-

ficient mixing, due to vortex, rapid contact between

fuel and air, and flame interaction, that would ensure

a reliable combustion with uniform temperature dis-

tribution. Figure 1 shows the location and angle of

tangential over fire air openings on the water wall.

Experimental

In order to gain insight into the location of reaction

zones and temperature distribution, an experimental

program was carried out on the furnace. The mea-

sured bagasse input was 9.13 kg s–1. The main sources

of air for combustion are under grate air (26 kg s–1),

tangential over fire air (15 kg s–1) and distributor air

(2 kg s–1). Also the velocity of under grate air

(6 m s–1), tangential duct air (23 m s–1) and distributor

air (36 m s–1) are noted. The initial velocity of bagasse

from the spreaders was assumed to be the same as the

distributor air velocity. Since it is the air which carries

the fuel into the furnace. Furnace wall temperature

was 623 K and the moisture of the fuel was 51%

during the measurements.

During the experiments made on the furnace, the

boiler operating parameters were noted regularly dur-

ing the test period. The percentage of moisture of the

fuel was tested during the test period by using a

MB45 moisture analyzer. A specially built k-type

chromel–alumel thermocouple in a flexible 316 SS

tubing (8 mm) was used to measure the temperature.

A digital temperature indicator was used to record the

temperature. Samples of bagasse were tested for

thermogravimetric and differential thermal analysis

by using an STA 1500 analyzer. Throughout the test

period, the boiler was observed to run continuously

not showing signs of gross instability while samples

of bagasse had moisture contents as high as 54 and as

low as 47%. All the flame temperature measurements

were taken while the bagasse moisture content was

within this range. When the boiler did experience

problems, additional samples of bagasse were col-

lected and tested at laboratory for the moisture level

and found on the higher side. At these times there was

a noticeable dulling of the light coming from the win-

dows at the grate level and large mounds of bagasse

could be seen to be piling up on the grate, in front of

the spreaders. The mounds of bagasse at times were in

excess of half to one meter in height. The operating

conditions and properties of the fuel at 100% MCR

(maximum capacity rating) are noted. The furnace

was found operating with an equivalence air/fuel ratio

of 4.3:1. While the calculated stoichiometric air/fuel

ratio was 3.78:1.

The grate temperature was measured from both

the front and rear grate openings. The measurements

were made at all the seven grate openings. The vari-

ous locations where temperatures were recorded on

front and rear walls of the furnace are as shown in

Fig. 2. The measurements were also made at several

points at the level of tangential over fire windows, at a

height of 3.8 m above the grate, at a height of 8.2 m

above the grate on the rear wall and 10.17 m above

the grate on front wall near the neck region of the fur-

nace where maximum temperature was recorded.

Computational modeling

The furnace was modeled by using three dimensional

computational fluid dynamics package FLUENT. The
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Fig. 1 Location and angle of tangential over fire air openings

on the water wall



segregated implicit solver was used for solving the

transport equations. The turbulence was modeled by

standard k–� model. Radiation is modeled by using P1

model. Species transport was used for combustion

and combustible particles were assumed for bagasse

particles. Devolatilization of bagasse is modeled by

using Arrhenius kinetic mechanism [10].

d
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where � is the mass of volatiles released divided by the

original dry sample mass, �* is the ultimate mass of

volatiles released divided by the original dry sample

mass. The ultimate mass of volatiles (�*) is determined

as fraction of the original dry sample mass, including

ash. Here k is the Arrhenius coefficient given by
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The kinetic parameters [13] for sugarcane bagasse

under conditions approximating the ‘flash pyrolysis’ ex-

perienced in the furnace. In Eq. (2), the pre-exponential

A=2.13�106 s–1 and the activation energy

E=101.3 kJ mol–1. The ultimate yield for bagasse volat-

iles is 98.8% on a dry ash free basis. The values are

global reaction values and follows first order reaction.

The values are global reaction values and follows first

order reaction. Char combustion is modeled using

coal-char model [14], with char combustion kinetics [4].

Results and discussion

The computational model developed agrees qualita-

tively with the experimental data collected. The tem-

perature measured on the grate had variation in the in-

creasing order from the furnace front to the rear. The

temperature found higher at the rear end of the fur-

nace. Also measurements were made at the level of

tangential ducts at the rear side of the furnace above

the grate and found about 1380 K. The measurements

made at the rear side of the furnace at a height

of 8.2 m had temperature around 1460 K and the max-

imum temperature of about 1520 K measured at the

level of the furnace neck at a height of 10.7 m above

the grate. This maximum temperature zone later leads

to the super heaters zone. Table 1 gives the tempera-

tures measured at various points on the furnace

connected with Fig. 2.

