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Abstract: This research analyzes data of chronic kidney disease patients in the Eastern Economic
Corridor (EEC) of Thailand. Its main objectives are to analyze and identify the risk factors of chronic
kidney disease in this area. Reliable data from various sources such as the Chonburi Provincial Health
Office, Health Center 11, Information System for Monitoring Desirable, Behaviors Working, Age Group
National Statistical Office and National Health Database are utilized. The data includes behaviors related
to drinking and eating habits. sleeping patterns. physical activity. smoking habits. and body mass index.
These datasets are described and analyzed to identify significant risk factors for non-communicable
diseases (NCDs) that may lead to chronic kidney disease in the future. The results obtained are a
dataset showing an overview of risky behaviors potentially leading to chronic kidney disease. Notably
the behavior most significantly associated with chronic kidney disease is consuming highly seasoned
foods. From the data summary. it is observed that 71.55% of the population in Chonburi Province
exhibits this risky eating behavior. Ultimately this information can be utilized to plan and improve
public health policies preparing for prevention and management of potential future health issues to

promote sustainable health.

Keyword: Non-communicable diseases, Eastern economic corridor, Chronic kidney disease
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Abstract: This research is aimed to study gseomorphology: dickite and significant minerals to generate
a geotourism map in Khao Cha-Ngok area. Geo-informatic technology is employed to help generate
a digital terrain model, informational analysis, creating a map and a geology study in the field. Fifty
seven rock samples were collected in 24 locations along the geotourism trail of Chulachomklao Royal
Military Academy to investigate types of minerals, rocks and mineral transformation using advanced
equipment such as a polarized microscope and an x-ray diffractometer (XRD).

The geomorphology study has revealed that Khao Cha-Ngok area is made up of 2 to 285 meter
elevation range above mean sea level (MSL), it’s in the 2 to 218% slope range. There are 8 types of
landforms: the majority of the area is hilly, rolling, undulating, steep, very steep, gently undulating,
level to nearly level and extremely steep. Khao Cha-Ngok was formed by felsic pyroclastic rocks and
intercalated with rhyolite. The rock textures show a variety of sizes ranging from fine to coarse grained
rocks. According to the features of these rock samples suggest numerous explosive eruptions during
the Permian-Triassic period. In addition, dickite veins have been spotted in some areas and original
pyroclastic rocks have become a part of dickite rocks which can be explained as follows: 1. High pressure
hydrothermal fluid infiltrated along fractures and transformed the pyroclastic rocks abundant of
feldspar to dickite. 2. Hydrothermal fluid enriched with silica solution infiltrated to pyroclastic rocks and
crystallized among pre-existing minerals. As a result, pyroclastic rocks along fractures have an aphanitic
texture like dickite but harder texture. It is called silicification process. These new replacement rocks
called silicified pyroclastic rocks. Million years later in this area that were much higher than current
elevation, gradually weathered and eroded. While the top of Khao Cha-Ngok infiltrated by hydrothermal
fluid has resisted erosion and weathering more than the surrounding areas and remains a steep peak
called Khao Cha-Ngok. Three groups of rocks found on the survey are: 1. Unaltered pyroclastic rocks:
pyroclastic rocks, ash tuff, lithic tuff, welded tuff and crystal tuff. 2. Altered or replacement volcanic
rocks: dickite, silicified pyroclastic rocks and altered pyroclastic rocks. 3. Extrusive rocks: rhyolite and
jasper. Quartz, feldspar, sericite, zircon, clay minerals, hematite, pyrite, adularia and epidote were also
found. As a result of the study, a route of 24 areas is 10.13 kilometer long. Seven significant geotourism
areas that dickite were found: 1. Old Buddha cave previously a mine, 2. CRMA sign on top of the peak,
3. Chong Kaokad previously a mine, 4. Wat Khao Cha-Ngok Waterfall, 5. Entrance in front of Rue-si Tafai
Shrine, 6. Area across from King of Nagas stairs, and 7. 62.5 m.MSL Water tank.

Keywords: Geomorphology, Mineral resources, Dickite, Geotourism, Geo-informatics technology
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noudsmamenlv s U3naetuieelan
(4), (5) uaz (7) AIRLRINDYUAIY LarsaLAULN
Jownen Tneiluiiuiusznoufenzneuvuiaidn
Wudwlng (@uimdnnin 2 i) Siewiuvuinlng
niwgdusgidnties (feehs 5A il 4)

(3) funznounalwidiayiudu
aaAUsENaUMEn (Lithic tuff) wud1wiu 4 Iafnw (5
fre819) Tdud vnmthenianeslan Winumdu
welen (4) uag (6) wazgrIndaseususes lneawdu
Fumgnaunanlniiussneudeturonmsiiudundn
wuusisles (wshuwazludnauimdn) wazndnus
UzUuegfe (Fetne A nwdi 4)

@) ﬁumznaugwﬂﬂﬁLLamﬁ':aﬁusuaami
via (Welded tuff) wudnwau 2 9afne (3 feea)
vinathantanelnuazsraivihineeen Tag
Huiiungnaugliuansuausesuiaguiliuagis
wanWAQTH (Volcanic Glass) (Faees 4B awdi 4)

(5) ﬁumﬂaugwﬂwﬁamﬁﬂ (Crystal tuff)
WU 1 90fnw (1 feg) vshagiassthudule
e nerduiiungnougilwiiduunesniduiiv
Asaravinil (Crystal tuff) Sdnwasziionenuuszney
mgNaNLILazIAYiuansilanaevuInlzUuegiv
ngnevuTUInALBEn (Foegha 9D nwdl 4)

5.2.2 nguiiuszneugn wiignunuiinie
QﬂLﬂﬁauﬁwﬁlﬂLLﬁau (Altered pyroclastic rock)

(1) funznouguilniignunudidetus
Fan (Silicified pyroclastic rock) WudnuIu 4 9n
Anw (6 Megny) loua uTnaaunalinialdni
warTAEe vinamatuinmvgln (mddlsanga)
Uinaugunsethudulamaiuna wuaeusinlie CRMA

W e 9A Tigadnwiil 9 Huduy
umgnaugln (Pyroclastic rock) dnuazvas



m’mﬁm?iamgmmmsuaqmwﬁuuaz%um' U3uanin
mwzﬂauméwﬁﬁuamagjﬁ’uﬁuazé’ﬂﬂLﬂsgﬂﬁmww
lﬂazauﬁﬁuimaﬁﬂw%gﬂﬁmwﬂﬂlﬂﬁwmﬂqmLau
ogslsffnuinfiufidiulngvesegaignunud
Aeus,eaduuIndn (Cryptocrystalline quartz)
Faduusiunananiinddusuvesiusion vilvidu
filoidunioudnladuafimuudegandunn Sen
A3¥UIUNTHIN Silicification wuushnlsdiAnsau
agUszUsngme Fanan159A1e%A1 XRD wudia
voausAnladdudutond 20 wiiu 12.36° wax
24.76° waznuiinusmendidudnlngi 20 wifu
20.9° uaw 26.6° [13], [17] Ue¥ Widtudh fiunzneu
pnlidaAugnunuiidheasazanethussouiidaanm

Wueerusznaumnan (nni 5-7)

™iita

A 6 FaE1e 9A A1NNdRsgansIAllnailsd
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- — Dickite
=— Quartz

- wldl | s J |
= PR Lo et A e Lot T
2Theta (Coupied TwoThetwTheta) Wi=1.5%000 (20))

AR 7 @1 XRD §9e1e 9A

(2) wshinlad wudwu 7 dnw (16
f10819) Tdud vinanhanaeneeln Ui
Junszynsumaoudsmaqdaila vinagin
pseiiulameyna Uinamilowsanladirntingn
Wsgnnsgy UShaumilaausanladiin (Yeawivin)
vU3nafafuissn 2 § (62,5 mMSL) wazuiom
U8 CRMA

fogfiunguil wu uidnladdiogng
10F 9fnwil 10 USnuwiosusanladiimdng
W3znmsgU 1AEAINNANITIATIZVA1 XRD wansiia
mMsawviousidiondvesusanladidumndni 20 wihiu
12.36%, 21.55°, 23.46°, 24.74° uag 38.74° [17] 99
\HuusanlasinsngefifiufugnivasunUasauasysal
Tngtusdou (nmfl 8 uag 9)

AW 8 @1e819 10F usanlas
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= Dickite
12.3

24.7

AELLELLE

LI )

38.7

...........................................................................

2Theta (Coupled TwoTheta/Theta) WL=1,54060 (29)

AWA 9 @1 XRD woasipg1a 10F

feghausinlad 19C 9afnwil 19 U3nal
e CRMA shegnsiluusanladinsageiifiudugn
Wasuwdaddaetiusdou Tngannanisiinsziian
XRD wansfinvaausinladidudndngfl 20 wirty
12.36°,21.55°,23.46°, 24.74° uag 38.74° [17] uay
fUSunamendUuieidntios (1l 10 way 11)

AN 10 §78819 19C winnlag
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— Dickite

12.3
— Quartz

000~

: 24.7
I

23.4 38.7

2Theta (Goupled TwoTheta/Thets) wi=1.54060 (26))

AR 11 A1 XRD veaii0es 19C

(3) ﬁumﬂauqLﬁUWlWﬁQﬂLﬂﬁaué’wﬁmﬁ'
Sou (Altered pyroclastic rock) WudnuIu 8 0
Anwn (12 fmeg9) lawn Usnamiadiemageanl
Ushumagenli Usnauniteausinlagiimii
WsgnnsgU USaumilawusanladiin (Yeaw1vin)
Uinmmstuanzlen (1) uay (3), seaieelan wa
o ey Fregsiiundguil waufiunzneu
pilwusignivdsudethusteu (nwil 12) Tneua
N199LAT12YAT XRD V09619879 11A wanIAnIs
avvieussdiendvosusinladuisdiuil 28 windy
12.36° war 24.74° warnufiausniendd 20 iy
20.9° waz 26.6° [13], [17] waznuusinlsisiuee
ntley (nwil 13)

A 12 feeg 11A
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— Dickite
= Quartz
2616 — Pyrite

oo

o]

w0000-]

sap0n]

om0

same | 24.7

2Theta (Coupiod TwoThata/Theta) W1 24000 (26)

AW 13 @1 XRD U03i0813 11A

5.2.3 NguudAin (Extrusive rock)

(1) Aulslelad wudwau 3 gednw (3
A19619) Mun USHRUAUNEININTEUNTENNERY
fonaelan madmeusiin uaverafuihian
aon Inefiulsloladiinufidnuuedefiuasidon
fidne inanamiifianumiauntuingiilanuay
WuiuuRalanegasings wurdnusinanauisuay
ArendiIuIuLIn findnflanysal (Feg1a 3A
AW 14)

(2) #uuaaes Jasper) Wudwiu 1 3
Anw (1 foeha) Tdun Uinamstuaneslan (2)
Tnofiuusaosinudunguuosiiudglnvuin
1&n (Volcanic ash) fignsilyiunsasnansazans
th¥oufigealusedaniuassmmdn vhlsusiunds
wanaw wazdldune eldndesganssatazdaunaiiu
deuiBunlndruadnnssaneiaaiiogis
(Fre8nsfl 13A 7wl 14)

AW 14 Fudailn

5.3 dunisvisaiisndessdiinenuion
wavelan
Hannsidimalulaggiansaumelunisaia

wuudnaeagiiuseimaAuarn1sTunniinfumlaus
ansauanIuHUTiviefisndssalineluguiuy
3 4R Usenaumeandne) 91U 24 90 I5zeen1e
10.13 Alatuns uansluamil 15 lnsTofiunazusuay
Frudiwuluusiazgednuanslunaed 2 Tudau
YosdFURANY Jogadnw Aifn Lavdnnuiiulas
usiiny SereasiBendsil

5.3.1 qa@nwdl 1 adunaldnieldnim
WITTIYATIVOI WA.B. NG AUAINTZNTYgI5I1UAN
ASUALAINTZANTAUT VAT ALIUUTUIIVNUI3
Wi UTM 732860, 1582119 WU 3 A19879

532 gaRnwfl 2 Uinmmstuiamslan
(naelsansd) fidm UTM 732427, 1582357 wu
2 fnaEna

5.3.3 afnwIil 3 UTuAundIIw
Beunsznnsane Iawivelan fine UTM 732378,
1582275 WU 1 f29E1
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5.3.4 yafnwil 4 Usnanhen el
e UTM 732341, 1582239 wu 3 Megs

535 RNW7 5 USrmstumsEsum
Aoudsenag el Wida UTM 732230, 1582402 Wu
2 feea

5.3.6 9afnwIil 6 UTnaaiiman®
ml i UTM 732274, 1582352 Wu 1 #70879

5.3.7 qa@nwadl 7 vmmaqBailyl
WA UTM 732298, 1582382 wu 1 fogs

5.3.8 fnwAl 8 UnaheRta UTM
732235, 1582209 WU 1 feg1s

5.3.9 ANl 9 Vinaunwnsstadile
WA Aim UTM 732270, 1581979 WU 4 faeng

5.3.10 ga@AnwT 10 Vinounilesusinlad
wwthdnsynmssy fifn UTM 732268, 1581932
WU 7 fnaga

