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Implementation of Response
Surface to Optimum Biodiesel
Power Plant Derived From Empty
Fruit Bunch

This study examined product separation in biodiesel power plants to optimize the process.
Response suiface methodology (RSM) was used o identify the optimum parameters for the
process of separation, to maximize profitability while also reducing carbon dioxide emis-
sions. The mass and energy balance was dysessed nsing aseen prus software, while RSM
was carried out with pesicy-experr softvare. Development of the characteristic equation
determined that the model for paseline vield, power generation, and carbon dioxide emis-
sions way significant at the 95% confidence level. The R-squared value predicted by the
model was found to be 0.97=1.00, In an optimal plant, profit can rise by 3836 USD over
the year, while carbon dioxide emissions decline annually by 17.97 tons.
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1 Introduction

The Ministry of Energy (Thailand) has a vision to promote sus-
tainable technology and development to mitigate the impact of
climate change. The strategy aims to increase the share of clectricity
generation derived from a renewable resource by providing the
extra price of electricity. The government aims to generate 20%
of electricity from biomass, from the current level of only 9.1%
[1]. To study the feasibility of operating a power plant derived
from biomass, cmpty (tuit bunches (EFBs) arc selected as a case
study. According to a recent report, the residue of EFBs equated
to approximately 0.97 million tons in 2015 [2]. The EFBs typically
contain 30-60% of cellulose, 15-35% of hemicellulose, and 4-20%
of lignin on a dry weight basis [3]. These major components influ-
ence the heating value of the final fuel product, while lignin has a
positive and direct linear relationship with heating value [4].

Nevertheless, biomass power plants in Thailand mostly use the
dircet combustion process [5]. This kind of power system is not sui-
tuble since it produces higher particulate emissions [6]. Most miti-
galion tcchnologies purposely dealing with this emission of direct
combustion are still under development [7]. Therefore, to efficiently
produce clectricity, bio-oil production is required as a suitable
source of fuel fecdstock. One promising conversion process for gen-
eraling biofuel is fast pyrolysis [8]. Bio-oil is not, however, per-
ceived to be of good quality because it contains high levels of
sulfur and oxygen, resulting in lower heating value and a product
that cunnot be used in regular combustion engines [9,10]. Hence,
the hydrotreatment process has been developed to upgrade the
quality of bio-oil into biodiesel as a competitive biofuel for the
diesel generator,

However, when developing a biodiesel power plant, by review-
ing the relevant literature to fulfill the designated production
requirciments, lhere is only a single set of operating conditions.
To the extent that the performance of the system can be improved
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through analysis, the optimization technique can be utilized by
choosing several varables in a different set of conditions directly
relating to the study objective. Optimization can improve the
plant to obtain the best possible results [11]. Among the optimiza-
tion techniques, central composite design (CCD) and Box—~Behnken
are in widespread use since they have the benefil of oplimizing
many factors with a suitable number of experimental runs [12].

The CCD and Box—Behnken optimization techniques form a part
of response surface methodology (RSM). The RSM approach
involves a combination of mathematical and statistical methods,
serving to create an appropriate polynomial equation to fit the
factors in the experiment, and explains how these factors behave
within the case study context [13]. It is useful for applying to a
system influenced by several variables.

Therefore, this study focuses on the optimization of biodiescl
production from EFBs with the objectives of obtaining the
highest profit, lowest energy consumption, and lowest CQO; emis-
sions. aspen pLUS V.8.8 software is utilized to determine (he mass
and energy balance throughout the process. samLas R2018a sofi-
ware is utilized to develop the dicsel engine since none is built-in
tO ASPEN PLUS. DESIGN-EXPERT V.12,0,8 (trial) software is used 1o cal-
culate the optimization Ievel. As a result of the optimization

Table 1 Composition of EFB [14]

Elemental composition Air-dried basis {wt%)

Carbon 43.80
Hydrogen 6.20
Oxygen 42.64
Nitrogen 0.44
Suifur 0.09
Others 0.53
Ash 6.30
Proximate composition

Moisture 8.34
Volatile .73.16
Ash 6.30
Fixed carbon 12.20
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Fig.1 Pretreatment séction (A100), pyrolysis section {A200), separation section {A300), and combustion section (A400)

process, both economic and CO, emissions are discussed in this
study,

2 Procedures

2.1 Process Modeling, The elemental composition of EFBs is :

as cited in the experimental research [14]. The composition of EFBs
in this study is shown in Table 1. AtFig. L, the feeding rate of EFBs
is fixed at 200 kg/h. The EFBs are first transferred to the pretreat-
ment process (A100), involving drying and crushing the EFBs to
make them compatible with the fast pyrolysis process. Since the
EFBs are small and have a low moisture content, the fast pyrolysis
mechanism can be substantially improved to achieve the best bio-oil
yield and quality. Following pretreatment, EFBs can be transferred
for fust pyrolysis (A200), whereby they are decomposed to form a
number of valuable products such as bio-oil, biochar, and syngas.
These pyralytic products are separated from each other in the
separation system (A300). This is achieved by utilizing cyclone
equipment to remove the biochar, and flash drums to condensate
the bio-oil out of incondensable vapor. The byproducts are then
used for heat recovery (A400) within the plant, This study
assumes that the optimization process only concerns the distillation
section (AG0D).

The bio-oil preduced during the fast pyrolysis process is intro-
duced into the hydrotreatment process. This hydrotreatment requires
pure H; gases to remove the unwanted compounds, as mentioned in
Sec. 1. The hydrotreatment process provides higher yields and
improves the quality of pyrolyzed bio-oil [15]. During this process,
the temperature and pressure reach 387 °C and 87 bar, respectively.
Afier the bio-oil has been hydrotreated, it is then fed into the separa-
tion process, comprising two distillation columns. The first distilla-
tion column is used to separate the gasoline from the heavy
fraction. The role of the second (diesel) column is to allow the biodie-
sel to be separated ont of the heavy compounds. Once distillation is
complete, the hydrocracking process begins to treat the remaining
heavy compounds. The hydrocracking process also utilizes H; gas
Lo extract some of the precious material inside the heavy compounds
for recycling to the distillation process. A schematic of the upgrading
section is shown in Fig. 2. The main operating conditions of the
-upgrading section are detailed in Table 1.

As previously mentioned, the diesel generator is developed in
MATLAB, The theoretical equation is used to determine the energy
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output of the diesel generator according 1o the specific amount of
bicdiesel introduced.

The simple diagram in Fig. 3 represents the working cycle of an
internal combustion diesel engine. At point 1, the cylinder locates at
the bottom dead center (BDC), and the inlet and exhaust valves
have just recently closed, with the atmospheric air already filling
the entire’ combustion chamber. At point 2, the cylinder moves
upward from BDC to top dead center (TDC) to compress afl the
air to create high pressure, generally raising the lemperature
inside the combustion chamber. In point 3, since the air has been
completely pressurized, the fuel injection operates to feed the fuel
into the chamber. Once the air and fuel have become completely

" mixed at point 3 inside the combustion chamber, the mixture

ignites, rapidly expanding the chamber under a process of constant
pressure. At point 4, the pressure of the burnt substances is reduced
due to the general expansion of the combustion chamber as a result
of the eylinder moving downward to BDC. At point 5, the combus-
tion process is complete, with the pressure and temperature of flue
gas being relatively low due to the burning mechanism. Points 6 and
7 represent the exhaust process. The exhaust valve is open and the
flue gas flows out of the combustion chamber aided by the cylinder
moving upward to TDC. The piston then moves down to BDC, with

the inlet valve simultaneously opening to draw air from the atmo- -

sphere into the combustion chamber. This takes the combustion
system back to point 1, from where it began, to carry out the
diesel engine cycle once again.

Some of the equations are given as follows [16]:

PV,
Mg =17, |:R1_T:{] (1)
V(‘ﬂ']r
Py=Py|— 2
2 I[VW 2)
PZch
Th=—
2 my R, ®
WV, — PV
wp = F2te =it 1:‘ = @
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1 Bio-oil fromfast
pyrolysis process

Fig. 2 Hydrotreating section (A500), distillation section {A600), and hydrocracking section (A700)

_ Oy X 8.G.2(revieycle)
= 60 rpm ©)
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my
AFR
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03 =keo X Ox (10)
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Fig.3 Theoretical PV diagram of diésel cycle
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3= Q% + T (1
T maC, 2
’"a:RaTR
Py=—200 12
3 V., (12
03 =0 —k.,)0k (13)
o}
Ts= T 1
3 mmC,,+ 3 (14

Table 2 Important operating condition of key equipment
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Sections Key cquipment Operating conditions ‘
Hydrotreating Hydrotreating reactor Temperature: 387 °C ‘
(AS00) (HDT) Pressure: 87 bar
Distillation (AGN0)  Heat exchanger Temperature: 50 °C
- (COOL-HDT) Pressure: 20 bar
Flash drum Pressure: 20 bar
(FLSH-HDT)
Gasoline column Mass reflux ratio: 1.2
(GASOLCOL) *Mass-to-distillate ratio;
0.440
Number of stages: 9
Diesel column Mass reflux ratio: 1.2
(DIESLCOL) “Masz-to-distillate ratio:
0.897
- Number of stages: 8
Hydrocracking Hydrocracking reactor Temp: 670 °C
(A700) (HCK) Pressure: 90 bar

*Mass-to-distillate ratio obtained from the using of the “design spec” tool in
ASPEN PLUS software, This ratio should be specified to achieve the typical
distillate gasoline and biodiesel specification.
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Table 3 Important specification ot diesel generator

_Table5 Economic assumptions

" where #, is the volumetric efficiency of the engine, P, is the pres-
sure of atmospheric air (kPa), V,; is the volume of internal combus-
tion cylinder (m®), R, is the ideal gas constant (8.31 JXK mol)), T,
is the temperature of atmospheric air (°C), Vj, is the Stroke volume
(m3), V., is the clearance volume (m’), y is the isentropic expansion
factor, miis the required mass of fuel (kg), is the rate of fuel con-
sumption (1/h), Cris the heating value of fuel (MT/kg), k., is the
combustion performance at specific constant volume, C, is the spe-
cific heat capacity at constant volume (J/(kg K)), and C,, is the spe-
cific heat capacity at constant pressure (J/(kg K)).

