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Abstract In this study, non-edible Jatropha oil and post-
cooking waste soybean oil were utilized for enzymatic
biodiesel production. The process was optimized by using
a statistical method. In addition, a novel continuous process
using co-immobilized Rhizopus oryzae and Candida rugosa
lipases was developed. The optimum conditions for the
batch process were determined to be a reaction temperature
of 45°C, an agitation speed of 250 rpm, 10 wt% of water,
and 20% of immobilized lipases. A conversion of about
98% at 4 h could be achieved for biodiesel production
using Jatropha oil, while a conversion of about 97% at 4 h
was achieved from waste soybean oil. A packed bed
reactor charged with co-immobilized lipases was employed
for continuous biodiesel production from Jatropha and
waste soybean oil. The reactor consisted of a jacketed glass
column (ID 25 mm x 130 mm), in which a temperature of
45°C was maintained by water circulation. A maximum
conversion of about 80% in 24 h at a flow rate of 0.8 mL/
min was achieved with the continuous process, whereas in
the two-stage continuous process, a conversion of about
90% in 72 h was attained at a flow rate of 0.1 mL/min.
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1. Introduction

The rise in the number of petroleum-based industries and
petroleum vehicles equipped with internal combustion
engines has led to an increase in worldwide oil demand and
an increase in the emission of greenhouse gases and
pollutants. This has triggered the need for the development
of alternative energy sources as substitutes for fossil
energy. Furthermore, the Kyoto Protocol (1997) and
Johannesburg Declaration (2002) recommend reduced gas
emissions and the development of renewable energy
sources. This resulted in a worldwide change in interest
from petroleum to renewable energy. Although many types
of renewable energy have been developed, most are still
not practically employable, and their rapid commercialization
is difficult [1-3]. However, bioenergy, especially in the
form of biodiesel, is advantageous owing to its transitional
characteristic properties that are very similar to those of
diesel fuel oil. It can also be used immediately without any
modification. Thus, biodiesel can be readily commercialized
and is already being employed in several countries [3].
Biodiesel is produced by the transesterification of oil and
methanol to fatty acid methyl esters (FAME) [1,3,11]. In
general, biodiesel has been produced using acid-base catalysis,
which however requires multistage reaction procedures
and time-consuming work-ups involving neutralization and
purifications that must be performed during the production
process to avoid the acid-base catalysts and remaining
impurities corrodingengines. Furthermore, the by-products
and waste water from the process act as potential environment
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pollutants [4-6].

Thus, it is necessary to develop an eco-friendly process
with low energy requirements that can meet the global
demand for biodiesel. An enzymatic process could reduce
energy costs owing to the mild reaction conditions compared
to the conditions in a chemical process. Specifically,
saponification is affected by fiee fatty acids (FFA) in processes
that employ chemical catalysts. Thus, an enzymatic process
for biodiesel production has been attracting increasing
attention, and it is assumed that the process may help in
solving food problems by generating energy from non-
edible substrates. However, low conversion, slow reaction
rates, and high lipase prices could be obstacles for the
commercialization of enzymatic processes [1,7,10,11].

The objectives of this study were to optimize the process
of biodiesel production from Jatropha oil using a statistical
method and to develop a novel continuous process that
employs immobilized enzymes to improve the productivity
of enzymatic biodiesel production [8]. Waste soybean oil
has also been employed to verify the expandability of the
continuous biodiesel production system from other feedstock.

2. Materials and Methods

2.1. Materials

R. oryzae lipase, C. rugosa lipase, (3-aminopropyl) trieth-
oxysilane (3-ATPES), and glutaraldehyde were purchased
from Sigma-Aldrich Co. (USA). MOPs-free acid was
supplied by Bio Basic Inc (Canada). Silica gel was obtained
from the Grace Davison Co. (USA) [10]. All other chemicals
used were of reagent grade.

2.2. Biodiesel production

The batch process for the production of biodiesel was
carried out using oil (3 mmol) in methanol (4.5 mmol) in
a shaking incubator at 250 rpm and 45°C for 4 h. The
circulation and two-stage continuous process was performed
in a packed-bed reactor (PBR). Fig. 3 shows a packed-bed
reactor system for improved biodiesel production. Reactors
#1 and #2 were comprised of water-jacketed glass columns
(ID 25 mm x 130 mm), of which the temperature was
maintained at 45°C by circulating water through the water
jacket. Oil, water, and methanol were agitated and preheated
in substrate tanks #3 and #4 (1,000 mL). The mixture was

pumped into the reactor using a peristaltic pump. Co-
immobilized lipases (20 g) were packed into the packed-
bed reactors for the production of the biodiesel.