5.3.11 9a@nwdl 11 U3nauvilosusainled
N1 (WB9IVIR) NAe UTM 732324, 1581878 WU
3 fBEa

5.3.12 9fnunil 12 U3nnmstuagln
(1) fifim UTM 732511, 1581730 wu 1 §39819

5.3.13 9fnwil 13 Ushamnsdunnvelen
(2) fifim UTM 732511, 1581727 wu 1 §39819
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5.3.14 9AfNWT 14 UTansu
wzlan (3) WM UTM 732541, 1581650 WU 2 f29819

53.15 Qmﬁﬂmﬁ 15 U3namsdueeln
(4) fWAm UTM 732570 1581564 WU 3 (79814

5.3.16 AN 16 U39t lan
(5) Wrim UTM 732579, 1581455 WU 1 $29819

5.3.17 ﬁ;mﬁﬂmﬁ 17 VSnamstuanuelen
(6) WAm UTM 732701, 1581275 WU 1 $79819

53.18 ﬁgmﬁﬂmﬁ 18 UShmynsduelen
(7) Wnm UTM 732731, 1581318 WU 1 /79819

5.3.19 9afnw#l 19 Uty CRMA i
YOAN NAN UTM 732752, 1581162 WU 4 619819

5.3.20 AWl 20 woawvglan e
UTM 732737, 1581147 WU 3 f9e9

5.3.21 9afnwfl 21 QuIndaSeususes
WM UTM 733143, 1581148 WU 1 #7984

5.3.22 fnwil 22 mamioyusu fidn
UTM 733543, 1581085 WU 3 19814

5.3.23 gafinwil 23 Fafuiidas 2 s
(62.5 m.MSL.) Wiim UTM 732468, 1581935 Wy
2 9Ed

5.3.24 ﬁ;mﬁﬂmﬁ 24 grafvtininen

[y

NAM UTM 731705, 1581653 WU 6 639874
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6. djUuasaiusnena

6.1 s3diduguresiiuiidnuuinaiislan
feeil wnerlendianugeeglutng 2-285 wns Sevdy
ANNAINTURElUYTIY 2-218% Tuwungiidaugiula
8 Uszian iuftdaulvgduduen sesaun Tdun
anAAuaRLTY gnAduABLAIA QINgeTu gt
anAduasuaaintes Aufisudsuniadeudns
UEEU warNgeiannTign muddu wzlendy
uguilndgeudmniiungneugilvuasiulsle-
ladunsnaduiulan Snuasidofuivuinazden
wazveprulzUuiy wuasusinladusingliiy
\uunsgauagnuiiungnougiliifngnunuiiay
fidfolouviiouusnlad Ssosugladed 1) thus
Soufifiarufugunsniuinmusesuanuaziudey
fungnougililfununuisosunniuiednguus
wladaurfsunnliduusinled woe 2) dus
Youdflansazaredanunnladudnlulufiunzneu
e biuazanuanUsuiuusiiy vinlidungnau
pilwioglunnsesunnfidoidoumiloudnladus
faruudannnd nssuaunsiendt Silicification
dwfiufignunuiitdiFenin fuszneuguiludign
unufidaeinus@an enaiulunaisiosdud
Aupznouguitiuinavelniianisyiaaggn
Wianeenly ANNgRerey o anseAuas dauuTin
sonszlanlugaiildsudvinannthusfoudusinn
iy feamunudenisyiannniiiuilneseud
lallgsudvdnanniuifou vhliaavdodugani
fdnunrgeiauanem Aidend1 “aneslan”

6.2 usinuuinavzlen d9wau 3 nau
leiun 1. nguiiungneun dlsiRnnsudsunag
oA Aumgnauguilil Auhgnl Ausgneuguilu
Afieviiudussdusznoundn fuszneugiuil
Tuanuilofuvasnislva uasiiunenauganliendn
2. nafumznougliiignunuividogniudsuann
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memds leun usdnlasd funzneugunlndignunud
FaetusBan uasfiumznounilniigniudeuse
1hdou uaz 3. nquiiudain Wun ulsleladuas
hunvaUes
Tudruvesuianladiiviiianvivzlan
WUUTIN 7 RN 97U0U 16 #2981 T
1. Vinouowsiimindmaswssy 2. Uinuthe
CRMA figoaiun 3. vinunsstmdulangiuia
4. thantnerlen 5. Uinamiioudiideanvn
6. Usnastuannoufamag e uay 7. Ui
Audussifienugs 62.5 mMSL Tasiiuiiinuus
Anladinsngafie USnauvdlosdiming s sy
uazUinathy CRMA fisenin
Fregrausanladfinuuinmivelan 1Hu
usanladfidnisAauuuunuiluiiungnougill
wazfiuingul Jeaonadesiusedey fssell (4]
afia oS [13] wavquys Inugn wazane [14] Fslag
fadlanuanisinudslinuusinladuiandfian
wuuUssIusesuaniufiugln dsoradumey
Tunsviniiedluded we. 2514-2532 ladinsdn
wihAudifanousAnladuianiiiannsouoadiuld
seaUaeenluliusglomidiuiuann iiesan
fs1ange wivsdinueidoainindnsdusinlag
Uiqviswdoegluunasenwiuinnie CRMA ua
Unauwileausiidudmsennssy Tunisfine
selumstimsineiusinladseirdosiiolonmise
WigoeLsalud (X-ray Fluorescence: XRF) Beanansn
Jadvfinuazy3unessy a1nesfUTEnaung
willd ilivsuisanuuiansveuianladly
Lwiazﬁaashwl']ﬂﬂ%mmmmélzqﬁm (ALO,) uae
§an1 (Si0,) Fedeyaludiutianmnsniiluldlunig
wansnvesusinladifiehlUldusslonilddely
uanand wssu 9 fiwu 1dun uinrend
wsilanaUns usesled uswesneu IRy usdunlng
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wiluvesinGeuwsdostudater 4 du fe dudidou Fufaeu duanmuindey wardunsians
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peslitudAgnsadanTzavu 0.01

AEAey: Anuisnely nadugravnanisSeu Ivujuinisednill dnSeuwesey

Abstract: The COVID-19 pandemic has forced many institutions, including the Department of
Chemistry, Academic Division, Chulachomklao Royal Military Academy, to adopt innovative and technology-
enabled educational approaches in response to the unprecedented situation. This research investigates
the satisfaction levels of cadets with the improved teaching and learning process implemented in
the general chemistry laboratory course. Additionally, it seeks to identify and analyze the factors that
influence satisfaction and academic achievement in a general chemistry laboratory course for cadets.
A questionnaire was used to collect data from a population of 285 first-year cadets in the 2022
academic year. Statistical analysis of the data was performed using frequency analysis, percentages,
mean, standard deviation, Pearson’s correlation coefficient, and multiple regression analysis.

The research findings revealed that the cadets exhibited a high level of satisfaction with the
redesigned general chemistry laboratory teaching and learning process (WL = 4.32). The interrelationship
between the cadet’s satisfaction in a general chemistry laboratory course and the four factors including
learner, instructor, environment, and learning management was investigated. The results were found
high positive correlations (p = 0.777, 0.799, 0.851, and 0.899), p<0.01. The four factors collectively
accounted for 91.8% of the variance in the cadets’ satisfaction with the general chemistry laboratory
course, p<0.05. Moreover, the relationship between the academic achievement of cadets in a general
chemistry laboratory course and the four factors was also analyzed. The cadets’ academic
achievement in the general chemistry laboratory course exhibited moderately positively correlated with
the four factors (P = 0.517, 0.569, 0.602, and 0.600), p<0.01. The four factors collectively accounted
for 41.2% of the variance in the cadets’ academic achievement in the general chemistry laboratory
course, p<0.05. Additionally, cadet satisfaction with the general chemistry laboratory course exhibited
a low positive correlation with the cadet’s academic achievement in the general chemistry laboratory
course (P = 0.329), p<0.01.

Keywords: Satisfaction, Academic achievement, General chemistry laboratory course, Cadet
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Abstract: This research aims to design a project-based computational science teaching model for
enhancing loT technology development and improving computational competencies and innovation
among high school students with varying ability levels. The study analyzes the outcomes of
implementing this project-based approach. The population is divided into two groups: Group 1 consists of
110 grade 10 students from Chaibadan Pittayakhom School under the Lopburi Secondary Educational
Service Area Office, while Group 2 comprises five experts in computational science teaching methods.
Statistical analysis, including one-way analysis of variance and multi-population analysis, was conducted
to assess the reliability of the model (I0C). The research findings indicate that the format for teach-
ing computational science using projects as a base involves six steps: Issue identification, Planning,
Action, Aggregate learning, Presentation, and Evaluation. The format presented to the experts met
the specified quality criteria (I0C value = 0.91). Moreover, the evaluation of each topic showed that
the reliability (I0C) is at an acceptable level, indicating the suitability of the content appropriateness
model and teaching activity plan. The analysis of innovator assessment results revealed no differences
between student groups at different levels before and after class, both between and within groups.
Specifically, students in the proficient, average, and weak groups demonstrated increased behaviors

associated with innovation after studying, with statistical significance at the .05 level.

Keyword: Project-based Learning, Computing science, Computational competencies, Innovator,

internet of things.
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Abstract : In this research study, the electrode and ground arrangement on sample plate is studied
in order to increase the electrostatic powder coating process. The electrode and ground arrangement
are varied in order to improve the electric force and the thickness of coating. The first result shows
the electric force is appearing under the electrostatic process, and the electrical voltage distribution is
different with various the electrode and ground arrangement. For the second part, the thickness of the
powder coating of the sample plate is increased with the number of the coating, and the electrostatic
process can more increase the thickness of coating than without the electrostatic process. In addition,
the electrode and ground arrangement are affected with the thickness of the powder coating on the
sample plate. In the last part, a similar trend of the graph has appeared in the experimental and the

numerical results, so the experimental results have good agreement with the experimental results.

Keywords : Electrostatic Process, Powder Coating, Sample Plate, Electrode and Ground Arrangement
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1. Introduction

Coating process is the one process for
transferring a liquid onto a material. The coating
process consists of applying a coating material
to a moving web of the flexible substrate. The
coating material may be paper, acrylic, or alu-
minum foil and the resulting material’s additional
properties will vary depending on the required
application [1-3]. The benefit of coating is that
it delivers to the substrate enhanced aesthetic
and physical properties derived from the coating
material. Industrial coatings play vital roles in
protecting military vehicles and military aerospace
coating material. The military coating applications
help protect against the damage caused by wear-
prone applications. In addition, they have been
designed to be wearing resistant, reduce friction,
reduce corrosion and abrasion or heat [4-5]. The
combination of the coating process and different
techniques is systematically studied in order to
improve the coating process efficiency.

The physical vapor deposition process,
chemical vapor deposition process, sol-gel
coating, thermal spray coating, and electrostatic
powder coating process are the type of the
deposition process. The physical vapor deposition
process refers to a variety of thin film deposition
techniques where a solid material is vaporized
in a vacuum environment and deposited on
substrates as a pure material or alloy composition
coating [6]. The chemical vapor deposition is a
process that involves the reaction of a volatile
precursor which is injected into a chamber. By

the chamber is under vacuum and it is heated to
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a reaction temperature that causes the precursor
gas to react or break down into the desired coating
and bond to the material surface [7]. The sol-gel
coating involves the hydrolysis and condensation
of alkoxide precursor water to form a colloidal
dispersion of particles [8]. The thermal spray
coating is a process that sprays coating materials
using the pressure of a high-heat gas. The material
then bonds to the surface, forming a coating
that corrosion protection, thermal resistance,
environmental protection, lubricity, wear resistance
and electrical and thermal conductivity [9].
The electrostatic powder coating process is a
process by which electrically charged particles
are deposited out of a water suspension to coat a
conductive part. During the electrostatic process,
paint is applied to a part at a certain film
thickness, which is regulated by the amount of
voltage applied [10].

Behzad et al. [11] showed a literature review
of the coating techniques for surface protection.
The coating processes were reliable means of
material deposition and surface protection, but
there were advantages and disadvantages to all
of them in different applications. The physical
vapor deposition process could cause corrosion
and wear resistance. The thin film deposition
could have adjustable mechanical, corrosion, and
aesthetic properties. But this deposition process
required a high vacuum, and the corrosion
resistance was affected by abrasion. The chemical
vapor deposition process could cause corrosion
and wear resistance. It could be coated by the

deposition of various types of materials with
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different microstructures. In addition, the coating
materials could work at low atmospheric pressures.
But the material could be heat-resistant.
The sol-gel coating was cost- effective in biomedical
applications. It could provide corrosion and ion
release protection. The material could have high
adhesion in the multilayered coating process.
But this process was restricted by the thickness
control and the slow rate of the coating cycle.
The failure during heat treatment was the
possibility of coating multilayered structures.
For the thermal spray coating, the material was
non-conductive and had corrosion and wear
resistance. But it had several disadvantages, such
as requiring a small range of powder sizes with
a narrow size distribution, numerous process
variables to change the coating structure, and
a heat source. There have several advantages to
the electrostatic powder coating process, such
as high corrosion resistance and hardness, porous
structure for biomedical applications, low-corrosion
and wear, and high-temperature applications.
This coating was suitable for valve metals and
could be used for conductive substrates.

