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Abstract : Arms procurement in many regions across the world is estimated to have increased in
recent years. The literature shows that defense budgets in several countries are spent for munitions
and equipment by military services. This can cause international security concerns and regional
territorial disputes which are key drivers for wars or international conflicts in the future. As a result,
more countries put more emphasis on the security aspect by stocking ammunition for utilising during
the initial month as war reserve and also for military exercise during peacetime. However, due to a
lack of specific capabilities, purchasing and procuring military arms from the global markets must be
well-planned for those in the regions vulnerable for international conflicts. To this end, the purpose of
this research is to study the demand of surface-to-air missile (SAM) for both war reserve stockpile and
military exercise during peacetime. This study applies forecasting and material requirement planning
techniques to achieve the research objectives. A military scenario of a country and its initial data are
set up and simulated respectively for describing the research methodologies. Based on the randomised
data, the result shows that simple linear regression is suitable for implementing in this research.
By manipulating the dataset obtained from the forecast model, a material requirement planning is
established and then illustrated a time duration to accomplish the SAM stock sufficiency to meet

the war reserve policy and also serving the military exercise missions of the forecast-based scenario.

Keywords : War Reserve, Arms Procurement, Forecasting, Material Requirement Planning
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Abstract : The study aimed to assess drought impacts on urban green areas with the climatic drought
index in Nakhonratchasima City, Thailand. The Standardized Precipitation Evapotranspiration Index
(SPEI) was used as the climatic drought index in this study. The study investigated and quantified the
different responses of urban tree growth to drought events. The results revealed that the frequency of
severe drought increased in 2017 and 2018 with the drying trend occurring in most of the study area.
These results are useful for ecological assessments and planning management to mitigate the impact
of drought on urban green areas. Significantly, this study is helpful to take care of urban trees growth

and reduce potential damage to human health caused by air pollution e.g. PM 2.5 in urban areas.

Keywords : Drought, SPEI, Urban green area, Nakhonratchasima
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1. Introduction

Droughts are recognized as a complex
natural phenomena that impacts on water
resources, agriculture, natural ecosystems, and
society [1-4]. Recently, due to the change in
climate, drought is expected to increase in
frequency and severity. Additionally, drought
impacts on urban tree and crop development
and the yield. As a result, urban trees currently
must face on a large range of additional stresses
that are less strong or non-existent. This is
because climate variabilities and environmental
conditions within a city are overall more extreme
and harmful to trees and can cause vitality loss
and increase mortality risk.

Although many efforts have been made to
develop methodologies to assess the drought,
it is very difficult to isolate the beginning of a
drought, as drought development is slow and
very often the drought is not recognized until
human activities, or the environment, are
affected. Moreover, the effects of a drought can
persist over many years after it has ended. In
contrast to other extreme events such as floods,
which are typically restricted to small regions and
well-defined temporal intervals, droughts are
difficult to pinpoint in time and space, affecting
wide areas over long periods of time.

There are several climatic drought indices
that have been developed to monitor, predict,
and assess the severity of drought, such as
the Palmer Drought Severity Index (PDSI) [5],
Standardized Precipitation Index (SPI) [6],

Standardized Precipitation Evapotranspiration
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Index (SPEI) [7], Vegetation Condition Index
(VCl) [8], Effective Drought Index (EDI) [9],
Reconnaissance Drought Index (RDI) [10], Soil
Moisture Index (SMI) [11], Integrated Surface
Drought Index (ISDI) [12], and Multivariate
Standardized Drought Index (MSDI) [13] etc.
Among these, the PDSI and SPI are the most
popular one. The PDSI is based on a simplified
water balance equation and requirements
are precipitation, moisture supply, runoff and
evaporation demand at the surface level. The SPI
is based on precipitation anomalies, is easy to
estimate and identify different types of drought
[6-13]. Currently, the SPElI combines the
multi-scalar features and simple calculation of
the SPI with the PDSI’s sensitivity to changes in
evaporation demand caused by temperature
fluctuations and trends [7]. The SPEI was
developed by Vicente-Serrano et al. [7] and
is based on a monthly or weekly climatic
water balance (i.e., the difference between
precipitation and evapotranspiration). The main
advantage of the SPEI is its ability to identify the
variability of evapotranspiration and temperature
in the drought assessments. It is applicable for
monitoring and exploring drought characteristics
which reflects the water deficits at different time
scales in a global warming context.

The objective of this study is to assess
drought impacts on urban green areas with the
climatic drought index such as the Standardized
Precipitation Evapotranspiration Index (SPEI) in
Nakhonratchasima City, Thailand. The drought

disaster risk assessment is provided for the



identification of drought events including

duration, intensity, and frequency.

2. Study Area, Data and Methods

2.1 Study Area

The study area is Nakhonratchasima City
(NC) as shown Fig. 1. NC site is located in Muang
district of Nakhonratchasima province at 14’ to
16’N and 101’ to 103’E and occupies a total area
of 37.5 km? (4.96 and 0.18 percent of Muang
district and Nakhonratchasima province) with
sea level 174-206 m. NC is far from Bangkok by
vehicles about 255 km., by rails about 264 km.
NC topography is characterized by most plain, a
little slope in eastern direction, low land in
the NC north and high land in the southern
west. Most of soils are loamy sand. The main
river is Lum Ta Klong (the major of Mun river)
where flows through the NC north with length
about 12 km. Authority of NC comprises of the
north adjacent to 3-subdistrict administrative
organization (SAO): Muen Wai, Nongkratum
and Bankoh, the south adjoining 2- subdistrict
municipality and 1 SAO: Nong Phailom, Pho Klang
and Nong chabok, the east close to Hau THale
subdistrict municipality, and the west next to
2- SAO and 1 subdistrict municipality: Ban Mai,

Suranari and Pru Yai.
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Districts of Nakbon Ratchsina province

Map of Nakhonratchasima City
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Fig. 1 Area of Nakhonratchasima City

2.2 Data Collection

For this study, climate data including
temperature, precipitation, wind speed, specific
humidity, and net long-wave surface radiation
from Nakhonratchasima Meteorological
Observation Station and The Thai Meteorological
Department were collected during 2008-2018.
Although, the study only used climate data from
one weather station in the study area, it is good
enough for the assessment of drought impacts
because the study area is not large (the total
area of 37.5 km?).

2.3 Standardized Precipitation Evapotran-
spiration Index (SPEI)

The calculation of the SPEI parameter is
a time-series of total monthly precipitation (P)
and monthly potential evapotranspiration (PET).
Monthly PET is estimated by the Thornthwaite
equation [14] that only relies on monthly mean
temperature (T) and latitude (L) to calculate the
monthly average day length. Of these methods,
the Thornthwaite is unique because it is based
on an empirical relationship between average
monthly temperature and potential evapotran-

spiration. The details of the SPEI computation,

U7l 18 (2563) voL.18 (20200 17



NI TIVINTLIIFEUUNLTRENTEIATBUNE
CRMA Journal

more thoroughly described in Vicente-Serrano

et al. [7], are as follows:

Climate Water Balance

A simple climate water balance was
calculated as the differences between
precipitation (P) and evapotranspiration (PET) for

month j according to:
D; = P; — PET; )

where monthly PET is calculated by:

PET = 16K (“’T) 2)

where T is monthly mean temperature (°C); / is
heat index calculated as the sum of 12 monthly
index values; m is the coefficient dependent on
l-m = (6.75 x 10-"P) - (7.71 x 10-"/%) + (1.79 x
10-2-/) + 0.492; and K is a correction coefficient
computed as a function of the latitude and
month.

The calculated D. values are aggregated
at different time scales, following the same
procedure as used for the SPI. The difference
D{fj in month j and year /i depends on the
chosen time scale k. For example, the accumulated

difference for one month in a particular year i

with a 12-month time scale is calculated using:

18 @i 18 (2563) VOL.18 (2020)

= Yi213-k+j Dic1s + Z{lei,z forj <k (3)

k _ vJ
Xij = Li=j-k+1Di,

; forj=>k (4)
where D/l is the P — PET difference in month (

and year i, in millimeters.

Normalize the Water Balance

The log-logistic distribution was used for
normalizing the D series to obtain the SPEI. The
probability density function of a three-parameter

log-logistic distributed variable is expressed as:

-2

reo =) [ (2] ®

where &, IB, and Y are scale, shape, and
origin parameters respective, for D values in
the range (y > D > ). The parameters of the
Pearson Il distribution can be obtained from Singh
etal.[15]. Thus, the probability distribution function
of the D series, according to the log-logistic

distribution, is given by:

-1

Fx) = [1 + (ﬁ)ﬁ] (6)

Calculate the SPEI Series

The SPEI can easily be obtained as the
standardized values of F(x). Following the
classical approximation of Abramowitz and
Stegun [16]:
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. _ CotCWHCW? ) )
SPEI =W T Wed, W di (7) Tab. 1 The classification of drought events based
on the SPEI values
W =,-2In(P) for P <0.5 (8) Level Drought Category SPEI Values
0 Non-drought 0 < Index

where P is the probability of exceeding a ! Mild drought 10 <Index <0
determined D value, P = 1 - F(x). If P> 0.5, then P 2 Moderate drought  -1.5 < Index < -1.0
is replaced by 1 - P and the sign of the resultant 5 severe drought 20 <Index < -1.5
SPEl is reversed. The constants are C, = 2515517, 4 Extreme drought Index < -2.0

C1 = 0.8022853, C2 = 0.010328, d1 = 1.432788,
d2 = 0.189269, and d3 = 0.001308.

2.4 Drought Assessments

2.4.1 Drought Classification
In this study, the goal is to provide

In this section, the study discusses the some basic data for drought disaster risk

method commonly used for assessment and assessment. Thus, monthly SPEI values at the

identification of drought properties based on variable time scale are used to identify drought

drought indices. Fig. 2 presents a simple plot events and their related indicators including duration,

of a drought variable included: (a) drought intensity, and frequency. Tab. 1 presents the

magnitude and (b) drought duration. A drought classification of drought events based on the

event from the SPEI plot can additionally be SPEI values.

identified as drought with the highest severity, 2.4.2 Drought Duration and intensity

drought with the longest duration, and drought The duration (m) of a drought event

equals the number of months between its
start and end month [17]. Severity (S,) is the

with the highest intensity.

absolute value of the sum of all SPEI values

during a drought event. Intensity (DI,) of a

drought event refers to severity divided by

/ : duration. The larger the DI, value is, the more
2 o A / TR severe the drought. The formulas are:
-3 T T T T 'I““e'z"'?;'o:‘ - T T
Time
Se = |Z}":11ndexj|e (9)
Fig. 2  The characteristics of drought magnitude and
duration, modified from [7] DI, = % (10)
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where e is a drought event; j is a month; /ndexj
is the SPEI value in month j; m, 5e and D/e are
the duration, severity, and intensity of a drought
event e, respectively.

2.4.3 Drought Frequency

Drought frequency (Fs) was used to
assess the drought liability during a study period
[3]. It is calculated by:

F, = %x 100% (11)
where n is number of drought events, NS is total
number of years for the study period, and s is

a station.

3. Results

3.1 Evapotranspiration

Fig. 3 shows the result of evapotranspiration
(ET) during 2008 to 2018 in NC based on
Thornthwaite equation. From last 3 years (2016-
2018), there was a higher trend of ET. In 2010,
2011, 2013, and 2015, it was lower ET in the

study area.

T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2018 M7 208

Fig. 3  Estimated ET values during 2008-2018 based

on Thornthwaite equation

20
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200 a:lﬁ 2018
Estimated SPEl values at the 3-month time
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T T T
2010 M2 2014 2016 208

Estimated SPEl values at the 6-month time

scale

SPEI

T
2014

Estimated SPEIl values at the 12-month time

scale



Tab. 2 The results of SPEl calculation at

12-month time scale

Year Month Max. Drought
SPEI Category
2008  November -1.2 Moderate
2009 May -0.5 drought
2010 October +0.7 Mild drought
2011 February +1.4 Non-drought
2012 June -1.4 Non-drought
2013 October +1.7 Moderate
2014 February +1.5 drought
2015 June -1.0 Non-drought
2016 May +1.5 Non-drought
2017 January -1.2 Moderate
2018 April -1.6 drought

Non-drought
Moderate
drought

Severe drought

3.2 SPEl for Drought Assessment

Fig. 4-7 show the annual SPEI values at the
variation of time scale including 1, 3, 6, and 12
months, respectively. From Fig. 7 (at 12-month
time scale), the results briefly show that severe
drought (-2.0 < Index < -1.5) occurred in year
2013 and 2018. For moderate drought (-1.5 <
Index < -1.0), it was found in year 2009, 2015 and
2017. Non-drought or wet condition occurred
for 3 years included 2011, 2014 and 2016. Tab.
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2 also more clearly presents the results of SPEI
calculation at 12-month time scale. For Fig.
4-6, it identified more details of drought events

depended on the time scale.

4. Conclusions and Recommendations
The SPEI was used as the climatic drought
index in this study. The results revealed that the
frequency and extension of severe drought has
recently increased in 2017 and 2018 with the
drying trend occurring in the study area. These
results informed for NC people to realize the
impact of intensive drought on urban green areas.
For further research, the study will collect
and run a model with longer period data of 30-50
years. Additionally, the study will run the model
in more similar study areas for the comparison of

the results and predict a future drought trending.
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Abstract : Blasting demolition which is the method to raze buildings with small amount of explosive
is one of the most efficient methods to take down high rise structures. However, only limited research
information is available at the moment while the demand for demolition is rising. Therefore, this study
is aims to point out proper patterns of pre-weakening structural steel members and amount of C-4
and also study the behaviour of steel structures under blasting demolition. In the study, firstly several
candidate plastic hinge sections are tested and compared to efficiently reduce structural strength in
order to minimize the amount of the explosive consumption in the demolition. Then secondly, the
appropriate amount of C-4 explosive is determined through blasting test. Finally, a purpose-build %
scale steel structure is applied the method. The collapse of the structure is designed using analysis
program and actual tests are carried out. The results show that the steel structure can be demolished
by C-4 explosive through appropriate pre-weakening pattern, amount of C-4 explosive and structure

collapse design.

Keywords : Blasting Demolition, Steel Structure, Pre-weakening, Pre-treatment, C-4 Explosive
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1. Introduction

During these recent years, demand for
building demolition has been increasing due
to end of service lifetime, change of purposes,
etc. [1]. Blasting demolition, the method to
initiate collapse of building using small amount of
explosive, has become a popular method in
many countries in Europe and America [2]
because of its short period of operation, less
required number of heavy machines, cost and
time savings [1], [3].

However, there is only limited research
on blasting demolition of steel frame structure
which is one of most difficult structures to
demolish [4]. This study therefore, aims at
establishing basic data required in steel structure
demolition. Concretely, the objectives are to
find proper amount of C-4 explosive for H-beam,
to propose proper preweakening pattern for
H-beam and finally to propose the method to
design structure collapse and demolish % scale

steel structure.

2. Test Program

2.1 Test Specimen

Sections and dimension of SS400 steel
H-beams tested in this study are shown in Fig. 1
and Table 1.

24 %7 18 (2563) VOL.18 (2020)

Fig. 1 H-Beam cross section

Table 1 Dimensions of H-beams

Section D B t T r
(mmxmm) (mm) (mm)  (mm) (mm) (mm)
H 100 x 50 100 50 5 7 8

2.2 Explosive

Despite the popularity of commercial
explosives such as dynamites and water-gels
[4], C-4 explosive has been used in this study
because of its stability, safety as C-4 is very stable
to many sorts of physical impacts and barely
explodes without explosive shocks. Another
advantage of C-4 is its ease of forming as C-4
can be formed into required shapes easily. To
sever steel structural members, the size of C4
explosive ribbon charge can be determined using the
following equation. However, its thickness should

not be less than half an inch [5].

C,=0.5S8, (1)
C, =kC, (2)
C,=S, (3)



where CT : charge thickness (mm), ST : target
steel thickness (mm), CW : charge width (mm), k
: Coefficient, CL : charge Length (mm), SL : target
length (mm). The coefficient k is recommended
by US Army Engineering School to be equal to
3 [5].

2.3 Blasting Test and Bending

Test In blasting test, Coefficient k was the
varied from 1 to 3 with the same density of
approximately 1.57 g/cm3 as shown in Table 2.
C-4 explosive charges were installed on one side
in contact with the Hbeam. The beam’s flanges
on blasting side were cut off and ones on the
other side were performed slit cuts in order to
decline explosive amount. Fig. 2 shows the beam
blasting test setup.

