CHAPTER 6

DUPLEX COATED BOARD: RESULTS AND MODELING

This chapter is presented essentially to describe the model for duplex coated
board production (DP) for five different basis weights of DP, namely, DP 450, DP
400, DP 350, DP 310, and DP 270. The model has heen developed to determine the
patterns of variation among the use of material input and utility consumption for DP
in order to be able to predict the interrelations among these variables and the resulting
wastewater loads.

6.1 Modell: FA InputModel ofDP

6.1.1 Correlation M atrix

For DP 450 (Table 6.1), there were poor correlations between most variables.
It can be found that the correlated variables have correlation coefficients between
10.30] to |0.67]. The correlation among these variables in this correlation matrix
indicated that it was possible to group these variables into the three different groups
based on moderate to high degree of correlations. For group I, the moderate degree of
correlations between variables in this group (0.67) consisted of water and electricity.
For group 1, the moderate degree of correlations between variables in this group (-
0.68) was composed of Aoand Al. For group 111, the lower degree of correlations
between variables in this group (0.37 to 0.66) consisted of alum-clay-emulsifier, and
clay-cato-Ae-Color-latex-A7. Some variables were in ungrouping, namely, A8 A5
starch, and other. This indicated low power or usefulness of factor analysis for this set
of data that can affect to grouping the less number of variables in factors.



Variables

1 Water
2.Electricity

3. A6
4, A7

.a8

6 Al
7.A
8.AS
9.Clay
10.Emulsifier
11.Cato
12 Starch
13.Color
14, Latex
15.0ther
16.Alum
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Table 6.1 Correlation Matrix of Material Input of DP 450

1

0.67

0.36

0.37

0.17

-0.22

0.47

0.19

1

0.37

0.29

0.22

-0.25

0.37

0.25

-0.01

0.12

0.18

0.26

0.41

0.42

0.04

-0.01

1

0.43

0.08

0.17

0.28

0.27

0.27

0.27

0.54

011

0.56

0.57

0.27

0.17

1

0.04 1

016 026

023 019

040 0.07

-0.07 0.3
012 013
0.09 -0.02
027 0.05
0.68 0.04

066 0.05

1

-0.68

-0.13

0.08

0.19

0.01

-0.19

0.11

011

1

011 1

014 001 1
025 002 os3 1

013 011 o056 0.49

2 B 14 B 16

1

029 021 -047 -0.15 -0.14 1

025 o036 003 -0.10

022 035 1

026 033 00l 012 020 o036 1 1

011 -000 o046 -011 -0.04 -032 002 007 011 011 012 1

003 013

0.17

-0.08 -007 o055 03

017 -0.19 0.00 -0.00 -0.09 1
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Table 6.2 Correlation Matrix of Material Input of DP 400

Variables 1 2 3 4 5 6 7 g8 o 10 WL © 1B v 15

1.Water |

2.Electricity 08 1

3. Al 045 048 1

4. Ay 057 045 042 1

SAg 02 009 030 037 1

o. A9 -0,23 0,14 -0.29 -0.00 -0.02 1

A A] 052 042 06 043 021 -062 1

8 A 038 016 039 040 017 -033 054 1
9.Clay -0.05 -0.04 02 -0.04 015 -0.03 009 033 1

10.Emu|sifier 0.06 0.17 0.06 -0.05 -0.07 -0.19 0.14 0.04 0.25 1

11.Cato 040 033 055 o016 (L -02s 058 041 03 -00s 1

12 Starch 046 038 0.09 059 01 -0.08 033 034 -045 0.01 -0.07 1

13.Color 062 055 051 073 o021 -0.2 065 036 -021 -0.06 0.29 0.60 1

14 Latex 0.62 055 052 074 023 -0.22 065 037 -0.17 -0.06 030 059 0.99 1

15. Other -0.04 0.05 0.08 -0.09 -0.03 027 -0.08 001 -0.34 -0.07 001 011 0.07 0.06 1
]_6_A|um 024 017 015 012 001 036 020 015 03 075 0.08 -0.012 007 01 -013 1

Foror 400 (Table s .2). the pattern of correlations was clear for only two
groups of correlations. For group 1. the moderate to high degree of correlations
between variables in this group (-o.e2 10 0.s5) consisted of a1- A9, 4 1. 5. Ai-Cato,
Ar-water-electricity-color-latex, color- A% and color-starch- A7-water. namely,
emulsifier - alum, water - electricity, and color-latex. For group v, the moderate
degree of correlations between variables in this group .s, consisted of emulsifier
and alum. Some variables were in ungrouping, namely, A5, clay, and other.



Variables

1. Water
2 Electricity

3 A6
4 A7

3 Ag
6.Ag
T A

8.As

9.Clay

10 Emulsifier
11.Cato
12.Starch
13.Color

14, Latex
15.0ther
16Alum
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Table 6.3 Correlation Matrix of Material Input of DP 350

0.25

0.38

0.64

0.40

0.57

0.55

-0.15

0.56

0.40

0.25

0.71

0.27

0.57

0.54

-0.06

0.5

0.28

-0.10

0.27

0.23

0.40

0.38

0.17

0.61

0.19

0.58

0.56

0.22

0.54

-0.39

0.11
0.11

0.25

Q1

-0.04

0.19 -0.

0.05

1

D 0.71

Q1

031 -0.

0.57 -0.

0.58

0.03

-0.12

-0.17

0.01

01

0.52

0.16

-0.22

0.13

-0.28

0.39

1

025 1

026 017 1

0.20 005 047 1

0.18 0.37 0.52 0.07 1

033 008 -0.28 -0.30 0.14 1

0.22 043 033 022 059 015 1

0.27 043 0.3 0.20 0.56 0.16 0.99 1

036 004 -0.26 001 -001 -0.26 0.6 015 1

-0.03 0.12 o0.67 0.05 069 001 052 049 -011 1

For DP 350 (Table 6.3), only one group of clear correlations were found based
on the moderate degree of correlations between the variables in this group (-0.71 to
0.69). The correlations of these variables were water-electricity-latex- A7-color-alum-
clay- A% Ai, color- AG-water, AG-latex, and A6-electricity. Some variables were in
ungrouping, namely, Ag, A5 emulsifier, starch, and other.
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Table 6.4 Correlation Matrix of Material Input of DP 310

Variables 1 2 3 4 5 6 7 8 9 10 ©n 12 13 14 15 16

1. Water 1
2.Electricity o7z »

3 A6 006 016 1

4. A7 007 02 o061 1

5Ag 015 008 000 -02 1

6.Ag -0.09 -0.04 003 -005 011 1

7. A’ 008 018 037 038 -007 -060 1

e A5 -0.04 008 0.05 0.05 -031 008 -021 1
9.CIay 019 029 032 006 -001 045 01 019 1

10.Emulsifier 012 017 027 004 005 o051 -03 028 o068 1

11.Cato 003 019 03 024 003 031 -0.06 -0.10 042 0.35 1

12 Starch 0.13 -0.11 -0.30 -0.10 0.9 -038 003 -021 -0.59 -0.61 -0.28 1

13.Color 01 -002 033 -0.13 -0.16 -0.08 015 -0.08 0.08 008 0.17 -01 1

14, Latex -0.11 -0.02 03 -0.12 -0.18 -0.06 0.15 -0.08 0.07 0.08 017 -009 1 1
15.0ther 01 -0.03 -0.05 -0.013 -0.2 -0.08 0.08 -0.01 -0.02 -0.12 -0.08 -0.17 0.06 0.06 1
16A|um -0.04 008 0.2 0.10 -0.17 024 002 032 0.44 0.47 033 -0.42 002 0.06 -0.09 1

For DP 310 (Table 6.4), three groups of clear correlations were found based
on moderate to high degree of correlations. For group I, the moderate degree of
correlations between variables in this group (0.72) consisted of water and electricity.
For group 11, the moderate degree of correlations hetween variables in this group
(0.61) was composed of A6and Az. For group 111, the lower degree of correlations
between variables in this group (-0.59 to 0.69) consisted of Ae-A7, A6-emulsifier-
clay-starch, and emulsifier-starch. Some variables were in ungrouping, namely, Ag,
A5, cato, alum, and other. This indicated low power or usefulness of factor analysis
for this set of data that can affect to grouping the less number of variables in factors.
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Table 6.5 Correlation Matrix of Material Input of DP 270

Variables ¢t 2 3 4 5 6§ 7 8 9 10 1 12 1B 14 15 16

LMill water
2.Electricity o+ !

3 A6 018 011 1

4. A7 -0.27 -0.4 053 1

5 A8 0.12 o008 -018 -018 1

6 A O 0.15 -0.17 0.37 035 0.03 1

7.A! -0.14 -0.24 0.10 013 -024 -070 1

s As -0.08 -0.09 0.02 -025 -029 0.00 -0.08 1

9_C|ay 0.08 0.15 023 014 -0.06 043 -0.17 -0.01 1

10.Emulsifier o030 o031 o026 -014 o019 006 001 003 o051 1

11.Cato 008 017 012 o018 000l o019 003 036 o063 o048 1

12.Starch 0.03 0.002 -0.06 0.00 -037 -039 035 O<3 -049 -069 -031 |1

13.Color 085 -085 015 018 -013 004 037 -0.04 -001 -025 003 017 1

14, Latex 086 086 -014 021 -014 005 037 011 003 -026 000 017 098 1
15.Other 07 -064 -029 013 010 0.12 020 027 029 -047 -0.11 o038 o057 o6 1
16.AIum -0.07 -0.04 0.21 003 -0.17 0.08 008 008 049 0.07 024 022 00l 004 03 1

For DP 270 (Table 6.5), four groups of clear correlations based on moderate
to high degree of correlations were found. For group I, the moderate to high degree
of correlations between variables in this group (-0.85 to 0.99) consisted of water-
electricity-latex-other-color-water, color-electricity, and color-latex. For group I, the
moderate degree of correlations between variables in this group (0.53) was composed
of A6and Ay. For group [1, the moderate degree of correlations between variables in
this group (-0.70) consisted of AG-AT. For group IV, the moderate degree of
correlations between variables in this group (-0.69 to 0.63) consisted of clay-
emulsifier-starch, and clay-cato. Some variables were in ungrouping, namely, Ag, A5,
and alum. This indicated low power or usefulness of factor analysis for this set of
data that can affect to grouping the less number of variables in factors.
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6.1.2 Factor Matrix and Description of Factor

Based upon the rotated factor matrix obtained with eigenvalues greater than 1
for all of the types of DPs, the result of factor extraction was shown in Table 6.6. It
can be found that nine significant factors are extracted for DP 450, DP 400, DP 350
and DP 270 with cumulative percentages of variance of 75.91 %, 82.93 %, 78.67 %,
and 90.45 %, respectively. In addition, ten significant factors were extracted for DP
310, with cumulative percentages of variance of 77.34%. It was found that the
numbers of significant factors from rotated factor extraction were more than those
from un-rotated factor extraction as shown in Table 6.7. This indicated that the
rotated factor extraction can provide the important input variable in each factor, just
as not doing FA. This meant that there were the less number of important variables
lost from the significant factors. It may affect the building of wastewater load modl
in the second phase. Therefore, factor loading of rotated factor matrix was used for
DP.

Although, the eigenvalues of rotated factors were lower than those of un-
rotated factors. However, most of variables can retain in factors as a single variable.
This can be more useful for building the predictive model in the second phase.

The eigenvalues are mostly in the same range of all of the types of DPs in this study
as shown in Table 6.6. The eigenvalues, obtained by summing the squares of
variances of each variable associated with a factor, can be said to compare the ability
of a factor to explain the variance. The higher the explained variance, the better was
the factor in capturing the relationships of the associated variables. The highest
eigenvalue would represent the first factor with the highest explained total variance
and the lowest total explained variance would represent the last factor. The
communality values for all variables in the factors of all DPs were also equal to 1

as in Table 6.6.

This meant that the data set of all of the variables of each of the types of DPs
share their variances with all ofthe factors. Therefore, the factors would be called
“common factors” because each of the variables were involved with each of the
factors, although they contributed differently to each factor. The factor loadings of
all DPs can permit grouping of the variables that were more closely related to each
other, but less closely related to other variables in different factors.
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6.1.2 Factor Matrix and Description of Factor

Based upon the rotated factor matrix obtained with eigenvalues greater than 1
for all ofthe types of DPs, the result of factor extraction was shown in Table 6.6. It
can be found that nine significant factors are extracted for DP 450, DP 400, DP 350
and DP 270 with cumulative percentages of variance of 75.91 %, 82.93 %, 78.67 %,
and 90.45 %, respectively. In addition, ten significant factors were extracted for DP
310, with cumulative percentages of variance of 77.34 %. It was found that the
numbers of significant factors from rotated factor extraction were more than those
from un-rotated factor extraction as shown in Table 6.7. This indicated that the
rotated factor extraction can provide the important input variable in each factor, just
as not doing FA. This meant that there were the less number of important variables
lost from the significant factors. It may affect the building of wastewater load model
inthe second phase. Therefore, factor loading of rotated factor matrix was used for
DP,

From Table 6.6, the eigenvalues are mostly inthe same range of all of the
types of DPs inthis study. The eigenvalues, obtained by summing the squares of
variances of each variable associated with a factor, can be said to compare the ahility
of a factor to explain the variance. - The higher the explained variance, the better was
the factor in capturing the relationships of the associated variables. The highest
eigenvalue would represent the first factor with the highest explained total variance
and the lowest total explained variance would represent the last factor. The
communality values for all variables in the factors of all DPs were also equal to 1
(Table 6.6). Although the eigenvalues of rotated factors were lower than those of un-
rotated factors (Table 6.7), most of variables can retain in factors as a single variable
(Figure 6.1 to 6.3). This can be more useful for building the predictive model in the
second phase.

Because the data set of all of the variables of each of the types of DPs shared
their variances with all of the factors. Therefore, the factors would be called
“common factors” as each of variable was involved with the factors, although they
contributed differently to each factor. The factor loadings of all DPs can permit
grouping of the variables that were more closely related to each other, but less
closely related to other variables in different factors.
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Table 6.6 Eigenvalue and Communality values of all DPs

igenvalye and C lity for V !'S' i tFactor
s DR R0 DR DR BPa

Eigen ~ Com El?en Com . Eigen  Com El?en Com vaﬂ?n Commu
valle  munali  value  munali valte  munali  value munall nality

Foo28 100 28 10 23 100 210 ].(X) 413 100

f2 18 100 19 100 18 10 1» 10 1& 10
£ 17 100 1™ 10 18 10 128 10 1& 10

¢ 12 100 11 100 v 100 1 10 17 1w

/5 12 10 1183 10 15 10 106 10 14 10
¢ 116 100 10 100 12 10 16 10 11 10

f7 18 100 108 100 107 100 16 100 109 100
f¢ 18 100 16 100 1206 10 18 100 108 10

fg 108 100 100 100 1® 100 1 100 100 10
F 101
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Table 6.7 Total variance obtained from un-rotated and rotated matrices of DPs

Percentage of Total Variance Explainec for Significant Factors (%)

Factors  DP 450 DP 400 DP 350 DP 310 DP 270
(F) Un-  Rotate Un-  Rotatt Un-  Rotate Un-  Rotate Un-  Rotate
rotate rotate rotate rotate rotate

F 2694 1551 3522 1830 3470 1491 2261 1313 2067 26.10

f2 1118 1048 1536 1192 1689 1128 1538 1093 1846 1156
£3 1287 786 1009 1117 990 1111 1318 766 1178 1154

f4 197 764 752 818 817 733 1011 695 1051 7.8
£5 647 753 728 704 631 719 833 660 1030 7.

f6 - 121 611 6% / 699 ... 658 - 694
1 - 6.76 . 6.74 - ==, - 646 - 682
f8 643 . 6.58 6.99 636 7 6.76
£9 642 . 6.07 6.59 636 1 634
F0 629 "

%Total 7163 7591 8158 8293 7597 7867 7626 77.34 8071 9045

The results of factor loadings from the rotated factor matrix (Table 6.8-6.12)

were used to interpret the physical meaning of the factor as discussed the following
section.
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6.1.2.1 Factor Loading Values

Based upon the cases where eigenvalues were greater than 1, the degree of
correlations of all variables associated with each significant factor loadings were
presented in Tables 6.8 to 6.12.