There are two main zones of intense combustion

activity appears in the furnace. One is located on and

above the sloping rear wall of the furnace. It is due to

combustion of larger particles which are projected to

the back of the furnace by the spreaders. Tempera-

tures in excess of 1300 K arise in this region. Here the

combustion activity predicted on the rear wall extends

for the complete width of the furnace.

Figure 3 shows the measured and predicted values

at the grate level. During measurements, temperatures

were recorded along the grate depth at grate level. The

trend in increasing temperature towards the back wall

matches with the predicted temperature. It indicates the

delay to ignition due to drying and heat up of the fuel.

Also this high temperature at the rear of the furnace is

due to combustion of larger particles which are pro-

jected to the back of the furnace by the spreaders.

A second combustion zone arises in the upper part

of the furnace beyond the cool pre-ignition zone. This

high temperature region is due to the ignition of lighter
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Table 1 Measured and predicted temperatures at various points on the furnace

Measurements at the furnace center plane Measured temperature/K Predicted temperature/K

At 1 m in front of the grate (front wall) 712 746

At 3.86 m above the grate (rear side) 1381 1370

At 8.2 m above the grate (rear wall) 1468 1450

At 10.7 m above the grate (front wall) 1525 1520

Fig. 2 System set up for the experimental measurements;

A – sloping back of the furnace, B – digital indicator for

temperature measurement, C – thermocouple,

D – tangential over fire air windows,

E – bagasse spreader, F – combustion chamber,

G – undergrate air, H – to ash hopper, I – direction of

travel of the grate, J and K – thermocouple positions on

the side walls, L and M – thermocouple positions near the

neck of the furnace



bagasse particles that are swept upward by the vertical

gas stream. Finally near the neck of the furnace the

temperature raises to 1500 K. This is shown in Fig. 4.

The kinetics of the pyrolysis of sugar cane ba-

gasse and other biomass materials has been the subject

of much discussion. The result of the TG and DTA

analysis carried out for the fuel are given in Figs 5

and 6. Two samples with moisture 49, 53% were

tested. The moisture content of the bagasse coming out

of the industry normally lies between 47–53%. Test

samples are collected at different timings.

Figures 5 and 6 shows the mass loss (TG curve)

and rate of mass loss (differential thermal analysis,

DTA) with respect to temperature at the heating rate

of 10°C min–1. The curve was analyzed to obtain dry-

ing and pyrolysis characteristics, thermal degradation

rates, initial and final temperatures of pyrolysis reac-

tion zones and total degradation percent. The results

of general drying and pyrolysis behavior and different

zones during pyrolysis are given in Table 2. As seen

from TG analysis three distinct zones or regions occur

during the bagasse pyrolysis. The first zone is from

the ambient temperature to onset of active pyrolysis.

Initially, in this zone, the mass loss of the material oc-

curs due to demoisturisation which starts around

25°C, peaks at 78°C with reference to Fig. 5. The total

mass loss in this stage is 5–6% of the wet sample.

Thereafter, the curve manifests an almost horizontal

line with slight loss of mass which is followed by an

onset of degradation of the material as evinced by first

visible loss of mass after the horizontal line. Past

workers [15–17] have found that this degradation in

bagasse is either due to removal of bound form of

moisture or due to evaporation of light volatile matter.

The second zone represents the major decomposition

of the material and is considered to occur between the

initial temperature 241°C and the final temperature

350°C, obtained by the intersection of the adjacent

straight line parts of TG curve and are considered as

the active or first pyrolysis zone. This step manifests

the intense loss of mass at rapid rates, and release of

different types of volatiles. The third zone represents

temperature above the final temperature of active py-

rolysis zone 350°C and is also considered as passive

pyrolysis or second pyrolysis zone. In this zone, the

amount and rate of mass loss is lower and slower than

the active pyrolysis zone. Previous work on bagasse,

has reported that the cracking of C–C bonds occur be-

tween 350–516°C [17]. In this zone the carbon and

ash content of the material increases [18]. The major

degradation of bagasse occurs between 300

and 500°C and leads to rapid reduction of char yield

between these temperatures [19]. The other line con-

nected with differential thermal analysis indicates the

peak temperatures at which the various stages of deg-

radation proceeds. In Fig. 5, point 2 on DTA line cor-

responding to around 350°C and the maximum mass
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Fig. 3 Measured and predicted temperatures along the grate

