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Objectives

The main objectives of this journal are:

1. to publish research articles and academic articles in science and technology, Journal focus are Electrical Engineering,
Electronics and communication Engineering, Computer Science, Computer Engineering, Civil Engineering, Mechanical
Engineering, Industrial Engineering, Occupational Health and Safety, Environment Engineering and Agricultural
Engineering;

2. to become a center for exchanging innovations in science and technology among researchers and interested persons;

3. to become a collection of interesting and valuable research papers and articles;

4. to promote and encourage Southeast Asia University researchers and interested persons to develop innovations.

Scope
To publish research articles and academic articles (Review articles, Technical article, Special Articles) in science

and technology.

Schedule
SAU JOURNAL OF SCIENCE & TECHNOLOGY is published two issues annually. The first volume is published

between January and June and the second is published July and December in each year.

Comments on the article of the SAU JOURNAL OF SCIENCE & TECHNOLOGY is a personal opinion of the

author. Editors boards may not necessarily agree.
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Abstract It is necessary to measure the generation performance of solar panels installed on
site since the yield of electricity produced by solar panels depends on many environmental
factors. Therefore, this paper presents the design and development of a simple, small, and
low-cost instrument for measuring the electrical characteristics of solar panels. The proposed
instrument is equipped with the Arduino microcontroller board responsible for controlling
and signal processing in conjunction with the capacitor charging circuit that sweeps the
panel output voltage. The instruments display on the Human Machine Interface (HMI) screen

has 2 formats including a current-voltage graph and a table showing electrical parameters for
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the diagnosis purpose. The 4% of maximum discrepancy between the test results carried out

from the proposed instrument and a commercial device under different solar irradiance and
the partial shading conditions confirmed that the proposed instrument is comparable with the

commercial one.

Keywords: I-V Characteristics, Electronic Loads, Arduino, Photovoltaic systems
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Abstract The objectives of this cross-sectional descriptive research were to study the risk

perception and hazard prevention behaviors of garbage collectors in the Sathon district
office. The data were collected among 130 garbage collectors who had worked in this office

at least 6 months by using a questionnaire and interviewed the executive officers related to
occupational safety management. Descriptive statistics used for analysis were frequency,

percentage, mean, and standard deviation, while inferential statistics were Chi-square and
Pearson's product-moment correlation coefficient at the statistical significance level of 0.05. The
result showed that garbage collectors had a risk perception at a good level of only 38.5%, but
the overall occupational hazard prevention behavior was at a good level of 53.1%. Personal

factors, health and safety factors that had statistically significant correlation with occupational
hazard prevention behaviors, were work cycle (p=0.042), working time in the day (p<0.001),

and work-related accidents/illnesses (p<0.001). There was a moderate positive correlation
between risk perception and occupational hazard prevention behavior (r-0.498, p-value<0.01).

In addition, the interview results revealed that the Sathon district office had administrative
control for occupational hazard prevention such as organizational safety policy, preventive
training program, and supported personal protective equipment. Therefore, the Sathon district

office should enhance the garbage collectors: occupational hazard prevention behaviors at a

good level continually by setting compliance with rules or regulations about occupational
hazard prevention behaviors, such as establishing a clear penalty and providing information
about correct occupational practices which will help workers collecting waste more efficient
and safer.

Keywords: Risk perception, Occupational hazard prevention behaviors, The garbage
collector
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Abstract By adopting the Sustainable Development Goals (SDGs) in 2015, all of the goals
are interconnected, even if only SDG 3 focuses on ensuring healthy lives and promoting
wellbeing for all people at all ages. The United Nation member set a number of audacious and
ambitious health-related goals that must be accomplished by 2030. While one of the SDGs is
“health”, several other “health-related” goals also included. Health-related objectives can
serve to direct efforts to promote health, direct health policy, and evaluate progress. A goals-
setting process almost always results in a higher focus on illness prevention and health
promotion. For Agenda 2030 to be realized, integrated implementation across Goals is
required. A multistakeholder, multi- actor response is necessary to implement the 2030
Agenda. In addition to discussion between governments, the commercial sector, civil society
organizations, and nongovernmental organizations, innovations and advancement in policy,
technology, and research are required. Most significantly, a committed community is required.
It is essential to comprehend Thailand’s development toward these goals if population health
for 70 million citizens is to be improved. While the body of literature already in existence is
replete with normative suggestions for potentially helpful measures, there is less evidence of
national implementation plans.

Keywords: Sustainable Development Goals, SDG 3, Health-related, Health and Well-Being,
Thailand 4.0

1. Introduction agenda through 2030. Only target 3,

A series of audacious and ambitious - guarantee healthy lives and promote well-
health- related goals were defined by the Deing for all at all ages,” specifically
Sustainable Development Goals (SDGs), Mentions health among the 17 SDGs,
which were adopted by all UN member however 10 other goals make use of health-
states in 2015. The SDGs of the United relatedindicators[1]. The Inter-Agency and
Nations (UN), which took their place after ~ Expert Group on SDGs Indicators released
the Millennium Development Goals @ total of 232 monitoring indicators, 50 of

(MDGs), which were already completed in ~ Which are connected to health, to track and
2015, represent the new development assess the advancement of member nations
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[2]. Monitoring Health for the SDGs [ 3],
Atlas of the SDGs [ 4], Index and
Dashboards [ 5], and Global Burden of
Disease (GBD). Study are just a few of the
projects that have been created to monitor
worldwide progress toward the health-
related Goals [6].

According to the Department of
Mental Health” s research from 2019,
Thailand has the 32"-highest suicide rate in
the world, with an average rate of 14.4 per
100,000 persons [7]. Additionally, it was
shown that only 28% of the 1.5 million Thai
people aged 15 and older who suffered from
depression had access to treatment. In
Thailand, there have been almost six
attempts at suicide every hour over the
previous few years. Depression is regarded
as a major cause of death and is responsible
for more than 70% of suicides. Thai people
who should have had longer lives as a result
of this circumstance pass away too soon.
Additionally, empirical data suggests that
the COVID-19 situation has resulted in a
rise in suicide rates since 2020. According
to reports, stress levels were higher among
Thai people, which increased the
prevalence of depression. Additionally, the
long- lasting effects of the COVID- 19
epidemic have left the general public in a
condition of constant exhaustion, mental
fatigue, and emotional vulnerability, which
has diminished their capacity for resilience
in the face of adversity [8]. Additionally,
research has shown that older people with a
history of COVID-19 infection had lower
quality of life and a higher prevalence of
depression than those without a history of
infection. Therefore, the elderly's mental
health should be given priority in effective
planning and health policy actions aimed at
lowering health-related concerns [9,10].

Thailand® s 20- year sustainable
development plans will be in line with the
SDGs. The SDGs’ 15-year plan will be
covered by the strategies, which will also
protect the nation” s  sustainable
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development from political upheaval.
According to the new constitution, the
nation must have national policies and
budgets that support those policies. The
“Thailand 4.0” paradigm is another step
along the Thai path to the SDGs. The nation
must progress through its agricultural,
industrial, and technical stages in order to
build a creative, “smart” economy with a
diverse  culture that strives  for
sustainability. It must now move into its
phase of development known as 4.0, which
is characterized by a digital economy,
increased quality of life for all people, and
sustainable use of natural resources. The
12"™ National Economic and Social
Development Plan, which covers the years
2017 through 2021, promotes conformity
with the Paris Agreement and 20- year
national strategies. To improve population
health for Thailand’ s 70 million citizens
[ 11], it is essential to comprehend the
progress toward these goals. According to
the most recent report from 2022, Thailand
has an overall SDGs Index score of 74.1 and
is ranked 44" out of 163 countries [12]. This
indicates that Thailand has covered 75
percent of the distance. Nonetheless, a
comparison of the SDGs Index for 2021 and
2022 would show a decline in Thailand’s
ranking. Thailand’s score increased in 2022
as a result of the approach that saw new
indicators added and the calculation
methods modified. Since its beginning in
2002, Thailand’s policy on universal health
coverage ( UHC) has advanced
significantly. At all phases of life, every
Thai citizen is now entitled to necessary
preventive, curative, and palliative
healthcare treatments. But the policy has
issues, just like its counterparts abroad. In a
country where a sizable segment of the
population lives in poverty, a system that is
primarily tax- financed will always try to
keep expenses from rising. There are
differences between the various health
insurance plans that cover Thai citizens.
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Government funding for national health
care is significant, primarily to lower access
costs for the underprivileged. Along with
the development of Thai people's lifestyles,
the population is aging, and the illness
profiles of the population are changing [13].

In this article, we provide an
overview of Thailand’ s current condition
and development efforts in relation to the
2030 Sustainable Development Goals for
Health. The main research questions of the
study are: What is the present SDGs
scenario in Thailand with regard to health
issues? What are the drivers and inhibitors
of the current SDGs environment in
Thailand? What specific factors might need
to be taken into account in future guidance?

2. Methodology

Using databases from PubMed, ISI
Web of Science, Embase, Scopus, and
ProQuest, a comprehensive examination of
papers was conducted without regard to
time constraints. A scoping examination of
the grey literature was conducted in
addition to the search using the official
report depositories of the World Bank,
United Nations, World Health Organization
(WHO), and SDG Progress. After that,
factors affecting the development of the
SDGs and their pertinent indicators were
discovered by an inductive content analysis.
Finally, an evaluation instrument was
created from a thorough set of indicators.

3. Determinants of health, and the
global context

A paradigm shift in global health
strategy is necessary to implement the SDGs,
especially SDG 3, which aims to ensure
healthy lives and promote wellbeing for all
people, regardless of age. In order to
accomplish the SDGs, there have been no
noteworthy  institutional, structural, or
financial reforms to the governance of global
health, and donors have not changed the way
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they finance projects. The Global Finance
Fund, which addresses the continuum of
maternal, child, and adolescent health, was
the only major effort established at the time of
the SDGs in July 2015, although it still does
not address the underlying social, political,
and economic determinants of health [14]. To
achieve this, it would be necessary to look
at SDG 3 as a whole rather than as a
collection of specific conditions, targets, or
programs, and to go well beyond the
constrained MDG  health  agenda.
Significant reforms must be made to current
financial institutions and tools, as well as
possible repurposing [15]. For the SDGs to
be implemented nationally, three major
governance difficulties must be overcome,
and they are particularly important for the
health and health-related SDGs. Making
difficult trade-offs while concentrating on
equity, justice, and fairness; (1) cooperation
between actors across scales, in multiple
contexts, and throughout time is essential
for implementing the SDGs. This can be
done by creating inclusive decision spaces
for stakeholder interaction across various
sectors and scales; ( 2) ensuring that
accountability systems are in place to hold
societal actors responsible for decisions,
investments, actions, and results that are
responsible for commitments made by
countries, communities, organizations, and
other parties to SDG- related agreements;
and (3) there will unavoidably be many
tensions between equity, justice, and
fairness, thus it's important to make sure
that difficult trade- offs are made while
concentrating on these concepts. This raises
the urgent need to identify these trade- offs
and solutions to them. When two things
cannot be fully accomplished at the same
time, a trade-off is giving up one component
of the goal in exchange for gains in the other
[16]. Climate change and the part that
unchecked urbanization and shifting
habitats play in raising the danger of
infectious illnesses are undoubtedly two
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topics of global significance that have
emerged given their influence on
populations and health.  All health
professionals should be involved in this
problem since it is well acknowledged that
there is a connection between climate
change and environmental health on a
global scale and how it impacts health
outcomes. A threat to sustainable
development is the negative impact of
climate change on human potential and
economic production [17]. Risks associated
with climate change, such as droughts,
extreme weather events, shifting disease
patterns, water scarcity, and air pollution,
require active mitigation and adaptation, as
well as the necessary skills, resources, and
funding. In the articles found, a variety of
projects and suggestions regarding potential
responsibilities for healthcare professionals
were provided [18]. There are a number of
suggested measures and modifications
targeted at  enhancing  healthcare
professionals' pre-, post-, and ongoing
education  regarding  climate  and
environmental change, its effects, and its
present and potential future effects on
human health. Healthcare workers'
awareness and readiness are meant to be
increased by these efforts. Better evidence
should be provided about how changing
one's lifestyle can also improve one's health
and the environment. Reduced meat
consumption and, when possible, walking
or bicycling instead of using a vehicle that
contributes to climate change and
environmental pollution are two examples
of individual and group behaviors that
healthcare professionals should actively
encourage. However,  healthcare
professionals have a professional public
health obligation to support the evaluation
and application of effective interventions, to
raise the level of knowledge among their
peers, and to continue to inform and alert
various audiences through potentially
effective  communication interventions
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[19]. In actuality, the link between health
problems and environmental and climatic
change may serve as a powerful change
agent.

