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Abstract

Today's world is overwhelmed with the stream of data generated by loT sensors, Smartphone applications, E-
commerce transactions, etc. Data streaming and real-time analytics tools are necessary to apply for various
purposes such as financial fraud detection, recommended products, or disaster warning systems. Existing real-time
data analytics tools such as StreamDM, Scikit-multiflow, or Massive Online Analysis (MOA) play a significant role in
this field. There is, however, still a lack of well-comparisons among streaming algorithms in these tools. In this
paper, we aim to study and compare the performance of the streaming algorithms provided by Scikit- multiflow,
one of the most popular tools. In the experiment, we compare various algorithms on classification and regression
problems in terms of accuracy, model size, memory, etc. The synthesized and real-world datasets are both
employed for the experiment. The experimental results illustrate that the Hoeffding-Tree algorithm shows the best

performance among other algorithms.

Keywords: Streaming, Algorithms, Real-Time, Analytics, Concept drift
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. INTRODUCTION

With the integration of high- speed network
technology, e.¢., Wi-Fi and cellular network, and
mobile technology, e.g., mobile devices and Intermnet-
of-Things (loT), the physical objects have connected
with other things seamlessly. With these connections,
people can do several things online via applications
(apps), especially mobile apps. For instance, they use
mobile apps to spend their living costs, pay the
monthly home mortgage, have an online meeting,
etc. With these connections, machines can
communicate with other machines. For example, loT
devices embedded in the factorial machinery can
send/receive data to/from other loT devices via a low-
power network. Food- delivery drivers can keep
connecting with their customers via GPS technology.
These scenarios of a modern society generate a
massive of real-time data streaming in every unit of
time.

This data streaming pushes data scientists, data
engineers, or business analysts have to discover new
knowledge from various sources of data- driven
economics. Traditionally, their daily- routine tasks
involved the pipeline process, including collecting,
cleaning, training mathematical models (models for
short), and analyzing data, iteratively. The data-
analytic tools for this pipeline process are traditionally
invented to work with a complete set of data or
bound data, namely the batch processing approach,
which contrasts with the other direction, i.e., the
stream processing approach. Figure 1 depicts the
overall diagram of batch and stream processing
approaches.

The stream processing approach is appropriate for
processing the streaming data, or unbounded data,
which is naturally fast, imbalanced, and infinite; this
means the analysts do not know when it will finish

streaming [1]. Meanwhile, batch processing tools are

insufficient to handle the streaming data because
they lack streaming algorithms. Therefore, the models
generated from the batch processing may show low

performance

.y

» Stream processing

Streaming data

Visualization }

» Batch processing

_

Figure 1 Batch VS Streaming processing

in predicting the sudden change of data or concept
drifts, e.g., the fraud behaviors in financial
transactions. This is because the models are trained
by the outdated data. To squeeze the highest
capability of models, we should frequently update
the generated models with a small set of data to get
ready for use in real-time.

Currently, there are a couple of software tools
invented for stream processing analytics, for instance,
Massive Online Analysis (MOA) [2], Scikit-learn
Multiflow [3], and StreamDM of Huawei [4]. In
particular, these tools provide online machine
learning algorithms for generating models for
analyzing streaming data. The online algorithms, for
instance, include Hoeffding Tree Classifier, Stochastic
Gradient Descent Classifier, Adaptive Windowing drift
detection, etc. Figure 2 illustrates the process of an
online machine leaming algorithm in the Scikit-
multiflow framework.

As these existing tools are getting attention in
stream processing communities, it is necessary to
survey the strongest and weakest points of them.
This paper aim to compare the online algorithms
provided by the Scikit-multiflow framework, which
shows the most attention in the community. The

target algorithms have experimented in various



datasets, both synthesized and real-world streaming
data. Moreover, different error metrics, including
accuracy, kappa, f1, model size, training, and testing
time, are used to justify the performance of the

target algorithmes.

labeled Unlabeled

data

___________ - - - =

Get data

Figure 2 Online machine learning in Scikit-multiflow [3]

The remainder of this paper is organized as
follows: Section Il provides the background to this
works; Section Il gives the problem statement;
Section IV and V presents the experimental results

and concludes this work, respectively.

IIl. BACKGROUND

A. Stream processing tools

MOA is a software environment for developing
and evaluating algorithms for online learning from
data streams. It was designed to deal with the scaling
up algorithms in the big data era. This tool provides
algorithms for solving classification and clustering
algorithms. For example, Hoeffding Trees, boosting,
bagging for classification, StreamKM++, CluStream,
and Clustree for clustering. MOA also provides
several stream generators and evaluators for an
experiment on the new algorithm design. It also
cooperates with Waikato Environment for Knowledge
Analysis (WEKA) tools for data analytics.

Scikit- multiflow is similar to MOA. It, however,
provides multiple online algorithms for different

stream learning issues, including single-output, multi-

Prediction
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output, and multi-label issues. It is worth noting that
multi- label is about predicting various output
variables (features) instead of a single target variable,
the unique feature of this tool. One of the main
reasons for making the Scikit- multiflow framework
popular is its python friendliness, while MOA is only
for JAVA.

StreamDM is also an open- source stream
processing tool created at Huawei-Noah’s Ark lab.
This tool is built on top of the Apache spark
streaming technology, which is the extension of the
core Spark APl and leverages the benefit of Hadoop
opensource. StreamDM is implemented in Scala
programming language, and it is claimed as the first
tool that implements advanced methods on top of

the Apache spark streaming.

B. Concept Drift

In dynamic and non- stationary environments, the
concept drift [5] is the streaming data whose relation
between the input data and the target variable (data
means) changes over time. The concept drift harms
learning models generated from the batch processing
because the models generated from the batch
processing causes very high errors, which is impractical
in real usage. Figure 3 illustrates the behaviors of the
various concept drift as follow:

1)  Abrupt concept drift means the transition
between the new and old concept (or data mean) is
minimal, as shown in Figure 3a. The stock market
shows this behavior when an unexpected event is
coming.

2) Gradual concept drift means the
intermediate concept continuously appears during
the transition between new and old ones, as shown
in Figure 3b. This behavior is quite natural to happen

and addressed by time series models.
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3)  Incremental concept drift means the old and
new concepts alternately concur during the transition
period. Figure 3c depicts this behavior.

4)  Recurring concept drift means the old
concept is seen again, as shown in Figure 3d. The

specific time in a year, such as New year, causes this

behavior.
Data
mean
Time
(a) Abrupt drift

Data
mean

Time

(b) Gradual drift

Data
mean

Time

(c) Incremental drift

Data
mean

Time

(d) Recurring drift

Figure 3 Concept drift behaviors

C. Evaluation method for Streaming processing
1) Holdout validation is the most popular and
straightforward evaluation method. This method

requires separate datasets into two sets: training and

testing set, e.q., 70% and 30%, respectively. The
holdout validation method usually uses less
computational time; it, however, generates the
overfit problems.

2) Prequential evaluation [6]. For each streaming
instance, this method requires first to predict the
data, and if the label is known, it uses the predicted
value and label for evaluation and then trains the
model, as shown in Figure 2. For this reason, the
accuracy of the existing model can be incrementally
updated. The benefit of this method is that it does
not require separating the data into two sets like the
holdout method. Thus, this method can save more
space than other methods. The limitation of this
method is that it cannot depict changes in class
distribution, such as concept drift. Eq (1) shows the
prequential error at time i is based on the
accumulated sum of a loss function I between the

prediction y, and actual value yy.

P =1 100 €

3) Kappa [7] is the evaluation metric used for
assessing the agreement between two raters who
each classify N items into € mutually exclusive
categorical items. This method is appropriated for
evaluating the performance of the classification
problems, especially with imbalanced data. The

definition of Kappa is defined as

kappa = 22=F< 2

ppa ="—" (2)
u . )

where p, = Sumof all agreements s the relative

N
observed agreement among raters, and p. =

%anklnkz is the hypothetical probability of
chance agreement, using the observed data to

calculate the probabilities of each observer



randomly seeing each category, where k is categories
(e.q., yes or no), N is a number of observations, and

ny; is the number of times rater i predicted category
k.

The kappa’s value is varied from a negative value
to 1. If the value is 1, it means all raters are in
complete agreement. If the value is 0, that means
there is no agreement among all raters. If the value
is negative, it means the agreement is worse than the
random event.

To illustrate an example, let’s assume the
situation that two teachers, T1 and T2, have to
classify 50 students into two groups for some

purposes. And, the result shows in the table below:

Table 1 Kappa example

T2
yes no
yes 25 10
T1
no 10 5

Base on calculation, we found

= Bt _ 0.6, and
pO - 50 - -0,

NyesT1 _ MNyesT2 Mno,T1 . Mno,T2
o= (B ) (5
N N N N

35 35 15 15
(5)+ (52)

50 50 50 50
= 0.49+ 0.09 = 0.58

0.6-0.58 _
1-0.58

Based on eq (1) calculation, kappa =

%=0.05. This value shows high disagreement

between T1 and T2 for their classified decision.

ll. PROBLEM STATEMENT
In this section, the problem statement is stated
as follow,
(1) given, a set of algorithm A, including both

online and batch algorithm, i.e., regressor, including

TNI Journal of Engineering and Technology
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K-Nearest Neighbor (K-NN), Adaptive Random Forest
Regressor (ARF_RE), Hoeffding Tree Regressor (HT RE),
and classifier, including Hoeffding Adaptive Tree (HAT)
classifier, and Sup9port Vector Machine (SVM)
classifier.

(2) A target dataset D, which is comprised of
synthesized and real-world data, both datasets are
with/without concept drift behaviors.

(3) A collection of evaluation metrics M including
Mean Squared Error, Kappa, F1-score, Model size (kB),
and Training and Testing time (sec).

The objective of this study is to compare the
performance of algorithms in set A, tested on the

dataset D, and evaluated by the error metrics M.

IV. EXPERIMENTAL RESULT
In this section, we show the results on different
experiments. We first compared the algorithm on the
regression problem and then classification problem.
We finally compared the algorithm on the concept

drifts dataset, both synthesized and real-world data.

A. Regression problem Comparison

In this subsection, we compare three regression
algorithms provided by Scikit- multiflow, including
KNN (KNN), Adaptive Random Forest (ARF_RE), and
Hoeffding Tree regressor ( HT REG). These three
algorithms were first trained with 200 data samples
and then evaluated on 1000 data samples generated
by the built-in generators; the data contains 100
features and one target variable. We used three error
metrics for the performance evaluation, including
model size, running time, and Mean Squared Error
(MSE). Figure 4 depicts that HT REG shows the best
performance since it has the lowest mean of MSE
(29726.70), while ARF_RE shows the highest mean of
MSE (38489.42). However, KNN shows the smallest
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model size and running time over HT REG and

ARF R, respectively.