Table 2 Blasting Test Case Details

Explosive  Explosive Explosive )
Density
Case Coeff. k Thickness  Length  Width 3
(g/cm”)
(mm) (mm) (mm)
1 13 152 12.7 1.57
2 13 152 254 1.57

To reduce the amount of explosive in
blasting demolition, which leads to decreasing
disturbance to surroundings, proper pre-weak-
ening patterns should be employed. Therefore
here, 2 types of pre-weakening are applied on the
beams to compare their effectiveness. Firstly,
type 1 has V- cut on one side of its flange and
slit cuts on the flanges on the other side. The
V-cut has 90 degree with its trench bottom on

beam web. V-cut height is 22.5 mm. Slit cut on
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the other side of beam flange is 22.5 mm long as
shown in Fig. 3 (a). Moreover, in type 2 to further
reduce beam strength, a 6.5 mm slit cut was
placed on beam web in between above two

cuts as shown in Fig. 3 (b).

Fig. 2 Blasting test setup

(@) Type 1 V-cut on one side and slit cut on the

other side of the beam

‘25 25
© so

(b) Type 2 V-cut on one side, slit cut on the

other side of beam and slit cut on web

Fig. 3 Pre-weakened Sections of H-beams
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LVDT

P

Fig. 4 Cantilever bending test (Unit: mm)

ST I

To evaluate patterns of pre-weakening
assuming actual conditions, each pattern was
performed cantilever bending test as depicted in
Fig. 4. Then the bending strength of each pattern
was compared to select the most appropriate

pre-weakening pattern for structure blasting test.

3. Test result and discussion

3.1 Minimum Required Explosive Amount

Figure 5 shows the damage of the H-beams
with coefficient k value of 1 and 2. When the k
equaled to 1, the beam had a dent on it without
severe damage as shown in Fig. 5 (a). However,
when k equaled to 2 the beam was severed
into 2 pieces completely. The damage when k
equaled to 2 is shown in Figure 5 (b). As a result,
it could be concluded that the coefficient k can
be reduced to 2 to reduced required amount of

C-4 explosive.
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(b) When k=2

Fig. 5 Damage of H-Beams with different k Values

3.2 Pre-weakened section analytic
estimation

Table 3 shows flexural resistance of each
preweakening pattern and non-weakening one.
Preweakening Type-1 and Type-2 had flexural
resistance of 41.6 and 35.1 kN.m, respectively. It
can be seen that both Type-1 and 2 of pre-weak-
ening pattern could reduce flexural resistance of
H-beam from none pre-weakening significantly to
21.3% and 18.0% as shown in Table 3.



Table 3  Flexural resistance of each pre-weak-

ening pattern

Residual Flexural

Flexural
Type i Resistance Ratio
Resistance (kN.m)
(%)
Control 195 100
1 41.6 21.3
2 35.1 18.0

As estimation of residual flexural resistance
is essential when designing blasting collapse of
steel structure, the ultimate flexural resistance of
each pre-weakening pattern was analyzed through
FEM. In the analysis, an elastic perfectly plastic
model was used in stress-strain relationship
of steel beam. The picture of the relationship is
shown in Fig. 6. Here, the nominate yield strength
of SS400 steel

Calculation results and test results for each

was used in the calculation.

pre-weakening pattern are shown in Fig. 7 in
Load-Displacement curves. The analysis results
appear to have good agreement with the test
results. Thus, it could be said that the flexural
resistance of pre-weakened H-beam can be

estimated using elastic perfectly plastic model.

Stress 4 )
f Tension
3V

Strain

Compression | /s

Fig. 6 Stress-strain relationship of SS400 H-beam
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Fig. 7 Comparison of analysis results and test results

3.3 Steel Structure Blasting

To study the behavior of steel structure un-
der blasting demolition, a ¥4 scale steel structure
was built of SS400 steel H-beams with the same
section as blasting test specimens. The structure
was threestory steel structure with 1 m width, 1
m length and 0.8 m height in each story. Each
floor slab thickness was 10 cm. The picture of
the purpose-build structure was as shown in Fig.
8. During determining of collapse pattern and
locations of charge and pre-weakening, the

design steps shown in Fig. 9 were followed.
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Collapse pattern adopted in this study was a
pancake type which is a straight down collapsing
one. In calculation of required bending moments
to initiate razing of the structure after blasting
SAP2000 was used. Three candidate points
of charging locations on columns, upper end,

middle and lower end were compared.

1.0m
In-place casted flo
0.8m
0.8m C-4 explosive
charge
H 100x50x5x7
0.8m
Steel wire

Fig. 8 Structure Blasting Setup
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Site and structure survey

v

Existing structure analysis

v

Select collapse pattern

v

Select charging and pre-
weakening locations

v

Pre-weakened structure analysis

If strength>
load

Blasted structure analysis

If load >
strength

Finish

Fig. 9 Blasting demolition design procedure

Pre-weakening pattern used in the analysis
was the Type-2, the weakest one. V-cuts on inner
side, slit cut on outer side and web at column
lower ends were applied on each level to allow
bending of columns. The analysis results shown
in Fig. 10 elucidated that blasting at upper or
lower ends of columns required similarly small
bending moment of around 49 ke¢f.m to bend

each columns.
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Fig. 10 Analytic results of each blasting point
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Nonetheless, blasting at the middle of
columns needs more than two times larger force
to bend columns. In % scale steel structure
blasting here, beside applying Type-2 of pre-
weakening pattern on the structure, the upper
end of each column was cut its flanges at outer
side, the same pattern as blasting test. Moreover,
steel wires were installed at the upper end of
columns in each level and floor slabs were cut
into two pieces at the middle to utilize floor slab
weight in generating sufficient bending moments.
To initiate collapse of the structure, a dozen of
C-4 explosive charges are placed on column
upper ends in each level. However, the lower
ends of columns at level 1 are also placed the
charges to ensure the collapse of the structure.
In order to create sufficient bending moments
on columns lower ends, additional 6 charges
are placed at the middle of each front and back
beam to release the potential energy of floor
weight to pull the steel wires.

The blasting setup is already shown in Fig.
8. After placing 22 C-4 explosive charges at each
location, the charges were fired in three steps
from top level down to ground level with deto-
nation caps. Firstly, upper ends of columns in
level 3 and both front and back upper ceiling
beams were fired. Then the same pattern was
repeated in level 2. Finally, in level 1 addition to
the same pattern as level 2 and 3 the charges at
lower ends of 4 columns were also detonated at

the same time.
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Detonation interval time between each
level was set at 0.3 second. Fig. 11 (a) to (c) shows
detonation in level 3, level 1 and the result
after blasting demolition. Althousgh all charges
in level 2 and some other charges were not
detonated due to malfunction of the detonators, the
structure toppled down and the columns

that had been blasted were severed from the

ground completely with plastic hinges created at

(a) Level 3 detonation . o
pre-weakened point as shown in Fig. 12.

(b) Level 1 detonation

Fig. 12 Bended column with a plastic hinge at lower

end

4. Conclusion

1. Pre-weakening of H-beam steel structure

(c) Steel structure after blasting demolition with Vcut on inner side, slit cut on outer side with
or without beam web slit cut can significantly

Fig. 11 Steel structure blasting demolition reduce beam’s flexural resistance.
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2. Proper amount of C-4 explosive ribbon
charge to sever SS400 steel beam completely
can be derived by equation (1)-(3) in which k
value can be reduced to 2 in case of relatively
thin steel plate.

3. Residual flexural resistance of steel
columns using H-beams can be calculated using
FEM and elastic perfectly plastic model.

4. H-beam steel structure collapse designing
procedures were proposed in 3.3 and the steel
structure can be demolished using C-4 explosives
charges placed in contact to its members along

with pre-weakening pattern mentioned in 2.
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Abstract : This research intend to study the specific classification of natural and synthetic fibers mostly
found in Thailand and apply elemental components for comparison of chemical properties of each
type of fiber. The development of examination method is proposed in this study as an effective and
rapid tool for fiber analysis for forensic purpose. By using Scanning Electron Microscope with Energy
Dispersive X-ray Spectroscopy as a classification method. Nine fibers are included in this study. The
natural fibers are cotton, silk, hemp, wool and synthetic fibers are nylon, polyester, modacrylic, acrylic
and rayon. The results show that both natural and synthetic fiber has a unique surface and chemical
components which can be applied for forensic examination to identify the type of each fiber. This
technique is able to be applied for fiber found in a crime scene and compare the unknown to the

known one.

Keywords : Natural Fiber, Synthetic Fiber, SEM/EDS
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Abstract : The purpose of this research is to study some models of shot pellets and compare the
average area of shot pellets form 5, 10, 15 and 20 m. Two shotguns are Remington 870, pump action
with 20-inch barrel length and Benelli, semi auto with 18-inch barrel length. Shotguns with 20-inch
barrel length and 18-inch barrel length have improved cylinder choke. Shotguns(SG) were fired with
shot pellets. Data were statistically analyzed by Descriptive Statistic, One-Way ANOVA and statistic t-test.
The results of the research showed that shotgun with 20-inch barrel length and 18-inch barrel length
have improved cylinder choke were used. Distance of 5, 10, 15 and 20 m. show the distribution are
of shot pellets at 89.04, 595.15, 1,276.96 and 3,206.21 cmz, respectively. From the hypothesis testing,
there was no statistically significant difference between distribution area of the test with difference
barrel length, 20-inch and 18-inch barrel length, and with the same improved cylinder choke. And it

was found significant differences in firing distance at the statistical significance level of 0.05.

Keywords : Firing distance, Average distribution area of shot pellets, Choke, Improved cylinder
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Abstract : This research is a study on the production of wood substitute materials from polypropylene
plastic and natural materials, namely coconut fiber powder. Including the coupled substance is Maleic
anhydride graphted polypropylene mixed together with the ratio of polypropylene: co-additives:
coconut fiber powder into 3 types which are 50: 5: 45, 60: 5: 35, 70: 5: 25 and using hot extrusion
process. In order to get the plastic sheet as needed according to the ASTM standard physical and
mechanical properties, it is found that the ratio 70: 5: 25 is the most suitable for both physical and
mechanical properties consisting of 1) low hygroscopicity with 1.67% 2) density of 0.87 grams/cubic
centimeter 3) swelling by thickness of only 1.99% 4) high strength according to modulus of fracture
at 24.49 MPa and 5 ) Tensile strength 23.86 kgf/cmz, respectively. Therefore, it can be used as an
alternative to wood as a substitute for decoration. But there are still disadvantages in terms of beauty
and hardness that is not very high. In which the application must be considered to be suitable for
the type of work used and if you want a better qualification, you will have to research and develop

this for getting better material.

Keywords : Coconut Fiber Powder, Polypropylene, Wood Replacing Material
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Abstract : This paper deals with the studies of damage behaviours and damage mechanics in ductile
metals in recent research areas, including appropriate specimens and suitable experiment systems for
the damage mechanics studying. The ductile metals are commonly used in structural components,
automobile industries and aerospace industries. Hence, these materials experience some stress-states
from external factors in various forms. Therefore, understanding of the material behaviour under the
occured stress-state is very important for designing, particularly for the damage behaviours. This study
presents following conclusions: 1) the ductile damage depends mainly on a stress triaxiality and a
Lode-parameter 2) the frequently used damage approaches for research in the ductile damage are GLD
damage model and CDM damage model and 3) the biaxial specimens under the biaxial test system

with the DIC-strain-measurement is suitable for studying in a very small damage region.

Keywords : Damage mechanic, Ductile metal, Stress triaxiality, Lode parameter, Biaxial test
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wazansaieusasdissninituiivesinuay

491 dl v U o 1
NUNAUINATIRONTU
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D=— (1)

Fauandiifudsanmanudemeluing suiuans
Tunnil 3 D whiuaud vanedsinglsifandeme
way D whiunils vanefeiagdemeesnsduids B
Fullildludajoidesanningaziiansuaniin
AountAIRInNg1d

~ [+ ,"""—-—-._._‘_‘_A

D

A 3 Wunvesresing Ay lussuiu A angldussuun

amn f

aruéu o fietuluiagfedimdnsevinusuun
anfiannsevirotang £ uaziiuiiniin A Vedaud
fupuduazgnanveuadosnmudseiiog
Tusngdsanunsaldmuifuussansue 0* uns

LARYANAINATINIURLNTT



INNAUNITAINUEUNUS FaNa1I@1U15095U"8
Anueseanintuneluinglalvailagly

*

o o
€ =—

E _ (1-D)E ()

waglasulugdataveulssansug

E*=({1-D)E @)

3.2 Araggveuiareu (Gurson’s damage
model)

lmanudenievesniviueriuwuniy
ﬁﬂﬁugmﬁﬁwlﬂﬁwquaﬂﬁmmmL?lamaiui’mq
Tavzwilen Jasionn Gurson [10] Tdiuuanudn
AINAIUNUITINAUNUIINITATINVRID UL A
(Von Mieses yield criterion) MIALALLT NS
(Hardening) wazngni1sivadivemnguinaiadn
(Plastic flow rules) Fahanademeluingdimn
NATUTWAVUATNYBIIAG saillamadana i
auufguAeingazliatunsagnivdals (Incom-
pressibility) AnuLAulglasawm@n (Hydrostatic
stress) azilnafan151818%09719%9d 091 1AN
futusiAntuluRarsanlunusinisasnuesing
wurtu st Gurson [10] Ifuugthsunssvasosin
wuuse JeildiAnnasinisasinfiuandiseen
LU mnvinsiiansaedwudusunns dv (Volume
element) aUsznavlusoUiunstosing dv,
(Void volume) aglasuaiungu (Porosity)

_dyy

f== (5)
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TnganuisauAsananlllasuiginueinisasin
aafarauneladeaitansinaulasldainanvueg
WU DIANULAUNATIG l1 (First invariant of stress

[

tensor) A9

11
¥ = (%92 + 2f cosh (——1) _1-f2=0 (6
oy 2 oy
10y g, ADAULAUIDULEE (Von Mieses stress)
FaduilanturesarnsnaNuAUID e UUN AR
AUNS

0. =+/3)2 (7)

Oy AaAUAuAIIN (Yield stress) YoAUAINING
Wzl = Ty = trT = T - 1 3nzdiuldognsdnau
Fraunisit (6) Wlshnmsmusuvewesinawaznis
Wnludvesosinsunlglunisiansanlunasinig
ATINAINAT

3.3 muayme GTN (Gurson-Tvergaard-
Needleman damage model)

Needleman wag Tvergaard [11] 1luinanis
deomednguaafageunvihnisiawsiely laanis
Wutadeiifeadaetunisarusugesinaasnng
Aelvalvesesing Faldsuinasinisasn sl

Y= (Z—;)Z + 2f*q, cosh (%;—;) —1-(f*q)%=0 (8
Fatifuus d1 aunsovnsssyldannsiesei
wSIUNNTY15ENINNWBIINN BNTNAVBINITAIUTIM
sernatesiazgnesuesee /- Taefngavande
anuasnsalunssuusailenungu £ gedienn
nganazilunailiilinn1smuTingesing Aings
aldeumyuingn fe Tumsunuandana1n uenain

tudfanunsafmunanunguuandin fr Samnets
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anunguiiletngiianisuaniin dddlunsinsen
Msdemeiiintu

Need{eman ey Tvergaard [11] Igldnsiiy
anuwgu [ lums@nwfiemasazunlimeanny
wyufiAntu Fadumasuannisfivenumnguneld
N15U818%09719 (Void growth porosity increment)
uaznaiiAamsuaINYesdlval (Void nucleation
porostiy increment) Tnerndoadurilduans
Usngnisaifenaniiatussninainnisidenie

Tudng

4. ngefAluLdenienielasnsnavas
AMULAUEINLNULAZ AT AN

IR (Barsoum wazAndg [4], Danas
war Ponte Castaneda [7], Bao Way Wiezbicki
[12], Gao wag Kim [13] ag Zhang uasAnly [14])
wueandemeluingduriduiusiuaaniog
aranduiiAatulutag dWevhldnsfanuauéy
meluingaudfnaaudau 3alasinistenuen
AULAUENLAY (Stress triaxiality) melganmadi
YoanuwesALIAY I; uazAnsiiaudu sy