It can be seen that the factor loadings of all DPs were between (+1) to (-1). A
positive loading indicates a correlation between the variable and the factor in the
positive factor axis, and a negative loading indicates that there was a correlation in
the negative factor axis. The higher the factor loadings were in absolute terms, the
higher were the correlations between the variables and the factors.

| the variables of which factor loadings were higher than 0.5 are selected, it
was found that each factor represents different variables or group of variables as
shown in Figure 6.1 to 6.3. Notice that most of variables of DPs in the factors
appeared  however as a single variable. This showed highly degree of independency
of variables in factors that may be influenced the predictive purpose of the model for
wastewater load in the next part. If the model was specifically sensitive to a single
variable in that factor, then, the manufacturers can pay their attention to this variable
within that factor not only its function but also its events occurred in the process
operation in order to manage their production.
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Table 6.8 Factor Loadings of DP 450 Production

, Factor Loadings

Variable

F o f2 Fa f4 f5 f6 fI R 9
. Water 06 ... -0005 00003 -.. 0176 .. 0004 0. 7
2Elctricty 025 019 0007 0003 00 ... 0009 o009 QU
3A, 040 0006 032 018 ... ... 013 ... 0003
4A 040 Q01 Q0L 0005 0003 0008 -0005 019 ...
5/ 000 o013  -... 0007 0007 O0OL 0007 0003 098
640 03 08 000 03 ... 0006 0008 .. 017
A, 055 09 oo O000L Q00 ... -0123 Q0L 0005
o A oo 0005 0003 0003 0004 0007 ... 09 0003
9, Clay 0006 - 042 0% 042 04 032 0000 0008

wemdsir Q1 016 02 D001 015 0005 0% ... 0008
11. Cato 013 0007 0% 0003 0007 -0009 025 00003 -0.004

2 Sarch ... 013 008  -0007 0000 0% 0003 0007 QO
13, Color 095 0003 0008 0004 Q0L ... 0004 ... ...
14, Latex 094 ... 0007 005 000l o1s 0005 013 Q0L
55.Oter 0006 015 ... 098 0005 -0005 0000 -0003 Q00
16 Aum 0007 .. 0006 0005 09 -0008 ... -0004 0.007

Note : Factor loadings of water (0.88) and electricity (0.84) are in Ho and F 1, respectively.



Variable

» Water

. Electricity
3A

4.A

SAY

A

1A,

.. AS

9. Clay
10.Emulsifier
11 Cato

12. Starch

13, Color

14, Latex

15, Other
16. Alum

Table 6.9 Factor Loadings of DP 400 Production

0.3
0.30
0.32
061
0.13

-0.008

0.48

-0.15

-0.006

0.14
0.44
0.92
0.92
0.003
0.006

f2

0.84
0.90
0.24
0.25

0005

0.19
0.007

-0.003

0.006
029
026
026

000
0.009

f3
0,006
0,004
000L
016
0,009
0003
0%
0003
000L

Q0L
-0.004
089

Factor Loadings
5 f6
0000 016 018
008 .. 0004
016 0%

0003 oo 0005

0% 0009 013

048 0% 02

018 018 0%

004 017

003 0004 ...

.09 016

008 0,009

BEEA D\ ..
003 0005

f7

0.003
Qo0
016

02

098

0oL
Qo0
0.006
0.009
0005
0.003
0.006
0.009

0.003

f8

-0.005
0.004
0.008

015
0003
0003

0.005
0.003
0.004
0.98
-0.004
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f9

0,006
Q00
013
Q00
0.007
0.004
0.004
019
087
0.008
015
021
-0.006
015



Variable

1 Water
2. Electricity
3A
4A
5A

Seo
A
85
9. Clay
o Emulsifier
11 Cato
12, Starch
13, Color
14, Latex
15. Other
16. Alum

Table 6.10 Factor Loadings of DP 350 Production

K

0.32
031
0.30
0.40

-0.004

017
024
015
032
089
090

0.28

f2

0005
0.006
0003
0003
000
089
0.89
0.005
021

0003
0.003
0005

014

j

0.28
0.24
0.29

0008
0005
0003

060

000
049

-0.005

0.19

-0.008

0.90

Factor Loadings

K

0.006
0.16
0.08

-0.04

0.005

0.36

0%
Q01
047

0.05
-0.004

K

0.29
0.84
0.24
0.06

-0.06

008
03
015
041
028
015

-0.04
0.17

f0
0,008
0.003
0,008
0004
0,009

0.153
0.9

ot

0.17
0.18
-0.004
-0.006

il

0009
0005
019
-0.008
-0.009
018
0005
00
000
0.9
0.008
0.007

0.9
045

8 F
025  -0.004
o -0.008
-
04 - ..
oro 097
-0.008  0.003
014 ...
0.0009 -0.004
oo 0004
013

0003 - ..
09 013
0006 - ...
0005 -0.003
Q7 -

0000 0004

153



Variable

1.Water
2.Electricity
3.A,

4.A?

5.As

6.As

7.A,

8. A,

9. Clay
10.Emulsifier
11. Cato

12. Starch
13. Color
14. Latex
15. Other
16. Alum

Table 6.11 Factor Loadings of DP 310 Production

-0.07

-0.003

0.27

-0.12
-0.12
-0.005

0.17
-0.006
0.004
0.006
0.12
-0.005
0.99
0.99

0.003

0L

f2

0.93
0.91
0.005
0.008
0.008

-0.005

0.008
0.002
(07
0.004
0.002
-0.003

- 0.003

-0.004

aomt

f3

0 000
0.009
0.49

0.94

{00

0.23
0.002

0.003
0.14
-0.005
-0.005

-0.003
-0.001

0.003

Factor Loadings
fi K F
-0 009 -0 007 0 0008
0008 0.13 00 3
0.14 0.11 0.7
0.003 0.13 0. 3
-0.002 0.002 -0.008
0.17 0.14 0 9
-0.004 0 4
0.007 -0.007 0.14
0.29 0,20 0.19
0.31 0.15 0.22
0.009 0.94 0.15
-0.90 -0.01 -0.18
0.004 0.006 -0.17
0.002 0. 5 3.44
0.008 -0.003 -0 4
0.17 0.15 0.93

f7

-0.004
0 6
0.004
0.002
-0.16
0.008
-0.13
0.96
0. 8
0.15
-0.01
-0.01
-0.003
-0.003

{0

0.15

f8

-0 004

F,

-0 5
0. 4
i
-0.10
-0.004
0.004
-0.001

-0.008
-0 4
-0.12
0.002
0.003
0.99

-0. 6
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FO

00

0.003
0.007
-0.13
0.96
0.006
-0 2
-0.16
-0.001
0.006
0.002
0.003
-0.005
-0.007
-0 9
-0 9



Variable

1Water
2.Electricity
3.A6

4.A7

5As

oA

1A
8 As

9. Clay

10. Emulsifier
11 Cato

12. Starch

13. Color

14. Latex

15. Other

16. Alum

F

093
093
013
021

-0.003

0.13
0.003

-0.003
-0.22
-0.002

0.003
001
0.97
0.98
0.60
0.003

f2

0.002
-0.003
0.009
-0.005
0.19
0.14
-0.004
0.005
0.007
0.83
0.23
-0.10
-0.009
-0.36

j

0.006
0.003

013
-0.006
-0.009

-0.89
0.92

-0.005

020
000
011

-0.005

0.29
011
0.12

0.007 0.0009

Factor Loadings

f4

0.004

0.15
0.004
0.008

-0.002

0.004

-0.002

-0.24
0.3
0.30
091

-0.007

0.006
0.003
0.005
0.13

B

-0.002
-0.001

0.14
0.05

-0.08

0.08
0.08
031
0.24

-0.003

0.13

-0.14
-0.001

0.002
0.23
093

P

083
-0.26

0.30
0.90

-0.008

021
0.1

-0.16

0.004

-0.14

0.007

-0.006
-0.005
-0.002

0.006
0.005

Table 6.12 Factor Loadings of DP 270 Production
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0.17

-0.005

0.1
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0.008
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0.007
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031
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013
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-0.005

0.003

015
-0.14
-0.005
-0.008

0002

0.006
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-0.004
-0.006
-0.005
0.23
0.26
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Figure 6.1 Common factors of DP 450 and DP 400 obtained through FA
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Figure 6.2 Common factors of DP 350 and DP 310 obtained through FA
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Figure 6.3 Common factors of DP 270 obtained through FA

Variable of DP 270 Common factors
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6.1.2.2 Physical Meaning of Factors

To be useful in understanding the relationships of factors to the actual
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operation of the paper mill, it is valuable to attempt to describe physical meaning to

these ahstract terms that are derived from combinations of data. The physical

meaning of the factor can be seen as an extract of characteristics of change that are
held in common for the variables associated in that factor. Because the number and
type of variables grouped into the factors vary from one grade of duplex coated board
to another, the physical meaning will thus be discussed for each grade case by case.
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6.1.2.2.1 Physical Meaning of DP 450 Production
The relationship between variables and factors of DP 450 can be
characterized as follows.

Within the factor FI, the relationship between the variables (consisting
of color and latex) can be explained through their properties and functions in coating
preparation. Generally, color is a type of pigment that is mainly made from calcium
carbonate and is applied to the surface of the web. It is added in a water suspension
with an adhesive, such as, the latex groups to hold the pigment onto the surface of the
web. Because the pigment particles are substantially smaller than the fibers, this type
of coating can create a surface that is smoother than the uncoated surface and that
also has a much finer pore structure. These properties of the surface can help to
Improve the printing characteristics of the paper web for packaging applications.
From higher value of factor loadings, the color and latex are closely related to each
other. This is understandable from their purpose of usage.

Within the factor F2 the relationship between the variables (consisting of
ag, and a 1) can be described based upon their ratios and functions in the production
process. Normally, the four layers of fibrous materials (Table 6.13) contain the
various types of wastepapers although at different percentages. The first layer is
called the “top ply” and consists of long fiber: » ¢ and short fiber: ay at about a 30 -
4010 60 -70 mix. The second layer, called the “under top ply” and the third layer,
called the “filler ply,” consist mainly of a1/a s and other fiber sources such as ag and
a« at aratio of about 60 ;30 : 10. The fourth layer, the “bottom ply” consists of
ating exclusively.

Table 6.13 Type of Wastepaper in the Layer of DPs

1. First layer called “Top ply”; Short fiber(A7) : Long fiber (A6) = 60-70 : 30-40
2. Second layer called “Under ply”; Secondary fibers (A[/A9: Ag: A4 A5 = 60: 30 :10
3. Third layer called “Filler ply”; Secondary fibers (A.JA.: A8: A4 A5 = 60: 30 :10
4. Fourth layer “Bottom ply”; Old newspaper (A*A9 = 100 %
Note : In real situation, A4 can substitute for A5 However, Adis excluded in this stuay.

Notice that in this relationship, the loadings of a ¢ (-0.81), and a 1(0.91) is
in different direction. Both a9 and a1 can substitute for each other.
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Within factor F3 there is a single variable, cato with a high loading (0.93).
Based upon the correlation matrix, cato has a low correlation with clay, emulsifier,
and Ae(0.49 to 0.56), as it has different function from these variables. Thus, it
remains as a single variable in this factor. Cato, a modified starch used in the form of
cationic starch, is added to the stock similar to a retention agent. It influences the
retention fines and fillers like clay and emulsifier during web formation.

Within the factor ., there is also only a single variable, other (other
materials) with a high loading (0.98). Based upon the correlation matrix, the other
category also has a correlation with Aeand clay. However, its correlation coefficient
Is quite low and could not be extracted, as other has different function from these
variables as well. Generally, the function of these other materials is use in the coating
operation. They consist of a collection of materials ranging from LPG (Liquid
Petroleum Gas) for heating, to lubricants, to polyvinyl alcohol. Without these
materials, the coating operation can not be performed, explaining the high loading,
however, the individual materials perform different functions and it is not possible
therefore to discuss a single physical meaning for this factor.

Within the factor F5, there is also only a single variable, alum with a high
loading (0.98). Based upon the correlation matrix, alum also has a correlation with
emulsifier and clay. Although alum and emulsifier should have higher correlation
than emulsifier and clay due to their functions, their correlation coefficients are quite
low and could not be extracted (0.3 to 0.55). It seems to indicate that alum is not
added more due to its presence in white water. Alum is a water solution of aluminum
sulfate added as a source of aluminum ions for retaining the rosin size in the paper
web. After the emulsifier has been mixed with the fibers, alum is added to the stock
until the pH of the stock is lowered to about 4.5-5. Then, the alum flocculates with
the rosin size and with itself, creating floes that adhere to the cellulose fibers because
they fibers in water bear an overall negative electrical charge. As aresult, the fibers
have the ability to bind cations like the rosin-alum and alum floes. These floes are
water resistant after drying, and help the weh resist water penetration. When in the
production process, reprocessed like white water is used as another source of
materials for the midale and hottom layers of paper, the composition of alum remains
sufficient composition. Therefore, it is usually not necessary to add alum more.
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Within the factor F< there is another a single variable, starch with a high
loading (-0.94). Notice that starch has a negative loading. This means that starch is
mathematically related to the factor on a negative axis. Based upon the correlation
matrix, starch also has a correlation with clay and water (0.40 to (-0.47)). This is
possible if starch and clay are used less than usual while water is needed to add more
due to the broke usage. Generally, starch can be used as sizing and adhesive during
web formation. In the coating application, starch is used for pigmentizing as a pre-
coat by adding pigment in the starch, and adding latex in the starch-pigment mixture
in order to increase the internal bonding within the system and to tie up the pigment
particles more effectively. Pigmentizing, when done with coarse pigments, gives a
rough paper surface, which is advantageous for later coating. Such later coating may
include addition of a top-coat, that gives better pick strength, more uniformity and
better printability.

Within the factor F7, there is also only a single variable, emulsifier with a
high loading (0.92). Based upon the correlation matrix, emulsifier also has a
correlation with clay. However, this correlation coefficient is quite low and could not
extracted (0.53). This is because both emulsifier and clay are not directly related, but
they are related to fibrous materials in wet end operations. Emulsifier or emulsion
size, called rosin size, is a natural organic acid obtained from pine trees. In general,
emulsifier and alum are added to the wet end operation in order to obtain resistance of
the paper to water during web formation. The addition of these chemicals is called
internal sizing. As for clay, it is the kaolin crystalline form that influences internal
sizing by adsorhing sizing agents onto fibers and also extends the furnish component,
reducing the need for some fibers.

Within the factor Fg, there is only a single variable, As, that has a high
loading (0.96). Despite its correlation with other variable; A7, As has a low
correlation coefficient between pairs of these variables (0.40). Thus, it remains as
single variable in this factor. As As is a type of fibrous materials that is used in the
second, third, and bottom layers of paper. It should not much correlated with A7
because its composition is not in the first layer. It should not much correlated with A7,
In addition, its ratio varies according to the ratio of AvAcand Ag. In some situations,
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Kacan substitute for As, which is of the same type of fibrous material, then, As is not
used. However, it excludes in this study.

Within the factor Fg there is a single variable, Ag with a high loading
(0.98). Usually, Ag is a secondary fiber used in the second layer with a moderate
ratio. Based upon the correlation matrix, Ag has no correlation with any other
variable. Therefore, it is remained as a single variable.

Note that through the pattern of inter-correlation hetween two variables in
common factors of DP 450, some variables with low correlation coefficients were lost
from one factor and appear in another factor such as water, emulsifier, and clay. This
observation was the result of the pattern of variation in the data set which is used as
the fundamental matrix for FA extraction.

6.1.2.2.2 Physical Meaning of DP 400 production

Within the factor Fi, the relationship among the variables (consisting of
color, latex, and A7) can be explained based upon the correlation relationship in the
correlation matrix as discussed below.

1 The relationship between latex and color can be explained through the
function of latex in the coating operation. Latex, which is awhite and fluid liquid
composed of polymer particles suspended in an aqueous phase, is used as a coating
binder to form a homogeneous polymeric film, particularly at the film press section of
the coating machine for the back coat and to wet the pigments in the coating. As for
color, it is akind of pigments that can be dispersed in water and is mainly used in
coating. Generally, coating chemicals are used at a constant level. However, in some
situations in coating preparation, the clean residuals of the coating chemicals (both
color and latex) are recycled for continuing use in preparation. However, in coating
application, it is needed to use latex more for binding color due to its usage in the
previous application. Therefore, in this case, the pattem of inter-correlation between
latex and color is in different direction.

2. The relationships between coating chemicals (color and latex) with a
type of fibrous materials (Ay) in the first layer can be explained through their
functions in paper production. In general, for all kinds of Duplex coated board, there
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are three layers of coating chemicals: L Pre-coat, 2. Top coat, and 3. Back coat, and
four layers of fibrous materials containing top, second and third layers and bottom
|ayers as shown in Table 6.14. Notice that A7 s the composition of fibrous materials
that attached with coating chemicals in the top coat layer.

Table 6.14 The composition in each layer of DPs

1. Pre-coat; coating chemicals - fing pigment
2. Top coat; coating chemicals - coarse pigment
3, First layer of fibrous material - AG A7=30-40 : 60-70
4, Second layer of fibrous material - Aiet Ast Ads= 60 : 30 10
B. Third layer of fibrous material - AuorAstA45=160:30: 10
6. Fourth layer of fibrous material - Aso= 100
1. Back coat; coating chemicals - polymer film
Note : In real situation, A4 can substitute for A5 However, A4is excluded in this study.

Within the factor F2, the relationship between the variables (consisting of
water and electricity) can be described through their functions in the same as
described in the case of gypsum product.