B. Classification problem Comparison

In this subsection, we compared two classification
algorithms, including Hoeffding Adaptive Tree (HAT),
and Support Vector Machine (SVM), provided by
Scikit- multiflow.  We used Stream Ensemble

Algorithm ( SEA)  generator to generate 20,000

samples. Each sample includes three features, one
target, and two classes. These two algorithms were
first trained with 200 samples and running time as the
evaluation metrics for this classification comparison.
Figure 5 illustrates that HAT shows the better F1 and
kappa scores over the SVM algorithm. However, SVM
is better than HAT in terms of model size and total

running time.

Regression Generator - 1 targets, 100 features
Mean Squared Error

70000 4
Model | Mean Current
KNN 32628.3007 32543.200¢
60000 - ARF_RE 38489.4216  38954.555¢
ht_reg 29726.7034 30090.1322
50000 4
40000
&
E
30000 4
20000 +
10000 +
04
200 400 600 BOO 1000
Samples —— KNN {current, 200 samples) =+ KNN (mean)
Model | Train(s) | Predict{s) | Total(s) | Mem (kB) ARF_REG (current, 200 samples) - ARF_REG [mean)
KNM 0.1 A0 1.24 4113.79 —— ht_reg {current, 200 samples) + hi_reg (mean)
ARF_RE 29.20 3.03 3223 10321.67
ht_reg 2.09 0.27 2.37 13307.63 4

Figure 4 Comparing regression algorithms, including KNN, Adaptive Random Forest, and Hoeffding Tree algorithms

SEA Generator - 1 target(s), 2 classes, 3 features

Kappa
| Mean | Cuwrrent
0.9487 09576
0.8929 09573
] 2500 5000 7500 10000 12500 15000 17500
F1 Score
1.00 4 P T e T e T e Sy e Aalasiaariac Model I Mean | Current
".}‘::—T’V_ TR T HAT 0.9837 0.9839
0754 SVM 0.9661 0.9840
o
2 0504
0.25
0.00
1] 2500 5000 7500 10000 12500 15000 17500
Samples
Model | Train{s) | Predict{s) | Totalis] | Mem (kB] —— HAT {current, 200 samples) = HAT (mean)
HAT 10.29 2.42 12.70 327.98 ——— SVM (current, 200 samples) = 5VM (mean)
VM 572 224 7.96 345

Figure 5 A comparison between Hoeffding Adaptive Tree (HAT) and Support Vector Machine (SVM)

Algorithms in a classification problem



C. Concept Drift Comparison

In this subsection, we compared the two
algorithms from the previous subsection, i.e., HAT
and SVM, on the classification problem with two
different datasets, including synthesized and real-
world data integrated with the concept drift
behaviors.

The synthesized concept-drift data was generated
by a drifting Agrawal generator [8], composed of nine

features, one target with two classes. The dataset is

TNI Journal of Engineering and Technology
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about to determine whether the loan should be
approved or not. Figure 6 depicts that HAT shows
200% improvement over SVM on accuracy and F1
scores, while nearly 1000% improvement over SVM
on the kappa metric.

In particular, SVM’s kappa shows a negative value
which represents disagreement between actual and
predicted values. However, the model’s size of HAT
is much larger than SVM, which is not the significant

point of the streaming analytics.

DriftingAGRAWAL Generator - 1 target(s), 2 classes, 9 features
Accuracy

F1 Score

T
40000

T
0 20000

Samples
Model | Mem (kB)
HAT 572.79
svm 363

60000

Figure 6 Real-world data of Concept drift comparison between HAT and SVM

agr_a_20k.csv - 1 target(s), 2 classes

Accuracy

10000
Kappa

T T
5000 7500

T
12500

0 2500 5000 7500 10000

F1 Score

12500

fl score

5000 10000

0 2500

7500
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For the real-world streaming data, we used the
agr a 20k. csv file. Figure 7 depicts that HAT still
shows about 40% improvement over SVM accuracy
and F1 score, respectively. For the kappa metric, HAT
shows a gain of nearly 500% over SVM.

However, in this experiment, SVM’ s kappa shows
a positive value representing less agreement
between actual and predicted values. However, the
model’ s size of HAT is still larger than SVM. The
results show that the different types of data, i.e.,
synthesized and real-world data, do not affect the
testing algorithms.

From all experiments, the results illustrate that
streaming algorithm such as Hoeffding Adaptive Tree
(HAT) has the most performance compared to
Support Vector Machine in the classification problem.
At the same time, Hoeffding Tree Regressor delivers
the most performance over K- Nearest Neighbor and
Adaptive Random Forest algorithm in the regression
problem. This is because the HAT algorithm is

designed to handle the streaming data.

V. CONCLUSION

This study compares and evaluates streaming and
traditional machine learning algorithms, including
regression algorithms, such as Hoeffding Tree
Regressor, KNN regressor, and classification
algorithms, such as Hoeffding Adaptive Tree (Hat)
algorithm, SVM, on streaming data with and without
concept drift behaviors. We evaluate the
performances of algorithms by several streaming
error metrics, including Kappa, Fl-score, etc. The
results reveal that the Hoeffding Tree family
outperformed the other algorithms because of the
nature of the streaming algorithm, which
incrementally updates its model’s parameters based

on data change. Future works will be conducted

more on other streaming algorithms with several

datasets.
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Abstract

This paper seeks to employ swarm intelligence (SI) based algorithms to perform the multi-objective optimization
of a steam power plant using double reheat and feedwater heaters. The analysis is carried out to take into
consideration the 3E aspects of energy, exergy, and economy. The first and second laws of thermodynamics are
applied in the analysis of the cycle and the optimization of both the thermal and exergy efficiencies. Assessment
of the economic aspect involves consideration of the fixed and operating costs. Three Sl algorithm were tested
and the resulting system performance improvements in terms of 3E analysis were compared. The algorithms were
the sparrow search algorithm (SSA), artificial jellyfish search (JS) optimizer, and cooperation search algorithm (CSA).
The testing revealed that the SSA method approach offered the best search potential at the optimal cost, thus
proving more economical than either of the alternative algorithms. Furthermore, when comparing the SSA method
multi-objective optimization in the steam power plant with the based case, the respective improvements in
thermal and exergy efficiency were from 48.9% to 49.54%, and from 46.13% to 48.06%, while the overall cost

saving was 25.8%.

Keywords: Energy exergy and economic (3E) analysis, Thermodynamics modelling, Multi-objective optimization,

Steam power plant, Swarm intelligence (SI)
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. INTRODUCTION

Electricity is generated all over the world using coal,
oil, or natural gas as the fuel to produce the steam
required for the process. The rate of energy
consumption in the different countries worldwide can
be used as an indicator that shows how developed
those countries and the standard of living they have
achieved [1].

The generation of electricity involves the conversion
of one form of energy into another, and the total
amount generated is currently trending upwards with
annual global increases of about 2% to 3%. By 2030, it
is anticipated that the total amount of electrical
production will reach 30.3 billion kWh. The costs
involved in this production will ultimately depend on
the fuel used in the process and the power plant
efficiency. For this reason, the cost function for a power
plant will be defined in terms of the cost function for
the fuel source involved [2].

To improve the operation of a power plant in terms
of thermal efficiency, it is appropriate to begin by
examining the feedwater heater network to create a
more efficient design [3]. Much of the previous work has
of the first law of

focused on applications

thermodynamics while disregarding the idea of
irreversibility. Later studies have built upon that
foundation by applying techniques based on equal
enthalpy and temperature rises when designing the
networks for the feedwater heaters [4]. This approach
requires each heater to be designed independently
before being added to the network of heaters. By
integrating the feedwater heater design, the efficiency
is greatly improved compared to conventional
approaches, and it can be anticipated that the overall
power plant thermal efficiency will also be enhanced
as a result [2], [5].

Various techniques can be used to improve

thermodynamic system efficiency. In particular, it can
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be helpful to make adjustments to how to input heat
interacts with the performance of mechanical work to
manipulate the total energy loss within the system. The
first law of thermodynamics or the principle of energy
conservation is relevant here, in particular, because the
form of energy involved is not significant. While the
balance of energy adheres to the first law, however,
heat and work differ in qualitative terms. Therefore, it
is not appropriate to assess a thermodynamic system
solely from a quantitative perspective if the efficiency
is determined. Instead, the second law of
thermodynamics must also be taken into consideration.
This is the concept of exergy, and it allows the quality
of the energy to be evaluated. Moreover, it is also
possible to calculate irreversibility through this
approach, as well as determining the level of useful
energy. In summary, although it is possible to analyze
pressure and temperature and their effects within the
system using the first law, irreversibility is assessed using
the exergy method. Finally, the extent to which
economic value is linked to exergy can also be
established [6].

When energy conversion systems undergo
performance evaluations, energy analysis has typically
been the most common approach employed, but
more recently exergy utilization and destruction have
drawn increasing attention [7]. Energy systems can be
considered in terms of exergy analysis, while from an
economic perspective, it is possible to use exergo-
economic analysis, which is an engineering field that
draws upon elements of exergy analysis in combination
with economic theory [8]. For a broad analysis of
thermal power plants covering different viewpoints,
one of the most effective means of assessing
performance is through 3E analysis (energy, exergy, and
environmental) [9], [10].

In one such example, Lee et al. [11] studied the

pure refrigeration cycle in the process of natural gas



liquefaction and sought to minimize the energy by
focusing attention upon the system for subcooling and
conducting thermodynamic analysis upon the upgrade.
Based on this analysis, the design underwent
optimization to minimize the consumption of energy by
determining the ideal pressure, temperature, flow rate,
and compression ratio. Having optimized the
parameters of the system it was possible to reduce the
consumption of energy by 17.74%.

An exergo-economic power plant analysis was
conducted by Rosen and Dincer [12] with a specific
focus on a coal-fired power station. This study
determined that it is essential to consider the
relationship between capital costs and thermodynamic
loss [10], [12].

Oyedepo et al. [13] reported that it is possible to
improve the Rankine cycle performance while
minimizing the fuel consumption by altering the design
to feature closed feedwater heaters. If the number of
feedwater heaters is increased, it has been shown that
the heat rate and fuel consumption will decline, along
with the heat rejected in the condenser and the heat
input to the cycle.

A reheat Rankine cycle steam power plant
underwent thermodynamic analysis by Rashidi et al.
The plant contained six feedwater heaters, of which
three were high pressure and three were low pressure,
where deaeration is performed. The application of the
first and second laws of thermodynamics permitted the
maximization of the first and second law efficiencies [1].

Engineers  developing the equipment and
operational processes for power plants are obliged to
perform a number of thermodynamic calculations in
mechanical and chemical engineering scenarios.
Furthermore, it is necessary to use the repeated
solutions of problems based on thermal efficiency and
exergy efficiency when designing the systems and their

operating parameters. There is a high degree of
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complexity in these calculations due to the non-linear
aspects of the thermodynamic models that explain the
balance of mass, and

energy, exergy,

the potential nonconvexity of the objective
thermodynamic functions, and the existence within the
search space of trivial solutions. Such problems can be
addressed using global optimization algorithms, which
is an important field of study. One particular challenge
is that the global minimum is often quite similar to local
minima, and therefore global optimizers are particularly
important [14].