2.3. Design of experiment and statistical optimization
The experiment was designed using a central composite
design (CCD) having an o value of o = (2")"*. The
independent variables as well as the corresponding coded
values for RSM are shown in Table 1. Xj, X, and Xj; refer
to the temperature, agitation speed, and water content,
respectively. The results of 18 experiments were utilized to
optimize the (DAP) conditions. The variables were coded
according to the following equation:

X = (Xi — X)/AX (i=1, 2, 3,....J)

where x; is the coded value of the variable X, X, is the
independent variable real value at the center point, and AX
is the step change value. The behavior of the system is
explained by the following second-degree polynomial
equation:

y=Fp+ X+ I BXT T AXX

where y is the predicted response, X; and X are input
variables that influence the response variable y, £ is the
offset term, A is the i linear coefficient, /3 is the quadratic
coefficient, and f; is the ij™ interaction coefficient. The
twenty designed experiments, the experimental design, and
the observed and predicted values are presented in Table 2.
A CCD for three independent variables, each at five levels,
was employed to fit a second-order polynomial model,
which requires 18 experiments [12,13]. The SAS 9.1 package
program was used for regression analysis of the data and to
estimate the coefficients of the regression equation.

2.4. Analysis

The ester content was determined in accordance with EN
14103 [14]. The fatty acid methyl ester (FAME) contents
were analyzed using gas chromatography (GC) M6000D
(Young Lin Co. Ltd.,, Korea) performed on a HP-
INNOWAX column (30 m x 25 pm, 1909IN-133, Agilent,
USA) [5]. A 1 uL sample volume was injected and a split
injector was used having a split ratio of 50:1 at an injector
temperature of 250°C. The oven temperature was raised from
140°C to 245°C at a rate of 5°C/min, and then maintained
at 245°C for 10 min. The flame ionization detector (FID)

Table 1. Real and coded values of the factors used in the experimental design for optimization of biodiesel process

Coded value

Symbol -1.682 -1 0 +1 +1.682
Temperature (°C) X, 36.6 40 45 50 534
Agitation speed (rpm) X, 166 200 250 300 334
Water content (%) X 1.6 5 10 15 18.4
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Table 2. Experimental design and results for response surface
methodology (RSM)

Table 3. Optimal point comprising of three factors and maximum
values for the model on biodiesel production

T Agitation Water FAME
Run emperature speed content conversion
0 P ) )
(rpm) (%) (%)

1 -1 -1 -1 33.08
2 -1 -1 1 49.13
3 -1 1 -1 32.71
4 -1 1 1 33.39
5 1 -1 -1 40.08
6 1 -1 1 63.89
7 1 1 -1 46.94
8 1 1 1 49.32
9 -1.682 0 0 55.73
10 1.682 0 0 75.15
11 0 -1.682 0 35.36
12 0 1.682 0 56.01
13 0 0 -1.682 62.15
14 0 0 1.682 65.87
15 0 0 0 91.38
16 0 0 0 94.10
17 0 0 0 94.48
18 0 0 0 86.42

was set to 250°C. Methyl heptadecanoate was included as
the internal standard for GC.
FAME was calculated using the following equations:

_ (ZPA)_SAmh % th_v
SA.L m

C mh % 100

where

D PA is the total peak area from the methyl ester in C,4
to that in Cyy.;

SA., is the peak area corresponding to methyl
heptadecanoate;

Cun 1s the concentration, in milligrams per milliliter, of
the methyl heptadecanoate solution being used;

Vo 18 the volume, in milliliters, of the methyl
heptadecanoate solution being used;

m is the mass, in milligrams, of the sample.

3. Results and Discussion

3.1. Optimization of batch process of biodiesel production
The biodiesel production process was optimized by varying
the reaction conditions, including substrate concentration,
reaction temperature, and agitation speed. The process was
coded by a central composite design (CCD) having three
variables at five levels (Table 1), including temperature,
agitation speed, and water content as independent variables
and conversion rate as a dependent variable [9-13]. The
design of the experiment (DOE) and the yields of the

Sum of Degrees of Mean

Source F-value P> F
squares freedom  square

Model 6,726.659 9 69741  5.66 0.0162
Error 861.96 7 123.123

Corrected total 7,138.52 16

Coefficient of variation (CV) = 19.273%, coefficient of determina-
tion (R?) = 0.879.