Within the factor Fs, the relationship between the variables (consisting of
alum and emulsifier) can be described through their functions. Generally, emulsifier
and alum are added to the wet end operation in order to obtain resistance of the paper
to water during web formation. The addition of these chemicals is called internal
sizing that can help the web resist water penetration after drying. Usually, the pattern
of inter-correlation between these variables are in the same direction, either
decreasing or increasing. However, the characteristic of white water containing
different fibrous material and chemicals can affect the change of alum and emulsifier
in different direction. In some situation, there are overuse of emulsifier due to the
special treatment of product, thus, white water contains sufficient emulsifier but
insufficient alum. Thus, it is needed to add alum more.

Within the factor F4, the relationship between the variables (consisting of
Ag with loading of 0.95 and A] with loading of 0.50) can be described based upon
their ratios and functions in the production process as mentioned in F20f DP 450,
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Within factor Fs,there is a single variable, cato with a high loading (0.92).
Based upon the correlation matrix, cato has a low correlation with water, electricity,
A, A], As, clay and emulsifier (0.31 to 0.55). Thus, it remains as a single variable in
this factor. The relationship of cato and this factor can be explained through its
function as mentioned in Faof DP 450,

Within the factor F6, there is only a single variable, A5 that has a high
loading (0.90). Despite its correlation with other variable; water, A6, A7, Ag and Al
has low correlation coefficient between pairs of these variables (-0.33 to 0.54). Thus,
it remains as a single variable in this factor. Generally, Asis a type of fibrous
materials that is used in the second, third, and bottom layers of paper. Its ratio varies
according to the ratio of A], Ayand Aa.

Within the factor F7, there is a single variable, Agwith a high loading (0.98).
Usually, Ag is a secondary fiber used in the second layer with a moderate ratio,
Based upon the correlation matrix, Ag has a low correlation with A6 and A7(0.30 to
0.37) due to their different functions. Ay is used in the second and third layers of
paper, but Ad and A7 are used in the first layer. Thus, it remains as a single variable
in this factor.

Within the factor Fg, there is also only a single variable, other (other
materials) with a high loading (0.98). Based upon the correlation matrix, the other
category also has a low correlation with clay (-0.34) and could not be extracted. As
there is usually no relationship between other and clay. Generally, the function of
these other materials is use in the coating operation. They consist of a collection of
materials ranging from LPG for heating, to lubricants, to polyvinyl alcohol. Without
these materials, the coating operation can not be performed.

Within the factor Fg, there is another a single variable, clay with a high
loading (0.87). Based upon the correlation matrix, clay has a low correlation with As
(0.33). Although clay is related to fibrous materials in wet end operations, there is no
directly relationship between clay and As. As Asis used in the least ratio in the layer
of paper. It can be explained the relationship between clay and this factor through its
function. Clay, as a kaolin crystalline form, is used to adsorh sizing agents onto fibers
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and also extends the furnish component, reducing the need for some fibrous
materials.

Note that, through the pattern of inter-correlation between two variables
in common factors of DP 400, some variables with low correladon coefficients were
lost from one factor and appear in another factor, namely, water, A5 At, A7, and Ag,
Also some additional variables should be included in the material input FA model of
DP 400, namely, broke, and white water. Addition of these variables could
contribute to a greater understanding of the large set of data from the DP 400
production.

Based upon the physical meaning of DP 400, it can be concluded that Fi
to Foare quite representative of the original set of data variables. Although there was
a lack of a few variables in the FA material input model, it still can be used for further
analysis and for developing a predictive model for wastewater from DP 400
production in the next phase of this study.

6.1.2.2.3 Physical Meaning of DP 350 production
The physical meaning of the variables in all significant common factors of
DP 350 production were presented as discussed below.

Within the factor Fi, the relationship between variables (consisting of
color and latex) can be explained through their functions as mentioned in Fi of DP
450,

Within the factor F2, the relationship between variables (consisting of Ag
and Ai) can be explained through their functions as mentioned in F20f DP 450,

Within the factor F3, the relationships between variables (consisting of
clay with loading of 0.60 and alum with loading 0f 0.90) are discussed below.

The relationship between clay and alum can be described through their
correlation and function in the wet end operation. Generally, clay is used as a filler to
adsorh fines onto the fibers with the addition of alum to lower pH at 4.5-5. Usually, if
alum is insufficient added, clay may not be help in retention and formation of paper.
The pattern of inter-correlation between clay and alum is in the same direction.
However, in some situations, re-circulated water such as white water is used. Then
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the amount of alum is sufficient, but the amount of clay is insufficient. Thus, the
pattern of inter-correlation is in the opposite direction.

Within the factor F4, there is also only a single variable, emulsifier with a
high loading (0.96). Based upon the correlation matrix, emulsifier also has a
correlation with clay. However, this correlation coefficient is quite low and could not
be extracted (0.47). This is because both emulsifier and clay are not directly related to
each other but they are related to fibrous materials.

Within the factor F5, there is another a single variable, electricity with a
high loading (0.84). Based upon the correlation matrix, electricity has quite a medium
correlation with water (0.66) but it could not be extracted. This may be the
dominance of electricity due to its usage for the reprocessed product can separate it
from water during extraction.

Within the factor 0, there is a single variable: Aswith a high factor
loading (0.96). Based upon the correlation matrix, Asalso has a low correlation with
Ae(0.40). Thus, it remains as a single variable. Because Asand Adare components in
different layers of paper. This relationship should be low as well.

Within the factor F7, there is also only a single variable, other (other
materials) with a high loading (0.94). Based upon the correlation matrix, the other
category also has a low correlation with Al (0.36) and could not be extracted. Because
other has no directly relationship with A).

Within the factor g, there is another a single variable, starch with a high
loading (0.90). Based upon the correlation matrix, starch also has a correlation with
water, Az, A), and emulsifier (0.40 to (-0.30)). Because starch is usually related to
cato but it is no directly relationship with other variables.

Within the factor Fg there is a single variable: Agwith a low factor
loading (0.97). Based upon the correlation matrix, Ag also has a low correlation with
A7(-0.39). Because Ag is used in the second and third layers of paper, but A71is used
in the first layer. Thus, there is no directly relationship.
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It is noted that, through the pattern of inter-correlation between two
variables in common factors of DP 350, some variables were lost from one factor and
appeared in another factor, namely, Ay, A), As, Ag, Ag, and clay. Also some variables
should be included in the material input FA model of DP 350 to improve its
effectiveness, namely, broke, and white water. This would allow the model to use the

best information for a deeper understanding of a large set of data from the DP 350
production,

6.1.2.2.4 Physical Meaning of DP 310 production
Within the factor F[, the relationship between variables (consisting of color
and latex) can be explained through their functions as mentioned in Fi of DP 450,

Within the factor F2, the relationship between variables (consisting of
water, and electricity) can be explained through their functions as mentioned in F2of
DP 400,

Within the factor F3 there is a single variable, A7 with a high loading
(0.94). Usually, A7is a short fiber used in the first layer with high ratio. Based upon
the correlation matrix, Azhas quite a medium correlation with A (0.61), but it could
not be extracted. This may be the dominance of Azdue to its higher ratio than Asin
the first layer of paper can separate it from Asduring the extraction.

Within the factor F4, there is also a single variable, starch with a high
loading (-0.90). Notice that starch has a negative loading. This means that starch is
mathematically related to the factor on a negative axis. Based upon the correlation
matrix, starch also has a correlation with A6, Ag, and clay (-0.30 to (-0.59)), and quite
amedium correlation with emulsifier (-0.61). This is due to there are no directly
relationship among these variables.

Within factor Fs, there is a single variable, cato with a high loading (0.94).
Based upon the correlation matrix, cato has a low correlation with A*, Ag clay, and
emulsifier (0.30 to 0.42). This is also due to there is no directly relationship among
these variables. Thus, it remains as a single variable in this factor,
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Within the factor 6, there is also only a single variable, alum with a high
loading (0.93). Based upon the correlation matrix, alum also has a correlation with
As, clay, emulsifier, cato and starch. However, their correlation coefficients are quite
low and could not be extracted (-0.42 to 0.47). This is because alum is usually related
to emulsifier, but it may be not to be added due to the use of white water more than
usual. Thus, it remains as a single variable.

Within the factor F7, there is only a single variable, As, that has a high
loading (0.99). Despite its correlation with other variable; Ag has low correlation
coefficient between pairs of these variables (-0.31). This is possible due to their
different ratios in the same layers as shown in Table 6.12.

Within the factor Fg, there is only a single variable, A9, that has a high
loading (0.88). Based upon the correlation matrix, Ag has no correlation with any
other variable. However, the factor loading value of A9can be explained by its
relation in production. A9is a composition of fibrous materials in the middle and
bottom layers of paper. If A9is used in the highest ratio, another fiber, Al is not used
in its ratio. Thus, it remains as a single variable in this factor.

Within the factor F9, there is also only a single variable, other (other
materials) with a high loading (0.98). Based upon the correlation matrix, the other
category has no correlation with any other variable.

Within the factor Flo, there is a single variable, Ag, with a high loading
(0.96). Usually, Ag is a secondary fiber used in the second layer with a moderate
ratio. Based upon the correlation matrix, Ag has also no correlation with any other
variable.

Note that data variability of DP 310 that was paper grade between the high
basis weight and the lowest basis weight, was widest. This may affect the extraction
of these factors. Also note that, through the pattern of inter-correlation between two
variables in common factors of DP 310, some variables were lost from the factors.
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6.1.4.2.5 Physical Meaning of DP 270 production

Within the factor F), the relationships among the variables in this factor
(consisting of water, electricity, color, latex, and other) can be described as the
following. Generally, coating chemicals contain three groups of materials; 1.Color or
pigment; calcium carbonate, 2. Latex (binder), and 3. “Other” (other materials) that
are used for coating such as lubricants that are used to help the flow of the coating
chemicals in the pipe system and liquid petroleum gas that is used as fuel for infrared
drying. Coating application plays a major role for the lowest basis weight grade or the
thinnest paper like DP 270. Higher levels of coating chemicals are needed to
increase the coated weight and to minimize the loss of fibers from their layers
because the layer of fibers is thin when it is made. Therefore, the use of these other
materials are also high. The pattern of inter-correlation between these variables is in
the same direction. However, in some situations, this pattern is in the opposite
direction. Ifthere are some leaks and spillages during coating preparation and
application, “other” is not consumed but coating chemicals still must be added due to
their losses in these operations.

The relationship among coating chemicals, water and electricity can be
found in the step of coating preparation and application. In these steps, water and
electricity are consumed for mixing and transport these substances through the
process system. Changes of water use affects the change of electricity in the same
direction. In some situations, cleaning residual of coating chemicals from coating
preparation can be recycled for usage. In such cases, electricity is more consumed
than water. Thus, the pattern of inter-correlation between water and electricity is in a
different direction.

Within the factor F2, the relationship between emulsifier and starch can be
explained through their functions. In general, emulsifier is used to help fiber for its
retention and formation, while starch is essentially used for coating preparation of
coated paperboard after its formation. In some situations, re-circulated water such as
white water is used as a water source for the starch-pigment mixture. Both starch and
emulsifier are present in the white water in sufficient amounts. Thus, it i unnecessary
to add more,
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Within the factor F3 the relationship between variables (consisting of A9
and Ai) can be explained through their functions as mentioned in F20f DP 450,

Within the factor F4, there is a single variable, cato with a high loading
(0.91). Based upon the correlation matrix, cato has low correlation with Asand clay
(-0.36 to 0.48), and quite a medium correlation with emulsifier (0.63). This may be
the dominance of cato due to special treatment of product can separate it from other
variables during the factor extraction. Thus, it remains as a single variable.

Within the factor Fs, there is also only a single variable, alum with a high
loading (0.93). Based upon the correlation matrix, alum has a low correlation with
clay. However, their correlation coefficients are quite low and could not extracted
(0.49). This is because alum has no directly relationship with clay in the wet end
operations,

Within the factor F, there is a single variable, A7, with a high loading
(0.90). Usually, A7is a short fiber used in the first layer with highly ratio. Based
upon the correlation matrix, A7has a correlation with electricity and A(, (-0.40 to
0.53). This situation can occur when broke is used as the middle and hottom layers of
paper and electricity is more consumed. In addition, Az has higher ratio than Ad in the
first layer of paper. Thus, A7is dominant and remains as a single variable.

Within the factor F7, there is a single variable, Agwith a high loading (-
0.96). Notice that Ag has a negative loading. This means that Ag is mathematically
related to the factor on a negative axis. Usually, Ag is a secondary fiber used in the
second layer with a moderate ratio. Based upon the correlation matrix, Ag has also no
correlation with any other variable.

Within the factor g, there is a single variable, Aewith a high loading
(0.92). Usually, Adis a long fiber used in the first layer with a moderate ratio.
Based upon the correlation matrix, Aehas no correlation with any other variable.

Within the factor Fq there is only a single variable, A5, that has a high
loading (0.88). Despite its correlation with other variable; Ashas a low correlation
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coefficient with Ag (-0.30). This is because Asis used as the lowest ratio in the same
layers of Ag as shown in Table 6.12. Thus, it remains as a single variable.

Note that, through the pattern of inter-correlation between two variables in
common factors of DP 270, some variables were lost from one factor and appear in
another factor, namely, A5, A7, Ag, clay, emulsifier, cato, and starch. The explanation
of the phenomena by the model could be enhanced if information about additional
variables could be included in the material input FA model for DP 270, namely,
broke and white water.

6.1.3 FA Equation of DPs

The final factor scores model of material input and utility consumption for
each of DP 450, DP 400, DP 350, DP 310, and DP 270 was dependent on the same
variables for each of the individual models, although they each have different score
coefficients (Table 6.15-6.19)

It was found that all of the significant factors depend on 16 variables: water,
electricity, A6, A7,Ag, Ag, Al, A5 clay, cato, color, latex, “other” and alum in the
standardized form for all DPs. The factor score values for all DPs varied with the
value of variables, used as standardized variables, in each observation.

6.1.4 Factor Scores
From the factor score equation, the factor score matrices of all DPs were

obtained (Appendix A) and were graphically displayed for some factors that relate to
wastewater model as shown in Figures 6.9 to 6.18. The factor scores showed the
degree to which each case or observation scores high on the group of variables that
have a high association to a factor. These scores explained the conditions of material
input and utility consumption for production of all of the DPs. The higher scores
meant higher use of these raw materials and higher resource consumption. The lower
scores meant lower levels of these types of consumption. The pattemns of the score
levels for material input conditions of all of the varieties of DPs were discussed in the
following section. Also some factors that relate to wastewater model were discussed
in the following sections.
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Table 6.15 FA Input Model of DP 450

Duplex
Coated Board FA Model
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Table 6.16 FA Input Model of DP 400

Duplex
Coated Board FA Model
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Table 6.17 FA Input Model of DP 350

Dupl
Coatgg E)c()ard FA Model
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Table 6.18 FA Input Model of DP 310

Duplex
Coated Board FA Model
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Note: Z| = water, 22 electricity, 23= a6 z4=A7, 15 Ag, 26- Ag, Z7= Ai, Zg= A5,
Zo = clay, Zio = emulsifier, Zn =cato, 2D- starch, 2B color, 28 tatex, Z.s = other,
Z16= alum.



Table 6.19 FA Input Model of DP 270

Duplex
Coated Board FA Model
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6.1.3.1 Factor Scores of DP 450

In order to move toward the building of a predictive model using MRA, it was
necessary to convert to a different form the information about the relationships of the
variables to the factors. This new type of information was called “factor score”. The
details of the mathematical conversion were already presented in this dissertation and
only significant factors that relate to wastewater load will be mentioned.

For the factor score in F| of DP 450 (-2.78 to 3.06), the variation within this

factor score was well balanced in both positive and negative directions as shown in
Figure 6.4.

Score on Input Factor 1:DP 450
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Case Number

Factor score

Figure 6.4 Factor Scores of DP 450 for Fi
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Table 6.20 Cases of Highly Magnitude of Factor Score for A of DP 450

Input Case Number
Variables 8 2 3 1 45
1. Water 040 025 049 56 156
2. Electricity 036 -090  -021 444 037
3. Ac 087 120 045 304 083
4 AT 14 09 -114 351 114
5. A8 016 085  0.79 142 085
6. A9 030 116  -116  -116  -1.16
7 A, 0.93 078 001 325 2.02
8. As 246 086  -086 191 -0.58
9.Clay 140 065  -106  -1.06  -1.06
10.Emulsifier 0.9 069 -060  -0.69  -0.69
11.Cato 102 133 <136 043 -0.46
12.Starch 045 430 06l 237 042
13.Color 225 212 240 408 -2.03
14, L atex 220 206 230 417 -1.94
15.0ther 041 064 051 068 -0.57
16.Alum 023 051 051 051  -051
i 202 197 279 306 -242

Based upon the cases of highly magnitude of Fy, it is found in Table 6.20 that
these unusual cases were due to the large changes of coating chemicals (color and
latex) from different events occurred in the process. In case # 42, the large
consumption of water and electricity indicates that it was used in unusually operation
due to the occurrence of broke and increased use of broke resulting some wastepapers
and chemicals increase. Thus, not only wastepapers used for the top layer (A and A7)
increase but also some types of wastepapers used in the middle and bottom layers
increase was clearly found associated with some starch and coating chemicals. In case
#8, 22, 34 and 45, the large changes of coating chemicals indicated the variation of
coating operation due to the broke usage. It should be appropriated to name Fi as
“variations of broke generation and usage and variations of coating chemicals”.
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For factor scores in F2of DP 450 (-1.89 to 2.01), the variation of this factor

score was also well balanced in both the positive and negative directions as in Figure
6.5.