One way to find solutions that are simultaneously
optimized for a number of criteria is the multi-objective
optimization approach [15], [16]. The optimization
process can consider several different criteria;
thermodynamic and economic factors must be taken
into account, but it is important to note that if the focus
is placed upon just one of these, the others may
underperform to the detriment of the system. Only
through  simultaneous  optimization can an
advantageous outcome be obtained [17].

The complexity involved in designing optimal
systems leads to the failure of conventional
approaches to optimization. Such techniques tend to
be lacking in efficiency or accuracy, and therefore it is
necessary to develop novel optimization techniques
that make use of artificial intelligence (Al) to quickly and
accurately obtain global optima [18]-[21].

Rankine cycle optimization was studied by Elahifar
et al. [2], who sought to maximize exergy efficiency.
Some different algorithms were employed such as bee
algorithm, firefly algorithm (FA), and teaching-learning-
based (TLBO) optimization, with various parameters
selected to serve as decision variables. The findings
revealed that it is possible to improve exergy efficiency
for the thermal power plant under investigation from
30.1% to 30.68%, 30.70368%, and 30.70369%, for each

of the respective algorithms.
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Figure 1 Schematic diagram showing the cycle of the double reheat steam power plant

One of the more effective optimization approaches
is SI algorithm, which is based on the group behaviour
patterns that result when individual members engage
with  their local environment. Functional g¢lobal
patterns are developed in such scenarios [21]. The Sl
algorithms which have been most widely applied to
date include ant colony optimization (ACO) [22] and
particle swarm optimization (PSO) [23].
have been

However, while these algorithms

relatively effective, the latest algorithms to be
developed have shown even greater promise in
analysing thermodynamic systems. These include the
sparrow search algorithm (SSA) [24], Artificial Jellyfish
Search (JS) optimizer [25], and Co-operation Search
Algorithm (CSA) [26]. Therefore, this paper seeks to
examine these latest algorithms in thermodynamic
system analysis, like thermal efficiency, exergy
efficiency, and economical cost, to optimize the
system's performance and compare the effectiveness

of the algorithms in achieving their results.
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Il. METHODOLOGY

A. Procedure depiction for the steam power plant
using double reheat and feedwater heaters

The cycle flow sheet for the steam power plant
from a previous study by Rashidi et al. [1] is presented
in Figure 1, which consists of the condensate extraction
pump (CEP), feedwater heaters with low pressure
(FWHLP),
(FWHHP), deaerator, feedwater pump (FWP), boiler,

feedwater heaters with high pressure
turbine, and the condenser. In the beginning, the
pressure of the compressed liquid is increased by CEP,
then its temperature is increased using FWHLP1,
FWHLP2, and FWHLP3 which offer the heat transfer
areas of 5.682, 4.219, and 3.321 m? respectively, to
prepare the temperature and pressure conditions
before introduction to the deaerator. The deaerator will
remove oxygen and other dissolved gases from the
liquids and pumpable compounds to prevent hazards
to the boilers and turbines since the oxygen can cause
the rapid corrosion of metal materials. The FWP and
FWHHP1, FWHHP2, and FWHHP3, which have heat
transfer and 69 m’

areas of 17.112, 24.781,



respectively, also increase the steam temperature and
pressure before sending to the boilers to ligshten the
load of the reboilers for heating the steam to a high
temperature of 600°C at which liquid steam will be
converted to superheated vapor steam. The electric
power can then be produced from the turbine with high
pressure (HPT), and two turbines at intermediate
pressure (IPT) and low pressure (LPT). Finally, the waste
steam vapor from the last LPT will be sent to the
condenser to condense the waste steam vapor into a
compressed liquid as a cycle operation process.
Information and thermodynamics details from [1] will
be used as a base case in this work to determine the
optimization and improvement through the alteration
of the mass flow rate and operating temperature for
each stream (each pressure steam condition is the
same as proposed by [1]). The objective function in
work includes thermal, exergy efficiency, and economy

with multiple objectives.

B. Thermodynamic modelling and economic
evaluation

The equations are used with a numerical process in
order to solve to determine temperature and the
enthalpy of the flow within the power plant. The
following assumptions are made in line with similar
investigations [27]:

- The definition of the thermodynamic reference
status holds that £, = 1.01 bar while T =293.15
K
All processes are examined under conditions of
steady-state and steady-flow.

The equipment used in the power plant is
assumed to be working in adiabatic conditions.
The fuel used was natural gas, while the lower
heating value (LHV) = 46,515 kJ/kg [28]

The power plant machinery was assumed to

operate for 7,776 hours per year.
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- The respective isentropic efficiencies for the
pump, HPT, and LPT were 0.8, 0.85, and 0.9

- The effects of potential and kinetic energy were

disregarded

- Annual revenue, labour costs, utility costs, ash

handling and fuel storage costs, electrical or civil
works, and the treatment costs for fumes are all
ignored for this study

- The cost estimates (fixed and operating) cover a

one-year period.

1) Energy analysis:

By balancing energy and mass, the system energy
analysis can be performed through Equations (1) and
(2), which allow the energy analysis of each of the
system components to be made. In open systems
under steady-state conditions, the first law of
thermodynamics applies, and Table 1 presents the

energy equations for each of the various components.

(1

Erh,——znh
1 [
in

out

: c; c
DO +ii| b+ ——+gZ, |=| h +—2
2 2

+gZoj+W (2)

in which Q. represents the transfer of heat from the
source to the system at temperature T,, while the
network of the system is represented by W . The
working fluid bulk velocity is given by C while Z
shows the height above sea level of the stream and g
indicates the specific force due to gravity.

2) Exergy analysis:

The second law of thermodynamics is employed to
calculate exergy and to assess the system irreversibility.
All of the procedures involved are irreversible. The
exergy expression equations for each of the different
streams are given as:

Ex, = Zm‘,ex‘, - Zlhoexo + ExQ +Ex, (3)

. T ).
ExQ = 1-—10
T

(@)



TNI Journal of Engineering and Technology
Vol.9 No.1 January - June 2021

(5)

in which ExD , ExQ and ExW represent exergy
destruction, exergy rates arising due to the heat transfer
and the work occurring over the control volume
boundaries, respectively

Only the physical exergy associated with the mass
flows across the control volume is taken into account
and calculated using:

(6)

ex=ex, +ex, +ex, +ex,

There is no need to consider the kinetic (ex, ) and
potential exergies (ex,,) [29].

Physical exergy (ex,,) can be calculated from the
following formula:

ex,, =m(h—h)+T,(s—s,) (7)

Chemical exergy (ex, ) from the gas mixtures is

calculated on the basis of:

n n
°h
E x.ex;" +RT, E x, Inx,

i=1 i=1

(8)

ex,, =
The equation (8) given above is not suitable for the
calculation of fuel exergy, and instead the simplified
version given below can be applied:

ex,, =eX;, = /I(LHV

fuel

) 9)

Where the situation involves a gaseous fuel, it is
possible to employ the experimental formula CH,
which was put forward by Dincer and Rosen [12] for

calculations as:

1=1.033+0.01692 — 20698

X

(10)

X

3) Economic analysis:

In performing the economic analysis for the power
plant, the operating costs and the original capital
investment are the key factors to be considered. The
equipment costs include the acquisition of the steam

turbine, boiler, and condenser, as well as the auxiliary
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items including the feedwater pumps, heater,
condensate extraction pumps, and deaerator. The cost
of this equipment is fixed and given as C, , which can
be expressed in terms of the component redundancies

in each case [30]:

CS‘B + CS‘T + CC + nCEP (CCEP )
c =f (11)
+nBFP (CBFP ) + CH + CD
In which reference value f is 1.87.
The original cost of each of the items or

components represented by C was determined
empirically from [4], [31] as shown:

- Steam turbine

Cyp = 633000(MWe) "™ (12)
- Condensate extraction pumps

Copp = 9000(MWe)' (13)
- Steam boiler

Cy, = 1340000 MWe)" ™ (14)
- Condenser

C.. =398000( MWwe)"™” (15)

Where MWe is the work rate produced in the
steam power plant at the turbine.
- Boiler feed pumps

0.6107

Cpr = 35000( MWe)

- Heater [32]

C,, =6200(10.7644)"* (17)

Where 4 is the heat-transfer area (m?), which has
the range of 1.858-185.806 m” [32]
- Deaerator [33]

C, =0.958M,, +30.0 (18)



in which C,, represents the cost of the deaerator
($1000)(2002), and M, indicates the design water
mass flow emanating from the deaerator in kg/s [34].

Overall operational costs will cover items such as
insurance, maintenance, and fuel feedstock shown as
(4], [311:

C, =(m.C.+C, +C,) (19)

inwhich C, represents the total operating cost, and

F is fuel, M is maintenance, and I is insurance. In

this instance. Maintenance is 3% of the total fixed cost,
while insurance amounts to 2.5% [4], [31].

The equations determining the energy and
destruction of exergy for each cycle component can be
seen in Table 1. Exergy destruction is also known as
irreversibility and is determined by the process of
entropy generation. Entropy serves as an indication of
the degree of randomness which exists within a
particular system. In cases where less exergy is
destroyed, and entropy generation is low, a system can
be considered more orderly and offers the greater
potential to work effectively. Furthermore, ambient
temperatures also influence the rate of exergy
destruction or irreversibility since it has a role to play in
the equations which determine exergy destruction
rates. increases the ambient

Irreversibility as

temperature rises.

lll. OPTIMIZATION
A. Multi-objective optimization (MOO) of the
formulation
The overall MOO problem can be expressed as
shown [35]:
Minimize or maximize:

S =[£G, /() /(0]
Subject to: g, (<0, j=12,...m
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in which k& enumerates the objective functions
while inequality constraints are enumerated by m.

This study makes use of a weighted sum technique
in addressing the problem, which requires the use of
predetermined scalar weights w; allowing the
minimization of the composite objective function

shown as:

(20)

in which U represents the minimum multi-
objective desirability value.

This study makes use of three fitness functions. The
first relates to energy efficiency as indicated by
Equation (21); the second addresses exergy efficiency
as indicated by Equation (22), while the third relates to
the overall cost as indicated by Equation (23). These
objectives have equal weightings, and therefore each
weighting (w; ) can be allocated a value of 0.33 for
equality of all three objective functions. These

functions are expressed as follows:

Maximize energy efficiency:

VVT_WCI‘;‘P_W

b (7},ml.,h,.)l_:l_28 = Lz (21)
O
Maximize exergy efficiency:
W, i, — W,
£ (z,ml_’hﬂsl_ )i—1—28 —_T "CEP " FWP (22)
- X fiel
Minimize overall cost:
FH(T) s =Cr+C, (23)
Subject to:
25<T; <4585 25<Ty<50  40<T3<90
75<T, <110 100<T5<135  186<T, <187.92
194<T, <194.15 205<T3<237  270<T, <296
328<Tjn <341  388<T;, <400 388<Tj, <400
T3< T <74 475<T;; <485 318<T4 <321
318<Tjg <321  285<Th; <304 205<Ty, <245
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195 < Ty5 <203
30< T <55

80< Ty <116
33< Ty <36

44<Ty, <94

B. Sl algorithm

1) The sparrow search algorithm (SSA):

One interesting novel algorithm based on the
concept of Sl algorithm is the SSA [24], which was first
developed in 2020 by Xue and Shen. The model is
based on the foraging activities of flocks of sparrows as
they look for food. The algorithm continually provides
updates of the latest positions of the designated
scroungers and producers as they conduct their search,
and these updates are assessed to determine the
optimal outcome through consideration of the fitness
values.