depth

Fig. 4 Temperature in K at the centre spreader plane

Fig. 5 TG and DTA analysis result for bagasse at moisture 49%

Fig. 6 TG and DTA analysis result for bagasse at moisture 53%



loss in the third step occurs at 413°C. The two stages

of pyrolyis are indicated by 1–2 and 2–3. 3–4 is char

burning. It also implies that the thermal degradation

of the sample in air up to 600°C is two-step

degradation because the first step mass loss is due to

moisture loss.

Previous research conducted on a variety of bio-

mass including bagasse has shown that volatiles of dif-

ferent nature (both tar and non-tar) are released at fol-

lowing temperature ranges: less than 200, 200–280,

280–320 and 320–500°C [18, 20]. It is considered that

the biomass is made up of various constituents, which

decompose at different temperature regions. At tem-

perature less than 100°C, biomass losses mainly mois-

ture; between 100–250°C, extractives start decompos-

ing; between 250 and 350°C predominantly hemi-

cellulose decomposes; between 350 and 516°C cellu-

lose and lignin decomposition occurs. At temperatures

above 516°C, mainly lignin decomposes and contrib-

utes to char formation [15–18, 21].

Differential scanning calorimetry (DSC) is a

thermoanalytical in which the difference in the

amount of heat required to increase the temperature of

a sample and reference are measured as a function of

temperature. DSC is a thermal analysis method that

measures the heat evolution from a sample under a

controlled temperature scan and is under continuous

development [22]. The raw bagasse and the larger

particles selected from the raw bagasse are tested for

DSC analysis by using Mettler Instrument. The larger

particles were selected, because these are the particles

causing problem during combustion due to heap for-

mation. Due to their moisture content and size they

get deposit in front of the spreaders and affects flame

stability. In Fig. 7 the endothermic reaction reaches

the peak around 50 mW, this is due to its moisture

content. While the DSC results for larger particles

shown in Fig. 8, the endothermic peak reaches around

23 mW. These particles are greater than 2057 micron

in diameter and few centimeters in length. The differ-

ence is due to the raw bagasse consisting of particles

with various sizes, which measures few centimeter in

diameter and length, which consumes more heat be-

fore it starts degradation.

Figure 9 shows the comparison of differential

scanning calorimeter analysis results for the three

samples. The particle with size 250 micron attains the

endothermic peak at 90.64°C during which it con-

sumes –6 mW. The particle with size 1003 micron

reaches its peak temperature of 97.25°C and con-

sumes around –7.5 mW. While it is around –23 mW

for larger particles and around –50 mW for raw ba-

gasse. This analysis clearly indicates that the particle

sizes influences the heat absorption rate, which is a

significant factor for combustion.

Figure 10 shows the effect of tangential air re-

sulting in circular temperature distribution towards

J. Therm. Anal. Cal., 90, 2007 303

LOCATION OF REACTION ZONES IN A BAGASSE FIRED FURNACE

Table 2 Drying and pyrolysis characteristics of bagasse at different moistures levels

Zone and characteristics 49% 53%

Zones pyrolysis characteristics temperature range/°C mass loss/% temperature range/°C mass loss/%

1–2 demoisturisation <77.89 5.435 <65.46 13.843

2–3 thermally stable 77.89–241.15 0.028 65.46–251.18 2.262

3–4 active pyrolysis 241.15–349.51 55.272 251.18–355.19 55.805

4–5 passive pyrolysis 349.51–516.38 25.995 355.19–490.41 19.954

Beyond 5 thermally stable >516.38 13.27 (ash) >490.41 8.136 (ash)

Fig. 7 DSC analysis of raw bagasse

Fig. 8 DSC analysis of selected larger particles from the raw

bagasse



the furnace wall. The air coming from the ducts forms

a large vortex in the furnace resulting in efficient mix-

ing of the fuel and air. Due to vortex, rapid contact be-

tween fuel and air, and flame interaction, that would

ensure a reliable combustion with uniform tempera-

ture distribution.