Sustainable development is at risk
due to climate change’ s negative effects on
human capacity and economic production.
Droughts, extreme weather events, shifting
disease patterns, water scarcity, and air
pollution are just a few examples of dangers
associated to climate change that require
active mitigation and adaptation, as well as
the necessary skills, resources, and funding.
A sustainable food systems approach,
which  promotes locally available,
inexpensive, diversified nutritious foods as
a method supporting environmental
sustainability as well as the prevention of
overweight and obesity, can also be used to
effectively address the global nutrition issue
[20]. SDG 3’s primary global health target
areas can be summed up as follows [2], [5],
[ 21] : end the global epidemics of
HIV/ AIDS, TB, Malaria, and other
communicable diseases; reduce premature
non- communicable disease mortality by
one- third; lower infant and under- five
mortality rates; lower maternal mortality
rates; and promote universal access to life-
saving medicines and vaccines that are
high-quality, affordable, safe, and effective
for everyone.

4, Overview of the current Situation
of the health-related SDG indicators
The Sustainable Development Goals
were released in 2015 and will have been in
effect for seven years by 2023, when all 193
United Nations member nations will have
ratified them. The “Sustainable Development
Report” (SDR), a study report and assessment
of progress in advancing the SDGs of each
country. The Sustainable Development
Solutions Network ( SDSN), which is an
assessment of SDGs performance that is
recognized globally, is regarded as the most
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up- to- date report on the SDGs and is
accompanied by the yearly SDGs Index
rankings [ 22] . Thailand's SDGs Index
dropped from 43 to 44" in the year 2022
SDR report. The score has been dropping
since the COVID-19 crisis, and it is currently
heading in the same negative direction as the
global SDGs Index as a whole. Thailand is
first among ASEAN members for the fifth
consecutive year and is third overall in Asia
on the SDGs Index, behind only Japan (19"
and South Korea (27", and first in East and
South Asia (2019 - 2022). While Thailand has
the highest SDG Index ranking among its
neighbors, it has only ever maintained one
Goal in an achievable state (green), namely
SDG 1 (Eradicate Poverty). The five targets,
which include social (SDG 2 and SDG 3),
environmental (SDG 14 and SDG 15), and
peace (SDG 16) challenges, are still in the
most challenging situation (red) and have not
changed from the previous year.

The main focus of SDG 3 is mortality
from noncommunicable diseases ( NCDs),
with heart disease being one of the NCDs
issue (SDG 3.4). It has continued to be
Thailand’ s leading cause of death in recent
years, along with diabetes, asthma, and high
blood pressure [ 3]. Furthermore, greater
numbers frequently occur. This is caused by a
variety of factors, including deteriorating
urban environmental problems, shifting
lifestyles, and health- related activities. The
death rate from suicide has also increased
over the previous five years. The greatest rate
of 48.9 cases per 100,000 people in 2019 was
caused by cerebrovascular illness. In addition,
the suicide death rate has grown during the
past five years [23].

Road traffic accidents are the second
largest cause of death among non-
communicable diseases (SDG 3.6). Thailand
has the ninth-worst global road fatality rate
and the highest rate in Southeast Asia,
according to the World Health Organization’s
2018 Global Status Report on Road Safety
[24]. According to the 2018 WHO report,
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Thailand has the highest road death rate in
Southeast Asia at 32.7 deaths per 100,000
population. 2020 will be significant due to the
halt in a number of activities brought on by
the epidemic condition. Yet, the death toll was
still quite high [24]. When compared to the
World Health Organization's ( WHO)
standard of 2.8 doctors per 1,000 people, there
is a dearth of medical workers per unit of
population in several parts of Thailand [ 25].
As a result, there exist disparities in access to
public health services between urban and
rural communities due to the concentration of
available, qualified medical staff in major
metropolitan centers. Patients in rural and
isolated places may therefore find it
challenging to frequently receive necessary
medical care, particularly those with chronic
illnesses or who are bedridden, elderly, those
with disabilities, and low- income patients.
Table 1 displays the SDG Dashboards and
Trends for Thailand as determined by the
2022 report.

Table. 1 SDG Dashboards and Trends:
Thailand (report 2022) [12]

No Indicators Dash Trends
boards
311 Maternal mortality ® N
ratio
321 Mortality rate, under-5

322
322

Neonatal mortality rate
Life expectancy at
birth

New HIV infections
Incidence of
tuberculosis
Age-standardized
death rate due to
cardiovascular disease,
cancer, diabetes, or
chronic respiratory
disease in adults aged
30-70 years

Traffic deaths
Adolescent fertility rate

331
332

e O O0e
SRRV E e

341

361
372

® O
2>V
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381 Universal health L N
coverage (UHC)
index of service
coverage

391 Agestandardized o o

death rate attributable
to household air
pollution and ambient
air pollution
Surviving infants who [ ] N
received 2 WHO-
recommended
vaccines
3¢ Births attended by
skilled health personnel
Subjective well-being

3b1

o N2

Note: Dashboards: @ SDG achieved,
O Challenges remain, O Major challenges remain
Trends: M On track or maintaining SDG

achievement, - Stagnating, \ Decreasing,
e« Trend information unavailable

Thailand has achieved respectable
progress on its objectives in the first five years
(2016-2020). Yet, it should be recognized
that some issues still need for quicker
solutions. The Sustainable Development
Goals Assessment found that nine subgoals,
including three indicators of SDG 3, are not
moving forward at a rate that is 50% of the
target value: SDG 3.4 by 2030, reduce by one
third premature mortality from non-
communicable diseases through prevention
and treatment and promote mental health and
well- being, SDG 3.6 by 2020, halve the
number of global deaths and injuries from
road traffic accidents, and SDG 3.9 by 2030,
substantially reduce the number of deaths and
illnesses from hazardous chemicals and air,
water and soil pollution and contamination.

5. Future attainment of the health-
related SDG indicators

By preventing and treating chronic
diseases, fostering mental health, and
boosting overall wellbeing, it is possible to

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

reduce the number of premature deaths from
non- communicable diseases ( SDG 3. 4) .
Currently, nurses at all levels of healthcare
facilities play a vital role in providing care for
healthy individuals, at-risk populations, and
patients with chronic non- communicable
diseases [ 26]. They also promote disease
prevention by helping people change
unhealthy habits that put them at risk for
developing a number of chronic diseases. It is
significant that the SDGs can be connected to
primary care nurses’ case management
responsibilities for chronic noncommunicable
disease groups at the individual, family,
community, and national levels. The existing
circumstances must be taken into account
while determining the best way to provide
individuals with as much access to reliable
health information as feasible. So that
individuals are equipped with the information
to take care of themselves in order to prevent
disease or to recognize signs in order to start
receiving treatment. One of the key tools that
the Ministry of Public Health uses in
collaboration with universities and other
organizations to carry out practical work at the
national level is health literacy. In order to
organize for accuracy and dependability, the
Ministry of Digital has enforced the rule on
online sharing of health information.
Enforcement of rules that control
significant behavioral risk factors from road
traffic accidents (SDG 3.6), such as speed
limits, prohibitions against drunk driving,
requirements for the usage of seat belts,
helmets, and harnesses, or child safety seats.
It is essential to preventing fatalities in car
accidents. Thailand’ s traffic restrictions,
according to this WHO assessment, are at a
“ good” level, complying with WHO
requirements. Laws requiring the use of seat
belts and helmets for motorcyclists both exist.
It is the only country in Southeast Asia with
“excellent” levels of drunk driving legislation,
albeit, according to WHO standards for usage
of traffic regulations that are not at a good
level. The population of the world is
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growing yearly. Also, the number of drivers
is rising quickly. While current initiatives to
increase road safety from all sectors may
assist to ameliorate the problem, progress
toward the SDG 3 - Health and Well-Being
Sustainable Development Goals - should be
taken into account. Current efforts might
not be sufficient to meet Target 3.6, which
asks for a 50% decrease in traffic fatalities
by 2030 [24].

According to the situation with
hazardous compounds (SDG 3.9) in both the
industrial and agricultural sectors, toxic
chemicals may not necessarily reflect each
other and result in pollution issues.
Knowing which chemicals are initially
utilized in high quantities in Thailand is
merely knowledge, though. This suggests a
higher danger of hazardous and chemical
hazards if they are not appropriately
managed [ 27] . At the moment, lead
poisoning can be diagnosed by determining
the general lead levels in the blood. The
Ministry of Public Health data system is
used to collect the data. Lead poisoning can
be identified by occupational medicine
departments at hospitals, who can also
record data in the HDC system. There is no
verification, which is a drawback of this
approach. For this reason, it is crucial to
provide environmental medicine services
by the public health service unit in order to
provide surveillance and health screening
from environmental contamination.

As data for some metrics differs from
the indicators and techniques used by the
UN, it is still challenging to monitor and
evaluate Thailand’ s progress toward
achieving the SDGs. Due to Thailand’ s
continued prohibitions on the storage of
private information and environmental
statistics, which necessitate expertise and
access to a variety of data sources, including
satellite data. However, not all of the
aforementioned indicators can totally and
accurately represent the context of the
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country’ s success, including geospatial and
ecological data [28].

6. Conclusions

In Thailand, sustainable development
is feasible across the board. People in
society must adopt a new consciousness in
order to focus on the demands of the general
public and alter their thinking. At the same
time, the functions of the public sector must
be harmonized. Members of the
neighborhood and community ought to
participate in and work together to build a
learning process. However, the government
should take specific action right away, in
particular, to address indicators like traffic
deaths (3.6.1) and tuberculosis incidence
(3.3.2) that have not yet been reached. In
order to achieve the 17 Sustainable
Development Goals by 2030, Thailand is
boosting up efforts across the board. The
Ministry of Public Health has created
Roadmap Target 3 in accordance with the
20-Year National Strategy (Public Health)
to guarantee that people live healthy lives
and that health promotion is made
accessible to all people of all ages.
Thailand’ s public, private, and subordinate
government entities should work together to
achieve the Sustainable Development Goals
in order to define the direction of the
Ministry of Public Health, which is largely
accountable for attaining SDG 3.
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Abstract Biomass machines cause incomplete combustion because of the limited amount
of oxygen used in combustion, which is 30—40% less than complete combustion. Biomass
gas derived from the gasification combustion process contains such main components as
carbon monoxide (CO), hydrogen (H2), methane (CH4), carbon dioxide (CO2), and other
combustible gases. This research aims to study the design of a biomass generator for 4-
stroke gasoline engine, size 7 horsepower, displacement: 208 cc. of the Panda SZ-76 wood
chipper by using biomass as its fuel. Initially, experiments were conducted to determine the
biomass gas factors in each operating condition of the engine. Several parameters were
adjusted, namely the speed of biomass entering the engine, the temperature of biomass in
the combustion chamber, and the ratio of ingredients between biomass gas and air.

37


mailto:Your%20emailaccount@xxx.xxx.xx

UNANNIREY

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

Subsequently, the use of biomass fuel was compared with benzene gasohol (95 benzene).
The results indicated that the average rate of using the gasohol 95 in running the engine for
one hour used an amount of 722.67 cc, equivalent to 15.72 THB. On the contrary, changing
to biomass fuel to run the engine for one hour is equal to using 975.50 grams of charcoal
from Krathin-Narong trees, all of which are worth 9.75 THB. The prices of both types of
fuel are referred to as the one of gasohol 95 on September 9, 2020, at 21.75 baht per liter
and another of Krathin-Narong Charcoal at 10 THB per kilogram. Operating an engine using
biomass fuel together with gasohol 95 could reduce benzene consumption by 7.86 THB per
hour. In return for the cost of constructing a traditional biomass generator, it takes
approximately 47 weeks for operation to become cost-effective.