Some researchers are studying the elec-
trostatic powder coating process [12-16].
Sharmene et al. [12] studied the trajectories
of charged powder particles in an electrostatic
powder coating system. The mathematical model
was modeled considering electrical and fluid
forces in order to computed charge density in
the gun-to-target region. The simulation results
showed good agreement with experimental data

at several collection points on the painting target
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and provided valuable information concerning
particle deposition. Schmitt and Lebienvenu [14]
studied the conductive polymeric materials used
for electrostatic painting applications. The critical
volume fraction of fibres and give its valued for a
little fibre—matrix associations were investigated.
The result shown that the microstructure had a
strong effect on the overall mechanical properties
of the composite material. Toljic et al. [15] studied
the three-dimensional FLUENT numerical model
of the electrostatic coating process for the
automotive industry. The result shown that the
transfer efficiency increases when the electrical
forces and that the coating uniformity improved
with the movement of the target.

The electrostatic powder coating process
is the process by which a positively charged
electron within the spray nozzle charges the
paint particles. These particles all have a positive
charge; they repel each other and break apart,
resulting in a fine mist that coats evenly. There
is also a magnetic field effect, and the negative
charge of the workpiece attracts the positive
charge of the paint particles across its full surface.
For this result, the electrostatic powder coating
process is used in this research in order to produce
automotive grade spray paint that can be used
on vehicles and military aerospace coating
materials. For this result, the electrostatic powder
coating process is used in this research in order
to be cost effective in military vehicles and
military aerospace. In the previous study, it was not
systematically studied. In this study, the mechanism

of the electrostatic powder coating is seriously



investigated for the coating process. The effect
of the electrode and ground arrangement on
the sample plate is systematically proposed in
order to improve the powder coating process.
The first part, the electric force is numerically
studied under the electrostatic process. The
second and third parts are experimental studies
of the powder coating on the sample without and
with the electrostatic process, respectively. The
verification and problem statements are analyzed

in the last part.

2. Governing equation

The electrostatic process is a branch of
physics that directly converts electrical energy
into kinetic energy without mechanical pieces.
The influence of electrostatic phenomena
can change the pattern of fluid flow and
enhances transport phenomena with lowering
energy supplied [17]. From the mechanism and
characteristic of the electrostatic process,
Saneewong Na Ayuttaya [18] divided the fourth
group of applications. The first group was increasing
flow mechanism; it was used for pumping and
biomechanics application. The second group
was injection flow mechanism; it was used for
the droplet, electrospray and microfluidics. The
third group was inducing flow mechanism; it was
used for electrostatic precipitator and actuator.
The last group was mixing particle process; it
was used for boiling and condensation, heat and
mass transfer, heat exchanger and drying process.
For the third group (inducing flow mechanism),

the induced flow caused the total reaction to
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lean backward in the plane of rotation. This also
reduced the perpendicular component of the
total reaction and reduced total rotor thrust.
The motion and precipitation of dust particles in
an electrostatic precipitation depended on the
electric field, space charge, and gas flow field and
dust particle properties. The electrostatic coating
is used for inducing flow mechanism in order to
increase the adhesion of powder painting [19].

The governing equations for the electric
force per unit volume f_ (Eq. (2.1)) generated by
the electric fields with strength E in airflow of
dielectric permittivity (€), density (P), and uniform
temperature (T) [20]. Electric field distribution is
computed by using Maxwell’s equations (Egs.
(2.2)-(2.5)) listed as below

1= os
f =qE-—E*Ve+— V
=aB - EVes { {ap} P] 2.1)

V-¢E=q, (2.2)
‘ (2.3)
v+ 8oy,
[ = b 4+ qF (2.4)
= +qv,
L (2.5)

This electric energy density (T]E) can be used
to calculate the energy stored in a electric field,

as shown in Eq. (2.6).

n, = €’ (2.6)

where v is flow velocity, g is the space charge
density in the fluid, V is electrical voltage, J is
current density, and t is time. The ion mobility (b)
is 1.80 x 10" m?/V.s and the dielectric permittivity
of free space (€) is 8.85 x 1012 F/m.
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From Eq. (2.1), three terms are theelectro-
phoretic, dielectrophoretic, and electrostrictive
forces, respectively. In the first term, the
electrophoretic force results from the net
uncharged within the fluid or ions injected from the
electrodes. Electric field distribution is emitted
from the electrode and induces to the ground.
The second term, the dielectrophoretic force is a
consequence of inhomogeneity in the permittivity
of the dielectric fluid due to the non-uniform
electric field, temperature gradients, and phase
differences. The last term, the electrostrictive
force is caused by non-homogeneous electric
field strength and the variation in dielectric
constant with temperature and density [21].

The governing equations are developed
to predict the flow field. The continuity and
Navier-Stokes equations which are coupled with
the Coulomb force equation are considered
from Egs. (2.7) and (2.8), respectively. They are
expressed by:

V-v=0, (2.7)
p[E+@ V| = VP + i +5;  (28)

where L is viscosity and P is pressure.

The heat and mass transfer in sprays has
been measured with the convective heat trans-
fer coefficient (h ) (Eq. (2.9)) and the Sherwood
number (Sh) (Eq. (2.10)), respectively. Convective
heat transfer is the movement of thermal
energy within fluids, and the Sherwood number
is a dimensionless number used in mass transfer
operations. It represents the ratio of the total

heat and mass transfer rate to the rate of
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diffusive transport. The mass transfer rate is
composed of convection and diffusion.

k 0T

he = ——-— (2.9)
Sh = AC‘ZC % (2.10)

where kis thermal conductivity, nis coordinate
inxandy axis, m is mass transfer rate, d is diameter
of electrode, D is mass diffusivity, AC is surface
area of sample that is exposed to electrostatic
powder coating process and AC is difference in
water vapor concentration between the sample

surface and ambient.

3. Method and model

For the electrostatic process, the electrode
and the ground arrangement are varied on the
sample plate. The experimental and numerical
are investigated both of techniques. In this
electrostatic powder coating process, the collected
data of powder spray is investigated three
times and an average score is used for these
experimental results. The arrangement of the
electrode and ground is very important in the
electrostatic powder coating process. The pin of
the electrode and ground are suitable for local
heat transfer coefficient and the electrode and
ground plate are suitable for average total heat
transfer coefficient. The diagram of the electrode
and ground arrangements above the sample
plate are varied for seven patterns, as shown in
Fig. 1. The symbol of electrode and ground is
E in red color and G in blue color, respectively.

The copper wire and copper plate are shown in



yellow color. All of patterns are described in
Table 1. After experimental analysis, the thickness
of coating is measured by the cross-cut tester.
The cross-cut tester uses a blade to cut through
the coating to the substrate.

The spray paint is used the automotive
grade spray paint formulated by concentrated
lacquer. The premium color spray can be used on
vehicles and military aerospace coating material.
It is good quality paint which build beautiful film
with glossy, durability, quick drying and good
adhesion. The black paint material has solid fraction
72.34%. The wet and the dry density are 1.32
and 1.69 ¢/ml, respectively. The pressure supply
is 200 bars, corresponding to a paint the mass
flow rate of 0.02733 ke¢/s. The effective orifice
diameter is 0.48-0.53 mm and spray angle are
450. The gun to target distance is 300 mm and
the booth air velocity is 0.1 m/s.

The coating parameters which should
be observed during the coating operation
such as the inlet and outlet air temperature,
the outlet butterfly valve, the humidity Level,
the tablet bed temperature, the spray rate and

the atomizing air pressure.
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Table 1 The data of the conventional coating

(without electrostatic coating) and

electrode and ground arrangements

above the sample plate

Number
Electrode Ground
of Fig.
Arrangement Arrangement
patterns
Electrode Wire
1 1 (b) in Square Ground Point
Arrangement
Electrode Wire
2 1(c) in Circle Ground Point
Arrangement
Electrode Wire Ground Wire
3 1(d) in Straight Line in Straight Line
Arrangement Arrangement
Electrode Wire Ground Wire
4 1(e) in Circle in Straight Line
Arrangement Arrangement
5 1(f)  Electrode Plate  Ground Plate
Electrode Wire Ground Wire
6 1(9) in Square in Circle
Arrangement Arrangement
Electrode Wire
7 1.(h) in Square Ground Point
Arrangement
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(a) pattern 1 (b) pattern 2

J— E

— ~
-’ Ay
copper wire copper wire

@

(c) pattern 3 (d) pattern 4

E — E

& N
copper wire copper wire

copper wire

LT .

G copper WT’G G

(e) pattern 5 (f) pattern 6

E
E 7 .

.
copper wire

&)
\\

._.F copper wire
G

:Dpp;r plate

m-e

’
copper plate

() pattern 7

R
copper wire

@

Fig. 1 The diagram of electrode and ground
arrangements under the electrostatic
powder coating process (a) pattern 1
(b) pattern 2 (c) pattern 3 (d) pattern 4
(e) pattern 5 (f) pattern 6 (g) pattern 7

64 9 22 (2567) VOL.22 (2024)

The heat and mass transfer enhancement
technique utilizing electrostatic process generated
from the polarization of dielectric fluid. It can
be one of the most promising methods among
various active techniques because of its several
advantages. This technique deals with the
interdisciplinary field with subjects concerning
the interactions between electric and flow fields.
When an electrical voltage is exposed to airflow,
ions from a sharp electrode move forwards to the
ground. An ionic wind or primary flow is formed
when air ions are accelerated by an electric
field and exchange momentum with neutral air
molecules. As a result, the momentum of airflow
is enhanced.

3.1 Experimental analysis

The three-dimensional model for the powder
coating is shown in Fig. 2. For the experimental
analysis, the sample plate is mostly made of
acrylic plate (the dimension of the sample plate
is 15 x 15 cm?). In order to study the electrode
and ground arrangement, the electrode and
the ground are made of copper, and they stick above
the sample plate. The high voltage power supply
(ACOPIAN model: NO30HP2M.-230) is used to
create electrical voltage. and the copper is used
to connect the circuit with the electrode and
ground. The gap of the electrode and ground is
in range 2-10 cm. Because the brake-down spark
appears when the gap is less than 2 cm and
the electrostatic process is not influenced when

the gap is higher than 10 cm.
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The flow meter and manometer are set up
in order to meter the impact of airflow under
the electrostatic powder coating process. The digital
pressure manometer and the digital flow meter
have an accuracy + 0.1 hPa + 1.5% and + 3% +
0.1 dgts, respectively. In each test run, impact
pressure (P), impact velocity (v) and gravity
force (F) under the electrostatic powder coating
process is measured by a manometer, flow meter
and load cell with data logger, respectively.

3.2 Numerical analysis

This electrostatic process deal to the inter-
disciplinary field with subjects concerning the
interactions between the electric field and flow
field. In this numerical analysis, the computa-
tional models are shown in Fig. 3 and compose
of main two parts: the first and second parts are

electric field model and flow field model, respec-
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tively. The dimensions of the three-dimensional
model are 15 x 15 x 20 cm® and the dimensions
of sample plate are 15 x 15 cm?. The radius of
circle electrode and circle ground are 0.1 cm.
The space charge density (qo) at the tip of
the electrode is considered from Griffiths [20].

Inlet jet flow
4

Zero Charge Symmetry

n-D=0
S~
.1 _ Zero Charge Symmetry
, n-D=0
Nosllo ] -
u=0 e
\"\‘* > ST Noste
> u=0
Zero Charge Symmetry ~
n-D=0 ™~ Zero Charge Symmetry
< nD=0
P
-10.05

7015

S ’,D"
Zero Charge Symmetry
-D=0
n Outlet

1(Vu+(Vu)'n=0.P=P,

Fig. 3 The boundary condition for numerical

analysis

For the boundary conditions for solving the
electric field and flow field, the normal font and
the Italics font for the boundary conditions are
set for the electric field and flow field, respec-
tively. The outer sides of the electric flow and
sample plate boundary condition are considered
as zero charge symmetry.

n-D=0 (3.1)
where n is the outward normal from

medium and D is electric flux density.
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The tip of the electrode and ground are
considered as electrical voltage and ground
boundary condition, respectively.