Score on Input Factor 2:DP 450
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Figure 6.5 Factor Scores of DP 450 for F2

Case Number
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Table 6.21 Cases of Highly Magnitude of Factor Score for F2of DP 450

"}1[ Case Number
Variables

1 21 36 45
1 Water -0.64 007 -0.07 1.56
2. Electricity -0.50 -0.53 -0.28 0.37
3.A6 071 006 -0.83 -0.83
4.A, -0.47 -0.03 1.08 -1.14
5. A, -0.73 -0.85 -0.85 -0.85
5. A9 -1.16 -1.10 l& -1.16
7.A, 137 167 -1.24 2.02
8. As -0.03 -0.86 0.52 -0.58
9.Clay 0.75 o8t -1.05 -1.06
10. Emulsifier 0.68 069  -0.69 -0.69
11 Cato 1.28 -0.22 -0.95 -0.46
12.Starch 0.71 -0.58 0.76 0.42
13.Color -0.10 0.00 -0.01 -2.03
14, Latex -0.09 000 001 -1.94
15.0ther -0.39 -0.64 -0.28 -0.57
16.Alum 0.24 0.53 -0.51 -0.51

f, 187 200 -1.89 175
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Based upon the cases of highly magnitude of Fo, it was found in Table 6.21
that these unusual cases were due to the large change of Al and A9, While, there
were no large changes of water and electricity from the use of broke more than usual.
Thus, the variation of these types of wastepapers was due to the inconsistent usage of
wastepapers (Al and A9. It should be then named F2as “inconsistent usage of
wastepapers (Al and A9”.

For factor scores in F3 of DP 450 (-1.07 to 2.71), the results indicate that
there was variation of factor scores in this factor as shown in Figure e.6.

Score on Input Factor 3:DP 450

Factor score

Figure 6.6 Factor Scores of DP 450 for F.

Based upon the cases of highly magnitude of F3 it is found in Table 6.22
that these unusual cases were due to the large change of cato. There were no large
changes of water and electricity from the broke usage more than usual. Thus, the
large change of cato indicated that there was requirement to treat the product for
binding property. Thus, it should be appropriated to name Faas “special treatment of
product for hinding property”.



Table 6.22 Cases of Highly Magnitude of Factor Score for F3of DP 450

For factor scores in F4of DP 450 (-0.75 to 4.29), it is seen from Figure 6.7
that the values of factor score in this factor were quite consistent, except for some

Input
Variables

1. Water

2. Electricity
3. A6

4. AT

5 As

6. Ag

7. A,

8. As

9.Clay
10.Emulsifier

11-Cato
12.Starch

13.Color
14. Latex
15.0ther

16.Alum
F3

3

-0.72
-0.22
0.7
-0.25
-0.85
0.74
-0.50
-0.86
0.55
-0.69

1.50

-0.55
031
0.29

-0.39

0.26
1.90

usual cases (case # 26 to 29).

Case Number

N

2=

PRRCCS NS

Score on Input Factor 4:DP 450

15

-0.72
0.93

-0.06

041
0.92

-0.94

0.14
2.46
0.48
1.97

2.36

-0.74

-0.85
-0.79

-0.36
-0.51

2.36

Case Number

1

0.66
0.56

-1.58

-0.86
-1.58
2.87

2.59
0.12

0.67
0.75
0.01

-0.51
2.15

23

-0.24
-0.13
-0.06
-1.58
-0.22
-0.83

0.63

-0.58

0.84

-0.69

1.96

0.40

-0.38
-0.40

-0.31

0.28
211

24

-0.56
-0.19
-0.06

1.96

-0.85
-0.35

0.73

-0.86

0.97
0.85

2.03

-0.44

0.28

-0.13
-0.29

0.62
2.05
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Factor score

Figure 6.7 Factor Scores of DP 450 for F4




Table 6.23 Cases of Highly Magnitude of Factor Score for F4of DP 450

Input Case Number
Variables % 97 2
1. Water -0.48 -0.56 -0.72
2. Electricity -0.50 -0.16 -0.51
3. A« 0.33 -0.06 -0.06
4. AT -0.25 0.19 -0.25
5 As -0.35 -0.48 1.04
6. 1.39 1.55 1.33
1. A, -0.55 -0.60 -0.40
8. As -0.86 -0.44 -0.28
9.Clay -1.06 - 1.06 -1.06
10.Emulsifier -0.19 0.15 0.04
11.Cato -0.00 0.02 0.12
12.Starch -1.58 -1.58 0.69
13.Color -0.10 -0.26 -0.56
14, Latex -0.02 -0.30 -0.52
15.0ther 3.00 4.22 2.74
16.Alum -0.51 -0.51 -0.51
Fa 2.85 4.29 2.84

Based upon the cases of highly magnitude of F4, it is found in Table 6.23
that these unusual cases were due to the large changes of variables in the group name
“other”. While the small change of water and electricity was also found for other;
other materials that were used for coating in F4. It should then be appropriated to
name Faas “special treatment of product using other for coating”.

For factor scores in Fsof DP 450 (-1.1 to 5.08), it is seen that the values of
factor score in Fswere quite consistent with the occurrence of some unusual case as
shown in Figure e.s.
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37
33
29

21
17
13

Case Number

Table 6.24 Cases of Highly Magnitude of Factor Score for Fs of DP 450

Score on Input Factor 5:DP 450

Figure 6.8 Factor Scores of DP 450 for Fs

Input
Variables

1. Water

2. Electricity
3. As

4. AT

5. As

A

7. A,

8. As

9.Clay
[0.Emulsifier
11.Cato
12.Starch

13.Color
14, Latex

15.0ther
[6.Alum

Fs

Factor score

Case Number
-0.07 -007
0.08 -007
0.33 0.33
-0.25 041
-0.85 332
1.06 0.63
-0.65 -0.35
s 0.25
167 153
115 1.06

0.55

-0.84
" 00 -0.70
0.08 0 o
-0.30 -0.34
4.92 2.1
5.08 2.37
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Based upon the cases of highly magnitude of Fs, it is found from Table 6.24

that these unusual cases were due to the large change of alum. While there was the
large change of emulsifier, there were small changes of water and electricity.
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It indicates that there was special requirement to treat product for paper information
increase. Thus, it should be named Fsas “special treatment of product for paper
formation.

In conclusion, the significance factor scores for DP 450 production can be
named as shown in Table 6.25.

Table 6,25 The Name of Significant Factors of DP 450

Significant Name
Factor
F, Variations of broke generation and usage and
variations of coating chemicals

2 Inconsistent usage of wastepapers (A] and A9)
3 Special treatment of product for binding property
4 Special treatment of product for coating

£5 Special treatment of product for paper formation

Overall, the factor scores of DP 450 represented the combination of factors
extracted and the events occurred indicated the production was so complex and all
variables were somewhat independent.

6.1.3.2 Factor Scores of DP 400
For factor scores in Fi of DP 400 (-2.37 to 3.17), it can be seen from Figure

6.9 that the variation of factor scores was quite balanced.

Score on Input Factor 1:DP 400

Case Number

3. 92 - 10 1 2 3 4

Figure 6.9 Factor Scores of DP 400 for Fi



Table 6.26 Cases of Highly Magnitude of Factor Score for Fi of DP 400

Input
Variables

1 Water

2. Electricity
3. A6

4. A,

5. Ag

6. A9

1. A,

8. As

9.Clay
10.Emulsifier
11.Cato

12.Starch
13.Color
14 Latex
15.0ther

16.Alum

F

3
0.76

-1.21
-1.01
-0.55
-0.33
-0.72
-0.45

0.57

-0.08
-0.06

0.35

-0.88
-1.96
-1.93

-0.50

1.04

Case Number

7 16
041 1.99
0.29 2.6
0,05 0.1
0.36 037
433 0.63
1.39 055
061 053
0.27 0.76
1.02 031
0,20 10.20
0,62 0.66
021 0,38
127 -1.09
124 107
0,23 016
0,50 -0.50
172 2,05

24
4.39

3.08
2.18
3.47
0.77

-0.56

2.69
1.90

-0.53
-0.03

2.21
2.46

3.94

3.98

0.18

1.62

3.7
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Based upon the cases of highly magnitude of Fi, it is found in Table 6.26 that

these unusual cases were due to the large change of coating chemicals (color and
latex) and some wastepaper (A7). In addition, the large changes of water and
electricity consumption were due to the use of broke more than usual resulting the
large change of other chemicals in case # 16 and 24. While the other cases, brokes

were used less than usual due to the small change of water and electricity. It indicated

that there were variations of not only broke but also coating chemicals and some
wastepaper from the broke usage. Therefore, it should be named Fi of DP 400 as
“variations of broke generation and usage and variations of coating chemicals”.

For factor scores in F20f DP 400 (-1.15 to 3.57), the variation of the factor
scores in F2was quite balanced with some trend of unusually positive cases as shown

in Figure 6.10,
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Figure 6.10 Factor Scores of DP 400 for F2

Table 6.27 Cases of Highly Magnitude of Factor Score for F2of DP 400

Input Case Number
Variables % 2

1. Water 1.99 4.39
2. Electricity 268 3.08
3. A« 0.11 2.18
4. A, -0.37 347
5 Ag -0.63 0.77
6. A9 0.54 -0.56
1. A, -0.53 2.69
8. A5 -0.76 1.90
9.Clay 031 -0.53
10.Emulsifier -0.20 -0.03
11.Cato 0.66 221
12.Starch -0.39 2.46
13.Color -1.09 3.94
14, Latex -1.07 3.98
15.0ther -0.16 0.18
16.Alum -0.50 1.62

2 3.57 2.54
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Based on the cases of highly magnitude of F, it is found from Table 6.27 that
these unusual cases were due to both large and small changes of water and electricity
resulting the change of other variables. It indicated that there were variations of water
and electricity due to the broke usage more than usual (case # 24) and less than usual
(case # 16). Thus, it can be named F20f DP 400 as “variations of broke generation
and usage”.

For factor scores in Fsof DP 400 (5.51), it can be seen that the variation of
factor scores in this factor was quite consistent, except in the usual case as shown in
Figure 6.11.

Score on Input Factor 3:DP 400

Case Number

Factor score

Figure 6.11 Factor Scores of DP 400 for F.

Based on the cases of highly magnitude of Fs, it is found in Table 6.28 that
this unusual case was due to the large changes of sizing agents (emulsifier and alum),
particularly, alum. While there were no large changes of water and electricity due to
the occurrence of broke and usage. It indicated that there was requirement to treat
product for paper formation. Thus, it should then be named rs as “special treatment
of product for paper formation”.



Table 6.28 Cases of Highly Magnitude of Factor Score for F3of DP 400

Input
Variables

1 Water

2. Electricity
3. A«

4. A,

5 As

6. Ao

1. A,

8. As

9.Clay

o Emulsifier

11.Cato
12.Starch

13.Color
14.Latex

15.0ther
16.Alum

F3

Case Number
13

0.21

0.95
0.26
-0.37
-0.41
-1.04
0.74
0.12
1.35
583

-0.38
0.05

-0.41
-0.39

-0.40
4.30
551
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For factor scores in F4of DP 400 (-2.26 to 1.50), the variation of factor scores
in this factor was quite balanced as shown in Figure 6.12.

Case Number

36
31
26

21

Score on Input Factor 4:DP 400

-05 0 05 1 15

Factor score

Figure 6.12 Factor Scores of DP 400 for F4
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Based on the cases of highly magnitude of F4, it is found in Table 6.29 that
these unusual cases were due to the large changes of some wastepaper (Ag) that were
used in the middle and bottom layers of paper. While there were no large changes of
other variables. This indicates that there was broke usage less than usual. Thus, it
should be named Faas “Inconsistent usage of some wastepaper (Ag)”.

Table 6.29 Cases of Highly Magnitude of Factor Score for F4of DP 400

Input Case Number
Variables 2 a
1. Water -0.48 -0.06
2. Electricity 0.62 -0.45
3. As 0.58 -1.65
4, A 0.18 1.46
5 A 0.11 -0.78
o A 187 2,03
1.A -1.13 -1.13
.. A -0.32 0.12
9.Clay 0.42 -1.30
|0.Emulsifier -0.15 -0.20
11.Cato -0.35 -1.34
12 Starch -0.36 0.9
13.Color 0.15 0.83
14 Latex -0.18 0.64
15.0ther -0.30 .15
16.Alum 0.05 -0.50
F. -2.23 -2.26

For factor scores inF. of DP 400 (-1.51 to 2.41), the variation of factor scores
in this factor was also quite balanced as shown in Figure 6.13.
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Figure 6.13 Factor Scores of DP 400 for Fs

Table 6.30 Cases of Highly Magnitude of Factor Score for Fhof DP 400

Input Case Number
Variables 5 1 8 2
1. Water -0.41 0.76  -0.61  -0.61
2. Electricity 0.24 092  -096 -0.75
3. A* -0.05 -0.05  -0.05  -0.37
4. AT 037 <055 -165  -0.55
5. Ag 078 -019  -078 -0.26
6. A9 0.87 019 -093  -0.88
7. A, 045 -0.02 122 042
8. As 076 017 161 -062
9.Clay 0.42 081 0.74 021
10.Emulsifier 014 015 012 -0.20
11.Cato 1.78 -1.05 222 -0.85
12.Starch -0.48 001 -0.77  -0.65
13.Color 052 -005 -028 -0.23
14.Latex 049 -010  -031  -0.22
15.0ther 024 -018  -019 050
16.Alum 027 -050  -050 -0.37

Es 240 5L 241 102

30
0.55

0.82
0.26
0.73
1.14

-1.04

1.38
0.12

-1.30
-0.20
-0.76

1.07
173

N

0.07

-0.24

-1.15

25

33
-0.13

0.55
-0.37

1.09
-0.78
-0.35
-1.13
0.12
-1.30
-0.20
-1.29

081
-0.35

-0.35
-0.20
-0.50
-1.29

190
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Based on the cases of highly magnitude of Fs, it is found in Table 6.30 that
these unusual cases were due to some large changes of cato. While there were small
changes of water and electricity from usual operation. This indicates that there was
Inconsistent usage of cato. Thus, it should be named Fsas “inconsistent usage of
cato”.

For factor scores in Feof DP 400 (-1.76 to 3.26), the variation of factor scores
in this factor was quite consistent as shown in Figure 6.14,

Score on Input Factor 6:DP 400

Case Number

Factor score

Figure 6.14 Factor Scores of DP 400 for F6

Based on the cases of highly magnitude of F, it is found in Table 6.31 that
these unusual cases were due to the large change of water and electricity
consumption, some wastepapers (A5and As). This indicated that there were variations
of broke generation and usage due to the increased use of related additives. In
addition, there were variations of some wastepaper (As) from the use of broke both
more (case #1 and 27) and less than usual (case # 12, 15, and 17). It should then be
named FO as “variations of broke generation and usage and inconsistent usages of
some wastepapers (Asand As)”.



Table 6.31 Cases of Highly Magnitude of Factor Score for Foof DP 400

Input Case Number
Variables 1 1 5 17
1. Water 14 061 061 013
2. Electricity 092 -076  -102 02
3 Ae 186 005 005 -0.16
4. A, 2.01 054 073 -037
b A 092 078 152 -0.78
6. A9 104 076 -104  -104
1. A 197 014 113 -0.02
8. As 413 076 -0.76 116
9.Clay 254 . 080 081 017
10 Emulsifier <009 -015 013  -020
11.Cato 209 105 038 008
12.Starch 120 001 08 -048
13.Color 138 003 006 -0.33
14.Latex 153 <004 037 -03%
15.0ther 016 018 015 -0
16.Alum 050 050 19 015
= 32 115 14 1M

Based upon these cases, the significant factor scores for DP 400 production

can be named as in Table 6.32.

27
131

2.12
2.50
1.46
1.29

-1.04
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-0.76
-1.30

-0.20

1.00

1.23

2.09
1.99

0.06
-0.15

-1.76

Table 6.32 The Name of Significant Factors of DP 400

Significant Name
Factor
F, Variations of broke generation and usage and variations

of coating chemicals
f2 Variations of broke generation and usage

f3 Special treatment of product for paper formation

4 Inconsistent usage of some wastepaper (A9)
Fs Inconsistent usage of cato

0 Variations of broke generation and usage and
inconsistent usages of some wastepaper (AS and Ag)

192
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Based upon the factor scores for DP 400, the events occurred in the process
indicate this production was so complex and all variables were somewhat
indepenclent.

6.1.3.3 Factor Scores of DP 350

For F] of DP 350 (-2.17 to 2.90), the variation of factor scores in this factor
was quite balanced because ofthe changes of variables in both directions as shown in
Figure 6.15.

