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ABSTRACT
This research aims to study the inventory management of the coffee machine spare parts in a

case study company who conducts total services regarding coffee including planting, distributing coffee

1 Received 3 May 2019
Revised 5 November 2019
Accepted 25 November 2019
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products, distributing coffee machines, along with coffee machine maintenance. Nowadays, this kind of
business is in a highly competitive and requires fast service, particularly in coffee maintenance service.
Currently large amount of spare parts were stocked in order to provide quick response to customers.
Spare parts stored in the spare parts storage room are different in shape, size and material. The
preliminary study revealed that the storage were unorganized. Space in storage room was allocated
without consideration to the spare parts’ associations and requisition. Therefore, it takes a long time to
search for the spare parts needed. This study aimed to design a new spare parts allocation in the stock
room by using association rule to identify spare parts that are usually used together. Seven rules were
found from association rules and were used to design spare parts allocation by putting associated spare
parts together in order that the spare parts are easily found. Moreover, the visual control approach was
applied in this study in order to help reduce the searching time with the ability to identify positions of
the spare parts. The time consumption in searching was reduced from 6.09 minutes to 1.57 minutes after

implementation.

Keywords: Association, Rule Inventory, Visual Control
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Input: FP-tree constructed based on Algorithm 1, using DB and & minimum support
threshold £

Output: The complete set of frequent pattems.

Method: Call FP-tree (FP-tree. null).

Procedure FPF-tree (FP-tree, o)

{

1 IF Tree contains & single path P

2 Then for each combination (denoted as B) of the nodes in the path P do

3 generale patiemn i U @ with support = minimum support of node in f:

4 Else for each g, in the header of Tree do  {

5 generate pattemn [ = @, U a with support = a.support;

6 construct ['s conditional puttern buse und then B *s conditional FP-tree

Treey:

T If Treep # ©

8 Then cull FP-Tree (Treep. i) }

)

sUf 1 FuneumsiiavesvuaeuIsms FP-
Growth [Han et al., 2000]
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ABSTRACT

This study is the first report on seasonal variations in water quality parameters and cyanotoxin
microcystin (MC) concentration during one year in Kandawgyi Lake, Yangon City, Myanmar. Water
quality parameters were measured and water samples were collected once a month from August 2018
to June 2019 at four observation sites (St-1~4). The seasonal changes of DO, pH and water temperature
and turbidity were similar among the four observation sites. The observed DO values were always over
the saturation levels due to the high photosynthetic activity in the hypereutrophic lake. However,
chlorophyll-a as a surrogate of phytoplankton biomass was correlated negatively with DO. The
multivariate linear regression model (linear model) analysis suggested that Kandawgyi lake was in the
N-limitation state. Also, the lower N:P ratio (< 10) of lake water supported this fact. The linear model
analysis elucidated the dependency on the water temperature for the three MC variants. The highest
concentration of MC-YR and MC-LR at a lower temperature of less than 29°C was observed. The higher
value of MC-RR in concentration was found at the temperature ranged was 29°C to 31°C than other
temperature ranges. In terms of seasonal variation, MC-LR, which is more toxic than MC-RR and MC-
YR, tended to show higher concentration in cool-season of Yangon city. It is known that the production
ratio of MC variants is depending on the species or genetic variants of toxic cyanobacteria producing
MCs. Therefore the seasonal variations of MC variants suggested the seasonal succession of toxic
cyanobacteria. Moreover, it was thought that the variations of MC variants among the sites could be
involved by the low mixing condition of the lake water. Therefore, this result has shown that lake
monitoring with sufficient frequency and observation points in lakes with low water mixing is essential
for monitoring water safety.
Keywords: hypereutrophication, toxic cyanobacteria, microcystin, temperature, nutrients

1. INTRODUCTION inlet. As a result, every time look the algae
Lakes or reservoirs in the urban area of bloom. Hence it is apparent that the lake is in the
developing countries frequently face severe eutrophic or hypertrophic state.
deterioration of the water quality due to the The blooms ruin the lake view for tourists,
discharging of untreated wastewater into water and it frequently generates a strong odor for the
bodies [1]. Kandawgyi Lake's view and sampling surroundings [2]. It is easily recognized from
details were presented in Figure 1 and Table 1. It such a situation of Kandawgyi Lake that the
is located in Yangon city of Myanmar. The lake bloom is consisting of cyanobacteria. The lake
and the parking surroundings are the most may have suitable conditions that the toxic
famous recreation places in Yangon. The lake has cyanobacteria bloom occurs in terms of rich
seven major inlets and one outlet. The domestic nutrients (N and P), light condition and
wastewater discharged to each channel through temperature  condition [3]. However, no
16 Received 2 October 2019
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investigation has been conducted to elucidate the
actual eutrophication state and the character of
the algal bloom of Kandawgyi Lake yet though it
is a noticeable lake in the largest city of
Myanmar. Hence, we need to survey the lake
intensively. In particular, we have to focus on
cyanotoxin microcystins (MCs) with the
substantial hepatotoxicity, because many articles
already reported that abundant MCs were
detected in algal blooms in eutrophic or
hypereutrophic lakes and reservoirs [4, 5, 6].
MCs have been the hazards for water safeness in
the world [7, 8, 9].

In addition, some researchers reported that
the lower N:P ratio in water bodies is a favorable
condition for cyanobacterial bloom consisting of
Microcystis  sp.  producing MCs [10,11].
Therefore, total nitrogen (TN) and total
phosphorus (TP) in the lake water have to be
measured. Furthermore, we have to consider the
variants of MCs in the lake, because there were
90 kinds of analogous compounds of MCs, which
have different toxicity levels [11]. In many
studies, MC-LR (leucine-arginine), MC-YR
(tyrosine-arginine) and MC-RR (arginine-
arginine) in the variants of MCs were mainly
measured [6, 8, 10]. In particular, MC-LR has
been used as the guideline value of MC in
drinking water by WHO [9]. Moreover, it is
necessary to compare the water quality
parameters and MCs in considering the
differences of precipitation and temperature
during three seasons that rainy season, summer
season and cool season in Myanmar. In
particular, the nutrient loading from the
surroundings could be increased in the rainy
season. Moreover, the temperature is one of the
most significant factors for the growth of
cyanobacteria and toxin production [3, 7].
Therefore, in this study, we aimed to elucidate the
relation between microcystins and influencing
factors N, P and temperature in Kandawgyi lake
by the monthly survey of lake. It was expected
that the result was useful for baseline data for
water quality management.

2. MATERIALS AND METHODS
2.1 Field Survey and Sample Collection

The map of the study area shows in Figure
1, and the general features of the study area
(Kandawgyi Lake) describe as Table-1{2]. The
field observation conducted from August 2018 to
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June 2019. Four observation sites were selected
far from inlet points to avoid the direct discharge
of domestic wastewater effect from a point
source. Moreover, observation sites were
selected regarding the flow direction. The water
temperature, turbidity, pH and DO were
measured by using a multi-item water quality
measurement sensors (Model- AAQ1183, JFE
ALEC Co. Ltd ;) at four sites St.1, St.2, St.3, and
St.4 (see Figure 1). For the entire observation
period, the collection time of each site conducted
the same time and procedures. For St-1 (start
13:21 ~end 13:31), St-2 (start 13:34 ~ end 13:44,
St-3 (start 13:47 ~ end 13:58) and St-4 (start
14:03 ~ end 14:13). Surface water samples were
collected from about 20 ~ 30 cm depth from the
surface to avoid the bloom. The water samples
were kept in a cool box with enough ice packs for
transporting to the laboratory. The samples for
TN, TP, and MCs were frozen until the analysis.

Figure 1 Maps of study area
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Table 1 Limnological features of Kandawgyi
Lake

Constructed Year 1879
Latitude 16°47'43.75'N
Longitude 96959 E
Average Depth of
Lake 1.83 m
Maximum Depth 3.66 m
Water Surface Area 0.6475 km?
Catchment Area 1.421 km?

2.2 Water Quality Analysis

The concentration of TN and TP in the
unfiltered samples was measured with three
repeats using the potassium persulfate method
[12]. Chlorophyll-a (Chl-a) was extracted from
the cell residue on a GF/C filter using 90% hot
methanol and quantified spectrometrically [13].
The Chl-a measurement for samples from August
~ February was repeated twice, and that for
samples from April ~ June was repeated three
times.

2.3 Microcystin Analysis

The MCs analysis was carried out based on
acetic acid extraction and HPLC [14, 15, 16].
100% acetic acid of a particular grade (Merck,
USA) of 1 ml was added to 20 ml samples and
shook it for 30min. Then, the ultra-sonication of
each sample for 5 min was repeated until the
complete cell disruption. The cell debris was
removed from the sample water after the cell
disruption by 47 mm GF/C filter (Whatman Co.,
USA) before they pass through the solid phase
extraction (SPE) column. The cartridge of SPE of
60mg/3ml capacity (Strata-X, Phenomenex Inc.,
USA) was washed by 100% methanol of 5ml
(HPLC grade, Merck.) and Milli-Q water of 20
ml twice with 5 ml/min.

The sample water was passed through the
washed SPE cartridge with 5 ml/min, and then the
column was washed by 20% methanol of S5ml and
Milli-Q water of 15 ml (twice). Finally, MCs
were eluted from the SPE cartridge to a test tube
by 100% methanol of 3 ml. It was dried 30
minutes with N, gas flow (100 ml/min) with
heating (60~70°C). The dried samples were
dissolved into 75% methanol of 0.5 ml, and then
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it was filtrated by membrane filter with 0.22 pum
pore size (Nylon, Starlab Scientific, Germany) to
transfer each HPLC vial. Standard solutions of
MC-LR, -YR and -RR (Enzo Life Science Inc.,
USA) were also prepared for the quantification.

HPLC (Agilent 1200 series, USA) was used
for the quantification of MCs with C-18 column
(Agilent, Zorbax, Eclipse, 5 wm, 3 mm x 150
mm). The column temperature was set at 40 °C and
a diode-array detector at 238 nm. Solvent A is
distilled  water containing 0.05%  (v/v)
trifluoroacetic acid (TFA, HPLC grade, Sigma
Aldrich, Co. LTD, USA) and Solvent B is
acetonitrile (HPLC grade, Merck Co., Germany).
The ratio of mobile phase ‘A’ and ‘B’ was changed
from 70 %: 30% to 100% of ‘A’ solution
(acetonitrile) for 44 min in the linear gradient
method. The injection volume is 10 pL. Three
kinds of microcystin variants (RR, YR, and LR)
were detected at 238nm. Each peak was
identified by the retention time of each standard.
2.4 Statistical Analysis

All statistical computations were performed
by using R (version 3. 4. 3), which is a language
and environment for statistical computing [17].
In particular, to evaluate the influencing factors
on Chla and MCs, a multivariate linear regression
model was used. We wrote the multivariate linear
regression model as a linear model hereafter. In
the analysis, the z-scores of explanatory
valuables were applied to compare the magnitude
of the effect in the explanatory variables, which
have different average and standard deviation
[18, 19]. The z-score calculation method was
shown in Appendix 2. Moreover, the Akaike
Information Criteria (AIC) was used for model
selection [19]. A linear model with a smaller AIC
is generally identified as a better model. The
statistically significance level was classified
based on the null hypothesis rejection probability
p-value as follows:

SREE < 0.001 < *FF <0.01<** <0.05
Then, p < 0.05 was adopted as a statistically
significant level in this study.

3. RESULTS AND DISCUSSION
3.1 Seasonal variations of Water Quality
Parameters

Figure 2 presents the variation of water
temperature, DO, pH, and turbidity, which were
measured from 13:20 to 14:10. All numeric data
are presented in Table A2 in Appendix 3. The



water temperature of each site presented similar
seasonal fluctuation with the temperature range
between 28°C and 34°C. The observed dissolved
oxygen (DO) between 10.2 mg/L and 19.9 mg/L
was apparently over the saturation level in
consideration with the water temperature. The
high DO wvalue means high photosynthetic
activity [20, 21]. In this survey, we observed a
high pH value between 8.7 and 10.8, and it also
indicated the high activity of the phytoplankton
photosynthesis [20, 21]. Chl-a showed monthly
fluctuation between 97 pg/L and 417 pg/L in
concentration at four observation sites as illustrated
in Figure 3 (and see Table A3 in Appendix 3). The
lowest value of Chl-a was observed in
September and the highest value was recorded on
the 1% of June. A positive correlation between DO
and Chl-a as a surrogate of phytoplankton
biomass was expected, but Pearson’s correlation
was a negative value (r= -0.593, p <0.01). This
result suggested that much organic matter,
produced by phytoplankton, could be degraded
by active bacteria which consumed a lot of DO.
Especially, Chl-a in June 2019 showed the
noticeable raising, as illustrated in Figure 3.
However, the DO showed the decrement. The
climate condition was rain at this time (see Table
Al of Appendix 1), then the turbidity value was
the highest value of 95 F.T.U, as shown in Figure
2(d). Thus, the DO was dropped because the low
light condition limits the photosynthetic activity.
On the other hand, as the turbidity has a clear
positive correlation with Chl-a (= 0.686,
p<0.001), it was suggested that the significant
part of the changes of the turbidity depended on
the phytoplankton growth.

The marker IP shown in the map of Figure 1
indicates the inlet points. In this survey, we
frequently saw that the grey or black colored
water flowed into the lake at these inlet points
during the rainy season. The northern part of the
basin of the lake is a commercial area where
many restaurants and hotels have been operated.
The wastewater from these buildings has flowed
into the lake without any treatment, according to
the information of the Yangon City Development
Committee (YCDC). The untreated wastewater
flowing from the drainage channels to the inlet
points in the lake during the rainy season was
involved in the nutrient loading. On the other
hand, as the rain was very few in cool-season and
summer season, we never saw the flowing water
in the drainage channels. Nevertheless, the
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increments of TN and TP of the lake water in the
rainy season were not so clear as shown in Figure
4(a-b). It is difficult to discuss further the sources
of nutrients N and P to the lake until hydrological
and hydraulic studies will be conducted. Thus,
we used TN and TP as the surrogates of
comprehensive nutrients N and P loads according
to a common technique in limnology [21]. TN
was varied between 1.6 mg-N/L and 3.2 mg-N/L
as illustrated in Figure 4 (see Table A2 in
Appendix 3). The average TN: TP ratio of 3.9
was calculated from Table A2. The variation
pattern of TN was similar to the Chl-a. However,
the temporal change of TP ranged from 0.20 mg-
P/L to 0.87 mg-P/L and did not show a clear
correspondence with changes in Chl-a .
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Figure 2 (a-d) Seasonal variations of
water quality parameters
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Figure 2 (cont) (a-d) Seasonal variations of
water quality parameters

Linear model analysis was used to clarify the
effect of temperature and nutrients N and P for
the change of Chl-a. Here, TN, TP, temperature,
and Chl-a were logarithmically converted.
Besides, the respective z-score was calculated to
compare the effect of TN, TP and temperature
from the magnitude of each regression coefficient
(see Appendix 2) [18]. The summary result of the
linear model is presented in Table 2. In model 1,
the coefficient of z-log (TN) was more significant
than the others, and the p-value less than 0.1 was
calculated. Therefore, it was thought that TN
relatively affected the Chl-a despite statistically
no significant of the linear model (p = 0.169).

On the other hand, the effects of z-log (TP)
and water temperature were not completely
significant. Selecting only z-log (TN) as
explanatory variables, the AIC value for the
regression decreased as shown in model 2 of
Table 2 [19]. It means that TN mainly affected to
the increment of phytoplankton biomass (Chl-a).
Thus, it was suggested that the limiting factor for
the growth of the phytoplankton was nitrogen (N)
in Kandawgyi Lake.

Moreover, the fact that TN: TP ratio of the
lake water was 3.9 confirms that the lake was the
nitrogen limitation state [22, 23]. In such cases, it
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is preferable to calculate the trophic state index
(TSI) from the average value of not TP but Chl-a
shown in Table A2. As a result, a value of 83 was
obtained as TSI of Kandawgyi Lake. This value
completely indicated that the lake was a
hypereutrophic state [24].
3.2 Seasonal variations of microcystin variants
Three MC variants, MC-RR, MC-YR and
MC-LR were detected in each site during the
observation period. The order of the averaged
concentration of MC variants was MC-RR (24.5
pg/L), MC-LR (7.3 pg/L) and MC-YR (4.3 pug/L)
(see Table A2 in Appendix 3).Figure 5 illustrated
the fluctuations of the total of the three MCs at
each site, respectively. Whereas the changes of
Chl-a at the four observation sites almost
synchronized, MCs fluctuated with the different
patterns among the sites. Furthermore, the ratios
among MC-RR, MC-YR and MC-LR showed the
natural seasonal fluctuations at the four
observation sites as illustrated in Figure 6(a-d). In
particular, MC-RR was always the highest
percentage in the three MCs except for in
December 2018 at St-4 and April 2019 at St-1.
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Table 2 Linear models for Chl-a
Model 1. logChl-a~ z- logTP +z-logTN+z-Temp

Variable | Estimate | SE |t-value| p
z-log(TP) | 0.007 [0.046| 0.158 | 0.876
z-log(TN) | 0.082 ]0.045| 1.831 |0.084

z-Temp 0.009 10.027 | 0.315 |0.757

F statisics: 1.88, p-value: 0.169, AIC: -10.862

Model 2. logChl-a~ z- logTN
Variable | Estimate | SE |t-value| p
z-log(TN) | 0.085 |0.035| 2.454 |0.023*
F-statistic: 6.02, p-value: 0.023, AIC: -14.657

It was illuminated that MC-LR, which is
more toxic than MC-RR and MC-YR [8], tended
to show higher concentration in cool season and
summer season as shown in Figure 6 (a-d). In
order to clearly present the effect of temperature,
Figure 7(a-c) illustrated each bar plot of the
temperature effect on the concentration of MC-
RR, MC-YR and MC-LR, respectively. The
concentration of MC-RR was the highest in the
temperature range of M (29°C~31°C). MC-YR
and MC-LR showed the highest concentration in
the temperature range of L (<29°C). However, all
three MC variants showed the lowest
concentration in the temperature range of H
(>31°C). It is thought that nutrients N and P affect
MC production cyanobacteria [9, 10].