Ji (Invariant of stress deviator) lng

—_h
=375, 9)

uazAlnan (Lode-parameter) @adumililunis
PYIUNANIIVDIANULAUNLANTUYILAINAN BT

v

q' 1 ! z.:l' 1 Y v A
wWagusUvestesiniiegngluingdadl

20,-0,-03 ,
W=——"—"""@awnu 01 =0, =03 (10)
01—03

Tngaziiviwesmsening —e <N < < uag —1 <
w < 1 Fsluaunisuaninginssunudenisved

[ o

TogaisurAfanatuldluniseSureinasinag
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Bevne (Damage criterion) Wiieadsauidenles
iwdwmﬁqaammmmLﬁuﬁl,ﬁmsﬁuiui'mq
4.1 dnswavesmIAuaILnazAIlan

4.1.1 BYTNAVDIANUAUAILLNY

wnAuAslunnslAaedlunisesune
anmzanuAuiiAnneluingiinegvenuiund
Needleman waz Tvergaard [11] ¥N1591899015
NAADULAULALILAZAUNUIAMULALENLAUL T
Yadefidemasonadnsueanisnaaeu Brinis wasmny
[15] wisnalnmsidemevesingeenifuddiuny
ppnuduasunuiAstuluagfaiuandunind 4
Wonnuduanaunuiiiigannazyilsimudeme
LAN9INNITVE18TD9379 (Void growth) wian1sLin
Y9319l (Void nucleation) kagagtinnsausix
Fosine ilonnamgugadiaiings Fadudiuiiaunis
LAZLNETIANULEDMNEVDI GTN ESOLERIANILYI9
Hxosaroudnausiugh Snisdaiinsnaaeuannine
AdsTulugreruiuaLnugIng s (Driemeier
uaza) [16] Weanuduauunuiidntgudas
Y AREN1IEANUEIEINNITVENETRIINAE
nMstinses¥1dou (Shear crack) MtimnauLdy
amunuiliningudasilfiAaanaundemenin
sop¥douriniy dsazldanunsainasiaude
Mevas GTN w1esueld wasududesihanudu
aunnuuazatvanlUltlunisiansulazimsei
AMUEBETIANTY Bao uag Wiezbicki [12] ¥nns
AsI9EeUALLAYANLAUTILAnTululans il
Al2024-T351 LagyiINI5IATIERAMUTUN UGV
auduauLnuAntuluusnafiAnnsuansn
wazaderemeldaueioavaniug Tnewy
T eanufuaunnudimsininm Cut-off azvili
fmglakAnnsusniinuagnaidevne fabnslesed
waAnasnaLuzien Cut-off 137 -1/3 denns
Aesgnananlilaidyninavesalranunlglunig



Micro-shear

No damage —cracks

4
//f

///

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

Micro-shear
-cracks
and voids

e

<Y

UL

awi 4 nalnenudemeiinTunigldnnnuAuauunuguiuusieg 30 Branig wazamg [15]

W15 1A8 Brinig wagamy [17] NN1snadeuass
Lmue‘i’}qmmaaa%ammLﬁuamuﬂwﬂuauqﬂﬁuaz
wuzien Cut-off aeldartuvesalnandsuans
Tdturnen Cut-off e Bumasiiumdumiiduiug
furvaniiintuluiag

4.1.2 dndwaveAlnan

AsAnwIdNSwavesalrann1elamn
AUAUAINRNUANY Fanandliifiudoavasd
AenanInenginssuaudsmeldegiadaaugn
o5uely Danas wag Ponte [7] laglonsiasizn
LW9AIUIMNIY Second order homogenization

Lode parameter L
-1 -0.87 0.5 0 05 0.87 1

Normalized Principal Stress Components

Lode angle 8

model dmsunisuanvinvesingaavgunanannniy
(Porous elasto—plastic solids) A1eleAuLAUEN
LnusneY Fanuienuivieavesingasduiusiv
AduaunuLayAtraaiiinty Tasailnan
ddrsnaiumnntudonuduauunuimauts
fnau FansstunisdnuingAnssadenaluuiunm
FILNULDIIN (Void unit cell) ¥o9 Briinig lazanie
[15] veitimAsesnaldtamdeulunsdemed
aonndosiungAnssuteulelyinlavasiiuniivuin
dnmeludng wagnanfenissyydmnsaneesi
dudeulunademefignienuiulu Brunig uas

Lode parameter L
4087 05 0 05 o8 ]

Normalized Principal Stress Components T

Lode angle #

a v o . . . P 'z | P P W &
A 5 AnAUrENNIRsEIU (Normalized principal stress) Faduilaiduvasalnanniglifininuduaiuwnuintiueug

(F18) WaTAINULAUEIUWLNULYINAUNLS (171) 910 Danas way Ponte [7]
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Az [18] Amsumesfildlutoulunisdenme
YNATIVABUAUYNADILAL AU UGINIUATT
NAABUAIY19@BILNUNETAANULALEDILAUYB S
Bruinig Wazandy [19] lnesnegenisnageusinaile
Sunsuugtndmsuldlunisnsiageuluinaninude
Wy FeanunsaUsusasmnuduiinssyneseng
nsnaaeuliiieruauanzANIAUAILNULAE
Alnaniingy

Aruduiusszriannudundniiintulutag
uazelvaniiintugnosusestednauimunsinly
Al 5 wazanunsananlsindiemlnanwindunds
JzmnyBIPIAUAnT U T AL As UL LYY
fganeldmnuiAuuinassAiuazauAuaUnis
A1 Fufteuldtunsmegeulagldussalunnuiien
dmsudreganuuwiie wnAanlugudnine
auuAnTuidn v umudulussuunse
Jutamanuduszuiudadaimnudundnmils
Awidugud wagmnanlvanwiiuaunilazving
fensiinaudusgauuaslutuinnudaiio
AUAUUINUATALET AL UAUABIA wAZITIEY
lanun1snadauRs

uaﬂmﬂﬂ’ju Driemeier Wazans [16] lansiaaau
ANBNATINVRIANWAUAINLNUAT A IanFDTRg

A o

Mhnisnagey MITelidegterqiliieudansy
sunsdliimarnaziegrausadoudnuasifoily
T Brunie wazmnz [18] lnevnsvaaauiiesiads
Fsemsaneldrnumunvesiiegisiiunaniy
LAZNUIN AUALENLLALLAL AN TaRIBNTNanD
WORANTIUMIUANTINLATANUWLEIVRINg TIlUR
15138989 Barsoum wavAme [4] FWhnsnagou
Frog1esauefififomsad FanuindnSnavesa
11anadANULANAIAINANNLT LN TILAT SN

a @ . [
NITNNANNLTY (Hardening) 9899519

4.2 AINFIMIEYFUNY-1aaUABI-A8] (GLD
damage model)
4.2.1 WUIAIUAR
WUIANAAAIIULAEUIBYDY Gurson
[10] way Needleman uay Tvergaard [11] gni
uimulngldaunismsnsn (8) uaunsiugu
108 Gologanu waganiy [20] laldlumaingUsuns
funu (Representative volume element, RVE)
Tudnuuegnsinszuen JsUsznaulufedosinegad
anwuzAAIENIINaY (Spheroidal void) Wazlum3n
yasingiidenseuludnuazaoulilnoad (Confocal)
Fafiferununnd 6 Tun1sAnwingnssuadng

A 6 Tuina RVE vesnnuidemen uny-aaudes-ie] (GLD model) JUNTI90¢3104uUnss3uum Prolate (§18) uaguuy

71999561 Oblate (v731) [21]
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BevneiAstululavemiion wetunanuRednan
lpiBnSnavessunsvosing nMsvenetesing ns
weegUnssdosing wazdoulvlunismusi
9997191191915047 Gologanu wagmuy [20] 1A
RVE Usznaudnduaneinvesingiilifvesitaile
RDUUIANUAALUAITIAANITAIVTINYB YIS
Imamim?{augﬂmmiaLLﬂaaaﬂlﬁLﬁu‘ffmﬁauLﬁ@
N15AIU59 (Pre—coalescence) LagseningnN1sAIU
91 (Coalescence) Fanouinn1snusin Snqaz
L‘Uﬁaugiﬂué’ﬂwmzwmaaﬂashaaaj"n,a:ua wazlonin
ANSAIUTIYBIIN M3V RVE zinnisudeuas
liAnnsasusy WukalviAansiwdsusuiany
U3tand RVE ity

4.2.2 1nauein13asin (Yield criterion)

Heun1sasinanAILEee GLD dienw
et
RS %(T’ + xThX)? + 2q(g + 1)(g + f) cosh <K?>

y y
-@+D*=q*(@+f)=0 (11)

Toeil T  iWumusmesanududeauy S Wuwisi-
Wo33UNIYDIINe (Void shape parameter) Ty, \Uu
anuulalasamanimly Faliteusadl

Th = az(Tll + T33) + (1 - az)TZZ (12)

bbe e

2 1 1
X=§e2®e2—§e1®e1—§e3®e3 (13)

35l e; \Jugruitegluuigiuuiain (Orthogonal
space) lngUNUYBIYDIINAIENTINAUIZRY UM
YUY e, kardl @ Fenannvednuges
idlofinnsananaun1si (1) agwuinfauds
C, X g,k waz ay anduilsidurosninuniuuas
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SUNSIRTRINs Bamnsmines q axdueiiduiug
fuanunguELi Mafiueuudsenanueien
¥osing JUNTIWeRIINe UazANIALABILAUTIAR
Fu femesiuusiindruagngnisivasdmiy
\nNain15ASIN GLD aglulenansved Gologanu uag
Aty [20] uaw Gologanu wazansy [21] Fafldnvas
aunsfiemuazdudonislithinnanisluumeniuil

4.2.3 aause

N9iN15AIN GLD tlunmsanuUasuu
mmﬁ@ﬁugmﬁuaq Gurson [10] way Needleman
wag Tvergaard [11] Fevzdemieduusifionnvziin
anudemeliegneldinaeinisanndainanlalag
lidesinsleufeulwieinasinisdomediudy
nsldaunisiiesaunisiedlun1seiulengfinssy
mMawasugUresingvilfAneuhelunsthaums
aanaluldlunsiaszilnludiedmud

n1sthaunisasnanluAuaaziuseu
WisuAunan1snageunansliiiuisdadnnnnngg
(Pardoen wa Hutchinson) [22] aidufiuives
nsinannISATIN GLD Tuimudeluaidesieg
(Gologanu wagay [21], Gologanu LazAndy [23],
Gao Wazay [24], Gao tazAtly [25] way Kerala-
varma wag Benzerga [26])

Anutlenlunisiinaeinigasin GLD U
LﬂuﬁugwﬂumsﬁwmLﬂmsﬁmimmﬁm%’ﬂaw
witleangu wandliliuinaunisaananiausafinay
waziluuseynaldladneisainnisusulienuves
fuusvFauiadusudsdluwity

4.3 mrndggnrgnauftus (Continuum

damage model, COM)

4.3.1 WUIAUAR

WUIALANTUNITNAIUINAAIAAT AL
\Hen18909 Brinig wazAuy [18] &gaaejuuﬁugm
nsiasanaudemelvegluslveanuwesay
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\de118 (Damage tensor) (Briinig hazAue [6] uay
Bonora wazaeug [27]) lag Brinig uagay [18] T
Fouuztirin COM nelfluniAdefiniuanidedin
dlethunldfuanneanuduaiuunulugaeiifians
wazanduau seilanswaresnuduaLnuLaz
Alvansenisiudsusuuazanuideveazaulaiy
AsARUNTUUATEE9Y pgenTeedne (121, [4],
[7], [16] wag [15])

nqufAnudenie COM dmsulansiniied
HeuAmnuAuLaEANNASEARNTUABURTLI N YT
NNIATINNANFANUUUASNLNDS-IWILNDS (Drucker—
Prager yield criterion) slésuidoulunmsideme
Fduilaiduvesrnuuauwny 1 wazaiivan @
fatimseenuuuitoulumademedenalideyaiiu
FIUIINFAIDYWNITNAADULUULRDUKALAIDENINTS
NAADUR N UFEI TN T0aS9ANUAUATIRNY
Tugrendle nsesursanudemelunounul
JzuUInAsEALAZNSiAIAT e LT uEIY
gangu drunanadniardiunisidems

4.3.2 Geulun1sidenie (Damage condi-

tion)

Toglumrsuiiudazinnisde ey

Y4 =al +BJJ; —64a =0 (19

ned a wag S Junsiueesninudens 0 g Ao
AALSUNIsEeve (Damage threshold) d9as
Wiulaanaunisaenaieg19edalanin natusnues
dumseeransEnuiintuilasaneudulslnsa
Lmaﬂﬁtﬁﬂ%ﬂui’mqLLazwaﬁﬁaaﬂﬁamamwuﬁLﬁmﬁu
Pnanududosuy %ammamzqmwwmuma%ﬁ”’q
godlaannsfinwmiunisauiandlnludioduug
Mnfegrnsnadeulansivilen Wil Brinig was
Az [15] loAnuaiwstuees a waz S g
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1t °

Tl ingBailvesiteegnnnaiauazuugiifing
nanlmduilandurosnauauaiuuny 1 wazen
lvian W Al
1
0 y T 3 < n < 0
_ 3
a(m) =44
g, n >0

Lba1 e
B, w) = Po(n,w=0)+ B,(w) =0 (16)
19g

Bo(m) = {

153}
B (@) =—=0.017w3 — 0.065w? — 0.078w (18)

—0.45n + 0.85, —
—1.28n + 0.857,

<n<0
n >0

[SSR T

(17)

Ferrfanauandliiudanisuuaaas@un1 sy
mmLé’ummmuﬁﬁmﬁmﬂumq6]

4.3.3 nsiiupuesendene (Damage
strain rate)

deduiinanudsnietuniuiieuls
nsidemedndusasrinnisnsiaaauiiemialunng
WA s efiAnTude Tnowumednisifia
ALASEALEENEANNNANISIEEME (Damage rule)

(%
=1

Adeunny [18] A4

Hie = g (a%1 +AN-8M) ()
Tnedan [ @uaanansfiiduuindadumiuans
D49NIINTVLI8YITNEMTUANLAUAILUN UGS
wazfumfiuanstensifinanueiondomedindu
ANALALENLUNLIN WAL NVBIEUNTWARIT BN Ha
yesmaifinmuiaienlslnsinfnuarassmatlgare
JuanGanansdninavesrnueseaideauuionis
dinanueseanisidemes N waz M (Huilsddu



ﬂuaqmuwa%mmLﬁuu‘jmLuu‘i,ué’ugfmmml,?wma
(Damage configuration) MHIADS (a, ,3_, S)
sufumiiduiusiuanuduauunuLazavanly
F299199) @unsT (19) Aefiansandedninavesnis
venerpeitluanvaglelelnlauasnisiinsessnn
Tudnwazsoulolslnda nsld HEC unupnuesen
\Dudnydnualiltlumstommuwesnsiasusy
A1 Brinig lazAmg [18] AN IULADIURIENATS
7l (19) gnuugtluenansves Brinig uazAny [15]
faiivnsnuned a fgniswluaiudems COM

lail#feanAedesiuiioglusudens GLD

4.3.4 9AUse

miﬂmsmmfmLﬁauwsﬁLﬁm%quimq
irunsuftul i uisnsiidesiinisienuuasuus
Fugruvesmeudtuieanidudiuniieg Failides
TU1UNULDTAMUAULALNUY DS ANULATEA LU
sunuuihlusfienududougs Metlagnuindouls
msdemeluaunisd (14) Huaunsiihewazanunse
faulaegredaulunnasnal n1suansdndna
YBIANULAUFIULAULAEANAAAIINITUULADS
anansiisaniendunsndnidsenisidaunisids
SPRSa U UAIIEeTY GLD LieeSuie
sUNTILaEN15U8T 09I 19Ad e TInaNTiam
Fugou
b
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Uan9ntiy Anudevneg COM fanansa
ildlgTlun1simsigianudenigvedanylu
grepuduannnuiinllaudernduauls de
Usglggunoan1snsiaaaual Cut—off ¥89AIIULAY
ansunuiintulumgneldelnaslag 1§ aelusu
Fonanedu (5], (19, [28] wow [29] ) Tqausasd
Tunsihauidenie COM ve4 Brinig wavaeg [18]
Wi sgadamwes (a, £, a, B, 8 meld
NSVARBULNUR IS D@L TaH UL T84
Brunig wazAmz [17] @u15avinn1snagausiiegis
doaunuvannsaadisnuduanuunuiitanduau
galdneldanuderns COM Fafanmuduaunny
Useunad -0.66