The producer in the SSA generates foraging
instructions for the whole sparrow population. The
locations of discoverers are updated using a formula

(24) which ensures that the algorithm cannot simply

converge to the origin when attempting to optimize,
and thus global optimization performance is improved.
The following equation is used for the updates of the

position of the producer:

e X, x(1+0) if R, <ST (20)
Yo\ +(0xL)  if R 2ST

In this form, the current number of iterations is given
by t, while ifer,,, shows the maximum permissible
number for those iterations. Xf,j indicates the location
details for the i sparrow positioned in the ;™
dimension, while o e(O,l] is simply a random number.
The respective roles of R,(R,[0,1]) and
ST (ST [0.5,1]) are to show the warning value and
safety value. Q is a normally distributed random
number while L is representative of a matrix which has

a single element.

Table 1 Expression for energy efficiency, exergy efficiency, and exergy destruction rate and for double reheat steam power plant

components
Equipment Energy Balance Equations Exergy Destruction Rate Equations Exergy Efficiency
(g = iy =ity = tiyy = tigg )ty — hy) + Lyinp = =Tl 0ty =ity — ity — ity —1ing (5, = 3) + (it + 1y, )y, 7 :17M
X . . . & FWHLPI
FWHLP1 (g + iy, + tingy Yy — (rityg + 1ty )y +101,85, — (1, + 1y + 11y, ) Sy | Wi, FwrLp1
—tithy; =0
. . X . . Ly py = =Tyl (g — 1ty — iy — iy = 1ing )(83 = 4) + 1y Sy + 115,85, —1- RN
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Table 1 Expression for energy efficiency, exergy efficiency, and exergy destruction rate and for double reheat steam power plant

components (cont.)

Equipment Energy Balance Equations Exergy Destruction Rate Equations Exergy Efficiency
1(7 = {(’hm _mw _mlz _m|4 _mlg _mzo _mZI _"-122)}'16
qC = (’hm =Tty =Tty = Hilyy = iy = 1y +(mzo + 1y, +m22)h28 _(mlo — 1y — 1y, =iy, _mlo)hl} i
Condenser Ly = ity Y + (tig + ity + 1ty g =T {(rinyg — 1ty — gy = gy — Mg = Mgy — 1ty =111, )8 Moc =1- v (
. . . . . . . . . . . . . in,C
=iy =ity —iny, — iy, — g )y +(ityy + i1y, + ity ) — (g = Hityy = Fityy — ity =1ty )8y }
1 i A0 = o) = To (St = S 000 )}
IB = {mlu(hl() 7h11) + (’hlo 7”.117 7”.112)(}112' 7h13)
qp = mnhn - mthIO + (mm —my; +(’h10 —’hn _’hlz _’hm _""’19)(}113 _h15) i
Boiler =1y, )(hyy = hyy ) + (g — iy, — iy, =Ty [(s10 =) + (g — 1ty =i, )8, = 8,5) Ny =1 exj [
iy, = i) (s = ) e, N )
h o ’ H(ring =ity — iy, =it — 1 )81 = 1)1 + G5 (1 7T70)
B
7 > 1 . 1 iFWP
Fwp Weyp = it (hy = h) Wep = 1ty [(hs = hy) =T (55 = 57)] + ‘WFWI" Mo pwp =1 ===
Wewp
W, = (1t — 1ty — 11y, — i1, — 1) . L : £
CEP e 1 7 2 " " ICEP = (mlo =My, =My, =y, 7m19)[(h1 7}’2) 771‘](‘5'1 7‘92)] +‘WCEP‘ 77.9,(‘EP =1-—
X(hz _}’1) CEP
W: = {rin, (hy, = hyy) + (g =i, By, = hyy) . . . .
+(rig — iy, —1in, )(hyy — ) + (i —ing, — ity I, = =Tl (s, = s17) + (i — i, )(sy7 = 5,,)
=ty Yy = yg) + (g =ity =iy =iy, =ity ) iy, — gy =y, )(8y; = 81) + (g — iy — iy, —ny,)
Turbi X(hys = hyg ) + (g — ity = gy =1y, =1ty = iy, ) (8,4 = 8y5) + (it — 1y, — ity — 1ty — 11, ) X (815 = Sy9) -1 W,
urbine X(hog = by, )+ (g =ity — tity, =iy, =ty ity . . . . . . Mea =275 7
. : . . , , +(ring — 1ty = rigy =1y, — My =T, ) X (S5, = 8y) T,
=ty Yoy = Iy )+ (sityg =iy =ity = iy, = 1ityg . . . . . . .
—tityy — Tty =1ty )y, — i)} +(ring — vty = rigy = 1ty — Mg =Ty, = 11, )(Sy = y,)
+(rig — 1ty = Hiyy =1y — My =ty = 1y =1, )(Sy, = 816) }

The scrounger locations are then updated as shown:

X[ _ t n
Qxexp worst ) if‘ l- < -
1+1 2
X7 = i 2
L,
X+ |X,.’;1 — X x A" xL otherwise

(25)

This formula X, represents the best location

reached by the current producer while X, indicates

worst
the worst location currently occupied globally. A
represents a matrix of 1xd in which the elements are

each given a random value of either 1 or -1, so that

A=A (ad")
X}twst +IBX|X;,/' _Xlt?est lf‘ f; >J:,’
X it,;l = |th J - thvors'l (26)
X +Kx|——m— if f. =
it X(ﬁ_ﬁ0+g iff=1

In this case, the current global optimum is given by

X, while g serves as a parameter of step-length

17

control with a normal distribution of mean 0 and
variance 1. The direction taken by each sparrow is given
by K while f; is the fitness value for the current
sparrow and fg indicates the best current fitness value
while f,, is the worst current fitness value. Finally, &

indicates the smallest constant.

Algorithm 1 The framework of the SSA [24]

Input:

Initialize a population of n sparrows and define its relevant
parameters including G (the maximum iterations), PD
(the number of producers), SD (the number of sparrows
n),

Output: x,,,,f, .

1. while (1<G)

2. Place the fitness values in order, identifying the current
best and current worst items;

3. R,=rand(1)

. for i=1:PD

. Update the location of the sparrow via Equation (24);

. end for

. for i=(PD+1):n

o N o A

. Update the location of the sparrow via Equation (25);
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Algorithm 1 The framework of the SSA [24] (cont.)

9. end for
10.
11.

for i=1:SD

Update the location of the sparrow via Equation (26);
12.
13.
14.

end for

Obtain the latest current location;

In the event that this new location is superior to the
previous location, it should be updated;

15.
16.
17.

t=1t+1
end while

return X, f;

2) The artificial jellyfish search (JS) optimizer:

Another example among the latest meta-heuristic S
algorithm approaches is the JS, which is based on the
behavioural tendencies of jellyfish. It was created by
Chou and Truong in 2020. To simulate the behavior of
jellyfish swarms in the ocean, it is necessary to model
the activity of each jellyfish and the sea current at any
given moment, along with implementing a means of
control for the timing of the actions. JS achieves
optimized convergence through balancing the activities
of exploration and utilization within the search area. In
the open ocean, jellyfish move to search for food, and
therefore they are inclined to move constantly towards
areas rich in food. A more detailed explanation of the
workings of the JS optimizer can be found in [25].

3) Cooperation search algorithm (CSA):

In 2020, Feng et al. created a novel algorithm known
as CSA, and it is based on the nature of collaborative
activity in modern organizations. Initially, a random set
of potential solutions is generated within the search
space before three operators are allowed to run until
the predetermined stopping criterion is reached. The
first operator is the team communication operator in
which the list headed Algorithm 1 presents the details
of the procedure for implementing CSA enhances
global exploration and serves to identify the search

area with the greatest potential. Second is the reflective
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learning operator which serves to balance the
exploration and exploitation activities. Finally, the
internal competition operator selects solutions which
offer the greatest potential for subsequent cycles. More

details concerning the CSA can be found in [26].

[V. RESULTS AND DISCUSSION

The 3E analysis for the steam power plant based on
energy efficiency, exergy efficiency, and economic
evaluation is calculated and optimized using the
parameters of temperature, pressure, enthalpy, and
entropy via thermodynamic and economic modelling
using  MATLAB software R2021a (Master License:
31557780). The balance of mass and energy, and exergy
can be determined for all of the plant equipment,
while the decision variable of the calculations is the
temperature of each of the streams.

The running performance can be assessed by
running the test 30 times using each algorithm under
the same fitness conditions governing the initial
iteration in the case of each of the three algorithms,
including SSA, JS, and CSA methods. The set up was
arranged such that the population size was 50 and the
maximum iterations amounted to 500. The MATLAB
software was then used to run the optimizations using
the SSA, JS, and CSA methods. The solutions are
presented in terms of the multi-objective desirability
value (U ), which is summarized in Table 2 based on
the statistical data for the different algorithms.

In conclusion, SSA was found to offer the best
performance in searching for solutions and determining
global (or near-global) optima and therefore achieved
the leading multi-objective desirability value (U ). The
robustness of SSA was also superior to JS and CSA
methods as evidenced from the standard deviation
(SD.). In terms of central processing unit time (CPU.
Time), the three algorithms produced broadly similar

results.
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The best solution performance from the 30 runs was

5 5%106
selected for each of the three algorithms, and E —
S 4x10°- —— CSA
the association between the multi-objective desirability 2
value (U ) and the number of iterations was determined E 3x10°
0
[
in order to assess the convergence rate for the solution, o 2x10%4
2
as can be seen in Figure 2. For the best solutions of 3 .
9 1x10°-
SSA, JS, and CSA methods, the number of iterations ;
=]
o-r--r-r-r-rrrrr——r—r—r—
amounted to 261, 299, and 157, respectively. Although = 50 100 150 200 250 300 350 400 450 500

CSA had a significantly faster convergence rate, its Number of iterations

optimal results were not satisfactory, at 2,060,496,

. . . Figure 2 Convergence rate characteristics of multi-objective
while SSA achieved a superior outcome of 2,037,752 s s )

and JS was also better at 2,057,431 desirability value (U ) for the three different algorithms.