Source DF Mean F-value Pr>F
square
Intercept 1 94.14 17.35 <0.0001
X, 1 6.19 2.15 0.0638
X, 1 0.080 0.28 0.7885
X; 1 3.6 1.25 0.2466
X 1 -12.67 -4.02 0.0039
X 1 -19.66 -6.35 0.0002
X33 1 -13.18 -4.18 0.0031
Xin 1 1.05 0.28 0.7873
X3 1 1.18 0.31 0.7614
X 1 -4.60 -1.22 0.2564

conversion to biodiesel after a 4 h reaction are shown in
Table 2. Fig. 1 shows the variance of experiment results for
each condition, and this shows that the statistical model
used for this study was suitable for optimization, since
tolerance of the predicted and the experimental value are
within 5%, as determined by statistical analysis.

The derived polynomial equation is as follows:

Y=94.14 + 6.193X, + 0.80X; + 3.60X; + 1.05X, + 1.18X);
—4.60Xy; — 12.67X;; — 19.66X,, — 13.18X5;

The polynomial equation was partially differentiated and
the maximum point or the differential value was determined
to be zero, which suggests that the stationary point was the
maximum. Three-dimensional (3D) plots for all coupled
factors were also drawn from partial differentiation. 3D
mesh plots of the results were analyzed using the statistical
analysis system (SAS) and further utilized for the analysis
of response surface methodology (RSM) and variance.
Analysis of the variance (ANOVA) was carried out for a
selected model.

The F value and P value were 5.66 and 0.0162,
respectively, while the reliability was 5% of the significance
level when the statistical significance was investigated
using a quadratic equation. The coefficient of determination
(R?) of the conversion rate model was excellent at 0.879,
while the coefficient of variation (CV) was 19.273%, which
was higher than the optimized value obtained earlier; this
indicates that the variables have significant effects on
biodiesel production, as supported by the 3D oval shape
(Fig. 2). The optimum reaction conditions for maximum
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Predicted value

Experimental value

Fig. 1. Predicted and experimental values of probability plot.

conversion to biodiesel involved a reaction temperature of
45.75°C (X;=0.15), an agitation speed of 250.3 rpm (X, =
0.006), and a water content of 10.44% (X; = 0.087). The
expected maximum conversion at the optimized reaction
conditions was 93.32%. The actual conversion to biodiesel
under the optimized reaction conditions, which was performed
to verify the optimization, was 96.63%. The actual value was
very close to the expected value with +1.95% tolerance,
demonstrating that the statistical analysis and optimization
were reliable.

3.2. Development of novel continuous biodiesel production
In an earlier study, we co-immobilized R. oryzae and C.
rugosa lipase on a carrier and optimized the production of
biodiesel using a batch process. A continuous system was
developed by employing a packed-bed reactor. The substrate
directly contacted the surface of the catalyst packed in a
channel of the reactor, resulting in enhanced mass transfer
due to the increased pressure in the reactor [8,10]. A five-
fold reduction in the amount of immobilized lipases used
was realized, and the substrate quantity was doubled
compared to that used in our previous study. A schematic
flow diagram of the process is shown in Fig. 3.

The overall process involved several types of equipment,
including two packed-bed reactors (1, 2), a substrate tank
(3), a feeding tank (4), a product tank (5), and pumps (8).
The reactors, substrate tank, and feeding tank were
maintained at the reaction temperature using a water jacket
(6). The novel continuous system consisted of two parts: a
circulation process occurs in the first part, which contains
reactor #1 (1), and a continuous flow process occurs in the
second part, which contains reactor #2 (2). The two parts are
linked through a 7-valve (7), which is opened when
biodiesel conversion reaches an appropriate concentration
and delivers the reactants to reactor #2 of the continuous
flow system, where the conversion could further increase
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Fig. 2. Response surface plot representing the effect of (A)
temperature and agitation speed; (B) temperature and water

content; and (C) agitation speed and water content on biodiesel
production.

to the maximum limit. Feeding is also started when the 7
valve is open and the flow rates of feeding and the outlet
are required to be equal.

In the circulation process, the substrate was fed from the
substrate tank (3) into the reactor. The circulation flow rate
is an important variable because continuous transesterification
is necessary during this process, which concerns the mass
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Fig. 3. Schematic diagram of a two-stage continuous process for
enzymatic biodiesel production using co-immobilized lipase.
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Fig. 4. Circulation production of biodiesel by co-immobilized
Candida rugosa and Rhizopus oryzae lipases in packed-bed
reactor: Jatropha oil (O) and waste soybean oil (@). Experiments
were carried out in triplicate and the variations were less than 5%.

transfer rate. However, the circulation flow rate could also
affect the energy cost because a higher flow rate could
induce higher pressure in the reactor. In this experiment, a
circulation flow rate of 0.8 mL/min was employed, based
on our earlier study [10,15]. The flow from reactor #1 (1)
was transferred to the substrate tank.