5. S2UUNTNAFIULAZAIDE1NNITNAGDY
5.1 fawgNnTnnaey
#reg1anrsmaaouidutadondsildlunig

fvuselesislunmadeuLaranIEANLIALTLAR

Juluvinadngn nsmusuasdemeliignann

sgmelutinalavinamieinltnmsiiesdnvue

FisdelmAnenudugdluuinau violdnsats

wseUaludagenisvegeu (Yin wazane) [30]

438

AN 7 M9 RNTNAADUTTIUNITATIIEDUATITIILABSANY dmsulangwmieinuuniy a) wag b) feg1s Dog bone

) AIDY19USILRBU d) F9g19@adLnNU Arcan e) Aaa819aaLnY X02 kay f) Aapg19daqwny H
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Driemeier WagAng [16] YINNISNAADUFIDE
LSIANUNULALT AI0E19LURDULALFAI0E 19dB LAY
Arcan (Arcan WazAe) [31] mufinanslunind 7
Fanansliiiiuindernisiuasusaivesseasily
D81 TIFNLNUALILANARDAINULASLALANAN
Y89IAg VIONUIEAINTY AIULAUAUUNULAY
Alnanluingaesieasundasmuiluseudiu
Winsnadeusenafausagldsegedoauny
Aoy uanunsaadiaussmunusnuldiiiesnsias
wilunuwirtuiiesanliiaiomaaeuunuiien

BrUinig kaAmz [28] YINN1SNAE0URIDYINEDY
W Arcan siawas (A mdl 7 d) Aussuunedeudes
wnu suanisneaeuuansliiiuifegnsnmsvagey
Arcan @gnsagsnsmnuauadLnunelansagau
aoaunulalua9sening —0.4 uag 0.85 lngAInuiAu
ANLLNUELUSHUAL S RSIA U B IS WD UL
NIEYIADFIDENNITNAADU

AITNAFDUVDY Gerke wazAay [5], [29] way
Briinig LazAny [32] \Hunsneaeuiinandiinnis
THN15NAdpUABILAUEINITOFS 19IAULAUAILLAU
TugsiindelalaonisiUasusasidiuroausias
sUT1MsVIAENYBIEIBE 19N TNATEY TaA
ANULAUELLNULAZATAATUYI96199) F2EIIT0
thlufigatiAmnsunnesvesteulvaudemels

5.2 inSesdledmsunisnaaey

weadlefldlunismeaeuussunuiienduades
feniduniinuasnsuiulnesill mmeaeuuny
e ([41, [16], [25] wae [33]) U150 lumiag1awuy
LYILALFI08 19 ILNULAEIIN AN WU UE U LA
Wioanvazlifetsdosnudsaunsoadisenuiu
¥ neluunuiensindy wueafunismageuees
Driemeier kagae [16]

SEUUVRdOUABINUTIaINTas ST EUTed
anudulnAntunelusiegiansageUa Ny
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Ifaznsgiilagliiaiomaasuansunuiieunulag
syuunshuanlaiy Branig wazaug [28] lauansls
Wusyuusinaausalinanisneaeuiiianig
wiudldlnglfinTomaaauanunuiu LFM - BIAX
20 kN 91nUS®9 Walter and Bai Useineginiwasuaun
(il 8) FeUszneulufensTusnusIETUTIaS s
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ANANARY : MYTININ NTTUIUNTNINUUULIAT BRTINITNIUNEN VyUIEUAZNDY

Abstract : The main purposes of this research are to study the potential of biogas production using
sweet corn agricultural wastes from the food processing industry and to investigate the mixing duration
time and recirculation rate of the sludge that affects the dry fermentation process. The experiment
was set to produce the gases via dry batch anaerobic digestion which was carried out in pilot scale
(1,000 L) under ambient temperature condition and fixing of the initial total solid (TS) at 25% (w/v).
Hydraulic retention time was 30 days and the experiments were divided into two groups with the
recirculating rate of every 6 and 12 h, 10 mins each time, from 6.00 am to 6.00 pm. The results of this
study showed the effects of using the mixing duration and recirculating rate at every 6 and 12 h had
a daily average biogas production at 283.34 and 240.63 L/day, the cumulative biogas content of the
system were 9,060.86 and 7,688.11 L. The highest proportions of methane were 58.4% and 59.6%.
The average methane productions potential were 0.688 and 0.564 L CH4/g VS added. In addition,
when comparing the efficiency of COD, TS and VS removal, it was found that the mixing rate of every
6 h gave higher value than the mixing rate of every 12 h, which were 77.08%, 61.26% and 62.56%,
respectively. Therefore, the biogas production systems via dry fermentation process with the doubled
recirculating rate were able to increase the gas production 15.15%. The results of this research can
be used in establishing a biogas system with dry fermentation process for industrial plants that have

large amounts of agricultural waste.

Keywords : Biogas, Dry Fermentation, Mixing, Recirculating Rate
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nunsnslaulwazlaiioassula azlgisn1svinane
Aamnen1sinludanay F9nszUIun1TAINET9190D
TiAntgmisieodanasulaluszeazenl nauTem
FLUIANNIENAIUINITANTAVDILFYAINA1IN ¢
a [ [ [}
ﬂ’]iL‘UaEJ‘IJL‘IJUW@NWU‘V]@LLVIUELUEULL‘U‘U?JEN‘W@N’W
AETFININ FIFDARADINUIUITEVDY Sopee and

Natthanicha (2017) [7] l@vinns@nwinisu@ning
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FanmanTanudeisdinanusiufuyadng
(1837 Yagnsuavyauny) dadu windu 11 (w/w)
frenszurunsudnuiefidnistouansdunisuuy
ﬂ%ﬂqLﬁmLLawﬁ’mszmumiU%’UamwLﬁaqéfusuaﬁa@
widefidlnanudae NaOH Aemdudy 2%
(w/v) uszeziog 48 h vin1sgaumgliaauau 35+2
°C ARy 74+3% wazAvoaudsramunEuduwiniy
25% (W/v) NASANINUIINISTHANAGFININAN
navinauvestanumdeiisinlnamiusauiuya
ungiadnaninlunisuaninedinu (Biomethane
potential, BMP) mmﬁqﬂwhﬁ’u 68.2% AMULUTU
YoIRINU 1I1AU 46.0% WagANININYDINITHER
fnafiuwiniy 5.05 L CH,/gVs o

Meggyes and Nagy (2012) [8] lavinnis@nen
TdingAvanyagnswauiunind1iving nnwalsl
wagnIAIlng wiin 43-50 days WUINNINVBINY
wilasnag SnasoUSinadinudiintuunnsstuie
yagnanaunntIialativmg 52.0%-59.0% lnalaus
fuiinaunind1lne 1aTny 52.29%-59.5% wue
nnwald 50% ATy 62.5%-74.9% WagHaNnIn
Hald 25% latinuasan 66.8%-77.1%

Meixia, et al. (2014) [9] l@vinn1s@nwIAIL
Wuldldlunisndntiedinimanndadnnlnadmsu
n1swanineding laglddeaufnsaiuuu Bionic Ag
FauFnsaiflevinisdtassnisgesaansnuudnd
Aedes Tngldusinamesadnlng Wiy 100 ¢
iamﬁ’uﬁuﬁ?}laﬁ;ﬁuw%éﬂ%mm Wiy 1,000 mL 910
NSANINUTT Seuvaunsandnfingdanmlagegn
2655 mL/g VS _ . uazkdninuilig 63.3% vos
Usmafngdanmiindale

Libin, et al. (2015) [10] lavinnsAnwngagaan
Fumnzaulunisniunay etosiuldliannsres
Husuvostatnlng Faszuvrinsimuassevnan
N1SNIUNNT 2, 6 Uag 10 h ynNIsnIuNaNnaenTsey



Va1 24 h legszuunaninedinimanianusznm
voudslufissuunisniunaunielussuvazyinle
9RIINTHANNYTINTNANAININGY 81.87%-87.90%
MNNTANEINUIAsTIZnAINMINIURANYNY 2 h
annsnannsnefvestudeininaldunniian Snis
nMsdefanangldvhnsfinvinavessyesnandily
Tunsmunaunelussuuiimangausonssuiunis
wanfieinmlusseznainng 2, 4, 8, 12 uag 24
h 7l OLR wirffu 1.44, 1.78 waz 2.11 ¢ COD/L-day
AIUEIAU 1ANISANEINUIT OLR AU 1.78 ¢
COD/L-day fiszgnainisnaunauyng 2 h 1
Usmnaudnenwlumsndnfnedinimanndiga wiriu
563+54 ml/g VS _ . Tagdnanmlunisudning
FInmveIsEETIaINISNIURANFIna1ad Tl AT
TndiAsfuszeznansnunanyne 4 uay 8 h ivn
fin OLR eeheilifeddny Snvedmuingimnrins
munausniuIduasyhlissansnmlunisuds
Aredanmansias
é’qﬁ?umﬂmiﬁﬂmmu%%’ﬂﬁLﬁm%’aamaﬁ%’a
Jeauladnuinisifanvdeiisdnlnanauain
gnamMNITULUIFUTIINAMIUYBIUTENFINE 1)
wndungusiegng dmsuldlunszuiunisudning
FrnwsenszurunsunuuULR Weduuuanig
slumiLLﬁlsu{]fgmmiﬁﬁmi’a@m%aﬁ”ﬂmqmimwm
ag9gNItuazivinzay saudsdlulandUgymives
15997U0AAINNTTUA Y ﬁﬁ’;’a@mﬁaﬁwmmi
wneasiludiuaunnn wagyililasunuuluniswan
AnadanlussuundnlSernianuunis suazdu
wudlunsuidamiledsnndevegneddusely

NIANTIVINTLTIT LU TRENTEIATBUNA
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2. IQUsLAIAVINUTY
2.1 WleAnwdnunmnsuaniedanmaintan
widofsdnlnaudenssuumandnuuuus
2.2 \ilefnumaresszoznaINIINILHANLAE
vusupgnaufidamasenssuiunsuanfinsTanim
Mnfaquideiedmlnavudaenssuiumsvinuuy
Wi

3. AUNAFIUNNTIVY
Fafnsaifdszuunisniunanegneviafiaeg
yiliqaunidannsadudatuansdunidldifiuann
Funnnidsufnsaifilaifssuunanunay aesses
LAINIINIUADILANUMUILAUABNTTUIUNITHER
AaTnmdng Fadmavihnismusausnniiuning

o

o [~ < | Y o a 6V
Indunazdanalaenssintidnennlun1suanine

o

FanmansasegsilitedAey

4. YAUWAYRNUTIY

4.1 YUINUDINIULATEIVRIA UL UUTEUY
wAnA1eTanmainTagvdefsd1ninanaudae
NSTUIUNITUINLUULIAY U9 1,000 L

1.2 fmghuiilie Yaqmdesisandnlnamnu
Uspunnds When wasdaiidafisngmamngsy
wsgutnlnevmuuimildudmindedn

4.3 msUSuanmds Waen uasiudndniisves
IrlnenuaglingsuIumskuy Pre-acidification
\Juszezian 72 h

4.4 Fudeqdunisillie nnagneutiidean
JEUUNARTYYININKUY Anaerobic filter (AF) 371
RRaMNTINRUTIUT R INAIUS IR UNINAENaULA
gNIIINTTUUNANN1BTINNLUY Modified cover
lagoon (MCL) vaswhiugnsuuianarslumiiu
Janinedlnl
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4.5 szuufimsmunauneluszuu 9ldrmue
é’m’]mimumamLLazmguﬁsJuﬁmﬂ6] 6 Way 12 h
WAREIOUALNIUNALLAEVYUIEUTOUSE 10 mins

4.6 nsgegaaneneligumgiianiizwinden

4.7 ASEUINNTURUATBUNSEULUUNY

4.8 sywzlialunisnnass 30 days

5. 35115ALHUUIY

dnSutuneureInsA NS TEa LY g
ponilu 2 @ fe @il 1 agauviililunszuauns
NAPANITININAIENTZUIUNSUTARUULRS dauil 2
Tanuazgunsal LazEuTl 3 Funounisnaaes lned
swwaziBosvaaudavaiusmelud

5.1 Sapuideiiedralnanau

faqudofisdalnanatu Ysznavlude
1 1Waen wazwdndniia Sedndumdeiefitinein
NILUIUNTHANTANNINAY 54:44:2 (w/w) Auanglu
Al 3 s?iai’a@mﬁaﬁqeﬁﬂﬂwwmmé’aﬂa’nLﬁmmﬂ
N3rUIUNTHUTFUIINAIILUSTINSzUad Inaneu
ihYagmdeiistrlnamudinadrdaszuunan
ANYTINTNAIBNTEUIUNITRINLUULAIIEADIVINNTS
VSuanmidesiusenssuiunisusuanmidanals
unavesTaguinuuneUssunn 5-10 mm a1nty
i Taaminilivdaannszuaunmsuuanmidana
lUinsguIunsUSUaNINLUY Pre-acidification
Ao NsUsuannliiaaniiniAnnssuiunimdnnse
Aeunsenisasuansensaadusiwan 1na nsa
prilunavnsalytiu WWusu Wnarelunsadunsd
gialuanalan Wy nsnesdfn (Acetic acid) nsn
Inslwledin (Propionic acid) nsmaassn (Valeric
acid) uaznsauanaa (Lactic acid) Tnensafitindu
ﬁu’wmﬁé’mﬁhumaaﬂmaz%angqqm [11] uazdinis
Aafeaniveulnoenlasiuluduneuiise wueiise
a39N3AHENTINTRIYPAULAES UaENUNIUFRAN TN
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wnaaulad dvsunisneasslunsidazldszezian
Tun1sUsuan WUy Pre-acidification Ussuned 72
h 11, 12]

() Fatlwanu () Wasndlnaninu (A) Wandna
F1nenY (1) newusuanmwuy Pre-acidification

(2) Aa9USURNIWLUU Pre-acidification

AN 3 TandentlnanI

52 Wadogaunzd

shidogaunsnidlunssuiunsudnfneianin
Fenszuaunavsinuisliidedunigainnn
ngnaugAuYEduLAsNTEUUNAR e TnInuUY
Anaerobic filter 9IUAUNNALNBULAFNTINTLUY
NARA1FINNLUY Modified cover lagoon 210
yhiuansuunenanslumeiiuidorinded fuans
Tun il 4 Tnsdadunaussrianmnagnouthidese
nNAgNBUYAANT Ag 1:2 (v/v) [4, 5] neuthianwiin
ndnfe Janudefisdnalnavaiudman & wWien



v
< v A

LAZLUAAAANIYITEUU 9EMDININISUSUFN NI

d’lj a a6 o d’lj a a |l a L3
Wodunsd lnunsuiihweyauvsdlddedaugnsal

1
IS a

rowduszoginan 7 days Lieliiigegaunidiin
nszuaNNsHARieTan AN sz UINNSRoN
Snsdafunisanmansenuseiidefiazdmane
UinufiedinmiiAatulunssuauniman e
TanmanTaawdefisininamudienszuaunis

PHNLTS [2, 3]

(n)

(M) MaggneuLdy  (¥) NMNATNDULAANS

AN 4 FUTeAUYSY

5.3 Januazvaunsal

1) faufnsal sguunani1wdin1ne e
NILUIUNITUINUUULAS

dmuTanuargunsalvasdsfnsaldmsu
szuusBafetinmantagmdedisinlnamiude
nszvaumIninuUuuK fauandluniwd 5 Uszneu
e 2 daumdn

dwdl 1 svvusdnfedinm dmiuszuy
wanfingiinwazldaeujnseidudwdnlnuesnana
(Fiberglass) $1uau 1 &1 Mnnasfvusenisynsou
munrmdounazarnadilias Tuiaduauiulaii
ansadesiulniadndld awnsasessuianmde
Aedrlnamnuldinngs 200 kg sruuiintsniues
meluszuuisasnsvuveseine fvinfu 60 rom
waymudsungnoumelussuuiisnsnislvanindy