For the optimal values reported, the decision
Table 2 Statistical results in the double reheat steam power

) ) ) variables from the MATLAB software and the test
plant using the three different algorithms

Sl algorithm SSA IS CSA results from the SSA, JS, and CSA methods and from [1]
Mean 2,042,636 | 2063922 | 2,065,366 can be seen in Table 3. In Table 3 the temperature and
Best 2,037,752 | 2,057,431 | 2,060,496 mass flow rate values of each of the streams prior to
Worst 2,064,751 | 2,087,596 | 2,086,261 optimization are presented [1], and the same
>D- 8157.266 | 11,180.78 | 917715 parameter values are shown following optimization via
CPU. average time 6548 s 6357 s 6641 s SSA, JS, and CSA methods. The thermodynamic

operational properties for the different streams in the

steam are shown in Table 4 under SSA.
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Figure 3 The destruction of exergy in steam power plants with double reheat
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Table 5 indicates that the power balance based on
the steam power plant with double reheat for the three
algorithms SSA, JS, and CSA methods, has a higher duty
at the boiler and the condenser than reported by [1].
This is because the inlet temperature at the boiler
(stream 10) of all three algorithms obtained from
calculations using the MATLAB tool is lower than the
values obtained by [1] (shown in Table 3.), resulting in
higher energy requirements for heating the temperature
steam to 600°C. In addition, it can be observed that the
three algorithms also have the higher condenser duty
than traditional work due to their large differences in
temperature output (stream 1) and input (stream 16) of
the condenser is greater than for traditional work,
resulting in a greater energy requirement for cooling the
steam down. Accordingly, this increases the utility cost
since a more incredible amount of energy is necessary.
However, when considering the steam turbine, which
has the role of obtaining heat energy from the
pressurized steam before converting it to mechanical
work, three algorithms can promote the energy
produced from [1], which amounts to only 1,311.5 kW
due to the greater mass flow rate of the three

algorithms at the inlet (stream 15) of the LP turbine

which is the main component in producing energy. The
turbine power output can be expressed in the form of
the mass flow rate of the working substance and the
enthalpy drop, which appears as P, =m,Ah, in which
Ah=h,—h,,.

Exergy destruction in the steam power plant with
double reheat shown in Figure 3 demonstrates that
within the power plant, the boiler, turbine, condenser,
and deaerator are sources of exergy destruction as
shown in the percentage fraction pie chart. The greatest
exergy  destruction of the based case and all
algorithms were due to the boiler since the boiler
system is the main destroyer of exergy from high-
temperature operations [36]. Since this work set the
ambient temperature at 25°C while the boiler is
operated at 600°C, the lower ambient temperature can
cause an increase in the irreversibility rate of the boiler.
It is noteworthy that there is no need to consider the
reference environment state when performing the
calculations for any alteration in a thermodynamic

property (analysis of the first law), although it does

influence exergy (analysis of the second law).

Table 3 The decision variables for each of the streams prior to and following optimization

Before Optimization After Optimization each algorithm
Base case scenario [1] SSA JS CSA
Stream
(k:;s) ("TC) Phase (k:;s) ("TC) (k;n/s) ("TC) (k;n/s) ("TC)

1 0.6416 45.79 @ 0.6532 27.67 0.647 29.26 0.6612 34.75
2 0.6416 459 C 0.6532 27.77 0.647 29.37 0.6612 34.91
3 0.6416 85.99 @ 0.6532 77.73 0.647 4391 0.6612 63.12
4 0.6416 107.6 @ 0.6532 101.01 0.647 79.55 0.6612 83.87
5 0.6416 134.6 C 0.6532 114.56 0.647 100.61 0.6612 104.78
6 1 187.9 @ 0.97 187.92 0.9935 187.92 0.9817 187.92
7 1 194.1 C 0.97 194.05 0.9935 194.05 0.9817 194.05
8 1 236.8 C 0.97 217.42 0.9935 205.88 0.9817 217.42
9 1 295.7 C 0.97 281.30 0.9935 272.13 0.9817 281.40
10 1 340.8 C 0.97 336.23 0.9935 329.76 0.9817 336.25

20



TNI Journal of Engineering and Technology
Vol.9 No.1 January - June 2021

Table 3 The decision variables for each of the streams prior to and following optimization (cont.)

Before Optimization After Optimization each algorithm
Base case scenario [1] SSA JS CSA
Stream
i T Phase m T 7 T 7 T
(kg/s) (°O) (kg/s) (°O) (kg/s) (°O) (kg/s) (°O)
11 1 600 Vv 0.97 600.00 0.9935 600.00 0.9817 600.00
12 0.1165 395.5 Y 0.1067 389.43 0.1093 389.43 0.108 389.43
12/ 0.7545 395.5 Y 0.7178 389.43 0.7352 389.43 0.7265 389.43
13 0.7545 600 Vv 0.7178 600.00 0.7352 600.00 0.7265 600.00
14 0.05638 452.2 Y 0.0287 452.23 0.0147 452.23 0.0291 452.23
15 0.6416 600 Vv 0.6532 600.00 0.647 600.00 0.6611 600.00
16 0.5575 73.35 \ 0.5552 73.49 0.5823 73.49 0.595 73.49
17 0.1289 483.3 \ 0.1455 476.73 0.149 476.73 0.1473 a76.73
18 0.6416 320.1 \ 0.6532 319.97 0.647 319.97 0.6611 319.97
19 0.05653 320.1 \ 0.0359 319.97 0.0735 319.97 0.0363 319.97
20 0.0262 406.6 \Y 0.0131 406.57 0.0194 406.57 0.0198 406.57
21 0.002087 303.7 \Y 0.0588 303.68 0.0323 303.68 0.0198 303.68
22 0.037 222.5 \ 0.0261 222.43 0.0129 222.43 0.0264 222.43
23 0.1289 303.7 C 0.1455 295.67 0.149 286.93 0.1473 296.24
24 0.2455 244.8 C 0.2522 218.42 0.2583 206.88 0.2553 218.42
25 0.3019 202.1 @ 0.2809 195.05 0.273 195.05 0.2843 195.05
26 0.0262 115.6 C 0.0131 102.01 0.0194 80.55 0.0198 84.87
27 0.04707 93.99 C 0.0719 109.63 0.0518 44.91 0.0397 64.12
28 0.08407 539 C 0.098 87.99 0.0647 30.37 0.0661 3591
Cold water 32.65 25 C 40 25.00 40 25.00 40 25.00
Hot water 32.65 35 C 40 33.68 40 33.76 40 33.87

Where V represent superheated vapor steam and C represent the compressed liquid steam

Table 4 Thermodynamic properties of the double reheat steam power plant obtained using SSA for each of the streams

Stream i P r Phase h S v
(kg/s) (kPa) (°O) (kJ/kg) (kJ/kg.K) (kJ/kg.K)
1 0.6532 10 27.67 C 116.01 0.404 0.136
2 0.6532 1,199 27.77 C 117.519 0.406 0.732
3 0.6532 1,199 77.73 C 326.349 1.048 12.109
4 0.6532 1,199 101.01 C 424.181 1.318 23.43
5 0.6532 1,199 114.56 C 481.426 1.468 31.61
6 0.97 1,199 187.92 C 798.3 2.216 137.983
7 0.97 30,000 194.05 C 839.289 2.234 172.536
8 0.97 30,000 217.42 C 941.563 2.448 209.852
9 0.97 30,000 281.30 C 1,235.865 3.011 332.502
10 0.97 30,000 336.23 C 1,524.784 3.507 469.308
11 0.97 30,000 600.00 V 3,446.872 6.237 1,544.202
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Table 4 Thermodynamic properties of the double reheat steam power plant obtained using SSA for each of the streams (cont.)

Stream i P r Phase h S ¥
(kg/s) (kPa) O (kJ/ke) (kJ/kg.K) (kJ/kg.K)
12 0.1067 8,307 389.43 \Y 3,102.6 6.295 131.283
12’ 0.7178 8,307 389.43 \Y 3,102.6 6.295 883.179
13 0.7178 8,307 600.00 Vv 3,639.894 7.002 1,117.541
14 0.0287 3,277 452.23 \ 3,345.954 7.048 35.853
15 0.6532 1,199 600.00 \Y 3,696.998 7.946 870.421
16 0.5552 10 73.49 Vv 2,636.925 8.308 91.356
17 0.1455 15,121 476.73 \Y 3,240.031 6.252 200.884
18 0.6532 1,199 319.97 Vv 3,089.638 7.108 636.895
19 0.0359 1,199 319.97 \ 3,089.638 7.108 35.004
20 0.0131 327.7 406.57 Vv 3,288.695 8.014 11.842
21 0.0588 141.6 303.68 \ 3,080.948 8.068 39.991
22 0.0261 65 222.43 \ 2,921.195 8.128 13.115
23 0.1455 15,121 295.67 C 1,314.489 3.186 53.724
24 0.2522 8,307 218.42 C 938.149 2.492 50.392
25 0.2809 3,277 195.05 C 830.956 2.281 43.687
26 0.0131 3,277 102.01 C 429.949 1.327 0.51
27 0.0719 141.6 109.63 Vv 2,690.505 7.242 38.535
28 0.098 65 87.99 C 368.514 1.169 2.413
Cold water 40 101 25.00 C 104.929 0.367 6.345
Hot water 40 101 33.68 C 141.214 0.487 26.625
Where V represent superheated vapor and C represent the compressed liquid
Table 5 The power of main equipment in the double reheat steam power plant process
Equipment Base case scenario [1] SSA JS CSA
Boiler (kW) 2,581 2,606.382 2,734.23 2,678.32
Condenser (kW) 1,312 1,450.872 1,464.258 1,482.46
Turbine (kW) 1,311.5 1,351.66 1,377.247 1,381.27
Feed water pump (kW) 41.18 39.76 40.72 40.24
Condense extraction pump (kW) 1.7 0.993 0.9963 1.17
Therefore, these conditions should enhance the between hot fluids and cold fluids. The three

performance of the boiler and bring about a significant
rise in the efficiency of the plant. This issue can be
reduced by preheating the steam before sending it to
the boiler [37]. In the case of exergy being destroyed
within the system's heat exchangers, such as the
the

condenser or feedwater heater, this occurs

because of the substantial difference in temperature

22

aleorithms achieve slightly lower exergy destruction
than in the base case scenario [1], and this suggests that
the rate of irreversibility for the turbine is lower than
was the case in the study conducted by [1].

The fixed cost in this paper was calculated from the
equipment purchase cost (Egs. 11-18) and also the

operating cost which is calculated from maintenance,



insurance, and purchase of fuel feedstock (Eqg. 19) and
can be seen in Figure 4 (a).

The comparison of the operating cost of the three
algorithms in Figure 4 (b) indicates that the highest fixed
cost and operating cost is for the CSA, because of the
high duty energy consumption of the boiler and the
condenser shown respectively in Table 5 as 2,678.32
kW and 1,482.46 kW. Additionally, the highest 1,381.27
kW energy produced from the CSA turbine significantly
increases the fixed cost due to the energy produced
being a function of the fixed cost Equations 11-18 for
many items of equipment. The power balance in the
turbine is 1,377.247 kW and 1,351.66 kW of energy
produced for the JS and SSA methods, respectively,
which are less than for the CSA. In contrast, SSA has the
lowest fixed cost including the operating cost when
compared with JS and CSA. That means that SSA used
the lowest amount of fuel, and also had the lowest
fixed cost which can result in the lowest operating cost
due to the fixed cost being a function of the
operational cost. In the meantime, SSA can still
maintain the efficiency of energy produced when
compared with JS that has a higher fixed cost and
operating cost. These hints can imply that SSA is an
appropriate choice for this steam power plant when

considering the economic aspect.