Table 4 The deslgn matrix of the experiment

L=R-CRn - TR N LR IS R

Reflux ratio of Temperature of Pressure of

Run GASOCOL COQL-HDT (°C) FLSH-HDT (bar)
0.70 60 25
0.70 90 15
1.25 S0 20
0.15 90 20
0.70 . 60 15
0.70 75 20
1.25 ' 60 20
1.25 15 15
0.70 90 25

o .15 - 60 20

11 0.15 75 15

12 0.15 75 25

13 1.25 75 25

14 0.70 75 20

0121014 / Vol. 144, JANUARY 2022

Specifications Units Values Economic items Yalue Ref.
Engine speed pm 1800 *Qperation duration (hfyear) 6000 221
Total displacement | 5.9 Pricé of EFB (USDiton) 15.30 [23]
Borex Stroke mm X mm 102x 120  Electricity cost {USD/unit) 0.11 [24]
Max. fuel consumption Ih 30.7 Operatien and Mainlenance cost (O&M) [25]

Number of cylinders - G-inline Fixed O&M (USD/year} 3480

. Compression ratio - 17.3:1 Variable O&M (USD/MWh) 0497

Labor cost
Number of workers (person) 13.791 QMwe)? 2 [26]
Wage of worker (USD/person/day) 105 [27]
Gasoline selling price (USD/) 0.74 (28]
v, = MasRaTy as) PElectricity income (USD/unit) 0.185 [29]
4 o —
Py=F3) *This was made as to the assumption of the estimated total operating hour per
ear.

W_? =Py(Vy = V) (16} ll’his electricity income is calculated based on the consideration as this
power plant is a renewable technology, Feed-in Tariffs. Thai government
provides a special price for any power generation that coming from

W_-;‘ =P3(Vy — Vo) (17} renewable sources, .

Ps = P4|: Vi ]r ' (18) According to the above thcoretical cquations, many specifica-

Vs=Veu tions relate 1o the geometry and properties of the diesel generator.

In this case, some dicsel gencrator specifications are used to calcu-

PsV.y late the equations. The specification details are provided by select-

Ty=—2F (19) ing a diesel generator that is available in Thailand, as shown in
MasRa Tables 2 and 3.

Wi =-FWEI)J—PM 20) 2.2 Design of Experiments. In the initial designated operating

-7 condition, the parameters might not provide the best conditions for

achieving the defined objective. Hence, optimization aims to

08 =mC(Ts = T5) (21) accomplish the best design, according to a set of specific conditions

or constraints. These include maximizing factors such as the rate of

7 production, benefit point, reliability, efficiency, and utilization [17].

W = Pum(Vey — Vo) (22)  The objectives of this study should be assessed accordingly. The
power plant under study should maximize its profitability to
W=+ Whawiewiew! - ©3) achieve financial satisfaction. The objectives of optimizing gasoline

yield and increasing the magnitude of electricity generation should
then be achieved as a conscquence of higher biodiesel yield. To
achieve profit maximization at the plant, it is important to take
utility costs into account. Since the operation of the plant involves

Table 6 Experimental matrix of Box-Behnken design with
defined response values

Level of factors

employed Responses
Run A B C Y] Yz Y; Y.l,
no. = O da) &W) kgl (USDR)  (kph)
1 0.70 60 25 105.99 18.38 31123 139.31
2 0.70 90 15 100.65 19.57 30.700 137.42
3 125 90 20 102.00 1933 30,858 13813
4 015 90 20 102,18 1935  30.602 13698
5 070 60 I5 10381 1970 31070  139.08
6 070 75 20 10378 1931 30916 (138.39
7 .25 60 20 10502 19.03 31227 139.78
8 125 75 15 10249 1975 31.020 13885
g 070 90 25 10338 1896  30.748 - 137.63
10 015 60 20 10499 19.06  30.981 138.68
11 0ls 75 15 10245 19.78 30767 13772
12 015 75 25 10477 1878 30818  137.95
13 125 75 25 10477  18.78 31070 139.07
10379 19.31 30917 13839

14 070 75 20

Note: A, reflux mtio of GASOCOL; B, temperature of COOL-HDT (°C):
C, pressure of FLSH-HDT (bar); Y;, eclectricity generation (kW);
Y, mass flowrate of gasoline (kg/h) Y. utility cost (USD/): and
Y, CO, emission (kg/h).
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Table 7 Analysis of variance (ANOVA) of linear, quadratic, and
interactive terms of the blodlesel power plant on responses
{P-value)

Mass

Electricity flowrate of  Utility CO,

generation gasoline cost emission
Items &W) kgh) . {USD/h) (kg/h)
Model <0.0017 <0.001* <0.001* <0.001°
A—reflux ratio 0.560 0.334 <0.001* <0001
of distillation :
column .
B—temperature <0.001* 0.001% <0.001* <0.001°
of heat
exchanger '
C—pressure <(.001” <0.001° <0.001* <0.001*
ilash drum
A*B 0218 0.875 0.001" 0.001*
A*C 0.842 0.655 0.653 0.648
B*C 0.014" <0.001" 0.034* 0.033*
A*A 0.354 0.845 <0.001* <0.001*
B*B 0.006" <0.001* <0.001* <0.001*
c*C 0.024° 0.058 0.003" 0.003*
R 0.994 £.999 1.000 1.000
“Significant.

renewable technology, it is also necessary to consider carbon
dioxide emissions. Therefore, this study has four objectives: (1}

. electricity generation (kW) (2) mass ylcld of gasoline, (3) wiility
cost, and (4) CO, emissions.

In terms of the dependent variable or varying factors, it is impor-
tant to perform sensitivity analysis on these factors according to the
objectives. In the existing literature, it is often argued that the main
proportion of energy consumption in the type of plant under study
will.come from the distillation column, accounting for around half
the total [18]. Therefore, the distillation columnn is an important
aspect on which to focus. Many parameters potentially impact the
ability of distillation in (he column, such as operating pressure,
reflux ratio, number of stages, and product specifications [19]. To
match the distillation column specification, the reflux ratio is
selected as one of the variables. The other two variables are the pres-
sure of the flash drum (FLSH-HDT) and temperature of the heat
exchanger (COOL-HDT). These two devices initially separate the
light hydrocarbons (C1-C4) and H; gas from the hydrotreated
stream. Light hydrocarbons have an extremely low boiling point
with an average value lower thun 5 °C [20]. These light hydrocar-
bons are more toxic than heavy hydrocarbons [21]. Apart from
the independent factors, the other parameters arc assumed (o have
a constant value.

After specifying the independent factors, the levels were entered
into the pesiGN-ExperT 12.0.8 (trial), and the experimental design
matrix given, as shown in Table 4. According to the methodology
used, 14 runs were obtained, using a randomized subtype, Box—
Behnken design, and a quadratic model.

2.3 Economic Paramcters. From the cconomic perspective,
consideration should be given to the operating conditions and the
setting of clear boundaries set. The only boundary requiring consid-
eration in this study is the operating phase, with the capital cost
excluded from the calculation. The economic assumptions are
shown in Table 5.

3 Results and Discussion

3.1 Optimization Process. For the Box-Behnken design, a |

total of 14 experimental runs for formulation are proposed by the
DESIGN-EXPERT software, focusing on three factors: the reflux ratio
of gasoline column (A), temperature of the heat exchanger

Journal of Energy Resources Technology

[COOL-HDT] (B), and pressure of the flash drums [FLSH-HDT)
(C). These. factors could be varicd at thrée levels. The various
effetts of the independent factors on the generation of electricity
are then examined, based on the propetties of biodiesel (kW),
plant utility costs (USD/h), gasoline mass yield (kg/h), and level
of catbon dioxide emissions, for parameter optimization. The
expected values for the planned experiment, along with the recorded
responses, are presented in Table 6.

According to Table 6, it can b observed that the set of indepen-
dent factors ate the same for both experiments 6 and 14, It is possi-
ble 10 ignore these particular experiment sets to achieve a more
concise optimization process. The set of responses are used to
develop the polynomial equation as a representative system
model. The polynomial equations are presented as a relation
between the independent factors and defined objectives of this
study.

The developed equation is analyzed as a representative model of
the system. The results of the analysis are shown in Table 7. It can
be obscrved that if the P-value of any factor is lower than the sig-
nificance level of 0.05, the factor can be considered significant
with a confidence level of 95%. The model of electricity generation,
mass (lowrate of gasoline, utility cost, and CO, emissions are
revealed to be significant with predicted R-squared values of
0.9902, 0.9799, 0.9999, and 0.9999, respectively.

The model proposes the following polynomial equations for elec-
tricity generatmn (Y), mass yield of gasoline (Y,), utility cost (Y;;)
and CO, emissions (Y,), respectively

Y, = 101.55556 + 0.63864A + 0.00412B + 0.31133C
— 0.00582AB — 0.00255AC + 0.00181BC — 0.12727A°
— 0.00089B2 —0.0052C (24)

Y2 =20.6308 —0.0989A +0.0402B —0.2131C + 0.0003AB

+0.0023AC+0.0023BC +0.0101A% - 0.0005B2 — 0.0015C2

5

Y3=131.45617+0.18484A —0.009868B + 0.01011C+0.0032AB

—0.0006AC —0.00001BC + 0.01487A% — 0.00002B2

—0.0001C2 (26).

Y =140.8185 + 0.82562A — 0.04436B + 0.04467C + 0.00144AB
—0.0027AC — 0.00006BC + 0.067778A% — 00000782
~0.00043C? 27

A linear graph plot of the responses, as a result of varying the
independent factors, is shown in Fig. 4, denoting the comparison
between predicted and simulation values of clectricity generation,
the mass flowrate of gasoline, utility cost, and CO, emissions by
Y1, Yz, Y3, and Y, respectively. It can be observed that the devel-
oped linear correlation fits well with the actual value.