NIANTIVINTLTIT LU TRENTEIATBUNA
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60 L/mins

dudl 2 sTuuufiaianin dususzuy
WNuMeTinmagldtafuiedinmeda High density
polyethylene (HDPE) wu1m 150 L 911U 2 69
ﬁﬁamauﬁa%wsjuqa WDILSI NUNUADNITNTELNN
numuseanmasdunsa-ag uazlidadhsieans
LAl

2) BANAITINIUVDITEUUNARNI9TINN
AIEATEUIUNITRINLUULIAY

TAgVaNNNSINIIUUDITTUURARABTINTN
AIENILUIUNTRINLUULITSE duann1sepudany
asunsgnelagnnignisminuuuliennia auin
1,000 L USunasvesiaguadnivinny 500 L anweug
YBINTTUIUNTULANUUUNE SE8LIalun1Tnass
30 days @95UNISBUAUIIUVDISTUUNARARTY
FIANAIYNTLUIUNSULNUUULTIALADIVINASLRY
Tapuiindngeszuu tneuvseanidu 2 diu fe Jaq
widofednlnamuuasiationdunis dadiu 1 ke
: 4 L [13] WhdmadnTagudnuaneiay 1 lagag
Fowinisusuan TS Budu Wiy 25% (W) [7, 8]
NTUYNTTATEUULEIINIS N IUNELILNELAY 5
LAENYUIEUATNOUNINELAY 6 UNfavianunzNou
MUNBLAY 4 VOITTUURANNIDTININ LagdnsIn1snIu
WAZVLUIEUILTIINIINIURENNNG 6 kAT 12 h LUy
Day time (06.00-18.00 u.) LAAZTAUNITNIULAY
nuRsungnaulrlisreziatseuar 10 mins oy
sepznafiiglunsniunauldviinissdananay
F4evod Libin, et al. (2015) [10] AilgvhmsAnwnsn
wnannelusyuunng 2, 4, 8, 12 uaz 24 h 3NS5
Anwmui dngnmlumssdnfetanimanniige feo
2 h 5898911 79 4, 8, 12 waw 24 h Muddu Fany
NEImsmuNaNTiuanaeiy 2 wh avlinandn
YaefuTInNALANA1aTY Fatua1nnisAnee

v @

pLLd qﬂa'wﬁﬂmLﬂuﬁasﬁdumiﬁﬂmma%aﬁwz bI81
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Biogas Sampling Porc
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MINIHANTISNTINSHANWANATY 2 ShTInIuNE
AB 1N 6 Wag 12 h lofnwAULANANIYDIHER Y
FanmilAntuanmsniunay dmsugaiudiieds
Tamdnvaneay 8 dmsun1TiasIenuseansaw
Y035z UUNARA1gTIA M TneAmsfinesfiviinng
AnszsiUsznaumieal pH, TS, VS, COD, VFA lag
ALK mudndiu Ssagyimsiiasevienmnsiinesvn
3 days [7, 10] Mntuileszuuiifedanminiu
Anadinnag lnar uealaesn 19 nmNeLaY
7 wfaanuinedininouin 250 L §auiu 2 69
wnelan 9 Adussduiieendy Tneusunafnednim
fuintuazldndnnsunuiidaed ednwiauna
wsesumunaglussuuldindy Tnsvsdunald

®
1

mﬂmmqwaqﬁqLﬁuﬁw%amwﬁﬁuqﬁu Fausasy
melussuuimssuniliadeuiiansllandums
Fiu [14] nduthenugefiasuudaddusesiafi
AragannlduamUinafieiinmiiniy
gosszuvluniazu antudledoanisiasiy
aafUsTnoUTeseT I nazyhnseSedlnszi
D9AUTENDUVBIMUTINNLUU Gas analyzer portable
§9%e Geotech 3u Biogas 5000 snseiSsqaiuine
Frnwmneiae 10 Wiedinszesrussnauvesing
I aamﬁ?uﬁa??uqmnssmummﬁmﬁ”w%amw
dlefesnstrfaguiinesnainszuundninatanm
annsmhiaguidneentsd ushansesnvesiagmiin
NULEY 2

Inlet Port

©

Biogas Sampling Port

® ® |

Biogas Storage Tank

(1) Inlet port
(7) Gas outlet

(2) Outlet port

Motor @
Spray Spray
Effluent Sampling Port
I 7
| )]
/ £N
Qutlet Port
I
| 0
Mixer
O, ] ® o
Reactor Tank B Centrifugal Pump
(3) Motor (4) Spray (5) Mixer (6) Pump

(8) Effluent sampling port (9) Biogas storage tank (10) Biogas sampling port

AN 5 URUAINUARISN YL VRN TIVDITEUUNEAMITININAIENTEUIUNM TN UULAS
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3) FupeunMARDs

F1SUNIINAABIYBITEUUNANAYTININ
FIBNTEUIUNTIIALUUWIAT AW 1,000 L USunes
yasTanusiuiniu 500 L e TS Budu iy 25%
(W/V) anuaen15UauaNTOUNSILUUNY SE8ELIa1
AsNAaRY 30 days Win1skUsn1snaassesnidu
2 Geulvnismeass aeldnisAnwinaressnsinig
mumamLLazmuﬁaumﬂauﬁdamas{amzmunﬁ
HANNIYTININAILNTEUIUNTULAUUULRAS LA
INIAINUATATINITNIURAE MY UILUILINNY 6
waz 12 h uu Day time (06.00-18.00 1) Wsiag
seUMuHALLazUBUAENaUsOUAE 10 mins 243
FupeuvesnszuIuMAaRIsolUl

1. \iufngaviildlunszuauniandn
fadanm Fauszneulusneg 2 dw fe dudl 1 Tan
wideisandmlnamu Ussneuludae 49 wWien
LasdndnfiaannnssurunsHanludndiy 54:44:2
(w/w) wazdruil 2 FadeqAunid Ysenouludae
2 %lln Ao MNRENEULLEIINTEUURARANT TN
WUU Anaerobic filter $3UAUNNAYNBUYARNTIN
STUUNARN19TININULUU Modified cover lagoon
nsuansvInnatudagIy 1:2 (vv)

2. msusuaniwiideqdunigaae
nsgvrumsthideqdunidumanietnnliay
annsruaunnouiTiagmaefistnlnamiudigs
s3uU lagarldsyagnantunisusuaninyseane 7
days

3. YnsUsuaninTanuderisinilun
WU $mnn 99 1Waen wazwEadafieinlnamny
FunszuIuNIslenanisniasduniaundoslile
19 5-10 mm dielidfumstesaaeresiunis
¥euldfty anntuasiinisuSuanimuuy Pre-
acidification nmeldszuunuuUadusseziian 72 h
iieanduneuveInszuIunssinnsanelusE UL
NAMNNYYINTNAIINTEUIUATTUA NI

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

0. Mndudiotngiuseg lidinawden
AUNS NI UNITUIDINTLUIUASHAAT 191NN
AIUNTTUIUNITRINWIAAD THNge 1When Lag
wdndalnemnudaiailgviinisusuaninudad
spuv TnedadiuvesTanmdefistrilnamiuderh
L%Jaaéum%'é WU 1 kg : 4 L waran TS Budu wiiu
25% (w/v)

5. 9nduldinnisUnssuunaniie
Fanm iewIsunisandunisudnfiedinin @
NSYUIUNTNAADIRE TS UL A VDILAALNITNAABY
30 days lngszuusananidusyuunmstouanssunse
wuuASafien (Batch fermentation) Ingszuuasiing
NsNINKANwaEnyuRsURznaunglusEuLNTg 6
waz 12 h uu Day time (06.00-18.00 u.) koagIou
NISNIUNANKAETYUIBUAZNDY T0UaE 10 mins

6. Wioszuuiinisnanmadinmdu Aa
MNIINNSRANTUIMIUSUIUBIN T INNILTINNTS
wuhasudmanainlelivhudaiuing Tnedand
fnenedndes Lﬁ@lﬁmmmﬁaQjﬂﬁﬂiuﬁmﬁuﬁ”waaﬂ
Thvun

7. wudadlugufufetanmeuuen
TngliogfiszAusneda (0 cm) ATrdUNTSATUNES

Y
[

NSWALIngAU wardd We-Un Iregluduwmialni

9

Undmna)
8. AayANIINAADY TuuTailauds

=4

Faluauandewniwmasniiviu aligamginely

'3 [

sunsalegludanivngauiunsinauvesiie

€

a6

AUNIY ENVSUNTLUIUNISHARNALTININ

2D D

9. mstuiinUSinasiedinwiintu
Tuﬁsw%mmmé{qmmlﬁmﬂmiaﬂﬁaqﬁwumfﬁ
Wuiedann Ima%ﬁizﬁwaﬁﬂLﬁuﬁ”wﬁqwmﬁu
AUUAAZANEEII BN UYTIN W MnthAy
gefildnndrsdafuieludhdaunisiuan e
USinasvesinaianmitiniusotu
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10. WaynnsInUsUInsSMETIN NS
YUVBITTUUBHUSDELAILTVINNTInBIRUSENDUYDY
& a v A o e a
fadinn lngliasesinfine@inin Gas analyzer
portable Tun19itAT1zRBIAUTENOUTDINTINN

@ % 1 d' ) Y3 1

11.15.AUAB819 tiiaulfeg19ly
MNTIATIERMAINITITN DN 1ALUDITEUUKER
2% a % a d‘ o a 6V =l v
Mg lagingaunazilundninetinindes
NTIRTIeReIAUsEnauYesingAuneuENAUNTS
PUVDITEUU TIATNISILADSA G IUNTIATIEN
Usgnaulumie A1 pH, COD, TS, VS, VFA lag ALK &9
AMSmaseInaMnazidufUIuaniaUsyaNS AW
Tun1svinauvesseuuNaningdInw [1, 5]

ANnSUITNISIATIENAINISITLMBST N
ANARUDINTTUIUNINAAAITTININAIINTZUIUNIT
NINWUULTITINTNIURANLA N T LI UAE N Y
AUlUSEUUILYINNTAATIEITIAIDE19AE 3 ATI LAY
PIANRAYINNKNANITIATILATILTITNTIATIEN
AawandlumIs19n 1

a aa a 6 1 a cal o o
1371991 1 28N1TIATIENATNITIURNDINAIALYVBS
a eV a ¥ U
FTUUNERNIGYININAIUNTEUIUNITUUN
v
bbUULLUN
AuaUUR g faogns  adwd WBAhnaen
pH! ‘?awﬁﬂ 1 day APHA 4500
CoD oL Taqmiin 3 days APHA 5220
TS me/g Taqwiin 3 days APHA 2540
VS me/g Taqwiin 3 days APHA 2540
ALK mg CaCOs/L Taqwiin 3 days APHA 2310
VFA mg CH,COOH/L  Taaudin 3 days APHA 2310
Temperature? °C JEUU 1 day Thermometer
Biogas volume L AT 1 day Water
Replacement
Biogas % fe@inmn 1 day Biogas
composition® Analyzer

wuewe : 89 Eutech U pH 510 (£0.01)
2@vie Elitech Ju BT-3 (+1°C)
38va Geotech U Biogas 5000 (+0.5%)

96
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a o = a o

6. NAN1IIYLLAZDAUII1YNANITIVY

6.1 AUONYAIZYDIAITHINUIUNTZUIUNITHAS
19725790

1) Tanwdenstilnanin
dusuanuazvoaTanuienat1ilng
PIMUNBUNITUSUANINLUU Pre-acidification
Usenaulumie F991lnanulanyauenIanIgnIn
oA ' < &
dndesgau ude MNUTUE YIWIMANET 10-15 cm
WasntnnarmnulasndanwaenanIen T nalen
FOUIUTUTN UTT AUTUFY TWINAIINETY 10-15
cm WALIAAFATNATN WA UTIS N YUZNINIEATN
Awmdeady ooully ANUTUEY ANETT 1-2 cm
LAYMAINNNINISUSURANLUY Pre-acidification
Usznaulumie Fe971lnauianyauenianignIwn
= & 1 [ dy & % &
ddesgeu uls aAnuaugs wWisntlnavuaden
TANWUENNIEAMETLI9UALDUTY LT ALY
a9 uazinAniistlnavnulanvasnnanienn
dmdoudy soulll ANNTUEY lAgvuIAvRLTan
= Qy 1% = o

WANITNMINAMIUIETVUR 5-10 mm Fanandbu

o I

i 3 FamdamsuSuanmidanassiifanmaeia
FINAMIUTININ 9 1WEDN waslAAFANaUINEL
AUlUAREIY 54:44:2 (W/W) hALaNYULNIWATINLS
o a 6 1 a L4 v 1
MnaTeiamdees Uszneuludmea pH,
Moisture Content, TS, VS wag C/N Ratio #nua1au
AaanIlumAISI99 2
::l' 1 1 U =)

91NAN5199 2 wudien pH Tudaguie

99 INAINURI NAANAINBUNTLUIUNTUSUAN N

¥

AIUNTEUIUNITIUY Pre-acidification 91nA1 pH
WU 6.75+0.32 1JuA1 pH WA 3.76+0.12 &
1 A ¥ 3 A =

A1 pH M1ABUYILTUNTA LWBINNINANStUABULUAY
a1staluanangluvesianuienatnalnaninuli
& o = 5 a v
Juhmaluanadien wazainimaliianaiiedli

3 a a6 I3 A qv g & v

nangLdunsndunidvuaian ieldiuansnaulu

ASLUIUNSHANNIYTININDNNITINUIN ANV T



auvsdngudlissamslunssuiunsadninedinm
ANIIUIUAY

M19197 2 AENYYYRLIanMRD At lNArIY

AMENUR g Usu

ABUUSUANNAILATEUIUNITWU Pre-acidification 72 h

pH - 6.75+0.32
Moisture Content % 69.09+5.85
TS me/g 309.05+5.85
VS me/g 260.76+6.73
VS/TS Ratio - 0.84+0.01
C/N Ratio - 32.64
Cellulose % 30.16
Hemicellulose % 40.08
Lignin % 5.56

$AaUSUANINAIYATEUIUNITWUY Pre-acidification 72 h

pH - 3.76+0.12
Moisture Content % 69.11+£12.29
TS me/g 308.91+12.29
VS me/g 269.42+8.69
VS/TS Ratio - 0.87+0.02
C/N Ratio - 32.55
Cellulose % 24.52
Hemicellulose % 32.63
Lignin % 4.08

NIANTIVINTLTIT LU TRENTEIATBUNA
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a1 laednsidiu VS/TS dAwindy 0.84+0.01
wag 0.87+0.02 MIUAIAU WUINAT VS/TS Ratio
fananlusanamimngausennihunduingiu
farulunszuruniswdefedanin Tagan VS/TS
Ratio AIvRgluYIe 0.69-0.95 lngaglvinanining
Fanmannilande 0.95 [15, 16] wagen C/N Ratio
AWINAY 32.64 kg 32.55 WUIARINA1IRElUYI
fmnzausonsianiduingiu dwsunszuauns
wAnfeTann Tas C/N Ratio vesingRudsdud
ANLNS0LINKRAR AT TINWAD Faus 835 [17, 18]
uATmNzauRanszUIuAINARRBTANazeEly
939 20-35 [9, 19]
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Wivleaaewuny villiiagmdeianinindaniiy
AeN Aunsdasngansidansemsluiiy wWwenis
WwigyAulnviiudeUsunaansemsiuiaminuin
49( a ] a =
Tu annsasydelavuziu Weauluguvenesluily
Tulasiau (NH3-N) [5] wazan TS nau wazuasusu
AN 1A WU 30.91% wag 30.89% ANUANGU
karA1 VS 1AT WNAU 26.08% way 26.94% mni

AnEUUR Mg TEHRT
pH - 7.72+0.18
Moisture % 90.23+£16.83
Content
COD me/L 98,258.17+21.73
TS me/L 97,682.54+16.83
VS mg/L 81,425.68+16.21
VS/TS Ratio - 0.73+0.64
VFA mg CH;COOH/L 1,042.17+11.73
ALK mg CaCO,/L 4,685.76+12.49
VFA/ALK Ratio mg CH;COOH/ mg CaCO, 0.25+£0.36
C/N Ratio - 9.13
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naudndthemaddy Sn1sanegneuuaslsifinduniy
\osannmzneuiildiinainnisvrdisnenvydae
lyihgulansonled (NaOH) voansunydevinli
nzneugduvissTlsdlindunliflssrasdnaundent
Fawandlunmd 4 wazdnwugniaaifldvianig
ApTzimmstiwes Ussnaulumem pH, Moisture
content, COD, TS, VS, VFA, ALK tlag C/N Ratio
AdIRU Fauandlunneei 3