Figure 11 shows the experimental and the pre-

dicted temperatures measured in front of all the grate

openings at a distance of 1 m. The front end of the

grate normally possesses the burnt ash which is trav-

eling from the back and some unburnt particles which

are heavy and fall in front of the grate. There will be

bed of hot ash in this zone and extends for the whole

width of the furnace.

Figure 12 shows the experimental and the pre-

dicted temperatures measured in front of all the grate

openings at a distance of 2 m. Here the temperature

across the width of the furnace higher than that mea-

sured at 1 m from the grate openings. This is due to

the combustion of fuel particles on the grate.

Figure 13 shows the experimental and the pre-

dicted temperatures measured from the rear side of the

grate openings at a distance of 1 m. The temperature is

high in this zone due to the combustion of the particles

which are coming down the sloping back where com-

bustion takes place for most of the medium sized parti-

cles. Also the temperature distribution along the

spreader plane clearly indicates that the combustion of

bagasse takes place at the rear of the furnace.

A typical sample of bagasse encompasses a very

wide range of particle sizes. Bagasse particles typi-

cally have dimensions of the order of 100 microns

while the largest particles have maximum dimension

of a few centimeters. The smallest particles follow the

gas stream quite closely and are swept upwards after

entry to the furnace, while the larger particles fall on

to the grate. The smallest particle selected has a nomi-

nal diameter of 181 microns which is the diameter of

an equivalent cylindrical particle.

The heat transfer takes place via both convection

and radiation. The Spalding transport ‘B’ number ap-

proach is used to determine the mass transfer. The

convection heat transfer coefficients are used in com-
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Fig. 9 DSC results for various sized bagasse particles

Fig. 10 Temperature distribution at the tangential over fire air

windows level

Fig. 11 Grate measurements from the front grate openings at a

distance of 1 m

Fig. 12 Grate measurements from the front grate openings at a

distance of 2 m

Fig. 13 Grate measurements from the rear grate openings at a

distance of 1 m



puting the drying history of the particles. The 181 mi-

cron particle is dry after about 0.9 s, while the 668 mi-

cron particle, drying takes about 2 s. As the particle is

projected further out into the furnace, its temperature

increases and moisture mass loss progresses at a finite

rate. From the particle size distributions it is apparent

that the surface area to volume ratio of the 181 micron

particle is around 4.6 times that of the 668 micron par-

ticle. Furthermore, the dry density of the larger parti-

cle is 4 times that of the smaller. The net result of this

is that, per unit surface area, the 668 micron particle

contains about seventeen times as much moisture as

the 181 micron particle.

The temperature profile for particles 181, 668,

1638 and 2766 micron are shown in Fig. 14. The

181 micron particle reaches the maximum tempera-

ture around 0.2 s and reaches around 1630 K, while

668 micron particle reaches around 800 K, lesser

than 181 micron particle due to its moisture content.

The 1638 particle takes around 0.3 s to reach the max-

imum temperature during its travel along the grate

and then it falls on to the grate. Similarly the 2766 mi-

cron particle reaches the maximum temperature

around 0.1 s before falling on to the grate. The tem-

peratures shown on the figure are combustion temper-

atures. The adiabatic temperature calculated was

1651 K. The temperatures attained by the particles are

slightly less than the adiabatic temperature calcu-

lated. In the figure it is observed that as soon as the

particle enters the furnace its temperature starts rising

and the particle releases its volatile content then fol-

lows the thermal degradation. At the end of the curve

it can be observed that due to some thermally stable

minerals present in the fuel ash, the difference in

temperature along the curve is negligible as the

particle passes over the grate.

Figure 15 shows that the 181 micron particle

reaches maximum velocity due to the influence of dis-

tributor air jet. Due to high velocity distribution air jet,

the bagasse particles gain high velocity when it comes

out of the spreader. The 181 micron particle reaches a

maximum velocity at around 0.02 s during which the

particle gets dried and later it follows devolatilization

and char burning. Similarly for 668 micron particle,

due to its size and moisture content, it reaches its maxi-

mum velocity at around 0.2 s. Similarly the 1638 mi-

cron particle takes 0.14 s to reach the maximum veloc-

ity and it is about 0.1 s for the 2766 micron particle.

The observation of the furnace justifies that the large

clumps of fuel accumulation on the grate in front of the

spreader to support the above.