Details of the suggested conditions for each independent factor
contributing to the optimum value of the specified criteria, along
with the constraints, are presented in Table 8. It can be observed
that.the predicted values are not significantly different from the
actual values, The percentage errors for electricity generation, yield
of gasoline, utility cost, and CO, emissions are 0.012, 0.028, 0.007,
and 0.006%, respectively. A three-dimensional responsc graph is
appropriate for studying the related effects of the independent
factors on the designed responses, as shown in Fig, 5.

The increase in pressure (15-25 bar) illustrates the rising electric-
ity generation (100.66-105.99 kW) resulting from the higher
biodiesel yield (Fig. 5(a)). However, the rising temperature (60—
90 °C) gives the opposite result in that it decreases the magnitude

JANUARY 2022, Vol. 144 / 012101-5
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Fig.4 Linear correlation plot between the simulation and predicted response

of electricity peneration. This might be due to the higher vaporiza-
tion of hydrocarbon compounds, The decrease in pressure (25—
15 bar) in Fig. 5(b) causes an increase in the mass yield of gasoline
{18.39-19.78 kg/h)—the risc in témperature creating an increasing
trend in gasoline yield. The highest possible value generated for
gasoline yield (19,78 kg/h) can be achieved at a temperature of
75°C and a pressurc of 15 bar. The decrcase in reflux ratio
(1.25-0.15) in Fig. 5(c) favors lower utility costs (31.23-30.60
USD/h) due to correspondingly lower energy consumption [30].
In terms of the temperature in the heat exchanger, when it is
increased (60-90 °C), the utility cost decreases. The heat exchanger
is responsible for heating the bio-oil to improve the separation
process in the flash drum., When it reaches the optimum tempera-
ture, greater extraction of lighter hydrocarbon can be achieved.
Consequently, higher the temperatures, lower the feeding rate of
the distillation column, thereby reducing the effort required by the
equipment. The relationship between CO, emissions, lemperature,
and pressure is examined, as shown in Fig. 5(4). This gives a

0121016 / Vol. 144, JANUARY 2022

similar result to the response surface of the utility cost. An increase
in temperature (6090 °C) raises the CO, emissions, while a
decrease in pressure lowers the CO, emissions.

3.2 Economic Analysis. Besides the optimum solution (sce-
nario 1 in Table 9} suggested by the software, other alternative solu-
tions can be considered for economic analysis, as shown in
Table 10, These scenarios offer various advantages such as
increased production capacity, economic profitability, and
reduced CQ, emissions.

Table 8 shows that three different situations can provide varying
responses. In scenario 2, the utility cost (30.65 USD/h) and carbon
dioxide emissions {137.04 kg/h) arc both at the lowest levels among
all sets of responses. Scenario 3 provides the highest electricity gen-
cration of [03.38 kW among ali scts of responses, while scenario 4
provides the highest gasoline production yield {19.78 kg/h) but the
lowest value for electricity generation (102.71 kW), These three
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Table 8 Comparison of predicted value as a result of optimizations with actual response values from the simulation

Constraints (independent factors) Target (importance}

Experimental range Optimal value

Independent factors

Rellux ratio In range 0.15-1.25 0.15

The temperature of COOL-HDT (°C) In range 60-90 85.17

Pressure of FLSH-HDT (bar) In range 15-25 21.07

Responses Predicted value Acueal value
Elcctricily generation (kW) Maximize 100.65-105.99 [02.99 102.98
Mass yicld of gasoline (kg/h) Maximize 18.38-19.78 19.27 19.27
Utility cost (USD/h) Minimize 30,602-31.227 30.673 30.672
CO; cmission (kg/h) Minimize 136,98-139.78 137.29 137.28

g 10 %
&
g s ¥
g .
g 102 Electricity generation (kw] %
& o Design Polntss k=3
E‘ ® Above Surfate H
g O Below Surface E
. 100,654 FETHE 105,958 2
%0
B: Ternperature [Celchus}

Flow rate of gasoline (kg/hr)
Design Polnts:

® Above Surface

© Below Surface

18.3837 19.7797

B; Ternperarure {Celckis}

(o) (d)

33
Nz
3

= 1 =
z 8
g 09

E 308 utility cost (USDShr} jE
» 27 ® Design Paints 5
g 208 30.6023 31,2267 §

140

133

128

€02 emission {kgfhr)
Dasign Points:

@ Above Surfaze
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136581 IENEN 139.776

137

Fig.5 (a) Effect of temperature of COOL-HDT and pressure of FLSH-HDT on electricity generation, (b) effect of temperature of
COOL-HDT and pressure of FLSH-HDT on the mass yield of gasoline, {c) effect of temperature of COOL-HDT and reflux ratio of
GASOCOL on utility cost, and (d) effect of temperature of COOL-HDT and pressure of FLSH-HDT on CO; emission

response sets will be used for turther analysis from Lhe economic
perspective. The economic assumptions and method of calculation
are already provided in Table 4.

The responses of these scenarios can be used to calculate the
utility cost, ‘electricity sale price, gasoline sale price, and the

magnitude of CO, emissions. Details of both the base case, which
is the original plant without the benefit of optimization, and the sce-
narios, with the advantage of optimization, are presented in Table 9.

The results of economic analysis and CO; emissions arc shown in
Fig. 6. It is clear that in scenario 4, where the highest level of

Table 9 The alternative scenarios of the responses

Reflux ratio of Temperature of heat  Pressure of flash Electricity Yield of Utility cost  CO; emission
Scenarios distillation column exchanger (°C) drum (bar) generation (kW) gasoline (kg/h)  (USD/year) (kg/h)
I {optimum 0.15 85.17 21.07 16299 ¢ 19.27 30.67 137.29
value)
2 0.15 %0.00 22.75 102.85 19.14 30.62 137.04
3 0.15 82.64 21.58 103,38 19.22 30.71 137.44
4 0.15 72.51 15.07 102,71 19.78 30.80 137.86

Journal of Energy Resources Technology

JANUARY 2022, Vol. 144 / 012101-7

way} papeojumeq

|pawseys.dny

1Z0Z Al 20 uo uaoueyauedyng uooquiog ‘unqeiuety) ASojouyas] jo Ausiaaun eebueweley Aq Jpd'L01Z107 L prL USRI £659/L0LZLO/L/vE L Pd-aonierseaunoseiBlaus/Bio awse uonoa||



Table 10 Economic comparison between the scenarios and the base case

Scenarios
Base case | (optimum condition) 2 3 4
Cost (USD/year)
EFB feed stock 18,360 18,360 18,360 18,360 18,360
Utility cost 188,037 184,020 183,690 184,230 184,794
Fixed O&M 3480 3480 3480 3480 3480
Variable O&M 616 599 . 599 602 598
Wage of labour 16,443 16,443 16,413 16,443 16,443
Income (USD/year)
Power generation 117451 114,319 114,167 114,756 114,004
Gasoline 111,219 114,154 113396 113,876 117,152
Profit (USD/year) 1735 3571 4991 5518 7481
Environment
CO; emission (tons COafyear) 842 824 822 825 827
3000 o) following results were achieved for power gencration
I~ | 240 9 (105.81 kW), gasoline mass yield (18.78 kg/h), utility cost (31.34
s 3 USD/Mh), and carbon dioxide emissions (140.28 kg/h). The optimi-
% 6000 & zation using pesiGN-BXPERT V,12.0.8 (trial) software proposed the
2 330 S optimum point for the reflux mtio of GASOCOL at 0.15, while
2 2000 2 the temperature of COOL-HDT should be 85.17 °C, with the
E : § FLSH-HDT pressure at 21,07 bar. With the independemt factors
é i 820 :’ optimized, the following result:s were rcported for power gencration
3 2000 o (102.99 kW), gasoline mass yield (19.27 kg/h), utility cost (30.67
- 5‘:‘ USD/M), and carbon dioxide emissions (137.29 kg/h). The
0~ T 810 = outcome in terms of profit was an annual increase of 3836 USD,
Based case [ 2 3 4 while carbon dioxide emissions declined by 17.97 tons annually.

Scenarios -

W Profitability -e- CO,emission

Fig. 6 Profitability and CO, emission of each scenarios

gasoline production and maximum profitability of 7481 USD/year
can be achieved, carbon dioxide emissions are also the highest
recorded at 827 tonsfyear. In scenario 2, these independent variable
scts can offer the best performance for an environmentally friendly
power planl, producing just 822 tens of COyfyear in cmissions.
However, in economic terms, it contributed the smallest profit of
all scenarios. To fulfill both economic and environmental require-
ments, the scenario suggested by the DESIGR-EXPERT might be the
aplimurm response (scenario 1) since the profit is almost the highest
at 5571 USD/year, with the CQ; emissions almost the lowest at 824
tons COs/year, among all scenarios. However, the choice of suitable
factors for successful operation will be dependent upon the power
plant objectives. If the project owner considers profitability to be
a priority, scenario 4 might be the most suitable option. However,
if the owner wishes to focus on the environmental issue, scetario
2 is the best option for sustainable technology utilization. In order
1o propose the designed model, a modern technology called deep
learning [31,32] can be implemented. This will help investors to
make decision while introducing into a smart grid.

4 Conclusion

This study examines the use of EFBs for generating electrical
power. The efficient production of electricity requires EFBs to
first undergo conversion into biofuel. The power plant then uses a
fast pyrolysis process for the conversion. However, in optimizing
the operation of the power plant, the environmental impact and eco-
nomic outcomes cannot be ignored. For this reason, RSM is
employed in the optimization process. The simulation findings
reveal that in the initial base condition with no optimization, the

012101-8 / Vol. 144, JANUARY 2022

Although this scenario is optimized from the economic and environ-
mental perspective, an altemative cxists which would maximize
profitability but, unfortunately, also yield the highest carbon
dioxide cmissions. Meanwhile, another choice offers superior envi-
ronmental performance but minimizes profit. In this case, the deci-
sion must fall to the owner of the plant, who must decide which
scenario to favor, according to the objectives of the business. In
any eveni, the optimized approach will be superior to the non-
optimized altemnatives,

This work’s limitation is that the biodiesel power plant model
developed on AsPEN PLUS software might not be entirely and per-
fectly validated because of the lack of an actual prototype of the
plant utilized to reference results. Recently, the problem of EFB
in terms of the environment has been widely concerned. Many insti-
tutions try many difierent ways to utilize the EFB as material lor the
commercialized product properly. Fast pyrolysis is one of the prom-
ising technologies. The full cycle of operation utilized the fast
pyrolysis, as a core bioconversion process, has not completely
developed. The future of the present work might be further analysis
on the uncertainty of the individual process. The improvement in
economic assessment might be required to achieve more on the
accuracy of profitability evaluation,
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This study examined product separatfon in biodiesel power plants to optimise the process.