NA15197 3 WUTen pH SRy 7.7240.18
wuihmdananilfireuirafuvageu iewnan
gnTdLNANTENINNINAYNBUYagNIAUNINAENDY
hidleuniu 2:1 Fegniautivesninazneuyagnaiin
PnMsvzaerenrymelgfudlansenlen (NaOH)
yosv5umy Tnsledenlensenlusiian pH Mdulua
wnisdawarinbirgeninunfiiesdnies dmsu
A pH Awanzauseqdunidlilunsmssdinuagld
lunsyuiunsuaning@inm Ae Adsiiaregludae
6.5-7.5 [3, 4] wazA1 Chemical oxygen demand
(COD) fiAVnAy 98.25+21.73 ¢/L WUIIAT FINET
faisvandadnenmlumstiiideqdunidundu
Welunaiuszuu Tasen COD Amnzausenianii
WANTLTINLAEIAAIANLANYUABNTAUYEY
SEUUNARRITTININASEATllRIngY 1,200 me/L
[1, 9] uaze1 VS/TS Ratio AU 0.73+0.64 WU
adanadusndmiuangausonisimnidu
Fdegaunislunsndnfiedanin lager VS/TS
Ratio vasnznaugaunsdluvendnuuulionnieay
fiAnoglutag 0.70-0.85 [16] Bnvisdsmuinilessuy
finsifias A1 VS/TS Ratio Tgetussuuannsandn
Aafnmlizatu uasgaurisfledluszuudians
Snwiatosnlussuulunsiiliegwsioiles wagen
VFA/ALK Ratio fifwiniu 0.25+0.36 wuineneenany
ogluthsimnzausenniunadnfedinim Ao
13iiAin 0.4 wansfamaalunisdvlinesas mndnsau
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Temperature (°C)

AanafiAngendt 0.8 uaneimasininesvesszuy
fifndun Tnesnsnstimledvessyuuiiieniey
n91 0.4 Agasainnszuvansasnw et sninly
3y Inglddndudeaduansiadilag [17] way
A" C/N Ratio fiAnwinfu 9.13 wuidn endanandieni
Aoudnad wiAdaeglutisiimzausenisian
duhdelunsiiuszuu Tnedhsnaiumiveuse
Tulaswuiianunsalinaninataninde saus 8-35
(18]

6.2 wan15inw1guuginigluss vunan 1y
I

dwfuarguugliinalagnsaneqdunida
anunsaderaateasdunid elminnszuiunis
wanf1edinm Faqdunidazyiaulddiigumgd
Useanal 35+2 °C avii elfmahauvesqiunis
nauiandunslldded deavhlianfedanm
Tutsannagsessnwaamginigludeufnsaily
agﬂuﬁzi'sqﬁmmzawiaﬂizmuﬂfmﬁmﬁ"w%amw [11,
12]
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i 6wt 2 Seulunsnaaosdild
NSANUASAIINIUKALLAZ Y UTEUAZNBUYIN Y
6 waz 12 h dagauvniinielundevesszuunaniig
Finmegludag 33.51-36.66 Uag 33.45-36.35°C
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1 Mesophilic rang agilgaumgiiussana 20-45°C
(8, 9]

6.3 HaNI3ANYIAIAIMTUNTA-719 (PH)

dmsuAanudunsn-ang (pH) v095vUUNaR
AT nimszansogdunisldlunisdisadin
wagldlunsrurunswanineiinupe Aivegluyle
6.5-7.5 [9] @4 GafnAn pH gevdasiniriagiil
UszAnSnmvesszuunanfineTanmandas (4] Tag
A1 pH Timnzaudeqdunidnaninedinuunian
dmduldlunmsissiinuasudninegiing Ao A9
Tue95891319 6.8-7.2 [14, 18]
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a7 wudi 2 Jedlunmaaesiild
INSAMUASRIINIURANLAL Y UIEUAZNBUYIN
6 uay 12 h lagan pH vesssuuaglutig 6.82-7.22
WaE 6.67-7.29 MIUAINU %qaglmmﬁmmzamia
AuVESandivuanunsamsinegliuasiansay
fanisdoaanenuuliennia [12, 19] Iaegluiui
1-3 yen1vaaeset 2 Woululld pH flana
ot Sudesunintanwdefisinlnamu
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FHUNTZUILNITUSUEN MUY Pre-acidification
[20] IAasuasuvsluanalvglinaneidunse
Suvdssmedouunan Wowasuluduansaadiu
Tunsguiunswaninedinin [21]

6.4 KaNISANWIANFIUYDIAINTA YUY
(VFA) mamanInma1atiun e (ALK)

dusudnaiunsalusiuseimeie (VFA) podnn
Anatdunig (ALK) @nimanadunsatazaing
Juaradumsfwesidfyuindenisvaunes
wuaiidelunszuiumsminuuulsennia edesende
wuaiBeaeananiaususuetreiios Tnound
USunaunsalviuszivedieavedlugveinsnaydin
(CH,COOH) masiirnaglugae 50-500 mg/L [3] 1N
Usunvesnsaludiussivedrsluguvesnsnesdan
1A111N71 2,000 mg/L [4, 5] azyilnuse@nsnin
YDITLUUNANAITTIAINERAS duaA1AnUdufng
lsimseiindn 1,000 me/L Tuguvesiuyu (Caco,)
[11] wedostulaliafesnieluszuuiaanmas
dudunsrerauuafiselusyuu (12, 14]
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AW 8 A1 VFA/ALK Ratio

nawdt 8 nudwie 2 deulunisvaaesdild
NIITUABATINIUHANKAE ML UL UATNBUNNT
6 WAy 12 h $ws1du VFAVALK agludisiimnzas
AOATEUIUNISNARN19TINN A laitiu 0.4 [11, 20]
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Tnedlen VFA/ALK Ratio @8y Wiy 0.33 uaw 0.35
mudeu Tneluiudl 0-6 veansvaasInui1 VFA/
ALK ratio Sailiu 0.4 uarindn 0.8 Fersanan
dsmansenulaensaoa pH dnansafiszanadldosis
sE18nee Farnsalusiussmeds (VFA) uazan
anmandudng (ALK) feadewintu 1,843.45
wag 1,948.99 me/L way 5,682.42 wag 5,470.56
me/L muadsu Inerndenanaasii 2 Foulvegly
FTnzaNonszUIUNISHARETIA ™ Tnunsa
duvsdssimedreazgnadunsdnesludanlazenluly
TunsguruMsSHanMedININ a8 iUSUe VFA 8
awaznsTvsIa VFA fieldiiu 4,000 me/L [4,
20] wansliduissruuliinensasanvensndunsd
sumedhevillifnalusudsnmsinnurequiunis
91N Acetogenic bacteria Way Methanogenic
bacteria [11, 12]

6.5 Uszansninlunismianar COD, TS uag VS

F1n5UN1TIATIERUSEENDANVDITEUUKER
Agd1n1ndrulug asfiansaannnisnidnai
Chemical oxygen demand (COD), Total solid (TS)
wa Volatile solid (vS) Fududmsfinesfiddey
YBITEUUNANNLTININ InwA1 COD WangtemIy
Foan1sUSnaoendlauewndefiaunsoeendlad
asounidima Tufemsuaulneenlusuazih
[2, 4] A TS uansdaUsInaedsionun daduans
ﬁLwﬁaagiuﬂwsuuzwé’aaﬂﬂizLwaﬁfﬁaaﬂmﬂi’awﬁﬂ
udnhlusuukdugeuiigumadl 105°C [5, 71 avus
vendsdnwmrlunisinureadeqdunisiileglu
sguuIdUsEansamlunisgesaatevseanusuie
voudulunsgurunisuidnuuuliennia wazal VS
wansfevoandeszimels Woth TS lunilgamgd
550 °C yilimstuiaUSinauansduvidiegluian
wiin [7, 11]
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Removal Efficiency (%)

100

90 [ Every 6 hours [ Every 12 hours
7 77.08
80 4 70.83
70 S 61.26 56.56 62.56 58.36
60 =
50
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20
10
0

coD TS Vs

AN 9 UseAnSawlunismanan COD, TS way VS

9 md 9 wugvi 2 Feulvnismaass
fldinsimundasniunauuas iy ulsunzney
nn9 6 h duszansnmlunisinda COD, TS wag VS
1ANYINAU 77.08%, 61.26% Way 62.56% MINAIAU
waEyne 12 h TAwvinfiu 70.83%, 56.56% uag
58.36% ANANU INNANITNAFBUNUINDATINIU
HANLAEyUREUagnaunnT 6 h aelilssdnsnn
Tun1sidaAl COD, TS way VS mua1fu taanii
SRIINIUNANUAEYUIBUAZNBUNNY 12 h Wiy
8.11%, 7.67% Uz 6.71% mudsu nmedanuin
syuvinsnmunauniglussuvamnsaandeyninig
Aadunzneuastld Fennsniunauvinlianssunsd
wazgaunIdvsenuaiseludaufnsalnauiuagig
idadudsddyifianuddaduegisnn [17]
Tnsnelufsfnsaliinsniunausgwifisenany
RAuVSSviTouuaiSeaansaduiaiuansdusd
unTunazshiay vhlisyans amwessuulunns
A19mAN COD, TS wag VS Lﬁmgasﬁuﬁa 60% [19, 22]

6.6 KaNSANYIVSUIAITDIIT TN LA T

AraTann mnedeinefifinannszuIunIg
govanuarsdunid lneliadunidnguilisiosnns
pondaulumaiaufasewilmAnnguinedune
WANTSEauaany Imamjmﬁwﬁﬁsmﬂ AedanIn [11,
12]
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AR 10 USHnauiedna niineduseiu

MnAA 10 Wit 2 Seulvnnsmeaedild
INSAMUASRIINIURANLAE VI UIEUAZNBUYIN
6 uay 12 h S etnmifintuse fuade
Windu 283.34 wag 240.63 L/day mua1au lagiu
flSnufeTinmgeanie Yufl 2 vesh 2 Heuly
ATNAADY ﬁ?iqﬁmqqﬁa 1,910.73 waw 1,669.94 L/day
TneUSinaiatinmeesi 2 Beulunisvaassas

Lﬂﬁ%uuﬁﬂ%?jﬂiusﬁﬁﬂ 1-7 day W3nY9nN1TNaasy
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ffunszuraumsmdnuuun: Feiinsiiuansernns
Wrssuuiissndaden (7, 9] Lﬁ@ﬁ;éw%‘ﬂﬁwmi
govamsegenaLiiosasdialiuSunaase s
Tuszuvanas e liusasiednmiings
¥anas [5, 7] SnedamuinssuuRanfsTnman
FanUszianuaauds dloszuufidmsniunaunisly
szuuludnsiaudfianas 50% avdsmariilisns
miwémﬁw%’smwamﬁﬂaqmnﬁq 109%-20% [10, 12]
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A 11 USRI n I naL auianue

A 11 wudsia 2 Seulvnsmeaesiild
YINSAMUASAIINIURALLAL Y UIEUA BN
6 ez 12 h JUSUUMETINNELAUUDITZTUURA DA
szezlalun1Taaes 30 days JALYINAU 9,060.86
waz 7,688.11 L anudsu Taelurneudl 6 aetud
10 USinamesinsthnmiinduse fuvesseuunis
Munan9 6 h Igendimne 12 h iflessnaine
pH maqizuuﬁmﬁqmd’]LLazmmzawiamzmums
NARINYTININEIHaYIN IAUS IR I IN T NES dL
ﬁgwmiuszmﬁﬂﬂa'nqﬂmulﬂéha [7. 19] Snvaile
syuUldvhmsiusasInsmuRa sty 2 wih
¥i30 50% 1A 12 h (Junn 6 h aunsaufiudng
nsuantedInnlaunge 15.15%

6.7 dauvesiminuiAndusio sy

lngesAUsenauYeIn19dinInazusenay
TusrgRgiimu (CH,) Uszunas 50%-70% finw
Asvaulnoanlen (CO,) Uszund 30%-50%
drufmdardufiedug wu wouluie (NH,)
lelnsiaudalvls (H,5) wazleth (H,0) Vudu (14,
19] Imaﬁ”w%amwﬁﬁé’mﬁ’;mmﬁ”w:ﬁmuﬁqamm’jﬂ
50% annsagamalnlad wavanunsaunlld duunas
Wowds londnndenunnudou naandanuna
waznanndsaulndy Wudu [12, 20]
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Methane percentage (%)
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AW 12 dadruveeieiimuiinedusaiu

PN 12 wudni 2 Reulunisvaaesi
LAvin1sAIMUAgRIINITUNANRAE Y UIEUATN DY
NN 6 war 12 h ddadiuvesinviinuegluyis
17.9%-58.4% uay 16.8%-59.6% mUa1nU Lazdl
Fnaruraefnelmuedowintu 46.4% uay 44.0%
ANUAIRU maBRszEna 30 days Inelugaeiuil 12
Sefudl 30 dndruvesteiinufisnsinisniunas
WAEMLUREUATNBUNNY 6 h ﬁmﬁmﬂﬂ’jmm 12
h ilesnainAmnsdwes Wu pH, VFA/ALK ratio
LLﬁzUi%ﬁ‘W%ﬂ’]‘WUaﬁz‘UUﬁﬁﬂﬁuﬂﬂﬂ’jﬂLL@%@%JTLW&N‘I?II
WNEaLReNTEULNMINEAR R TV  lAYEEN
fiegmeluszuuaansaasudunisluidufedin
l9da18n3 9, 10] AU UURAR TN TISnT
MsuAnvesieiivuads Wity 1564.65 uay 134.92
L CHa/day SnvisdailUSunamesinalelasiaudalng
(H2S) mnﬁqm WU 783 wag 794 ppm Ala1AY
wazilUsunavesialalasiudalig wae wafu
122.06 4@z 126.69 ppm U Jesdusznay
YostaTanmiidnaiu suandlunisned ¢
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AnEUUR idg UTua
NURANLAZYLUAEUAZNBUYN 9 6 h
Methane (CH,) %(v/Vv) 17.9-58.4
Carbon dioxide (CO,) %(v/v) 24.6-45.3
Oxygen (O,) %(v/Vv) 0.0-5.5
Hydrogen sulphide (H,S) ppm 0-783
nMuNaNLasiyulguAgnawnn 9 12 h
Methane (CH,) %(v/Vv) 16.8-59.6
Carbon dioxide (CO,) %(v/Vv) 26.9-45.2
Oxygen (O,) %(v/V) 0.0-10.5
Hydrogen sulphide (H,S) ppm 0-794
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6.8 HANANVOAITHNUTIUNIY

dsuNananUeInwilnudIwIe Ao USuie
YDINYILNURDNTLDUFAUUDIANTOUN I TR DNULE
TnoluduneuiiazyihnsfisanUsinamewananes
Aafimusenhovodeszmeine osningaud
Ifvhnsudefetanmifurends fo Yaquideiis
F1INANIUY

MnAd 13 wudsi 2 Seulvnsneaesiild
INIMMUASAIINIURANLAL VY UIEUAZNBUYIN
6 way 12 h fidnennlunisudainefinuaeds whiy
0.688 uay 0.564 L CH /g VS_ . . uasdifingnim

8 10 12 14 16 18 20 22 24 26 28 30



lunsudnmedinugeganiniu 4.600 wag 3.851 L
CHa/g VS

1P8UNRAYDINANANUDIN1YILNU

added
FUNIFAAAIINNTEUIUNITHENTBTININIIN TR
WAABNAUIINANITUNNIUNTEUIUNNTUS VAN LU
Pre-acidification 9zeglutag 0.174-2.249 L CH /g
VS [21] LAgNANARUDIN 1BULNUT 1N IL

added . Ny

v [} a 6V a a a = 1

AMUADAARBINUUSUIUVDIRBTININALANT UMD
U [8, 11] AWEASIUNINT 10 WarEnEIUYDINDY
~ Y & ~ o ~
Ty leednduuadn1oimuy AakanslunIng 12
WaAYTINNANATUAD TULALAREIUTBIANY TN
JUSUUNaN a9 dINALABR IV IARANANUDIN 1D
Twudnwngidsuunanasanuldaie [7]