6x10°
5,917,949

5,909,136

6
5.9%10 5,852,626

5.8x10°+

5.7x10°+

5.6x10° -

2x109
JS CSA

Fixed cost ($USD)

0

23

TNI Journal of Engineering and Technology
Vol.9 No.1 January - June 2021

4x105

3.8x105-
3.6x105

3.4%105
322,367

322,842

319,244

3.2x105-

3x%105
2x105
1x105

0

Operating cost ($USD/Y)

SSA

JS

CSA

(b)

Figure 4 Steam power plant economic evaluation using double

reheat (a) Fixed cost (SUSD), (b) Operating cost (SUSD/yr)

Table 6 indicates that the three algorithms have a
higher enthalpy efficiency and exergy efficiency than in
the base case except for the enthalpy efficiency of JS
which is slightly lower than [1] by 0.06%. This means
the three algorithms can wisely use the amount of
heated steam at constant pressure for heat transferring
in the six heat exchangers in a manner that improved
upon the pre-optimization conditions. In addition, the
three algorithms can show that this steam power plant
optimized the maximum level of useful work obtained
within a given process in which the system obtains a
dead state. Thus, one may infer that the three
algorithms successfully improve both the enthalpy
efficiency and the exergy efficiency from the work of
[1].

After the three algorithms’ optimization results
revealed that the CSA has the highest enthalpy
efficiency and exergy efficiency at 50.03% and 48.53%
respectively, the reduced level of exergy destruction
seen in Figure 3 is likely to offer a substantial advantage
in terms of exergy efficiency. It is possible to define this
exergy efficiency in terms of only physical exergy while
ignoring kinetic and potential exergy components since

their lack of size renders them insignificant. It is possible
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to offer the description of physical exergy as the
maximum theoretically feasible extent of useful work
that a system might accomplish during its interaction
with an equilibrium state. Significantly, the overall
performance should have its basis in efficiency as
defined by the second law of thermodynamics, which
can be applied to describe exergy efficiency, whereas
the first law is only concerned with energy efficiency
[36]. Consequently, the JS has the lowest efficiency
compared with the other two algorithms, but it still
offers better exergy efficiency than in the work of base

case scenario [1]. However, the SSA is most valuable

when considering the economic cost because the SSA
has enthalpy efficiency slightly different from the CSA
by 0.49%. In the meantime, the exergy efficiency
difference between SSA and CSA is 0.47%. Thus, the
SSA method can achieve cost savings of up to $USD
68,921. According to the multi-objective desirability
value (U ) of SSA, which was the lowest value in
comparison with JS and CSA, it makes sense that we
can choose SSA as the best algorithm among the three
for the reasons mentioned in order to achieve steam

power plant improvement.

Table 6 3E analysis resulted from the different optimization algorithm

3E analysis Base case scenario [1] SSA JS CSA
Enthalpy efficiency 48.90% 49.54% 48.84% 50.03%
Exergy efficiency 46.13% 48.06% 47.38% 48.53%
Economic cost (SUSD) - 6,175,006 6,234,639 6,243,927
Multi-objective desirability value (U ) 2,037,752 2,057,431 2,060,496

V. CONCLUSION

An analysis was carried out to examine the 3E
aspects of a steam power plant which used double
reheat and feedwater heaters. The energy, exergy, and
economic factors were addressed using multi-objective
optimization via Sl algorithm including SSA, JS, and CSA
methods. When comparing the results with those of [1],
which is defined as a base case in this work, it was
found that the optimal results were achieved using SSA
method in terms of search performance and the
achievement of g¢lobal optima. Accordingly, SSA
method achieved a fitness of 2,037,752, which
represented the best multi-objective desirability value
(U ) obtained from a trial set of 30 runs. The SSA
method also offered superior robustness compared to
JS and CSA methods, taking the SD. values as evidence.
The three algorithms showed little difference when
their CPU. times were evaluated, while none of the

three algorithms could successfully solve the issue of

exergy destruction at the boiler, althousgh it is well
known that the boiler is the main site where exergy
destruction takes place when the system is operated at
high temperatures. However, all three algorithms were
able to support the energy production of turbine power
with SSA, JS, and CSA methods achieving 1,351.66 kW,
1,377.247 kW, and 1,381.27 kW respectively, which
compares favorably with the base case which reported
1,311.5 kW. One further advantage of the three
algorithms is that all three were able to make effective
use of the heated steam at constant pressure when
performing transfers among the six heat exchangers,
since enthalpy and exergy efficiencies were increased
significantly by the algorithms. The sole exception
came in the case of JS, for which the enthalpy
efficiency was the lowest among those algorithms.
From the economic perspective, SSA delivered reduced
costs by up to SUSD 68,921. Finally, SSA's multi-

objective desirability value (U ) was the lowest among



the three algorithms, leading to the conclusion that SSA

method would be more appropriate than JS or CSA

methods. From these findings, it is possible to conclude

that 3E analysis can be effectively performed using a Sl

algorithms technique. It was found that multi-objective

optimization analysis could be employed to further

improve upon the result from previous study [1].
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Abstract

This paper presents the design of a shunt active power filter (SAPF) for harmonic elimination in single-phase power
systems. The parameters of the shunt active power filter and Pl controllers for the compensating current injection
control are considered to design. The conventional design method depended on an easy and uncomplicated
calculation is applied for this paper. The MATLAB/ Simulink program is used to simulate the harmonic elimination
system for the performance testing of SAPF. The simulation results confirm that the SAPF and PI controllers designed
by the proposed method can provide good performance to inject the compensating current for harmonic elimination
in  single- phase power system. Moreover, the total harmonic current distortion percentage

(%THD,) of the source current after compensation is reduced and satisfied under the IEEE std 519-2014.

Keywords: Active power filter design, Active power filter, Harmonic detection, Harmonic elimination, Improve power

quality
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Abstract

Renewable energy becomes an emerging trend in many countries. Photovoltaic (PV) technology has been
gaining an increasing amount of attention due to its unpolluted operation. Importantly, the PV system should be
utilized with safety awareness. The problem of hotspot takes place due to the mismatch in the irradiation of the
cells in the PV module. Under the hotspot condition, the unshaded part of the module operates at a current level
higher than the shaded cell. As a result, the affected cells start to dissipate power leading to an increase in the
temperature. Afterward, the hotspot reduces performance and brings damage to the PV module. This paper
presents the hotspot detection algorithm that can integrate with the PV’s MPPT system. The method uses the
concept of characteristic curves analysis and the rate of current changes under reversed bias conditions to detect
the hotspot. Moreover, the algorithm displays the PV system’s status indicator after the detection completes. The
implementations in different testing cases, including various PV sizing at different irradiation levels. Results confirm

the performance of the proposed algorithm, showing the accuracy with fast detection.

Keywords: Photovoltaic, Hotspot detection, Shading condition, Irradiation
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l. INTRODUCTION
(PV)

Renewable power led by photovoltaic
technology has gained popularity as one of the
potential avenues. PV's expansion increases due to
unlimited power resources from the sunlight and
unpolluted operation with no emission. Researches in
renewable energy receive great attention. Because
most of the resources are available on short-timescales
and depend on the weather conditions, it is important
to investigate the enhancement of renewable energy
to achieve its highest potential. To enhance the
efficiency of PV, the effect of weather conditions must
be considered. Two main parameters affect the PV-
generated power, irradiation and temperature; they
vary from the location where the PV is installed.
Moreover, the problems that could occur to the PV
system such as cell mismatch, material degradation
and shading could lead to a problem called a hotspot.

A hotspot is defined as the fault formed on the
panel's surface, which happens from the consequence
of shading on the PV panel's surface when a PV cell in
a panel generates less power. Hotspot not only causes
the generated power reduction but could also lead to
a PV cell's damage. Conventionally, the detection uses
the infrared camera to capture a thermal image of

[1]. Although the

thermography detection method's performance

objects under inspection
is
effective, the cost of the equipment especially the
infrared camera is generally quite high, and a workforce
for the routine checkup is also needed. Although the
hotspot happens on a part of the area on the PV cell,
the power dissipation caused by the temperature can
be found.

In addition, it is confirmed by case studies and
surveys that hotspot causes the reduction of PV
system's performance ratio. Work done by Dhimish et

al. [2] presents the impact of hotspot through the PV

modules installed across the U.K. The study shows that
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42% of all the installed PV modules do contain the
hotspot. The existed hotspot causes a -15.47%
decrease rate of the performance ratio, making the
generated power of the PV system decreases every year.
Other confirmations are shown by Pillai et al., Hossam
et al. and Yedidi et al. [3]-[5] show that hotspots can
cause a reduction of energy yields up to 15%. According
to the studies, researchers need to develop methods
for detecting hotspots accurately and effectively.

The main context of this paper is to describe the
effect of the hotspot by the operation factors and
propose the hotspot detection methodology for the
small-scale PV system, in the form of the algorithm. The
analysis of hotspots in each condition is performed and
verified with the description explained by the IEC 61215
standard. The hotspot detection method is designed
based on the practical PV module model with the three
clusters structure. The proposed algorithm operates
using the real-time difference method (RDM) [6] by
sensing real-time voltage and current from the PV
module. After that, the real-time calculation of PV
output parameters and comparison with the reference
values are performed. The algorithm is designed by
using the analysis from the PV's characteristic curve and
the rate of current changes under reversed bias
conditions to detect the hotspot. After the detection
completes, the algorithm displays the PV module's
status by using the indicator signal. The usefulness of
this research is the presented algorithm can accurately
detect the hotspot and differentiate it from normal and
shading conditions. The proposed method shows the

compatibility with the practical PV standard.

IIl. PROBLEM STATEMENT
The hotspot is formed by the localized heat on the
PV module's surface, which happens due to the
mismatch in the PV cell, shading or material defection

[7]-[8]. During the hotspot condition, the PV cell



voltage operates in reversed bias. Instead of generating
the power, the hotspot cell starts to absorb the current
generated from other normal condition cells. Then, the
total power generated from the PV module is reduced
and the temperature inside the cell increases. If the
temperature reaches and exceeds the limited
threshold (85 °C typical rate for PV to operate and at
150 °C for the permanent damage), [1] the hotspot can
be formed and bring permanent damage to the
module.

The efficiency degradation of the PV module due to
the hotspot has been confirmed by research works [9]-
[11]. In practice, the PV module internal structure
contains the PV cells arranged in series connection, the
cells are divided into a group called a cluster. In each
cluster, the bypass diode is installed to prevent the
extreme reverse voltage bias on the PV module. Figure
1 shows the PV module in three cluster structures with

one hotspot's cell highlighted.

R

[:=I.-IIIIIII+]

Cluster’s structure

:

AT

PV’s module
With hotspot’s cell

Figure 1 Hotspot's cell in PV module model

in three cluster's structure [12]

To decrease the effect of shading towards the
hotspot, bypass diodes are installed. Diodes can
restrain the reverse bias voltage that can occur in a PV
cell, and protect the cell's current to reach the
breakdown voltage by providing the alternative path for
the current to flow. However, studies show the
disadvantages in the case of the long-term operation,

higher temperature, and the installation generates
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maximum power points alisnment which increases the
difficulty to track PV's highest power [2], [12]-[14].