Keywords: biomass machine, biomass energy, gasification, biomass fuel
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Abstract Salt hydrates are inorganic phase change materials (PCMs) that can absorb and
release heat energy during the phase change process. There are good properties for many
applications, such as high latent heat, non-flammable, good energy storage capacity and
expensive. Salt Hydrates are used for storage applications such as greenhouses and PCMs
energy storage. In this paper, a mathematical model of solidification of a PCMs called
hydrated salt is developed and analyzed. The conditions are that the wall temperature is 25
°C, fin length is 0.05 m,, fin width is 0.01 m. PCMs storage heights are 7 sizes, 0.01 - 0.07
m. in increments of 1 cm. For a height of 0.01 m, the total time of solidification of PCMs is
minimum. For at a height of 0.05 - 0.07 meters, it takes the same time for solidification and
takes the most time. From the mathematical model it is found that the time, wall
temperature, and fin size affect the distance of PCMs solidification.
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Abstract The purpose of this research is to analyze and compare the efficiency of the

prediction models for the success of the service level agreement of Dhanarak Asset

Development Co., Ltd by using building management system data. The researcher has used

five techniques, including support vector machines, decision tree, k- nearest neighbor,

perceptron and Adaboost algorithms to create 5 classification models and compare the
66
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performance of success prediction among those 5 different models. The results showed that
Adaboot Algorithm gave the highest accuracy of 69, support vector machine and decision

tree equally yielded 67% accuracy, while the nearest neighbor and perceptron provided 66+
and the 56+ accuracies, respectively. Although the evaluating results of the five forecasting
models gave a not very high accuracies, the forecasting models can actually be used in
business by considering other factors, such as, risk analysis in preparing spare equipment for
repairs, analysis of building deterioration, preparation of various resources in order to
determine work plans to be successful according to service level agreements.

Keywords: Service Level Agreement , Predicting Model , Decision Tree , Ada boost
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Abstract This research aims to efficiently analyze and manage risks in order to minimize
accidents in high-rise installation of electrical systems by statistical number data for the year

2017-2021, more than 101 accidents occurred from accumulated operations, an average of 20.2
people per year or 10.1% of the average employee in the project, causing both direct and indirect
losses for workers who are suffering from temporary construction time and other costs.be rooted

in the act of it is not safe, so the nature of each task activity is used to analyze the risk of a
problem that has occurred. The results of the study showed that the number of accidents could

be reduced by an average of 1.0 times/month. It can correct unwanted incidents. It can also
improve skills and reduce errors during operations.

Keywords: Construction Industry, Safety Management, Operational safety risks

77



UNANIIY

1. UNnin

ﬂtgmﬁmqﬁamsﬂmﬂﬂwiumiﬂmuumﬂu
{ o s '

Ty 1ndawansznunuedansag g lagmnizau

' YA g A = & o

Aoad Do uNUNTANMABIGULDININAN YUY

Uszneudlenanssurateedaaziifingdoamaengy

FavoyannnesnuIunauny dninauilseiudny

U = = kY P

N3N 103901 14591 2560-2564 igndwiszay

@ ° a 3 9 =

BuATIE 31U 13,882 918 Aaluiesaz 3.22 aell Tay
' ] A o o g a AA o

NueaINeIMINIAu L sznnImMInNT NI

malszausuanegga [1]

S Ay Ad ¥y R yy 4
VINFNANITA1TIINIUIVYNNYIVDY “]Nllﬂﬂizqﬂﬂ

mslsziiuanuaslasldmszaunansznuliina
9
ANUFUITI LazATzal TomaveImsnanuT Uy
MINOES N HANMTIDINUI A UNAVDINMINAGI ALY
' Y =3 Y = Y
11AAUNUNBEE19 F9AI5ADITNITHABUTN AU
@ o o @ [
anuaeass Wnugnsldglnsaidesiudiuyana
Tagl#35 81 MUANITATIVABUANINAITVIIUN
81M518 (Work Permit) Hagn15asIvadouuazlseiiu

o

v 1
nelulasens uaziisua¥dsuns1eluaaiun

o ' Y Ao qya X 1y { o
maunead i ldinemsgade Fajaiulngg
1) 3AUAY AIUMTIAMT HAZENHULNIINEA TNV
2un319 lagnistanmsanulasanenilszanian

A o Y o A
vuNugIuvesanuaszrin luduanuilasansi

3 o { A '
Whuimusssunineadesnunnche [21, [3], [4], [5]

4

] ao ga o

PITUIVYUUY Glﬂ‘]Ji AIALNDIANITAIIY

@ P a A v
aeansldtdseansam ﬁﬂﬂ'JTllLﬁﬂQ!LﬁSQﬂ@]Lﬁ@slu

' Y =2 a wa
MUNBFAIN Iﬂﬂﬂ]@ULﬂJ@]ﬁﬂHTﬂi’gWTﬂ‘li!ﬂﬂ@qﬂ(ﬂ!ﬁ(ﬂ
v

maaawummazuu‘lﬂﬂwﬂiznaummﬂumumﬁ%’w

A o 2 &L Y a =
ﬂ’]ﬂ’]ig\i VDNUITHNNITUANY Gﬁ\iﬂﬂ‘lﬂlﬂﬂﬂ'ﬂilqmu!ﬁﬂ

' ] Y 79 ¥
uATATINITNINIIATINaZN 1900l Tasvzilszgndld

wanmsuaznguf lunisianisnulaans s
udynuiNeandunsio 1z duNAYEINISINARIAINY
. v v '

Faauihaasuiuasundovesnsinagiame nag

Y = oA a a 2
IAMsANUTsIes NN Tz ANT NI

78

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

2. FEMsauHumsIY
2.1 Ainydeyanieaugunme U w.a. 2560-2564
HAIINMTIAUTIVTINTOYA WU adANS

S

Uszausuaeiiiiiaumsnagiamaloduneiiio

a

T oo

A A A wa o Y
NN ) @ewilewnmslianu 7 dnvug 1dun Tag
VDWW NANUUNG TAATIVRINTLUNNTY TARAIVD
< 9 o @ [ =) = 4
nsz@ud Jaganate o Saquily da Tiihyesa

A a' = = o =
NI09A LATANNNNG Iﬂﬂlli']ﬂﬁglﬂﬂﬂﬂ\igﬂvl 1

80 68
60
40
20 8 8 7 6 2 2
0
A N N .
N S ® R gﬁ\x N ,\@Q 2@?
N &L N ) L N
N < Q> Q° =N LR Q’\\
N QD % > I o Q
o Q N & Q ~ &
Q& Q) N o A N
¥ N S Q 1Y
Q RN ® ~ N
S QRS AN
7> I Q”(\
S . y
TUIU(ATI)

ﬂ‘ﬁ 1 ﬁﬂﬂi]TL!’J‘L!ﬂ1§!ﬂﬂﬂﬂﬁlﬂﬂluﬂﬁﬂﬂﬂ1i

YR Ingl 2560 — 2564 voausHNNsAIANL

a J oA
2.2 madnnzhityrmazautiumsudly
MIndoyanuI MsauiuanunaiumTIuIu
a wa ' a g 1 {
M3tneglamgazansINNI 101 AU AnTUA TGN
= 1A a Y =
8420.2 auaell TasAnnngninelaemaslulnsans
aotlilszana 200 au Aailufeoay 10.1 Tagaungues
Jyvifinuaetnavinnisnsgiin lulaoane

s llgmainegiiaivg dagali 2

wa o

2 MsnagUAMAN UL’

a u

uau



UNANNIREY

Tums Tz Taaniesile madlsziiiu
= g
AT 09 (Risk Assessment) [6] Taoamzae. duns

fmuanasinezlFlumstssiiuanuaes 1dun

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

szav lemanazinanuded (Likelihood) 5EAUAIY

FUUTIVDINANTENY (Impact) HATTLAVVDIANULT S

(Degree of Risk) A9A13197 1, 2 1A 3 AINE1AY

m3nd 1 szauTomalumaiamamsaian q lumanm

U =S a = a
szauToma F1U0IDIATINUNIN F1eazBeARaL/3 U
Y Y
1 H1Temalumsinaen Tunsnamelugranar aaua 13 vu'll
v Fa
2 ilemalumsifniiee anvalumsina 1 ase Tuge 13
= A ~ a g ' A
3 Hlemalumsinatunais anvalumsina 1 ase lugie 1 heu
v Y
4 ulemalumsiiaga anudlumsna 1and 1 asa Ty 1 feu

weldmszauanu@sandl azinndadvuaiy

A Aa ' A wa A
JUISWRIANMF BN A oMU AU TATIns N
NUNUT VAN (NONTUIAIHUANINTTUNT
muaulunaazamgvesnnudesdnn limungean

A o { { A v o @
TAgNTUINNTEAVVDIANUFSINAANNANUTUNUT

52 TomManazinAA NG 84 (Likelihood) Az Nansz N1

a A a Y a Pl
VBIANUA B (Impact) Y521 IdmuasamsIns e
AN Taedaiseanua1dunszaugan ga1hu

9 @ d'
NAON UBY ANAITNN 2

M3 2 SzAUANNTULTIVEINANIENY TuEnan ez MsnIugumMe Ty veu s HnnsdiAne

FZAUANY , , o ) GO
Av1AAD ADYUBU foaaLIAdON o
FUIT ¥
< I Y 19 (=) 1 = < Y ' o
1 manuantesluseavlyy | hillnadeyuausen | lnadnios amnsoniugu Agilnyal
I 1 o Id
oy weIa Tagans 18 Toani1 1d)aw Ugunenna
3 A 9 1Y a v =
2 anvidedlasumssarme | Srauaudluldly | Swathunaw aunsoudly | |
) . s v ASnINeILIa
wnan | msuwnd vgaaulinu 3 u sTaznady 14 1 dlan
3 A Qo A a 9 9 ~ Y] o
3 matvvieRuiheisunss | Tnaualdszeznan | Twaguuss awnsoudlvld | arsammenna
a 9 ' o P A
g9 NgAIUIAY 37U Tumsud ly 11001 2 Flanst EGIGH
fwaguusaihnfoe | Heaguussnn awnso oo
4 . o oan . o ) aAnlsulasams
YNNI 13 01deT A e wilsnuigdes auqula , 4
gaunn ) A HATABAITIDY
Wl Ty 11001 3 Flanst

o ¢ { . 1
o A egree Ol RS i i
Iﬂﬂﬂ’]ﬁuﬂ!ﬂmcﬂﬁvﬂﬂﬂ]@\'iﬂ’nlllﬁﬂ\j Degr f Risk) UANU

o o ° v = 2 9
WOAND 1-2 mwuﬂslmﬂummmmmﬂuaa

v o ° g A o ~
Haans 3-6 Amiualiiduanudewsensyla destimsnuniuinasmsaiugu

o @ ° Y 3 = Y o A
Waans 7-9 mwmimﬂummmqu ADIAUUUNITAA

o o o Y & S A o My v o A
WaanD 10-16 mwm“lmﬂummmmmamu"lm"lﬂ ADNYAAUUUNT

] A a e a s A A a Y o =
"]NNaﬂ?iﬂi&uu')miTgﬂﬂ'}TN?ul!iﬂ memﬁzﬁmm;ﬁﬂmﬂizmu'lﬂ ANRITNN 3