Thus, three explanatory variables TN, TP
and water temperature were selected for the linear
model analysis in order to elucidate the
influencing factors on the change of the
concentration of each MC variant in the lake.
Here, z-log(TN) and z-log(TP) were used as well
as the linear model analysis for Chl-a. The
objective variables, MC-RR, MC-YR, and MC-
LR were also logarithmically converted. In
addition, the water temperature was converted to

21

Engng.J.CMU.(2020) 27 (2)

a category variable using the same categorization
in Figure 7. Then, the model selection method
based on AIC was again applied to find a better
model [19]. In Table 3(a-c), the results of the
linear model analysis on MC-RR, MC-YR, and
MC-LR were presented. Table 3(a) showed that
water temperature within the range of M
(29~31°C) has a significant positive effect on
MC-RR concentration though both TN and TP
were no contribution factors.

Summazation of Three Kinds of MCs Variants
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Figure 7 (a-c) Effect of water temperature
on MC variants, L: water temperature <29°C,
M: 29°C <water temperature <31°C, H: water

temperature >31°C
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Figure 7 (cont) (a-c) Effect of water
temperature on MC variants, L: water
temperature <29°C, M: 29°C <water
temperature <31°C, H: water
temperature >31°C

As presented in Table 3(b-c), the water
temperature of the range of L significantly
affected MC-YR and MC-LR in concentration.
According to recent researches, it was found that
MC production ability per cell decreased as the
temperature increased [25, 26]. The result was
consistent with our results. However, in another
research, MCs production increased with the high
temperature (32°C) in the non-axenic culture of
Microcystsis aergunosa [26]. In contrast, the
opposite result was obtained about the axenic
culture [27]. Since the non-axenic condition is a
natural condition for the lake water, it seemed
that this result didn’t support our survey results.
In addition, we need to consider the seasonal
succession of several toxic cyanobacteria species
in a natural lake. Each strain in toxin-producing
Microcystis sp. is known to produce different
amounts of MC variants [28, 29].

Furthermore, a result from survey research
in England elucidated that the ratios among MC
variants produced from four toxic cyanobacteria
species (Microcystis sp. Oscillatoria  sp.,
Anabaena sp., and Aphanizomenon sp.) were
different each other [30]. Therefore, it was
reasonably thought that the observed variation of
the ration among MC variants could be due to the
seasonal succession of toxic cyanobacteria
species. Changes of the nutrients N and P
generally relate to the species succession in the
lake ecosystem [29]. However, no significant
contributions (p>0.05) of both TN and TP for
MCs were clearly found in Table 3(a-c). It is well
known that the low N:P ratio is a favorable
condition for the growth of Microcystis sp. [23].



Nevertheless, the effect of P can be saturated
because Kandawgyi Lake is in the
hypereutrophic state with a very low N:P ratio of
3.9.

On the other hand, we already elucidated
that N loading promoted the increment of the
biomass of phytoplankton in this lake, and the
temperature  effect on the growth of
phytoplankton was not significant. Besides, the
result of the linear model analysis suggested that
the composition of toxic cyanobacteria species,
which related the composition of MC variants,
was determined by not nutrients N and P but
temperature. This finding is not only interesting
from the viewpoints of limnology but also
important from the viewpoints of lake water
quality management because the changes of toxic
cyanobacteria and MC variants composition
directly linked to the safe of the lake water as
already mentioned [9, 10, 11]. In a further study,
we need to directly clarify the seasonal variation
of species composition of toxic cyanobacteria
[30].

Table 3 Results of the linear model analysis for
MC variants.

(a) Linear models for MC-RR
Model 1: logMC-RR ~ z-logTN+z-logTP+Temp

Variable | Estimate | SE | t-value p
z-logTN | 0.012 [0.074| 0.161 | 0.874
z-logTP | -0.049 |0.077 | -0.644 | 0.528
Temp-L | 0.191 |0.175] 1.091 | 0.291
Temp-M | 0.474 |0.161 | 2.941 | 0.009**

F-statistic: 2.53, p-value: 0.078 AIC =11. 303
Model 2. logMC-RR~ Temp

Variable | Estimate | SE | t-value p
Temp-L | 0223 |0.159| 1.402 | 0.177
Temp-M | 0.474 |0.154 | 3.079 | 0.006**

F-statistic: 5.24, p-value:0.015 AIC=7.927

(b) Linear models for MC-YR
Model 1. logMC-YR~ z- logTN+z-logTP+Temp

Variable | Estimate | SE | t-value p

z-logTN | -0.059 |0.036| -1.655 | 0.116
z-logTP | -0.070 [0.038]| -1.866 | 0.079
Temp-L | 0.211 |0.086| 2.464 | 0.025*
Temp-M | 0.083 [0.079| 1.059 | 0.304

F-statistic: 6.65, p-value: 0.002 AIC = -20.294
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Table 3 (cont) Results of the linear model
analysis for MC variants.

Model 2. logMC-YR~ Temp

Variable | Estimate | SE | t-value p
Temp-L | 0.238 |0.105| 2.263 | 0.036*
Temp-M | 0.065 ]0.102| 0.637 | 0.532

F-statistic: 3.38, p-value: 0.056 AIC=-10.264

(c) Linear models for MC-LR

Model 1. logMC-LR~ z- logTN+z-logTP+Temp

Variable | Estimate | SE | t-value p

z-logTN | 0.029 ]0.036| 0.805 | 0.432
z- logTP | -0.043 |0.038]| -1.139 | 0.270
Temp-L | 0.209 |0.085| 2.445 | 0.026*
Temp-M | 0.167 ]0.078| 2.132 | 0.048%*

F-statistic: 2.56, p-value: 0.077 AIC =-20.323

Model 2. logMC-LR~ Temp

Variable | Estimate | SE | t-value p
Temp-L | 0.241 |0.079| 3.030 | 0.007**
Temp-M | 0.172 |0.077 | 2.238 | 0.037*

F-statistic: 4.61, p-value: 0.023 AIC= -22.673

Estimate of categorical variable Temp = L
(M) shows an additive effect for each objective
variable measured from the effect at Temp=H
[25].

Moreover, it was thought that the variations
of MC variants among the four sites could be
involved by the low mixing condition of the lake
water. The differences of MC variants among the
four sites, of course, indicated the differences of
the community of toxic cyanobacteria among the
sites as already discussed. The four observation
sites in Figure 1 were expected to show the
averaged and representative dynamic character
about the water quality parameters because the
sites were apart from each inlet point (IP) of the
drainage channels as nutrients sources (see
Figure 2 and Figure 3). However, the seasonal
variation of MC variants resulted from the
seasonal succession of toxic cyanobacteria, was
almost independently caused at each site despite
the continuous water body among the sites as
shown in Figure 5. This is another significant
finding in this study. Hence, it is important to
monitor the safeness of lake water with sufficient
frequency and observation points, in case of lakes
with a low degree of water mixing such as
Kandawgyi Lake. Of course, preliminary
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hydrological and hydrological studies are a
prerequisite for the optimal determination of
location and frequency.

4. CONCLUSIONS

The seasonal variation of water quality
parameters and microcystin (MC) concentration
in the Kandawgyi Lake were studied. The lake
was identified in the hypereutrophic state due to
the very high Chl-a of 196pg/L. on average, and
in the N-limitation state with the lower N:P ratio
of 3.9. MC concentration was quantified for the
lake water samples at each site, and three MC
variants MC-RR, MC-LR and MC-YR were
detected. The order of the averaged concentration
of MC variants was MC-RR (24.5 pg/L), MC-LR
(7.3 pg/l) and MC-YR (4.3 pg/L). Each
concentration of MC variants was depended on
not TN and TP but temperature, though Chl-a, as
a surrogate of phytoplankton biomass, was
affected by not temperature but TN. In particular,
the lower concentration of three MC variants was
measured in higher temperature conditions

(>31°C). Moreover, the variations of MC
variants among the sites could be involved by the
low mixing condition of the lake water, because
it was thought that the seasonal changes of MC
variants were due to the succession of toxic
cyanobacteria independent in each site.

5. ACKNOWLEDGMENT

The authors sincerely appreciate to Yangon
City Development Committee (YCDC), because
they permitted our survey and access for several
unpublished information on Kandawgyi Lake
and the basin. Moreover, we sincerely
acknowledge international research team
members who supported to collect the water
samples and experimental works in this study.
Also, we would like to thank our friend Dr.
Rameshprabu Ramaraj, for valuable comments
and English grammatically collections.

This work is as part of the Ph.D. study, and
the authors gratefully acknowledge the Japanese
Government (Monbukagakusho: MEXT)
scholarship organization.

REFERENCES
[1] Yunlonga, S., Jinsonga, Z., Jiab, Z., Lic, W., Aiminc, C., and Yid, T. Spatial and Temporal
Variations of Water Quality and Trophic Status in Xili Reservoir: a Subtropics Drinking
Water Reservoir of Southeast China. IOP Conference Series: Earth and Environmental

Science, 2017; 100(1).
(2]

[3]

University, Master Thesis, 2013.

Soe, P. E. Study on the Eutrophication Status of Kandawgyi Lake, Yangon Technological

Cuvin-Aralar, M. L., Fastner, J., Focken, U., Becker, K. and Aralar, E. V. Microcystins in Natural

Blooms and Laboratory Cultured Microcystis Aeruginosa from Laguna de Bay, Philippines.
Systematic and Applied Microbiology, 2002; 25(2): 179-182.

Jacoby, J. M., Collier, D. C., Welch, E. B., Harby, F. J. and Caryton, M. Environmental Factors

Associated with a Toxic Bloom of Microcystis Aeruginosa. Canadian Journal of Fisheries
and Aquatic Science, 2000; 57: 231-240.

Joung, S. H., Oh, H. M., Ko, S. R. and Ahn, C. Y. Correlations Between Environmental Factors

and Toxic and Non-Toxic Microcystis Dynamics During Bloom in Daechung Reservoir,
Korea. Harmful Algae, 2011; 10: 188—193.

Lee, T. A., Rollwagen-Bollens, G., Bollens, S. M. and Faber-Hammond, J. J. Environmental

Influence on Cyanobacteria Abundance and Microcystin Toxin Production in a Shallow
Temperate Lake. Ecotoxicology and Environmental Safety, 2015; 114: 318-325.

De Figueiredo, D. R., Azeiteiro, U. M., Esteves, S. M., Goncalves, F. J. M. and Pereira, M. J.

Microcystin-Producing Blooms—A Serious Global Public Health Issue. Ecofoxicology and

Environmental Safety, 2004; 59: 151-163.
Gupta, N., Pant, S. C., Vijayaraghavan, R. and Rao, P. V. L. Comparative Toxicity Evaluation of

Cyanobacterial Cyclic Peptide Toxin Microcystin Variants (LR, RR, YR) in Mice.

Toxicology, 2003; 188: 285-296.

Xie, L. Q., Xie, P. and Tang, H. J. Enhancement of Dissolved Phosphorus Release from Sediment

to Lake Water by Microcystis Blooms—An Enclosure Experiment in a Hyper-Eutrophic,
Subtropical Chinese Lake. Environmental Pollution, 2003; 122: 391-399.

24



Engng.J.CMU.(2020) 27 (2)

[10] Xie, L. Q., Xie, P., Li, S. X., Tang, H. J. and Liu, H. The Low TN: TP Ratio, A Cause, or a Result
of Microcystis Blooms?. Water Research. 2003; 37: 2073-2080.

[11] Prommana, R., Peerapornpisal, Y., Whangchai, N., Morrison, L. F., Metcalf, J. S., Ruangyuttikarn,
W., Towproma, A. and Codd, G. A. Microcystins in Cyanobacterial Blooms from Two
Freshwater Prawn (Macrobrachium Rosenbergii) Ponds in Northern Thailand. Science Asia,
2006; 32: 365-370.

[12] American Public Health Association. In Standard Methods for the Examination of Water and Waste
Water. 20" Eds, APHA: Washington, DC, 1998.

[13] Saijo, Y. Methods for the Quantitative Determination of Chlorophyll. Journal of Limnology, 1975;
36: 103-109.

[14] Fastner, J., Codd, G. A., Metcalf, J. S., Woitke, P., Wiedner, C., Utkilen, H. An International
Comparison Exercise for the Determination of Purified Microcystin-LR and Microcystins in
Cyanobacterial Field Material. Analytical and Bioanalytical Chemistry, 2002; 374: 437-444.

[15] Lawton, L., Edwards, C. and Codd, G. A. Extraction and High-Performance Liquid
Chromatographic Method for the Determination of Microcystins in Raw and Treated Waters.
The Analyst, 1994; 119: 1525-1530.

[16] Meriluoto, J. and Codd, G. A. Toxic Cyanobacterial Monitoring and Cyanotoxin Analysis. Abo
Akademi University Press, Abo, Finland, 2005; 149.

[17] R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for
Statistical Computing, Vienna, Austria, 2017. [online] available: https://www.R-project.org/.

[18] Kleinbaum, D. G., Kupper, L. L., Muller, K. E. and Nizam, A. Applied Regression Analysis and
Other Multivariable Methods. 3 Edition, Duxbury Press, Toronto, 1998.

[19] Parzen, E., Tanabe, K. and Kitagawa, G. Information Theory and an Extension of the Maximum
Likelihood Principle. Springer, New York, 1998; 199-215.

[20] Stumm, W. and Morgan, J. J. Aquatic Chemistry: Chemical Equilibria and Rates in Natural Waters.
3"Eds, John Wiley & Sons, New York, 1996.

[21] Wetzel, R. G. Limnology: Lake and River Ecosystems, 3™Eds, Academic Press, 2001.

[22] Sakamoto, M. Primary Production by Phytoplankton Community in Some Japanese Lakes and Its
Dependence on Lake Depth. Journal of Arch Hydrobiology, 1966; 62: 1-28.

[23] Simith, V. H. The Nitrogen and Phosphorus Dependence of Algal Biomass in Lakes: An Empirical
and Theoretical Analysis. Limnology and Oceanography, 1982; 27(6): 1101-1112.

[24] Carlson R E. A Trophic State Index for Lakes. Limnology and Oceanography, vol. 1977; 22(2):
361-369.

[25] Bui, T., Dao, T. S., Vo, T. G. and Lurling, M. Warming Affects Growth Rates and Microcystin
Production in Tropical Bloom-Forming Microcystis Strains. 7oxins, 2018; 10(3): 123.

[26] Peng, G., Martin, R. M., Dearth, S. P., Sun, X., Boyer, G. L., Campagna, S. R., Lin, S. and Wilhelm,
S. W. Seasonally Relevant Cool Temperatures Interact with N Chemistry to Increase
Microcystins Produced in Lab Cultures of Microcystis Aeruginosa NIES-843.
Environmental Science & Technology, 2018; 52 (7): 4127-4136.

[27] Dziallas, C., Grossart, H. P. Increasing Oxygen Radicals and Water Temperature Select for Toxic
Microcystis sp. Plos One, 2011; 6(9).

[28] Su, X., Xue, Q., Steinman, A. D., Zhao, Y. and Liqiang Xie, L. Spatiotemporal Dynamics of
Microcystin Variants and Relationships with Environmental Parameters in Lake Taihu.
China, Toxins, 2015; 7 (8): 3224-3244.

[29] Watanabe, M. F., Oishi, S., Harda, K., Matsuura, K., Kawai, H. and Suzuki, M. Toxins Contained
in Microcystis Species of Cyanobacteria (Blue-Green Algae). Toxicon, 1988; 26(11): 1017-
1025.

[30] Andrew, D. T., Monika, D.-R., Alison, O. N., Coates, L., Lewis, A., and Katy, K. Analysis of
Microcystins in Cyanobacterial Blooms from Freshwater Bodies in England. Toxins, 2018;
10(39).