Score on Input Factor 1:DP 350

Case Number

4
Factor score
-3 -2 -1 0 1 2 < 4

Figure 6.15 Factor Scores of DP 350 for Fi

Based upon the cases of highly magnitude of Fi, it is found in Table 6.33 that
these unusual cases were due to the variation of coating chemicals (color and latex)
as well as water and electricity consumption. In case # 12, the large changes of water
and electricity were due to the broke usage more than usual resulting the highly
consumption for other variables. While, the other cases, the changes of coating
chemicals were due to the occurrence ofbroke. Thus, it should be named Fi as
“variations ofbroke generation and usage and variations of coating chemicals”,



in this factor was quite balanced as shown in Figure 6.16.

Case Number

Table 6.33 Cases of Highly Magnitude of Factor Score for F1of DP 350

Input
Variables

1 Water

2. Electricity
3. A6

4.A7

5 A8

6. A9

7. A,

8. As

9. Alum
10.Clay
11.Emulsifier

12.Cato
13.Starch

14.Color
15.Latex

16.0ther

F,

1

-0.56
-0.34
0.22
-0.60
-0.82
-0.06
0.47
2.03
-0.51
0.75

-0.14
0.50
-0.59

-0.32
-0.32

-0.16
-1.74

Case Number

3
0.05

0.9
1.46
0.88
-0.82
0.1
0.82
203
053
242

0.19
0.82
0.78

0.65
0.68

-0.07
2.25

5
0.15

0.62
0.63

-0.35
-0.25

0.89

-0.89
-0.77
-0.51

0.82
0.15

-0.02
-0.82

031
033

-0.18
-1.85

il

-0.36
-0.58

0.22

-0.60
-0.82

0.61

-0.64
-0.77

1.66
142

-0.14

0.48

-0.31

-0.39
-040

-0.16
-2.17

12
208

316
3.58
211
-0.82
156
122
203
274
194

-0.14

44
114

107
1.08

0.08
2.90

194

For factor scores in F20f DP 350 (-2.01 to 2.01), the variation of factor scores

Score on Input Factor 2:DP 350

———————————|
et
—

=

]

==

T

3 2

T

1

Factor score

0

T

1

T

- - 2 3
Figure 6.16 Factor Scores of DP 350 for F2
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Table 6.34 Cases of Highly Magnitude of Factor Score for F20f DP 350

Input Case Number
Variables 17 18 19
1 Water -0.76 -0.66 -0.25
2. Electricity 0.83 -0.76 031
3. A6 -0.20 0,61 0.2
4 AT 011 -0.35 -0.35
5. A8 065 020 0.87
6. Ag -1.07 1.28 1.79
7.A 1.82 -1.05 -0.49
8 As 0.23 0.17 0.83
9. Alum -0.09 051 0.92
10clay 02 0.16 0.42
11 Emulsifier 0.14 -0.14 0.14
12cato 043 0.47 0.38
13.Starch 0.93 -0.82 0.13
14.Color 0.06 0.08 001
15. Latex 0.06 01 002
16.0ther 0.14 0.15 -0.30
£ 201 149 27

Based upon the cases of highly magnitude of F2, it is found in Table 6.34 that
these unusual cases were due to the large changes of some wastepapers (Ag and Al),
As there were no large changes of water and electricity, it seems to indicate that there
was inconsistent usage of these wastepapers. Thus, it should be named F2as
“Inconsistent usage of some wastepapers (Ag and A])”.

For factor scores in F3of DP 350 (-1.18 to 3.66), the variation of factor scores
in this factor was inconsistent due to the presence of some unusual cases as shown in
Figure 6.17.



Score on Input Factor 3:DP 350

Case Number
&

IIIJ 1l'|1 1 I‘JII I l||| AH 1 | |||I ,|[|( |‘-,|l|

-1 T | I —

Factor score
1 2 3 4

N
o

Figure 6.17 Factor Scores of DP 350 for F3

Table 6.35 Cases of Highly Magnitude of Factor Score for F3of DP 350

Input Case Number

Variables i 1

1. Water -0.36 2.08
2. Electricity -0.58 3.16
3. A6 0.22 358
4. AT -0.60 211
5. Ag 082 082
6. A9 061 156
1.A, -0.64 122
8. As 0.77 203
9. Alum 1.66 2.74
10.Clay 142 1.9
1LEmulsifier ~ -0.14 -0.14
12.Cato 0.48 4.42
13.Starch -0.31 114
14.Color -0.39 107
15.Latex -0.40 1.08
16.Other -0.16 0.08

F3 3.66 2.32
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Based upon the cases of highly magnitude of Fs, it is found in Table 6.35 that
these unusual cases were due to the large changes of not only clay and alum but also
water and electricity from the occurrence of broke. While the large changes of clay
and alum were due to the use of broke less than usual. Thus, it should be named rs as
“variations of broke generation and usage”

For factor scores in Faof DP 350 (-1.31 to 3.13), the variation of factor scores

In this factor fluctuates in the first part and was consistent in the last part as shown in
Figure 6.18,

Score on Input Factor 4:.DP 350

Case Number
<

Y, Y] = Ul
Factor score
-2 -1.5 -1 -0.5 0 05 1 15 2 25 3 3.5

Figure 6.18 Factor Scores of DP 350 for r«

Based upon the cases of highly magnitude of F4 it is found in Table 6.36
that these unusual cases were due to the large changes of emulsifier (one of sizing
agents that are used for paper formation) in all cases. There were no large changes of
water and electricity in these cases. It seems to indicate that there is requirement to
treat product more for paper formation. Thus, it should be named Faas “special
treatment of product for paper formation”.



Case Number

Table 6.36 Cases of Highly Magnitude of Factor Score for F4of DP 350

Input
Variables

1. Water

2. Electricity
3. A6

4. A7

5. A8

6. A9

T.A,

8. As

9. Alum
10.Clay
11.Emulsifier

12.Cato
13.Starch
14.Color

15.Latex
16.0ther

f4

3
0.05

0.9
146
0.88
-0.82
011
0.82
203
0.53

242 -

0.19
0.82
0.78
0.65

0.68
007

313

5
0.15

0.62
0.63
0.3
025
0.89
-0.89
0.1
051
0.82
0.15

-0.02
.82
031

-0.33
.18

251

Case Number

!
-0.46

0.1
020
0.39
025
0.9
-1.35
0.17
0.34
043
0.06

043
0.1
0.14

0.14
-0.14

168

10

0.15
.18

0.2

0.3

234
0.05

039
0.71

041
0.8
0.08

-0.46
0.85
-0.04

-0.03
-0.18

149

13
0.56

043

-0.26

0.14

-0.59

0.39
001
0.03

-0.04

109
0.09

0.74

048

0.12
0.14

015

19
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For factor scores in Fsof DP 350 (-L41 to 4.10), the variation of factor scores
inthis factor was small as shown in Figure 6.19.

35
33
31
29
27
25
23
21
19
17
15
13

- WO ~N©

Score on Input Factor 5:DP 350

1

T T 357}
Factor score

2

4

Figure 6.19 Factor Scores of DP 350 for F5



Table 6.37 Cases of Highly Magnitude of Factor Score for Fs of DP 350

Input
Variables

1 Water

2. Electricity
3 A

4, AT

S A

6. A9

1. A

8. As

9. Alum
10.Clay
11.Emulsifier

12.Cato
13.Starch

14.Color
15.Latex
16.0ther

Fs

2

-0.86

2.30

0,61
011
-0.37
091
-1.25
-0.97
-0.05
-0.08
-0.03

0.47

-0.69

0.06
0.08

-0.14

410

5
0.15

0.62
0.63

-0.35
-0.25

0.89

-0.89
0.17
051

0.82
0.15

002
-082

031
-0.33
-0.18

101

Case Number

9
0.05

0.52
-0.20

0.39
-0.14
0.39
-0.54
0.17
-0.14
105
-0.04

-0.59
-1.07

-0.03
-0.02
-0.15

-141

iV
208

3.16
3.58
211
-0.82
156
122
203
2.4
194

-0.14

442
14

107
1.08
0.08

118

24
0.35

116
0.63
0.63

-0.59
-1.07

0.77
043

051
-1.18
-0.14

182
191

012
011
012

186
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Based upon the cases of highly magnitude of Fs, it is found in Table 6.37 that

these unusual cases were due to the variation of electricity from the use ofbroke both
more (case # 12) and less than usual (case # 2, 5, 9, and 24). Thus, it should be named
Fs as “inconsistent consumption of electricity”.

6.38.

Based on the cases of highly magnitude of factors (Appendix A13), the
significance factor scores for DP 350 production can be named as shown in Table
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Table 6.38 The Name of Significant Factors of DP 350

Significant Name
Factor

F Variations of broke generation and usage
and variations of coating chemicals

f2 Inconsistent usage of some wastepapers (A9
and A))

f3 Variations of broke generation and usage

f4 Special treatment of product for paper
formation

£5 Inconsistent consumption of electricity

Overall, the factor scores of DP 350 represented the combination of factors
extracted. The events occurred in the process indicated this production was so
complex and all variables were somewhat independent.

6.1.3.4 Factor Scores of DP 310
For factor scores in Fi of DP 310 (-0.51 to 7.4), the variation of factor scores
in this factor was quite consistent, except in the case # 4 as shown in Figure 6.20.

Score on Input Factor 1:DP 310

Case Number

8 T
Factor score
3 4 5 6

Figure 6.20 Factor Scores of DP 310 for Fi
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Table 6.39 Cases of Highly Magnitude of Factor Score for F of DP 310

Input Case Number
Variables 1
1 Water -0.56
2. Electricity 042
3. As 105
4. A7 -0.60
5. A -0.82
6. A9 051
T.A 0.67
8. As 0.1
9. Alum -0.04
10.Clay 0.63
11.Emulsifier -0.03
12.Cato 0.74
13 Starch 0.83
14.Color 12.74
15.Latex 1258
10.0ther 0.92
Fi 740

Based upon the cases of highly magnitude of Fi, it is found in Table 6.39 that
the variation of this factor was due to only the large change of coating chemicals. It
Indicates that there was requirement to treat product more for coating due to the use
of broke less than usual. Thus, it should be named Fi as “special treatment of product
for coating”.

For factor scores in F20f DP 310 (-1.07 to 5.51), the variation of factor scores
in this factor was mostly consistent. Although there are some unusual cases (case # 18
and 41) as shown in Figure 6.21.



Score on Input Factor 2:DP 310

57 - I e R R i ||

Case Number
3

Factor score
2 -1 0 1 2 3 4 5 €

Figure 6.21 Factor Scores of DP 310 for F.

Table 6.40 Cases of Highly Magnitude of Factor Score for F20f DP 310

Input Case Number

Variables 18 1

1. Water 147 106
2. Electricity 372 0.86
3. A6 0.20 -1.44
4, AT 0.14 -1.09
5. A8 031 0.20
6. A9 039 045
1A 001 1.3
8. As 0.1 0.03
9. Alum 051 051
10.Clay 0.74 007
11.Emulsifier -0.04 .14
12.Cato 0.50 0.55
13, Starch -110 208
14.Color 003 -0.67
15. Latex 001 0.69
16.0ther .16 0.28

£2 5l 293
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Based upon the cases of highly magnitude of F2 it is found in Table 6.40 that
the large magnitudes of this factor were due to the large changes of water and
electricity due to the use of broke more than usual, as well as the overflow of white
water. It should then be named F2as “variations of broke usage and balancing of
white water”.

For factor scores in F3of DP 310 (-2.60 to 2.39), the variation of factor scores
in this factor was quite balanced as shown in Figure 6.22.

Score on Input Factor 3:DP 310

Case Number
~N
@

Factor score
0

-3 2 1 1 2

Figure 6.22 Factor Scores of DP 310 for F

Based upon the cases of highly magnitude of F3 it is found in Table 6.41
that the variation of this factor was due to the large change of some wastepaper (A7).
While there were the large changes of water and electricity consumption due to the
occurrence of broke in some case (case #41), there were the small changes of theses
variables in other cases (case # 35, 42-43, 47, and 50) due to the broke usage less than
usual. Thus, it should be named F3as “variations of broke generation and usage”.



Table 6.41 Cases of Highly Magnitude of Factor Score for F3of DP 310

Wau Cxe Nty
la0IES P 4 L B 4 9
1 Weter 0 16 06 03 45 08

2Betrigty 16 ... A6 0¥ 08 43
3 A, 0 14 0 012 2 1%
4 AT 1y 10 0% @ 3 4%
5 A8 1 0 0D W 48
6. A9 100 06 A0 07 13 F
LA 12 1% 06 0 13 0¥
8 A5 n LA T /N /A /A

9 Alum 0 44 08 04 08 M|
10Ckay 18 00 1B 1B 1B B
WEmisfier 04 Q4 04 04 Q4 QU

12Cato w 45 16 98 A0 b
133arth 04 28 08 05 08 00

14.Color 6 06/ 02 0B 06 6
15 Latex @ 0® 02 03 06 0

Boter 0 0B A7 47 4B A7
‘. 9 B 22D W)

For factor score in F, of DP 310 (-1.68 to 2.08), the variation of factor scores
in this factor was quite balanced as shown in Figure 6.24.

Score on Input Factor 4:DP 310

Factor score

Figl]re 6.242 Factolr Scoores of DP1310 for2F4
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Tahle 6.42 Cases of Highly Magnitude of Factor Score for F4of DP 310

{%“au Case Ny
S B 2 3 ¥ B 4 9

1 Water w 0% 06 0% 05 1w 05
2 Bectricty 372 03 08 09 42  o0s 01

3A 00 020 420 012 420 14 02
4 AT 04 00 09 08 09 -0 12
5 M 3 42 & 48 40 02 16
6. A 09 03 03 -0 12 96 -0
1A ot 07 09 4 4n 1D 12
8 A O 08 04 07 08 0B QY

9 Alum 05 08 50 8 8 08 A7
10.Clay 04 -118 -118 118 02 000 -118
WEmsifier 04 010 008 04 Q0 Q4 QU

12Cato 09 08 48 o 09 0% 03

13. &arCh -1.10 -1.68 -1.68 1.36 0.75 2.08 165

14.Color 08 007 00 002 4L 067 0D
151 atex Q0 010 020 @ 04 0 03

16.Other 06 22 200 0B 45 48 00
£4 10 246 23 19 18 27 24

Based upon the cases of highly magnitude of F4, it is found in Table 6.42 that
the variation of this factor was due to the large change of starch. It occurs from the
use of broke both more (case #18 and 41) and less than usual (case # 32-33, 37-38,
and 59) due to the different changes of water and electricity. Thus, it should be named
F4as “inconsistent usage of starch”.

For factor scores in Fsof DP 310 (-1.52 to 3.49), the variation of factor scores
in this factor was quite unbalanced due to the inconsistent changes of the variables as
shown in Figure 6.24,



Case Number

206

Score on Input Factor 5:DP 310

e
1 },,,7Y$ = 2 . )

Factor score
-2 -1 0 1 2 3 4

Figure 6.24 Factor Scores of DP 310 for Fs

Table 6.43 Cases of Highly Magnitude of Factor Score for Fs of DP 310

Input Case Number

Variables 5 w o ® %
LWater 05 05 03 03 005 0% -0
) Electridy 039 003 0% 03 092 060  -029
376 061 061 420 42 02 40 02
4 A7 03 039 03 014 112 06 063
5 Ag 03 076 003 08 0% 01 048
6. A9 060 1% 0% 928 L7 090  -L07
7A 04 4% QM4 04 288 4 DM
8 A A AT AT Am 031 43 AU
9, Alum 065 002 06 020 07 051 051
10Clay 016 046 05 0% 097 118  -118

1LEmulsifier 000 002 003 004 014 014 014
12.Cato 1.8 08 08 0 09 167

13 Starch 047 009 035 0% 076 01 136
14.Color 008 002 010 -0.00 0.01 005  -0.02

15. Latex 009 001 010  0.00 006 005  -0.02
16.0ther 017 016 018 013 015 013 -0.18

K 250 219 14 134 1.56 212 349
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Based upon the cases of highly magnitude of Fs it is found in Table 6.43 that
the variation of this factor, particularly cato was due to the use of broke less than
usual because of large changes of water and electricity consumption. It should then be
named Fsas “inconsistent usage of cato”.

For factor scores in Feof DP 310 (-1.34 to 3.79), the variation of factor scores
in this factor was quite unbalanced as in Figure 6.25.

Score on Input Factor 6:DP 310

Case Number
N
w0

| T

-2 -1 0 1 2 3 4 5

—— 7

Factor score

Figure 6.25 Factor Scores of DP 310 for Fo

Based upon the cases of highly magnitude of F0, it is found in Table 6.44 that
the variation of this factor, in particular alum was due to the use of broke less than
usual because of small changes of water and electricity. It seems to indicate that there
was requirement to treat product for paper formation. Thus, it should be named Fé as
“special treatment of product for paper formation”.