79




UNANNIIE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

asni 3 Msdsziindnsedanuguse uasdnszianudes oS Tnnstidn

ANUFUI AR
= =
No. au dungouase | lomd | < | »e = | & c | = | & |s5w
a = I = > o & e A=
(< (=
1. szuTvlvus ega High Volt Incoming

fa 1A s ima 3 3 0 0 3 9 0 0 9 18

-z NITUNNFY 2 3 0 0 3 6 0 0 6 12

UAAAT —
1.1 NTLAUYIA 2 1 0 0 1 2 0 0 2 4
Duct Bank ” »

Winae fu 2 3 0 0 3 6 0 0 6 | 12

Wil A 2 2 0 0 2 4 0 0 4 8

auAeds | daauazium | 3 3 0 0 3 9 0 0 9 | 18

1j9 NITUNNBU 2 3 0 0 3 6 0 0 6 12

' Manhole AszIAudIA 1 1 0 0 1 1 0 0 1 2
ERTN anniiga 1 4 o | 4| 4| a0 ]| 4| 4|
nuAana A e Lazima 1 1 0 0 1 1 0 0 1 2

- Riser Pole NITUNNFU 2 3 0 0 3 6 0 0 6 12
A 1R Lazma 2 2 0 0 2 4 0 0 4 8

QUANEIY | NITUNNYY 2 2 0 0 2 4 0 0 4 8

b Thusage | nsz@udhem 2 1 0 0 1 2 0 0 2 4
Wil A 2 1 0 0 1 2 0 0 2 4

2. szuuldhusegemelu

Audass f919 LAz NIMa 4 3 0 0 3 12 0 0 12 | 24

110 RSC, NITUNNBY 3 3 0 0 3 9 0 0 9 18
CABLE ngzduN 2 2 0 0 2 4 0 0 4 8

2.1 | TRAY Wanang Ny 1 3 0 0 3 3 0 0 3 6
n¥ou TR 3 1 0 0 1 3 0 0 3 6
ginsal Tilihyein / ga I 4 0 | 4 | 4 | 4 o | 4 | 4 |12
Usznou | anainfige 1 4 0 4 4 4 0 4 4 | 12

A 1R Lazima 2 2 0 0 2 4 0 0 4 8

AUANEY | NIZUNNTU 2 2 0 0 2 4 0 0 4 8

> Tdhusaga | nsz@udhen 2 1 0 0 1 2 0 0 2 | 4
Wil A 2 1 0 0 1 2 0 0 2 4

80



UNANNIIE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

s i 3 MsdszinAnsEdanuguse tasInsEiAUEe Yo Ennsdidne (de)

AU ANUIFE
o = = = =
No. 91U AUNABUATY Toma | < | »o = | & c | e = | & | 5
a « & = ) & & & )
& o = = & © = =
=i 3 & Elad =i 3 e A
% = R e
NN Ay AR 1A LETNIN 1 1 0 0 1 1 0 0 1 2
ANAY RMU, NITUNAVU 3 4 0 0 4 12 0 0 12 | 24
3 | MDB,GEN MY A 2 3 0 0 3 6 0 0 6 12
] P
nseuglnial 4
ANIINNEA 1 4 0 4 4 4 0 4 4 12
Usznou
fA 19 LAz M 4 3 0 0 3 12 0 0 12 24
NUAANIND NITUNNVU 3 3 0 0 3 9 0 0 9 18
Conduit, AgIAUIIAN 2 2 0 0 2 4 0 0 4 8
4 | Wireway Wanae N1 1 3 0 0 3 3 0 0 3 6
szuu i Ny A 3 1 0 0 1 3 0 0 3 6
13961 Thwesa/ ga 1 4 L o | 4| 4| 4| o] 4| 4|12
ANIINTNGA 1 4 0 4 4 4 0 4 4 | 12
@'Qllﬂ mmmzﬁmmq 4 3 0 0 3 12 0 0 12 24
NIZUNABY 3 3 0 0 3 9 0 0 9 18
o nsziAuEaT 2 2 oo | 2] 4|0 | o | 4|38
NUANAY ~ -
5 Wanane 1y 1 3 0 0 3 3 0 0 3 6
Busduct —
My A 3 1 0 0 1 3 0 0 3 6
Thwesa/ ga 1 4 Lo | 4| 4| 4o ] 4| 4|12
ANINTNGA 1 4 0 4 4 4 0 4 4 | 12
(;llﬂ mmmzﬁmma 4 3 0 0 3 12 0 0 12 24
NITUNNYU 3 3 0 0 3 9 0 0 9 18
NUAUND NEETCITLAR 2 2 0 0 2 4 0 0 4 8
6 Fovagszuy | Wanate W 1 3 0 0 3 3 0 0 3 6
Trlusadh N A 3 1 0 0 1 3 0 0 3 6
Tuihsesa /ga 1 4 Lo | 4| 4| 4| o] 4| 4|12
AN 1 4 0 4 4 4 0 4 4 | 12

81




UNANNIREY

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

s i 3 MsdszinAnsEdanuguse tasInsEiAUEe Yo Ennsdidne (de)

AU AT
o = = = =
No. AU auwigduasie | lemd | < | > = | (& c | @ = | & | W
: E|l €| 5| 2| &E| & 5|z
= 3 & Ll =i 3 & Ll
-G = -G =
s AR 1A LAZ NN 4 3 0 0 3 12 0 0 12 | 24
NuAAAY
_ | nazumnam 2 1 0 0 1 2 0 0 2 4
RN INY a—
7 nIzAdIn 2 1 0 0 1 2 0 0 2 4
szl -
. lhwesa/ ga 1 4 0 4 4 4 0 4 4 | 12
TERToR -
ANIINTIga 1 4 0 4 4 4 0 4 4 | 12
NUAAAT A 1A LIAE NN 4 3 0 0 3 12 0 0 12 | 24
ginsal ATLUNNBU 2 1 0 0 1 2 0 0 2 4
s | (lau'lu szidudm 2 1 0 0 1 2 0 0 2 | 4
a o
LRGN IGE 1 4 0 4 4 4 0 4 4 | 12
- Twhwesa /ga
13Y)
FTUVAAY | AA1ALAZNIN 3 2 0 0 2 6 0 0 6 12
9 | &ilern 4 1 4 0 4 4 4 0 4 4 | 12
, ANVINTIga
e
BTN AR 1A LEZNUNG 3 2 0 0 2 6 0 0 6 | 12
10 | dosiuld | nsz@wdhe 1 1 0 0 1 1 0 0 1 2
uazAiuay | anIniga 1 4 0 4 4 4 0 4 4 | 12
A0 119 Lag NN 3 3 0 0 3 9 0 0 9 | 18
nunamey | nszduta 1 1 0 0 1 1 0 0 1 2
11
SEANY Thwesa/ ga 2 4 0 4 4 8 0 8 8 | 24
ANINNGA 1 4 0 4 4 4 0 4 4 | 12
vinmsimanlumsisziiudmsiziany  Anugunse tagaNuTeIegnszay 3 Nilnuwdes

sunTs nagdmnzianudssve slymigiamg Tae
FAsAANAANT (Degree of risk) ¥9111AIANUTUTY
qunuTemavziauninuanudesi e e 1714

v 9 4 9 as Y a A 4
W'J*UE]‘V]ﬁ]gﬂlGlfW’l'J‘ﬁﬂ’liuﬂth wuralszlivinsgn

@ o

FTAUFINN LasH P ILHUMTUTHITIANIANY

=

= 2 ' : o o a <
!ﬁﬂﬁiu‘ﬂu@lﬁ]u@lﬁ]qﬂ HIAUANINUNAANTIIUAITIECHUIIN

o & o s o ~

9 v o A o
({398 mﬂwmmmﬂmmwa WD >=7 AT NN 4

o

82




UNANNIREY

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

M3nh 4 agdwamInnzianuzuuTe tazdnnzianudsavesagouaelulaas AT U

SCCGRILY

No. Ao & . 5| = e
€ 8| 5| °= v T
=| 2| 2| Z| 2| E| &
3 [ c| & =| = &
1| fedaszuIiihusega High Volt Incoming VI IVIVIVI V]|V
2| Aedeszun lhussganely VIV Vv - V|V
3 on AR RMU, MDB, GEN w¥ougilnsaiilszneu - V- VS Ve
4 | Aedaie Conduit, Wireway seunTihus e VI IV vl -] - VvV
5 | Aawe Busduct viviv]-]-|v]v
6 | due Yesmroszuylrlius VIV Vv -] - | V|V
7 | Aedumsaiadszun Inihus e v - - - VvV
8 | Aavagunsal (Tawll a3nduazidhin) Vil |-V -
9 | szuudeasduazdosiuim 40 IR L R B B BV
10 | szuutleeiulil wazaiuaw 40 IR I R B I BV
11 | nagouszu vl - - - vV
3 10| 6 5 1 2 7110

0o w a P
VINNITUINANNITUATISTANTNT ULLTIVDINTT

nagiiame Taemslsziiunanuded (Risk Assessment)

=

Ao o Aa = A qyyYe 9
?mﬂiﬂ!,iﬂﬂﬁWﬂUﬂfQ“ﬁWﬂNﬂ’ﬂMﬁﬂﬂgﬁ !W@blﬂqﬂﬁﬂﬂjﬂﬂ

Y an I AY o A A A o
ﬂ%ﬁ]ﬂ)“ﬁn‘ﬁﬂﬁ!tﬂ‘lﬂWW]ENﬂWmuﬂﬁaﬂ o ﬂ‘ﬂul‘l'ﬂ‘ﬂ 1989

q

D.

#9030 118 taznuum Toymn 2 annniige Ty

'
A

3 llifesa voga daymiii 4 Taqdevesnszunnry

{ o A < 9 { o A
ﬂfg“lrﬂ‘ﬁ 5 AATIVOINTSLA U ﬂiyﬁ117] 6 IAATIVD

] A o A o o
UUU A !m$ﬂiy1’i'ﬁ/] 7 IAATIVOININAY N

2.3 audiumsiSuilganezudludfaym
nansaagilyuinsduiuauiioan
Tayimsinagianig Taslszgndldvan 4 M (7] 18

3 asy 1Y Y 1
MUUATT IUNTIANTT 4 NTSUIUMS Ilﬂ!tﬂ

83

'
a wa ' 2

= 9 Y Y
1) fﬂiNﬂﬂﬂﬁﬂiﬂﬂ'ﬂﬂ\lgEjﬂg]‘ﬂﬂ\ﬂuﬂﬂu!i11
A A Y (a aa YA o =
91U (Man) LW@L@]?ﬂuﬁjﬂauﬁﬂ’]uiﬁuﬂﬂyg‘ﬂlﬁu'lgﬁll
P 2 a wa A v &
!!a3ﬂ')’]iJ!"U’lalﬂiuTu@]ﬂuﬂ’]iﬂaﬂﬁq']uﬂgﬂ@aﬁ IND

anymINInagaig aanNITIIYINITIAA

'
!

wa Y ! '
UAAN011 U UATIY LAZTINANTZNUADETNIN

a a

a wa =2 ) Y
miﬂgumm Iﬂﬂﬂﬁ'r}]ﬂﬂijill UAZIATIUAITUNTIDY

1 ' VY [a ua a Y
H’iﬁTNﬁ]%‘,‘B]ﬂi‘ﬂﬁjﬂgﬂﬂﬂWﬂﬂJﬂ’ﬂﬂmﬂiﬂ HAagnNIy
= )

Y
"U“L!ﬂﬁ]‘léﬂ1iﬂ§]ﬂ@l\ﬂu‘ﬂﬂﬂ@l

£

99 H452821721A13
= A Y Y o 2 ~
Anovsulu 3 @eu Gdrsumsinousunimangui)
Y
vazlfualunaazvangas vasnniuleduso
° oA A A a a
MruauHunagnsnmnzamiomulszansnimlu
1 E
M UuanY nazaannuTesvegIianig uenani

deennsaidonldudangasmsousuiveriuiinyy uag



UNANIIY

o Y 1a wva @ 9 '
anudrngvesflfiiaauly 3 nvangas 1dun
o = v 2 a wa A v
nangasn 1 aAnulasansneuuliiaau el
doananInulsznAveINTNAIAANIT HazANATN
U3 WA, 2554 [8] HANGATN 2 ALINUMIAVINGS
) y = Y q VY (awa a ¥
dudu nazdowonenndl Il wiulddugisauiinnug
Y A @ Yo o a a '
sazanud lunernums Igdeaumastiana o dn
msaumasldednlasadenmuuiasgiv uazisns
4 '