25



K. Lwin Aye, T. ltayama, T. Duc Nguyen, Kyaing, K. Pyar Shwe, N. Whangchai, R. Praphrute and A. Tada

APPENDIX
Appendix 1
Table A1 Weather Conditions at Observation Date
Date A?f?;?&?c) M}I:g;?cj;lr Rainfall (mm) Remarks
18/08/2018 31 22 3 Rain
21/09/2018 32.2 19.5 12 Rain
11/11/2018 32.5 20 11 Rain
15/12/2018 31.6 18.5 0 Cloudy
13/01/2019 33 19.2 0 Fair
25/02/2019 35.8 19.5 0 Fair
06/04/2019 39.2 20.5 0 Fair
01/06/2019 333 26 1 Rain
Appendix 2
z-score of valuable X
~_ X—mean(X)
2 =D )

z-score of logarithmic transformed valuable X
log(X) — mean(log(X))

SD(log(X))
where mean(X) shows the average and SD(X) shows the standard deviation.

z —log(X) =

Appendix 3
Table A2 Overall mean and standard deviation of water temperature, Chl-a, TN, TP and MCs
Variables Mean+SD
Water Temperature (°C) 30.2+1.41
Chl-a (ug/L) 196.3+82.9
Turbidity (F.T.U) 64.39+17.4
TN (mg-N/L) 2.21+0.48
TP (mg-P/L) 0.56+0.14
MC-RR (ug/L) 24.5+16.3
MC-YR (ug/L) 43423
MC-LR (pg/L) 7.3£2.6

Table A3 Measurement Data of Water Temperature, TN, TP, Chl-a, MC-RR, MC-YR and MC-LR
Notice: N.A (data not available)

' Water TN TP Chl-a (ug/L) Turb. | MC_ | MC_ | MC_

Month Sites | Temp. | (mg-N/L) | (mg-P/L) Mean+SD (F.T. RR YR LR
(°C) | Mean£SD | Mean+SD - U) | (ug/l) | (ng/l) | (ng/L)

St-1 N.A | 1.68%£0.05 | 0.2040.07 | 171.0%3.1 N.A 7.28 0.54 2.28

Aug St-2 N.A | 2.1240.09 | 0.47+0.03 | 191.1+6.2 N.A | 40.13 | 3.31 8.33
St-3 N.A | 2.6940.04 | 0.5540.01 198.619.1 N.A | 24.00 | 2.18 4.62

St-4 N.A N.A N.A N.A N.A N.A N.A N.A

St-1 | 30.56 | 1.80%0.06 | 0.7040.32 97.349.1 56.76 | 49.56 | 2.97 6.89

St-2 | 30.43 | 2.1340.08 | 0.4940.02 | 141.746.1 | 65.61 | 37.29 | 2.33 4.86

Sep St-3 | 30.35 N.A N.A 141.6+1.2 | 77.04 | N.A N.A N.A
St-4 | 3031 | 2.834+0.16 | 0.64+0.02 | 173.744.2 | 87.05 | 58.87 | 3.36 4.45
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Table A3 (cont) Measurement Data of Water Temperature, TN, TP, Chl-a, MC-RR, MC-YR and MC-
LR
Notice: N.A (data not available)

' Water TN TP Chl-a (ug/L) Turb. | MC_ | MC_ | MC_

Month | Sites | Temp.| (mg-N/L) | (mg-P/L) Mean+SD (F.T. RR YR LR
(°C) | Mean£SD | Mean£SD - U.) | (ng/L) | (ug/L) | (ug/L)

St-1 | 29.57 | 1.7340.14 | 0.35+0.01 | 138.7+1.3 | 62.63 | 2091 | 8.67 4.89

Nov St-2 | 30.22 | 1.644+0.11 | 0.3940.00 | 141.1+2.1 | 61.15 | 37.05 | 5.60 9.69
St-3 | 30.16 | 1.7740.07 | 0.5040.02 | 132.14+2.1 | 64.54 | 43.37 | 824 | 10.70

St4 | 30.70 N.A N.A 163.3+0.7 | 66.40 | N.A N.A N.A

St-1 | 28.98 | 2.034+0.12 | 0.5240.01 | 210.74£67.2 | 65.73 | 46.86 | 8.24 7.71

Dec St-2 | 28.72 | 2.1340.31 | 0.3940.01 | 277.7£1.2 | 79.50 | 7.32 6.22 8.76
St-3 | 28.99 | 1.9540.14 | 0.5440.06 | 302.2+22.5 | 80.61 | 27.23 | 888 | 11.17

St-4 | 28.65 | 2.2340.03 | 0.53+0.01 | 248.0+7.9 | 62.68 | 11.59 | 3.10 8.52

St-1 | 28.27 | 2.5340.17 | 0.46+0.02 | 134.1+£0.0 | 50.38 | 14.42 | 4.40 9.71

Tan St-2 | 28.44 | 2.8240.08 | 0.66+0.00 | 140.3+1.1 | 48.74 | 13.96 | 4.62 | 11.81
St-3 | 28.98 | 2.4340.39 | 0.55+0.02 | 147.1+4.2 | 51.63 | 4348 | 5.12 9.30

St-4 | 27.86 | 1.761+0.14 | 0.50+0.00 | 165.645.0 | 53.96 | 11.73 | 4.00 4.84

St-1 | 31.38 | 1.784+0.12 | 0.5740.01 | 149.7421.6 | 46.33 | 12.76 | 4.56 4.99

Feb St-2 | 30.17 | 1.69£0.42 | 0.8740.01 147.1+1.3 | 47.33 | 50.32 | 5.34 8.73
St-3 | 29.74 | 2.1240.18 | 0.43+0.02 | 184.1+£7.4 | 47.72 | 11.70 | 3.63 7.13

St-4 | 30.54 N.A N.A 149.5+4.0 | 4437 | N.A N.A N.A

St-1 N.A | 1.86+0.07 | 0.574£0.01 | 132.1+£54.7 | N.A 3.76 3.46 4.68

April St-2 | 32.26 | 1.864+0.05 | 0.544+0.01 | 125.5+14.8 | 49.28 | 6.25 3.25 3.92
St-3 | 33.57 | 2.03+0.29 | 0.5740.02 | 209.3+38.7 | 37.28 | 6.80 2.64 5.37

St-4 | 33.32 | 2.53£0.60 | 0.624+0.17 | 213.9+4.66 | 4582 | 5.56 2.90 5.55

St-1 | 31.50 | 2.954+0.51 | 0.7840.02 | 370.3+£231.4 | 90.78 | 24.89 | 2.18 5.98

Tune St-2 | 30.93 | 2.4740.40 | 0.66+0.02 | 417.1+92.5 | 87.84 | 26.84 | 2.31 8.72
St-3 | 30.51 | 3.2440.35 | 0.7540.02 | 202.0+128.1 | 86.41 | 17.39 | 2.15 5.14

St-4 | 30.35 | 3.17+0.48 | 0.7940.02 | 412.9+583 | 95.33 | 23.94 | 290 | 11.95
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ABSTRACT
This present study analyses the impacts of pile under loading on the responses of existing tunnel
segmental lining. The main focus is the comparison between modelling the tunnel as continuous and
segmental linings. Key influencing parameters, particularly the relative position of key segment with
respect to the pile tip, are also investigated. The results show that the responses of the segmental and
continuous linings are different. The deformation of tunnel segmental lining is greater than that of the
tunnel continuous lining, both after tunneling step and loaded pile step. By contrast, the structural forces
of tunnel segmental lining are smaller than those of the tunnel continuous lining. The effects of segments
and joints can be clearly seen. The joints result to the higher flexibility of the tunnel lining. Moreover,
the positions of key segment of tunnel lining plays an important role on the overall and localized tunnel
deformations as well as the distribution of structural forces.
Keyword: Segmental lining, pile, tunnel, impact
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Parameter Value | Unit
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Parameter Values Dimensions
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Bending Moment (kN-m)
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ABSTRACT

This research studies various geotechnical engineering properties of a high-expansive
polyurethane (PU) foam. This PU foam was of a two-component type. Test samples were prepared at
various densities. The following properties were studied: 1) uniaxial unconfined compressive strength
(ou); i) secant Poisson’s ratio (Vvsec); iii) secant modulus (Eso); iv) cyclic residual strain (gcyn); v) yield
vertical stress in one-dimensional compression (oy); and vi) coefficient of permeability (k). It is found
that, with increasing of the density of PU foam, the values of o., Eso, cyn, and oy increase, while the
values of v and k decrease. In addition, when considering at the same PU foam’s density, the value of
Vsee decreases with an increase in the vertical stress level, while the value of e increases with cyclic
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stress ratio (CSR) and number of cycle (N.). Regression analyses were performed to develop empirical
formulae to predict these properties from a given PU foam’s density.
Keywords: Polyurethane foam, Density, Compressive strength, Permeability, Residual deformation
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ABSTRACT
Tourism nowadays plays a key role in both macro and micro economics for many countries
including Thailand. In this study, we particularly examine a new discipline gaining popular from multi-
disciplinarians called tourism logistics, which deals with applying techniques proved successful from
industrial/production logistics to service/tourism sector. Initially, we investigate factors that impact
satisfaction of tourists traveling to Ubonratchathani province including tourist locations by collecting
202 samples and analyzed using mixed methods research, which evaluates data based on both
quantitative and qualitative aspects. Next, by using information related to preferred locations initially
analyzed from the first part, we further analyze travel routings based on the mathematical model of
travelling salesman problem (TSP) under limited time and provide suggestions for optimal routes in
Ubonratchathani province. The outcome from this study can expectedly be used to enhance an
effectiveness of tourism-logistic management in the future.
Keywords: Mixed methods research, Travelling salesman problem (TSP), Tourism logistics,
Ubonratchathani province
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ABSTRACT

Reducing weight of plastic bottle help to reduce production costs, the plastic bottles become
thinner due to less plastic content. Resulting in defects that occurs when the packaging light weight is
carried in the filling line. In this research, the objectives are to do the risk analysis and assessment to
evaluate the defects that might happen and to reduce the defects caused by the use of packaging light
weight in the mouthwash filling process. The researcher used the principle of risk analysis and
assessment, Process Failure Mode and Effect Analysis (PFMEA) and Faced Central Composite (FCC)
design of experiment to find the main factors and the appropriate settings to reduce defects that generated
by the use of light weight mouthwash bottles in the filling process. The result of this research can reduce
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the percentage of defect causing by the use light weight packaging in filling process from 11% to 0.06%
that mean the defects is decreased 99% in the filling process.

Keywords: Bottle weight reduction, Closing torque, Risk analysis and assessment, Process Failure
Mode and Effect Analysis (PFMEA), Fishbone diagram, Design of Experiment(DOE), Faced Central
Composite (FCC)
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Response Surface Regression: %defective versus A, B

Analysis of Variance

Source DF
Model 5
Linear 2
A 1
B 1
Square 2
AR 1
BB 1
2-Way Interaction 1
1

7

3

4

2

F-Value
22473
557.08

1051.60

62.56
053
037
1.00
245
2845

P-Value
0.000
0.000
0.000
0.000
0610
0561
0331
0.023
0.023

Adj S5
748415
742083
700417

41667

0.0706

0.0248

0.0665

05625

05625

0.4662

01662

03000
753077

AdjMS
149683
37.1042
70.0417
41667
00353
00248
0.0665
05625
05625
0.0666
00554
00750

A*B
Error
Lack-of-Fit
Pure Error
Total 1

074 0582
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Test and Cl for Two Proportions

Method
pa: proportion where Sample 1 = Event
p=: proportion where Sample 2 = Event
Difference: p, - p=

Descriptive Statistics
Sample
Sample 1
Sample 2

N _Event Sample p
200 22 0.110000
8000 5  0.000625

Estimation for Difference
95% Cl for
Difference Difference
0.109375 (0.066008, 0.152742)

Ci based on normal approximation

Test
Null hypothesis Hoipi-pz=0
Alternative hypothesis  Hsps - pz # 0
Method
Normal approximation
Fisher's exact

Z-Value P-Value
4904 0.000
0.000
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u ]
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ABSTRACT

The satellite survey using Real-time kinematic (RTK) positioning method may have some errors
occurred due to the effects of the climate changes overtime and baseline lengths between GNSS (Global
Navigation Satellite System) base station and rover. This study aims to investigate the effects. The test
points were established around Mae Moh mine’s pit, Lampang province. The test points were separated
into 2 groups, increment horizontal and vertical distances. The RTK and GNSS surveyings were
operated in rainy season, winter, and summer. The measured values were compared with the standard
values acquired by static positioning method. The results revealed that the root-mean-square errors were
2.3 cm and 3.1 cm for horizontal and vertical coordinates, respectively. The results showed the distance
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between the two stations affected the accuracy of coordinates.

Engng.J.CMU.(2020) 27 (2)

In addition, the air humidity and

temperature were obstacle for receiving GNSS signals.
Keywords: GNSS positioning, RTK, Mae Moh lignite coal mine, Baseline length, Position error
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Fouvzdannuieundzauoenvnururasiaionadi Ifgurgivewmanawaz Ididouunldlsz Teani Son
F2UVRINA1I BHSDLasoMadguuuRan TWihuazanudeunsoune PV/T lumanaaeuldszidivlseans nmn
'l dszaniammuanudeounazndsaugnineaaldavinume PV/T nfSeuieunuuns PV uuuna i

Ed v
annzms laussazimuasasins lvavesth lussuuums PV/T 97 0.5, 1.0 uag 1.5 kg/s 1nHan1snaaey

a Y

Wu uee PV/T Sszaniamma Iiuazdseansamniaanudeui 14.20-14.90% way 40.70-44.30%

a =2

audraunazlmad lwihneda lagenume PV 1l481989g9qaie 13.97%

[

mdary: urs PV/T asuaianututhu dsed@nsamma il dszaniammuanudou

ABSTRACT
This research studied temperature reduction of Polycrystalline silicon photovoltaic panel with
the cooling module installed at the back panel. Serpentine channel and 45° V-shaped rib turbulators
were attached inside the cooling module for enhance heat transfer ability. Water flow inside the cooling
module will absorb the accumulated heat in the PV panel and produced hot water for usage. This design
was called Photovoltaic/Thermal or PV/T panel. In this experiment, electrical, thermal efficiencies and
net energy which produce by PV/T panel were evaluated and compared with normal PV panel at the
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real conditions for water flow rate of PV/T system are 0.5, 1.0 and 1.5 kg/s. The results showed the
electrical and the thermal efficiencies of the PV/T were 14.20-14.90% and 40.70-44.30% respectively
and more electrical power than PV panel about 13.97%

Keywords: PV/T panel, Rib turbulator, Electrical efficiency, Thermal efficiency
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ABSTRACT

Non-dominated Sorting Genetic Algorithm III (NSGA-III) is a multi-objective algorithm which
uses reference points in generating the n-dimensional vector space in order to find the set of objective
functions which is the shortest perpendicular distance to each of them. The purpose of the research is to
compare the performance of NSGA III and MOEA/D on the worker allocation problem on multiple
cellular U-shaped assembly lines attempting to realize five objectives, i.e. minimizing idle worker,
minimizing number of workers, maximizing utilization of workers, minimizing walking time and
minimizing the deviation of walking time. The experiments showed that NSGA-III performs better than
MOEA/D in terms of convergence to Pareto optimal set, convergence and diversity metrics and ratio of
Non-dominated Solutions.
Keywords: Multiple cellular u-shaped, Line-Balancing, Many-objectives
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2 0.38 0.00 0.44 0.38 0.57 1.39 1.98 2.63 2.06 1.49
3 0.89 0.44 0.00 0.44 0.89 2.00 2.63 3.26 2.63 0.89
4 0.57 0.38 0.44 0.00 0.38 1.49 2.06 2.63 1.98 1.39
5 0.38 0.57 0.89 0.38 0.00 0.98 1.49 2.00 1.39 0.86
6 0.86 1.39 2.00 1.49 1.49 0.00 0.38 0.89 0.57 0.38
7 1.39 1.98 2.63 2.06 1.49 0.38 0.00 0.44 0.38 0.57
8 2.00 2.63 3.26 2.63 2.00 0.89 0.44 0.00 0.44 0.89
9 1.49 2.06 2.63 1.98 1.39 0.57 0.38 0.44 0.00 0.38
10 0.98 1.49 0.89 1.39 0.86 0.38 0.57 0.89 0.38 0.00

dJ d
4. WanFuingiszasn
MITAATINTNNUVUAIENITHANFUA U

vareae Wudynwuuuiniaglszass (Many-

110

Objective Problem) #3doan1annuizauiiga

Ed
Tunfew q dunniagiszasd Tasluaruiveil

Idinene 5 daguszasd Uszneulide nariaves

wiinsudesiiga s1uruminiiuioonga



k4 o @ = a
9350152 TemimshanuveamiinumInfiga Nauay
YoIWINUTeoNga LALANULANAIIIANAUVDY
o A o R = 2
wiinauilesiiga Taeiagilszasrninuaiisvazidon

Y
fago 11l

=

4.1 narnaveIniinNuTegian

Q

@

o IS Y A a o w A o a
wummwummuunm'lﬂﬂaumaunmﬂﬂ‘u

q q

'
=

A o =2 o Y a '
ONINNIATOIINT gﬂ\‘]ﬂ“li‘ﬁlﬂﬂljﬁ”l')”lﬂi“ﬂlﬂl%ﬂi@
A @ o < o ¥ = v E4 o
IATDIINTNINIUIULNTD ﬂ\?”ﬂﬁ]\iﬁﬂ\jﬂ”ﬁiﬁWHﬂﬂ”l“

] { 4 o o o A o
l#ansems0a9nIiay awsa lianunmsesdns

A

slné I U o
’t‘)‘l«!hlﬂ Fudumsaanarnedumsveswiinau s

o Y 4 o o A
T/INWUIIQWmEJLﬂi?N%ﬂi AIFTUMIN 3

Minimize : Iy 3)

~

4.2 Nuninnuesian

ﬂ']ﬁﬁ'N'lu‘ll'ﬂ\iWﬁJﬂQ'IUﬂ']ﬂlajJWﬁ\iﬂuﬂg
o A ' & A Y VA A '
TUAATDUADVUIATOIINT HALNDUNITAALIDNTIINNUDY
o o Iy = = o ¥ =
WUNIIUAN ﬂ\iwufNTLH’iu\iﬂu%\iﬁ“ﬂﬁﬂvnvlﬂﬁ@\iﬂ\?
A @ A v 2 =2 g l o
FIUATDIINTUIDUINNITUU "’]f\ilﬂuﬂqi‘])")ﬂaﬂﬂquju
@ k4 3 Y 9 a
‘Wuﬂﬂuadhlﬂ Lla$ﬂ11ﬁmunu1uﬂ1§waﬂaﬂaﬁ

AaauNISN 4
Minimize : Ny 4)
d ) Y] d'

4.3 assailszlasrmsimhauvesntinauinniiga

o o = Y A a A o
mﬁnnmwummuwummu'lﬂmaﬂauuazm

P
INNAVDBDN ﬂﬁuuﬂ]i%ﬂ'liﬁ'm'lu"’llﬂﬁwuﬂ\i'lu%\?ﬂﬂi]'lﬂ
a Y o_ v a

nmﬁﬂaui”mﬂmmmaxu INNAVDDN HAEWINIU

WIAUIZIIMMsZOUINNa Ui aeeg Tag
annsoieldvaronsesins lwiessailseTend

gagalumamauvesminay asaumsn 5

- Ty (5Tw)
Maximize Uy, = Ny xCT ®)]
Tay ST, #o nardeunaziringdveonves

winau k
CT 79 9UNAINITHAN

Ny, Ao Sauminau

Engng.J.CMU.(2020) 27 (2)