V=V, (3.2)
V=0, (3.3)
where subscript zero means at electrode wire.
The inlet jet is inlet pressure (P) and the pressure
of outlet boundary condition is considered
with no viscous stress. This boundary condition
specifies vanishing viscous stress along with a
Dirichlet condition on the pressure:
n(Vi+ (Vi)' -n=0 and P=P,, (3.4)
where PO is atmospheric pressure, is
kinematics viscosity and T is matrix transpose. All
of the boundary and the sample plate are
considered as no slip boundary condition. This is the
standard and default boundary condition for a
stationary solid wall. The condition prescribes:
u=0, (3.5)

In this idea, a finite-dimensional space of some
solutions and a number of points in the boundary
and the collocation points are used for the
given equation. This convergence test leads to
a mesh having approximately 15,000 elements.
A fine mesh is specified in the sensitive areas is
discretized using a triangular element. With
percentage error is lower than 0.1 and a
dimensionless time step of 1 x 10 to ensure
numerical stability and accuracy. The system
of governing equations is solved with the
unsymmetrical multi-frontal method. It is
reasonable to assume that, in this element
number, the accuracy of the simulation results

is independent of the number of elements.
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4. Results and discussion

The effect of the electrode and ground
arrangement on the sample plate is systematically
proposed in order to the powder coating process
improvement. In this experimental study,
the saturation vapor pressure is 0.0028-0.0031 bar,
the relative humidity is 58-62% and the
temperature of the condition experimental setup
are controlled at 25°C. The electrical voltage
(VO) is fixed at 20 kV and the inlet jet of powder
coating is set at P. = 490.33 kPa. For the first
part, the electrode and ground arrangements
under the electrostatic powder coating
process are numerically varied in 7 patterns. The
maximum electric field, the maximum electric
energy density and the maximum surface charge
density are investigated. For the second part, the
powder coating from the electrostatic process
is experimentally compared with the powder
coating without the electrostatic process. The
verification and problem statements are analyzed
in the last part. The impact pressure ratio, the
impact velocity ratio and the gravity force ratio
of powder coating is varied in the electrode and
the ground arrangement.

4.1 Numerical study the electric force under
the electrostatic process

An electric field is the physical field that
surrounds electrically charged particles and
exerts force on all other charged particles in the
field. The electric field is originated from electric
charges, and it moved toward at the ground [22].
For the conventional coating process, the electrical

voltage and the electric field distribution is not
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numerical appeared, as shown in Fig. 4. The
electric field is appeared under the electrostatic
process. The diagram from Fig. 1 is used in order
to numerical studied the electrical voltage
distribution, as shown in Fig. 5. In all the cases,
the maximum electrical voltage is appeared at

the tip of the electrode and the high value of

electrical voltage is appeared in the electrode

area. The zero electrical voltage is appeared at

the ground area. The maximum and the minimum
electrical voltage are not different for each

arrangement. The electrical voltage distribution

V (kV)

due to the different electrode and ground ol

arrangement from Fig. 1 (a-g) has been already 18000

shown in Fig. 5 (a-g), respectively. 16000

- 4 14000

12000
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16000 6000
b 4 14000 4000
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Fig. 4 Numerical results of conventional coating 16000
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Fig. 5 Numerical results of electrical voltage
distribution (a) pattern 1 (b) pattern 2
(c) pattern 3 (d) pattern 4 (e) pattern 5
(f) pattern 6 (g) pattern 7

In various the electrode and the ground
arrangement with electrostatic process, the
maximum electric field, the maximum electric
energy density and maximum surface charge
density are numerical investigated in Fig. 6-8,
respectively. The maximum value in each case is
not difference due to the electrical high voltage
is fixed. It can be seen that the highest value of
the electrode and the ground arrangement is the
pattern 2 (electrode wire in circle arrangement
and ground point) and pattern 3 (electrode and
ground wire in straight line arrangement). The
lowest value of the electrode and the ground
arrangement is pattern 1 (electrode wire in circle
arrangement and ground point). The maximum
electric field, the maximum electric energy
density and maximum surface charge density are
affected to the electric force so electrostatic

coating process increasing.
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Fig. 6 The maximum electric field in various
electrode and the ground arrangement
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Fig. 7 The maximum electric energy density in
various electrode and the ground
arrangement with electrostatic process
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Fig. 8 The maximum surface charge density in
various electrode and the ground

arrangement with electrostatic process
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4.2 Experimental study the powder
coating on the sample without the
electrostatic process

In this without electrostatic powder coating
process, the powder coating is paint until 1-5
layers and it is waiting for 10 minutes in each
layer. The collected data of powder spray are
investigated three times, and an average score is
used for these experimental results. Fig. 9 shows
the powder coating on the sample without the
electrostatic process. The thin layer and the little
thick layer are appeared when coating process
is 1 layer and 2 layers, as shown in Fig. 9 (a)
and 9 (b), respectively. The thickness of coating
is measured by the cross-cut tester. The thick
layer is coated in case of the powder coating is
3 layers (Fig. 9 (0)) and 4 layers (Fig. 9 (d)). For
5 layers (Fig. 9 (e)), the thickest layer is coated
when comparison in all the cases.

The thickness of the powder coating on the
sample plate is increased with the number of the
experimental analysis increasing, as shown in Fig. 10.
In case of 1-3 layers coating, the trend graph
of thickness is steeper than that case of 3-5 layers
coating. The optimum value for the powder
coating is 3-4 layers. The thickness increases
when the number of powder coatings increases.
From 2 to 5 layers, the thickness of the coating
is increased by 0.75, 3.08, 4.63, and 5.60 times,
respectively, when compared with the thickness
of the coating in 1 layer. It can be seen that the
thickness of the coating in cases of 3-4 layers
is greater than in cases of 2-5 layers. By trend of

thickness is steep in case of 3-4 layers.

U1 22 (2567) VOL22 (2024) 69



NIANTIVINTLISHUUETRUNTTIADUNAT
CRMA Journal

| '
'

Fig. 9 Experimental results of powder coating
on sample plate without electrostatic
process (a) 1 layer (b) 2 layers (c) 3 layers
(d) 4 layers (e) 5 layers
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4.3 Experimental study the powder coating
on the sample with the electrostatic process

The electrode and the ground arrangement
are studied for enhancement the electrostatic
powder coating process. The powder coating
is paint on the sample plate for 5 layers. The
collected data of powder spray are investigated
3 times, and an average score is used for these
experimental results. The diagram of the electrode
and the ground arrangement are used from
Fie. 1. The electrode and ground arrangements
above the sample plate are composed of 7
patterns. Fig. 11 shows the powder coating on the
sample with the electrostatic process in various
the electrode and the ground arrangement. The
powder coating on the sample with the electrostatic
process from Fig. 11 (a-¢) used the diagram from
Fig. 1 (a-9), respectively.

The pattern 3 (Fig. 11 (c)) and the pattern 6
(Fig. 11 (f) show the electrode and the ground
wire in the straight-line arrangements and the
electrode and ground plate, respectively. These
arrangements can support coating direction and
coating process. This is because the electric
charge can directly move from the electrode
to the ground. The copper wire is supplied the
electric current from the electrode and ground.
It can be seen that the coatings can protect the
substrate and the both patterns can control
thickness. The pattern 4 (Fig. 11 (d)) and the
pattern 6 (Fig. 11 (f)) show the electrode wire in
the circle arrangement and the ground wire in
the straight-line arrangement, respectively. The

electrode wire is arranged in the circle and the



square pattern so these arrangements cannot
completely support coating direction and coating
process. But the ground wire and ground circle
can spread the electric charge so the most coating
material is deposited on the sample plate. In
case of ground point, the pattern 1 (Fig. 11 (a)),
the pattern 2 (Fig. 11 (b)), and the pattern 7 (Fig.
11 (g)) show the electrode wire in the square
arrangement, the electrode wire in the circle
arrangement and the electrode wire in the square
arrangement, respectively. These arrangements
cannot support coating direction and coating
process. Some coating material is deposited on
the sample plate. In addition, the circle arrangement
and the ground point are the unsuitable pattern.
The electric charge is directly moved from the
electrode wire to the ground point. This arrangement
can abrupt the electrical discharge when a
sufficiently high electric field creates an ionized,
the electric spark is appeared, as shown in
Fig. 10 (b). It can be seen that the damages of
coating equipment are appeared the middle of
the sample plate (ground point area).

For the electrostatic process in various the
electrode and the ground arrangement, Fig. 12
shows the comparison between the thickness
and the number of the experimental analysis
for the powder coating on the sample plate. The
thickness of the powder coating on the sample
plate is increased with the number of the experi-
mental analysis increasing. The results of Fig. 11
are the similar trend with the result of Fig. 12. In
all the cases, the electrostatic process can more
increase the thickness of coating than without the

electrostatic process.
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Fig. 11 The powder coating on the sample plate
with the electrostatic process in various the
electrode and the ground arrangement
(a) pattern 1 (b) pattern 2 (c) pattern 3
(d) pattern 4 (e) pattern 5 (f) pattern 6
(g) pattern 7
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Fig. 12 Comparison between thickness and
number of experimental analyses for the
powder coating on the sample plate with
the electrostatic process in various the

electrode and the ground arrangement

Fig. 13 and 14 show the thickness of the
powder coating on the sample plate with the
electrostatic process in various the electrode and
the ground arrangement. The 7 patterns in various
the electrode and the ground arrangement
are used the data from Table 1 and Fig. 1. For
3 layers coating (Fig. 13), all of the patterns can
be coated. The pattern 2 is not collect of data
because the sample plate is damaged from the
electric spark, as shown in 5 layers coating (Fig. 14).

The maximum coatingis 5 layers, the thickness
of powder coating for pattern 1 is 1.624 mm and
the thickness of pattern 3-7 are 1.802 mm,
1.655 mm, 1.741 mm, 1.714 mm and 1.698 mm,
respectively. The maximum of the powder coating
on the sample plate with the electrostatic process
is 1.59 times when comparing in without the

electrostatic process.
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Fig. 13 The thickness of powder coating on

sample plate with electrostatic process
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18 r

1.698

16 ~ By

14

Thickness (mm)

12

Number of pattern

Fig. 14 The thickness of powder coating on
sample plate with electrostatic process
in various electrode and the ground

arrangement for 5 layers

4.4 Verification and problem statements
for analysis

From a previous study, the electrode and
the ground arrangement on the sample plate
is the main influenced under the electrostatic

powder coating process. The electrode and the



ground arrangement are influenced with the
maximum electric field, the maximum electric
energy density and the maximum surface charge
density so the electric force is differenced. The
electric force under the electrostatic process is
influenced with the impact pressure (P), impact
velocity (v) and gravity force (F) so powder

coating on the sample plate is differenced.
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Fig. 16 The gravity force ratio and thickness ratio
of powder coating in various electrode

and the ground arrangement
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Fig. 15 shows the impact pressure ratio
(impact pressure with the electrostatic process
per impact pressure without the electrostatic
process; P ratio) and the impact velocity ratio (impact
velocity with the electrostatic process per impact
velocity without the electrostatic process; v ratio),
respectively. Fig. 16 shows the gravity force ratio
(gravity force with the electrostatic process per
gravity force without the electrostatic process;
F ratio) and thickness ratio (thickness of coating
with the electrostatic process per thickness of
coating without the electrostatic process; thickness
ratio). In various electrode and the ground
arrangement, the highest impact pressure ratio,
the impact velocity ratio and gravity force ratio are
the pattern 2 (electrode wire in circle arrangement
and ground point) and pattern 3 (electrode and
ground wire in straight line arrangement). The
lowest impact pressure ratio, the impact velocity
ratio and gravity force ratio are pattern 1 (electrode
wire in square arrangement and ground point).
From above numerical data, the maximum
electric field, the maximum electric energy density
and the maximum surface charge density in
Fig. 6-8 are influenced in the electric force so it is
affected with the impact pressure, impact velocity
and gravity force in Fig. 15 and Fig. 16. From
above experimental data, the all of patterns can
be coated for 5 layers coating. The pattern 2 is
not studied the data because the sample plate is
damaged from the electric spark. The maximum
and minimum of the powder coating on the
sample plate with the electrostatic process are

pattern 3 (electrode and ground wire in straight
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line arrangement) and pattern 1 (electrode
wire in square arrangement and ground point),
respectively. For Fig. 16, the thickness ratio of
powder coating is the similar trend with the
thickness of powder coating in Fig. 13.

The percent error is the difference between
estimated value and the actual value in
comparison to the actual value and is expressed
as a percentage. From Fig. 15, the percentage
error of the impact pressure ratio and the impact
velocity ratio are 0.70-2.84% and 0.11-1.749%,
respectively. From Fig. 16, the percentage error of
the gravity force ratio 0-1.33%. From the above
results, all the percentage error is lower than 3%
so the data is generally accepted as being valid.
It can be seen that numerical results had good

agreement with experiment results.

5. Conclusion

The numerical and experimental result is
carried out to study the influence of the coating
process under the electrostatic process. The
following are the conclusions of this research
work:

1. The electric force is appearing under the
electrostatic process, and the electrical voltage
distribution is difference with various the
electrode and ground arrangement.

2. The thickness of the powder coating on
the sample plate is increased with the number
of the coating, and the electrostatic process
can more increase the thickness of coating than

without the electrostatic process.
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3. The electrode and ground arrangement
are affected with the thickness of the powder

coating on the sample plate.