AN LAZAUNAITUALDE19GNIT [9] HangATh 3
anuilasadelumsiiacuneny Iiidmsy

gndnaaliaauneany T [10] daaaalugii 3

£

o a1
uazmmmmmﬂ@mmn 9

2) M3UIHIIIANS (Management) NM3UTV1 g4
L= U = o

ulewe nazgiennuilaeans DM mMuAUNa Iy
nazmstmuadUiiaanlfimnzausuau (Put the
Right Man on the Right Job) [11] Tasdaiingioniiu
Vaoades uazngszideuderisduluuiasgiuns
a wa { o A % o
UFiRanngnIs muguuazidhsz Suioud lumegnisel
i 1w ya X ) a g A '
Tidesmsldineuy Taeldma TuTagd umaiemens
9

=
il
Yoya

A s a '
31971015 1AA 118z Google Forms #i 1% 1d 410

3 A a (e A o A
uazsInE 1 edaen lduenmisgilennulasaiense
9 Ao o = = Y o o A
doyandify smdIngztieudeliny viounalny

A 9 @ 12 Yo 9 (Aaoua

moasnANuaszin luamlasanelnnugigiaau
o o @ . A q 9

uazmsvaRi A3z 3e (Work Permit) 1o lai 19

a oA a A g’/ d' dl o Y Ag 1
Ugiaaia lnngiienu TuFesndudou nazivoy

84

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.X, No.XX , July -December 20XX

(Y

I 3 o ¥ o A

fuanvazvesny saziluduaeuuuzi lumsdariag
= o &

911 Inafiansni i 1¥auquinasgiu uazilu

v A qYYa wa A wa ' v
mmmizﬂﬁ:mwa“h/iQﬂgummﬂgummamaqﬂmm

i v o <
mugiennuasans Auaaslugln 4

| ﬂaaﬂﬁﬂn'ﬂu
AFETY FIR

Work Permit

wafusssygaujiRny

1 Wonndivarioasy

wnanaeh ;¢

2 gunsnilovriunivdouynna

& drive.google.com ¢

& docs.google.com

A

U7 4 marhgiensisuljanTenis uazgiionny

Yanass iodszgnd 19 uaud

3) 19193M335U AU (Method) Tasdaria

v I
TuUABUMINATIZHOUAT A Naoasolums
1 ﬁ CRREN (Job Safety Analysis: JSA) [12] Tu

A wa A Y YA (A wa
AszUIUMIUIRNY uazaIuguaie IHENI J1ia
° Y ] L a? aa A A
aldedragndes aliduaeuitnig Ao 1aen

A A v a ¢ A
ATLVIUNITHIDNIUNADINITUATIEHINO TN

a A a X o a ¥ A oa q'
LFEINDIVUNAUU 1/|'Iﬂ'|§ﬂ‘ﬁ1J'IEJGUu(§]'E'Juﬂ'li‘lJ;]ll@N'luT]
4 g ¥ & a4 g 2
mm‘uaﬂuﬂizuaumiuu ﬂ\ﬂ!@]!illﬂuﬁ]uﬁuqﬂ Iﬂﬂ
¥ Ao o A Aa = o A
5314%1!@]@1!7]?11?1@,%@@] ﬂﬂﬂ??ﬂ!ﬁﬂﬂqﬂllﬁgﬂu@ﬁ']ﬂﬂ

Y

=®

v
219NATU lUIAAZ TUAD UUDINTZLIUNS 010 NMTAN

o ¥ v 2 @ A b
VDI MITAUNTNUTITIANDUATIY ﬁiﬂQﬂﬂimﬂllN

2.

v
i‘lﬂg]}ﬂﬁ NaduMrUaNIaTnIsaulaoaneh

INNZEY HIUNNTIHEUNT Lazn1sHneusy Tagii
' lo o g £ '
fi/0 JSA (Job Safety Analysis) Niaviuasadulalg

. = o = A 99
NUIIINTUNNYIVDN LLﬁ%ﬂﬁﬂ?iNﬂﬂUiﬂJ!Wﬂi'ﬁ‘Vjﬂﬂu

9 a ua A o =
winle !!ﬂgﬂgﬂﬂﬁ1illl1ﬂiﬂ1i°ﬂﬂ1ﬁuﬂ TIUDINIT



UNANIIY

Aaau J511l59 wazasiadeugile JSA e liiled

a a I o
Hszansam waziludpiunaeana

4) M3 vuadag (Material) 9017 lgnsal
Joanusoa U1AND (Personal Protective Equipment: PPE)
(131 isuiluluadeadwlfifisswe nazgndosniy
fnazan ieann i sImsRng AT W05

a

numansgnuasan MMl Tasdaiunudisne

ailnsaldeadussauyana Tuauszuulida vas

a a

Fomsilszneveimslununeadvermsge Swunau
o o Y Y
awdnyuza saliiimsdou nazdnnis 19 PPE
Tungniruiie 1¥wanu1335n15 19911 PPE 0d14
gn@e nazdaeads saudanmsquasnut PPE 1914
aulfedniidszannm Usziliuna asavaeuns e
' a Ps) Y
a1y PPEnazdudsulilinislda1u pPE Tunn

ot o =
ADIUMTUNNVIE TN muﬁm“lugﬂw 5

3 ; 7 /
5% 5 msl¥nugnsaiffesiudoduyana
(Personal Protective Equipment) ﬁgﬂ@’l’mmmzfm“lu

Nuaunedesmeszuy s

3. wamsIveazanlsiena

ﬁ’nﬂfﬂiﬁ“ﬁuﬂﬁ!Lﬁ%ﬂ]ﬂ’ﬂil!ﬁﬂﬁ]ﬂﬁﬂﬁlﬁﬂ

v

9
E]1Jm'ﬁﬂiuﬂu@lﬂ@l\ﬁ&i‘]JTJUIV\IW’]‘]JigﬂmJﬂ’]ﬂ’]iﬁ’m’]iﬂ

a a

PR

9
a8 3 lszifiu dadl

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.X, No.XX , July -December 20XX

Wan13inagaganal 911N 1UIUNIINA

= 3 1 A a g o
mudl 2565 91091 18 A5 WiseAMTUTIUIN
Y

5
q' VoA A g
RAY 1.5 ATIADIADU TINITDAADINAD 1.0 ATIND
A = o o A o v
1AoU mwminﬂﬂﬁawuwummumiﬂiuﬂgﬁ Iﬂﬂblﬂ

agtwamsauiiums aamsnn s

A15190 s S1urumsiiagidmeg lusiaudeu

1.0, 2565 — 1.8, 2566

Y ) ou | wumae
doya 1Aou 2 y .
(GED) (GERYEIN)
.0.-65 2
f.N.-65 1
1.9.-65 2
13.8.-65 3
W.A.-65 1
fou 0.8.-65 1
3 15
Ysuilge | na-es 1
A.9.-65 1
1.8.-65 1
9.0.-65 1
W.8.-65 2
5.0.-65 2
, W.9.-66 2
IENIN
} .1.-66 0
iy —
1.9.-66 2
1.0
3 13.8.-66 1
GN
y W.A.-66 1
Yl ——
1.8.-66 0
3 24

85

HANIATHIANEAS IAINT 5N 1D NN TINT I
myaauneulagiiu (Net Present Value: NPV) 11agn13

ATUIUNIOATIHANDU LN (Internal Rate of Return:



UNANIIY

A a9 & o
IRR) !Wﬂlﬂuﬂlﬂyﬁﬂﬁzﬂﬂﬂﬂﬁﬁ‘ﬂﬁﬁlmzﬁﬂﬂuﬂﬁ

9 a =2 Y a
AUINIT DIANUANAIVDINITAINU Taoguluns

@

aa o 4 o
awmugniiaulasamslumssamaginsaifesiuss
' o A A =
d2uynna (PPE) gUnsal uazin3ealed1q 9 59D
aldrelumsineusu Hyan 218,014 1M Aunuves

a

4
Runuvseasnieiudvnnaaiumstuie 7.5% aell

a

fvuaszeznalasemsnelu 39 (1,131 1) lagl
A o ) Vg
nszuaRuaaiunnaunua ldnelumsdsznums

wa v Y A a g
RUAMAGIFA 20,000 VINADAT %aﬂﬂsﬂu%’aﬂazmm

=

o wa <3| a 1 o o

Tugiamignanauiluty 134,532 vmeael) dmsy
VAo @ o w A o 1 g

lasamsiamsdludwmsuldnnsandeas il [14]

1) yanungulagIiu (Net Present Value: NPV) 1

v T Suaanu —(1)
1:0(1+r)t °

CF,= nyguaudaaiunaz el t

I8anaums NPy =,

o A A g A
r=0AI1NDNIVINUPNDAINU

134,832 134,832

NPV = .t ~218,014
(1+0.075)" (1+0.075)*

NPV = 131,840 UM

2 g’} ! = C = =) 1

aary yaaunguidagiu 33 Uyanan

ISP 2 ' ya ¥
131,840 11 Tinuilunan Famuneanunldtuaasy
WMNNNRUAATIENAINY

2) 903 IWaNdVUNY (IRR) M1 140 1naums

CF,

Suasululasems = 2, —Q)

: (1+1RR)"

134,832 134,832 134,832
+ +

(1+&r)"  (1+1RR)?>  (1+1RR)?

IRR =38%

v o

JUU DATIHAADUUNU (%IRR) UBINITAINU

218,014 =

e

@

Y A a A "y a
Tuadail fie 38% HANnNAUNUVBIRUYY

a o 4 9

naanmsUszidiunazsamanudes Iagly

DA UHUMIFIUADUNNTIANDUADUTYUIBU W.A.

v v
2565 Aaansouddymmanagiamgluanuaads
szuulihlsznoueins maela 1.0 afidedou

anaenINT IR iAgImasdounastl 2565 M0 1.5

86

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.X, No.XX, July -December 20XX

g & a @ o 1 A
ATIA0IABY anad 0.5 ASIABABY Antludaarun
VoY A o
anaunnuiesay 33.3 1Al Me (Target) NAMUA

135ovaz 20 dwaaslugilii 6

AfaAfiou

1.5 fna9 33.3%

-———1y = -_— -
1.0

flauuiuuss vy UGETRNIES

310 6 ManfFeuments avesdmugiiame

Aeuliuilye naznaaliuily

F4 sy 1Y ya X
ﬁ']il']iflL!ﬂblélllﬁﬂﬂ'liil!‘l/'lblllﬂﬁlﬁﬂﬁﬁlﬁmﬂ"llu
3 a o { a wa
!!az!1]‘Llﬂ']§1_|iW15ﬂﬂﬂ?iﬂ?1uta’ﬂﬁ1uﬂ1ilﬂﬂ@lﬂﬂL‘I’WJ

Y a9 A Ao ' ' A
mtmﬂu@mmmﬂﬂgm NI9NL58NI1 Unsafe Act AIUN

A A g a SN v o
IUavDoNIvYaL 15 Lﬂﬂi]1ﬂﬁﬂ1Wﬂ1im‘V]llll‘]Jﬁﬂﬂﬂﬂ

A AA v .. =2 Y o v
13991138171 Unsafe Condition "l]\ﬂﬂlﬂﬁﬁﬂﬂWiﬁﬂﬂ?i

= A [ = A |
qITe W30 Wanni1saanisgyiae [15] twerdu

LU Y

puamelumsiimsinszduazdisaunaues
Sy 1Y a 2 2 ]
mansain bideanisinatu FennmanisInaziuu
9 a I Y °
ANt laluTasamsaailudosay 96 91n91U4U