4.4 nmxaummwﬁmmﬂaﬂﬁqﬂ

o =) Y A a A o a
Wummnwummuunm"lﬂﬂaumﬂunmqw

a

i o i o o < o
i’)i‘)ﬂ"lﬂﬂ!‘f"l%’t’)\‘ﬁ]ﬂi 56Lﬂ%®ﬂﬂﬂiﬂ1ﬂ1u%uﬂﬁlﬁiﬂ ’%Qlﬂ

@

a i g o o 2 a
Jagaviadwdreonun uazndullihmmiuaewdy

9 9 i1
NI 1uGum'laumﬁmu"lﬂﬁwmgmazm?awﬂi

De O

wainaudeaau llvihaunlnaszdanaliwiinau
3 Yo Y A o = Y a é‘

Mo ldsniesnieadns Ianududavulums
AUNINIY LasdInanol s anT NN RI19IUVe 9

MinNUAIY AaauMIn 6
Minimize WT = 33" (W) (6)

Taeg W, Ao nanduvesninau k
4.5 anuuanaanauauve s uTieaiign
MsaunIuvesminnudeuauliusas
d' [ Y o @ d' [ c!' ]
1309903 unau ldmnunurateniesinineglu
° ' Yo A Yo ) A o
g lndny wieveau Idaudunatansoadns
d’d o L} % lé =\ 1] Al = =) lé‘
Aldwrialnasy Falanulumuifeunavy uay
1 1 a a o =2 9 Y
dananelszansamlumsiay 3edeams Iiiany
HANAINNAUAUVDIWITNNUY DA A3aunITN 7

Minimize DWW : (7)

Tas Ny Ao Suauminau
W, Ao nanauveswtinauaun k

— : ! a o 4
w ﬁﬂ ANRAYIAUAUVDINUNIIUNIHUA

v
a w =

5. AT aRugnIsuuvumsdIadiauilign

asoud 111

FFugnIsuuuumItadaun lignasend
I (Non-dominated Sorting Genetic Algorithm
III: NSGA-II) finannislunisunidguiuin

o Y Y Yy a .
aUszaannIensas1agas1ed (Reference point)

A o I 4 an A U o A~
nianvaziilunnmesvatelia eninguanouini
g’; d' g}/ d' d' a [ v a 1
szozadmInidugailiofiounugadiaduaazya
Taelii5n3e3199A81999910 Simplex lattice design

9
udnhnguiine U IReUsZeZAIMINNUYAB19BINNYA



9.Qus na: U5t

1% 4 1 o
vuszuIngiszasn (Hyperplane) 5’1nqummu1ﬂ
~ 2 ¥ A o Yy a & A PR
UTLHZAIRINUBINFANVIAD NOIUY ﬂzgmaaﬂ“lmﬂu
f1aoUNA FIvzUnann1snaleny NSGA-II

2 ) Y ¥
luvuaounmsaiielszmnnsisudu MIFATNTUGNVD
1529105 HALUANUUANAIAUTEH 19 NSGA-IT

v

Y o A o I
ez NSGA-IIT Tuvuaoudniiumsmisneutaziny
Aaouna ¥9 NSGA-II v¢ 13133015 Crowding

. ' Y Y a A o A
distance mel]31“]55]ﬂf’JN’t’)\ilﬁi’JﬂWﬂHQﬂﬂﬂN‘Uuﬁ%uﬁJ

Do s

1 ° = 2 Yo Y a
HagrInguAnoUNNIzezaInInlndnuya19ee [5]

Tuaruiseildendynidredranliaesaie

Mananglddg UseunamskanIny 25 wilenal

Uszgnaldlunmsuddyimsdaasswiinauuu

aennanglalguuuviateae ftunoudail
AMTIA03 U IRI0619TIFINUTATTUUDY

matadiduii lignasend I

1. $waudsznnssudy (N) 10 ansemaeu

anuinziluluasealened (Po) miiy 0.9

woN

' < A o Y
anuzdulumsiuadu (Pm) minu 0.1
v H v
Jun 1 mvuasiuiudsennsisudn (N) uazain
a81909 (Reference point)

v
a

AMUUAIUINYTEBINTL

oD

Yy Aa

yAULAza5199A01904

A o I 4 aaa A Y =R g
nu ﬂ‘]alﬂlzlﬂu!’lﬂm@iﬁaWﬂMﬁMﬂﬂ!iMﬂuﬂgﬂﬂWﬁuEJ

U

Tunnszurningiszasd Taold Simplex lattice

a

. 9 Y a d’l
design Tunmsaiegaoedaduin
4
100 A4 = (A4, 25, )" AO1INIADS
Yy a ' A, A s
1adndevestynidosh j uaz 4; Aviinines

Y a I . a o A . o
01909V TEAIAN i VDIFAAIIAINDUN J ANAITN

2

]
=

Un

=]

e SSD.

2 msasaasamausudy

=4

Y a o 2 9 yax 1 a
ﬂ”l'iﬁiNﬁﬂ’iﬂﬂWIE]‘]J!,'iimui]ﬂﬁ]f’l‘ﬁqmmuaﬁiz

9
@ @

TagliA1Ne1IAATUNINUIIUIUIATOITATNIHYA

% . T S S S Sy
gaavarny (Priority) ¥AUNINUAIAVIATOIVNT

112

(Machine Sequence) HaadA196198ATUTUAY
. d
AINIT NN 3
9 v
TUN 3 WAUITATIAIADUAIOITITINUFNTT Y
(Genetic Algorithm)
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d‘ ' J Y a
MINN 2 ANINADITAD WO

s NAADSIAB1IDY

7 obj1 ] 0bj2 ] 0bj3 | Obja | Objs
1 0.1 0.1 0.1 0.6 0.1
2 0 0 1 0
3 0 0 0 1 0
4 0.1 0.6 0.1 0.1 0.1
5 0.1 0.1 0.1 0.1 0.6
6 0.6 0.1 0.1 0.1 0.1
7 0 1 0 0 0
8 0 0 0 0 1
9 1 0 0 0
10 0.1 0.1 0.6 0.1 0.1
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String Priority
1 6 3 7 8 5 1 2 4 9 10
2 6 1 7 4 9 5 8 3 10 2
3 2 10 8 9 1 5 7 6 3 4
4 2 10 4 5 3 8 7 1 6 9
5 5 2 1 7 6 8 9 10 3 4
6 5 4 10 1 8 6 9 3 2 7
7 8 9 2 10 3 7 4 1 5 6
8 7 4 8 2 6 10 9 3 1 5
9 6 1 9 4 10 3 8 7 2 5
10 9 2 1 6 10 8 3 7 4 5
M319N 4 an3ImIneuIUgN
Offspring Priority
1 6 4 7 9 5 1 8 3 10 2
2 6 5 7 8 3 1 2 4 9 10
3 2 10 8 9 1 5 7 6 3 4
4 2 10 4 5 3 8 7 1 6 9
5 5 2 1 7 6 8 9 10 3 4
6 5 4 10 1 2 6 9 3 8 7
7 8 9 2 10 3 7 4 1 5 6
8 7 4 8 2 6 1 9 3 10 5
9 7 1 9 4 10 3 8 6 2 5
10 9 2 1 6 10 8 3 7 4 5

Yy A I A o E4 ' ' '
U 6 NUAATINADUNINNUAINTUNDUULALYN
(Re=P: U Qy

1 1 ' Jou o J )
M3 5 (a9) Anlinduiaglsaenvesansdinon

Ry

Tt 7 Muamisnduiaglszasrvesansedinon String fi 6| f £ fs
‘V%Q‘Iriil@ (Rt) ﬁlﬁﬁilﬂ'li‘ﬁ 3 ﬁ\i 7 11 52342 4 0400 7658 1426
- 4 4o o NI 12 16.459 | 3 | 0.533 | 18.541 | 0.450
Tagan3an 1-10 Aean3efInouguneny naz
- d . .. ‘ . 4 13 | 21.590 | 3 | 0.533 | 13.410 | 2.649
an3an 11-20 ABAATIAABUTUYN UTAIAIAITIN 5 14 16366 | 3 | 0533 | 18.634 | 0471
' 15 126945 |3 ]0.533 | 8.055 | 1.663
M 5 anlanduiaglszasdvesaniemaoy (R, 16 17.762 | 3 | 0.533 | 17.238 | 1.854
String fi L f fy f 17 | 41.001 | 4 | 0.400 | 19.000 | 3.361
1 69.500 | 5 | 0.320 | 15.500 | 3.823 18 18.556 | 3 | 0.533 | 16.444 | 1.195
2 42790 | 4 | 0.400 | 17.210 | 2.553 19 18.952 | 3 1 0.533 | 16.048 | 0.973
3 21.590 | 3 | 0.533 | 13.410 | 2.649 20 44.188 | 4 | 0.400 | 15.812 | 2.817
4 16.366 | 3 | 0.533 | 18.634 | 0.471
S 126945 |3 | 0.533 | 8.055 | 1.663 Yuil 8 faumgeganagzdigauoanaagziladdu
6 50.254 | 4 | 0.400 | 9.746 | 2.293 v ¢ o e 2
anlszaandasamnaunIvua (Re)
7 41.001 | 4 | 0.400 | 19.000 | 3.361 v . ‘ . .
] 41591 | 4 | 0.400 | 18.409 | 3.165 nniusmuanuhvuevesiaglszasd (z;)
9 39.931 | 4 | 0.400 | 20.069 | 3.129 Gluniﬁﬂmmmﬁmmzﬁuﬁaaﬁ'fm Ao z;=
10 | 44.183 | 4 | 0.400 | 15.812 | 2.817 min{f;(x)} wiomsmminzauiininiga fe
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z; = max{f;(x)} TasliTadua1gaganazan
dgavosudazinglizasd luseudgiu uaaims

< J o @ a
NUMPIFALUASAITA AIAITNN 6

4' 1 o ' I @
N1351499 6 mqqqmmxmq&wmLmazﬁm%u

Jagilszasd
ff fi f f3 fy fs
ffnax | 69.500 | 5 | 0.320 | 20.060 | 3.823
ffmin | 16.366 | 3 | 0.533 | 7.657 | 0.450
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Normalizedf; = f; =

fi_zi* 8
(fi(max)-+-0.00()5)—Z£k ( )

fi Ao mladFuingisvasdaeaszyng

Tag
hpiudmsviaglszasan i
A ' o o oo =
fitmax) 70 AMlanFuingiizasanuniiga
Tuseuiagiiuluingusyeasdn i
x A 1 @ I,
z;! fo anthmnevesingiseasan i
1 4 o1 Jo v J
uaaAuesuea lagmlensuinglszasnves
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AAIMADUNINUA AR5 190 7

! ¢ P o s
ms19h 7 vesuea laganlinduingilszaed

String fi o) f3 4 fs

1 1.000 | 1.000 | 0.998 | 0.632 | 1.000
2 0.497 | 0.500 | 0.623 | 0.770 | 0.623
3 0.098 | 0.000 | 0.000 | 0.463 | 0.652
4 0.000 | 0.000 | 0.000 | 0.884 | 0.006
5 0.199 | 0.000 | 0.000 | 0.032 | 0.360
6 0.638 | 0.500 | 0.623 | 0.168 | 0.546
7 0.464 | 0.500 | 0.623 | 0.914 | 0.863
8 0.475 1 0.500 | 0.623 | 0.866 | 0.805
9 0.443 | 0.500 | 0.623 | 1.000 | 0.794
10 0.524 | 0.500 | 0.623 | 0.657 | 0.702
11 0.677 | 0.500 | 0.623 | 0.000 | 0.289
12 0.002 | 0.000 | 0.000 | 0.877 | 0.000
13 0.098 | 0.000 | 0.000 | 0.463 | 0.652
14 0.000 | 0.000 | 0.000 | 0.884 | 0.006
15 0.199 | 0.000 | 0.000 | 0.032 | 0.360
16 0.026 | 0.000 | 0.000 | 0.772 | 0.416
17 0.464 | 0.500 | 0.623 | 0.914 | 0.863
18 0.041 | 0.000 | 0.000 | 0.708 | 0.221
19 0.049 | 0.000 | 0.000 | 0.676 | 0.155
20 0.524 1 0.500 | 0.623 | 0.657 | 0.702
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A=A Agg s s ) |
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f300, fuC0), fs(x))

3) afrnmeesanlanduinglszasangnuouea lad
Taon)aouziuuuninvamiluuna (Transpose) a1y
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manluaun 3
y A o A=
IUN 12 MIHgAoanasnu
NYAMINAUIRIADY 1H0ATUTIUIUIDIUDITHY
HAAIAIMIADUAN FANADANTZUIUNITAUNIAIADY
. X < I3 A A @ a
(Elitist) 51T ud1aouvesnavosdanasiu
NSGA-III

d‘ A 1 o d'd 1 o d'd g’/ 3’/ d' a @ Y a
MINN 8 sz djlz(x) HAZMIADNNANAINDUNAIINNANAINDUNUISISAININAUNFANIUNUYAD O

x /h Al A2 A3 v AS

A6 AT A8 A9 A10

1.750 | 1.842 | 1.547 | 1.842 | 1.843

1.549 | 1.842 | 1.547 | 1.547 | 1.750

0947 | 1.272 | 1.170 | 1.273 | 1.216

1.112 | 1.216 | 1.112 | 1.113 | 1.030

0.166 | 0.806 | 0.803 | 0.800 | 0.806

0.806 | 0.474 | 0.661 | 0.607 | 0.736

0.621 | 0.884 | 0.884 | 0.884 | 0.884

0.884 | 0.884 | 0.884 | 0.884 | 0.625

0.305 | 0.412* | 0.387 | 0.361 | 0.412

0.412* | 0.202 | 0.325* | 0.118* | 0.412

1.057 | 1.059 | 0.851 | 0.982 | 0.992

0.861 | 1.036 | 0.908 | 0.819 | 1.072

0925 | 1478 | 1403 | 1.489 | 1.430

1.342 | 1.299 | 1.227 | 1.246 | 1.197

0.931 | 1.419 | 1.337 | 1.427 | 1.369

1.277 | 1.271 | 1.188 | 1.201 | 1.153

0.925 | 1.488 | 1.421 | 1.506 | 1.441

1.354 | 1.355 | 1.276 | 1.304 | 1.158

0.956 | 1.260 | 1.146 | 1.250 | 1.203

1.098 | 1.159 | 1.056 | 1.042 | 1.080

1.067 | 0.965 | 0.699 | 0.850 | 0.890

0.741 | 1.047 | 0932 | 0.845 | 1.028

0.620 | 0.877 | 0.877 | 0.877 | 0.877*

0.877 | 0.877 | 0.877 | 0.877 | 0.620

0.166* | 0.806 | 0.803 | 0.800 | 0.806

0.806 | 0.474 | 0.661 | 0.607 | 0.736

0.621 | 0.884 | 0.884 | 0.884 | 0.884

0.884 | 0.884 | 0.884 | 0.884 | 0.625

0.305 | 0.412* | 0.387* | 0.361 | 0.412

0412 | 0.202 | 0.325 | 0.118 | 0.412*

0.253 | 0.877 | 0.877 | 0.877 | 0.877

0.877 | 0.772* | 0.827 | 0.820 | 0.687

0.925 | 1.478 | 1.403 | 1.489 | 1.430

1.342 | 1.299 | 1.227 | 1.246 | 1.197

1.102 | 1.560 | 1.547 | 1.548 | 1.560

1.560 | 1.449 | 1.468 | 1456 | 1.297

Sl alalalElInSIZISo|c|w|a|u|s|w o~

0.372 | 0.695 | 0.694 | 0.694* | 0.695

0.695 | 0.678 | 0.687 | 0.680 | 0.505
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x /A Al A2 A3 v

AS

A6 A7 A8 A9 A10

20 | 1.026 | 1.355 | 1.337 | 1.337

1.355

1.355 | 1.282 | 1.289 | 1.268 | 1.133
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voamnau (Convergence and Diversity Metrics)
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a @ = g Aa o
msnanglarguuvratsae Fududyinisimon
MemandngUargunudesatgaudimensHangl
dguuuduais Tasuaazaienisnangildigazl
51A309903 N30 VNAIMINAMMIAY 25 nag 33
L} é ] dl 1 L3 =) 1
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Tynm1aen15199 9 Tasauiteil1dTasluauisell
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TaviinislSeuiieudanesny NSGA-II uay

t 3 o a { o v
MOEA/D Fuilusanesnun lddmsunmsuddym

Fd 9

@ J v ' @ @ Y
mndTagiszasanag asuulunmisundgn

nnfagilszaensedesinisdivuasininimes
waznageummsiimefifie innzauiunaas
Jamde1433mseenuuunisnanes (Design of
Experiment) Tumsfmvuaszauamniimes
Taswiimesves NSGA-II 3 2 winiiimes
18un arninziiulunsasealened (Crossover
rate : Pc) nazanuiaziulumsinadu (Mutation
rate : Pm) lua@iuves MOEA/D § 2 wisiiiaes
Taun Srudruaaaviufes (Neighborhood : Ny)
Lmzﬁmaumﬂmuﬁqaqﬂ (Maximum number of
replacement :N;) Faramessanes fuuamsiined
fluaeeszdy Hmsiig 3 afa Swaumimesdu
M1y 2000 sou uazl¥3s Simplex lattice design

Tumsasialsznsudy Fumny 131 faa13199
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ms1an 9 Tymnliluanide