Table 6.44 Cases of Highly Magnitude of Factor Score for F6of DP 310

{%Jtables

1 Water

2. Blectricity
3%

4 AT

52 A

6. A9

1A

8 /5

9 Alum
I0Cay

1 Emulsifier
12Cato

13Starch

14 Color
151 atex

16.0ther
f6

Based upon the cases of highly magnitude of factors, the significance factor
scores for DP 310 production can be named as shown in Table 6.45.

Table 6.45 The Name of Significant Factors of DP 310

Significant
Factor
F
2
3

f4
s
Fs

-0.46
-0.66
-0.20
-0.3
0.09
240
-1.20
-0.77
12
0.84
0.03
1.20
-0.92

-0.29
-0.29

-0.16
282

Special treatrvent of prookct
Variations of broke usage and balancing of white water

Case Number

pal
0.25

0.39
0.22
0.63

-0.82
-1.07
-0.24

163
134
068

-0.02

0.40

-0.98

0.25
0.27

-0.15

2.62

2
-0.15

Q1
016
063
082
0.89
0.29
383
200
050
0.02
053
096

0.19
0.99

-0.15
3.79

Name

26

-0.46
-0.44
-0.20

0.39

-0.82
-1.07

0.17

-0.37

12
0.60
003

-0.07
-0.51

-0.17
-0.18

-0.18

246

for coating

Variations of broke generation and usage
Inconsistent usage of starch

Inconsistent usage
Special treatrrent of proolict for paper formetion

of cato

R

-0.66
-0.71
-0.20

0.88

-0.37
-0.56
-0.64
-0.69

0%

-1.18
-0.09

-0.23
-0.51

0.05
0.04

1.06
187

208
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Based upon the factor scores for DP 310, the events occurred in the process
indicate this production was also so complex and all variables were somewhat
independent,

+.1,3.5 Factor Scores of DP 270
For factor scores in Fi of DP 270 (-3.41 to 1.13), the variation of scores in

this factor was quite balanced, except for the unusual case in case # 2 as shown in
Figure 6.26.

Score on Input Factor 1 of DP 270

15
13

17 | = (— |
1

Case Number
o

- W o, ~N

Factor Score

Figure 6.26 Factor Scores of DP 270 for Fi

Based upon the cases of highly magnitude of Fy, it is found in Table 6.46 that
the variation of this factor occurs from the use of broke more than usual. There were
the large change of water, electricity, some wastepaper (Fi) and coating chemicals.
Thus, it should be named Fi as “variations of broke generation and usage”.
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Table 6.46 Cases of Highly Magnitude of Factor Score for F] of DP 270

%‘l‘ables G Iglnbar
1 Wty 208
2. Blectricity 25
3K 29
4 A 063
0 A 014
6.A9 03
1A 04
8 /% 077
9. Alum Q1
10Cay 0%
U Emsifier 006
12Cio 041
o
15 atex

10
v

160ther
F

For factor scores in F20fDP 270 (-2.50 to 1.68), the variation of factor scores
in this factor was quite balanced as shown in Figure 6.27

Case Number

b

13
1

- W 0 ~N

Score on Input Factor 2 of DP 270

Factor Score

Figure 6.27 Factor Scores of DP 270 for F2



Table 6.47 Cases of Highly Magnitude of Factor Score for F20f DP 270

{%'llables Ce Nrter
8 T

1 Weter 15 05b
2. Blectricity 0% 04
36 027 02
4 AT 10 014
hA3 00 08
6. A9 017 107
TA 12 12
8 A Q77 003
9 Alum 008 051
10Cay 0% 118
11 Bulsifier 007 014
12 Cato 048 016
13Sarch 076 174
14.Color 019 013
15 Latex 02 013
16Cther 014 007
f, 168 25

Based upon the cases of highly magnitude of F2 it is found in Table 6.47 that
the large magnitudes of this factor occurred due to some large changes of emulsifier
and starch without the large changes of water and electricity. It seems to indicate that
there were inconsistent usages of emulsifier and starch in the process. Thus, it should
then be named F2as “inconsistent usages of emulsifier and starch”.

For factor scores in F30fDP 270 (-2.90 to 1.18), it is shown that the variation
of factor scores in this factor was quite balanced, except for the unusual case in case #
3 as shown in Figure 6.28.



Score on Input Factor 3 of DP 270

17
15
13

Case Number
[{e]

W g~

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 15

Factor Score

Figure 6.28 Factor Scores of DP 270 for F3

Table 6.48 Cases of Highly Magnitude of Factor Score for F3of DP 210

\I%Iabl Cae Ny
B 3
1 Weter {076
2. Bectricity 16
3 A 02
4 N 063
5. AY 020
6. A9 218
TA 135
8. A 07
9. Alum 02
10Clay 040
11 Eulsifier {14
12C40 034
13Samth 066
14 Color 02
15 Latex 02
16.0ther 05

F3 29
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Based upon the cases of highly magnitude of F3, it is found in Table 6.48 that
the unusual case was due to the large changes of some wastepapers (A« and Ai)with
the small change of water and electricity. It indicated that there was broke usage less
than usual. Thus, it should be named F3as “inconsistent usage of some wastepapers
(Agand AQ”.

For factor scores in F4of DP 270 (-2.13 to 1.23), the variation of factor scores
in this factor was unbalanced as shown in Figure 6.29.

Score on Input Factor 4 of DP 270

Case Number

\
A

Factor Score

Figure 6.29 Factor Scores of DP. 270 for F4

Based upon the cases of highly magnitude of F4 it is found in Table 6.49 that
the large magnitudes of this factor occur due to the large change of cato. While there
were no large changes of water and electricity. It indicated that there was inconsistent
usage of cato in the process. Thus, it should be named F4as “inconsistent usage of
cato”,



Table 6.49 Cases of Highly Magnitude of Factor Score for F4of DP 270

%ables

1 Water

2. Blectricity
3 A

4. AT

2 A
6. A9
LA
8 A
9 Alum

10Cay
11 Emulsifier

12.C4o

13Sarch
14 Color
15 Latex
16.0ther

F

{66
05
02
03
08/
046
041
07
Q6
058
08

1B
%2
03l

03
012
28

-
0%

02
{6
03
03
017
Q0L
108
03
02
0%

{8
(64
055

04
017
Gkl

Case ey

b
046

074
02
063
04
107
12
07
04
118
04
0%
067

02
03
1
150

b
{66

{063
02
063
08
028
0
03
03
118
04

T1.11

060
03

03
12
182

214

For factor scores in Fsof DP 270 (-1.38 to 2.73), the variation of factor scores
in this factor was quite small, except some unusual cases (case # 6 and 11) as shown
in Figure 6.30.

Case Number

17
15
13
"

Score on Input Factor 5 of DP 270

- w o~

Figure 6.30 Factor Scores of DP 270 for F5

Factor Score



Table 6.50 Cases of Highly Magnitude of Factor Score for Fs of DP 270

%lnlables

1 Water

. . Blectricity
35

4 A

SWAY

s A

1A

0. P8

9 Alum .
100y
11 Enulsifier

14 Color

15 Latex

16.0ther
Fs

Cose Nurrer
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Based upon the cases of highly magnitude of Fs, it is found in Table 6.50 that

there was large change of alum. While there are no large changes of water and
electricity due to the use of broke less than usual. It indicated that there was

requirement to treat product more for paper formation. Thus, it should be named Fs

as “special treatment of product for paper formation”.

Based upon the cases of highly magnitude of factors, the significance factor

scores for DP 270 production can be named as shown in Table 6.51.
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Table 6.51 The Name of Significant Factors of DP 270

Significant Nae
Fector
F Variations of broke generation and usage
f2 Incorsistent usages of eulsifier and starch
f3 Incorsistent usage of some wiastepapers (A9
adA)
f4 Incorsistent usae of cato

f5 Special treatment of prookct for peper
foretion

Based upon the factor scores for DP 270, the events occurred in the process
indicate this production was also so complex and all variables are somewhat
independent. Application of all factor scores for each variety of DPs as the predictor
variables may be affected the predictive environmental model for the wastewater
loads due to the changes of variables and several events occurred in these factors.

6.1.4 Validation of FA Input Model

Validation of the FA Model was performed using a time-average approach.
From a separate set of data collected in a different time period at the same site, one
case at a time was used with the original data to rebuild the FA Model. When a new
case (or set of observations) was added, the oldest case was removed from the
original data set. The results of the second model were compared with those of the
first. The process was repeated until all of the new cases are added, and the oldest
data sets from the original data collection have been removed. The final model that
was used was determined from the average of all of the individual models that were
generated in this way (Table 6.52 and 6.53). Based on the available data for 7 months,
the data for validation of DPs were 11, 9, 9, 34, and 17 cases for DP 450, DP 400, DP
350, and DP 270, respectively.
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Table 6.52 Validation Results of FA Input Model of DP for Fi- Fs
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Table 6.53 Validation Result of FA Input Model of DP for Fit - Flo

QJTD@F&US DP 40 CP400 P30 CP310 P20
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For DP 450, the pattern of the factor structure or FA model resulting from
validation was the same as the pattern of the original factor model building.

Therefore, the physical meaning of its model and its factors is valid for current
operation.

For DP 400, the pattern of the factor model resulting from validation was
almost the same as the pattern of the factor model resulting from model building.
Although some variables are shifted from one factor to another factor, namely, the
shift of Asfrom Feto Fs, cato from Fsto F6, and the shift of clay from Foto F1o, the
physical meaning of these significance factors was not changed. The reason was that
each factor has the same importance, even its position was changed. Hence, their
physical meaning was somewhat valid for process operation.

For DP 350, the pattern of the factor solution or FA model resulting from
validating was quite different from that obtained from the original model building.
Some variables were shifted from one factor to another factor, namely, the shifts of
alum and clay from Fato F2, starch from Fyto Fg emulsifier from Fato Fs, Ag from
Foto F7, and the shift of electricity from F5to F2. Thus, there were some changes in

physical meaning of the FA model for DP 350 affecting the explanation of its
production.

For DP 310, the pattern of the factor model resulting from model validation
was quite different from that obtained from the original model building as well.
Some variables were shifted from one factor to another factor, namely, the shifts of
electricity from F2to Fg A7from Fato F2 Ao from Fyto F5 As from Fy to Fg, and
cato from Fsto F4. These changes provide un-valid description for process operation.

For DP 270, the pattern of the factor model resulting from model validation
was also quite different than that obtained from model building. Some variables are
shifted from one factor to another factor, namely, the shifts of water and electricity
from F] to F4 Aefrom Fyto F7, A7from Feto F7, emulsifier from F2to F], cato from
Fato Fi, and alum from Fsto F6. The difference of factors that occurred in validation
of FA model of DP 270 mainly was dependent on the pattern of variation of the
newdata set. Thus, these models were not valid for process operation.
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Overall, based upon the results of the FA model validation for the various
types of DP production, it is found that FA model of DPs were generally valid for
DP 450 and DP 400 in describing the physical meaning of material input and utility
consumption. While these models were not valid for DP 350, DP 310, and DP 270
due to unclearly relationship between input variables. The factors for some groups of
input variables were changed resulting the reduction of representative ability of these
DPs. Therefore, FA was not successfully used for DP 350, DP 310, and DP 270.

6.2 Model I1: MRA Predictive Environmental Model for DP
6.21 Data preparation and reduction of predictor variables
This step was performed through FA. The predictor variables (x) were
obtained as significant factor scores. All significant factor scores for all DPs were
used to determine their relationships with the response variables (y); wastewater load
0f DPs. In the step of model building, some cases of DPs that were considered as
outlier were excluded in the models as shown in Table 6.54.

Table 6.54 The Outlier of Error between Wastewater Load and Factor
Occurred in Model Building for all DPs

Case Number
DP 450 DP 400 DP 350 DP 310 DP 270

¢ Yy T0EEB Fihh 4Rug Sur
whbh €472 BT g o

1

TS
o gpps YRS 0N P gy
BOD

Model

5812?1]4 5 2%]%3]56197 7102133 §283%9 ,43[&,47 %61§ g
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From Table 6.54, the number of cases that were considered as outlier of error
for each type of wastewater load are 9, 8, 7, and 7 for SS, TDS, COD and BOD of DP
450, respectively. Also 5, 10, 9, and 9 for ss, TDS, COD and BOD of DP 400 were
not included in these models. 9, 6, 4, and 4 for ss, TDS, COD and BOD of DP 350
were also excluded in these models. 159, 8, and 8 for ss, TDS, COD and BOD of
DP 310 were excluded in these models as well. 3, 3,4, and 7 for ss, TDS, COD and
BOD of DP 270 were not included in these models.

For DP 450, the outlier for the final predictive model occurred from
wastewater loads (6 cases) more than related factors (2 cases). The outliers were 132
kg/ton for ss load and 33 to 43 kg/ton for TDS load. The ranges of outliers were 41
to 42 kg/ton and 41 to 98 kg/ton for COD and BOD loads, respectively.

For DP 400, the outlier for the final predictive model also occurred from
wastewater loads (7 cases) more than related factors (3 cases). The range of outliers
are 125t0 204kg/ton for ss load and 42to 66 kg/ton for TDS load. The ranges of
outliers were 118 to 147 kg/ton and 84 to 103 kg/ton for COD and BOD loads,
respectively.

For DP 350, the outlier for the final predictive model occurred from
wastewater loads (8 cases) more than related factors (5 cases) as well. The outliers
were in the range of 78 to 90 kg/ton for SS load and 22 to 8 kg/ton for TDS load.
The ranges of outliers were 11 to 99 kg/ton and 7 to 96 kg/ton for COD and BOD
loads, respectively.

For DP 310, the outlier for the final predictive model occurred from
wastewater loads (7 cases) more than related factors (5 cases). The outliers were 99 to
220 kg/ton for SS load and 33 to 43 kg/ton for TDS load. The ranges of outliers were
41 to 42, kg/ton and 41 to 98 kg/ton for COD and BOD loads, respectively.

For DP 270, the outlier for the final predictive model occurred only from
related factors (1 case). As there was no outlier of wastewater loads for ss, COD and
BOD loads, except the outlier of TDS load (2 cases) not occurred for this model.

6.2.2 Model Investigation

It is found that the statistical significance of the proposed models met the
assumption in the study for all DPs although they had different values. The result
showed that the wastewater loads of all of the types of DPs were in different equation
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forms. The exact form for each wastewater load and paper grade was illustrated in
Table 6.55, and 6.56. These models were used for model testing in a later step.

Table 6.55 Result of Model Investigation for Basic Equation of DP 450, 400, and 350

Mokl  Precictor
Vol Ftest Sig
1D5%450 2 00 0
£, 0 0
S F 502 0
60)) E 547 0
2 3B 0
20P400
S 3 8% 0
TS f2 580 0
60)) f2 60 0
0 490 0
BOD f2 637 0
6 510 0
30PN
S o 4% 0
2 1O 0
2 1028 0
oS % 59 0
2 54 0
% 610 0
% 38 0
oD 2 026 0
BOD 6 130 0

R2

012
023
031
0.76
0.77

0.76
034
047
029
047
030

030
064
059
026
025
016
018
05
05

£

031
030

%
¥

049 2

045
0l

03
058
028
032
031
03

019
016
017
02
025
024
0.4
029
032

2
R/

NN

=N X3

@ e R RN N

Basic Equation

-007+ 003/ R2

015011 R 0. FRHO0LFSB
-0.2440.02 A+0.13 F200L A3
-043 +0.36Fs+1.29 F027 F3
-046 +042 Fst149 F2031 F<3

-0.40-0.05 F,+0.36F,20.08H3
-0.52-0.04 F6+0.13F@
-023051 FA044 F202 F3
0.15+0.15 Fo+ 008 F2
-022+061 FA0.50 F2025 F23
-0.15+0.16 Fo+ 003 2.

-040:005 F+0.36 F 2008 F3
-0.52-0.04 Fo+0.13FR
-023H051 P04 F2021 FA3
-01510.15 Fo+ 003 F2
-022+061 FA0.50 F2025 F3
-0.15+0.16 Fo+ 0.03 F2
-015+0.15 Fo+ 0.03 2
-022+061 FA0.0 F205 F3
-0.15+0.16 Fo+ 0.03 F2
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Table 6.56 Result of Model Investigation for Basic Equation of DP 310 and 270

Model Predictor

Variable  F-test Sig R SE Basic Equation
4. DP 310
ss F 1343 . ... 031 3% -0.31+0.29 F+L09F.
f. 339 . 028 030 36 -0.35+1.13 F-0.03F.
f, 3% . 031 049 3R -0.35+0.14 F30 F..-0.02 Fi.
TDS f. 946 . 076 045 32 -0.48+0.04F5+0.08 F2+0.06 F..
fo 909 . 077 051 32 -0.44 +0.008/F6
CoD f. 867 . 076 035 27 -0.24+0.47 F20.23 F2-0.06 F..
f. 1182 . 034 058 27 -0.37+0.24 F.-0.04 F2-0.14 F..
BOD f. 1449 . 047 028 27 -0.36+0.49 F20.32 F2-0.07 F..
f. 1388 . 029 032 27 -0.39+0.3 F.-0.04 F2-0.16F4&
5.DP 270
SS F 2802 . 089 025 14 -0.28-0.04F, -0.04F20.07F.
f. 9894 . 089 023 14 -0.30+0.005/F.
TDS F, 4868 . 084 051 .. -0.41 +0.04/F,
f. 145 . 062 080 ..  006-0.26/F.
f. 6152 . 087 046 .. -032-003/F.
f ST o 094 035 . -0.14+0.74 F.40. | F..
COD F, 2694 .09 013 ..o -030-0.09 F1+031 F,20.06 F ,

BOD F, 2930 . 094 015 .o -035-003F +057F20.14F.
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6.2.3 Model Testing

Through a statistical test (Table 6.57, and 6.58), the proposed models that
meet the MRA assumptions were developed The results of the appropriateness
properties of the model were as discussed in the following section.