Y Y Y A v o
WIUITIN 195 AU Tﬂﬂ”lmﬁiummguawnuz“lums

gM
a wa

Y
ﬂgummiﬂﬂmwmgﬁamm qaiuITnaanIYy

a a

AANDIALATNISINALAIYA IHITU TI9NUNIY

K} a

a Y aa v 2 wa 9 A
uuamwmmmwﬂuﬂmmﬂmaﬂumiﬂgmwum

£

o g o o '
Iﬂﬂllﬁji‘ﬂl‘ﬂLlﬁu\iﬁﬂi‘Ui’thniW'lu’E]lIilli]'lﬂ
' Ay Yo ' v ¥ 1
wmmm‘w'lmmnmgm maiw%wmmmmu

o a A X ' '
"l@’fiuwawamwmu amﬂ%’mm’ﬁumwm LAaZNIN

@

Saa a1nsal

a a

iwealumsinagitingaannugads
9

o I Yo 9 (aoua g
ﬁmﬁaumuﬂuummﬂﬁﬂuQﬂgummmwmnﬂ

A Y a A a ,éf a oa
AU LWﬂﬁﬂ‘UﬂNﬂWﬂ1@1T]?]Wﬂﬂ%!ﬂﬂ‘l]u1u‘l]ﬂ!3ﬂ§]ﬂﬁﬂ1u



UNANNIREY

4. agilwa
ao & o a Y
HAvUBI9IUITe 9 1NNITA I uaOIUuA Lo
YFulpamsliaaumenistamsanudsimsing
v
guamigluudaasszuu liinlsgneverasluau
noai19eIMIge muumuuLaz MmN 1d 1dun
msineusulianui tazanudungneuisuau M3
Y5vilganTeuie nazgilenduiasass n1svaii
v ’
JuapuNIIINIIEHoUAT oo aeadeluns
Y1A 91U JSA (Job Safety Analysis) 1UNIzVIUNIT
a wa @ A o @ @ 1
U§iiaan vazdaldiigunsaldesiudoaiuyana
Ao g
(Personal Protective Equipment: PPE) #1319 uluq1u
' Y Y = Y o A
neaieliiieane wazgndvemudnbuz Y tioaa
= a wa = a =
ANUFSINTNARAINY FIINMIUsZTUANUT Y
o < { a ' g
(Risk Assessment) 11 1% 17 ud 9a g st 93 wed1uilu
szuptazMahIiMs RS Eiszgnd 15van am
A & ax ¥ A wa
ol uds lumsud lvilguuiteangiiame awiso
vimsvanmsanudeslumsinagiameanasldmae
¥ oA A oo Y
1.0 TReiou Aaludadmasasioras 33.3 1imf5unm

wa s g o A
RUAMAMMAYIDUYIAN 12 IADU

) =\
5. naanssulszma

Pl
(2

AULAINIVOUDUNTEAUUT HNTUIMUIAAAS

uszuu ldlsgaeveiasluaulasamsneaiie
~ Aq ¥ Y Y]

p1msgalunsaidny Aldanwewnsizisudoya

: = Y Yaw g A
AN 9 Gl‘Llﬂ?‘iﬁﬂ}ﬂﬂuﬂ’ﬂ’mﬂ!ﬂuﬂﬂNﬂ

1PNA1501904

[1] Social Security Office. (2022). “Situation of danger or
illness Due to work between 2017 - 2021” [Online].
Available: https://www.sso.go.th/wpr/assets/upload/

files_storage/sso_th/84b88f068b29c808bf3efe33028

02234.pdf (in Thai).

87

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.X, No.XX, July -December 20XX

[2] L. Pongsakorn, K. Jaruwan, “Risk analysis of high-rise
building construction in Bangkok,” National and
international academic conferences, Buriram Rajabhat
University, 2016, Vol. 4, pp. 451-460. (in Thai).

K. Sathorn, “Safety system management of high-rise
building construction engineering division,” Self-study
Master of Engineering, Engineering Management major
Graduate School Kasem Bundit University. (in Thai).
S. S. Hosseinian, “Major theories of construction
accident causation models: A literature review”.
International Journal of Advances in Engineering &
Technology, 2012, Vol. 4, Issue 2, 53-66.

Misnan, M S and Mohammed, A H. “Development of
safety culture in the construction industry: a conceptual
framework”. In: Boyd, D (Ed) Procs 23rd Annual
ARCOM Conference, 3-5 September 2007, Belfast, UK,
Association of Researchers in  Construction
Management, 13-22.

N. Kovacevic, A. Stoiljkovic, & M. Kovac. “Application
of the matrix approach in risk assessment”. Operational
Research in  Engineering Sciences: Theory and
Applications, 2019, Vol. 2, Issue 2, 55-64.
Favi, C., Germani, M., & Marconi, M. “A 4M

approach for a comprehensive analysis and

improvement of manual assembly lines”. 27th
International Conference on Flexible Automation and
Intelligent Manufacturing. Italy: ScienceDirect,
Procedia Manufacturing, 2017, 11, pp. 1510-1518.
[8] Ministry of Labor. (2022, May.). “Announcement of the
Department of Labor Protection and Welfare on criteria,
methods, and conditions for training executives, supervisors,
and employees regarding safety, occupational health, and the
working environment. labor law” [Online]. Available:

http://www3.mol.go.th/content/63415/1506054195. (in Thai).



unaNIeE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.X, No.XX, July -December 20XX

[9] Ministerial Regulations. (2022). “Set standards for
administration, management, and operations regarding
safety, occupational health, and the working environment
regarding fire prevention and suppression, 2012”
[Online]. Available: https://www.ratchakitcha.soc.go.th/
DATA/PDF/2556/A/002/24.PDF. (in Thai).

[10] Ministerial Regulation and The Announcement of
the Department of Labor Protection and Welfare.
(2015). “Subject: Criteria, methods, and conditions
for electrical safety training for employees who
perform electrical work.” [Online]. Available:
https://www.safesiri.com/wp-content/uploads/2021/03/
law-power2558-tr.pdf. (in Thai).

[11] T. Likhit. (2008). “Use the right people for the job
(Put the right man on the right job).” [Online].
Available: https://mgronline.com/daily/detail/
9510000012355. (in Thai).

[12] Ministry of Labor. (2020). “Guidelines for
identifying hazards using Job Safety Analysis
(JSA). Institute for the Promotion of Safety,
Occupational Health and Working Environment
(Public Organization) ” [Online]. Available:
https://www.tosh.or.th/index.php/media-relations/e-
book/item/download/683 21ca7a87e648b6573d3deae
800dlecb7. (in Thai).

[13] SafetyCulture. (2023). “PPE Safety” [ Online].
Available: https://safetyculture.com/topics/ppe-safety/.
(in Thai).

[14] Jason Fernando. (2022). “Net Present Value (NPV): What
It Means and Steps to Calculate It” [Online]. Available:

https://www.investopedia.com/terms/n/npv.asp.

88

[15] National Safety Council. (2013). “Near Miss Reporting

Systems”

[Online].  Available:  https:/nsccdn.

azureedge.net/nsc.org/media/site-media/docs/workplace/

near-miss-reporting-systems.pdf?

o

UszTaguszius :

‘2&'
2
-

¢ X @ o o '
sennad vdan Japriudisadumia
Y v A o v a a A o
WmthiauleasnnsssauIFN UTEN

/A d o w

alauauIdUNes 310A (NHIFU)
2..N139ANITIUIAINTTN NHIING1AY
HNTUNG
.U 3AINTINAIAAT WHIINO1T Y

= 4
DL IALUY

Fndwe $nms Togaiud1sadmua
A81128MINANgGAT IA.U.N5IANTITN
IINTIV WHINGABNHT NN

Ph.D. systems and Control, Case Western
Reserve University, Ohio, USA

.U IAINTIVYANINNIT UHIINIAY
INUATANARST

IUIAINTINYATINNT UHIINGAY

NHUL UNA

naild a33%es Togiiudisadnma
maymIvadiaineds 919sdilszin
Tanaingrds Yadaingias
UMINEIAABNLNN

AL limMansgaaIMNI T VHINIAY

falns


https://nsccdn.azureedge.net/
https://nsccdn.azureedge.net/

UNANNIIE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

Review of Energy Saving Technologies for
Urban Rail Vehicles

Jingjie Yan!?", Wirogana Ruengphrathuengsuka?
1Shanghai Municipal Complete Equipment (Group) Co., Ltd.
Railway Transportation Research Center
2Master of Engineering Program in Engineering Management,
Graduate School, Southeast Asia University, Bangkok 10160, Thailand

Corresponding author:s6542b10005@sau.ac.th/yjj86411@gmail.com

Received: 3 November 2023 / Accepted : 1 December 2023 / Plblished online : 14 December 2023

o T o ! A g ) o ° o A
unAage unAngoszuvvudInIaruszuus N lwdesdecldnmswasau i ruauninlumsdunaen
Taomwiznaanariissedradodnadulszuim s0% voen13 e ldvesszuy ieszoznialunis

A wa o 4 X Y o g A 2 y X 2 0 o A
Ugianuuaziunueumuziindy s lewdsnunmuiuainlldrs Fsaendrianudidyediaseia
o o = g & a o ' o o
Tumsdsendandsaru nrsanvindaiidun1sTinsievn1so1oTounaaauuaznsinsza1o6lv0g
A g =2 = i a X o o Y
grumruzszuushuieosedauiuszuy Taswizgandanansznuneranavulunisisendandsnuaie
s a = H o = s 1 Q 9
nagnsuaznn lulada1ee 5awdimsanthmiine uWIMUz N159AIN12 YWD T HNINAND1IT N5 199U
aa ' 4 o < o P [l =~ A a a 4 4 a
FAAOUAS IUA N1sTANUNEaIWDInuUUds 19 lvd msindsedniainouesiaosidasy
4 v o A g o o . o a = & o s
in3eliueimannutumasudlsanudnlsdu nazszun Ildesainesnse: msanvrtiuauenagnt

AA o Y o A =& ' A A
“ﬂllﬁﬂﬂﬂ']wﬁluﬂ']iaﬂﬂ'ﬁﬁl“lfwaﬁQqusuﬂ\iﬂ']uw']ﬂuzizuﬂ3']\111!LllE]QGINﬂ3%Uﬂ!ﬁiumﬂﬂﬁqnﬁqmqiﬂiuﬂqi

Hav U TagsINUeITTUUVUAIN19519 11

o o : Y o o o
181 vﬁy ITUYUAIVIATUITSVUITWININ, ﬂTiGlGH‘WﬁQQWHGUENfHUWTﬂHSig‘U‘Ui1\1, ﬂWSﬂSSWHﬂWQQ\ﬂu,

MIVUAITITITUL, ANUAaIa U0

Abstract Urban rail transit systems have substantial power demands, with traction
power alone constituting about 50% of the system's electrical consumption. As the
operational mileage and number of vehicles increase, so does the energy consumption,
underscoring the paramount importance of energy-efficient vehicles. This study
systematically analyzes the energy transfer and the dissipation in urban rail transit
vehicles. It delves into the potential energy-saving impacts of various strategies and
technologies, including vehicle lightweighting, permanent magnet motor traction,
silicon carbide applications, regenerative braking energy storage, efficiency
enhancement of auxiliary inverters, variable-frequency drive air conditioning, and
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intelligent lighting systems. By elucidating these methods, this study offers potent
strategies to curtail the urban rail transit vehicle energy consumption, thereby bolstering
the overall competitiveness of urban rail transit systems.

Keywords: Rail transport, Rail vehicles, Vehicle Energy Consumption, Energy saving

, Mass public transport , Urban mobility

1. Introduction

The expansion of urban rail transit
networks has highlighted the issue of
energy consumption. The China Urban Rail
Transit Association has reported that in
2022, China's urban rail transit consumed
22.792 billion kwWh of electricity, of which
11.315 billion kWh (49.65%) were
consumed by traction [1]. China is working
towards achieving "dual carbon" goals,
which has increased pressure on the
transportation sector to accelerate carbon
peak and carbon neutrality. Researching
energy-saving technologies for urban rail
vehicles is important for reducing energy
consumption and carbon emissions.