Setup
Problem No.of | No.of | Cycle | time
U-line | Machine | time | (Input/
Output)
1.1(S) 25 2
1.2 (S) 2 10 33 2
2.1 (M) 25 2
2.2 (M) 4 20 33 2
3.1 (M) 25 2
3.2 (M) 6 30 33 2
4.1 (L) 25 2
42 (L) 8 40 33 2
5.1 (L) 25 2
52 (L) 10 >0 33 2
aeR 10 Awnsimevessaneiny
Population size | 131
NSGA 111
Crossover rate 0.6 0.9
Mutation rate 0.1 0.4
MOEA/D
Neighborhood 10 20
Maximum
number of 2 5
replacement
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1 I3 g’; @ a <R Y
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A Y = o
aussaurna lndifeany
dmfusuanurainiatsvesfiney (Spread)
nuI19ane3Iny MOEA/D 1daiassougnanii
% <3 1 o
NSGA-III aiiu Ideg1edanulutlymauianais
¥
nazlng) Tavg ldvinaida¥inaussous Spread 1%
1 d' 9 1 1l Y= o =\
Maussouzniiesn Uaven ldnemasuinsnszaie
@ d' 'e 1 < 1
drnauawe awdymvuiaan NSGA-II 1ian
aussauznani MOEA/D
disududasidivvesmineui lugnaseud
voamsfSewieunieludanesiu (RNDS1) uay
aruonsidiuvesdineui lugnasendiueanis

nisuisununguiineuiuiase (RNDS2) wuin

a v o
a1519n 11 Waﬂ1§1/]ﬂa@ﬁﬂ]@ﬁﬂ1illﬂﬂmﬁ’l@]3@ﬂ’]ﬂ

dano3fiu NSGA-II 1viataussougianii
Ea

MOEA/D lwinsunniynt Tasg laninardidia
dussouz RNDSI1 waz RNDS2 Ida1aussoush

' ' YR 1 o d. Y s a KR lel/
1A wvenldnenguiineui lduesdanes iuiu
Houmnunguine LIRS

s v 9 Hq 9 v o

dmfudunarnldlunsaunidiaey (CPU
Time) wuoanesiy MOEA/D l#narlumsdum
° ' X "o
fnoueoni1 NSGA-II duviuldedraFanulu

< , . [

Yavuadnuaznais daudymivuialvgjueana

o A= Y Ao ya o
dosdanesnuldmanssouzNa lndiAsan

nnnamsnaassagllain danesfiv NSGA-III
Taaussouz Tagsauianit MOEA/D Tudiuns
guhgnquime Nz auigadansIa (GD) aw
ﬂ15’gjvi’ﬁuammuﬁmﬂﬁmwmﬁmau (IGD) #1u
o ! o dl | o =
sasraauvesmasui lugnaseudwesmanfieniiiey
moludanesiiu (RNDSI) uard1ueasiaiuves
moui lugnaseudivesnisfTemiisunungy
Maounuiese (RNDS2) aaudanesiiu MOEA/D
Idmanssous Tagswnanin NSGA-II luduanw
nanualovesminey (Spread) nazarunarnlylu

msAummaey (CPU Time)

Problem 1.1 | 12 | 21 [ 22 [ 31 ] 32 ] 41 | 42 5.1 52
Problem Size Small Medium Medium Large Large
No. of Machine 10 20 30 40 50
No. of U-line 2 4 6 8 10
Cycle time 25 | 33 25 | 33 25 | 33 25 | 33 25 | 33
Generational Distance (GD)
NSGA 111 1.561 | 0.046 | 0.200 | 0.106 | 0.211 | 0.297 | 0.348 | 0.374 | 0.241 | 0.649
MOEA/D 0.218 | 0.051 [ 0.225 | 0.160 | 0.294 | 0.470 | 0.260 | 0.479 | 0.283 | 0.894
Inverted Generational Distance (IGD)

NSGA 111 0.434 | 0.037 | 0.159 | 0.137 | 0.204 | 0.606 | 0.416 | 0.546 | 0.293 | 0.853
MOEA/D 0.148 | 0.038 | 0.262 | 0.145 | 0.351 | 0.847 | 0.257 | 0.571 | 0.421 | 1.263
Spread
NSGA 111 0.824 | 0.848 | 0.931 | 0.960 | 0.959 | 0.971 | 0.966 | 1.013 | 0.917 | 0.953
MOEA/D 0.844 | 0.853 | 0.698 | 0.767 | 0.785 | 0.836 | 0.838 | 0.881 | 0.722 | 0.875
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Problem | 1.1 | 12 | 21 | 22 [ 31 [ 32| 41 [ 42 | 51 | 52
RNDSI
NSGA III 0.138 | 0.936 | 0.406 | 0.907 | 0.157 | 0.227 | 0.444 | 0.684 | 0.527 | 0.461
MOEA/D 0.545 ] 0.444 1 0.197 | 0.631 | 0.026 | 0.134 | 0.374 | 0.379 | 0.072 | 0.062
RNDS2
NSGA III 0.069 | 0.121 | 0.085 | 0.126 | 0.105 | 0.056 | 0.098 | 0.129 | 0.176 | 0.154
MOEA/D 0.168 | 0.057 | 0.050 | 0.072 | 0.014 | 0.055 | 0.076 | 0.055 | 0.026 | 0.021
CPU Time
NSGA 111 470.8 | 495.8 | 531.8 | 544.0 | 646.7 | 670.0 | 1001.4 | 876.8 | 983.3 | 915.6
MOEA/D 359.1 | 445.5 | 478.7 | 589.5 | 609.7 | 630.5 | 830.7 | 837.2 | 1000.1 | 1082.1
9. as1 Aaitlufesaz 80 Srusasidiuvessineuiilign
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ABSTRACT

The conversion processes of biomass into biofuels or bioenergy via thermochemical process can
be performed by several processes such as torrefaction, pyrolysis, gasification and combustion. The use
of different biomass conversion processes provides the different biofuels or bioenergy forms, for
example, solid, liquid, gas, heat and power. The criterion for selecting biomass conversion processes
depend on many factors, including (1) type and property of biomass (2) target for using biofuels or
bioenergy such as using as fuel for heat and power generation and using as vehicle fuels (3) storage and
transportation (4) production and conversion cost and (5) environmental impacts and social acceptance.
For the torrefaction process, it is the process used to improve the biomass property by using heat at the
temperature range of 200-300°C under absence or controlled oxygen conditions. With this process, the
moisture and light volatile will be removed, resulting in torrefied biomass with higher heating value and
energy density. The torrefied biomass also has better property such as low moisture and water
absorbability and low biological activity during storage. With a better property of torrefied biomass, the
industry and power sectors have more increasingly interested in torrefied biomass for using as fuel or
co-firing with coal in heat and power generation. However, production of torrefied biomass with a good
property depends on several factors such as type and property of biomass, operating parameters and
types of reactor. Therefore, this review article presents biomass torrefaction technology. The detail of
this article covers the definition, torrefaction technology, types of torrefaction processes, effects of
operating parameters on quality and quantity of torrefied biomass, the physiochemical property of
torrefied biomass, advantages and disadvantages of torrefied biomass, as well as the use of torrefied
biomass. This review article will be a guideline for the readers who interest in biomass torrefaction
technology for sustainable development and application in the future.
Keywords: Biomass, Biomass conversion, Torrefaction, Torrefied biomass, Solid biofuel.
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Components (%wt. drybasis)

Lignocellulosic materials Cellulose Hemicellulose Lignin Ref.
Particle rubber wood 52.41 34.24 14.31 [46]
Nut shells 25.00-30.00 25.00-30.00 30.00-40.00 [22]
Corn cobs 45.00 35.00 15.00 [22]
Sawdust 19.64 27.20 51.48 [47]
Beech wood 45.30 31.20 21.90 [48]
Hardwoods 40-50 15.00-35.00 18.00-25.00 [49]
Softwoods 35-50 20.00-32.00 20.00-25.00 [49]
Rice straw 34.00 27.20 14.20 [25]
Olive tree purning 52.40 7.10 16.70 [50]
M3ah 3 fesautamanivesdauesia
. Proximate analysis (wt.%) HHV Ultimate analysis (wt.%)

Biomass M FC___ VM Ash  (MJ/kg) — C H 0 N g Rel:
Eucalyptus 228  13.89  83.44  0.40 18.70 4720  6.20 4634 020 0.06  [51]
:’;‘:H‘ kernel 1000 23.00  74.00  3.00  17.58 4510 5.0 4920 056  0.04  [52]
Rich husk 8.00 927  73.18  9.55 17.46  43.40 433 42.07  0.65 0.00 [53]
Is\gé‘;:'a 17.10 1580  79.10  5.10 2040  47.38  6.33 4446  1.46 037 [54]
3‘0‘fdg“m 56,70 13.50  80.65  5.85 1974  50.13  5.96 43.16 0.53 022  [54]
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Biomass Proximate analysis (wt.%) HHV Ultimate analysis (wt.%) Ref.
M FC VM Ash  (MJ/kg) C H [0} N S )
Olive tree 9.07 1523  81.95 2.82  18.01 4449 627 4797 0.63 0.64 [30]
pruning
Pine 7.63 11.88  87.87  0.25 19.40  47.90 6.53 4489  0.16 0.51  [30]
Chestnut 7.85 17.70  82.17 0.13 17.69 46.35 5.86  50.41 0.88  0.98 [30]
Mesquit 1550 16.70  66.10  1.67 16.70  43.60 498 33.60 0.62  0.03 [32]
Juniper 5.85 1430  78.00  1.91 19.00 4930 5.68 37.00 0.28 0.0l [32]
Cedarwood - 1279 8549  1.72 18.13 4514 634 4625 026  0.29  [55]
Wheat 5.10 30.60 69.40  10.90 17.80 4490 590 37.60 0.69 0.15 [56]
Barley 5.80 28.80  71.20  8.10 17.70 4450 5.80  40.40 1.09  0.17  [56]
Pine shell 13.90 2450  74.00  1.50 18.80  47.80 5.60  46.30  0.30 - [57]
Bamboo - 19.94  73.56  3.51 18.70  43.84  6.05 46.53  0.07 - [58]
Rubber
wood 2.52 24.44 7078  2.26 - 4327  6.83 - 0.39 - [59]
sawdust
Rubber
wood 6.20 2338 69.68  0.74 - 4398  8.04  47.53 - 0.45  [60]
sawdust
Rubber
. 8.5 1475  83.09  0.84 17.06 4639 575 4771 0.16  0.00 [61]
wood chips
Rubber 3943 922 49.64  1.71 - 4878 638  41.68 0.17 0.16  [62]
wood chips

3.3.2 wvinavesrinda (Biomass size)
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4. va1§nsaluuy Multiple heart furnace:
& a < v A 3
(MHF)nJmmﬂgﬂﬁmuummﬁawmwu TaoTu
v H v
udazuIzNgUNINuANANAUMINEIAUTUADY
ot o a N S y ¥ '
Tumsnessuady TasgaingiivziiuyunazTuae
220-300 sestusaiiod Fanraszgniloudigininig
funuveualfniel vuLHULLIUBUILAYYARUIT
v v ' Ed
aulu vimiurzanawdssuiaes nszuIumIiioz
v v - ' '
waate 9 T ldinemsnauaduavenaznes 9
¥ ¥ ¥ ° 9 3
Tanuion Tasanuieugminnlyluuaazsuves
a o Y o 4 =l
wnlnsailasase Taeldiummanislunaznisaa
4
e iafnsel MHF awisailSuvunalane 7 5a 8
WA FINTaInUADUTAId T IATesvuIa lng
a 4 Y a A a 9
wlgnssiennldmasssumaniedainaalifiiu
£ a ' < o W Yo PR
womas eg lsnawdmsums lmasssumnan 19
P SR 4 ' Qa4 &
ANUFALITY uav 1z i lsnaide 1Heeainanuiy

X

' v o X Y a 2 &
‘H'Jﬂnl‘Viﬂ"liﬂﬂsUuil]\ﬂﬂﬂJu ﬁNﬁﬁﬂTﬂi"lElLWllﬂ'ﬂﬂJ"]fu

U

= o <

1% 1 ] <3 [
ludganaunounaszdaia og131sna1u n13lenes
AR I 5’ a a =\ 1
550Ul uromasloasassinansznuaonis
A o oA adq oy v 1o
pamaiseunszan maluladi 1y ldaauasiuia
< [ a
yuraanlaudelfvuralveg mlnsaiuuy MHF

AuaaInugln 8

134

a

51U 8 wlgnsaluun Multiple heart furnace [44]
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Torrefaction Weight losses in polymer component (wt. %) Ref
temperature (°C) Hemicellulose Cellulose Lignin )
230 2.74 1.05 1.45
260 37.98 4.43 3.12 [22]
290 58.33 44.82 6.97
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Torrefaction  Residence HHV Proximate analysis (wt.% as received basis)

. ! HHV
Biomass temp:eéature time (MJ/kg) Before torrefaction After torrefaction (MJ/kg) Refe
Q9] (min) M FC VM Ash M FC VM Ash
250 2.45 2527 6518 7.0 20.92
Bagasse 300 60 18.31 7.03  13.61 75.03 4.33 [53]
1.96 41.33  45.00 11.71  23.35
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ci 1 @ 1 wa = a o . . 1 9
MM3131 6 (¢19) AIPHNANTAYDIFINIAINNI AT IZHLUV15z18 (Proximate analysis) 11azAIANITOUGIVDI

. . ' o o o
¥u7a (High heating value: HHV) nouuaznainszuiuminossuvadu

Biomass tTe(::erfil::lil(;l; Residence HHV Proximate .analysis (wt.% as received basis) . HHV
p°C time (min) (MJ/kg) Before torrefaction After torrefaction (MJ/kg) Ref
(0 FC VM Ash M FC VM As
250 3.3225.05  70.20 1.43 21.02
Bamboo 300 60 18.95  5.76  14.40 78.76 1.08 [53]
2.97 47.03 48.05 1.95 27.26
s 3.11  17.34  78.24  1.33 19.79
Logging 250 2.66 19.83 76.08 1.45  21.21
residue 275 30 18.79  7.94 1479 75.65 1.63 (83]
chips 200 2.64  25.99 69.55  1.83 22.03
236 43.70  51.67  2.27 26.41
Madagascar 250 60 17.32 1017 2037 7835 0.92 2.55 35.78 63.12  1.10 23.55 (53]
almond 300 : : : : : 250 57.22 40.99 1.8 26.66
. 250 3.69  32.58  53.76  9.97 20.61
Oil palm 300 60 17.12 720 19.03 6725 6.52 (53]
3.21  43.67 39.60 13.52  23.54
5 3.30 1446 81.98  0.26 19.48
. . 250 2.88 16.74 80.14 0.24  20.08
Pine chips 275 30 18.46  6.69  12.84 80.23 0.25 [83]
200 246 22.69 74.52  0.34  21.82
2.57 39.80 57.21 0.42 25.38
. 250 2.67 22.88 63.58 13.54  17.68
Rice husk 300 60 17.46  8.00  10.08 79.54 10.38 (53]
2.39  42.18 34.15 23.68  21.48
~ o 1 wa = = . . ' o o <
M519N 7 aegNauUavosIvlanutasioen (Ultimate analysis) NOULAZHAINTZUIUNTNDITTHAFU
. Torrefaction Residence Ultimate analysis (wt.% dry basis)
Biomass temp:rature time (min) Before torrefaction After torrefaction Ref.
0 H 0 S H 0 N S
250 53.04 4.97 3434 0.55  0.00
Bagasse 300 60 46.38  4.68 44.11  0.50  0.00 (53]
65.59 431 18.11 0.28  0.00
250 56.58 4.51 29.38 1.54  0.16
Bamboo 300 60 48.64  5.64 44.09 0.52  0.03 [53]
69.56 3.82 18.06 1.70  0.00
50.15  6.10  42.74  0.30
Lossi 225 B}
ogging 250 5491  5.87 40.96 0.31 .
residue 275 30 47.29 620 45.19 0.42 - .o (83
chips 300 53.25  5.39  40.12  0.30
66.07 4.92 27.34 0.48
Madagascar 250 60 4768 431 46.68 050 0.00 61.29 5.10 32.04 0.50 0.16 (53]
almond 300 ’ ’ ) ) U171 448 22160 0.21 0.00
. 250 54.41 4.54  29.38 1.54  0.00
Oil palm 300 60 44.81  4.10 42.23  2.10 0.24 [53]
62.90 3.82 18.06 1.70  0.00
25 49.47  6.07 44.03 0.15 _
51.46  5.86 42.02 0.14 B}
Pine chips ;32 30 47.21 6,64 4576 0.17 - [83]
200 5491  6.20 38.17 0.20 -
63.67 5.58 29.99 0.20
. 250 48.05 4.63 33.44 0.00 0.06
Rice husk 300 60 43.40 4.33  42.07 0.65 0.00 [53]
55.47 3.29  17.63  0.00  0.09
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M15197 9 deg19aniia (Property) naznmanyuz (Characteristic) ¥943Iu2a Fawradaiila Fawranoess ia

dauiia Lazo Y

Property/Characteristic wood Wood pellet Torrefied pellet Coal
Moisture content (wt.%) 30-40 7-10 1-5 10-15
Calorific value (MJ/kg) 9-12 15-16 20-24 23-28
Volatiles (% db) 70-75 70-75 55-65 15-30
Fixed carbon (% db) 20-25 20-25 28-35 50-55
Bulk density (kg/m®) 200-250 550-750 750-850 800-850
Volumetric energy density 2.0-3.0 7.5-10.4 15.0-18.7 18.4-23.8
(GJ/m°)

Dust explosibility Average Limited Limited Limited

Hydroscopic properties Hydrophlic Hydrophlic Hydrophlic Hydrophlic

Biological degradation Yes Yes No No

Handling properties Special Easy Easy Easy

Transport cost High Average Low Low
N1 [99]
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ABSTRACT

The aim of this study was to control and reduce coal particle dispersion in a coal crusher basin
model by air curtain. A set of air nozzles was installed at the edge of the tested basin having dimensions
of 0.6 m width x 1.2 m length x 0.6 m height. The flow pattern and pressure drop of the flow field of
the air in the basin due to the air curtain were evaluated by ESI-CFD program. Experiments to observe
the coal particle dispersion and coal particle concentration were carried out.