Means of the error of the proposed models were zero with low standard errors.
Moreover, the Kolmogorov-Smimov and Shapiro-Wilk tests and Levene’s test have
higher significance values than the values at a significance level of 0.05.

Furthermore, there were no outlier due to the error values of the proposed model less
than 15 inter-quantile range (L5IQR). This meant that the error distributions of the
model were normal distribution for all types of wastewater loads: SS, TDS, COD, and
BOD loads for all varieties of DP. The model testing was also run through several
iterations until the models meet the assumption. Then, the models for all predictor
variables were obtained for estimating the model parameters.
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Table 6.57 Result of Model Testing for Basic Equation of DP 450, 400, and 350

Kolmo Shapiro Mean
Model  gorov- Sig. -Wilk  sjg of Basic Equation
Smirnov error
&SE
1 DP 450
SS 0.10 0.2 0.98 0.72 0 - 0.07+ 0.03 / Fz
009 .. 097 05 .  -0.15-0.11 F.- .. F..+0.01F..
TDS 009 .. 0% 038 . -024+0.02F+0.13F.4001 F.
CoD 009 .. 097 048 . -043+0.36Fst1.29 F®:0.27 F.,
BOD 009 .. 097 043 . -0.46+042 Fs+149 F2031 F..
2.DP 400
SS 055 .. 0% 038 .  -040-0.05F|+0.36 F,%0.08 F.
TDS 013 .. 0% 03 .  -052-0.04 F6+0.13F
COD 009 .. 098 074 . -023+051F.+044F.-02L F..
097 ..o o -015+0.15 F6+0.03 F..
BOD . 074 071 . -0.22+061 F20.50 F20.25 F.
044 . -0.15+0.16 F6+ 0.03 F..
3.DP 350
SS sio o 082 082 . -040-0.05F,+0.36F 20.08F,3

045 049 o -0.52-0.04 F.+0.13 F..
0.13 0.2 036 036 0 -0.23+0.51 F.+0.44 F..-0.21 F.,
TDS 0.14 0.2 099 099 0 -0.15+0.15 F6+ 0.03 F..
097 .. o -0.22+0.61 F2+0.50 F2-:0.25 F..
0.09 0.2 098 075 0 -0.15+0.16 F6+ 0.03 F..
098 038 0 -0.15+0.15 F6+ 0.03 F..
COD 0.2 098 075 0 -0.22+0.61 F20.50 F20.25 F.,
BOD 098 080 0 -0.15+0.16 F6+ 0.03 F..
Note: Values of Levene’s test for DP 450 are 0.5 for SS, 0.65 and 0.65 for TDS, and COD & BOD

For DP 400, they are 0.55 for 33, 0.45 for TDS, 0.7 to 0.95 for COD and BOD, resdpectively
For DP 350, they are 0.55 for SS, 0.5, 0.7, and 0.95 for TDS, and 0.55 for COD and BOD
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Table 6.58 Result of Model Testing for Basic Equation of DP 310, and 270

Kolmo
Model gorov- Sig.
Smimov
4. DP 310
SS 0.08
0.09
TDS 0.09
0.05
CoD
BOD 0.08
5.DP 270
SS
TDS 0.16
0.18
0.15
0.15
COD 0.16
BOD 0.16

Shapiro
-Wilk

0.98
0.97
0.96
0.97
0.97
0.96
0.95
0.98
0.97

0.74
0.96
0.94
0.95
0.97

0.98
0.97

Sig

0.2
0.50
0.38
0.48
0.43
0.38
0.32
0.74

0.717
0.58
0.74
0.48
0.54
0.82
0.94
0.79

Mean

of
error
&SE

Basic Equution

-0.31+0.29 F+1.09 F..
-0.35+1.13 F20.03 F..
-0.35 +0.14 Fj+0 F..-0.02 F..

-0.48+0.04F5+0.08 F32+0.06 F..
-0.44 +0.008 / F.

-0.24+0.47 F2+0.23 F2-0.06 F..
-0.37 +0.24 F.-0.04 F2-0.14 F..

-0.36+0.49 F2+0.32 F2-0.07 F..

-0.39+0.3 F4-0.04 F2-0.16 F..

-0.28-0.04 F,-0.04 F,20.07 F .
-0.30+0.005 / F.
-0.41+0.04/F,

0.06-0.26 / F.

-0.32-0.03 IF.

-0.14+0.74 Fs+0.21 F..
-0.30-0.09 F,+0.31 F,20.06 F .
-0.35-0.13 F, + 0.57 F,40.14 F .,

Note: Values of Levene’s test for DP 310 are 0.55 to 0.65 for S, 0.35 for TDS, and 0.75 to 0.95 for COD &BOD
For DP 270, they are 0.98 for ss, 1.25t0 1.85 for TDS, and 1.85 for cop and BOD

6.24 Estimation of Model Parameters

The estimated model parameters that had low standard error were used as the
model parameters of the predictive equation (Table 6.59). Based on these parameters,
the relationships between factors and wastewater loads can be determined. These
predictive wastewater models were then evaluated and the results were interpreted in

the next step.
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Table 6.59 Result of Estimation of Model Parameters in Predictive Equation of DPs

Model R.x100 SE Estimated Model Parameters in
Composite Predictive Equation

1 DP 450
SS 2022 <05 3%  -016+02/F- 014 F4- 0.01 F.. +0.004 F..

TDS 3133 <05 3 -024+002F +013F.+001F,

COD 7578 <05 3B 043+036Fs+129F..- 027 F..

BOD 7659 <0.5 3B -046+042Fs+ 149F..- 031 F..

2. DP 400
S 76.03 <05 3l -040- 005F, +0.37F.- 0.08F.

TDS 3353 <05 26 -0.52-004 R+ 0.13 F.
COD 65.76 <05 21 8336’5 E 044 F2+ 042 F2- 019 F.. + 012 F. +

BOD 6616 <05 27 -8.537Eo.53 F 048 F..- 023 F.+ 0.13F. +
3, DP 350 ==

sS 1677 <05 26 -039+011F + 1.02F.+008F -0.01F.. +
016 F. + 0.002 F.. - 0.02 F.

TDS 7239 <05 28 -0.48-0.1 F.+005F, -0.01 F2-0.08 F..-0.02
F.+0.1 Fj- 0.01 Fs.

COD 60.09 <05 30 -0.51+ 042F. + 063 F..- 0.24 F..

BOD 60.25 <05 0 -049+036F+055F.-021 F.

4, DP 310
S

4252 <05 44 -0.39+ 011 F, + 1L.02F.+0.08 F. -0.01F.. +
16F. + -0.02F.

0.39 +
0.16 F. + 0.002 F..
TDS 41.40 <05 45 -0.48 +0.04 Fs+0.08 F.. +0.05 F.. +0.02/ F,
COD 59.96 <05 hl -032+033F, +0.08 F..-0.02 F.. +0.15 F.

-0.08F4-0.11 F.
BOD 6025 <05 5l -033 036 F. +0.09 F..- 0.03 F.. +0.21 F.
-0.09F2 -0.13 F..
5. DP 210
S 90.15 <05 4 -033-015F +0.03F.+014 F.+0.16/F.

TDS 9.60 <05 0 -034+002/F-0.12/F.+0.02/F. +018 Fs
+0.26F2

COD 271 <05 10 -029+013F +0.09F.- 0.04F.
BOD 9187 <05 10 -032+015F +0.14F.- 0.05F.



6.2.5 Evaluation and Interpretation of the Model

Through the statistical test of the MRA model, the results showed that all of the
proposed models met the statistical significance and MRA assumptions as
demonstrated in Table 6.60. In addition, there were zero mean of residuals and
standard error (SE ) for these models. Furthermore, the statistical values of
Kolmogorov-Smimov and Shapiro-Wilk and Levene’s test were higher than the
significance values at the 0.05 level. This indicated that the residual distribution is a
normal distribution. Therefore, all of the predictive models obtained were used for
model validation in a further step.



Table 6.60 Result of Evaluation of Model for Predictive Equation of DPs

Kolmo
gorov-
Smimov

Model
1 DP 450
$S
TDS
CoD
BOD

2. DP 400
S

TDS
COD

BOD
3.DP350
SS

TDS

COD
BOD

4, DP 310
S
TDS
COD

BOD

5DP270
S

TDS

COD
BOD

0.09
0.09
0.09

0.15
0.13

0.09

0.09

0.14

0.15

0.08
0.13

0.14
0.13

0.14

Shapiro

Sig. Wik

097
0.96
097
097

0.96
0.95
0.99

099
0.98
0.95

0.98
0.98

091

097

0.98
0.95

0.98
0.99

Sig

0.12
0.50
0.38
0.48

0.43
0.38
0.32

0.74
0.90
0.30

0.80
0.80

048

0.98
0.95

0.98
099
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Predictive Equation

016 +0.2/F.- 0.14 F.- 0.01 F.. +0.004F43
-0.24+0.02F, +013 F.+00L F.
-043+0.36 Fs+ 129 F..- 0.27 F..
-0.46+0.42 Fs+ 149 F..- 031 F..

-0.40- 0.05F, +037F.- 0.08 F.
-0.52-0.04 R +0.13 F..

-0.26 + 044 F2 042 F..- 0.19F.. + 012 F
+0.03 F..

053 F2r 048 F..- 023F.+ 013 F

-051+042F. +063 F..- 024 F.,
-049+036 F.+055F..- 021 F..

-0.39 +0.11 F, + 1.02 F,2+ 0.08 F. -0.01F..
+0.16 F. +0.002 F.. - 0.02 F.

-0.48 +0.04 F.+ 0.08 F.. + 0.05 Fj. +0.02/ .

-032+033F. +0.08F..-0.02F.. +015F.
-0.08F4~ 0.11 F..

-0.33+036F. +009F..- 0.03F.. +021 F.
-0.09F£2 -0.13 F..

-033-0.15F, +0.03F. +0.14F . +0.16/F2

-0.34+0.02/F, - 0.12/ F. +0.02/ F. + 0.18F5
+0.26F2

-029+0.13F, +009F.- 004 F,
-032+015F, +014F.- 005F.

Note: Values of Levene’ stest are 0 45 t0 0.55 for DP 450, and 0.85 to 1.98 for DP 400, 350, 310, and 270

6.2.6 Predictive Equation for Wastewater Loads of DPs and its Validation
The results of predicted model for all DPs were shown in Table 6.61.
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Table 6.61 Predictive Environmental Model for Wastewater of Duplex Coated Board

DPs Predictive Environmental Model % Relation
(R. x 100)
MB MV
|LDP 450 .. 7SS load = -0.16+ 0.2/F2- 0.14 F.- . .. F.. +0.004 F.. 2022 2017
2. ZTDS load =-0.24 +0.02 F +0.13F. + 0.01 F. 333 1333
3. ZCOD load = -0.43 +0.36 Fs+ 129 Fj.- 0.27 F. 7578 59
4. 7BOD load = -0.46 + 0.42 Fs+ 149F.. - 031 F., 7659 575
2DP 400 1 ZSS load=-0.40- 0.05 F, +0.37 F. - 0.08 F. 7603 29.71
2. ZTDS load = -0.52 - 0.04F. +0.13 F.. 353 750
3. ZCOD load = -0.26 + 044 F4 042 F..- 0.19F.. + 0.12 F. 65.76  16.77
+0.03 F..
4 ZBODIoad:O(Z)Oérg53F2+048F 023 F. +0.13F. 66.16 15.73
+
3DP350 1ZSSload = -052-0.02 F-0.04 F.2- 015F+008F32 76.77
+009F,-013 F4+0.13F. - .. | F.,
2.ZTDS load =-048-01 F, +0.05F.-0.01 F.- 0.08 F. 72.39
-0.02/F. + 04 F -0.01 F.,
3.ZCOD load =- 051 + 042 F. +0.63 F..- 0.24 F. 6009
4. ZBOD load =- 049+ 036 F.+ 0.5 F..- 021 F., 59.32
4DP310 178 load =-0.39+011F, + 102F. +0.08 F. - 0.01F.. 42,52
+0.16 F+, 002 Fo. -0.02 F.
2.ZTDS load = - 048 +0.04 Fs+ 0.08 F.. + 0.05 F.. +0.02/ 440
3,ZCOD load =-032+0.33 F. + 0.08 F.. -0.02 F.. + 0.15 F. 59.96
0.08 F.2... F.,
4. 7BOD load =- 033+ 0.36 F. + 0.09 F..- 003 F., + 021 F.- 6025
5.DP 270 0.09F42 = 0.13 F42

285 load = -0.33-015 F1+0.03 F. +014F. +0.06/F2 g5
2. ZTDS load = -0.34 +0.02/F, - 0.12/F. + 0.02/F. + 0.18 F. + 950

wsFs:
3.ZCOD load = -0.29+0.13F, +0.09F .- 0.04 F . 921
4. 7BOD load= -032+0.15F, +0.14 F..- 0.05F, 91.87

Note: % relation calculation for MB Model building excluding outliers, and for MV Model validation including
outliers, _ % relation can not determined for all real cases
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From Table 6.61, the relationship hetween each wastewater load and
significant factors of DP production were discussed through each type of DP as
the following sections.

6.2.6.1. Predictive model of Wastewater load for DP 450
1) ss load :
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Figure 6.31 The Relationship between zss Load of DP 450 and F. and F4

From Figure 6.3, interms of increasing ofzss load, it is found that zss
load was more sensitive to Fathan F4at magnitude of factor score 0to <L.5. In
practical situation, the highest magnitude is < 4.

Through the unusual cases (case # 15, 23-25, 30, 33, 35-37, 38-39, and 43-
44) for the magnitude of dominant factor, F2(0 to < 1) inthe model and its name, it
indicated that the root cause for zss load increase was due to the overflow of white
water from the change of paper grace. The white water from the previous operation
was drained off. The loss of this water that contains fine (fibers) and dispersed
materials can affect the increase of ss load and leads to the highly consumption of
some wastepapers. In addition, the use of broke more than usual can affect the
Increase of zss load due to the loss of chemical additives as dispersed materials that
needs to be added.
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2) TDS load :

ZTDS load
Y

Factor score

Figure 6.32 The Relationship between ZTDS Load of DP 450 and Fl

From Figure 6.32, interms of increasing of ZTDS load, it is found that
ZTDS load was sensitive to Fi at magnitude of factor score >[1.5|. In practical
situation, the highest magnitude is < 4.

Through the highly cases (case # 8, 22, 34, 42, and 45) for the magnitude of
dominant factor, Fi (>{1]) inthe model and its name, it indicated that the root cause
for ZTDS load increase was due to the overflow of white water from the change of
paper grade. The loss of this water that contained dissolved materials affected ZTDS
load increase and can lead to the highly consumption of dissolved chemicals such as
starch.
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3) COD load :
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Figure 6.33 The Relationship between ZCOD Load of DP 450 and F5

From Figure 6.33, in terms of increasing of ZCOD load, it is found that
within the range of actual ZCOD load (3), ZCOD load was sensitive to Fsat
magnitude of factor score in between 1Lto 3.

Through the highly cases (case # 12, 14, and 28) for the magnitude of
dominant factor, Fs (> [1|) in the model and its name, it indicated that the root cause
for ZCOD load increase was due to the use ofbroke less than usual. The highly
consumptions of not only wastepapers but also other chemicals were needed. These
materials supplied contributed to the ZCOD and ZBOD loads increase.



4) BOD load :

14

12

10

ZBOD load
=2

234

Factor score

Figure 6.34 The Relationship between ZBOD Load of DP 450 and F5

From Figure 6.34, in terms of increasing 0f ZBOD load, it is found that
within the range of actual ZBOD load (3), ZBOD load was also sensitive to Fhat

magnitude of factor score in between 1L1to [3.

Through the highly cases (case # 12, 14, and 28) for the magnitude of
dominant factor, F5 (> [1]) in the model and its name, it indicated that the root cause
for ZBOD load increase was due to the use of broke less than usual as mentioned in

ZCOD load.
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6.2.6.2. Predictive model of Wastewater load for DP 400
1) ss load :
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Figure 6.35 The Relationship between zss Load of DP 400 and Ft

From Figure 6.35, in terms of increasing of zs$ load, it is found that within
the range of actual zss load (£3), zss load was also sensitive to Fi at magnitude of
factor score > [1].