Detailed confirmation is explained in IEC 61215
(design qualification and type approval of PV module)
[15]. The standard states the hotspot endurance testing
method to determine the ability of the module to
withstand hotspot heating effects. When the hotspot's
cell exists in the module, the cell's current inclines
significantly and the total module current starts to
decrease. The fundamental simulation in Figure 2 is
performed to present the effect of the hotspot,
according to the information in IEC 61215.

Forward bias
region

Reverse bias
region

[

Hotspot's cell

o

_—

60 ¢cells

Current (A)

S

Bl sms: s ol o v e o ey e S e v s i e s

-10 -5 5 10

Voltage (V)

15 20 30

Figure 2 |-V characteristic curves of the hotspot's cell

and whole PV module [15]

By using the configuration in Figure 1, the current-
voltage characteristic of the hotspot's cell and total PV
module under normal and hotspot conditions are
displayed. The simulation uses the testing condition
according to the IEC 61215 standard. The hotspot's cell
is set to have the irradiation of 300 W/m?, while other
cells operate at 1000 W/m?’. The results present three
current parameters measured at the hotspot's cell, the
normal condition cells and the whole PV module. The
voltage is divided into two regions include the forward
bias (PV's voltage is greater than zero) and the reverse
bias (PV's voltage is less than zero). Under reversed bias

region, the red graph displays the hotspot cell's current
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which increased exponentially, starts from 0.5 A which
indicates the PV's current value at 300 W/m’. The
current continues to increase until it reaches the
breakdown voltage at -10 V.

For the performance of the whole PV module, the
blue graph displays the whole PV module's current;
which decreases due to the low irradiance on the
hotspot's cell. The current drops from the short-circuit
current at 2 A to 0.5 A, the drop exists at approximately
the PV cluster's voltage (20 V). The result shows that,
although the maximum power of the module is not
significantly different compared to the normal
condition, the power dissipation is hidden under the
hotspot's cell which causes the cell to overheat and
bring damage. The IEC 61215 standard clearly states the
step-by-step testing procedure in which manufactured
PV module needs to pass before being certified. IEC
61215 specifically states the hotspot test requirements
of the module; however, the hotspot detection
procedures have not been described yet. As a result, it
is important to study the impact of the hotspot and
design the detection method for preventing the

damage that occurs to the PV module.

Il. ANALYSIS

There are examples of hotspot models presented in
published works, represents using DC or AC circuits. In
this paper, the model by [16] is used due to its
representation in DC which is well-matched to the
previously proposed maximum power point tracking
(MPPT) algorithm. The model is implemented based on
the single-diode DC model with the additional voltage-
controlled current source (VCCS) connected to the
shunt resistance branch. The reversed bias current /g is

generated, as shown in Figure 3.

40

Rs  Ipy
S A
- Ipn v o Rv lrp '
4 \ 4 ‘ P Vpy
Igr

Figure 3 Hotspot model with VCCS and shunt resistance [16]
Equation (1) shows the expression of the currents in the circuit

according to Kirchoff's current law.

IPV:Iph_ID_IRp (1)

The current Iggr generated from the additional VCCS
is expressed as shown in equation (2) [16]. From
equation (2), & and m are the fitting parameter
(@=1.93 and m=1.10 for the crystalline Silicon) and Vg

is the cell's breakdown voltage.

0 Vpy >0
Igr = a(ﬂ) 1_(ﬂ) _mv <o ¥
Rp VBD VYRV =

When Vpy, turns negative, the current source
generates Igg in the exponential trends. As described
in section I, since the material's degradation in the cell
can affect the hotspot model parameter and increase
the induced current; therefore, the analysis considers
the effect of the shunt resistance towards the
performance of the PV module. A detailed investigation
is performed by considering the value of shunt

resistance (Rp), and levels of irradiation as shown in at

different irradiations Figure 4.
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Figure 4 |-V characteristic curves of the hotspot cell

As shown in figure da, under the forward bias
condition the cell's diode turns on when reaching the
diode's forward voltage Vg of 0.6 V. PV's current Ipy
increases to approximately 2 A. In contrast to the
reverse bias condition, the graph shows the PV's current
starts to incline exponentially, especially when reaching
the breakdown voltage of 10 V. Overall, in figure 4b the
result presents the generation of a large current from
the low resistances. Especially for the lowest resistance
value of 10 Ohm, the current increases significantly at

approximately -5 V, which the voltage is less than the
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value of the breakdown voltage. The low resistance
value can be reflected as the degradation which
induces more current and more power dissipation. Also,
due to the dependence of weather, especially
irradiation, it is necessary to evaluate the hotspot effect
at different irradiation levels. Figure dc shows that the

more irradiation inputs to the hotspot's cell, the more

generated current causes a higher power dissipation.

IV. METHODOLOGY
The system in Figure 5 is implemented by PV array
(two series-connected modules, one module contains
the hotspot's cell), the boost converter with a duty

cycle control and the constant voltage load.

Ry dpv_cen
v

11

+
v Irp

Re Veev

1T

D> ten

PV’s cell hotspot model

DC-DC converter
i e o
hotspot’s cell : load
TDuly cycle (D)
Normal PV
module + | Proposed Global
& |MPPT and hotspot
itialized PV o
parameters
Figure 5 System's implementation
The results achieved from the system's

implementation in figure 6 are used to design the

algorithm.
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szf.;:f The characteristic curves undervalue of reversed

2 - 4 ET:.:Z:(\] i :(.'uﬁvv voltage are displayed. The condition shows the amount

;jl < \‘Q """"""" Z Eig’: of PV’s current at different reversed voltage. The less

E : \\-j\ _:;;"V reversed voltage, the more increased the current is
Zos e =2V displayed.

0 " Shit volge range The proposed hotspot detection method is shown

ol ® vm‘;‘l(v) % in (b) Figure 7. The algorithm is designed by using the

(b) Magnified inclined current changes detection area slope calculation concept to identify the hotspot. The

program has two major parts (a) the main program and

Fi 6 1-V ch teristi der hotspot diti ith . . .
igure characteristic curves under hotspot condition wi (b) the hotspot detection algorithm. The main

the decrease of reverse bias voltage over time
improvement is the compatibility with the practical

From figure 6, levels of reversed voltages are set to cluster structure. Furthermore, to increase the

be between -05 V to -4 V with the decrerent of 0.5 V., functionality, the algorithm is also complemented with

to present the behavior of the hotspot while the the shading detection and global MPP tracking system.

reversed voltages approaching the breakdown voltage. The tracking algorithm has published by the author [17].
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Figure 7 Proposed hotspot detection algorithm for PV module in cluster's structure

(@) The main program (b) Hotspot detection

From the |-V characteristic curves, the commonly (at 80% of PV’s open-circuit voltage ( Vpe ).
searched region for all number of defected clusters Consequently, the algorithm starts detecting the
locates at the ranges of the knee level of the curve inclined current from 80% of Vyc. The measured
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voltage is assigned as the first reference voltage V;[1]
and the current is recorded as I;[1]. Step repeats
after shifting the voltage by 0.1 V to the next point
V,[1] at 85% of Vy; afterward, the algorithm records
the current I,[1] .
the

Consequently, the algorithm

calculates rate of change  called
Slope[m] between two current points with respect
to the voltage points. The calculation is shown in

equation (3).

(z[m]—11[m])

W [m]=va[m]) )

Slope[m] =
After calculating the slope pairs in the searched

region, the average of the total slope
(|Slopeavemge|) is determined. The algorithm
calculates whether |Sl0pea,,emge| presents the
increase of PV's current inside the hotspot's cell. If
|Slopeavemge| shows the inclined trend (value is
greater than 0), the program estimates the status as
the hotspot condition, making the hotspot indicator
triggers from 0 to 1. After that, the algorithm proceeds
to the second stage which is the power dissipation
and temperature estimation. On the other hand, if
|Sl0peavemge| does not show the increase of PV's

current (value is less than or equal to zero), meaning

the PV cell does not present the hotspot characteristic.

The proposed algorithm uses the indicator to
present the detection result. Two indicators are
“Hotspot” and “Normal”. The hotspot indicator
shows when the hotspot is detected. Inversely, the
normal indicator presents the normal operation.
Continuously, the system proceeds to the global
MPPT function to track the power back to the highest
point. In conclusion, the proposed detection method
using slope calculation helps the system to detect the
hotspot that occurs in the PV array, also provides the
integration with the proposed algorithm to the MPPT.

Moreover, the program can track the global MPP after
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shading happens. After the estimation, the important
point is to identify the degradation level regarding the
hotspot’s temperature (explained in section II). If the
estimated temperatures surpass 150 °C, the
maintenance step should be performed to prevent

the severity of the hotspot formation.

V. RESULTS AND DISCUSSION

The implementation is built for evaluating the
proposed detection method. The PV cell with the
maximum power at 0.76 W, shunt resistance of 35.54
Ohm and series resistance at 0.02 Ohm are used. The
implementation in Figure 5 is simulated to detect the
proposed detection algorithm. The hotspot's cell is
highlighted in red. For testing the algorithm, case
studies criteria are referenced from Dhimish et al. work
[2], in which cases are divided with five possible
values of shunt resistances with a -20% variation with
respect to its nominal value. The variation is used to
represent different hotspot degradation values. The
resistance values include 7, 14, 21, 28 and 35 Ohm.
The conditions represent the degradation at different
impurity concentrations [16]. Figure 8 presents the
results of hotspot detection with the maximum and
minimum shunt resistances, including the shading
condition.