In the experiment, without the air curtain, 8.5 kg of coal having a size in a range of smaller than
0.045 mm to larger than 50.8 mm was dumped into the tested basin by a 30° inclined tray with a velocity
of 5 m/s. It could be found that the amount of PM10 dispersed rapidly from 96.7 pg/m? to the measured
full scale of 1,999 pg/m?® around the basin side area and from 233.6 pg/m? to the measured full scale of
1999 pg/m? around the basin front area in the retention times of 9 and 6 seconds, respectively. With air
curtain, to control the dispersed particles, the air velocity at around 35 m/s could control the dispersed
particle pattern to be in the same direction as that of the air curtain and less particle amount spread out
to the front area. The average amount of the particles was at around 166.22 pg/m?®. The study with
different velocities of the feeding coal particles at 2.5, 5 and 7.5 m/s on the air dynamic pressure that
generated particle dispersions was also performed by ESI-CFD simulation. The dynamics pressures
were found to be 12.3734, 28.4808 and 56.2321 N/m?, respectively. Then the air curtain that generated
the pressure drops between the air in the tested basin and the air over the curtain were 6, 20 and 41 N/m?
at the air curtain velocities of 20, 35 and 40 m/s, respectively.
Keywords: Crusher, Air curtain, Control of coal particle dispersion, Computational fluid dynamics
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Crusher model
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ABSTRACT

In a small scale of boiler process, a typical problem is an improper control of air to fuel ratio
during the combustion process. Such poor control causes heat loss and undesired emission production.
In this study, the main aim was to make the process green in the sense of energy recovery and emissions
regulation (CO, NOy, and SOy) in an optimum manners, and to design the control system to maintain
the optimal conditions using Aspen Plus and Aspen Dynamics. The external flue gas recirculation
technique was applied to the process to reduce thermal NO,. Air preheater was also designed and applied
to preheat the feed air combustion temperature for energy recovery purpose. Dynamic simulation
scheme was proposed to overcome a limitation of Aspen Dynamics for solid process, and the air to fuel
ratio control was then designed to regulate CO, NO,, and SO emission. Boiler level and boiler pressure
controllers were also designed for safety purpose. In addition, the steam production controller was also
designed for achieving the required steam. Rejection of uncertain moisture content of wood chips was
considered. The results have shown that the simulated trajectories were consistent with the measured
data collected by wood manufacturing company in the south of Thailand. The optimal operating
condition of the process was 5% excess air and 25% flue gas recirculation with 40.5 wt% moisture
content of wood chips. The optimal condition with the designed air preheater provided 29% heat
recovery in this case, and 35.4% of steam production higher than original process. The proposed control
scheme can regulate successfully the CO, NOy, and SOy emission under their limitations, and can handle
disturbance changes very well.
Keyword: Combustion simulation, Air/fuel ratio, NOX reduction, Flue gas recirculation, Air preheater

1. INTRODUCTION

Combustion is a chemical reaction between
the fuels (such as coal, biomass etc.) and oxygen
[1]. Chemical energy, which is stored in the fuel,
is transformed into the useful heat energy using in
the other processes such a boiler process [2]. The
boiler is an equipment for producing steam, which
provides a means for heat of combustion to be
transferred to boiler feed water until it becomes
saturated steam or superheated steam [3]. Many
factory processes require steam for utilizing in
various fields such as food production, power
generation etc. For a small scale of the boiler
process, a typical problem is improper control of
air to fuel ratio during the combustion process [4].
Such the poor control system leads to inefficient
combustion process and further causes significant
heat losses as well as undesired pollution
emission. The green process with a good control

structure is then required which aimed at
environmental burden regulation (especially for
CO, NO,, and SOy emission) and energy recovery
for raw material consumption reduction.

The conventional combustion method
provides high flame temperature in the furnace
resulting in considerable high NOy formation,
although it operates in an optimal air to fuel ratio.
Flue gas recirculation (FGR) is an effective
technique for NOx emission reduction. There are
two ways to reduce NOy emission. First, the
recirculated flue gases absorb heat from the burner
resulting in lower peak flame temperature and the
formation reduction of thermal NOy. Second, the
recirculated flue gases will lower the O>
concentration in initial combustion zone, this
inhibits fuel NOy conversion [5].

Robinson and Luyben (2008) [6] performed a
simulation of a steady-state coal gasification in
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Aspen Plus, and developed a dynamic modeling of
the coal gasification using Aspen Dynamics. High
molecular weight hydrocarbon, which has the
same hydrogen to carbon ratio founding in coal,
was used for representing the coal in the Aspen
Dynamics. A proportional-integral (PI) control
system was designed to control the performance of
the process. Jin et al. (2014) [7] also performed the
dynamic modeling of oxy combustion of the coal
by using Aspen Dynamics, pseudo-coal was
proposed. Lan et al. (2018) [8], Gaglianoa et al.
(2017) [9], Pei et al. (2013) [10] and Doherty et al.
(2013) [11] performed the steady-state simulation
of biomass gasification. RYIELDS was used for
decomposition of the biomass to the conventional
elements, and RGIBBS was used as the fluidized
gasifier. The simulation results showed that higher
temperature of fluidized bed and higher feed air
temperature gave higher amount of CO and NOy
but lower amount of CO». Nevertheless, higher

excess air ratio in the combustion process and
higher biomass moisture provided lower CO
amount. Gamrat et al. (2016) [12] and Shi et al.
(2018) [5] investigated the effect of flue gas
recirculation on NOy emissions. For a coke oven
heating system, they found that the 20%
recirculated flue gas resulted in 50% reduction of
the NOx emission. For the oxy-fuel natural gas
combustion, the 40% recirculated flue gas resulted
in 85% reduction of the NOy emission.

In this study, main aim was to make the
process green by designing and simulating a
control system for heat energy recovery and
regulation of CO, NO,, and SOy emissions
according to the emission standards regulated by
Industrial Estate Authority of Thailand or IEAT.
Steady-state process simulation results were
initially verified by comparing to the sets of the
measured  data  collected from  wood
manufacturing company in the south of Thailand.
For pollutant emissions point of view, the
optimum value of air to fuel ratio was defined by
sensitivity analysis. Moreover, the external flue
gas recirculation (EFGR) technique was applied to
the process for the thermal NO reduction. For heat
recovery point of view, air preheater unit was
designed and applied here to preheat the feed air
temperature. Dynamic simulation scheme was
proposed to overcome a limitation of the Aspen
Dynamics for a solid process. Air to fuel (A/F)
ratio control was further designed at the optimal
condition. Boiler level and boiler pressure
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controllers were designed for safety purpose as
well as the steam production control. Rejection of
uncertain moisture content in wood chips was
considered. Control robustness test was also
investigated to specify the control limits.

2. BOILER PROCESS

Flue gas

BFW Steam

Boiler

Flue gas

Burner

Wood chip

Figure 1. Block flow diagram of the original
boiler process.

The boiler is an equipment used to generate
steam by applying heat from combustion to boiler
feed water (BFW). Figure 1 shows a block flow
diagram of the original biomass boiler process of
wood manufacturing company in the south of
Thailand. Here, parawood chips are used as a
combustion raw material, and there composition
analysis is shown in Table 1. Combustion air is fed
to the burner via forced draft (FD) fan. Process
steam capacity in this case is 4-7 ton/hr at steam
pressure of 5.5 bar. Flue gas from boiler is passed
through a cyclone in order to separate ash before
discharging through stack.

Main drawback of the original process is that
the combustion process operates without A/F ratio
control  providing inefficient combustion,
significant heat loss, and undesired emission
production especially CO, NOy, and SOy [4]. The
emission control was then focused by controlling
AJF ratio at its designed value. In addition, a flue
gas recirculation technique was applied to reduce
NOx emissions. Another disadvantage is the flue
gas at stack still have high energy content which
can be recovered to the process. Air preheater is an
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interesting option to improve a thermal efficiency
of the boiler process by transferring the heat
energy from flue gas to the combustion air.

Table 1. Composition analysis of parawood
chips (as received basis).

Parameter Unit Result
Proximate analysis
Moisture wt % 40.48
Volatile matter wt % 48.55
Fixed carbon wt % 10.17
Ash content wt % 0.80
H.H.V. kcal/kg 2,895
L.H.V. kcal/kg 2,251
Ultimate analysis

Carbon wt % 29.67
Hydrogen wt % 8.15
Nitrogen wt % 0.097
Sulphur wt % 0.067
Oxygen wt % 62.02

Table 2. Normal operating data of parawood
manufacturing company.

Stream /
Block Description Value
name
17,700 kg/hr
R Flowrate g (60 f/min)
Temperature 30°C
Pressure 1.01 bar
Flow rate 1,500 kg/hr
WOOD Temperature 30 °C
CHIP Pre.ssure 1.01 bar
Moisture 40.48 wt %
content
Flow rate 7,650 kg/hr
BFW Temperature 100 °C
Pressure 5.5 bar
Forced 16 in-water
FD fan Maximum 9,060 ft*/min
flow rate
Induced 8 in-water
ID fan Maximum 30,000 ft/min
flow rate
BOILER UA 11,390 W-K

*U= heat transfer coefficient, A= exchanger area
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3. Simulation of parawood chips
combustion boiler process

In this study, the simulation of parawood
chips combustion boiler process was achieved
under a normal condition as operating at the
wood manufacturing company by Aspen Plus v.9
(as shown in Figure 2). The reference condition
was given as shown in Table 2. In the Aspen Plus
software, parawood chips were defined as non-
conventional solid then their proximate analysis,
ultimate analysis and heat of combustion (Table
1) were required as input. The wvalue of
combustion heat used is high heating value
(HHV) in dry basis, HCOALGEN and
DCOALIGT models were used for calculation of
enthalpy and density [13]. R-YIELD and R-
GIBBS blocks were considered here to represent
a combustion reaction. The R-YIELD block
simulated the decomposition of parawood chips
by converting the non-conventional solid to (1)
conventional gas consisting of H>O, Hs, N», O,
and S, (2) conventional solid which was C (3) and
non-conventional elements which was ash.
Moreover, the R-YIELD block calculated the
enthalpy change of the decomposition process
(Q-DECOMP) which was transferred to the R-
GIBBS block. Since the decomposed product
components must be specified in the R-YIELD
block, atomic balance of the defined products
was then achieved via a solver tool in EXCEL in
sense of minimizing sum of absolute difference
of defined products and ultimate analysis results.
The optimum results are shown in Table 3. The
R-GIBBS block simulated the equilibrium
reactor, it calculated phase and chemical
equilibriums by minimizing Gibbs free energy.
All possible products of the combustion in the R-
GIBBS, consisting of H,O, H,, O,, CO, CO,, N,
NO,, NO, S, SO,, SO3, and ash, were in the gas
phases except for ash which was in solid phase.

To validate the process simulation, Mean
Absolute Error (MAE) of stack temperature
(FLUSTACK stream in Figure 2) deviation
between measured and simulated data was
considered. The results are shown in Figure 3. It
is found that the simulation error was around 3%
(considering with 27 scenarios of the collected
data). The error was caused from inconstant and
uncontrolled of the moisture content in the wood
chips since of the rainy season in Thailand.
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Table 3. Optimum distribution of decomposed product yield (R-YIELD).

Basis: 100 g total weight of wet basis
Decomposed elements

Calculating in Mole atom from

from atom balance mole atom ultimate analysis
2.47 mol C » 247 molC 2.47 mol C
1.90molH, — 3.80 mol H 2.15 mol I
7 454mol H 8.34 mol H

2.27 mol H,O N 2.27 mol O
} 3.69 mol O 3.88 mol O

0.710mol O, —»1.42mol O
0.002 mol S » 0.002 mol S 0.002 mol S
0.0035 mol N» > (0.007 mol N 0.007 mol N

SAE = 0.38

4. Effect of flue gas recirculation and
excess air on the pollution emissions, stack
heat loss, and steam production

The efficient combustion conditions require
the appropriate amount of oxygen to completely
burn the given amount of fuel. In practice, more
air than theoretical air referred to an excess air
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must be supplied to completely burn the fuel. The

equation for calculating excess air is shown in
equation (1) referred to [14].
0,

250, - 920

20.9 - (%0; -

% Excess air = x100 (1)

%CO
2

)
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Where; %0, is the percent by volume of
oxygen containing in flue gas and %CO is  the
percent by volume of carbon monoxide
containing in flue gas

The conventional combustion method
provides high flame temperature in the furnace
which affects directly to the conversion of N, and
O, from air to NOy. Hence, flue gas recirculation
(FGR) technique was applied. Flue gas
recirculation is an effective technique for
reducing NOx emission. There are two ways to
reduce NOy. First, the recirculated flue gases
absorb heat from the burner resulting in lower
peak flame temperature and the formation
reduction of thermal NOx. Second, the recirculated
flue gases will lower the O, concentration in initial
combustion zone, this inhibits fuel NOy
conversion [5]. In this work the external flue gas
recirculation (EFGR) technique was used as
shown in Figure 4. The concept was that flue gas
was separated from a location downstream of the
main boiler bank, and then mixed with the
combustion air before fed to the burner.

The objective of this section is to find the
optimal %excess air and optimal %flue gas
recirculation in the sense of CO, NOx, and SOx
emissions lower than their limitations, which
equal to 690, 200, and 60 ppm respectively [15]
Sensitivity analysis was investigated by varying
air flow rate (AIR) and the percentage of flue gas
recirculation (FLURECIR) while mass flow rate
of wood chips (WOODCHIP) was fixed at a
normal operating value which is 1,500 kg/hr at
40.48 moisture wt%.

Flue gas
R »

v

FURNACE

Recirculated flue gas

Figure 4. External flue gas recirculation
(EFGR)

4.1. CO, NOy, and SOy emissions

% Excess air and %flue gas recirculation
were varied in the range from 0 - 50% excess air
and 0 - 30% flue gas recirculation. From Figure
5(a) shows that increasing of %flue gas
recirculation provided a decrease in flame
temperature. This is because the recirculated flue
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gases increase the total gas volume and absorb
heat from the burner. The cooling effect obtains
from the moisture and CO, contained in the flue
gas [18]. As a result, the NOx formation was
significantly decreased as shown in Figure 5(b).
At 25% flue gas recirculation provided the NOx
emissions under its limitation in every excess air
operating and provided the reduction of NOx
around 70% compared with the condition without
flue gas recirculation.

As seen in Figure 5(c), CO emissions was
significantly decrease while increasing %flue gas
recirculation. Same results were found in [16]
which reported that the increasing of flue gas
recirculation provided a decrease in CO
emissions for the flue gas recirculation < 30%. In
addition, [17] concluded that the CO emissions
are stable while increasing flue gas recirculation
ratio in the range of 0-30%, and significantly
increase if flue gas recirculation ratio more than
30% due to dilution effect and low flame
temperature.

For SOy emissions as shown in Figure 5(d),
Calpenn Associates, Inc. [18] claimed that the
flue gas recirculation for stoker boilers can
reduce SOx emissions. It is because of the lower
flame temperature provides the lower reaction
rate. However, the sulfur content in wood chips
is not too high to make the SOx higher than its

limitation.
1800
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Figure 5. Effect of excess air at different
amount of flue gas recirculation on (a) Flame
temperature, (b) NOy, (¢) CO, (d) SOx.
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Figure 5. (cont.) Effect of excess air at different
amount of flue gas recirculation on (a) Flame
temperature, (b) NOy, (c) CO, (d) SOx.

In this section, the criteria for choosing the
optimal %flue gas recirculation and %excess air
was that it could provide the pollution emissions
under their limitations. It is noted that at 25% flue
gas recirculation provided the NOy emissions
under its limitation in every excess air operating
and provided the reduction of NOy around 70%.
The optimal flue gas recirculation was then
chosen at 25%. %Excess air should be selected at
a low value because it provided a low heat loss.
However, at 0% excess air should not be selected
although the emissions are lower than limitations.
This is because more air must be supplied to burn
all fuel completely. Hence, 5% excess air (5,730
kg/hr) was chosen as an optimal excess air in this
case. This provided 6, 136, and 52 ppm of CO,
NOxy, and SO emissions respectively.

4.2. Stack heat loss and Steam production

Heat loss at stack (FLUSTACK) can be
calculated by equation (2).

InﬂueCpﬂue

e; 2

Qloss: (Toue=Trer)

Where; Qioss 1s heat loss of flue gas at stack
(MJ/hr), mgy. is flue gas mass flow rate (kg/hr),
Cprue 18 heat capacity at constant pressure of flue
gas (J/kg-K), Taye is temperature of flue gas at
stack (°C), and T is reference temperature at
25 °C.
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From equation (2), the amount of heat loss
depends on the temperature and flow rate of flue
gas at stack. Figure 6(a) shows that increasing
excess air increases the stack temperature
because excess air is also heated up by a portion
of heat from combustion leading to lower flame
temperature [19]. Moreover, the increased excess
air also increases overall flue gas flow rate. These
lead to lower enthalpy and lower heat transfer
efficiency of boiler resulting in increasing the
temperature of flue gas at stack. Hence, the terms
of mpy. and Ty increase which mean increased
in stack heat loss. It is noted that the amount of
excess air is a key factor which has an influence
on heat loss.

Figure 6(b) and 6(c) show that stack heat
loss increases with the increase in %flue gas
recirculation, and steam production decreases
with the increase in %flue gas recirculation
because of less heat applied into the boiler. It is
noted that both of the optimal %flue gas
recirculation and %excess air should be selected
at the low value in order not to lose the heat
through flue gas. From the discussion on section
4.1, the optimal %flue gas recirculation was 25%
and the optimal %excess air was 5%. This
provided 5,900 kg/hr of steam production.

250
& 30%
g 200
LE w
s E
75 g 150 //00/0/——
g
= 100
0 10 20 30 40 50
% Excess air
(@)
2500
% 30%
£ 2000 .
= = o,
S S 1500 1
P 0
E 1000
500
0 10 20 30 40 50
% Excess air
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Figure 6. Effects of excess air at different
amount of flue gas recirculation on (a) stack
temperature, (b) stack heat loss, and (c) steam
production.
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flow rate of 1,500 kg/hr as shown in Figure 7.
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Figure 6. (cont.) Effects of excess air at
different amount of flue gas recirculation on (a)
stack temperature, (b) stack heat loss, and (¢)
steam production.

4.3. The Optimal operating conditions

As the above discussion on section 4.1 and
4.2, the optimal excess air and optimal flue gas
recirculation was 5% and 25% respectively (or
air flow rate of 5,730 kg/hr) at parawood chips

conditions and original conditions are shown in
Table 4. It can be seen that the optimal conditions
provided the amount of emissions higher because
the less amount of oxygen was supplied.
Meanwhile, the amount of steam production was
higher than original conditions about 32.4%.