The biodiesel conversion at each reaction time interval is
shown in Fig. 5. When circulating a mixture of Jatropha
oil, methanol, and water through the circulation system, the
biodiesel conversion was about 80% at 24 h, which was
much higher than that obtained through Tamalampudi’s
procedure, in which about 80% conversion at 60 h was
reported [18].

Similarly, the circulation process was employed for

60 1

40 -

FAME conversion (%)

20 4

0 T T T T T T T T T
0 4 10 16 22 28 34 48 60 72

Reaction time (h)

Fig. 5. Two-stage continuous production of biodiesel by co-
immobilized Candida rugosa and Rhizopus oryzae lipases in
packed-bed reactors:Jatropha oil (O) and waste soybean oil (@).
Experiments were carried out in triplicate and the observed
variations were less than 5%.

biodiesel production from waste soybean oil. The composition
of waste soybean oil differs from that of pure oil, which
may lead to a lower conversion than that in the case of the
Jatropha oil. Experimental results showed about 77%
conversion at 24 h, which was lower than the biodiesel
production from Jatropha oil. The low conversion yields
may be attributed mainly to the FFA and phospholipid
contents of the waste soybean oil. Although the transesteri-
fication occurs below that of 0.5% occurring for the FFA in
pure oil, waste soybean oil having high FFA content
showed high conversion of biodiesel [16,17].

Thus, the circulation process may aid pre-reaction before
the main continuous flow process; while the reactants and
product were circulated, the product concentration consistently
increased. The performance and conversion could be
maximized by opening the 7-valve when the conversion
reached about 50%, which occurred about 15 h after starting
the reaction.

Fig. 5 shows the results from the final biodiesel
conversion. When the conversion was below 50%, product
conversion could not be maximized, and as the delivery
concentration of biodiesel increased, the final conversion
reached approximately 90%, which was the conversion
measured at the product tank ((5) of Fig. 3). The T-valve
was opened while starting the feeding pump that operated
to feed the substrate flow so that the flow rate was identical
to the outlet flow of the final product. Thus, the con-
centration in the circulation process could be maintained at
a constant concentration of about 50% of biodiesel conversion
and the final product conversion was maintained at about
90% for the entire reaction time of about 72 h. Whether the
substrate was Jatropha or waste soybean oil, the conversion
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at the final step was similar. The reason for this was the
similarity of the fatty acid composition of Jatropha oil and
waste soybean oil. The two types of oils were very similar
in the fatty acids of C16: 0, C18: 0, C18: 1, and C18: 2.

Thus, the development of such a commercial continuous
biodiesel production plant needs scaling up is needed
during which an investigation of various conditions and
dynamics such as mass and heat transfer that affect the final
conversion of the entire process for maximum production.
Research on stoichiometry is particularly important because
in the circulation process, if the flow rate is higher than the
optimum value, the concentration of biodiesel can decrease;
on the other hand, if the flow rate is lower than the optimum
value, the production cost will increase. In our laboratory-
scale study, the numerical analysis and optimization of
stoichiometry was carried out only by trial and error. The
least optimal operation conditions were roughly determined,
and the right operation of the process was determined by
assumption from the results of trial and error.

4. Conclusion

In this study, biodiesel production from Jatropha oil by
immobilized enzymes was optimized using a statistical
method. Experiments were designed using the central
composition model, and analysis of variance was conducted.
The optimal conditions were determined to be 45°C,
250 rpm, and 10% water content. At optimal conditions,
conversion of upto 98% over 4 h of reaction time could be
achieved. Based on the optimization, a novel continuous
process consisting of a circulation and continuous flow
process for biodiesel production was developed. Waste
soybean oil was also employed as a substrate to verify the
expandability of the novel process. A final conversion of
about 90% could be attained and maintained at a flow rate
of 0.8 mL/min in 72 h of reaction time; the 7-valve was
opened at 50% conversion in the circulation process.

Acknowledgements

This work was supported by the Advanced Biomass R&D
Center (ABC-2011-0031360) of the Global Frontier Project
funded by the Ministry of Education, Science and Technology
along with the Honam Petrochemical Corporation.

References

1. Shimada, Y., Y. Watanabe, A. Sugihara, and Y. Tominaga (2002)
Enzymatic alcoholysis for biodiesel fuel production and applica-

@ Springer

10.

11.

12.

14.

15.

16.

17.