“-.vb
Response Surface Methodology {RSM) was “used to identify the optimum parameters for the process of

"I

separation, to maximise profi rabmty wh:!e also reducing carbon dioxide emissions. The mass and energy

ﬁ-
balance was assessed using Aspen Pfus software, while RSM was carried out with Design-Expert software.

Development of the characrenst:c equation determined that the madel for gasoline yleld, power

“s

generation, and carbon d:ox:de emissions was significant at the 95% confidence level. The R-squared value

n‘-"r.-

predicted by thekmbdel was found to be 0.97-1.00. In an optimal plant, profit can rise by 3,836 USD over

e

the year, whﬁe CGrbon dioxide emissions decline annually by 17.97 tons.

.l‘

Keywaords: Biodiesel production, Empty fruit bunches, Optimisation, Response surface methodology, Box-

Behnken

JERT-20-1713, Srinophakun

! ’i) Check for updates]

jenG pewsedny Wo) papeojumer]

ABIauaBi0 BUISR LN

1202 1y 91 uo usaieysuEdyng Uooquog unqeAuzy) ABejouyae) jo Aisieaun EeBuelieley Aq Jpd-gLsL-0Z-Welb . PRLOAL LBOSOY L/SYL L OLACP/Rd-8pIE]



Journal of Energy Resources Technology. Recetved Angust 05, 2028;
Accepted manuseript posted April 05, 2021, doi:10.1115/1.4050817

Copyright © 2621 lodeRAEEF Energy Resources Technology

36
37

38

39

40

. 4]

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

1 Introduction

The Ministry of Energy (Thailand) has a vision to promote sustainable technology

and development to mitigate the impact of climate change. The strategy aims 1:'9
.l' N '
increase the share of electricity generation derived from a renewable resource, by
[nhd M_

! \J

providing the extra price of electricity. The government aims to generate 20% of
o

R

electricity from biomass, from the current level of only 9.1% [1]. To Stl‘Jd\," the feasibility

'—'\

of operating a power plant derived from biomass, empty fruit bUnches (EFBs) are

i\:

— -1
el N

selected as a case study. Accordlng toa recent report, the resndue of EFBs equated to
f\ P
approximately 0.97 million tons in 2015 [2]. The EFBs typlcally contain 30-60% of

"«\ Ry

cellulose, 15-35% of hemicellulose, and 4-20% of llgnln on a dry weight basis [3]. These

*-ﬂ“‘_,?

P

major components influence the heating valug: of the final fuel product, while lignin has

-‘w.- T

a positive and direct linear relationship W|th heatmg value [4].

& J,

Nevertheless biomass power plants |n Thalland maostly use the direct combustion

process [5]. This kind of power system is not suitable since it produces higher particulate

emissions [6]. Most mlt:gatlon technologles purposely dealing with this emission of

o N
direct combustion are stlll._under development [7]. Therefore, to efficiently produce

1)

[T

electricity, bio-oil pr-_t":adimtion is required as a suitable source of fuel feedstock. One

promising conver§1oﬁ process for generating biofuel is fast pyrolysis [8]. Bio- 0|I is not,

‘\.a
T

however, perc'elved to be of good quality because it contains high levels of sulphur and

‘l
W

oxygen, resulting in lower heating value and a product that cannot be used in regular

combustion engines [9, 10]. Hence, the hydrotreatment process has been developed to
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upgrade the quality of bio-oil into biodiesel as a competitive biofuel for the diesel
generator,

Howéver, when developing a biodiesel power plant, by reviewing the relevant
literature to fulfil the designated production requirements, there isonly a singl'é-set of
operating conditions. To the extent that the performance of the system can- be‘f )

improved thraugh analysis, the optimisation technigue can be UtIIISEd by choosnng
WM ¢

several variables in a different set of condlt:ons directly relatmg to the study objective.
. 70 i
Optimisation can improve the plant to obtam the best p055|ble results [11]. Among the
||. -

optimisation techniques, Central Comp05|te De5|gn (CCD), and Box-Behnken arein

\n.‘
_‘ﬂ'm ey

widespread use since they have the benefit of optlmlsmg many factors with a suitable

s

number of experimental runs [12]. i

f‘

The CCD and Box-Behnken optimisation tecﬁn':ques form part of Response Surface
w7
L . .
Methodology (RSM). The RSM approach,involves a combination of mathematical and
Ny
statistical methods, serving to create%‘n-’éppropriate polynomial equation to fit the

.ru‘_",

factors in the expenment and explam how these factors behave within the case study
D

context [13]. It is useful for- applymg to a system influenced by several variables.

‘\_*'
P

Therefore, this study. chuses on the optimisation of biodiesel production from EFBs
."-‘ ¥
it
with the objectwes of obtammg the highest profit, lowest energy consumption, and

lowest COz er{mssrons Aspen Plus V.8.8 software is utilised to determine the mass and

\_,f

energy balance throughout the process. MATLAB R2018a software is utilised to develop

the diesel engine since none is built-in to Aspen Plus. Design-Expert V,12.0.8 (trial)
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79  software is used to calculate the optimisation level. As a result of the optimisation

80  process, both economic and CO> emissions are discussed in this study.

81
82 - 2 Procedures .
83 e
84 2.1 Process modelling ‘-,_-',};'"
s
¥ :."_\..:‘\"‘
86 The elemental composition of EFBs is as cited in the experimentalf{?iieérch [14]. The

87  composition of EFBs in this study is shown in Table 1. At Fig. 1, the f?]:'eliiing rate of EFBs

s

88 s fixed at 200 kg/hr. The EFBs are firstly transferred to the preicrr_eétri}ent process {A100),
. 4 'y
-
89  involving drying and crushing the EFBs to make them corphpgt‘ible with the fast pyrolysis

LY .
90  process. Since the EFBs are small and have a low qo?sture content, the fast pyrolysis

R
Mt
i

91  mechanism can be substantially improved to acﬁiéye the best bio-oil yield and quality.
.:1‘_‘5.“_\.__;-.'
92  Following pretreatment, EFBs can be transfefEeH for fast pyrolysis (A200), whereby they
i O

et
93  are decomposed to form a number of vz-.lljggble products such as bio-cil, biochar, and

-
N

. o3
94 syngas. These pyrolytic products ar\g:“-sgbarated from each other in the separation

My

‘. "ir'l‘.‘
95  system (A300). This is achie\{gg _p\(, utilising cyclone equipment to remove the biochar,

PR
Y

96  and flash drums to conder}izgt’é ufhe bio-oil out of incondensable vapour. The by-products
97  are then used for heaj‘;f%:?é‘i\;ery (A400) within the plant. This study assumes that the

98  optimisation prc)}‘_c‘\e;é;;oﬁly concerns the distillation section {A600). '

99 The bio-o!{_‘éﬁ'ﬁ%uced during the fast pyrolysis process is introduced into the

',\. l'r"n.-
100 hydrotreatment process. This hydrotreatment requires pure Hz gases to remove the

101 unwanted compounds, as mentioned in the introduction section. The hydrotreatment
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this process, the temperature and pressure reach 387 °C and 87 bars, respectively. After
the bio-oil has been hydrotreated, it is then fed into the separation process, comprising
two distillation columns. The first distillation column is used to separate the gasoline

from the heavy fraction. The role of the second (diesel) column is to allow the biodiesel

¥

e
Sy
hydrocracking process begins to treat the remaining heavy compounds.'The
v +Z y‘ -~
el

hydrocracking process also utilises Hz gas to extract some of the pﬂrga'cip:s material inside

ST
the heavy compounds for recycling to the distillation process, é:s‘cﬁé'matic of the
) N ‘;'J

upgrading section is shown in Fig. 2. The main operating._‘co'"hhdi't'ions of the upgrading

ST
. e {t
- section are detailed in Table 1. -t.-\‘:g_ff

As previously mentioned, the diesel generator:is déveloped in MATLAB. The
e
theoretical equation is used to determine the energy output of the diesel generator
a
according to the specific amount of bio%ﬁ;‘sﬁl introduced.

=4

The simple diagram in Fig. 3 rept[g{§;’ezﬁ'ts the working cycle of an internal combustion

N
diesel engine. At point 1, the cylinder locates at the bottom dead centre (BDC), the inlet
e T
SN
and exhaust valves have just\ré’c‘entty closed, with the atmospheric air already filling the

J“":'\‘} il

e
oo

entire combustion chamber. At point 2, the cylinder moves upwards from BDC to top

Py
o

dead centre (TDC)’t‘b'co‘mpress all tHe air to create high pressure, generally raising the
KEST

St
temperature inside the combustion chamber. [n point 3, since the air has been
completehfﬁr‘é’ssurised, the fuel injection operates to feed the fuel into the chamber.
Once the air and fuel have become completely mixed at point 3 inside the combustion

chamber, the mixture ignites, rapidly expanding the chamber under a process of

JERT-20-1713, Srinophakun

1202 (Hdy 9} Uo UacIeyILRdYNG UGOGIIOG UNgesuel] ABojouyoe) Jo Aysteaun eebueweley Aq Jpd€L2V-0Z-HelibLt8L09/2 180S0 LISLLL OLAOR/PA-8 IR Se2N0S 0B BUE Bl aluse uojoeoojelBipewsedny woy papeoumoq



Journal of Energy Resources Technolegy. Reccived August 05, 2020;
Aceepted manuseript posted Aprit 05, 2021, doi: 10.FITS/1.4056817

Copy right © 2021 hrodrHal 5f Energy Resources Technology

125

126

127

128

129

130

131

132

133

134

constant pressure. At point 4, the pressure of the burnt substances is reduced due to
the general expansion of the combustion chamber as a result of the cylinder moving
downwards to BDC. At point 5, the combustion process is complete, with the pressure

and temperature of flue gas being relatively low due to the burning mechanism. Points 6

e g
LTw T
and 7 represent the exhaust process. The exhaust valve is open and the f!u‘e_gérs"flows
LA
bl

out of the combustion chamber aided by the cylinder moving upwardsj&ﬁbe. The
i

piston then moves down to BDC, with the inlet valve simultaneously opening to draw air

I
AN
A

S .
from the atmosphere into the combustion chamber. This takes the'combustion system
' T
back to point 1, from where it began, to carry out the diggel engine cycle once again.