6. Recommendation

All of parameter for coating should be
observed during the coating operation so the idea
behind this work can be used as guidance for
special design for military vehicles and military
aircraft coating material with the least manpower

and minimum maintenance in the future.
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Abstract: This research has objective to apply tsunami travel time for warning naval units on the
Andaman coast. The potential tsunamigenic source along the fault line, between latitude 2°00 to
16°00° N and longitude 92°00" to 98°00" E, of the Undo-Australian plate and the Eurasian plate is
designated to calculate the tsunami travel time to those locations in Ranong, Phang-Nga, Phuket, and
Satun. Critical time is defined as a minimum time for a tsunami wave travelling to the coast where
each naval unit is located. It can be calculated by mathematical model, namely WinITDB (Windows
-Based Integrated Tsunami Database). The results reveal that a risky area from tsunami is the coastal
area from Ranong to Satun. The Royal Thai Navy Command Center must immediately notify naval
units, in those locations, to evacuate personnel, and move important munitions to safety area within
2 hours when an earthquake, is greater than 6.5 Richter scale, occurred along the fault line in

Andaman Sea and tsunami was approved about to occur.

Keywords: Tsunami, Earthquake, Mathematical Model, Fault
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Abstract: This article aims to explore the application of Artificial Intelligence (Al) in military intelligence
to enhance the efficiency and capabilities of intelligence units in the digital era. It discusses the use of
Al'in analyzing big data, natural language processing, image recognition, forecasting, deception detec-
tion, and virtual reality training. These applications enable the collection, processing, and analysis of
vast amounts of data from diverse sources, anticipating threats in advance, and supporting strategic
decision-making more effectively. However, the use of Al also has limitations and risks that must be
considered. It is essential to ensure that Al operates under the control and supervision of experts,
viewing the technology as a tool to support decision-making rather than the sole determinant. Future
directions should focus on research to improve the accuracy and reliability of Al, fostering collaboration
in data sharing, developing human resources, and establishing appropriate ethical and legal frameworks.
These measures will drive the efficient, transparent, and beneficial use of Al in intelligence work for

the overall benefit of the nation.

Keywords: Al, Information, Human
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Abstract: Chulachomklao Royal Military Academy Hospital operates in alignment with the financial
balance policy of the Royal Thai Army Medical Department, specifically in the long-term management
of drugs and medical supplies procurement according to priority. The identified issue is that the
pharmacy inventory contains some high-value items with low usage and some drugs that expire before use.
This research aims to efficiently manage the inventory of drugs and medical supplies using inventory
management tools. Specifically, it applies the ABC-VED analysis to categorize drugs and supplies by
importance, calculates the Economic Order Quantity (EOQ) for important and high-cost items, and
determines the Reorder Point (ROP) and Safety Stock (SS) to facilitate appropriate procurement of drugs
and supplies. The study concluded that applying the ABC-VED analysis principle to categorize drugs and
medical supplies resulted in a total of 1,121 items with an annual value of 188,544,735 baht. Category
1, which includes AV, AE, AD, BV, and CV items, comprises essential and high-cost drugs that account
for a small proportion of the total items. This category contains 202 items, representing 18.02% of all
drugs and supplies, with a total value of 162,854,826 baht, or 86.37% of the total annual value. The
Economic Order Quantity (EOQ) is 8,084,487 units, with 201 orders per year. This reduces the usage of
drugs and supplies by 4,405,413 units or 35.27% from the original volume, and the number of orders
by 124 times per year or 38.15% from the original order frequency. Purchasing at the point (Q/2), or
half the required volume per unit time, is optimal, resulting in a reduction of total procurement costs

by 67,637 baht per month without causing stock shortages.

Keywords: Drugs and Medical Supplies, ABC-VED Analysis, Economic Order Quantity, Reorder Point,
Safety Stock

98 Uil 22 (2567) VOL.22 (2024)



1. uni

N3ENTNEs1sdaY [1] tndnviunuensmans
¥RTEer 20 U AUEISITEY (W.A. 2560-2579)
\esarnaniunisainisiasuutasesiady
aelunaznsueniidsnaneszuuaunin o9
maAsuadaseessznsivng maUasuiUas
FruAsygnaludenidva n1siinlsngddlng
wazgliien nsideTinselsalifnsefiannse
Joaru Jyninafivduindousefivisssuyid
wazdanenisite ludu laedvuagnsaians
nszvaun1sanduey WinuedidTanioy
MeazdeanudinevanvedassasiuANS
sdusudu 4 szezlasudazszeziina 5 T
oA speefl 1 MIURFUTZUU (WA 2560-2564)
svydl 2 msadannuudause (we. 2565-2569)
52071 3 miajmmébﬂﬁu (.71, 2570-2574) wawszeed 4
sy 1 Tu 3 veaede (W.e. 2575-2579) 21NwHL
gnsAIansyIfseee 20 U Aenanineavinund
NUIBMUTURAYOUAIUNITUINITANSITUGULAY
NISUNNE A9 NTULNNENUITUN [2] Arun 4
unugmsAaniURtRuuulauesou il

1) Wuesrnsaussouzgs Wnadumbeaunse
WauAMAIMNITSUTRsTEUUNUAgluUTEIALAY
s3ULTUTOIRUNINEINakasatuayulviin Ty
fimuuazaiiauinnss enouaussienasvinun

2) Hudauinismenisunnsluiidaiau
ANAINAUAIUTINGY gndes wazliusz@nSamn
ASuusnisiianuiianela asraatuavan Jesiu
lsnfinsauazlsnlifinsa drnuneiieswnuyaains
YIMIUING ALIATgIAT NI nIALRa
ATUNITRUVBILTINGIVIANBIINUN AILNITUTVNT
Famsluszezenlaeiiugua msdaven dsgunsal
NNNTUNNGANUEIRUATIAIU N15NDETDIANT
fomngausumszauluustagiud

IANTIVINTIISHUUE TR NTTIADUNAT
CRMA Journal

3) LfJuLéﬂmiU%msmqmmwwéaumﬁyuw”
WAL NUIGUNNILAUITNYLATAITUNNEFUIY
SNWITRANYUNUIGLNNENUITIANIAINALAY
nilgasuNNgdainneeinuninuiuaien1u
391715 Wuwdeeg1annisentnaiunsaviinig
Snwnenuialaegesiasvanvanluaaiunisal
fisria nsatuayuuisduiaundneinauydfiu
VYRR WieudmsuMsAaswuluguUnFuae
Tuaaunisaiitlaiund sruvanisdaasuliwanms
awnsnuiliesdanuinisauagiienizaniduuay
Finwensteiiufudnduiugu

Y o

4) frrauniswnngnmslugiinipatduayuy
NIANdUIURINAUS LN NITe LT ULaE
Junmsgrusudulunguenfendeugainusiuiie
LAEILMERNNITUNNEY

Jagtun1sufiauveslsimeiuialsuseu
ue¥eemszgavemndn [3] Naenndostuulouiy
unugmsmans7 2) e madnuannanisnsiulu
l5angIUIaNwINUNAIEN1TUTIMTIANTsTussage
Tnofduguanisdmmeuazdigunsalmanmsunme
AUAIFUAIIUIINIY NTEUIUNTFINAITAN WL
AAEAGINUNANNTISUITIMSIaTaRndvasgsniaaunIw
[4] (Healthcare Business) d@wiulugsiaguan
Funuiidfyuesesdnie e nudusl insesiounnd
wagdnnAuiiieiunsinulse s

ASIEMAL VA UNT L WALIYA NI UNTIENTS
Afinslitesunfiyarigeuazeruisdrununeny
rouldldanu viediendideanislidliifismeniy
Anudessvlhsalenafiazlfsun1sinm
DEWIUNAT NMIUIMNIAIAN (INventory Management)
fifvagantigmiliiat uwazinlugnisquadiae
Adaulusy nsuinsadaiuazinySueiid
Usgansam Ao nisdamenlulienlded1anaiiies
ogluvTinainzailvilmAndunuiigaduly

Ui 22 (2567) VOL22 (2024) 99



NIANTIVINTIUTUULTRENTEIAUNAT
CRMA Journal

mssdunsiieliiAnnisumsndeuazyi e
ffuszansamsniudedddindasiorislunis
IANITUBNAINAITUSHITAUAIAIAGY (Inventory
Management) ka3 N15UsEenAldNISIATIENR
ABC-VED Analysis \Juia3aailondsiivaelinis
USTI5IANNTENAIARI AR UTEENS AN 9NUUIAR
aanagIdedeauladnwinazimuin1suinig
ARsELazYA NNl aneunalsassuueso
Wigf\;af\]amLﬂﬁ%ﬁamgmwum’]ﬁm%ﬁ]mLLazmﬁmsfl
Fnnzaunazduuselovioununndunssuves
Tsangunatun1NELIuUsTINuRelU

2. IUILEIANTIY

2.1 Wiefnwadaguaznvinsivedsmeua
15958 UUN8T0ENTERATDUN

2.2 \flefnwimsdanguenuazniusilagld
#ann13 ABC-VED Analysis

2.3 \ilefnwuazauouuinamsindesuay
nudasivngauuazduUsslonidelsimeuia
I5a38uwnsS0NTEATaULNAN

3. Lanmittamﬂuaﬁﬂﬁtfa{m%’m

3.1 lenasiinendeuaz Tnquszasd

A15USMNIAS I AT YA U TITUSZ VS AN
fio msdamenliineiieseelulnaiivanzauiio
THARNITUSMS AT as Y e U sE NS
sududesldiniosflodrslunisdnnisinenis
AnvmgufuazanAdeiifisideadioruansey
wAuAafiaziluussgndldufdgufiAndu
LanaFInIgI9T 1
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A137990 1 MgufiineatoazingUssasd

N WQUszaIA
2.1 nMsIanstaldnndues | Anwiszuuladanng
lsanguna [5], [6], [7] NS SaRG!
2.2 ¥enn1s ABC-VED AnwLuuNguEN
Analysis [8], [9], [10] WALV UNANY

1ann1s ABC-VED

Analysis
2.3 AUAIAIPAY [11] ANYINITIANITVDY
AUAIAIART
2.4 sunuduAaege [12), | Anwideyaiigniu
[13] AUYUFUAIAIAR
2.5 NSMIUSUUATD AnwInsrIUSUIN

NUsenegn (Economic

ATWNUTENIALAY

Ordering Quantity : EOQ) RYFURBASEY

[13]

2.6 Nufandedalu ANwIN15IIRES
(Reorder Point : ROP) uay | alvaiuazminda
AuAAIrasd1Tes (Safety | 1999

Stock : SS) [13]

2.7 NMINAGOUATUAIM AnwAuLUTUIIU
WUNZANVDIRIMUUAIY ITAUAIINABINIT
Peterson-Silver Rule [14] | euagiivsine

3.2 91U NNYIVD9

a a v o a o d' «
ATUANT AIINUY [15] N191U8LIBY “NIg

a a

9

WawUseaniamlunisusmsedeen lsameiuia
a3vyy” TingUszasdiiefnwIn1sdngosmnguwuy

Y

Mmzanlun1siIntosn TINuUTeUTBUAUUT Y
VBIYIAIATINDULAZNAINTUIMANANTUTUIUANT



5&%@%33%5’@%@ (EOQ) mwﬁm;mé"a%ﬂmi uay
N1391889ENIUNTAUULBURRIS AN HAN1SANY)
WU FUYUTINVDIEINGN AF 91U 43 T18715 81naY
BF 91u7u 11 579015 @unsaanashdla 5,740,689.24
unsiel uagimuaInUIinueAdaumangan
fio Aandsdelml esmnvililiiAnevadud
AIAGITENINGT

affasan dudan [16] ¥enAdeEes “nsan
suuduAlaglivannis ABC-VED Analysis : nsel
Anwlsanuedessandions” Tnguszasdiiiennds
nsdadeivnzautuuivnuarandunuiuaudi
IR Uszenald ABC-VED Analysis wiauseunveny
19 UANNFIAYVDINITHNEATIUIU 496 518N1T
fingiunsndslunguifiyanigeanuazianud iy
AENIINARTIUIN 46 $18n15 Aengu AV lay AE
WisuWieuranauwae el Tuls nuh nsussgndld
watla EOQ Model Uag Wuu Silver-Meal @13130
ansunuingRuaIngald 3,991,313.61 um Andu
Fouag 65.90 VBIRUNUAUAIAIASAAL