As shown in Figure 1 urban rail
vehicle energy consumption mainly
includes traction energy consumption and
Energy consumption of on-board auxiliary
equipment. Extensive research has been
conducted by domestic and international
scholars to reduce energy consumption in
urban rail vehicles. Milroy [2] and Albrecht
et al. [3] focused on training automatic
control ~ systems, reducing  energy
consumption through optimizing
acceleration and braking processes. Zhang
et al. [4] considered aspects such as train
traction, slope, and speed limits, thereby
effectively  reducing  train  energy
consumption by optimizing the automatic
running curve using the Grey Wolf
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Algorithm.  Cong [5] examined the
relationship between tracking running
interval time and the maximum running
speed of the tracking train section,
providing parameters to formulate
operational diagrams that meet energy-
saving needs. Wang [6] studied the
correlation between the composition of
energy consumption in urban rail transport
and its influencing factors, and the main
factors  affecting  vehicle  energy
consumption were identified.

Furthermore, some scholars have
investigated energy-saving technologies
that use regenerative braking energy
storage. Li and Gao [7] conducted a benefit
analysis of the regenerative braking energy
storage technology. They determined the
relationship between energy recovery rates
and rail lines through simulation research.
However, they also stated that the
application scope of the technology is
limited.

This paper takes inspiration from
these works and concentrates on energy-
saving technologies for each urban rail
transit vehicle system device. Specifically,
the paper addresses the traction system and
auxiliary inverter system of urban rail
vehicles. This paper aims to reduce vehicle
energy consumption and enhance the
competitiveness of rail transport through
these technical measures.



UNANNIREY

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.9, No.2 , July -December 2023

Train Energy Consumption

o m
S 2
— Traction Inverter Air conditioning s g
O3 system o <
o 8 cQ
- xX Q
wn = =3
§S i it 52
3 Traction Motor Lighting system S 3

S M <
= 3 o O
S b o g-
e Other equipment, Other auxiliary _g =}
etc. equipment, etc. 39
@ o
a3
Electricity Electricity Light energy, cooling

. Mass/resistance loss
consumption

consumption energy, etc.

Fig. 1 Composition of vehicle energy consumption

2. Analysis of Vehicle Energy Saving
Flow

Figure 2 shows a typical traction
energy flow chart for urban rail, Derived
from statistics and analyses of energy
consumption data of rail transit systems in
different European cities [8]. In Figure 2,
infrastructure losses refer to the electric
losses occurring from the point of common
coupling to the pantograph (or collector
shoes). Infrastructure losses principally
depend on the voltage level of the rail
system and its traffic load, being more
important for low-voltage networks with
heavy traffic. Typical values for
infrastructure energy losses can be as high
as 22%, 18%, 10%, and 6% for 600 V, 750
V, 1500 V, and 3000V-DC networks,
respectively [9,10].

As seen in Figure 2, auxiliary
systems consume an important share of the
total energy entering the rolling stock.
HVAC equipment is generally responsible

91

for most of this consumption and is strongly
influenced by climate conditions [11]. For
instance, it has been reported that heating
systems account for 28% of the total
traction energy in Metro Oslo [12]. Based
on Empirical Data Analysis, the auxiliary
equipment energy consumption accounts
for 9% to 20% of total train energy
consumption [13].

Another major share of the traction energy
is dedicated to overcoming the motion
resistance of the rolling stock. It can be
concluded from the available literature that,
on average, motion resistance is responsible
for approximately 16% of the traction
energy use in urban rail services [8].

The most significant portion of
traction energy is wasted in braking
processes, see Figure 2. The amount of
energy dissipated in braking strongly
depends on the kind of urban rail system.
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Electric motors can also act as generators
while braking, so it is possible to recover
and reuse a significant proportion of the
braking energy [14]. In contrast, about one-
third of the braking energy is irreversibly

COUPLING POINT TO
THE PUBLIC NETWORK

CATENARY OR
THIRD RAIL

ROLLING STOCK
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lost because of friction brakes and the losses

occurring in motors, converters, and
transmission  systems during dynamic
braking.

ross Energy supply:77%

| 1
Infrastructure g y
Losses:
10%
Net Traction Energy:100%

Recoverable Braking
Energy:33%

509

Braking Energy:

Fig. 2 Typical traction energy flow in urban rail systems

3. Energy-Saving Technologies for
Vehicle Traction Systems

3.1 Lightweight Technology in Rail
Transit

Carruthers et al. [15] analyzed the
weight components of metro vehicles
sourced from leading manufacturers such as
Siemens, Alstom, and Bombardier.
Applying the energy model conceived
during the MODURBAN project, a
guantitative correlation was delineated
between the reduction in metro vehicle
weight and operational energy
conservation. Under specific
circumstances, a decline of 10% in a
vehicle's weight can culminate in a 7%
reduction in traction energy consumption.
Empirical data from the prolonged
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operations of the Hong Kong MTR
indicates that an annual energy saving of
8,000 kWh can be achieved for every 1 ton
reduction in train weight [16].

Mistry et al. [17, 18] led projects
anchored on Advanced Composite
Integrated Structures (ACIS) to pursue
research on rail vehicle lightweighting. The
study  ascertained  those  specific
components, namely, the vehicle cantilever
seat supports, luggage racks, intermediate
end wall structures, car body sidewalls, and
roof structures, are prime candidates for a
Fiber-Reinforced Polymer (FRP) composite
redesign. The investigation also introduced
a hollow axle design and endorsed the
substitution of traditional materials with
"bismaleimide matrix plus carbon fiber
composite." The outcomes revealed
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substantial weight reductions: cantilever
seat bracket (73%), luggage rack (50%),
intermediate end wall (57%), car body
sidewall (47%), roof structure (51%), and
axles (50% and 64%), respectively. Such
reductions promise a significant decrement
in carbon dioxide emissions during train
operations.

It can be seen that A lightweight
construction strategy for rail wvehicles
facilitates diminished traction and braking
forces during train acceleration and
deceleration phases. One can effectively
curtail traction energy demands by
optimizing the  vehicle's internal
architecture,  space layout, body
constituents, and bogie materials and
integrating  innovative processes and
modularization.

3.2 Permanent Magnet Motor Traction
Technology

Khare and Shriwastava [19] studied
the traction drive field weakening control
algorithm of traction permanent magnet
synchronous motor (PMSM) and analyzed
the influence of various modes of low
speed/high speed on the network from the
perspective of EMC through simulation
experiments. Liu et al. [20] carried out a line
simulation of the energy consumption of the
permanent magnet synchronous traction
system and conducted a detailed
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comparison and analysis of the efficiency
and energy consumption with the
asynchronous traction system and the
comprehensive energy saving rate of the
permanent magnet traction system was
6.6%~36.9%. Zhang et al. [21] introduced
the advantages and disadvantages of a
permanent magnet synchronous motor as a
traction motor in the field of rail transit and
the application of permanent magnet
synchronous traction systems at home and
abroad. The paper shows that permanent
magnet synchronous traction motor has the
characteristics of high efficiency, high
power factor, small size, lightweight, as
well as fully enclosed and low noise, and its
efficiency is 3%~5% higher than that of
asynchronous motor of the same
specification; Volume and mass can be
reduced by 20%~30%.

Figure 3 shows an efficiency
comparison between a permanent magnet
synchronous traction motor and an
asynchronous traction motor. Compared
with the asynchronous traction motor, the
efficiency of the permanent magnet
synchronous traction motor is increased by
about 5% in the full speed range under the
maximum traction characteristic envelope.
In the low-speed region, the efficiency
improvement is even more significant, with
more than 10%.
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Fig. 3 Schematic diagram for efficiency comparison
Table 1 presents the traction energy resistance, high  temperature, high

consumption statistics of permanent magnet
synchronous motor technology and
asynchronous traction motor over 7 months
[22]. According to the data, the average
traction energy consumption per vehicle
kilometer ~ for  permanent  magnet
synchronous motor technology is 13.54
kwh, whereas, for the asynchronous
traction motor, it is 16.44 kwh. Compared

frequency and high efficiency, which is
suitable for traction inverters and auxiliary
inverters in rail transit.

Table 2 enumerates the usage of SiC in the
railway sector across specific nations
globally until 2022. Japan can be
considered the pioneer of SiC in rail
transport, having implemented hybrid SiC
power modules on the Ginza line of the

to the latter, permanent magnet Tokyo Metro in 2012 [24]. Experimental
synchronous motor technology can save outcomes indicated that the optimized main
2.90 kWh/km, reducing energy  circuit system operates with stable control,
consumption by about 22%. achieving a power consumption rate per
3.3 Silicon Carbide Technology vehicle kilometer that is 13.7% more
Silicon carbide (SiC) is a third-generation  efficient than the conventional silicon
semiconductor material with high voltage  power module system.
Table.1 Comparison of average traction energy consumption per kilometer (kWh)
Time Month 1 Month2 Month3 Month4 Month5 Month6 Month7
t’;?g‘(f:m‘:;; 1634 1619 1628 1625 1654 1648 1697
Permanent
magnet traction 13.77 1385 1352 1349 1341 1332 1342
motors
Energy saving 257 2.34 276 2.76 313 316 355

94



UNANNIREY

Then in 2014, Europe was also
actively exploring the application of SiC in
the field of rail transport.

In recent years, China has made
breakthroughs in the development and
application of SiC devices. Currently, 8 rail
transit lines have adopted SiC technology.
A comprehensive study conducted by Fu et
al. [23] presented a comparative analysis of
the primary technical parameters between
SiC devices and IGBT power modules.
Under equivalent conditions, the turn-on,
turn-off, and reverse recovery losses of the
four-switch vehicle-controlled IGBT at
450A were found to be diminished by 40%,
71%, and 91%, respectively, in contrast to
the corresponding losses of the single-
switch vehicle-controlled IGBT operating
at 1500A. In a parallel research venture,
Wan et al. [25] retrofitted the diode in
reverse parallel within the native IGBT
inverter with a SiC material (SiC-SBD).
Preliminary findings affirmed that its
switching and  conduction  losses
outperformed those of conventional silicon
diodes. When utilizing silicon carbide in
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traction inverters, there was an average
energy  consumption  reduction  of
approximately 3.22% compared to silicon-
based traction inverters.

The integration of SiC technology in rail
transit across China was meticulously
examined. Distinctive outcomes were
observed in various metro lines and tram
systems. On the Suzhou Rail Transit Line 3,
the incorporation of silicon carbide devices
led to an energy conservation of 5%. In the
case of Wuhan Donghu trams, when these
devices were employed, the converter's
power capacity surged beyond 20kW. This
implementation was accompanied by a
remarkable 40% reduction in energy
consumption and a 30% diminution in both
weight and volume. Similarly, for
Guangzhou Metro Line 8, the utilization of
silicon carbide devices resulted in a 13%
weight reduction and an overall energy
savings of 15%. Meanwhile, Xi'an Metro
Line 4 experienced a comprehensive energy
saving of 15% upon adopting silicon
carbide technology.