~

r._;_::.
Some of the equations are as follows {16]: \éj
ond
Ry X
m,, = m[ : } a7 Ot =U-k,)0,
RaT; 1) Z‘_: :‘-{; 13)
r’: =
V. T e .
Pz=Pl[ii] o =2 .z
Vﬂ, ,;'\::‘::',-_f-i‘" 2) M CP 14)
.-‘\__,‘1‘?
T = BV ) j{;‘:‘ V= m_RT,
i nzas'Ra ,-_'-:.:}"?‘:‘.':’ 3) (})4 = PS) 15)
, BV, —-BV, 7
W =ttt W' =B, =V,
1-y Lt 4) 16)
AT
x8.G 5 2(rev/ cycle
me= 2 - Arevl el W' =BW,-V,)
P ~60x1pm 5) 17)
L _\:. } - . .
il | .
AR B=R|——L—
G 6) Vs =V 18)
y ¢
A= “AFR T = ﬂ
AFR 7) ’ m,_R, 19)
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141

142

143

144

145

146

147

148

., PV _ —-PV
7. =0.35332+0.567974 —0.12472A" Wi =tal A4
8) 1=y 20)
Op =7, xCpxm, 05 =m C/(T,-T;)
9) 21}
? = kcv XQ WT = Prum m ) —:ri:'-’J
Q 2 R 10) 6 rL ¢ ,! o 22)
3 T £
= Q2 +Tz . W W +W2+W +W;5~q‘W6
m,C, 11) Y 23}
‘-“.‘\
B = m R S
Vo 12) PRy

Where 7,, = Volumetric efficiency of engine, P = P'r'gs_s_hre of atmospheric air

i)

v':,_;

(kPa), Vi = Volume of internal combustion cylinder (m3)7‘ += ldeal gas constant (8.31 )

\.\_
i \»
S

K-t mol), T; = Temperature of atmospheric air (°C), Vs, = Stroke volume (m3), V., =

1..,"

= |sentropic expans:on factor, ms = required mass of fuel (kg),
oy <7

Clearance volume (m3), ¥

QOr=rate of fuel consumption (L/hr), Cf heatmg value of fuel (MI/kg), kv = combustion
\_”.—
performance at specific constant volume‘ C‘ Specific heat capacity at constant volume

fr-.-

Q ~>
(J/(kgK)), Cp = Specific heat capauty;at constant pressure (J/(kg-K))
i \"‘- .'
According to the above theoret:cal equations, many specifications relate to the

,r'\.

geometry and propertles of the diesel generator. In this case, some dlesel generator
specifications are used to calculate the equations. The specification details are provided
e e
)
by selecting a dlesel generator that is avallable in Thailand, as shown in Table 2 and
)

Table 3. ° &} =

1:,
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2.2 Design of experiments
In the initial designated operating condition, the parameters might not provide the
best conditions for achieving the defined objective. Hence, optimisation aims to

accomplish the best design, according to a set of specific conditions or constraihts
,-. _/
These include maximising factors such as the rate of production, benefit pomt o
w'.,:“'-.-»-,
'«.‘- )
reliability, efficiency, and utilisation [17]. The objectives of this study should be assessed

'1
,i»"?

accordingly. The power plant under study should maximise its profltablllty to achieve

'\’ L

financial satlsfactlon The objectives of optimising gasoline yleld and increasing the

n""'
1».

')
magnitude of electricity generation should then be achleved as a consequence of higher
:. L

T

hiodiesel yield. To achieve profit maximisation at the pgnt it is important to take utility
costs into account. Since the operation of the piént irﬁl'olves renewable technology, it is

=L -.‘

also necessary to consider carbon dioxide em155|ons Therefore, this study has four

1‘\

"-\.
Fav
objectwes {1) electricity generation {kW), (2) mass yield of gasoline, (3) utility cost, and
&::'
(4) CO2 ernissions. e
f"‘\ -~
In terms of the dependent varlable or varying factors, it is important to perform
l.‘. ..‘:)
sensitivity analysis on these factors accordmg to the objectives. In the existing literature,
I.|‘ _‘_-:)J

it is often argued that the ‘main proportion of energy consumption in the type of plant

—

e
under study will ctor}ge f_rom the distillation column, accounting for around half the total

(T g

[18]. Therefore the distillation column is an important aspect on which to focus. Many

,_‘__ -_I

parameters potentlally impact the ability of distillation in the column, such as operating
pressure, reflux ratio, number of stages, product specifications, etc. [18]. To match the

distillation column specification, the reflux ratio is selected as one of the variables. The
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189
190
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192

other two variables are the pressure of the flash drum (FLSH-HDT) and temperature of
the heat exchanger (COOL-HDT). These two devices initially separate the light
hydrocarbons {C1-C4) and Hz gas f.rom the hydrotreated stream. Light hydrocarbons
have an extremely low boiling point with an average value [ower than 5 °C [20];T_hi!ese

light hydrocarbons are more toxic than heavy hydrocarbons [21]. Apart fr_om' the
NN

independent factors, the other parameters are assumed to have a con;gaﬁi’value.
After specifying the independent factors, the levels were entel_'gdlin‘io the Design-
-

I
-2

-

Expert 12.0.8 (trial), and the experimental design matrix givgp,f‘asishbwn in Table 4.
| (R |

According to the methodology used, 14 runs were obtainedf using a randomised

h,—""\‘._
o ad

subtype, Box-Behnken design, and a quadratic mode[-.:f{;}
€y

2
2.3 Economic parameters AR

1

i

From the economic perspective, con@ﬁéfétion should be given to the operating
sy

conditions and the setting of clear t?rcj'l]:ndaaries set, The only boundary requiring
SN

consideration in this study is thglq}ﬁgrating phase, with the capital cost excluded from

oW
ot
“*‘- ~

the calculation. The economic assumptions are shown in Table 5.

il re

PR
L)
Lo
207N
3 Results and:Discussion
-:f'\'.:y'

T
57
3.1 Optimisdtion process

'\--;T“r-
i

For the Box-Behnken design, a total of 14 experimental runs for formulation are
proposed by the Design-Expert software, focusing on three factors: the reflux ratio of

gasoline column (A), temperature of the heat exchanger [COOL-HDT] (B), and pressure
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201

202

203

204

205

206

207

208

209

of the flash drums [FLSH-HDT] (C). These factors could be varied at three levels. The
various effects of the independent factors on the generation of electricity are then
examined, based on the properties of biodiesel (kW), plant utility costs (USD/hr},

gasoline mass yield (kg/hr), and level of carbon dioxide emissions, for parameter

4__‘\ ~ |'

optimisation. The expected values for the planned experiment, along with:gﬁe;recorded

. e
e vt
w

g'r- ?

responses, are presented in Table 6. G
L8y
According to Table 6, it can be observed that the set of |ndependent factors are the

n o

same for both expenments 6 and 14. It is possible to |gn0re these part:cular experlment

u 9
sets to achieve a more concise optimisation process. The set of responses are used to
A

develop the polynomial equation as a representative: system model. The polynomial
f‘:‘-‘;l?

equations are presented as a relation between the mdependent factors and defined

-\

& C ‘x.’j
objectives of this study. ‘{‘ Oy
7ad
The developed equation is anaIysed_as’\?a"representative model of the system. The
{Lsf"}
results of the analysis are shown in Table 7. It can be observed that if the P-value of any
f“\
o
factor is lower than the signifi canceslevel of 0.05, the factor can be considered
‘-\ et

'w.-\._}

significant with a confidence level of 95%. The model of electricity generation, mass
fr ‘:‘)
et

flow rate of gasolme Jutility cost, and CO2 emissions are revealed to be significant with

-0 “7

predicted R- squared values of 0.9902, 0.9799, 0.9999, and 0.9999, respectively.

L

The model proposes the following polynomial equations for electricity generation (Y1),

mass yleld of gasolme (Y2}, utility cost (Y3), and CO; emissions (Ya), respectively:

Y1 =101.55556 + 0.63864A + 0.00412B + 0.31133C~ 0.00582AB — 0.00255AC + (24)
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0.00181BC— 0.12727A% - 0.00089B2 — 0.0052C?

Y2 = 20.6308 — 0.0989A + 0.0402B —0.2131C + 0.0003AB + 0.0023AC + 0.0023BC

(25)
+ 0.0101A% - 0.0005B2 — 0.0015C> T
L
t‘ -.":r":}':‘-
‘c'.":\‘-f ':rr,
Y3 = 31.45617 + 0.18484A — 0.009868B + 0.01011C + 0.0032AB — 0.000@5_&5‘
T (26}
0.00001BC + 0.01487A% - 0.00002B% - 0.0001C? s
L ~ >
(\_‘}‘
Y4 = 140.8185 + 0.82562A - 0.04436B +0.04467C +0.00144AB-0.0027AC -
T (27)

0.000068C + 0.067778A2 — 0.00007B2 — 0.00043C? Uﬂ

ey

A linear graph plot of the responses, as a result of‘\)arying the independent factors, is

-t

——
[~
A

shown in Fig. 4, denoting the comparison be,t}'hzefeh predicted and simulation values of

L

R

electricity generation, the mass flow rate-of gasoline, utility cost, and CO;z emissions by
ey

L

Y1, Y2, Y3, Ys, respectively. It can be E)ljki'eriled that the developed linear correlation fits
. SO

e
-, W.r);\’
Bt

Sl

‘._‘..:'”J
Details of the suggestgd.goh‘ditions for each independent factor contributing to the

well with the actual value.