Ay Aeafusduas [17) ieAdeEes “ms
Anwinsdnnguneniserlundysnsulsaneiung
aursunilagld ABC-VED Matrix” H¥nguszasdiile
Anwwuamslunmsandunuuaziiudseansaimns
UINNIASIEUaE YA T velsIng1UIaATUATUNS
InelatinsosashuingueInunsiaTIey ABC Lay
VED udathaniiasnzs ABC-VED matrix wuaiu 3
vaa Aevanadl 1 Ao efifinrwduduediannyie
fialdanege il 2 Ae v1idanududuuasd
Aflisneunana vanafi 3 fe nditiendnidutiosuas
fianlda1etios 1WlothwnAisigy ABC-VED matrix
Wnadsdl a1 fswnudesay 25.97 Wuyar
Soray 77.82 v 2 fIT1uiudesaz 48.06 [uyadn
Soway 20.05 waznuin 3 Jd1wiusesay 25.97 1u
yarSosay 2.13
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Saxena et al. [18] ¥a1uideides “ABC-VED
analysis of the pharmacy of an urban health centre”
Usgendlin1siasngst ABC-VED Tunsmiuausenis
enliilszanBamdieszydidesldfunisaiuny
NTATIZ VED AttiunislaeUsnwiiseduunvg
wazAuETuRasauUTATEvieniianun 145 918073
yaf1nusIed1eeUsEstedil 1,058,046 5T
Jowazvatenlungy A, B wag C wiiu 15.2, 234
waz 61.4 awaeu Ussanaiesar 3 wpsendu v,
Soway 59 1Uu E uavSesas 38 10u D mnmsiasz
My wud UTinadesay 19 vesnguenUsvian
1 lown AV, AE, AD, BV & CV dsvlluSosay 69 499
waAe1UsE I Taun

Hussain M. et al. [19] ¥heideiSes “ABC,
VED and Lead Time Analysis in the Surgical Store
of a Public Sector Tertiary Care Hospital in Delhi”
edumtanduideslunisindaildianonaon
WNIAUIUTEEZIAT0ABLAUAIUTELAN A LY
fanAuedlunisndniiddy nsiased ABC
WUIAWAT 35 18013 AnkluSeuay 14 gnaavuInmy
Jungu A Syarinisuslaaesas 70 ded 518013
d1Ag (V) Ysznaudlssionisdiulng naiafe
Sotaz 73 vessumiaaun warsensUssans i
(E) Andudosay 26 voeTEMTTIMUATLEZIAN
sonevAuflnsdeie 17 Ju

Gunawan and Setiawan [20] ¥eddeides
“Inventory Management with EOQ Method at
Nitra Jaya Fashion-Making Company in Badung”
fingUszasdLilonsaaounisdanisauiinandai
IALNZENVDITEUUNITIANITVBS Nitra Jaya lagldis
EOQ WanITI9enuINNITINNITAUAIAIARIVDY Nitra
Jaya wudinsldfiuszansainsenisliisnisild
auund Tul 2019 ﬁuﬂquauﬁﬁmﬂﬁqﬁmmﬁﬁmﬁu
fg 27,150,000 3U N5 EOQ Inn1saunuauan

Ui 22 (2567) voL.22 (2029) 101



NIANTIVINTIUTUULTRENTEIAUNAT
CRMA Journal

AIAGINIVUARAD 14,247,886 FU dzanunsausevda
Fuld 12,902,114 50 AnntuSowas 47.5 vessunuiy

4. FFAnuMsAne

Frssudunsusznevdeduneu fad

4.1 MsfnwuunundsnssulsmeuialseSeu
WNETDENTLYATOUNAN

4.2 mafunusdeyaiifetosiuadseuas
L {ITeAnyIteyanRie ALY TR NN
WNFunsU lsmeualsaseue o nsyaveunan
Husvazom 17 dusiieu manas wa. 2565 - sanax
WA 2566 Useynsuazngufiegsusenauniy
TayaUIuIuean TR LLAY AU UADMIIEUDY
Sens e Tieiua 1,121 919013 wady
21 Usziam laun ENT 31 578015, HAD 23 518015,
INV 14 5995, tunde 16 118013, dienside 16
398M13, 81A3U 18 578013, 8180 115 518013, g9
48 1813, I 11 918015, U 15 51801,
gudln 313 378M15, erayulng 33 5719015, el 5
578713, gUnTainsegn 77 18015, aunsainsean OR
72 §19079, qﬂﬂsajﬁalﬂ 33 578015, NVHUN
nsgQn 41 578013, nusueiiall 69 51809,
aU Audes 141 5183, T 29 51815 wazedu 9
1 519m3 Wudu fegrmsifuteyadsmsisd 2
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M13991 2 fegengNeIUIEnN HAD

siaen | T1en1s | weald | Aunu
518U | dieviqe
(waw) | (V)
HADL | NaCl 3% 120 39.50
HAD2 | Adrenaline | 3,600 7.75
HAD22 | Novomix 600 376
HAD23 | Warfarin 7,200 3

4.3 n1sUszendlindnnis ABC-VED Analysis
dmumsdanaueuasnisiUsnoufmetuneudll
4.3.1 MIIANGUEWATITUTNUENNT
ABC-Analysis IngiSgadnaunugaffuyusiused
uanadoyafined 3

A15799 3 NTIANFULUY ABC-Analysis

n&x ABC EEGHRLT

nauenldavyssanniosay
75-80 YDNUNINUATINUIU
Soway 10 Y99519N1TNINUA

naueldaulssinnsevay
15-20 Y899UNINUALI1UIY
Seway 20 S19NNSVIVUA

1 -dl £ v
naueldauyssannseyay
5-10 VaNUNMUALINWILIAY

70 U99T1EN1TVUUA




4.3.2 N153ANGUYIUALLIYAUNAY
w13 VED-Analysis Ineisesdndiunuaiudndui
DS - ¢ a =
peaiililulsaneuraieldluaniunisalanidunse
wielvinszuiunsguasnwgUleiialsednsuauay
AnuUaeasielneTuegiuusunveusialsmeua
WARITOLARINITIN 4

M1397 4 NMSIANGULUY VED-Analysis

nay VED sN8azLen

| nauenesinseslinaentian
nqu v

(Vital Items)

Tulsangiuia Wy 9198330
L4 a adq I~ 2V
PIRUNY 91U TIUE LUUAY

naw E nauestlAldlulsmea
(Essential | wWu 8108 n. waz v. Tudeyen

Iterns) wanunawd 1Jusu

nau D nquerfienaiilulsangiuia
(Desirable Wy ownslasuLazenayulng

ltems) s

4.3.3 MINATUTANGNE ALY Ut
AIUNENN1S ABC-VED Analysis Taefiansansia
d0andnni1ssuiuiioantesiinveiunaziznis
Lazy RIS NISIANITARIEILALLITA Ul
UszAnSnw wanstoyadsmsied 5
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AN 5 N3dAngumuman ABC-VED Analysis

&gy ABC-VED EUEGHBLL

Useanit 1 | 81ifaudndusazanlding
AV, AE, AD, BV

oy CV

geuaiiduiusensiosuedl
HasaAld9eeE 19N

Aa o & ANy
. g1NIANUINTULaL A GIE
Usglany 2

BE, CE wae BD

JrunarsdesnsBlundusisu
994l5INeIUA

y giiauIdunasiianldane
UJsznnn 3

CcD

Yp8NINUIUTIINITENUINLHL

{ v [ v 1 o
Alrnududnaiutes

4.4 n1sUSInunnsdaRefiusende (EOQ)
nsvyadsielual (Reorder Point) uazAufAIngs
#1994 (Safety Stock)

4.4.1 NNSVAFBUAULALIEENNITNI
Usinadsdedng Peterson-Silver Rule
ndesiinnsldFuuUUSIMnSd e

I v

fiUszndn (EOQ) annsaldldilonnudoinisves
FudrildnvasadiadnaneinsTnaunlsusiu
Y9I5EFUAIINGBINSHI8N1TUAFUUTEENS
989AULUTUTIU (Variability Coefficient, VC)

Keaunsf (1)-(3)

Est.var D

VC = == (1)

Tnefl Estvar D fio AUsyanamuuwlsusiu

(d) o Aanudeinsedseriea
AUIUATUTEUIUANULUTUTIUVDIAIIUADINITHD
9191981 (Est.var D) fa

Ui 22 (2567) voL.22 (2024) 103



NIANTIVINTIUTUULTRENTEIAUNAT
CRMA Journal

1% _
Est.var D = (;Z ) —(d)? (2
i=1

[

AUIBIAIANNABINSIRAYAYIIAN (d) §iail
(d) =-Zi.d; (3)

dlo  d; = Bnaemudiosnsaudluusiazyag

nan

n = fanarfivinsine

dlomuaaidulssansauudsusiu
VO ¢ThnaminnsRansandsi

1) ArduUszansannuudsusay (VO)
AwladAteenIn 0.25 LARTIISEAUAINABINTS
aumildnuazaafianunsafiogldduuu FOQ Tums
funUSinddold

2) AduUsEansauUsUsIu (VO) 7
AUIUIATIANLIANTT 0.25 LERIINTEAUAIINABINTS
FuAiidnwauzulsusiulild Dynamic Lot Sizing
Model ®A1nau

4.42 nsmuansmaduUszansves
ANULUTUISIU (Variability Coefficient, VC) o481
597 HAD2 Adrenaline §915197 6
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A1 6 Fae819n1sMAIdUUTEANSURIAINY

wU5UI9URI815%d HAD2 Adrenaline

Usunauldsney Usunauldsne

LAau wou (d;) Wou (d;)?
(dae) (dae)
#.A.- 65 350 122,500
W.8.- 65 300 90,000
§5.A.- 65 250 62,500
1.A.- 66 250 62,500
A.N.- 66 250 62,500
1.0.- 66 275 75,625
b.8.- 66 350 122,500
W.A.- 66 300 90,000
1.8.- 66 350 90,000
N.A.- 66 350 122,500
d.A.- 66 350 122,500
N.8.- 66 275 75,625

A9 3,600 12,960,000




NN$97 6 axFLUsTlFINA LM
AnduUsyansauuUsUsI (VO) il

4.4.2.1 ANUANRAIYIAINHDINTS
Rot9aReaunIs (3)

(d) = %Z?ﬂ d; =3600/12
= 300 17

4.4.2.2 AUIURIAIANULUSUTIUVDY
ANMUADINITHOBIINAIRIFUNTTN (2)

v _
Est.var D = %Z d?) — (@Y
i=1

[(350)2 +(300)2 +...+(275)21/12 - (300)2
=[(12,960,000)/12 - 90,000] = 0
4.4.2.3 FuinAduUseansueany

wUsU59U (Variability Coefficient, VC) Fagunsdi (1)

Estvar D

@

= 0/(3007 =0
losanandulszansanuudsusiu (Vo)
Y98159d HAD2 Adrenaline fidnwiailddimiasnia
0.25 LAAIINTEAUANABINITAUAT WIOUTUIUNTT

T uiidnvasad

4.4.3 nsUszgnAdiLuunIInIUTUIN

{s@e7Uszudn (EOQ) MUISEAUAIMUABINNT

¥ '
I~ =

Uszgndlifianuun1snivsuudaden
Usendia (EOQ) slaaunsi (4)

2DS
= |[== a4
EOQ " (@)

Tnedl EOQ AoUSununsdsdefiussndn (o)
D Ae USueunsldenuasivineinet (Muae)
S #o dununsdsdosionss (uw)
H fie dunuiusnuseniesed (Um)
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4.43.1 Fwnamysinadderiuszuda
ntoya Ao USinaunisldeuazyiaeidet duvu
nsdsdasiondaintu 2,009 um/A$sA wasdunu
AMsUSAw AU 0.10 u/sule/Al feg1anns
AIUINAINANTINN 2 8159 HAD2 Adrenaline 3
USinaunsidsedauwiniu 300 vie AnduuSune
nswearngd ety (300X12) = 3,600
wihe deiilaluunuluaunisi @)

_ [2(3,600)(2,009)
FOQ _\/ (0.10)

= 12,027 %y

4.432 fuimsuIuseunisdsdened
- nansldeuasnvdusisel/Usnaddod
Uszndn = 3,600/12,027 = 0.30 AS/A

g15%a HAD2 Adrenaline SlUSinadsded
Usendamindu 12,027 e wazilsruiuseunisds
FosoTwiiu 0.30 A9/l fhuuunsmSunadde
peasendainlimuSnaddewinladavmnza

winsds@aiilonanvsenynladesenfuminuunizen

Y
1 v A

Tyndaln

4.4.4 mavyadselu (Reorder Point)
uazduAIAIASIE1TeY (Safety Stock) LaAIANNNT
uazoganIsiuMnTYedsdolal (ROP) 1u
Wwdstosuasnvtasifufudie v ingRuasedad,
wunuidled e uarnYiusianastsgadiimua
ﬁﬁuagjﬁuﬁmﬂi 2 i fie USinauanudeanseuay
nufasitaztisnath faaunsi (5)

ROP = SS+ (d X LT) (5)

Tneii ROP o odsdolml (nihe)
SS AD SYAUAUAIAIARIFITDY (WD)
d Ao USU1aUAINABINSHanagnan (Mie)
LT fe Yranatvsenalsenssdua (3u)
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FE 19 UIIINANTIST 2 8159 HAD2
Adrenaline foyafiansaniltananivisenasensy
AUA (LT) windu 7 Tuvse 1 dUn1i dusununisly
FredauINAU 300 vy Anvduusinanisidenuay
NINUNFADTU (d) WU 300/30 = 10 W8 &UeN
AYARIE1TDY (SS) WU 7X10 = 70 %i3e U1An
Fleunuluaunisd (5)