Table.2 Application of SiC rail transit in some countries around the world

Country  Year Line/Project System
China 2018.12  Xi'an Metro Line 4 SiC + Permanent Magnet Motor
China  2019.11 Guangzhou Metro Line 8 SiC + Permanent Magnet Motor
China  2020.07 Wuhan East Lake Tram SiC + Permanent Magnet Motor
China  2020.07 Zhuhai Line 1 SiC + Permanent Magnet Motor
China  2020.10 Shanghai Metro Line 8 SiC + Permanent Magnet Motor
China  2020.10 Shanghai Metro Line 6 SiC + Permanent Magnet Motor
China  2021.03 Suzhou Metro Line 3 tAr:i-nSsIC permanent magnet direct-drive
China 2021.05 Shenzhen Metro Line 1 AlI-SiC traction inverters
Japan 2012.02 Ginza line of the Tokyo Metro SiC-VVVF Inverters
Japan 2014 Odakyu Electric Railway Train 1000 SiC Power Module Inverter
Japan 2015 N7005 train, JR Tokai SiC Power Module Inverter
Japan 2019.02 2101 train, Tokyo Metro Marunouchi SiC Power Module Inverter

Line
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Table.2 Application of SiC rail transit in some countries around the world (continue)

Country  Year Line/Project System
Japan 2019 E235 train, Yamanote Line SiC Power Module Inverter
Japan 202111 IEilnSel Series 500 trains, JR East Sagami SIC-VVVE Inverters
Japan 2022.02 i?r?g trains on the Toei Mita Subway SiC Power Module Inverter
Japan 2022.03 315 trains, JR Central Chuo Main Line  SiC-VVVF Inverters
Japan 2022.03 E131-600 trainsets, Omiya SiC-VVVF Inverters
Japan  2022.05 E’fe' 6500 trains on the Tokyu Nikkoku ;v b e Module Inverter
Europe 2014  shif2Rail project, EU SiC Power Module Inverter
Europe  2018.03 C20 metro in Stockholm, Sweden SiC Power Module Inverter

rail innovation program Horizon .
Europe  2021.03 Europe 2021-2027, EU SiC Power Module Inverter
Europe  2021.08 Arsenio tram in Munich, Germany SiC Power Module Inverter
Europe  2021.12 UK's High Speed 2 (HS2) SiC Power Module Inverter
Europe  2022.02 Renfe Operadora, Spain SiC Traction Systems
Europe  2022.02 SNCF Voyageurs' AMLD long- SiC Power Module Inverter

distance electric trains

*Source: 2022 Silicon Carbide (SiC) Industry Research White Paper.

In summary, the energy-saving
potential of SIC technology is relatively
considerable.

3.4 Regenerative
Storage Technology

Regenerative braking operates on
the motor's reversibility principle. Under
braking conditions, the motor switches to
generator mode. The motor's rotor is driven
to rotate by the inertia of the wvehicle,
producing a counter torque. This action
converts a portion of the vehicle's kinetic or
potential energy into electrical energy
during energy recuperation. On-board
energy storage systems aid in train traction
and facilitate the recovery of this
regenerated braking energy.

In Figure 4, the schematic depicts
the on-board Hybrid ESS electric model.

Braking Energy
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Key components include the supercapacitor
(Vsc) serving as an energy storage unit, and
the Power Flow Controller that manages
current direction, regulating power delivery
to the load and enabling feedback when
necessary. ITRAIN represents the current to
or from the vehicle, its magnitude adjusted
by the controller to meet dynamic power
demands. VLINE is the DC voltage from
the overhead contact line. The system also
features a battery (VBatt) for supplying
extra energy or storing regenerative braking
energy. This integrated configuration
ensures efficient power management,
facilitating optimal energy utilization and
exchange between the supercapacitor and
the battery based on operational
requirements.
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Fig. 4 On-board Hybrid ESS electric model

Graber et al. [26] undertook a
comprehensive study on the sizing and
energy management of on-board hybrid
energy storage systems (H-ESS) tailored for
urban rail transit. Their design integrated a
lithium battery with a supercapacitor,
creating a hybrid system for urban rail
transit vehicles. Real-world case studies
verified the performance of this on-board
H-ESS, noting a significant reduction in
line loss and SSE peak current by 43% and
32%, respectively. Building on this, Zhu
and Wang [27], Zhang et al. [28] explored
the utilization of the vehicle-mounted
hybrid energy storage system (HESD) in
electric locomotives. They introduced a
power distribution scheme that harmonized
the static power output of the battery with
the dynamic output of the supercapacitor.
Moreover, they proposed an optimal sizing
for the HESD and utilized a bidirectional
three-level DC/DC converter to manage the
current and power control of the
supercapacitor bank. Analytical and
experimental data revealed that, compared
to trains without the on-board HESD,
there's a potential long-term operational
energy saving rate of up to 27.39%.
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4. Energy-saving technologies for a
vehicle's auxiliary inverter system

A vehicle's auxiliary inverter
system mainly consists of medium-voltage
and low-voltage loads powered by the
auxiliary inverter. There are two main ways
to achieve energy savings: Firstly, by
optimizing the efficiency of the auxiliary
inverter to enhance its operational
efficiency; Secondly, by reducing the power
consumption of medium and low-voltage
loads on the auxiliary inverter side to
achieve energy-saving goals.

4.1 Improving efficiency of the auxiliary
inverter

Apart from the silicon carbide
technology mentioned earlier, there are two
other focus areas to enhance the efficiency
of the vehicle's auxiliary inverter: three-
level power frequency auxiliary conversion
technology and high-frequency auxiliary
conversion technology.

The optimization to enhance the
three-level power frequency auxiliary
conversion technology is done by utilizing
its structural characteristics, which involves
introducing an intermediate level, thus
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increasing control freedom. The Hefei
University of Technology research team
proposed a segmented zero-voltage turn-on
(ZVS) optimization method for Dual Active
Bridge converters (DAB). They selected a
T-type three-level dual active bridge
converter as the research object and used
phase-shift control to flexibly control the
direction of the inductance current. This
allowed them to achieve ZVS across the full
power range [29]. This optimization method
can significantly enhance the auxiliary
inverter's efficiency by enabling zero-
voltage turn-on across the full power range.
This results in reduced switch losses and
improved operational efficiency.

It is crucial to focus on designing
and developing effective control algorithms
to achieve the best results in high-frequency
auxiliary conversion technology. An article
published in the International Journal of
Circuit Theory and Applications highlights
the usefulness of a control algorithm known
as Leakage Least Mean Fourth (LLMF).
This algorithm enables the manipulation of
a 5-level series H bridge multilevel inverter
(5L SCHB-MLI) [30]. This algorithm uses
refined control to regulate the voltages on
the two DC links of the H bridge to
approximately equal values, which is
crucial for high-frequency auxiliary
inverters as it ensures system stability
during high-frequency operation,
improving the efficiency of the auxiliary
inverter.

4.2 Energy-saving technology for air
conditioning systems

(1) Technology for Frequency Conversion
Control
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Variable-frequency air conditioning adjusts
its capacity continuously by regulating the
compressor motor's speed. The compressor
motor's speed can be modulated
continuously by the inverter, with variations
proportional to the indoor air conditioning
load. Thus, the variable frequency cooling
system can achieve a balance between
cooling capacity and heat load by adapting
the compressor speed to changes in the
indoor heat load.

At the beginning of the operational

stage, the  variable-frequency  air
conditioning system operates at a high-
frequency state. The compressor runs at
maximum speed, rapidly reducing the room
temperature. When the temperature in the
room approaches the set value, the control
program adjusts the compressor's speed and
cooling capacity to balance the indoor heat
load. The whole adjustment process doesn't
require the compressor to stop, thus
reducing the loss of available energy. Such
a process achieves the purpose of energy
saving [31, 32]. During low-frequency
operation, the compressor discharges less
refrigerant per unit time. This relatively
increases the area of the condenser and
evaporator, leading to improved efficiency
in air conditioning refrigeration and
reduced power consumption. Urban rail
transit vehicle variable-frequency air
conditioning application projects measure
an average refrigeration energy-saving rate
of 30%.
(2) Technology for High-Efficiency
Compressors  with Permanent Magnet
Synchronous Motors and DC Variable
Frequency Control

The ventilation fan, condensing
fan, and compressor in the air conditioning
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system have a substantial power output.
Consequently, the compressor has a
significant share of energy consumption.
References 19-21 demonstrate the energy-
saving benefits of using permanent magnet
synchronous motors. Therefore, high-
efficiency permanent magnet synchronous
motors are approximately 4% more
efficient than three-phase asynchronous

motors under the same operating
conditions. (3) Heat Pump Heating
Technology

Heat pump heating technology uses
electric energy to drive the compressor,
following the reverse Carnot cycle principle
to extract low-temperature heat energy with
minimum energy consumption from the air.
The compressor converts the absorbed heat
energy into high-temperature heat, which
heats the cabin [33]. Theoretically, heat
pump heating technology can save about
60% of electricity compared to electric
heating.

4.3 Intelligent Lighting Technology
According to Wang [34], using
LED lighting in rail transit vehicles can
reduce energy consumption by
approximately 50%, thus serving as energy-
saving technology. LED's centralized
power supply technology replaces the
separate power supply for each lamp,
reducing energy consumption through
limited LED drivers. Such technology is a
possible method for increasing energy
efficiency. The adaptive dimming control
technology can be achieved by installing a
photosensitive sensor in the carriage. The
LED dimming controller adjusts the output
power of LED lighting based on external
illumination changes. The advantage of
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dimming with LED is that it keeps the
luminance in the car at its optimal range.
This method significantly enhances energy
efficiency compared to the traditional fixed
output power supply mode. An analysis
carried out by Duan [35] compared the
energy-saving effects of LED centralized
power supply and adaptive dimming
technology with three other lighting
solutions using software simulation
calculations and physical tests. The findings
demonstrate that LED centralized power
supply and adaptive dimming control
provide the highest degree of energy
savings. The simulation data indicates a
potential reduction of approximately 30%
in energy consumption compared to the
non-adaptive dimming scheme of LED. The
test results confirmed this point, showing an
energy efficiency ratio of about 1.53:1
between the two schemes. The energy-
saving effect of the LED centralized power
supply dimming scheme is up to 1.8 times
greater than traditional fluorescent lamps.

Although  adaptive  dimming
technology is effective, its application range
is limited and only suitable for elevated and
ground line sections. This article suggests
reducing lighting power during non-peak
hours or when carriages are unoccupied,
implementing segmented lighting modes,
and installing passenger sensors. If
carriages become unoccupied, lighting will
automatically turn off or adjust to low
brightness  with  other  management
measures in place. Further research is
necessary to improve the energy-saving
effects of these measures.
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5. Conclusions and future research
This study critically examines the
energy transfer and dissipation pathways
within  urban rail transit vehicles.
Predominantly, the energy consumption is
attributed to the traction system, followed
by the air conditioning and lighting system
apparatus, and losses due to braking. As
shown in Table 3, The paper delves into
vehicular energy conservation technigques
from two perspectives: diminishing the
energy expenditure of the vehicle's traction
system and its auxiliary inverter system.
Adopting permanent magnet motors, silicon
carbide devices, and advanced control
strategies can markedly curtail traction-
related energy usage for traction systems.
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Concerning the auxiliary inverter system,
enhancing conversion efficiency through
implementing a three-level or high-
frequency auxiliary inverter, coupled with
reducing load energy intake via
technologies such as frequency-variable air
conditioning and LED lighting, can
drastically minimize the overall energy
consumption of the auxiliary system. The

holistic integration of these technical
interventions holds the potential to
considerably ~ decrease  the  energy

consumption spanning the entire life cycle
of the vehicle, thereby offering a robust
technical framework for curtailing the
energy demands of urban rail vehicles.

Table.3 Summary of energy-efficient technologies for urban rail vehicles

Classification Points Energy saving potential
Cantilevered seat supports, luggage racks, center
Vehicle Lightweighting end wall structures, body side wall and roof large
structures, axles
. Permanent magnet synchronous traction motors Larger
Traction Systems — - -
Silicon carbide devices Larger
. . Three-level frequency-assisted converter technology Medium
Auxiliary Reversing Systems - ™ -
High-frequency auxiliary converter technology Medium
Regenerative Braking Energy .
On-board energy storage devices Larger
Storage Technology
. . . Inverter, high-efficiency permanent magnet
Vehicle Air Conditioning .
Systems synchronous motor DC inverter compressor Larger
v technology, heat pumps
Vehicle Lighting Systems LED intelligent lighting Smaller
Based on the energy consumption share of each subsystem of the vehicle, and by combining the data from the above
studies, the energy saving potential is classified into four levels: Large, Larger, Medium, and Smaller.

The current study provides valuable
insights into energy consumption patterns
in urban rail transit vehicles and proposes
effective measures for energy conservation.
However, to further advance this field,
future research should delve into a more
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granular analysis of the selected technology
combination.
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