Conclusions

The calculations and experiment clearly shows that

much combustion activity occurs over the rear half of

the test furnace. The fuel moisture does significantly

affect the size of the pre-ignition zone and hence fur-

nace stability. Fuel moisture plays a very important

role in the initiation of instability in bagasse fired fur-

naces. Actual observations of furnace suggest that sud-

den changes in bagasse moisture which arise due to

problems with mill operation appear to have a great ef-

fect on the furnace behaviour. Tangential air flow rates

have an effect on the size of recirculation zone by

forming an imaginary circle of flame inside the furnace

to increase more heat transfer to the water walls. The

analytical investigation made on the bagasse samples

with different particle sizes also supports the simula-

tion result made in this work. As the particle size in-

creases, its tendency to absorb the energy increases

during endothermic reaction with increase in time.

The maximum temperature attains at the neck of

the temperature. It is found that raising the under-grate

air flow can significantly increase the delay to ignition.

Perhaps this may be attributed to the effect that the flow

rate of under-grate air has upon the rate of deposition of

fuel on the furnace grate. Also the bagasse and air flow

rates through spreaders are found to have some influ-

ence on the ignition delay and the location on the fur-

nace grate where the large particles come to rest.
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Fig. 14 Temperature profile of the particles

Fig. 15 Velocity of the particles on the grate



Acknowledgements

The authors extend sincere thanks to the Management and

workers of BAS Cogeneration plant Sathyamangalam for pro-

viding the necessary help during the experiments.

References

1 T. F. Dixon, Preliminary measurements in the flame re-

gion of a bagasse-fired boiler, Proceedings of Australian

Society of Sugarcane Technologies, (1984), pp. 165–171.

2 B. E. Launder and D. B. Spalding, Computer Methods

Appl. Mechanics Eng., 3 (1974) 269.

3 R. K. Boyd and J. H. Kent, Twenty-first Symposium

(International) on Combustion, 21 (1986) 265.

4 M. Luo and B. R. Stanmore, J. Inst. Energy, 67 (1994) 128.

5 J. F. Stubington and S. Aiman, Energy Fuels, 8 (1994) 194.

6 T. Abbas, P. G. Costen and F. C. Lockwood, Twenty-sixth

Symposium (International) on Combustion, 2 (1996) 3041.

7 P. Arici and B. R. Stanmore, Int. Sugar J., 99 (1997) 71.

8 P. Woodfield and J. Kent, Second International Conference

on CFD in the Minerals and Process Industries, CSIRO,

Melbourne, Australia 1999, pp. 299–304.

9 F. N. Teixeira and E. Silva Lora, Biomass Bioenergy, 26

(2004) 571.

10 S. Srikanth, S. K. Das, B. Ravikumar, D. S. Rao,

K. Nandakumar and P. Vijayan, Biomass Bioenergy,

27 (2004) 375.

11 V. I. Kuprinov, K. Janvijitsakul and W. Permachart, Fuel,

85 (2006) 434.

12 F. El-Mahallawy and S. El-Din Habik, Fundamentals and

Technology of Combustion, 1st Ed., Elsevier Energy

Publishers, 2002.

13 A. F. Drummond, Ind. Eng. Chem. Res., 35 (1996) 1263.

14 I. W. Smith, Nineteenth Symposium (International) on

Combustion, 19 (1982) 1045.

15 M. M. Nassar, E. A. Ashour and S. S. Wahid,

J. Appl. Polym. Sci., 61 (1996) 885.

16 M. M. Nassar, Wood Fiber Sci., 17 (1985) 226.

17 P. Roque-Diaz, V. Z. Shemet and V. A. Lavrenko,

Thermochim. Acta, 93 (1985) 349.

18 G. Várhegyi, M. J. Antal, T. Szekly and P. Szabó,

Energy Fuels, 3 (1989) 329.

19 S. Katyal, K. Thambimuthu and M. Valix, Renewable Energy,

28 (2003) 713.

20 P. D. Grover, Thermochemical Characterization of Biomass,

Vol. II, Indian Institute of Technology, New Delhi,

India 1997.

21 M. A. Conners and C. M. Solazar, Proceedings Symposium

on Forests Residues, International Achievements and Future,

Vol. 5, Pretoria, S. Africa, 7–12 April 1985.

22 B. Wunderlich, J. Therm. Anal. Cal., 78 (2004) 7.

Received: May 29, 2006

Accepted: February 6, 2007

OnlineFirst: April 29, 2007

DOI: 10.1007/s10973-006-7703-2

306 J. Therm. Anal. Cal., 90, 2007

SHANMUKHARADHYA, SUDHAKAR



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