‘\.__\,_:;g' .
o
optimum value of the.specified criteria, along with the constraints, are presented in
b
o
Table 8. 1t can be qt?jg‘efyed that the predicted values are not significantly different from
the actual valge:;.zThe percentage errors for electricity generation, yield of gasoline,

- e

utility cost\,‘aﬁa CO; emissions are 0.012, 0.028, 0.007, and 0.006%, respectively. A
5
three-dimensional response graph is appropriate for studying the related effects of the

independent factors on the designed responses, as shown in Fig. 5.
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The increase in pressure (15 to 25 bars) illustrates the rising electricity generation
(100.66 to 105.99 kW) resulting from the higher biodiesel vield {Fig. 5a). However, the
rising temperature (60 to 90 °C) gives the opposite result in that it decreases the

magnitude of electricity generation. This might be due to the higher vapourisatl'i‘,op;of
hydrocarbon compounds. The decrease in pressure (25 to 15 bars) in Flg:,E:p\c‘:’au;es an
increase in the mass yield of gasoline (18.39 to 19.78 kg/hr)—the risei@i@%}:erature
creating an increaéing trend in gasoline yield. The highest possible_\é[\;;’generated for

i

gasoline yield (19.78 kg/hr) can be achieved at a temperature df?:S‘;C and a pressure of
: l_' .\_’

15 bars. The decrease in reflux ratio (1.25 to 0.15) in Fig.w_gc"é(}ours lower utility costs

o

(31.23 to 30.60 USD/hr) due to correspondingly Iowecs_,g;{e‘rgy consumption {30]. In
=y

terms of the temperature in the heat exchanger},wh_gﬁ it is increased (60 to 90 °C), the
[T
5, 5 By
utility cost decreases. The heat exchanger is responsible for heating the bio-oil to

ha
2V
Lo

improve the separation process in the fl{a/sﬁ drum. When it reaches the optimum
&
temperature, greater extraction of Iig’rﬁtéf‘ hydrocarbon can be achieved. Consequently,
A
< \.;::"
higher temperatures, lower thg;iééding rate of the distillation column, thereby reducing
£y
~.?:":~‘J

the effort required by the ‘fgquib"'ment. The relationship between CO; emissions,
Ny

frouet . _— o .
temperature, and pre_ss'u_rews examined, as shown in Fig. 5d. This gives a similar result to

Ny

the response surfacje“qf the utility cost. An increase in temperature (60 to 90 °C) raises
UL N . -

the CO; emlsilogs;whlle a decrease in pressure towers the CO2 emissions.

\
L
- i
LA T
LI g
4t

T
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3.2 Economic analysis
Besides the optimum solution {scenario 1 in Table 9} suggested by the software,
other alternative solutions can be considered for economic analysis, as shown in Table

10. These scenarios offer various advantages such as increased production capéc_ity,
S ;"
-.-“»
economic profitability, and reduced COz emissions. 0\ N &
NI
Table 8 shows that three different situations can provide varying respdnses In
.‘ J}

scenario 2, the utility cost (30.615 USD/hr) and carbon dioxide emlssmns {(137.04 kg/hr)

are both at the lowest levels among all sets of responses. Scenarlo 3 prowdes the
\\ .“
highest electricity generation of 103.38 kW among all sets of’Fésponses, while scenario 4

provides the highest gasoline production yield {19 78 kg/hr) but the lowest value for

e

electricity generation (102.71 kW). These three response sets will be used for further
- A \v,

analysis from the economic perspective. The economlc assumptions and method of

f;“‘*

!
calculation have already been prowded rn,Table 4,

base case, which is the orig:_nal'plant without the benefit of optimisation, and the
oy
>

scenarios, with the adva’ri_fége of optimisation, are presented in Table 9.

_I".?
T

The results of economlc analysis and CO; emissions are shown in Fig. 6. It is clear

3, “’,.
P

that in scenario 4 where the highest level of gasoline production and maximum .

\.x«.}

R

proﬁtabtllty of7 481 USD/yr can be achieved, carbon dioxide emissions are also the
highest recorded at 827 tons/yr. In scenario 2, these independent variable sets can offer

the best performance for an environmentally-friendly power plant, producing just 822
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tons of CO2/yr in emissions. However, in economic terms, it contributed the smallest
profit of all scenarios. To fulfil both economic and environmental requirements, the
scenario suggested by the Design-Expert might be the optimum response (scenario 1),

since the profit is almost the highest at 5,571 USD/yr, with the CO; emissions almost the

ey
lowest at 824 tons CO-/yr, among all scenarios. However, the choice of sgi‘ta: e'factors
N

h

for successful operation will be dependent upon the power plant objec;i‘-:{és". If the
¢y “:: 9
project owner considers profitability to be a priority, scenario 4 m'ight,t}e the most

PRS
.
-

r, i,

- -

suitable option. However, if the owner wishes to focus on the é\_\ﬁif’dnmenta[ issue,

¢

scenario 2 is the best option for sustainable technology ytjlié"étion. In order to propose

the designed model, a modern technology called deepffgé"rning [31,32] can be

1]
- 5 &3
grid. oSNy
‘,::J";}
Pt
t."'--/;::”
. P
4 Conclusion =

This study examines the‘u's"_el'éf EFBs for generating electrical power. The efficient

production of electricity ré’t‘igires EFBs to firstly undergo conversion into biofuel. The
R

e

vl A . .
power plant then uses a fast pyrolysis process for the conversion. However, in
_"‘i_-“.‘

optimising the ogéi@t'i'o’n of the power plant, the environmental impact and economic
.

L_i
np

outcomes cannot be'ignored. For this reason, RSM is employed in the optimisat'ion

v .
process. The’simuiation findings reveal that in the initial base condition with no
optimisation, the following results were achieved for power generation (105.81 kW),

gasoline mass yield {18.78 kg/hr}, utility cost {31.34 USD/hr), and carbon dioxide
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emissions {140.28 kg/hr). The optimisation using Design-Expert V.12.0.8 (trial) software,
proposed the optimum point for the reflux ratio of GASOCOL at 0.15, while the
temperature of COOL-HDT should be 85.17 °C, with the FLSH-HDT pressure at 21.07 bar.

With the independent factors optimised, the following results were reported for power

i, -_

generation {102.99 kW), gasoline mass yield (19.27 kg/hr), utility cost (30 67 USD/hr),
{. w.\
. N
and carbon dioxide emissions {137.29 kg/hr). The outcome in terms ofvprg_flt was an

annual increase of 3,836 USD, while carbon dioxide emissions decli_nég;by 17.97 tons

’\,‘. o

annually, Although this scenario is optimised from the econqmié_‘ahd environmental
) :f\: A -
perspective, an alternative exists which would maximise profitability but, unfortunately,

..__x .

‘mx.-v

also vield the highest carbon dioxide emissions. Meanwhtle another choice offers

superior environmental performance but minimises proflt In this case, the decision
P

b

must fall to the owner of the plant, who must ‘de C|de which scenario to favour,

a ‘--‘
7 a
according to the objectlves of the busmess ‘In any event, the optimised approach will be

&L i

NG
superior to the non-optimised alternatlves

This work's limitation is thz_aj:;t_h‘e biodiesel power plant model developed on Aspen
Rt

Plus software might not be, eritirely and perfectly validated because of the lack of an
:‘-‘ w

actual prototype of the’ plant utilised to reference results. Recently, the problem of EFB

LI~ 2

{ 2 s.
in terms of the enwronment has been widely concerned. Many institutions try many
- \_—F

different ways;to itilise the EFB as material for the commercialised product properly.

-._‘ .,}

Fast pyrolysns Ts one of the promising technologies. The full cycle of operation utilised
the fast pyrolysis, as a core bioconversion process, has not comp[ete]y developed. The

future of the present work might be further analysis on the uncertainty of the individual
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process. The improvement in economic assessment might be required to achieve more

on the accuracy of profitability evaluation.
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674
675

676

677
678
679
630
6381
632
633
634
685
636
687
688
689
690
691
692
693
694
695

696

697
698
699
700
701
702
703
704
- 705

Table 1 Composition of EFB [14]

Elemental composition Air-dried basis {% wt.)
Carbon 43.80
Hydrogen 6.20
Oxygen 42.64
Nitrogen 0.44 =
Sulfur 0.09 ot
Others 0.53 %
Ash 6.30 Sum
Proximate composition =
Moisture 834 L/
Volatile 7316~
Ash -6:30
Fixed Carbon 1 112,20
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706  Table 2 Important operating condition of key equipment

707 ' .
Sections Key equipment Operating conditions
Hydrotreating . Temperature: 387 °C
(A500) Hydrotreating reactor (HDT) Pressure: 87 bar
Temperature: 50 °C
Heat exchanger [COOL—HDT) Pressure: 20 bar )
Flash drum (FLSH-HDT) Pressure: 20 bar g
. Mass reflux ratio: 1.5 7
Distillation ) :
(AGOO) Gasoline column {GASOLCOL) | *Mass-to-distillate ratio 0.440
Number of stages: 9 ot
Mass reflux ratio: 1.2
Diesel column {DIESLCOL) *Mass- to-dlstlllate ratio: 0.897
Number of stages 8
Hydrocracking . Temp: 670°C
H - -
(A700) ydrocracking reactor (HCK) Pressufe:'90 bar

708  * Mass-to-distillate ratio obtained from the using of ’deSIgn spec’ tool in Aspen Plus
709  software. This ratio should be specified to achieve the typlcal distillate gasoline and

710
711
712
713

biodiesel specification. S ~-—’

714 ey

715 “
716 o
717 S
719 o
720 NC
721 ED
722 S
723 o
724
725 i
726 RIDRS
727 Py
7 28 ’ .':f“;‘:f?-;'
729
730

731

732

733

734

735
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736  Table 3 Important specification of diesel ganerator

737

Specifications

Units

Values

Engine speed

RPM

1,800

Total displacement

Liter

5.9

Bore x Stroke

mmXxmm

102 x 120

Max. fuel consumption

Liter/hr

30.7 :..