7. @5UNan151indY

AT lEvinsAnensEez AN IUNEY
LLazmuﬁaumzﬂauﬁdqmasiaﬂizmumswémﬁw
Fanmantanmieiiedrinamiudenszuaunis
nINWUULAS LagyinnisAnwinielianiignisees
ganuuulienniAuwia 1,000 L Usuaslease 500
L szuvilanwaenisUeudagmdnuuune (Batch
fermentation) YmgAuiilie Tanwdeiisuestilng
wnu Useneulddie 9 wWienuazwdadaialy
fndu 54:40:2 (ww) Tneliaideqdunidia nn
mmaumﬂaqmuaxmﬂmzﬂauﬁwLﬁaiuﬁﬂf%au 2:1 (V/V)
edmmaniagiu : Hateduvds wifu 1kg:a L
Tnsuvadeulnsmaassesnitu 2 Feuluneldsns
mumamazmuﬁﬂumﬂauwﬂ6] 6 uaz 12 h Ju
Sygvansevay 10 mins AaLeA1 06.00-18.00 w.
MnsAneluszauauluy (Pilot scale) angle
gaunglianimwindey tuszeziailunisveass
U 30 days INNISANWINUIT DRTINTUNEN
wagvudsungnounng 6 h JUTafedanmi
AatusioTuade Wiy 283.38 L/day USuafne
YINMNALAUVDITLTUU WINNU 9,060.86 L dnd7u
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yosfaiinuindegaaanindu 57.1% dneniwlunis
nAnA1emuLeieintu 0.688 L CHA/g VS e
Useansnmlunisnidm COD, TS way VS winfu
77.08%, 61.26% Wag 62.56% MUAIGU ST
NARA9TIANA N TEUIUNNTHSTIILUULIS 1l
sruuldvinafissnnisnounandisdudu 2 wh
ansaiudnsnmananfinaTaninldinnda 15.15%
warmsinagudoisinnlnammanduiagiumdn
Tunisudafiedanmansaunumiddunisdanis
Jmmestanudeimninainunsegignis s
faduuumdunsihaqmdefiadalnamiumn
wanLTundssmmaunu iileldansuyulunsndnves
TsssmgnaminssaildBnnianils

8. YalauDLUY

8.1 SYUUAISHAISAN®ITYELLIAINITNIUNEL
yudguRZNowNNT 0, 3, 6, 12 waz 24 h

8.2 SYUUAISIAISAN®ISYELLIAINITNIUNEL
wagnyudsunsnau Wuszezian 24 h

8.3 STUUAISANITANWILEATENINGTEUUAIS
NUNALLAYITUUNTIYUTBURSNDY

a

9. NARNSIUUSZNA

Va o Y

AR DIVBVBUNTEAMATHUTUNTVDIUTEN
Fuaiin arin G Smiadednl Aldlilonia
lun1svilangidesiuduaniulsznaunis sauds
yAaINTuRUNTEULTI TRt Ao LAY ST UURER e
Framiliduuzai maatfuayu smieenulud
sruukAamedinmeaenaulinueyATzieios
flo wargunsninneg Bniadsdosvavounszan
NUYANYUNITANYITEAUTUNNANYIIINTNGTY
WU W Ineaeuld “lasansuantagiamun
Ananndaudinnisnundsnunaunulunguyseme

anReU d@msudnfnuiseaulugnfnel” Usean
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10. UITIUIYNIA

(M

2

up? AneneA, walulagnisulasdaniwdoung,” auau
dudsumalulag (1m-njﬂu), 2553

P. Schulze, A. Seidel-Morgenstern, H. Lorenz, M. Leschinsky,
G. Unkelbach, “Advanced Process for Precipitation of
Lignin from Ethanol Organosolv Spent Liquors,” Bioresource
Technology, vol. 199, pp. 128-134, 2016.
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Abstract : This study aims to investigate the efficiency of the utilization of renewable energy, which
plays a significant role in developing energy assurance and preventing the blackout damage to
the Royal Thai Air Force (RTAF) flight simulator facility equivalent to that of the fighter F-22 of U.S.
demonstrates. The United State Air National Guard has already applied the research of microgrid and
Building Energy Management System (BEMS) to supply energy independently into its flight simulator
system. However, this research's dissimilar environments are energy demand, microgrid location, Global
Horizon Irradiation (GHI), and weather conditions, which affect the microgrid proficiency performs
differently. In addition, ensuring the efficiency of energy-enabled and safe, the key to success for energy
planning and management is the Efficiency Forecast of Demand Side Management (DSM) design for
isolating the main grid's preliminary problem and increasing the cyber security level of RTAF energy.
Consequently, the researcher selects the HOMER Pro® Microgrid Software, which is one of the global
commercial microgrid standards for energy modeling tools and other distributed energy projects to

simulate the DSM forecast to evaluate the microgrid design in Nanogrid level.

Keywords : Demand Side Management, Nanogrid, Smart Grid, Zero Net Energy
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1. Introduction

In the last decades, “Energy supplies are
never enough”, more and more stress is put
on the electricity supply and infrastructure by
increasing of energy demand. The evidence in
Thailand has shown that the electricity demand
trend has continued to increase during the last
10 years. More energy efficiency is believed to
be the key reason behind the slow growth of
electricity demand compared to the economic
growth rate [1]. In the same way, the Electricity
Generating Authority of Thailand (EGAT) has re-
ported the Gross Energy Generation and Purchase
(by Type of Fuel) [2] that outlook described the
purchased supply trend increased from 88,496.04
Million kWh/year in 2011 to 121,233.72 Million
kWh/year in 2016 and reduced to 94,957.46
Million kWh/year in 2017 due to the increase of
the EGAT’s Gross Energy Generation.

Consequently, from the fact above, the
Royal Thai Air Force (RTAF) has been aware of
instability of energy security. The challenge is
how maintain the RTAF operational readiness in
the Humanitarian Assistance and Disaster Relief
(HADR) mission when on-grid system is unable
to provide the electrical power resources. In
2016, the decision was made to initiate the
change of strategic energy management from the
old-fashioned “Build and Connect” to the
“Connect and Manage” concept [3] by
implementing smart grid technology. In addition,
reviewing the RTAF Energy Strategic Plan 2010-
2025 with attaching the supplement of smart grid
project [4], and launching the RTAF smart grid’s

NIANTIVINTLTIT LU TRENTEIATBUNA
CRMA Journal

academic to the RTAF Energy committee and
staff during the smart grid seminar on 20 June,
2018 [5]. The flight simulator building of wing
7 Surat Thani was selected for the smart ¢rid’s
demonstration site in Building Energy Manage-
ment System (BEMS) level. The problem of this
building was reported that its equipment was
damaged frequently, resulting from blackout and
brownout findings.

According to the studies of the demon-
strated sustainable microgrid power station and
BEMS Concept from the United State Air Force
F-22 flight simulator building at Joint Base Pearl
Harbor Hickam, Hawaii [6], the solution of the
energy problem is to provide on-site energy
sources, including fuel and solar power, making
up a majority of energy demand-side manage-
ment. So, microgrids allow power to be stored
and distributed directly to the end-user (Flight
Simulator), instead of going through a large
interconnected network of energy systems. In
turn, microgrids offer a more resilient energy
source, resistant to weather and external attacks,
both physical and cyber-related. From existed
solution, this research referred to the similar
microgrid concept by installing the additional
on-grid 43 kW Nanogrid (The Microgrid level is 50
kW and below) [7] and integrating with AMI, and
EMS control application. Before procuring the
system for installation, the researcher used The
HOMER Pro® Microgrid Software to evaluate the
efficient forecasting of Demand Side Management
(DSM) and the reliability of BEMS to ensure the

EMS meets the desired demand response criteria.
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The research methodologies of DSM
approach are applied from the cost-effective
trade-off based renewable power augmented
energy efficient load model for the DSM of the
manufacturing industries [8], and the design
technic of a Hybrid AC/DC Microgrid Using HOMER
Pro: Case Study on an Islanded Residential

Application [9]

2. Objectives

The objectives of the study are

2.1 Creating more redundant energy
reliability in order to secure the flight simulator
system as well as to the flight simulator from
the blackout/brownout damage with smart grid
technology,

2.2 Implementing the Nanogrid concept
into the BEMS network as The RTAF pilot project,
and

2.3 Developing the RTAF renewable
strategy and the RTAF cyber security policy to
interoperate with Network Centric Operations
(NCOs) Concept by the capability of real-time

monitoring.

3. Definitions

Demand Response (DR) [10] : The demand
response provides an opportunity for consumers
to play a significant role in the operation of the
electric grid by reducing or shifting their electricity
usage criteria. Demand response programs are
being used by some electrical system planners
and operators, as resource options for balancing

supply and demand.
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Demand Side Management (DSM) [11] :
The control or influence of end-users' energy
consumption, typically at times of peak demand
on the network.

Efficiency Forecast [12] : The forecast
analysis of the electrical produce effectiveness
of efficiency measures that are simulated yearly

performance by HOMER Pro® Microgrid Software.

4. Scopes

For a smart grid's successful introduction,
the developers will face a number of technical
challenges [13]. To improve better monitored
and managed ¢rid, a so-called “Smart grid”, we
need to consider five key technologies required
for the smart grid as follows: 1) Sensing and
measurement, 2) Integrating commmunications, 3)
Advance components, 4) Improve interfaces and
decision support, and 5) Advanced Control. In this
research, the researcher focuses on the Areas of
Sensing and Measurement, and Decision support
only. Because the demonstration site is located
inside the airport area (Airside), the developer
shall concern the additional design factor that
shall not affect the flight safety.

4.1 Location of Demonstration Site

The Flight Simulator Building at RTAF Wing
7 Air base [14] located on LAT-LONG N 09° 08.2’
99 08.2°E, Surat Thani province in the southern
territory of Thailand. The Global Horizon Irradiation
(GHI) [15] values approximately 1750-1800 kWh/
m? [16]. The limitation of the research is the lack
of the potential PV electricity production (PVOUT)

information due to no explicit reference [17].



4.2 Flight Safety Factor

The critical flight safety factor is the environ-
mental factor. For flight safety reasons, The FAA
recommended the Reflectivity of Photovoltaic
(PV) Retrofitted Panels [18] be one the most
critical factors to flight safety. According to
researchers at Sandia National Lab, when light
is reflected off from the surfaces, that risks are
glint and glare can cause pilots or air traffic
controllers the loss of vision, also known as
“Flash blindness” for a period of 4-12 seconds.
This occurs when 7-11 W/m? (or 650-1,100
Lumens/m?) reaches the eye [19]

4.3 PV directional installation technic

Based on 4.2, the installation of the Solar
PV Retrofitted is compulsory to offset from facing
south. The reason is to prevent the pilot glare
effect during takeoff and landing. According
to the environmental factor, the Surat Thani
airport has the runway alignment on axis 42.4°
and 222.4° which resembles the RTAF simulator
building’s alienment direction. Therefore, the
Solar 43 kW PV rooftop is tilted angle between
installed 10-18 degrees from horizon axis with
the maximum best angle to absorb the solar
irradiation and offsetting from south to west 42.4°

(no facing south directly).
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5. Methodology

The steps of methodology are as follows:

Firstly, the primary load by the Demand
Response Assessment and set prioritization are
defined because the nature of renewable energy
is unpredictable and inflexible. Therefore, the
40 kW microgrid is unable to support the whole
load of the building, it is necessary to prioritize
and manage the energy distribution.

Secondly, the microgrid infrastructure and
Demand Side Management (DSM) are defined.
This research is simulated to install the Solar PV
rooftop microgrid on the flight simulator building
because there is no space for installing solar
farms. Creating the microgrid infrastructure and
network with The HOMER Pro® Microgrid Soft-
ware.

Lastly, the required data is processed into
the software, followed by the execution of the
simulation of DSM efficiency forecasting, analysis
and evaluation.

5.1 The Demand Response (DR) Assessment
and Prioritization

The survey of DR identification is shown
as Table 1-Demand Response Assessment. The
Prioritize sets of DSM are DR#1 Flight Simulator
unit (16 kW), DR#2 Data Server (15 kW), and the

lower priority for the rest.
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Table 1 Demand Response Assessment

o Load Electrical back
Meter Monitoring c ption o
DR Priority W Transformer  Electric Power Solar Remarks
kVA Generator  UPS Cell
Brand Model (Actual W W W
Load)
1. Simulator Unit Schneider PM-800 16 DR#1 and DR#2 are
2. Simulator Building  schneider PM-800 connected with
2.1 Data Server 15 tslanded  micrognd
2.2 Office 40 120 stability
3.701 Office Schneider PM-800 34 800 500
4.702 Office Schneider PM-800 25
5.701 Maintenance Schneider PM-800 193 _
6. 702 Mamtenance ENTES MPR50 64 500 - -
5.2 Nanogrid Design B/U Active by Condition  pEMS#2 (3akw)
. . . . 40 kW .. DR#3
The design concept is the hybrid Nanogrid “‘u&“"‘ -
L]
that integrated with Solar 40 kW PV rooftop, 120 e 1 - 19 ‘ .
| —

KVA UPS battery backup, and 800 kW diesel gas
generators with the islanded mode capability
during office hour (8 am - 4 pm) as shown in
Figure 1. The Nanogrid algorithms are; a) when
on-grid condition and daytime, the tasks of 40 kW
PV rooftop supplies to the primary load DR no.1
(flight simulator unit) via 120 KVA UPS and the
primary load DR no.2 (Data Server). Besides, the
excessive load will automatically return into the
grid and feeding the electrical energy to the rest
of secondary DR, and b) when off-grid condition
and blackout/brownout condition, similar to the
previous algorithm except the 800 kW diesel
generators shall operate automatically when the
efficiency of PV rooftop is below 43% of total

performance.
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BEMS#1 (71kW)
DR#1 16kW  DR#2 15 kW

=

The Demand Side Management of the Nanogrid

BEMS#3 (25kw)
DR#4

Fig. 1

supports for the flight simulator system

5.3 The Simulation of DSM Efficiency Fore-
casting by The HOMER Pro® Microgrid Software
53.1 The HOMER Pro® Microgrid
Software Benefit
The HOMER Pro® Microgrid Soft-
ware [20] is the global standard for optimizing
microgrid design in all sectors, from village
power and island utilities for grid-connected
campuses and military bases. The core benefit

of the HOMER software is the simulation model,



which is able to simulate a viable system for all
possible combinations of the equipment that you
wish to consider, depending on how you set up
your problem.

The detailed design of HOMER Pro®
Microgrid Software is shown in Figure 2. The DC
input is 40 kW Solar PV Rooftop and is connected
via DC-to-AC inverter. The additional AC inputs
are the substation grid transmission line and the
800 kW diesel gas generator consecutively. The
load profiles are composed with the DR#1 16
kW Flight Simulator Schedule with office hours
from 8 am to 12 pm and 1 pm to 4 pm from

Monday to Friday, which consumes 83 kWh/day,
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and the DR#2 15 kW Data Server Schedule with
24/7 operation which consumes 360 kWh/day.
The backup 800 kW diesel gas generator shall
turn on automatically when there is a blackout
or a brownout or when the PV output value is
below 43%. The optimization algorithm of DR#1
and DR#2 options are

1) Off-Grid first,

2) If unable to maintain option 1, the
algorithm shall select the power from the grid,
and

3) If unable to maintain options 1 or 2, the
algorithm shall select the power from the 800

kW diesel generator.