18.

tion of the reaction to oil processing. J. Mol. Catal. B Enzym. 17:
133-142.

. Muniyappa, P. R, S. C. Brammer, and H. Noureddini (1996)

Improved conversion of plant oils and animal fats into biodiesel
and co-product. Bioresour. Technol. 56: 19-24.

. Tan, T, J. Lu, K. Nie, L. Deng, and F. Wang (2010) Biodiesel

production with immobilized lipase: A review. Biotechnol.
Adv28: 628-634.

. Shimada, Y., Y. Watanabe, T. Samukawa, A. Sugihara, H. Noda,

H. Fukuda, and Y. Tominaga (1999) Conversion of vegetable oil
to biodiesel using immobilized Candida antarctica lipase. J. Am.
Oil Chem. Soc. 76: 789-793.

. Shieh, C. J.,, H. F. Liao, and C. C. Lee (2003) Optimization of

lipase-catalyzed biodiesel by response surface methodology.
Bioresour. Technol. 88: 103-106.

. Iso, M., B. Chen, M. Eguchi, T. Kudo, and S. Shrestha (2001)

Production of biodiesel fuel from triglycerides and alcohol using
immobilized lipase. J. Mol. Catal. B Enzym. 17: 157-165.

. Go,A.Ra,J. W.Ko, S.J. Lee, S. W.Kim, S. O. Han, J. W. Lee,

H. M. Woo, Y. S. Um, J. W. Nam, and C. H. Park (2012) Process
design and evaluation of value-added chemicals production from
biomass. Biotechnol. Bioproc. Eng. 17: 1055-1061.

. Hama, S. and A. Kondo (2012) Enzymatic biodiesel production:

An overview of potential feedstocks and process development.
Bioresour. Technol. 135: 386-395.

. Lee, D. H., C. H. Park, J. M. Yeo, and S. W. Kim (2006) Lipase

immobilization on silica gel using a cross-linking method. J. Ind.
Eng. Chem. 12: 777-782.

Lee, J. H,, S. B. Kim, C. H. Park, B. S. Tae, S. O. Han, and S. W.
Kim (2010) Development of batch and continuous processes on
biodiesel production in a packed-bed reactor by a mixture of
immobilized Candida rugosa and Rhizopus oryzae lipases. Appl.
Biochem. Biotechnol. 161: 365-371.

Lee, D. H, J. M. Kim, H. Y. Shin, S. W. Kang, and S. W. Kim
(2006) Biodiesel production using a mixture of immobilized
Rhizopus oryzae and Candida rugosa lipases. Biotechnol. Bio-
proc. Eng. 11: 522-525.

Kim, S. B., J. H. Lee, K. K. Oh, S. J. Lee, J. Y. Lee, J. S. Kim,
and S. W. Kim (2011) Dilute acid pretreatment of barley straw
and its saccharification and fermentation. Biotechnol. Bioproc.
Eng. 16: 725-732.

. Lee,J.H,, S. L. Lim, Y. S. Song, S. W. Kang, C. Park, and S. W.

Kim (2007) Optimization of culture medium for lactosucrose
(4G-B-D-Galactosylsucrose) production by Sterigmatomyces
elviae mutant using statistical analysis. J. Microbiol. Biotechnol.
17: 1996-2004.

Jang, M. G, D. K. Kim, S. C. Park, J. S. Lee, and S. W. Kim
(2012) Biodiesel production from crude canola oil by two-step
enzymatic processes. Renew. Energy 42: 99-104.

Feng, Y., A. Zhang, J. Li, and B. He (2011) A continuous process
for biodiesel production in a fixed bed reactor packed with cat-
ion-exchange resin as heterogeneous catalyst. Bioresour. Technol.
102: 3607-3609.

Santacesaria, E., R. Tesser, M. D. Serio, M. Guida, D. Gaetano,
and A. G. Agreda (2007) Kinetics and mass transfer of free fatty
acids esterification with methanol in a tubular packed bed reac-
tor: A key pretreatment in biodiesel production. Ind. Eng. Chem.
Res. 46: 5113-5121.

Ma, F.,, L. D. Clements, and M. A. Hanna (1998) The effects of
catalyst, free fatty acids, and water on transesterification of beef
tallow. Trans. ASAE. 41: 1261-1264.

Tamalampudi, S., M. R. Talukder, S. Hama, T. Numata, A.
Kondo, and H. Fukuda (2008) Enzymatic production of biodiesel
from Jatropha oil: A comparative study of immobilized-whole
cell and commercial lipases as a biocatalyst. Biochem. Eng. J. 39:
185-189.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.33333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.33333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