Number of cylinders

Compression ratio -

6-inlife’

738
739
740
741
742
743
744
745
746
747 —
748 ' S
749 S
750 e
751 A
752 F a7
753 7
754 .ﬁ%ﬁfﬁ’)
755 Fa
756
757 al
758 R
759 PN
760 o
761 s
762 ,-i?_'ih
763 G

764 '@25*
765 ¢
766 ‘%E‘:w:?
767 A
768

769

770

771

772
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773
774

775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800

Table 4 The design matrix of the experiment

Run Reflux ratio of Temperature of Pressure of FLSH-
GASOCOL COOL-HDT (°C) HDT {bar)
1 0.70 60 25
2 0.70 90 15
3 1.25 90 207
4 0.15 90 20%/
5 0.70 60 vy
6 0.70 75 /D20
7 1.25 60 20
8 1.25 75 Nz 15
9 0.70 90 N 25
10 0.15 60 a4 20
11° 0.15 75 = N 15
12 0.15 75 ‘W 25
13 1.25 752 . 25
14 0.70 _ 5% 20
<
i,
K
'RQ:}"
(M
t\::_ g
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801
802

803

804
805
806
807
808
809
810
811
812
313
314
815
gl6
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832

Table 5 Economic assumptions

Economic items Value Ref.
* Operation duration (hr/year) 6,000 [22]
Price of EFB (USD/ton) 15.30 [23]
Electricity cost {USD/unit) 0.11 [24]
Operation and Maintenance cost (O&M) e [25]
Fixed O&M (USD/yr) 3,480 Al
Variable 0&M (USD/MWh) 0.97 N
Labor cost SNy
Number of workers {person) 13.791 (MWe)043285" [26]
Wage of worker (USD/person/day) 10.5 aN%¥ (271
Gasoline selling price (USD/L) 0.7427) [28]
* Electricity income (USD/unit) 0.1857 [29]

* This was made as to the assumption of the estimated total: operatmg hour per year

** This electricity income is calculated based on the con5|derat|on as this power plant is
a renewable technology, Feed-in Tariffs. Thai government prowdes a special price for

any power generation that coming from renewable sou’gj’c'_‘gs.
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833  Table 6 Experimental matrix of Box-Behnken design with defined response values

7 woy pap

GLUSE UDNDaY

834
Level of factors Responses
Run employed
No. A B C Y1 Y, Y3 Ya
() { (°€) | (bar) {(kw) {kg/hr) {(Usb/hr) | {kg/hr)
1 0.70 60 25 105.99 18.38 31.123 <139.31
2 | o.70 90 15 100.65 19.57 30.700 |[.=2137.42
3 1.25 90 20 102.00 19.33 30.858. £7[138.13
4 0.15 90 20 102.18 19.35 30,6027 136.98
5 0.70 60 15 103.81 19.70 31,0702 | 139.08
6 0.70 75 20 103.78 19.31 30:916 138.39
7 1.25 60 20 105.02 19.03 31,227 139.78
8 1.25 75 15 102.49 19.75 |=331.020 138.85
9 0.70 90 25 | . 103.38 18.96 -7 |='30.748 137.63
10 0.15 60 20 104.99 19.06% 30.981 138.68
11 0.15 75 15 102.45 19.78., 30.767 137.72
12 0.15 75 25 104.77 18.78 30.818 137.95.
13 1.25 75 25 104.77 | <z18:78 31.070 139.07
14 0.70 75. 20 103.79 :» 1931 | 30.917 138.39

835  Where A = Reflux ratio of GASOCOL, B = Temperature of COOL-HDT (°C), C = Pressure of
836  FLSH-HDT (bar), Y1 = Electricity generatlon (kW),‘,Yz = Mass flow rate of gasoline (kg/hr),
837 Y3 =Utility cost (USD/hr), Ya = COz emission: (kg/hr)

838 CU

839 %@
840

841 {;
842 } (\\?@
843 o
844 &

845 Y
846 ey
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848 P
849 &
850 . L8

851 @

852 S
853 v
854
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865
866
867
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877
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879
880
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884

Table 7 ANOVA of linear, quadratic and interactive terms of the biodiesel power plant

on responses (P-value)

- {USD/hr keg/hr
(i) (kg/nr) (uSD7hr) tia/)
Model - < 0.001* <0.001* < 0.001* < 0.001*
A-reflux ratio of (,:-,‘:—)
distillation 0.560 0.334 <0.001* ,550.001*
a3
column oy
_ . )
B-temp.of heat | 5 554 0.001* <0001 |57 <0.001%
exchanger i,
T
C-pressure <0.001* <0.001* <0.001%% ) <0.001*
flash drum o
A*B 0.218 0.875 0.001% 0.001*
A*C 0.842 0.655 (0.653 0.648
B*C 0.014* < 0.001* +2 0.034* 0.033*
A*A 0.354 0.845 #<0.001* < 0.001*
B*B 0.006* <0.001*  _“31<0.001* <0.001*
c*C 0.024* 0.058 | 0.003* 0.003*
R2 0.994 0.999,x3 1.000 1.000
* significant S\{
<
&
NG
el .
N
Y
S
<
7
R
S
A
&
O
&=
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885  Table 8 Comparison of predicted value as a result of optimizations with actual

886  response values from the simulation é’
887 g
Constraints Target . . =
(Independent factors) | (importance) Experimental range Optimal value %
Independent factors 93?
Reflux ratio In range 0.15-1.25 0.15.. £
The temperature of g g |
COOL-HDT {°C) fn range 60-90 ;. Mf‘ri}7 g }
-HD . S 8 |
F::f:;"e O FISHHDT | 1 range 15-25 721,07 :
ResBONSES Predicted |  Actual H
P |7xvalue value F
(Ex\c,;”“ty generation | 1 ximize 100.65-105.99 ,~|>102.99 | 102.98 :
i i AR 1;:5?
Mass vield of gasoline | 1o imize 18.38-19.78= | 10.27 19.27 =
(kg/hr) & S
Utility cost (USD/hr) Minimize 30.602 - 31.227 30.673 30.672 E
€O, emission (kg/hr) Minimize 136.983139.78 137.29 137.28 N
558 o
89
890 oSl 2
891 8N
892 Ca” g
893 & )
394
893 s
896 P s
~ VY c
897 R
398 Y
599 =
900 P :
901 N F
902 AnT g
903 s £
e
904 (7’"7 Pl ‘3:
Lo ¥ i
205 %) :
906 5:,"?“‘; . g
907 e g
908 g
909 3
910 H
911 8
912
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018
919
920
921
922
923
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926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
041
942
943
944
945

946

Table 9 The alternative scenarios of the responses

Reflux | Temp.of | Pressure | .\ . .ty | vieldof | Utility | cO:
) ratio of heat of flash . . . .
Scenarios distillation | exchanger | drum generation | gasoline cost emission
kw Us
column ¢} (bar) (kw) {kg/hr) | (USD/yr) | (kg/hr}
1 e
(optimum 0.15 85.17 21.07 102.99 19.27 39.6,7.) 137.29
value) Cpnid
2 0.15 90.00 22.75 102.85 19.14 -30%62 | 137.04
3 0.15 82.64 21.58 103.38 19.22 . |~-/30.71 137.44
4 0.15 72.51 15.07 102.71 19.78' - 30.80 137.86
“:mi"k .
v
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961
962
963
964
965
966
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968
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947  Table 10 Economic comparison between the scenarios and the base case

Scenarios
1
Base case | {optimum 2 3 4
condition)
Cost (USD/yr) o
EFB feed stock 18,360 18,360 18,360 18,360 18,360
Utility cost 188,037 | 184,020 | 183,690 | 184,230 | 4184;794
Fixed O&M 3,480 3,480 3,480 3,480 }.<73,480
Variable O&M 616 599 599 602 - 598
Wage of labour 16,443 16,443 16,443 16,443 =4 16,443
Income (USD/yr) e
Power 117,451 | 114,319 | 114,167 | 114,756 | 114,004
generation . P
Gasoline 111,219 | 114,154 | 113,396'%}. 113,876 | 117,152
Profit (USD/yr) 1,735 5,571 4,991%.| 5,518 7,481 "
Environment AT
€02 emission 842 g0 | a3 825 827
(tons COz/yr) L
.—.I;‘j‘:;i
0, Ny
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Abstract - At present, in Asia, many counties grow rice for
eating and selling. But still lacking the rice milling
machine used in the community. The development of this
rice milling machine will focus on the development of
renewable energy. Using solar energy to solar cells will be
controlied by the Internet of Things (IoT) and convenience
control. The result of the experiment for the theory and
experinent for using an energy-saving rice milling
machine. This makes it possible to save costs per
household because it can wse natural energy for 3 hours
per day while controlling via IoT system and then can see-
the operation and estimates of the electrical system's use.
At the same lime, it can measure the value of the electric
cwrrent at any time. This allows the system to be used
energy efficiency and can be monitored and measured.

Keywords: Rice Machine, Solar Cell, Internet of Things,
Awutomation.

L INTRODUCTION

The rice milling machine uses an electric motor or
engine. It is a rice milling machine with a production
system and a complete rice milling process. This starts
with the separation of impurities first, and then the rice
husks are removed using marbles or husks. By will get
brown rice then rough and fine while marbles are used to
get white rice then polished with a steel grid that will get
white rice. The white rice may go to the rice is not white or
spoiled by using the color launcher will get white rice that
is more beautiful [4], [7]. Rice milling machines at present
are available in many sizes according to production
capacity. Which can be divided into four sizes as follows 1)
community size has a production capacity of not more than
10 tons per day 2} small size with a production capacity of
10 — 40 tons per day 3) medium size with a production
capacity of 40 — 100 tons per day and 4) large capacity
with a production of 100 tons or more. Simultaneously,
rice milling machines have to take into account the
electricity-saving so as not to affect farmers or rice mill
users. Because it is an electronic invention that directly
converts solar encrgy into electrical energy. Solar cells are
made from semiconductors, absorbing solar energy and
converting it into electricity [2]. Where the resulting
glectricity is direct current, reduce the environmental
impact from other forms of electricity generation such as
‘power generation from oil or coal and promote and

=Yoo= c

cultivate awareness of clean electricity production
technology and the operation of the system must improve
the efficiency of communication from a distance by using
the control system via [oT [3]. To monitor cycle time and
analyze the root cause of problems that arise both during
and during the process and the continuous data collection
for a long time [14]. It can also analyze working conditions
very carefully.