Equipment to consider - : e Simulations: 8of 8 Py [
[BoBenois ] Cacubste | Sensitivities: 10f 1 s&?c«wmm
—> & s y Resuts  Opi Resuts |
oot agkm“ Double click on a system below for simulation results.
23 kW peak ﬂﬁﬂdﬂl PV |Labd|Comr Gnd I Intial | Operating | Total COE [ Ren.
W) | W) | W) | W) Capital Cost (S47) NPC (S/kWh)| Frac.
— 2| |—7] 19 B « 386 1000 S1050000 412005 S6316803 29% 028
Primary Load 2 PV £ 1000 $50000 496125 $6392145 3.0% 000
e AHE 40 200 38 1000 $1550000 403119 $6703216 3179 028
T pask 1L & 800 1000 $550000 487240 6778558 3283 0.00
Grid —» F
Converter
AC DC
BEM Algorithm & Firewall
Photovoltaic Negative Load (NL) from BEM#1 and BEM 2
J’Supply NL (+)
Load, Supply and S rp——s
Power Demand Load balancing Net metering ?t: m S e Traditional
Algorithm yoer Secunity Grid Feeder
Monitoring
PMU Status data
Demand PL(-) Wing 7 Grid
ert Fenix | Return Excessive
o | [ NL (+)
EMS for ZNE I T Over DR
Energy Assurance
Hybrid Mode

JointOPS UPS

Planning

Data Server

l

Simulator

Fig. 2 The schematic and algorithm of hybrid islanded microgrid stability from the HOMER@Microgrid software
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5.3.2 The conceptual of Demand Side
Management (DSM) Simulation

Firstly, managing the Demand Response
(DR) with optimization which matrix in the
Schematic of Hybrid Istanded Microgrid stability is
made from The HOMER Pro® Microgrid Software
is shown in Figure 2. The overall conceptual
algorithm is designed based on the input-
1], which
automated thinking likes the way the computer
thinks.

process—-output (IPO) model [2

Secondly, reminding the limitations of
DSM Simulation are suitable for a low voltage
microgrid design and small- scale power network

topology, and not complex. The modeled

systems and simulation run are limited with
the flexibility options of conventional power
Distribution Automation (DA) units.

Lastly, establishing the network
community of Building Energy Management Sys-
tem (BEMS) is shown in Figure 3. The Algorithm is
based on the peer-to-peer connecting that is one
design of major Distribution Automation System
Architectures [22]. The benefits of peer-to-peer
are, better decision making, more efficiency,
handling more event, and the ability to handle
a wider variety of events. On the other hand, the
disadvantage of peer-to-peer are its requirements
for some communication, higher costs, and higher

complexity level.

Supplied Side

A
3G/4G/LTE
Controller/
Appllcat\n

3G/ 4G/LTE
o

:@: | 10 kW Rooftop

ARES | (Existed)

Smart Meter (I-V.
Data Logger
BG/aGLLT}

e}

i@: 30kW Rooftop

M (New Installation)

Transmission  Wing 7
Line Su?ﬂation _
4 - g -
| 1.9, .
Energy Data 3G/4G/LTE

Diesel Gas
Generator Pivdii _@@
3G/46/L

Demand Response Side

DSM
Energy Meter (Demand Side Management)
UPS 200 kVA
(Load Consumption

QP B
: 16 kw)
— . —@ 701 Building (Load Consumption 34 kw)

Flight Simulator

4 Data Server
9 (Load Consumption15 kW)

Energy Meter

Exceed Power Return to Buﬁdmg
(Based Load). If efficiency is less than
40% and Black out -> The System will
automatic switch on the Gas
Generator

&

2" Floor Office (DR 40 kW)

——» Energy Flow
+—+ Two-way Communication’s info flow )

Fig. 3 The network topology of the active energy management system of flight simulator building
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Before installing the additional 30 kW PV
Rooftop, the existing 800 kW diesel generator has
just supplied the electrical power to the building
with no specific demand side management.
In fact, the 800 kW power production is over
supply when comparing to the total load of the
actual demand response is required only 387 kW.
The researcher redesigns the flow of electrical
transmission by initiating from the first priority
387 kW load of five operational buildings as
in Table 1. (1. The 71 kW of Flight Simulator
Building, 2. The 34 kW of 701 Building, 3. The
25 kW of 702 Building, 4. The 193 kW of 701
Maintenance Hangar, and 5. The 64 kW of 702
Maintenance Hangar). The rest of the 410 kW
negative load will be shared to the next lower
priority DRs in the vicinity, including the aircraft
revetment, the airfield terminal, the support and
service office, and the weather forecast office.

The DSM concept is set the 43% of PV
output value as the command signal to standby
the 800 kW backup diesel generator and
readiness for backup the electrical power into
the system with some gap of 30-second lag
time of fully diesel generator operation. The first
prioritized DR is DR#1 16 kW Flight Simulator Unit.
The maximum of Solar PV Rooftop is 40 kW, so
the 43% of 40 kW is 17.2 kW, the gap between PV
output below the DR#1 Load is 1.2 kW (17.2 kW
- 16 kW = 1.2 kW). Hence, the researcher set this
value as the alert trigger point to automatically
send the operational commmand signal to turn on

the 800 kW diesel generator automatically.
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5.3.3 Constraints

The limitations of the active energy
management system network are: 1) unability to
service for 24/7 due to no storage installation,
2) Low sun irradiation when it is raining, cloudy
or with low GHI (Global Horizontal Irradiation)
situation. The system switches automatically
from off-grid mode into an on-grid mode when
total of energy performance factor is below 48%
of the maximum efficiency of 40 kWh from PV
AC-DC Distributed Generation (DG) [23]; the value
is from simulator DR is required 16 kWh, that is
divided by 40 kWh PV outputs with 0.8 efficiencies,
and then multiplying with a 20% safety factor.
Furthermore, the additional design is implemented
with the fighter pilot’s decision making theory
named the “OODA loop” (Observe-Oriented-
Decision-Action) and the automatic redundant
of fly-by-wire [24] system in the modern fighter
aircraft. As its smart flight control computer shall
respond to monitor, manage, and reconfigure the
aircraft stability automatically whatever any worst
condition. From US Army War College (2012) [25],
The Cyber security is a very concerned issue.
It was found that 46 percent of the electricity
sector respondents noticed the hidden cyber

threats inside their computer systems.

6. Result and Discussion of Efficient
Forecast
6.1 Scenario Inputs
The logical algorithm of HOMER@Microgrid
software will output the efficient result of the

Demand Side Management (DSM) by identifying
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the best optimization with the least operational
cost. The critical combined scenarios are input
into DSM are: 1) Off-grid with the economic
factor in 2013, the DR of the southern region of
Thailand keeps rising on demand continuously.
The wide-scale power outage was happened in
2013 [26]. A massive power blackout damaged the
14 southern provinces’ cause of a transmission
failure by cutting off supplies from the central
region. The urgent healing cost of importing
the energy from Malaysia was a very high
rate-charged that was raised up to 12 Million
Thai Baht (Approximately 343,116 $) per 200
MW supply [27]. The average unplanned outage
cost of 825 industries in term of peak demand
and energy not supplied is 68.47 Baht/kWp and
308.41 Baht/kWh, while the average planned

outage cost is 16.23 Baht/kWp and 74.94 Baht/
kWh [28], 2) The Data Source of the scaled annual
average is 38.5 °C. The value is calculated from
the Statistics of temperature at meteorology
station, Surat Thani province from 12 years
records (2003-2015) [29] as in Table 2. The
monthly average temperature and the min/max
ambient temperature. The secondary statistic
data were referred to as the website accuweater.
com [30]. The sets of ambient temperature data
are used for calculating the power produced by
the PV array, and 3) Blackout/Brownout occurred,
and PVOUT is less than 48% of efficiency, then
the 800 kW diesel generators shall handover
automatically with the average of the diesel fuel

price is 1 US dollar per liter.

Table 2  The Statistics of temperature at meteorology station, Surat Thani province: 2003-2015

(12 years records)

2546 2547 2548 2549 2550

ltem " (2003) [ (2004) [ (2005) [ (2006) [ (2007)

2551 2552 2553 2554 2555 2556 2557 2558

" (2008) [ (2009) [ (2010) [ (2011) [ (2012) [ (2013) [ (2014) [ (2015)

Surat Thani Meteorology Station

Extreme maximum temperature 38.3 38.1 37.0 39.8 36.5 37.3 39.5 38.2 38.5
Extreme minimum temperature 18.3 19.0 18.4 19.5 19.0 20.2 19.0 15.5 18.3
Surat Thani Airport Meteorology Station
Extreme maximum temperature 371 375 38.2 36.3
Extreme minimum temperature 19.2 18.5 18.7 18.3
Ko Samui Meteorology Station
Extreme maximum temperature 36.0 35.8 354 355 35.3 34.8 35.8 36.3 35.3 36.7 36.2 36.8 36.6
Extreme minimum temperature 20.3 219 19.4 20.0 19.5 20.7 20.7 215 20.7 224 215 17.8 19.6
Phra Sang Meteorology Station
Extreme maximum temperature 38.0 38.0 38.6 37.0 36.8 36.8 37.0 38.3 36.0 36.5 38.6 39.3 39.0
Extreme minimum temperature 194 18.3 18.5 16.8 14.4 18.0 16.3 19.0 18.0 20.5 18.8 15.2 17.0

Source : Meteorological Department, Ministry of Information and Communication Technology
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6.2 Results of Simulation

According to simulation analysis at the
Surat Thani Airport, the monthly PVOUT reports of
the baseline data monthly averages and the
extraterrestrial horizontal radiation monthly
averages are shown in Table 3. In reference to
Table 3, the simulated solution has the significant
uncontrolled factor that will impact the systematic
reliability during November to October (The peak
period of the monsoon season). For the demand

side management (DSM) of flight simulator,
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the total of primary demand response is 31 kWh
(DR#1 16 KW + DR#2 15 kW = 31 kW = 77.5%
from maximum PVOUT 40 kW). The PVOUT
productions of baseline data monthly averages
from November to October are 0.71966 and
0.71518 (kW/m?2), which are lower than the mean
of baseline is 0.78375 (kW/m2). Based on this data
analysis, there is the possibility to turn on the
backup 800 kW diesel gas generators for assisting
the PV system when blackout or off-grid happens.

Table 3  The Efficiency forecast output from the optimize model simulation in 2018
Baseline data Monthly Averages (KW/m?) Extraterrestrial Horizontal Radzlatlon Monthly
Averages (kW/m?)
Month . . . . . .
Minimum Average Maximum Minimum Average Maximum
Daily low & Daily high Daily low & Daily high
Jan 0.20371 0.76168 1.11764 0.37489 1.21688 1.24928
Feb 0.23946 0.88106 1.11890 0.40200 1.28660 131972
Mar 0.25100 0.90959 1.13502 0.42770 1.34475 1.35776
Apr 0.23808 0.86600 1.08688 0.43761 1.34980 1.35789
May 0.21167 0.74103 1.08953 0.43194 1.31134 1.33335
Jun 0.20792 0.75446 1.07706 0.42490 128107 1.28996
Jul 0.20842 0.77481 1.10496 0.42657 1.29109 1.30755
Aug 0.20850 0.76598 1.12720 0.43255 1.32641 1.33988
Sep 0.20713 0.76562 1.15085 0.42868 1.33693 1.34164
Oct 0.20054 0.74997 1.06731 0.40763 129218 1.32287
Nov 0.18638 0.71966 1.14027 0.37963 1.22260 1.25462
Dec 0.18867 0.71518 1.00543 0.36469 1.18740 1.19486
Annual 0.21243 0.78375 1.15085 0.41158 1.28725 1.35789

Besides, as shown in Figure 4, the primary
demand response load profile (energy consump-
tion) in January is the most critical month. The DR
load profile is higher than that of other months

because the flight simulator schedules are in

operation more than other months to support
the pilots upgrade period (Full operating 8
hours per office day). The consequence is the
higher usage of two 120,000 BTU air conditioner

consumption for cooling the flight simulator
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system, which was related to the simulated
humidity and temperature factor. Conversely,
the reasons for the usage of load profiles from
February to December in 2018 are due to the
lower usage rate of the flight simulator based
on annual flying syllabus (Operating 4 to 6 hours

per office day). If a blackout or a brownout event

occurs in January 2018, the result of the DSM
efficient forecast said it is impossible to maintain
an islanded condition. Therefore, to maintain the
energy assurance and damage prevention for the
flisht simulator system, the algorithm is neces-
sary to turn on the backup mode of diesel gas

generator to support the DSM.

5 DView - a x
Hosly | Morktip| DMap  Pofle |POF | COF | DC | Vasetie ST -
Scated data Daily Profile
0n E- -] 20 ] H-]
JAN 4 FEB MAR APRL MAY
1.2 T ) " T 4 " 7 1 "w - 1" T
10 " " "0 °
(18] s L ] [} L} .
o
m J
a |, 0 ° .
-U e 12 18 2e (] 12 " ] 12 " 24 e 12 1 e 2 "w 24 "%
@ ol b F-) 20 0 s
™ JuL AUG SEP ocT NOV
LY I (Y - " " ¥ T ® " r
v |
10 10 1° + m 10 10 19
3 L3 & + l ] ] [ ]
[} [} [} - - ] [] ]
[} 12 13 24 L] 12 " 24 e 12 " 24 e 12 " 24 [} 2 " 24 L] 12 " 24
Howr

Fig. 4 The primary demand response load profile (Scaled Data Profile) in 2018

The assumption is the low average monthly
efficient forecast of output baseline (less than
0.80 kW/m2) in January and between May to
December, which is more related to the cloudy
condition and humidity and is less related to
monthly horizontal extraterrestrial radiation
directly even if that has high value. For example,
from June to September, the horizontal
extraterrestrial radiation has a high value but the
monthly efficient forecast of output baseline is
low due to cloudy conditions. Subsequently,

the solar microgrid produces lower energy and is
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unable to supply the primary load with islanded

mode.

7. Conclusion and Recommendation
The conclusion of the DSM-efficient forecast
study is to be able to partially concrete more
energy reliability to assure energy and protect
the flight simulator from the blackout/
brownout damage by installing the islanded
Nanogrid model, defining the load prioritization,
connecting DSM into BEMS network, and

executing software simulation, then analyze and



evaluate. This methodology is interoperated
along with the RTAF renewable strategy and
cyber security policy. The result of simulation,
finding the possibility of risk that makes the
islanded mode may be degraded from November
to January. The two main reasons are:

1) During monsoon season, the GHI received
low radiation that caused low of the PVOUT
Productivity as well. Because it was the un-
controllable factor by nature, the researcher
recommends installing more PV panels on nearby
buildings and/or installing energy storage in the
future to solve the problem.

2) Gradually, in January, the high load
profile consumed a lot of electrical energy
caused by the controllable and uncontrollable
factors. Firstly, the controllable factor is the high
rate of flight simulator scheduling. The researcher
recommends solving this trouble by rescheduling
some of the non-priority flisht simulator activities
are shifted after January. Secondly, the weather
condition was dry, low humidity and high
temperature, and a high consumption of 120,000
BTU air conditioners are the uncontrollable
factors. As a result of climate change, the climate
in Surat Thani in January is dry, low humidity,
and high temperature. The characteristic of Solar
Photovoltaic prefers the relative contribution
if the high solar irradiance (SI), low ambient
temperature (AT), and high relative humidity (RH)
[31].
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This study's recommendation can apply to
sustain the information in the company server
or the hospital business. The costs of data or
equipment are high-value assets than microgrid
and energy management investment. Even
though the researcher recommends the energy
assurance program, microgrid is unable to fully
maintain the islanded mode condition without
a diesel gas generator. Especially, the southern
area of Thailand has very low GHI radiation during
the rainy season. That affects the performance of
Solar PV energy production directly. For further
implementation, the researcher plans to study
the DSM algorithm when installing the Energy
Storage System (ESS), including the energy-con-
servative program for a sustainable organization.

However, this research does not cover all
dimensions of DSM conquerable. The recommen-
dation for the next researcher is to investigate
the other challenge of EMS approval, which are
Integrating communications, Advance components,

Improve interfaces, and Advanced Controlling.
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Abstract : This research aims to study the heat transfer within multi-layered wall by using a mathematical
model that has one - dimensional heat equation in a non-dimensional form. The heat transfer equation
was used to describe the heat transfer from outer surface to the inner surface of the wall by going
through each layer of the wall with made of different materials including cement, lishtweight concrete
and bricks. The equation was used to evaluate the temperature of different configurations of wall
comprising two layers, four layers and five layers of wall respectively. The results indicated that the
temperature of two layers of wall with the brick located inner side and lightweight concrete as an
outer side and the lightweight concrete located inner side and brick as an outer side, are significantly
equal. For the total heat transfer rate, in case of four layers and five layers of wall were calculated
by comparing the temperature profile at 5 minute 15 minute 30 minute 45 minute 1 hour 1.5 hour
2 hour 2.5 hour and 3 hour respectively. Also, the obtained results of this research from using
mathematical models could confirm that the thermal conductivity of the material made of the

cement has the highest thermal conductivity compared to another materials.

Keywords : Finite Difference Method, Multi-Layered Wall, Heat Transfer
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