ROP = 70 + (10 X 7) = 140 %178

aguledn en9a HAD2 Adrenaline i3
Faolmivindu 140 mie warAudasndedsese
gUm9t AU 70 wae

4.4.5 nsuTeuLigunadnsAununIs
Fadeuuaz YR iYay N15InTesuas
nfaeiiuiuariiseunsdste 4 aweiiouina
mMATgimuiter 4.4.4 Ussyndldanunsnanseu
nsddean ¢ afeowou wde 2 atwaiiou
yhlsifiseunsdsdonasfununuanas uansiiegs
ML

815%a HAD2 Adrenaline AuynueN
7.75 vaenilg dUsuianslesiefeuniiny
300 28 SeUNSIENUGe 4 dUanivinnu 300/4
= 75 vy dununsdsdasionsilu 1 Weu Anan
(2,009/12) fiewiiu 167.42 vw/asy/ifeu Funu
msiiusnwsentiely 1 WweuAnan (0.10/12) de
Wi 0.008 U /ey Wdiiseunisds 4 ady/
o Andunulawsd

AUNUII = [(HUNUEI+AUNUNITAY
%’wwéfmqumséﬁ%a)] X $uaunsedste

= [(T5x7.75)+(75X0.008)+(167.42)] x 4

= 2,997.08 U

nsuszndldnsdntosniign (Q/2) e
g15%d HAD2 sumuen 7.75 uinsievitae JUsuin
NSMIS18LABUYINAY 300 MUY TOUNITIINIUAD
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2 FaAvinfy 300/2 = 150 sihe duvumsdade
sonddlu 1 Weu Anvn (2,009/12) Teuvinfu
167.42 vw/ads/diou Furuniafuinusentiag
Ty 1 1ow Ainan (0.10/12) HAwviriu 0.008 U/
mie/Afeu mUszandlivdnnisyadadelmiuay
Aufnasadsdsesiiliisounisds 2 advideu e
FuUFinunsdausiarseunindu Anfuyusindail
AUNUIIW = [(Funuer+duyunisiiy
S+ Fumunsdeto)] X S1unuadedsde
= [(150x7.75)+(150X0.008)+(167.42)] X 2
= 2,662.24 U
MnnaTBudisudununsindesuas
nefasifvmnzauiign (Q/2) fumsdatosuuuiiy
yhlvidunuanas 335 vsaifeuilosndunusey
nsdsdoiiana wazdmannsAnAuUlUAIMIU
gazvsaiUsELNd 116U AV, AE, AD, BV uaz
CV 973U 202 518013

5. NANIIANE

NanSANY S INaS e

5.1 HAENSMITANGUEALITTUTUUY ABC-
VED Analysis LLﬁ@Q%@ﬁJﬂaﬁlﬂmﬁ’Nﬁl 7

M9 7 HAGNSNITIANGUEILATIYA U WUY
ABC-VED Analysis

I1UIUYN . . | 5owazuann
, v < | uam1s18u >
nau | nvamun | ° 318U

(v )

(518n19) (%)
AV 60 98,181,300 52.07
AE 30 48,789,288 25.88
AD 3 3,295,800 1.75
BV 49 10,782,900 572




AT 7 NASNSNIITANGUEILALLIVA UINUUY
ABC-VED Analysis (519)

U . . | Sowazuann
, v . | wamsel .
nay | nYnun | ° ERELY

(vn)

(518n19) (%)
v 60 1,805,538 0.96
BE 81 16,331,028 8.66
BD 7 1,415,892 0.75
CE 291 6,797,175 3.61
CD 540 1,145,814 0.61
394 1,121 188,544,735 100

IINENTIT 7 WU S9N ASIYA sl
e 1,121 519015 Hyar15ius1eT Wiy
188,544,735 U #ann1s ABC-VED agLaenfianseun
SEMsEarYSuTiUTIIANT 1 Usznausie AV,
AE, AD, BV Way CV %ﬂﬁ@mﬁuﬁ’&ﬁumﬁﬁmm
Idusgannusedianldiiegs ddwauseniaiu
dnadiutasuniinanoAldangeg1aunn 91Uy
202 s19m5 Andusevay 18.02 vesUSunae ey
L’Jﬁuﬁmsﬁﬁ’jmm‘[mﬁﬁmﬂamLLasmﬁmsﬁUigmmﬁ
1 yUSnansdaderivssndn (FOQ) sl

5.2 HAANENITNAADUAIULKRNILAUNITRI
USinaudsdade Peterson-Sliver Rule

MU sEavsAMULUTUTIU (VO)
YOITWATE AT 202 $18015 AITIAIUIN
ladiA1deanin 0.25 WAAIINTEAUAIINABINISTAUA
viouTununsldauiidnvazailasngusuas
nafuTnsafnuiivTuianisidedsnsfivilii
fuuuiinunsdstefiusendn (E0Q) wuszand
funquenuaznufasiioueld
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5.3 nadnsnsmUSnaddeiuseuda

nsretsnsenaluiideil 4.4.3 azdn
wUSuuddoRUssndad niveuaziny A
Ussindi 1 18un AV, AE, AD, BV way CV $1u3u
202 1913 AansanlugimiedeUuiinadsie
ﬁﬂswé’ﬂLLazai’wuaumsé"q%yaﬁﬁmumuam%auﬂa
nasnsTImT el Faens1ed 8

a v & a o X A o o )
M15799 8 NaAaNWIUIUIUFIFNUTENIAATINTU
nNauewazYAUIUTHANT 1

Usueu Yaunads | sruaums
gy nsld Asznda dedle
A | A | (SR

AV 7,394,400 3,757,074 93

AE 206,952 437,737 11

AD 124,200 105,880 3

BV 3,715,200 2,503,508 62

v 1,049,148 1,280,298 32
394 | 12,489,900 8,084,497 201

NA15197 8 USnaimseuaznasueisned
Hawinfu 12,489,900 miae fluanseunisdadonnn
fian Sy 325 a$y/A Wedunamuiinadsde
Fiuszndalausunanisldouaznasuasedvingu
8,084,487 1118 LALTIUIUTOUNNSHITOLYINAY
201 A%y vhlRUSinanseuasnydusianas
4,405,413 %78 1395088¢ 35.27 WaTI1UIUTBUNS
Haifoanas 124 afe/ vidnosas 38.15 Toyauandlsi
WiuihnsmuSinadsdefiussndaanunsausmsad
Auanlalrsiduamsadediunnifiuanudidunsy
slAauunafusnmuienseumsddenio
TldunusImsiian
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5.4. wadwsnsmyadsdolmiuardudnsnds
dsesdmiunsdatosuarnufusifvmnsaues
ﬂfcjmsnLLazL'mﬁmSﬁUimmﬁ 1 lawn AV, AE, AD, BV
wag CV 91U 202 519m15 Rarsanluguuunu
nsliveifeunasmiesarqndstelmiuioudio
Auvsnamsiiauuansaadnsdoya fansned 9

M99 9 n1slSeuLisunadnsuIuuga
degelmifiudunanislday

~ Sovaz

Y | Jsunauan o

Y a o dy ] ﬁ?,ﬂaq
, Msltey | devalny P
nay , , Folnai
) (uae/ (une/ -
3 - ANLHY

Wau) WaU)

(%)

AV 616,200 287,560 46.67
AE 17,246 8,048 46.67
AD 10,350 4,830 46.67
BV 309,600 144,480 46.67
cv 87,429 40,800 46.67
39U 1,040,825 485,718 46.67

1nsadt 9 fevazqadsdelvaildiviaty
Sovaz 46.67 visouszanaazlweaTinanslden
wazfusidefeududelaudenadasiungus
Uinafanasedaadeidmuely Q uuimnames
nsdadouasiidaunsadariniu Q eldsuan
wdnzihanlfuaznualuaudugudyadsdotignifa
Wi unutagesndalagiedsiviitu (Q/2)
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Abstract: This thesis aims to evaluate forest fire risk areas learned from a wildfire case study in the vicinity
of Chulachomklao Royal Military Academy (CRMA) and nearby areas in Nakhon Nayok Province. The
study employed techniques from Remote Sensing and GIS to process SENTINEL-2 satellite imagery from
2016, 2020, and 2023 to analize the Normalized Difference vegetation index (NDVI) and Land surface
temperature (LST). The images from Sentinel-2 satellite recorded in 2016, 2020 and 2023 were used
to calculate the Difference Normalized Burn Ratio (DNBR) to look for the burned areas by using the
SNAP program. The analysis of risk wildfire was considered by different factors to help with the GIS
are elevation, slopes, aspect, forest type, distances from the roads, distances from districts, distances
from agricultural areas, NDVI, and LST.

The forest fire risk areas determine rating value by using Coincided Value (CD) in order to require
Weight Score by experts by using Analytic Hierarchy Process (AHP). As a result, the forest fire risk areas
were divided into 4 levels: highest risk, high risk, moderate risk and low risk, calculated into the areas
4,957.15 ha. (17.98%), 5,489.3 ha. (19.90%), 16,494.0 ha. (59.81%), and 636.4 ha. (2.31%) accordingly.
The highest risk area is in Prommani, Ampher Muang. As a result of the wildfire study, we found out
that it is caused by human activities. Aligned with the results of factor testing used to analyze areas at
risk of wildfires, the factors of distance from agricultural areas and proximity to transportation routes
ranked highest in importance. Following these, factors such as distance from villages consistently
indicated accessibility to areas and activities that could affect wildfire occurrence. The wildfire
management should implement the following precautions: 1) fuel management before wildfire season
2) increase fire lines in forest fire risk areas 3) having campaigns illustrating wildfire problems 4) person-
nel training seminars 5) practicing putting out wildfire 6) prevention: precautions and patrols 7) adding
check points to reduce fire ignition 8) requesting more budgets re the fire extinguisher equipment
9) stricter laws for lawbreakers and 10) most importantly involving and collaborating with all

stakeholders including governmental agencies and local communities.

Keywords: Forest Fire, Forest Fire Rick Area, Geographic Information System, Remote sensing
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&

wagungnllvg [9]

2.1.9 9asnd@umM s lusUnNARwANFE9TY
(Differenced Normalized Burn Ratio: dNBR)

I3 ) 1 1 I

WuN1sALINAIAINULANANETZIAI19 NBR
ADUNISLN LAY haruaIn 1S tng atunsalobuy
N5UTEIUANNTULIT VRISl [9]

3.1.10 NSEUIUNITIATIEIANUAIAUTY
(Analytic Hierarchy Process: AHP)

I = =1 o [

WunsiSeuisuanudfguesdadslu
nsdndulailusied (Pair wise comparison) [10]
WenuunA1ininaNdAyserinsladelagly
AATLNUANNDAIUIUAIAZLUUAIINFIAY TILVD
wiazUade InensiumnsNalyisng Aaukanalumnsan 1

a v a ¢ = = I
A15197 1 NFETENTNUNINYULUUUTE UG ULUUA

Y

wnauat C wnauat
Cy, Cpr Csy oo G A A, A, A,
A 1 EIPS Az EI
A, 1/ ay, 1 P Ao
wnauat As 1/ ay 1/ ays 1 Asn
A, 1/ ay, 1/ a,, 1/ as, 1

MIIVADUAIUABAAROIVDITOUA LALNT
ALAERTIEUANIANYNALHAYBIRYE (Consistency
Ratio: CR) ss@un1s (CR < 0.1)

= A uoa
Wie CI A9 AYLANUENIAELNG
CR A8 dnaIuAINALLVRAUNS
RI Fie astlinduuasnnuliaumingmeg famnsi 2
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_ (Amax -n)
C. I. _ W

o n Ao YunAvesALAISIAMENG

Amax fe nasamvesAiladeveusas
SN SRAIAN 1NnIENAT LTI
Tunnusuwsiazun udnhioragaildnsuiy