This paper is organized as follows. In section II, the
research method of the rice milling machine is presented.
Solar panels, SCADA, and IoT control systems are
presented in section IIl, and In section IV presents
experimental results and conclusion.

II. RESEARCH METHOD

A. Solar Panel

This type of solar panel is made from silicon with high
purity and has a long service life for the solar cells used,
and the approximate size is 992*1955%35 mm. The power
consumption of polycrystalline solar panel is 330 watts.
The open-circuit voltage (Voc) for this solar panel is 46,20
volts, and the short circuit current (Isc) has 9.33 amps and
to control the operation of the AC Motor with a size of 5
HP or 3.725 KW. So the size of the solar panel 330 wats
must provide at least 16 solar panels to allow the rice
milling machine to work without sunlight within 3 hours a
day.

Fig 1: Solar Pancl

B. Solai Panel Design

The designed system for 3.275 KW can operating
Photoveltaic (PV) with the peak power system. We can be
obtained a starting method.

Rn-_-(NZ*I/m)*(Nl*lm) (1)
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*
iy
i

P =(N,*085*V )*(N *0.85%[)
P =32KW

The module circuit current of the maximum power point
(MPP), the energy coensumption, and are connected
parallel circuit, the total circuit voltage need to be supplied
as 460 V and open circuit = 38.3 V, [ is short circuit
current = 8,96 A. Therefore,

F, =12*%383=459.6V .

The inverter can be detérmined as the following cquation.

2427,
Vu=—73% @
v, =433V

™~

LR

g

@

n

T eaia)

o te
P s
Aljocithen SPWM
Cororuer
VF |

Canre]

Fig 2: The designed system of PV

Calculate the value of the capacitor is:
CHOXV*] *¢

.
I:Vd:(rqf) _p:fil:l
_6*1.2*135*8.96*0.005

3

o [a607-433]
C, =18061F
C. Rice Mill Machine

A case study of rice milling machines has to develop and
focus on building strength at the community level. Increase
bargaining power in the rice market mechanism system
with a suitable mill size production system, short process
and efficient machinery for milling brown rice and white
rice. There is sofiness in color, less broken. Able to
preserve all the useful nutrients of rice in its entirety. This
is to add the product's value to Thai rice products to
maintain its leadership as a world producer of high-quality
rice. It has been widely accepted that it is truly a factory
and is suitable for community enterprises. This rice milling
machine is designed and developed using an AC motor
with 5 HP, 27 Amp current, and 1450 RPM speed. The
transmission of power from the motor through the V belt.
Simultaneousty, all parts of the machine are connected by
the transmission shaft, belt, and pulley. Able te remove

rice from five channels such as white rice, brown rice,
broken rice, rice husk, and chaft.

eyt #*
el S ©ocket

i,

;-7 ; A N W AT e 5'{%
a) hopper and machine b) motor, shaft, and belt
Fig 3: Rice Milling Machine

This rice milling machine is more than 80% efficient. As
shovin in table 1, achieving good rice and this rice milling
machine's operation can work continuously with very little
impurities on the rice. The efficiency of the rice milling
machine can be found as follows.

a) The rice milling machine efficiency can be obtained
as:

M, = LA *100
Where M, = the rice milling machine
Efficiency
W, =weight of paddy in the hopper

W, =weight of paddy outside

hopper
b) The rice milling machine rate can be obtained as:
W,
M =—"
TM
Where M, =the rice milling machine rate
T, = therice milling machine time
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Tig 4: Flowchart of rice milling machine process

TABLEI
THE PERCENTAGE MILL AND RICE GAIN
Rice Mill | Unmilled | Broken | Percentage
gain gain gain gain mill
500 400 30 70 85
1000 650 100. 250 83
1500 850 150 500 82
2000 900 300 800 . 80
Average | 700 145 . 405 82.5

The rice milling machine's performance characteristics, the
color of paddy can be instantly turned into milled rice,
with a channe] separating the chaff and bran together in
one compartment. It flows through a steel sieve with a
small hole filter the grits, broken rice, small pieces of rice
to scparate into another channel. The while level can be
adjusted for various rice levels, which can be separated by
the following, characteristics.

. 3.Brokenrice

1. White rice

2.Brown rice

4.Rice husk

5.Chaff

Fig 5: Type of rice

D. Battery system

When the solar panel cannot receive light such as at night,
batteries are suitable for use in photovoltaic systems. Use a
deep cycle battery, which is specially designed for solar
cell systems. It will serve to control the charging current
into the battery and increase the battery's service life.
Which must be equal or greater than the current (Amp)

that flows through the solar panel to the battery. In our

case battery module, the charge controller's size should be
larger than the solar panel’s current. The capacity of the
battery can be calculated as follows.

. c*n
Battery size = - 4
v 0.85*0.6*Vsystem ) @

Where:

(.85 = power loss in battery size
0.6 = depth of discharge

V system in the voltage =48 V
¢ = capacity of battery

n = working days

To calculate the daily capacity of a battery, it can be
calculated as follows: ,
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3752wh
day
0.835*%0.6*%48v

*3days
Battery capacity to run 3 days =

1l

459.8 Ah
120 A .

For the battery capacity

So that, battery required = ] battery*459.8 AH/120A
= 3.8316 batteries
=4 batteries

" E. SCADA and Internet of Things

Supervisory control and data acquisition (SCADA) is a
real-time monitoring and analysis system used for remote
monitoring and the control of industrial control systems
and various engineering systems. SCADA consists of two
parts: 1) the upper-level user interface and operations 2)
the SCADA remote control unit can reduce disruptions in
the industrial and engineering process as the user can
recognize and remotely correct incidents [15]. In addition
to greatly improving work efficiency also help reduce the
cost for the erganization and a significant reduction in the
number of people in the surveillance. By being controlled
from a remote computer instead. This solar rice milling
machine will be powered by a SCADA system and
controlled via the Thing (loT) system. It will use the HMS
Ewon Flexy device and WebNMS JoT platform to work
together to access and analyze and generate insights, The
control system consists of Beckhoff PL.C CPU CX9020,
Flexy 205, including software that is used as a catcher,
eBuddy, eWON are used as VPN client. S¢ eWON

software also away as a router and gateway for
communication.

eWON

Jeima el
b TAG St re ua

Fig 6: SCADA System

The IoT-based SCADA system will work together and
manage the entire system. It improves the efficiency of the
work that can monitor the system at all times and is a
system that can manage, maintain, or check the voltmeter
value and good electric current. In the system, analysis and
visualization are the keys to building loT applications [13].
Find basic statistical inclusions to help make decisions and
make simple plans. The advanced analysis is finding
relationships or the importance of insights. There is a
computer program to help calculate according to various
sciences such as mathematics, applied statistics, data
mining, data science, etc.
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Fig 7: Flexy 205 System

Another important piece of information that should be
analyzed is information about machine maintenance. We
will focus on predictive maintenance, a system that
monitors and analyzes data from wvarious machine
parameters. To maintain in time before the machine is
broken. It is a continuous check of the parameter or
various states of the machine, Users may perform more of
the working behavior of machines: It has been tested to be
good and accurate to indicate that the machine fails or has
problems. At the same time, IoT to help display motor data
and analyze operation with [oT system, ready for the rice
milling machine status display. Real-time data analysis
results via web browsers and can view data through other
devices such as mobile phones, tablets, and so on. When
machines have problems, alerts can send alert messages,
get various channels, and export files in different formats.

II1. EXPER[MEN-TAL AND RESULTS

This rice milling machine test can be confrolled via a
SCADA system, Modbus RTU and Modbus TCP or
connected to other devices including Modbus RTU,
Modbus TCP, CC-Link LON work with discrete 10 to
centrol external circuits and will receive pulse signal such
as those from PLC, the counter can be used to measure and
store motor power. Power consumption and the size of the
Ioad that can be used in the system.

T v gseo

Py

Fig 8: SCADA Momtormg

Solar panels are an innovation that is used to convert
solar energy into electric energy. The resulting electric
energy is direct current. Most of our home appliances tend
to use AC power, and then we can convert DC electricity
into AC through the inverter. The SCADA systemn can
display results through the screen, as shown in the Figure
below.
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Fig 9: Solar Charge

The operation of the rice milling machine can be collected
in rcal-time while the rice mill is used and the rice mill is
not used. It can record which farmer used the rice mill at
the time. How much power of the motor is used. The
voltage and current are used, making it possible to
promptly calculate the cost to income and expenditure and
can be obtained.
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Fig 10: Shows the usage of motor

%A Q:

bt |

T e T

Fig 11: Shows the voltage consumption in the system .
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Figl12:Shows the current consumption in the system

IV. CONCLUSION

Testing this rice miiling machine using solar energy
controlled through a SCADA system to collect and analyze
various data via a real-time monitoring system and via IoT
system is a modern and fast system. The power test from
solar panel to control AC motor size 3.725 KW and 27
Amp, the rice milling machine can work continuously. The
values displayed by the monitor can be analyzed for
various working conditions such as brightness or sunlight
hardness throughout the day as well as being able to
forecast the weather for how many hours the rice can be
continttously milling today due to insufficient electrical
system problems, it can also communicate and inform the
farmers in advance. The smoothness of the electric current
is very good, so it will not affect the motor system. For
days without sunlight, the power system backed up on the
battery can be used continuously within 1 day. For solar
panels, strength, durability, and more than 10 years of
solar exposure can be guaranteed.

Finally, this rice milling machine works very efficiently,
and’it can mill rice amount better than 82.5 %, which

- results in cost savings in the long run and saves farmers

from the cost of milling each rice.
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