Although the optimal excess air and flue gas
recirculation can provide higher efficiency of the
process. However, another method to improve
more efficiency of the process was the heat
recovery from remaining heat of flue gas which
discussed in the next section.
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Figure 7. Process flow diagram under optimal conditions (Structure 2).

Table 4. Result comparison of the original
rocess and optimal process.

Emissions Steam
Process (CO, NOxy, production,
SOy, ppm kg/hr
Original
conditions at 168%
excess air (17,719 0.01,22,32 4,457
kg/hr)
Optimal
conditions at 5%
excess air (5,730 7,136, 52 5,900
kg/hr) and 25%
FGR

5. Applying air preheater for heat
recovery purpose

The objective of this section is to improve
the efficiency of the process by using the heat
recovery method. The remaining heat of flue gas
was transferred through fresh air by shell and
tube heat exchanger called air preheater.
5.1. Theoretical design of air preheater

In this work, the requirement of air
temperature is higher than 70 °C. The design
method based on the theoretical design refers to
Sukmanee (2015) [20]. Air preheater was a shell
and tube heat exchanger, which flue gas flowed
inside the tubes and air flowed outsides. One tube
pass was used to prevent fouling of flue gas. The
design assumptions were no heat loss, as well as



properties of flue gas and air were constant.
Operating and properties data for design is shown
in Table 5. Designed air preheater specification is
shown in Table 6.

5.2. Process simulation combined with air
preheater by Aspen Plus

Figure 8 shows the proposed process flow
diagram combined with air preheater. The air
preheater was used to heat the AIR stream by
using the energy from the FLUEINEX stream. At
the optimal operating conditions (1,500 kg/hr of
parawood chips, 5,730 kg/hr or 5% excess air,
and 25% flue gas recirculation), air temperature
was heated up to 82 °C. The simulation results of
were shown in Table 7.

It is noted that the effect of preheated air
provided more supplied heat which can produce
a higher amount of steam. However, the
emissions also increased but not more than the
limitations. For results of steam production, the
optimal process condition with air preheater
provided steam production more than the original
process about 354 % and provided steam
production more than the optimal process

condition without air preheater about 2.2%.

Table 5. Operating and properties data for air

reheater design.
Properties Shell side Tube side
P (Air) (Flue gas)
Molecular weight
(ke/kmol) 29 28
Mass flow rate”
(ke/h) 6,876 8,662
Density (kg/m?) 1.16 1.00
Heat capacity
(kI/kg-K) 1.02 1.05
Absolute
viscosity (mPa-s) 0.020 0.022
Conduction
coefficient 0.026 0.050
(W/m.°C)
Inlet temperature
o 30 170 °C
O
Outlet 70 139
temperature (°C) | (defined) (calculated)
Pressure inlet
(kPa) 105 103

*; Mass flow rate was got from simulation but

added 20% for over design.
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Table 6. Designed air preheater specification.

Detail Shell side | Tube side
(Air) (Flue gas)
Mass flow (kg/h) 6,876 8,662
Inlet Temperature
o 30 170
(9]
Outlet Temperature
. 70 139
(9]
Heat duty (kW) 78.08
No. pass 1 1
Triangular
Tube Arrangement stainless 304
Tube outside
diameter (mm) 88.9
Tube pitch (mm) 118.2
Number of Tube 41
Inside diameter 1,200 82 09
(mm)
Thickness (mm) 6 3.404
Baffle
Type Segmental
% cut 25[21]
Spacing (mm) 1,500.00
Heat transfer coefficient
(W/m2.oC) 17.55
Required heating area (m?) 43.42
Existing heating area (m?) 51.53

For result of boiler heat duty, the optimal
process condition with air preheater provided
heat recovery compared with the original process
about 29% and provided heat recovery compared
with the optimal process condition without air
preheater about 1.9%.

It can be seen that the effect of preheated air
from 30 °C to 82 °C slightly increased the
thermal efficiency and steam productivity. It is
suggested that the temperature of preheated air
should be more but must consider the increase in
heat exchanger price and also pollution
emissions.
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Table 7. Result comparison of the original
process and optimal process with and without air

reheater.
%| Emissions Steam .
<]
8| (cO,NO,, | production, ;l‘:;lelr\:]e;‘fr
& | SOy), ppm kg/hr i
1| 001,22,32 4,457 11,398
5,900 14,422
2 | 7,136,522 | (32.4% increase | (26.5% recovery
comparedto 1) | comparedto )
6,033 14,699
3 | 10,172,59 | (35.4% increase | (29% recovery
compared to 1) | comparedto 1)

1 is Original process, 2 is Optimal process
condition, and 3 is Optimal process condition
combined with air preheater
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6. Conventional controller design by
Aspen Dynamics

The aim of this section is to design PID
controller for regulating the optimal condition by
adjusting air to fuel ratio. The pollution emissions
which consisted of CO, NOy, and SOy including
steam production were monitored. Moreover, the
pressure and level of boiler were controlled for
safety purpose.
6.1. Switch the steady state model in Aspen
Plus to dynamic model in Aspen Dynamics

The steady state model in Aspen Plus was
switched to the dynamic model in Aspen
Dynamics using flow driven mode. Since solid
component (C in INBURNER) and non-
conventional components (WOODCHIP and
ASH) were not allowed in the Aspen Dynamics,
then RYIELD module had to be removed.
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Figure 8. Process flow diagram under optimal conditions combined with air preheater (Structure 3).

The approximate model to handle these
problems were proposed and described as
follows:

1. Ash was assumed to be separated
completely from flue gas, then it was not
considered in this case. As a result, the cyclone
unit was removed.

2. All of the components of parawood chips
(C,H, O, S, and N) were totally decomposed into
gas phase products (INBURNER). Then, C and
H elements were replaced by organic compound
or hydrocarbon (C,H,) [6]. Two criteria
considered here were as following: (1) major
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content of wood chips is cellulose, which has the
molecular  formula as (C¢HioOs)n  and
decomposition temperature about 200 °C [22],
and (2) From ultimate analysis, atomic ratio of
C:H in ash free basis is 8.37:1 by mass. From
both criteria above, C,H s was then chosen, since
it has 203 °C decomposed temperature and the
mass ratio of C:H is 8:1. Figure 9 shows the
approximate model of parawood chips
decomposition.

3. The heating energy value of “Q-
DECOMP” stream represented the enthalpy
change in the decomposition process of
parawood chips into its constituent elements [13].



This energy had to be transferred from BURNER
(R-GIBBS) to DECOMP (R-YIELDS). Since
DECOMP was removed due to a limitation of
Aspen Dynamics. Then a prediction equation of
the Q-DECOMP was developed in this work as a
function of wood chips flow rate (1300 - 2200
kg/hr) and wood chips moisture content (30 -
50%). In this case, the relationship between the
enthalpy of wood chips decomposition (Q-
DECOMP) and wood chips flow rate at different
moisture content was a linear function as shown
in Figure 10. Hence, the approximate model
equation for QDECOMP was developed as
shown in equation (3).

QDECOMP = Wood chip flow rate x

[(569.13xMoisture content mass frac)-1246.2] ®

4. In order to control the level and pressure
of boiler, boiler needed to be changed from
“HEATX” to “FLASH2” as shown in Figure 11.
The vessel type was also changed from
“Instantaneous” to “Vertical” with 4 meters of
length and 1 meter of diameter. The unit name
“HEATX” was added for carrying the heat from
flue gas to boiler which the value of heat duty
(stream “QTOBOIL”) needed to manually
specified in dynamic model by using the value
from steady state model.

Decomposed wood chip
Wood chip Decomposition (gas phase), mass fraction
(solid) 0.4081 Moisture, 0.3357 C,,H,

0.001 N,, 0.0007 S, 0.2545 O,

Figure 9. Approximate model of wood chips

decomposition.
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Figure 10. Relationship between heating value
Q-DECOMP and wood chips flow rate at

different moisture content.
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6.2. Control loop description

Figure 12 shows the process simulation
developed by Aspen Dynamics. There were a
total of 11 loops which consisted of 5 loops of
controllers (loops number 1-5), 2 loops of heat
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calculators (loops number 6-7), and 4 loops of
indicators (loop number 8-11).

1. First, the loop number 1 was a ratio
controller between air flow rate and wood chips
flow rate. It calculated the optimal set point of air
to fuel ratio (A/F). The air to fuel ratio depended on
the moisture content of wood chips as shown in
Figure 11. It can be seen that it was the 4th order
polynomial relationship between A/F and moisture
content at 30-50 wt% (equation 4). The result of
optimal A/F at 30-50 wt% moisture content was
shown in Table 8. From result, the wood chips with
lower moisture content meant a higher amount of
combustible elements which needed a higher air
flow rate in the combustion. And, they provided a
higher amount of CO and NOy ppm and steam
production. In the block “AF calc” as shown in
Figure 11 was used for calculating the A/F ratio by
using equation 4 and then converting to air flow
rate.

Afp=-2838.5 x moist’ +4534.9 x moist’

-2664.1 x moist” + 678.71 x moist - 58.963

Where; moist is mass fraction of moisture
content of wood chips.

2 and 3. “Steam Flowrate” and
“BOILER _LC” were override control. The
controlled variables of both controllers were
different. For “Steam_Flowrate” controller, the
controlled variable was flow rate of steam
production and another “BOILER LC”
controller was a level control of boiler which set
point was defined in the range of 2.5 to 3.5
meters. While the manipulated variable of both
controllers was the same which was boiler feed
water flow rate. Only one signal of controller
output was selected by the selector which was the
high selector in this case. Consider the situation,
if the steam flow rate went below its set point, the
output signal was then higher and now it was
higher than output signal of level controller. The
selector was then choosing the output signal from
steam flow rate controller and was then sent the
signal to adjust boiler feed water flow rate.

4. “BOILER Drain” was used for an
emergency case when the water level of boiler
was too high (higher than 3.5 meters).

5. “BOILER_PC” was the boiler pressure
controller with the manipulated variable was the
steam flow rate.
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6. “QDECOMP” loop was used for
calculation of decomposition heating value of

Table 8. The result of optimal A/F ratio at
different moisture content of wood chips.

wood chips by using equation (3). - . =
= o = =
T @e y= 283855+ 4534950 - 266415 + R § £ | 5] o 2Q B
o 42 433 ~_  678.71x-58.963 R*=1 £3589 == 2 = S sg E o
g ‘e s o0& £ 8 s 20 = ge
g N S =Y 28 = = 27z 2 | 2%
40775 g 23 S EZ % S
E: ~- - B v < ,’:‘ =) < = o %
< 38 Rt il S S E < s & S
y 3.82 3.82 3.82 = ~ =
- 0.30 0.35 0.40 0.45 0.50 030 | 6500 | 2.3 | 433 | (7L177,54) | 7,502
Moisture content of wood chips (mass fraction) 0.35 6100 | 3.1 | 4.07 | (32,174,57) | 6,808
Figure 11. Relationship between optimal A/F 0.4048 | 5730 | 5.0 | 3.82 | (10,170,59) | 6,028
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Figure 12. Process simulation with controllers by Aspen Dynamics

7. “QTOBOIL” was used for manual
specifying of the heat duty of boiler which got
from steady state model in Aspen plus.

8. “Air Temp” was a preheated
temperature indicator.

9,10,and 11.“CO _stdppm”, “NOx_stdppm”, and
“SOx_stdppm” were the CO, NOy, and SOy, ppm
indicators respectively.

6.3. Robustness test

Robustness of controller was investigated in
this section by slightly changing disturbance
variables from their design conditions [23]. In
this case, the disturbances consisted of wood
chips flow rate, wood chips moisture content and
inlet temperature of boiler feed water (BFW).

Figure 13 shows controller responses in case
of the wood chips flow rate step-change. The
wood chips flow rate was stepped down from
1,500 to 1,400 kg/hr at time 53 min. The air flow

air
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rate was adjusted along the air to fuel ratio which
was 3.82 from 5,730 kg/hr to 5,348 kg/hr. It can
be seen that the dynamics were quite fast. The
steam production instant decreased when the
wood chips flow rate was decreased because the
heat of combustion from fuel was decreased.
After that, the BFW flow rate was continuous
decreased in order to increase the steam
production to its set point. As a result, the boiler
level was decreased from 3.50 meter to 3.31
meter. For the emissions, all of CO, NOy, and SOy
ppm increased due to the denominator of ppm,
which was total volume flow, was decreased.
Figure 14 shows controller responses in case
of the wood chips moisture content step-change.
The moisture content was stepped up from 40.5%
to 45% at time around 25 min. The steam flow
rate instant decreased when the moisture content
was increased. It can be seen that the steam flow



rate cannot reach the set point of 5,800 kg/hr of
steam because when the BFW flow rate
continuously decreased, the boiler level also
continuously decreased until the minimum
allowance at 2.5 meters the controller was
switched from “Steam_flowrate” to
“BOILER _LC” to maintain the boiler level
higher than 2.5 meters. Then, the BEW flow rate
was forced to increase by “BOILER LC”
controller. It is noted that the heat of combustion
from wood chips at 1500 kg/hr and 45% moisture
content was not enough for producing steam at
5,800 kg/hr. It should be supplied more fuel or
should be supplied fuel with lower moisture
content. Table 9 shows the possible maximum
steam production at different wood chips flow
rate and moisture content.

Figure 15 shows controller responses in case
of the BFW inlet temperature step-change. The
BFW inlet temperature was stepped down from
100°C to 80°C at time around 28 min. The
controllers can perfectly maintain their set points.

These results show that the dynamic model
can be self-balanced although disturbance
occurred. However, the caution was that the
defined set point of steam production must be
related together with wood chips flow rate and
wood chips moisture content as shown in Table
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Figure 13. Robustness test in case of wood
chips flow rate change (from 1,500 kg/hr to
1,400 kg/hr).
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Figure 13. (cont.) Robustness test in case of
wood chips flow rate change
(from 1,500 kg/hr to 1,400 kg/hr).
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Figure 14. (cont.) Robustness test in case of
wood chips moisture content change

(from 40.5 wt% to 45 wt%).
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Table 9. Possible maximum steam production at
different wood chips flow rate and moisture
content.

Wood chips Possible maximum
flow rate, kg/hr | steam production, kg/hr
At moisture content 30 wt%.
1,300 6,365
1,400 6,809
1,445 7,000
At moisture content 35 wt%.
1,300 5,836
1,400 6,248
1,500 6,650
1,590 7,000
At moisture content 40.48 wt%.
1,300 5,247
1,400 5,620
1,500 5,985
1,600 6,342
1,700 6,693
1,790 7,000
At moisture content 45 wt%.
1,300 4,740
1,400 5,076
1,500 5,406
1,600 5,729
1,700 6,045
2,000 6,953
At moisture content 50 wt%.
1,300 4,179
1,400 4,475
1,500 4,766
1,600 5,050
1,700 5,328
2,000 6,126

7. Conclusion

This work was divided into 2 main sections.
First, a steady-state simulation of wood chips
combustion boiler process was achieved by using
Aspen Plus v.9. The optimal condition of air to
fuel ratio combined with the flue gas
recirculation technique was determined in the
sense of using energy to be cost effective and in
the meanwhile, the emissions consisted of CO,
NOyx, and SOyx were in their limitations.
Furthermore, air preheater was designed and
combined for energy recovery purpose.

In this case, manufacturing and pollution
requirements are steam productivity of 4,000 to
7,000 kg/hr, the CO, NOy, and SO« emissions are
less than 690, 200, and 60 ppm respectively and
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preheated air temperature more than 70 °C. The
simulation model was further used for description
of excess air and flue gas recirculation effect on
the various factors consisted of CO, NOy, SOy
emissions, flame temperature, stack temperature,
stack heat loss, and steam production.

Second, a dynamic simulation scheme of
wood chips combustion boiler process was
proposed using Aspen Dynamics v.9. There had
5 controllers consisted of air to fuel ratio
controller which was ratio controller type,
override control between boiler level and steam
flow rate control which were both PI controller,
boiler pressure control which was PID controller,
and boiler drained water control which was P
controller. Robustness tests were performed to
prove the performance of the controller by
stepping change the disturbance variables
consisted of wood chips flow rate, wood chips
moisture content, and BFW temperature. The
simulation results can be summarized as follows.

1. Model validation was achieved by
comparing with the sets of measured data
collected by wood manufacturing company in the
south of Thailand. Prediction error of flue gas
temperature at stack is less than 5% (considering
with 26 scenarios of the collected data).

2. CO emissions release hugely at a lower
excess air than 0% because incomplete
combustion has occurred. After that, CO
emissions decrease considerably with increasing
%excess air.

3. NOy reaches a maximum value at around
10-15% excess air and then continuously
decrease when increasing %excess air.

4. SOy comes from the sulfur (S) contained
in fuel reacts with the O, contained in combustion
air. SOy formation directly depends on the
combustion temperature.

5. Increase of excess air leads to increase of
the stack temperature and stack heat loss.

6. For the case of steam production, less heat
from flue gas applies to generate steam when
increasing excess air since the heat loss at stack
increases. As a result, steam production also
decreases when increasing excess air

7. Flue gas recirculation technique was
applied for reducing NOx emissions. 25% flue
gas recirculation provides the reduction of NOx
around 70% compared with the process without
flue gas recirculation.