The results in Figure 8 confirm the efficiency of the
proposed hotspot detection algorithm. The program
starts with the first time MPPT to determine the
maximum power of the total PV array, detecting at
7274 W. The process takes approximately 2.5
seconds. Continuously, when the hotspot occurs at 10
seconds, the program starts to identify the hotspot by
calculating Slope[m] and detecting any incline of the
current from the reverse bias current. The result
results. Less shunt

shows the detected slope

resistance develops a higher slope.
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Although the resistances vary the changes of PV resistances vary the changes of PV cell current; the

cell current; the algorithm is capable to detect the algorithm is capable to detect the incline change.
incline change. After detection completes, the status After detection completes, the status indicator triggers

indicator triggers from 0 to 1 for indication. The from 0 to 1 for indication. The process takes

process takes approximately 2.23 seconds. Figures 8a

to 8e show the detected slope results. Less shunt

resistance develops a higher slope. Although the

approximately 2.23 seconds.
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Figure 8 Graphical results of one-cell hotspot detection for shunt resistance cases

(a) 35 Ohm (b) 28 Ohm (c) 21 Ohm (d) 14 Ohm (e) 7 Ohm and (f) shading condition

On the other hand, the proposed algorithm can
detect the occurrence of shading conditions. From
figure 8f, the results show the detection of the normal
condition with the decline slope at -0.15 A/V. The
negative slope occurs due to the high parallel
resistance in the healthy PV cell. Consequently, the
system proceeds to the global MPPT algorithm to
restore the power to the maximum level. The

algorithm takes approximately 0.23 seconds to track

the new global MPP.
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Moreover, the proposed method is compared to
other published hotspot detection techniques. In this
case, the detection based on the real-time difference
method is focused. Selected works include the
hotspot index determination [12] and equivalent DC
resistance and Thevenin impedance calculation [18].
Table | shows the comparison of hotspot detection
techniques in terms of implementation requirement

and detection capability.
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Table 1 Comparison of hotspot detection techniques based on real time difference method

References Hotspot detection Implementation requirement Hotspot detection Remarks
techniques capability
Proposed Reversed bias detection | one current sensor and one Can detect the hotspot in -
method from the |-V curve voltage sensor cell's scale
[12] Hotspot Index Sensor’s number is Can detect the hotspot in |- Test condition is
determination using PV proportional to number of cell's scale but at certain limited to two cluster
voltage's ratio tested and values of shunt and | irradiation panels
series resistance Hard to distinguish
from the shading
condition
(18] Equivalent DC resistance | two current sensors and one Can detect the hotspot in | Threshold's calculation
and Thevenin voltage sensor cell's scale but limited to | process used for
impedance calculation series-connected detecting the hotspot is
configuration not described

Table 1 summarizes that the proposed method

shows the least installed sensors, while other
techniques require more. Fewer sensor installation
makes the proposed algorithm becomes simple to
implement with less cost. Also, in terms of the
detection capability in cell scale, other techniques
limitations.  Several include certain

have points

irradiation and configuration limitation.

VI. CONCLUSION

This paper presents the improved hotspot model,
which is derived from the elaborate analysis of the
reversed bias effect stated in the IEC 61215 standard.
The analysis shows the effects of hotspots from the
factors, including the shunt resistance, level of
iradiation and total performance in the cluster's
structure PV module. Results show more
development and compatibility of the hotspot's
model, contributing to a more practical level with the
PV's standard. The implementation and graphical
results prove the efficiency and accuracy of the
detection in different irradiation and shunt resistances.
The algorithm shows fast detection within 5 seconds,

representing the inclined average slope. The main
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challenges are the determination of power dissipation,
which requires more elaborate sensors installation
and the material property parameters. Future works
include the PV material characteristic analysis under
hotspot conditions such as thermal distributions and

heat transfer on each PV material structure.
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Abstract

Autism spectrum disorders (ASDs) is a group of complex neurodevelopmental disorders characterized by
impairments in social interaction and communication. It results in language and speech disorders. Some autistic
people may not speak at all, some imitate, and others speak their own language. This impedes the ability to
communicate their own needs to others. Although cure for autism remains unknown, therapy can help develop
skills and learning for them, leading to better well-being and quality of life. At Autism Research Center, Khon Kaen
University, flash cards with pictures, books, and teaching slides have been used to improve speaking competency,
but the children have not been satisfactorily interested in them. Today, communication disabilities are being widely
treated by using mobile applications or games. Appropriate interaction is the key to the success of this therapy.
Therefore, this paper presents a mobile sound interaction technique for people with autism. Developers could
shorten their development time by following the proposed framework guideline to select the right interaction. To
confirm the effectiveness, this research developed a game called “Run animal Run” by using the presented
interaction framework and interactive multimedia, and then the game is employed with the volunteers at Autism
Research Center, Khon Kaen University. The results showed that volunteers were able to interact with Run Animal
Run game by using the designed interactions. This game help stimulating interest and improving their language

skills.

Keywords: Autism, Interaction, Sound, Speech, Mobile devices
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Abstract

This research aims to find out the comparison results of evaporation value of Class A pan with the evaporation
pan model constructed as the tool of the study. Two evaporation model pans made from brass with 30 -
centimeters diameter (300 millimeters diameter, 200 millimeters in depth and 4 millimeters in thickness) were
situated in the location at The Lam Ta Khong Operation Maintenance Project, Nakhon Ratchasima Province, during
March through May. With the similar meteorological conditions, the data was continuously collected for 3 months
to compare the evaporation value of the two pans with the Class A pan at the site and with the evaporation of
the Penman Equation method. The results showed that the average evaporation of 30 - centimeters diameter pans
were approximately 15% greater than the Class A pan, Ep,/E,q, ratio was 1.21 and the maximum average
evaporation value, which was in April at 6.03 millimeter/day. The average evaporation of the Penman Equation
was approximately 30% less than the 30 - centimeters diameter pans and the maximum average evaporation
value, which was in April at 5.17 millimeter/day. The average evaporation coefficient (K,) of the 30 - centimeters

diameter pans was at 0.76 which the only coefficient of evaporation in the summer season.

Keywords: Evaporation, Pan evaporation, Coefficient of evaporation, Penman equation
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Class A Pan model
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Abstract

The research aims to determine the schedule of multiple jobs waiting to be processed by limited number of
workers. Each job has its own minimum and maximum number of workers required. The processing time of each
job is flexible depended on number of workers being assigned to perform the job. The scheduling objective is to
minimize the system makespan. In order to determine a proper solution for the research problem, a two-phase
heuristic is presented. The first phase is to cluster jobs according to the maximum number of workers required and
assign workers to each job considering their availabilities. The second phase is to reduce number of jobs being
assigned to the worker having maximum completion time. For the performance evolution of proposed heuristic,
30 small size and 30 large size problems are randomly generated. The solution obtained from the heuristic has
been compared with the solution yielded from searching for the solution of a mathematical model by the
evolutionary method. According to the results of small size problems, the solution provided by the proposed
heuristic has the makespan value of 1.57 percent greater than the solution yielded from the evolutionary search.
For those large size problems, the proposed heuristic yields better solution than the evolutionary search with the

average percentage deviation of 15.54 percent.

Keywords: Workforce scheduling, Limited number of workers, Flexible processing time, Makespan
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Examples:

[3] N. Kriengkorakot, P. Kriengkorakot, S. Duan P. Thung, and W. Piromsuk, “Repair work reduction in
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6. WBNIINEIUNAY
Hdlvudsunanueoulailéi https://phol.tci-thaijo.org/index.php/TNIjournal
dlonesussansmsldfuunanuazdniunisdsunanuauedmsiaudifansuIuna LAz e
nan1sfiansanlififouunanumsu dmivunanuiiunsussdlaegmsinanaiudiezldunisafiusiady
Nssiiteweunssioly

U

1. paszmaaatumeluladlne-quu aduil 004/2563 Fes snidEnmsafinsingasantunalulad
Ine-gunuuguian U 2563 fiseazdonlinsarsaadumaluladine-guu : Imnssumansuazinalulad
gAANNTSARNAITAITUUUFULAL ISSN 2351-0056 (Print) Tnglimeunsluguuuunsaisdidnnsednd E-ISSN
2672-9989 (Online) insogaiien sedlntnadausTud 20 unsiau 2563 Husuly

2. mudsgmaanrtumaluladlne-guu atudl 005/2563 Fos MsiAuAteLUsIuAe STy
unaulnegnssnandivesnsasandumaluladine-guu we. 2563 feazidunlvionidnyszniaanity
atiufl 080/2561 1381 mstiuAsssullonanBngel Argudseiliuunanaidelaoimsinandl wagadfius
unansAnnsadlunsansaniumaluladine-gu

TaedmusliiAudswuszidiuunaaiddslneimsnandivensasantumaluladine-giu aingds
unAa Weunarsumsiinsandesiuannesussansms §m 2,500 v e uvarw 1 (Fes eillviiia
Fausifudl 20 wnse 2563 WWuduly

84



ysasaeiumalulagine-gdu : Iaanssumansuazmalulad

U9 9 aduil 1 unsax - Aguiey 2564

“Giginfn wAAINURUA dietndsshng wantnuTwis”

ol

ANZIAINTTUANENS

NaNgAIIEAUUTYY 197
- MANENIFINTIUYUEUA (Automotive Engineering, B.Eng. : AE)
- YIANEATIAINTIUNNSHER (Production Engineering, B.Eng. : PE)
- MANgnIFINTsuAsNiawmes (Computer Engineering, B.Eng. : CE)
- YIANGATIAINTINEAEMNNT (Industrial Engineering, B.Eng. : IE)
- nangnsienssuluin (Electrical Engineering, B.Eng. : EE)
- International Program (Digital Engineering, B.Eng. : DGE)

nangnsszavUSgeln
- nangesinalulaginingsu (Engineering Technology, M.Eng. : MET)

ASINALULASFSAUNA

NaNgnsTEAUUTYY 197
- wé’aqmmmiuia%msaul,wﬂ (Information Technology, B.Sc. : IT)

wangnsinalulagiafsiifie (Multimedia Technology, B.Sc. : MT)

nangnsinAlulagansauman1agsna (Business Information Technology, B.Sc. : BI)
- nangesinalulagfdvianisdeansuiavu (Digital Technology in Mass Communication, B.Sc. : DC)

International Program (Data Science and Analytics, B.Sc. : DSA)

vangasszavUsyeln
- wé’ﬂgmlmﬂiuiaﬁmiaulmﬂ (Information Technology, M.Sc. : MIT)

AMZUINITTIND

nangnsszAvUSe193

- nangasmsdanismaluladuasuinnssunisuda (Management of Production Technology and Innovation, B.B.A. : MI)
- Mé’ﬂamﬁm’iﬁjﬁﬁ]iﬁﬂu (Japanese Business Administration, B.B.A. : BJ)

- MINgNINTINNSEINTEMIeUSEINA (International Business Management, B.B.A. : IB)

- MANgnsNIURYA (Accountancy, B.Acc. : AC)

- ‘Vié’ﬂQmmiﬁmﬂﬂ‘iw%lwmﬂiqufmuvijﬂu (Japanese Human Resources Management, B.B.A. : HR)

- nangnsNsInnsladasinduazliguniu (Logistics and Supply Chain Management, B.B.A. : LM)

- MANGRSNINAIANATI9ETIA (Creative Marketing, B.B.A. : CM)

- Mé’ﬂgmmﬁmmimiviauﬁmLLazm’iU%ﬂﬁL‘TNuﬁJMﬂ’iw (Innovative Tourism and Hospitality Management, B.B.A. : TH)

- International Program (International Business Management, B.B.A. IBM)

nangasszavUSgeln
- MNgAITLINNIIUNTIANNITINAUALEMEMNTTH (Innovation of Business and Industrial Management, M.B.A. : MBI)
- Mﬁﬂ@@iﬂ?ﬁﬂiqsﬁ%fujﬂu (Japanese Business Administration, M.B.A. : MBJ)
- MANgRIMIIANITITUUNSHARLatTadaRnduuuAY (Lean Manufacturing System and Logistics Management, M.B.A.
: LMS)



Thai-Nichi Institute of Technology

1771/1 Pattanakarn Road, Suanluang, Bangkok 10250, Thailand.

Tel : 0-2763-2600 Fax : 0-2763-2700
https:/ph01.tci-thaijo.org/index.php/TNIJournal e-mail : journaleng@tni.ac.th