Through the highly cases (case #3,7, 16, 24, and 30) for the magnitude of
dominant factor, Fi (> |1]) inthe model and its name, it indicated that the root cause
for ZSS load increase was due to the overflow of white water from the change of
paper grade. The loss of fibers that contained in this water affected the increasing of
SS load.
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2) TDS load :
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Figure 6.36 The Relationship between ZTDS load of DP 400 and F6

From Figure 6.36, in terms of increasing of ZTDS load, it is found that,
within the range of actual ZTDS load (-2 to 3.3), ZTDS load was also sensitive to F
at magnitude of factor score > 1.

Through the highly cases (case # 1-6, 11, 15, 17-18, 27, and 31) for the
magnitude of dominant factor, F (> L0 in the model and its name, it indicated that
the root cause for ZTDS load increase was due to the overflow of white water from
the change of paper grade. The loss of this water that contained dissolved materials
affected the ZTDS load increase.
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3) COD load :
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Figure 6.37 The Relationship between ZCOD load of DP 400 and F. and F6

From Figure 6.37, in terms of increasing of ZCOD load, it is found that
ZCOD load was more sensitive to F2than FO at magnitude of factor score in between
11/ to [2.

Through the highly cases (case # 11, 19, and 27) for the magnitude of
dominant factor, F2(in between 1L1to 3) in the model and its name, it indicated that
the root cause for ZCOD load increase was due to the use of broke more than usual.
In this case, the use of broke contributes to not only ZBOD load but also ZCOD load
due to the highly chemical additives that need to be added.
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Figure 6.38 The Relationship between ZBOD Load of DP 400 and F.and F0

From Figure 6.38, in terms of increasing 0f ZBOD load, it is found that
ZBOD load is also more sensitive to F2than Fo at magnitude of factor score in
between 1L1to [2|.

Through the highly cases (case # 11, 19, and 27) for the magnitude of
dominant factor, F2in the model and its name, it indicated that the root cause for
ZBOD load increase was due to the use of broke more than usual with the same
reason as mentioned in ZCOD load.
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0.26.3. Predictive model of Wastewater load for DP 350
1) ss load :
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Figure 6.39 The Relationship between zss Load of DP 350 and Fi, F. and F4

From Figure 6.39, interms of increasing of zss load, it is found that, within
the range of actual zss load ( in between -2 to 3.7), zss load was more sensitive to
F3than Fi and Faat magnitude of factor score >2.5. Although, at magnitude of factor
score <-1.5, zss load was more sensitive to F4than Fi and F3 In practical, there were
no factor scores < -1.5 for F4and F3 except Fj.

Through the highly cases (case #11 and 12) for the magnitude of dominant
factor, F3(> 2.3) inthe model and its name, it indicated that the root cause for zss
load increase was due to the overflow of white water during the change of paper
grade. The loss of fibers in this water contributed to the increase ofzss load.
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2) TDS load :
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Figure 6.40 The Relationship between ZTDS Load of DP 350 and Fi, F2 F4 and F5

From Figure 6.40, interms of increasing of ZTDS load, it is found that
ZTDS load was more sensitive to Fi than other factors at magnitude of factor score
> [1]. Except Fsat magnitude of factor score in between 0to 3.4, ZTDS load was
more sensitive to Fsthan other factors. In practical situation, there was no case that all
of other factors were inthe same range of Fs.

Through the highly cases (case # 1, 3, 5, 11-12, 18, 24, and 34) for the
magnitude of dominant factor, Fi in the model and its name, this indicates that the
root cause for ZTDS load increase was due to the increased use of broke. The loss of
dissolved chemicals in broke also contributed to the increase of ZTDS load.
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3) COD load :
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Figure 6.41 The Relationship between ZCOD Load of DP 350 and F4

From Figure 6.41, interms of increasing of ZCOD load, it is found that,
within the range of actual ZCOD load (-1.5 to 3), ZCOD load was sensitive to F4at
magnitude of factor score > {0.5]

Through the highly cases (case #3, 5, 7, 10, 12-13, and 18) for the change
of magnitude of dominant factor, F4 (> 11)in the model and its name, it indicated that
the root cause for ZCOD load increase was due to the use of broke less than usual
The increase of fiber materials from the consumption of wastepapers contributed to
the increase of both ZCOD and ZBOD loads.
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Figure 6.42 The Relationship between ZBOD Load of DP 350 and F4

From Figure 6.42, in terms of increasing of ZBOD load, it is found that,
within the range of actual ZBOD load (-1.5 to 3), ZBOD load was also sensitive to F4
at magnitude of factor score > |0.5].

Through the highly cases (case # 3, 5, 7, 10, 12-13, and 18) for the
magnitude of dominant factor, F4(>[1]) inthe model and its name, it indicated that the
root cause for ZBOD load increase was due to the same events occurred for ZCOD
load.
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0.2.6.4. Predictive model of Wastewater load for DP 310
1) sS load :
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Note :Based on the same equation, zss loads with respect to F2 and F3 are in the same line

Figure 6.43 The Relationship between Z5S Load of DP 310 and F., F.and F-

From Figure 6.43, interms ofincreasing ofzss load, it is found that zss
load is more sensitive to F2and F3 than Fsat magnitude of factor score >2.5.

Through the unusual cases (case # 13, 18, 21, 29, 35, 41, and 47) for the
change of magnitude of dominant factor, r2 and s inthe model and their names, this
indicated that the root cause for zss load increase was due to the overflow of white
water during the change of paper grade, and the increased use of broke. The loss of
fibers in this water, and deteriorated fibers in broke contributed to the increase of zss
|oad.
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2) TDS load :
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Figure 6.44 The Relationship between ZTDS Load of DP 310 and F5and F¢

From Figure 6.44, in terms of increasing of ZTDS load, it is found that,
within the range of actual ZTDS load (-15 to 3.8), ZTDS load was more sensitive to
Fsthan Foat magnitude of factor score >1.5.

Through the highly cases (case # 5-6, s, 11, 16, 29, 35-24, 28, and 35-37) for
the change of magnitude of dominant factor, F5(-L.3 to 3.5) in the model and its
name, it indicated that the root cause for ZTDS load increase was due to the use of
broke less than usual. The additions of more dissolved chemicals that need to be
added contributed to the increase of ZTDS load.
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3) COD load :
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Figure 6.45 The Relationship between ZCOD Load of DP 310 and F. and F.

From Figure 6.45, interms of increasing of ZCOD load, it is found that,
within the range of ZCOD load (-L.1 to 5.51), ZCOD load was more sensitive to F2
than Faat magnitude of factor score > 2.

Through the highly cases (case # 13, 18, 21, 29, 35, and 41) for the change
of magnitude of dominant factor, F2(L.13 to 551) in the model and its name, this
indicates that the root cause for ZCOD load increase was due to the overflow of white
water during the change of paper grade, and the increased use of broke. The loss of
fibers and chemical additives in this water, including the loss of deteriorated fibers
from broke contributed to the increase of ZCOD and ZBOD loads.
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4) BOD load :
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Figure 6.46 The Relationship between ZBOD Load of DP 310 and F2andF4

From Figure 6.46, interms ofincreasing of ZBOD load, it is found that
ZBOD load was more sensitive to F2than F4at magnitude of factor score > 15t 4.5.
In practical situation, the highest magnitude of F2was < e.

Through the unusual cases (case # 13, 18, 21, 29, 35, and 41) for the change
of magnitude of dominant factor, F2(L.13 to 551) in the model and its name, this
indicated that the root cause for ZBOD load increase was due to the same events
occurred for ZCOD load.
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6.2.0.5. Predictive model of Wastewater load for DP 270
1) ss load .
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Figure 6.47 The Relationship between ZSS Load of DP 270 and Fi and F2

From Figure 6.47, in terms of increasing ofzss load, it is found that, within
the range of actual zss load (-3.41 to 1.13), zss load was more sensitive to Fi than
F2at magnitude of factor score > 2.5,

Through the highly cases (case # 4) for the change of magnitude of
dominant factor, Fi (1.13) in the model and its name, this indicated that the root cause
for ZSS load increase was due to the overflow of white water during the change of
paper grade. The loss of fibers as deteriorated fibers from broke contributed to the
increase ofzss load.
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Figure 6.48 The Relationship between ZTDS Load of DP 270 and Fj, F2 F4 and F5

From Figure 6.48, interms of increasing

within the range of actual ZTDS load (-1.37 to 2.

of ZTDS load, it is found that,
13), ZTDS load was more sensitive

to Fsthan other factors at magnitude of factor score > 0.

Through the highly cases (case # 6 and 11) for the change of magnitude of
dominant factor, Fsin the model and its name, this indicated that the root cause for
ZTDS load increase was due to the use of broke less than usual causing the highly
consumption of dissolved chemicals and affecting the increase of ZTDS load.
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3) COD load :
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Figure 6.49 The Relationship between ZCOD Load of DP 270 and Fi

From Figure 6.49, in terms of increasing of ZCOD load, it is found that,
within the range of actual ZCOD load (-3.41 to 1.13), ZCOD load was sensitive to
Fiat magnitude of factor score > [0.5]

Through the highly cases (case # 4) for the change of magnitude of
dominant factor, Fi (L.13) inthe model and its name, this indicates that the root cause
for ZCOD load increase was due to the use of broke more than usual. The loss of
fibers as deteriorated fibers and chemical additives in broke contributed to the
Increase of ZCOD and ZBOD |oads.
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4) BOD load :
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Figure 6.50 The Relationship between ZBOD Load of DP 270 and Fi

From Figure 6.50, in terms of increasing of ZBOD load, it is found that,
within the range of actual ZBOD load (-3 41 to 1.13), ZBOD load was sensitive to Fi
at magnitude of factor score > [0.5]. Through the highly case (case # 4) for the change
of magnitude of dominant factor, Fi in the model and its name, this indicated that the
root cause for ZBOD load increase was the same events occurred for ZCOD load.

Through the highly cases of wastewater load for all DPs, the root cause of
the wastewater generated from DP production can be concluded as in Table 6.62 to
6.64.

However, the real root causes of wastewater generation can be found from
all cases through the events occurred in FA model. Because the predictive MRA
mocels are excluded the outliers due to the limitation of the MRA model building.
Therefore, the real root causes of wastewater load for DP were the increased use of
broke due to the contaminants and deteriorated fibers causing web breaks, the
overflow of white water due to the change over of paper grade, including the
scheduling of machine operation between paper machine and wastepapers plant; and
the excess chemical in the white water due to poor control over the addition of
chemicals and poor retention of fines and filler. The presence of excess chemicals can
be easily identified through the special product treatments for the desired property.



Table 6.62 Root cause and effect relating wastewater generated of DP 450 and 400

Effect on

Wastewater Load

1 DP 450
1.1 Increasing
ss load

1.2 Increasing
TDS load

1.3 Increasing
COD load

1.4 Increasing

BOD load
2. DP 400
2.1 Increasing
SS load

2.2 Increasing
TDS load

2.3 Increasing
COD load

2.4 Increasing
BOD load

Root Event & Cause

-Overflow of white water due to
the change over of paper grade
-Increased use of broke

-Overflow of white water due to
the change over of paper grade

-Decreased use of broke

Same as COD load

-Overflow of white water due to
the change over of paper grade
-Increased use of broke

-Overflow of white water due to
the change over of paper grade

-Increased use of broke

same

Indicator

- High water & electricity

consumption

- High some fibers consumption
- High sizing agents

(emulsifier and alum)
consumption

same

- High sizing agents (alum)

consumption

same

- Same as ss load of DP

450, and high coating
chemical consumption

- Same as ss load of DP

450, and high dry strength
agents (cato)

- Same as ss load of DP

450

same
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Table 6.63 Root cause and effect relating wastewater generated of DP 350 and 310

Effect on Root Event & Cause Indicator

W astewater Load
3. DP 350
3.1 Increasing

-Overflow of white water due - High water & electricity

SS load to the change of paper grade consumption

3.2 Increasing
TDS load

3.3 Increasing
COD load

3.4 Increasing
BOD load
4. DP 310
4.1 Increasing
SS load

4.2 Increasing
TDS load

4.3 Increasing
COD load

4.4 Increasing
BOD load

-Increased use of broke

-Decreased use of broke

same

-Overflow of white water due

to the change of paper grade

-Increased use of broke

-Decreased use of broke

-Overflow of white water due

to the change of paper grade

-Increased use of broke

same

- High some fibers

consumption

- High sizing agents

(emulsifier and alum), and
dry strength agents
consumption

- High water consumption
- High some fibers usage

- High chemical additives

same

- High water & electricity

consumption

- High filler and some

sizing agents (alum)
consumption

- High chemicals additives

- same as SS load 0f DP 300

same



Table 6.64 Root cause and effect relating wastewater generated of DP 270

Effect on Root cause
W astewater Load
5. DP 270
5.1 Increasing

SS load to the change of paper grade

5.2 Increasing
TDS load -Decreased use of broke

5.3 Increasing -Increased use of broke

COD load

5.4 Increasing
BOD load same

6.2.7 Validation of the Predictive Model

The predictive environmental models for wastewater loads and input factors

-Overflow of white water due

Indicator

-High water & electricity

consumption

-High some fibers (ASand

Ag)consumption

-High dry strength agents,

consumption

-High chemicals additives

usage

-High water consumption
-High some fibers

consumption

same
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from all of the varieties of duplex coated board (DPs) were validated hased on all real

CalSES.

Based upon the prediction accuracy, ( % of relation for all cases of the

predictive model from model validation (MV) x 100)/ (% of relation of the predictive
model from model building (MB)for all DPs), the predictive ability of these models is
quite low (<40%) by average as shown in Table 6.65.
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Based upon the prediction accuracy, ( % of relation for all cases of the
predictive model from model validation (MV) x 100)/ (% of relation of the predictive
model from model building (MB)for all DPs), the predictive ability of these models is
quite low (<40%) by average as shown in Table 6.65.

Table 6.65 Validity of predictive model for wastewater from Duplex coated board

Wastewater FedIC jon crac m

load (%relation of MV, 1 %e on of MB
DP450 DP400 DP350 DP310 DP270

|.ss load 6903  39.08

2. TDS load 425 2371
3. COD load 786 250
4, BOD load 13l 2378

It is found that the predictive models were applicable for ss and TDS load of
DP 450. While these models were not applicable for COD and BOD load of DP 450
due to their low prediction accuracy. In addition, the uses of predictive models for
DP 400 were in error. Moreover, applications of the predictive models for DP 350,
DP 310, and DP 270 were impassible due to undetermined of their prediction
accuracy.

The calculation results of these models for all real cases of DPs in comparison
with all measured value of each wastewater load were graphically displayed in the
form of original variables in Figures 6.51 to 6.60. It is found that the outliers of error
between wastewater load and factors have more affected to the fluctuation of the
predictive models than the outliers from each type of wastewater load and each
related factors. Moreover, the numbers of the error outliers were more than the
numbers of other outliers for all DPs. Therefore, when all outliers were included in
the predictive models for all real cases, these models were low valid.

Overall the predictive models for DPs were applicable only for ss and TDS
load of the thickest basis weight (DP 450). In addition, this implies that additional
material input issues concerned with the load of other basis weight product of DP.
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a) Calculated Result for ss Load of Total DP 450

SS load (kg/ton)
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b) Calculated Result for TDS Load of Total DP 450

TDS load (kg/ton)
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Figure 651 Result of Calculation for ss and TDS Loads of Total DP 450
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¢) Calculated Result for COD Load of Total DP 450
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d) Calculated Result for BOD Load of Total DP 450
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Figure 6.52 Result of Calculation for COD and BOD Loads of Total DP 450
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a) Calculated Result for ss Load of Total DP 400
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b) Calculated Result for TDS Load of Total DP 400
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Figure 6.53 Result of Calculation for ss and TDS Loads of Total DP 400
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¢) Calculated Result for COD Load of Total DP 400
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Figure 6.54 Result of Calculation for COD and BOD Loads of Total DP 400
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a) Calculated Result for ss Load of Total DP 350
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b) Calculated Result for TDS Load of Total DP 350
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Figure 6.55 Result of Calculation for ss and TDS Loads of Total DP 350
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¢) Calculated Result for COD Load of Total DP 350
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d) Calculated Result for BOD Load of Total DP 350
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Figure 6.56 Result of Calculation for COD and BOD Loads of Total DP 350



a) Calculated Result for ss Load of Total DP 310
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b) Calculated Result for TDS Load of Total DP 310
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Figure 6.57 Result of Calculation for SS and TDS Loads of Total DP 310
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¢) Calculated Result for COD Load of Total DP 310
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d) Calculated Result for BOD Load of Total DP 310
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Figure 6.58 Result of Calculation for COD and BOD Loads of Total DP 310
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a) Calculated Result for ss Load of Total DP 270
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b) Calculated Result for TDS Load of Total DP 270
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Figure 6.59 Result of Calculation for ss and TDS Loads of Total DP 270
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¢) Calculated Result for COD Load of Total DP 270
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d) Calculated Result for BOD Load of Total DP 270
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Figure 6.60 Result of Calculation for COD and BOD Loads of Total DP 270
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