8. Optimal operating condition of the
process is 5% excess air (5,730 kg/hr air flow
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rate) and 25% flue gas recirculation with 40.5 steam production more than the optimal process
wt% of moisture content of wood chips and 1,500 condition without air preheater about 2.2%.
kg/hr of wood chips flow rate. It can produce 10. For the dynamic model, Robustness
steam higher than original process condition tests were performed to prove the performance of
(168% excess air and no flue gas recirculation) the controller by stepping change the disturbance
about 32.4%. variables consisted of wood chips flow rate,
9. Designed air preheater type is shell and wood chips moisture content, and BFW
tube heat exchanger. Flue gas is inside tubes and temperature. The results show that the dynamic
air is outside. The exchanger consists of 41 tubes model can be self-balanced although disturbance

with 88.90 mm OD, 3.405 mm thickness and occurred. However, the caution is that the
1,212 mm OD of shell with 6 mm thickness (1 defined set point of steam production must be

tube pass and 1 shell pass). The preheated air was related together with wood chips flow rate and
heated up from 30 °C to 82 °C. The effect of wood chips moisture content as shown in Table
preheated air provides more supplied heat which 9.

can produce a higher amount of steam. It provides
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ABSTRACT

The aim of this work was to study the efficiency of biofuel production from bio-oils (Palm oil
(PO) and Waste cooking oil (WCO)) in pack-bed reactor with reaction temperature at 450, 500, 550°C
under atmospheric pressure and WHSV of 0.5 h''. The dolomite as a catalyst were pressed to cylindrical
pellets and then calcined at 600°C for 4 hr. The physical and chemical properties of catalysts were
characterized by X-ray fluorescence spectroscopy (XRF), X-ray diffraction (XRD), N, adsorption-
desorption and Field emission scanning electron microscope (FE-SEM). The results found that the main
compositions of catalyst were CaO, SiO, and Fe,O;. In addition, the crystalline structures of catalyst
before calcination appeared Ca(OH),, CaCOs, CaO and SiO,. However, after calcination the crystalline
structures showed Ca(OH),, CaO, SiO,. The specific surface area decreased because of the phase
transformation and thermal decomposition to oxide form of catalyst. The surface morphology of
dolomite before calcination showed large particle sizes and smooth surface. The morphology was
different after calcination, which obvious in small particle sizes and roughness surface. The highest
pyrolytic oil products of PO and WCO were about 90%. Additionally, the products of PO reacted at
450°C gave the highest products, whereas the products of WCO reacted at 550°C showed the highest
product yield. The liquid products were distilled following ASTM D86 to separate gasoline and diesel
oils. Then, the properties of distilled products were analyzed for viscosity and heating value following
ASTM D445 and ASTM D240, respectively. The heating value and viscosity of distilled products
followed the standard values. Therefore, this process can produce the bio-fuel oils.
Keywords: Continuous process; Palm oil; Waste cooking oil; Dolomite catalyst
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ABSTRACT

This research is to investigate the characteristic and impact pressure of the high speed liquid jet
which is generated on the principle of Impact Driven Method (IDM) for the application of drug delivery
through the skin. High speed liquid jet was generated from IDM needle free- jet injection device which
use spring and gas as the power sources. In this study, projectile with momentum around 0.3 - 1.1
kg.m/s are used with the nozzle having 0.2 and 0.3 of orifice diameter and 0.2 and 0.5 ml of containing
volumes. It is found that the devices generate the maximum impact pressure of around 5 - 90 MPa,
These will increase when the momentum of the projectile is increased and the volume of the nozzle
container is decreased. The impact pressure profiles is found highly fluctuated because of the pulsing

191 Received 17 September 2019
Revised 12 February 2020
Accepted 25 February 2020



w.opudUs:anud 2.8muiu N.as: lla: N.IWESsnov

characteristics during the injection. These phenomena is clearly seen with devices that uses gas rather
than springs as power. The pulse characteristics will enhances the jet efficiency due to the better
penetration and dispersion of the drugs into the tissue target. Therefore, for drug delivery, the gas
powered device will provide a more appropriate characteristics of jets giving a better delivery that than

the jet powered by the spring.

Keywords: High-speed water jet, Impact Driven Method, PVDF, Jet impact pressure
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ABSTRACT

This research was aimed to determine a mathematic model using artificial neural network
(ANN) for predicting the of mechanical property and optimization using response surface methodology
(RSM) in the aluminum hull 5083 grade with gas metal arc welding (GMAW) process. The following
welding factors were studied: the welding current, voltage and travel speed. The resulting welding
samples were examined using tensile strength tests hardness test which were observed microstructure
with scanning electron microscopy (SEM) and determine a suitable mathematic model. The research
results reveal that using a ANN model with the proposed mathematical model, which tensile strength
and hardness represents 3 neurons for the input layer 10 neurons for hidden layer 1 10 neurons for hidden
layer 2 and 1 output neurons (3-10-10-1). The Levenberg-Marquart training algorithm was also train for
weight and bias network. The neuron of log-sigmoid for input layer, tan-sigmoid for hidden layer] and
2 purelin for output layer activation function was assigned. The mean square error (MSE) and coefficient
of determination (R?) for tensile strength and hardness predict was showed that of 0.454 and 0.386
respectively. The optimization of GMAW parameters were welding current of 220 amp, voltage of 26
V and 10 mm/sec travel speed. The welding conditions which have the optimization condition was
showed that metal compounds Al (Fe, Mn) Si type could be that small size with distribute intensity in
heat affected zone, which results in increased welding material high tensile strength and hardness.
Keywords: Artificial Neural Network, Response Surface Methodology, Mechanical Property,
Aluminum Hull Welding
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Y a ~ Yy N ' 1+e " (5)
manadeulinamsiseuiaIumaianTuNINIze
uuudeundy Tasead1aveslasevielssaininewy a = Purelin(n) (6)
HAnaoudie danosiumiBouiuuanuiin-anin
M9t 3 uaasAunasanuRanaaves Inseadi Insevelszamiion
Neuron MSE
Learning Function Input Hidden Hidden Output Tensile Hardness
Layer Layer 1 Layer 2 layer Strength
3 4 10 1 0.2864 0.3122
6 10 1 0.2859 0.3205
LearnGDM
3 8 10 1 0.2864 0.3196
3 10 10 1 0.2838 0.2937
3 4 10 1 0.2860 0.3057
3 6 10 1 0.2871 0.3228
LearnGD
3 8 10 1 0.2860 0.3190
3 10 10 1 0.2905 0.30812
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fiseu frseulusugoud 2 sy 10 930U uag
firseuludunanima s 1 firsen (3-10-10-1) I
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0.2937 MUV UTIA0INEINTAIANWAULTIAL LAY
MaNuudanuday dmsulaseadavedlnsaiie

szamisunmngay uaaansgii 4
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FFMINUAIMUTUB HAZHUTIa09910TENT
Tasevrolszamifion eimsnFeufoununsiase
m1aﬂﬁ@ﬁ1ﬁw§v¥mmgﬂxmu finsananaundsany
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Usgantamlumswoinsaliniudigega danaasly
dums (7)
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SE — > (T, —4)
N (7)

dvsunuuiiaesIassnelszannenaziing
finsansuazardulszansmsdadule (R?) sznou
Faaadluaumsi )
> (T -4
2T A

% s
T Ao wadnwsiihvune

R>=1—
(8)
A
11
o oA °
A Ao Hadgnsn laanmsiineg

N fio Suaudoya

4. pamsIvarazenlsenanmsive

4.1 M3y Tamsiuineuaues
wan1s3inszideyadie3s Nuinouaues

(Response Surface Methodology, RSM) @1

Jtmseenuuunaaeduuudend-iuuau (Box-

Bhenken Design) nuinsa@enuuusiasin

amamaasninmuzanlunsimemanuiy

159R9 1A AIANUUTIS N NTHan NS ou Tag

P
s A an A

HUVUTIA0INNAUAPAATNITNITNUAINDUAUD

a Y 9. Y 13 o w
5127 187 4 1uup Taun Wugduuveniidiaes

(Full Quadratic) tuus1asuFudusWHANTENUT I
(Linear and Interaction) uusiaousudusiug
4 . o a
uA25 (Linear and Squares) tazuuusiaoudaudu

(Linear) Tagwarsanuuuiiassnilseansamlums

< %

MmuguInngaan Adulszansnmisneinsal (R?)
< H 1
duilszansmanensaindSundudd (R2.q) anny
[} I .
Wazitluvesnisnanes (P-Value of Regression)
1 [l <
wazainuuaziuvesanuvmzanluaunis
(P-Value of Lack of Fit) d1v§unuuiianan
av Yy 1 o <
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ci a ' o < o w ) @ 4 Y =
mMsn4 wammmﬁzwmmmJsﬂ‘musumuummmmugﬂuuuElﬂmmﬁmmm‘ummmmmmm

Source DF Seq SS Adj SS Adj MS F P
Regression 9 18892.9 18892.9 2099.21 216.09 0.000
Linear 3 17428.7 346.8 115.59 11.90 0.000
Square 3 1179.6 778.1 259.38 26.70 0.000
Interaction 3 284.6 284.6 94.85 9.76 0.000
Residual Error 35 340.0 340.0 9.71
Lack-of-Fit 1 22.7 22.7 22.72 2.44 0.128
Pure Error 34 317.3 317.3 9.33
Total 44 19232.9
R?>=98.23% R*(adj) =97.78%
MR 5 NamﬁmﬁxﬁmmuﬂiﬂiawumLmuﬁiamgﬁugﬂu‘uuﬂﬂﬁﬁmmﬁm%mmmuﬁﬁ
Source DF Seq SS Adj SS Adj MS F P
Regression 9 3296.90 3296.90 366.322 61.13 0.000
Linear 3 2694.16 158.35 52.785 8.81 0.000
Square 3 502.73 481.57 160.524 26.79 0.000
Interaction 3 100.01 100.01 33.336 5.56 0.003
Residual Error 35 209.75 209.75 5.993
Lack-of-Fit 1 2.34 2.34 2.340 0.38 0.540
Pure Error 34 207.41 207.41 6.100
Total 44 3506.65

R2=94.02% R(adj) = 92.48%

a 4 o <
HansauasIznanuulslsuuuudiasuay
sdunvenmdsaes dmiuaAINNMAULTIAT LAz
< A v ' <
ANuuAAEaIlua1s190 4-5 wunaanuiztu
vedn1soansy (P-Value of Regression) ¥ o4
pUuTaeId M UMANIAUUT IR ALY
o 2y 4 & dugl
M1y 0.000 FariponszAUAIFeLUN lansaud
[ Jd v
gl (P-Value <0.05) aunsoagllanienduns
° < o w I @
aaneylutuuTasudugluuenmaIdeuiudnyay
wadu Tastladenan (nszua i (X)) usedululdh
< 4 a a 1 o
(X2) nazanuisrlumaion (X;)) ioniwaneifaie
1 J I ] a
ADUAUD (AIANUIAULTIAY LazAIANULTT) 06193
v o o A o A & 7 4 a
HodAgnszauaNureNu 95 wodtwua mManaisan
° < o w
ANUIMIIZANYBIDUTIaRUANF LU VENAdIaD
A 1 ] I
wnsannmanuiziuvesanurineaylu
dums (P-Value of Lack of Fit) wu11a1 P-Value
¥94 Lack of Fit 1m11v 0.128 dnsuainnuduisa

o @ 1 I~ L o~ '
A4 uaz 0.540 dmsuaANUuIL FaaInnI 0.05
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(P-Value 0.05) mmia’d‘;ﬂ"lﬁ'iummhaauﬁu
jluvveniaIaealinuNeLie Fuilszaning
dadulavesuuiiasudngluuusnmasaes dmsy
AANUIAUITIAT A1 R? 1101 98.23 nlessud uag
A1 R 191101 97.78 tosiyud dansusianuuds
R?=94.02% RZ%q4= 92.48% Futudulszaning
Fadulsvewuusraouiluiiimels

uppsiaesvesaumadugluuenidiaes dmium

AMUIAUIT IR AT )

s = 614.568 ~1.667X, —32.131X, +13.590.X, +
0.003X% +1.318X2 +0.496 X2 +0.007X, X, + ()
0.063X X, ~1.716X, X,

dmFuaumadugiunvenfididesveainiy

ude naasluaunisd (10)

7, =308.783 —0.310.X, —26.939X, +6.605.X, +
0.001X> +1.054X2 +0.655x> —0.015x, X, +  (10)
0.028X X, ~1227X,X,



Tagliverviualunsldaunsn (9) uaz (10)
4 v
datinszua T (X)) @ 180 f4 220 neuuls
) = 3
useau vlvh (X2) 11209926 Taad nazanuialums
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<
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a d [3 \ =
4.2 msInnzrnuudasdlassnielszarmiias
A v o @ A = v o 4
maaendated msumsFoulanudunus
Tagasenuantian1anan1onadnInnIsi¥on A
oo o a IR A 4
syudveuuTIasInNaliamansvuilumadeni
i ldaunsoaadunulumskaadmiunmsiam

!ﬂﬂ?ﬂﬁﬁuﬁﬂﬂTiﬂﬂﬁﬂﬂa%ﬂ1iﬁ'}L‘auﬂ1iL%’fJiJ

330 —e—ANN

--a--Target

Tensile Strength (MPa)
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S

=1
2

W
8
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Sample Number
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(Procedure Qualification Record, PQR) mswain
upusiaseneadiamans lumMsIMuIsAANMA UL
' < aw A ' =
Aa naza1nuuids auddelannsanaunasniy

A o o Y A v
AalAAdduINNIaIdoloNga Taslasading
Taseirelseamifouiuizdmiunisviiuie Ao

9 v

Wreuluguduna $1uou 3 Hrsen Wrveulususou
71 $1w9u 10 dasou taseulurugoui 2 :1uau 10
Hsou azdmIuiToulusuudasna 1 Hisou (3-
10-10-1) msBoufuvvanwisn-uia jluuy

) ¥ A a S o v ¥ o 9
MINFUNITNITAN AD AONFNUDEA dIMTUFUUU

7w a s o o ¥ =
MINFUUNUTAUPIA d1HTUTUSOUN 1 tay 2
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1ngli 5 manfSewiisuainldviniaseiie
UszamienunimsnSeunesusuautvue as
Y = v I o 1 [
ANVAULTIAG HAZAIANVLTL 31UIU 45 A1 WUN

Ay Y o 1 = '
ﬂﬁ/lllﬂ"l]'lﬂ!,l,ﬂﬂiﬂﬁ@\?Iﬂiﬁ"’ll'lﬂﬂﬁgﬁTﬂWIﬂiJinﬂﬂTﬂ’J"IiJ

4 1 <3 § U 4

AU INgUn 5 A nazamnunds 30 5 B e
Y A @ J v J Y I ' o

TadiReatuammaansunuaas AL INuUUTIaINIa

amamansnldninlassinelssamimeuiinnuulue

Tumsinega

4
as

d‘ = a a ! o ' = o = a
M3199 6 1eueulseaninmszrnnuuuiiacs lnswiedseameutaztuut1ae TN HAINDUAUDY

Number Welding Factors Tensile Strength Hardness

Welding Current | Voltage | Travel Speed | Target | RSM SE ANN SE |Target| RSM | SE | ANN | SE
1 180 20 13 281.16 | 283.262 |2.102 | 280.073 |1.087 | 55.1 [57.263 |2.163 [55.330 [0.230
2 220 20 13 303.57302.922 |0.648 | 303.495 [0.075 | 69.1 [63.423 |5.677[69.424 [0.324
3 180 23 10 304.28 | 303.117 |1.163 [ 304.115 [0.165 | 65.2 [60.992 |4.208 | 65.800 |0.600
4 180 23 16 297.431293.265 |4.165| 297.69 | 0.26 | 62.3 [63.716 |1.416|64.730 | 0.43
5 220 23 10 320.61 | 316.077 [4.533]320.307 [0.303 | 66.1 [61.992 [4.108]66.623 [0.523
6 220 23 16 323.58 | 321.345 |2.235(322.817 |0.763 | 77.3 |71.436 [5.864|77.641 [0.341
7 200 20 10 285.8 |282.048 [3.752[285.163 [0.637| 55.3 |51.753(3.547|55.137|0.163
8 200 26 16 325.72| 325.29 | 0.43 | 325.69 | 0.03 | 75.3 [73.401 [1.899]76.991 [0.691
9 200 23 13 308.5 [302.787 [5.713 [307.726 |0.774| 63.1 |58.239 |4.861 |65.276 |0.176

MSE 2.749 0.454 3.749 0.386

k4
RSM Ao nuui1a0935n 15N UAIADUAUD
(Response Surface Methodology)
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ANN 7o npusianeInsesiiedseamiien (Artificial
Neural Network)
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MSE fp Aundgussnnuianaiasnmasaes (Mean
Square Error)
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R=0.98494

Training: R=0.97252
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Surface Plot of Tensile Strength vs Voltage, Welding Current
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Surface Plot of Hardness vs Voltage, Welding Current
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i Welding Voltage Travel S
O 1 &8 g
ur . 3 .|
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Desirability
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d = 1.0000
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d =0.91068
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No. Tensile Strength Hardness

Target | Test | Error | Target | Test | Error

1 |370.17 | 372.12 | 1.95 | 96.05 | 95.15| 0.9

2 [370.17 | 368.56 | 1.61 | 96.05 | 97.32 | 1.27

3 |370.17 | 371.35| 1.18 | 96.05 | 9541 | 0.64

Average Error 1.58 0.94
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ABSTRACT

This research presents a new model for the design and fabrication of a gel electrode microfluidic
device for charged beads separating with an electrophoresis electric field. In order to achieve more
efficient beads separation, the use of this gel electrode to help solve the problem of the occurrence of
oxide / metal chemicals used to make the electrode when it comes into contact with the fluid. And to
prevent certain substances that have been exposed to corrosion or chemical reactions to the electrode,
and finally, to prevent heat generation which may result in the flow channel having bubbles which will
hinder the flow of the sample in the flow channel, which will cause a lot of obstacles in separating the
particles. Therefore, this research presents designing and fabrication of an electrode using gel electrodes
for particle separation applications for further use in medicine. By the designing of structure was created
and designed with the layout® program. Then the microelectrode device was fabricated with a gel
electrode by using lithography techniques and soft- lithography techniques for fabrication the
microchannel for flow the beads into the microchannel. Finally, the testing was set up for the separation
of charged particles in gel electrode microfluidic device by power supply 1 voltage. It was found that
the structure can precisely separate the charged particles with the accuracy percentage of the particles
with 82.18% negative charge and the positive charged particles at 79.92% respectively at the 95%
confidence level.
Keywords: Microfluidic chip, charged beads separation, gel electrodes
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