M13197 2 Aeildy A R

n 3 4 5 6 7 8 9 10

RI | 052089 |1.11|125|135| 1.4 | 145 1.49

'
av aa

3.2 ASeTAgITes

Tuleya USRS [11] FAnwnavdszifiuiui
HoatamsiAnlwin a gretuuisnAuiurh Smin
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s i fiuflnunsnss, 15deusos, mithu
wazauu lngthtoyausazUssianindeuriuiuteya
Nl luusiasd uarldsuunfiuiidssenisiin
TiUudseonidu 3 sy amuusinadosasveaiui
Tllnsluusiaztase Yadinnmsimseitadodanan
annsathudsediuiuiidssdenisiialion uagly
Usglgadlunisnunudanisiviala
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AARIUANA, TLHLUNEUNANUIAY, TTELUS
NI U, SE88UI9NRURLNYATNTTY
wavAuAveInsAaliifviuas Rating Value
wazA Weight Score Tnganinsasuunindidoady
5 syeu wansliiuInnsldsal dNBR Aas1enRsu
fudaduau q Wnelvmazuuunudfyuazaimin
Hadvanunsoldinseituiidssdonisiinliale
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2556 saumanisuseiliunansynuvedliil wagnis
AANANIIZNIBINE WU ﬁuﬁgﬂmlwﬁ(Bumed
area) agﬂumﬂwmmwsmmaﬁqm 599891171
wathauysaiuaziuiinunsnss Taogalidilng
ogflnduunuuszerlaiAy 1 nu. Usddhasinan
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Bagunmlvitiuusenvule

fsn wavame [14] Anwaniunisaflavag
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LANDSAT-8 21NN UANANNBANATIEWINAYT
nswingd (DIFNBR) wagsiusiudeyatadesing «
U 12 Uad891nn1suuan mnangn1iiied wuin
HadeTdvswasionsifaliluseiugs Ao sves
119NV U1ULaZAUNUILLUYDIUTEYINS
sesasunAe sudifivwssar (NDVI), USunandoinds
LazAILAINTY TngEINITaLUITERUAIIILEEY
gasmsiinlniluiuiidnwesnly 3 szdu fe
ﬁuﬁﬁmwmﬁlmqm Nufidmnudssiunans wag
Nuitlanandessin mugsy

A3178 kay lanadvg) [15] Anwin1sduwun
Nufdssronisialiirlagldnszuaunsiasiys
m‘wLgfjﬁmqmzﬁﬁﬂmq‘mEJ’mLLﬁwﬁﬁﬂmmmImu
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Toun Heostes @ostunans wasidssunn wuily
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9 1) Aevtnanaianssas (NDVI) 11nn31 0.38

¢

IANTIVINTIISHUUE TR NTTIADUNAT
CRMA Journal

2) fvtianuSeuvasuLn (Thermal infrared) 1nnA3n
34,000 3) SLELPNINEUNNANUIAY UoeNI 150
WRS 4) ANUAIATE 1NN 53% waz 5) Anuklu
Aenvesianssas (GVI) 11nnit 1,800 lnuAseunqy
NunUnliindalududlng

Suhrabuddin uag Kaan [16] ANw1AUTULTS

X A ) A - Y] \
Yosiu bl waznsiuianssa Tngldnmeng

= . ° A4 A v
A1NYU Sentinel-2 TUﬂWiMWLLmuwWWQﬂLNﬂW
NANISANTINUIIATRAIULANAIIVDINTHA LAY
(dNBR) 914unsAUAMLTURSIUBINSHT Ty 5
SEAU ALATUNARNNIATTNTINTTUUSURNAL (dSAVI)
AT UUNTZAUAMIUFUNTIVDINI TN T 5
SEAU UUBN31A1 dNBR wag dSAVI @ndnsatinunly
Tumslasieikasyinunuiiungnisilugdle

E]'LéLIki’] warANY [17] ANYIN1SE@0UdNINYD4
& oA v e | a
wundnldnsalfnwaneuwisnAnesawn-ys lng
ANSAATIEININENEA ALY Sentinel-2 ABULAA
WU waznanialuyl WUIAIHaANIAUTNITHN
IndvasiuniligniuntndfidnuuleeamnUusuen
dansiEeuan nuaInunUlyl wagnuIAawnng
vl iwUsanduiuasutinens s anansalidudadey

d! 1 Q’ljd dll dglJ d‘ 1 v

pgluNSUITDIRNUERNAN T NVBINUNUNLIle way
a0 EANANTUIIVDINSEN Y (Burn Severity)
' v @ 1 v oaa A A W
SuAUAUAIRTLNTNTS (NDVI) ieduduaIny
gNADIVBINAINSLA

Boden [18] Anw1AauLNan19nNsnssed (NDVI)
PAuNUSAUTRs E@IUNSlusIUnR (NBR) Taely
AMNaNEANIEY Landsat-8 wuindl Al NBR way
NDVI anuduiuseseiidodfy usalulng
drulngifinugunsaainnisenindluseduaids
U1unas nauAa AN sas o Ut AU UNI IS
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W boAsl 'vﬁaa&ﬂmiawmmﬁﬁummﬁwmm
Natasya wag Arie [19] ﬁﬂmﬁuﬁﬁgﬂlw%ﬁ
WUURaLALT wazvangnanlagldniwateaniiiey
Sentinel-2 lagly 6 Aol lawA AuliALwANFIg
95T 1 (ANBR), FHANULANANYDINTS
wlngl 2 (ANBR2), Anaiinasnsiivnsses Normalized
(ANDVI), siaifonssauuSuln@au (dSAVI), sadiauans
(dCsh), dufiufinnsunlug (dBAIS2) wavdwiinng
wnlnfivesdumlsnsanans (dMIRBY) Wudeyaindi
229kL9a HAN1SANWINUIT Pl ANBR, dMIRBI way
dNBR2 fimudutusandignfuiuiifignianlvsl

4. FAnLuUnIsANEI

4.1 fvusituiidnm

Uinalsedsumedosnszqareundiuiing
wagiuilndifesduondminuasunen fufivon
172,355.25 15 (27,577 m1519n1asns) ﬂsamqu‘ﬁuﬁ
2 900 laun 1) swnewdios Ussnause muansvudl
wAZAUAINTE 2) BnaUnuU Usenaume iU
Wi wagduasingens Sminuasunen

4.2 N3TIUTINTeya

4.2.1 mM3nenunEsuamzUsEiiuily
sEuvvaINswssuAunsatlunislesiuuassesy
an1unisallla Imwumusﬁxumaumsﬂﬁﬁ’aqm
yosmhgnuiiieidosazihmasdiiofuuuimis
TunsusulgenisufuReu Usenausie 1) n1s
AnwndoyavAsgifiieates 1éun enansuazy1nd
Aendes 2) msduarwalidmin iU oAUl
1Hun iU foRmusulyith ;nnsueyenuuviend
Fnivn wagiugily uazidmihiinmsannesiy
53U 1SS 8UUIETRENTEDUNAT
4.2.2 SoyaildlunTinsesituiidsd

Fanandlumned 3
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4.3 Suaesesdioliinszinuiiae sl

4.3.1 TUsunsu ArcGIS 10.5 1Juga
Tsunsudssgndssuvansaunagienans Toluns
N steyagiiansauma WanuazIndmiiglag
U ESRI 97119

4.3.2 WUsunsu SNAP 10 Tgdmsunns
Uszinana uagdasigvitayaninaiuiisunielsa
dtyay1vee General Public License (GPL) #l4
gnansalaugensiuasiagliidealyane
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3 | wwuilnduszine TTIF File | nasuswdi
1MI1dIU NIMT
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aeuye L7018
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4.4 FupousidunisineinsoesunEey

4.4.1 9AUNSEUlABNITIATILALDNENT
fiertostuimgnisallawniiety

4.4.2 YMNTEUNIYALUULAILANAD
WA TEURTRNUUL S 5 we &l 1) Mgy
winnsalumsifialiit 2) mameulsanunsallnh
3) MIANUTIARRNIMNBIUI 9 4) ANudsng
LaznansEnufiinty 5) Jaymuazguassalunis
AU LaY 6) %amuauumazmmmﬁj\luw“

4.4.3 Apsziiieniily Taonisaanu
L'%'aﬁnﬁﬂsmgLLasL%amiaammLﬁ'a’rﬁawaﬁaga

4.5 fvuaAdadeiihunidlunsinseiiu
Geaanli [12]

Usznaumie 9 U938 Laua Arduiaiuunngng
flywssos (NDVI) engaumigfiftuiia (LST) wdiath A
gupiiusena Anuandy irdiuain seeeiieain
oUW SrEEeaInuyUn LAYSEUEININHUTLARS

4.5.1 NMSMAIRTERaAIaNTNSSed (NDVI)
wagengamnRiiui (LST) [20] Tnethdeyannedng
ATy Landsat-8 ivhnsusuninunainedeu
Wasvaan nelilusunsy ArcGlS 10.5

1) AunaAnsuHSETuULe s
(Top of Atmospheric spectral radiance: TOA)

TOA(L) = (ML x Qcal) + AL

ile ML = #i1 RADIANCE_MULT BAND 10
AL = @1 RADIANCE_ADD BAND 10
Qcal = mMMTIPAZNTHUINAUYWIANTW (Band 10)
2) AuIuAuun)ldedadng (TOA to
Brightness Temperature conversion: BT)

K2
BT = ——————273.15

K1
l"(L+1)
do L = A1n1sun¥edidendu (TOA Spectral

Radiance)
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K1 = f1 KI_CONSTANT BAND 10
K2 = A1 K2_CONSTANT BAND 10
3) AUaAATENAR 1SN TIad (Normal-
ized difference vegetation index: NDVI)

(Band 5 - Band 4)
(Band 5 + Band 4)

NDVI = Float

dlo Band 5 = Y19RAUBUNTISALNG WULAT 5
Band 4 = YpAumueuiuALAY WULAT 4
4) AnaAdaduitnssa (Proportion
of vegetation: PV)

(NDVI - NDVImin)
(NDVImax - NDVImin)

PV = Square

dlo PV = andndiufianssas
NDVI = Afinas1ansns o
NDVimin = Advinassfinssaman
NDVimax = Adtnasieiiynssagean
5) AuIuAIN1sIUassed (Calculate
Emissivity: E)

E = 0.004 x PV + 0.986

‘ﬂl ! U ! =
o PV = andndiuiiansso
6) A1uIMAIgUNYINURY (Land

surface temperature: LST)

BT
LST = ——x In(E)

1+(/1x%)

\ilo BT = Agamgiidesaing
A= AAETIAAY emitted radiance (Landsat8
band10 = 10.8)
C2=hxc/s=1.4388x 107 mK =14388 umK
h = ANAIFITOINGIR = 6.626 x 1074 Js

s = AAsdateandii = 1.38 x 102° JK

C = 9n315v0nas = 2.998 x 108 m/s

ANNSLUASSIA

M
1l

9 22 (2567) voL22 (2024) 119



NIANTIVINTIUTUULTRENTEIAUNAT
CRMA Journal

4.5.2 msmitudinisnlug thnmdie
aiiey Sentinel-2 lUdasginanadnisina bl
(dNBR) f8lUsinsu SNAP 10 [21]

1) AwaARadnswilug (Normalized
Burn Ratio: NBR)

(NIR - SWIR)

NBR =
(NIR + SWIR)

dlo NIR = Hhendudunssalng wuusd 8
SWIR = $29AAUEUBUNT I WUUAT 12
2) ANUIMATNAANNTEWINAIASTNITINN
sl (Differenced Normalized Burn Ratio: dNBR)

dNBR = (PreFireNBR — PostFireNBR)

ilo dNBR = Awasaszmrinsesadinnsuulng
PreFireNBR = anaafinisinltugdnauialel
PostFireNBR = Asaiinisnlvgvaaial
4.5.3 mﬁm%’u%’ayjaflﬁaﬁﬁmaGiaﬂ'mﬁm
rithlngindudeyatiafoindndu (Reclassification)
Fauanslunssi 4
4.5.4 AMNUAAIANNEINITOVIUATY
g9y (Rating Value 39 RV) A28A1TAIUILA
Woddus Coincided Value (CV) FaaziiAnann 0-100
Woddus TnevniuidiAalngn #uiniswlus
Tute 4.5.2) fdumdmsstuladueon an %V fils
giiAnnn wmniufinAnlUisumansaiuade
dauu9diu visolunsaiutaae A1 %CV Aazian
annduiuan TneruIneInaunis

(2x9)

%Coincided Value (CV) = m

X100

We S = Yavugeaninunnsenuiuiiuia lnlugai
R = funialwludnTunundnw
F = fNuntadedoendnun e luiunane
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5.2 namsUseiuiuiidestoannisialin
5.2.1 AnaHan1aNsnssed (NDVI)
Ardaduaniafianssa (NDVI) Tudfiin
Tt Town U w.e. 2559, w.e. 2563 uag w.A. 2566
Faanslunind 2-6 sudsu TnelunsasUfian NDVI
Famn5197t 6 aviulgusnaiduiuiinldesiian
NDVI agluye 0.05-0.57
INNITIATIERNSToUTTUARTTAIY
WANAINYNTTAY (NDVI) 5811319 U .. 2559, 1.6,
2563 way .. 2566 wieidusunuaadaiy
uansefivssn 3 O Seannsadadudeyald 6 du
Fauanslunmd 5 Ussneudaeg NDVI < 0, NDVI 0-0.1,
NDVI 0.1-0.2, NDVI 0.2-0.3, NDVI 0.3-0.4 uag
NDVI > 4 Siuit 447.25 13, 1,982.75 13, 10,336.0
15, 46,446.50 15, 76,446.50 15 way 39,220 15 au
18y wuhuAfiifemssuunaquvLIwLy NDVI 8
Ansnnt 0.4 avegluiuiitilindelubudlng
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Tuvgusnunuaulaiingnssa vseivldauysal
vsenuAngni g A1 NDVI agaglutis 0.1-0.3
duusnuniduinain NDVI aziiantesndn 0

A15199 6 ANRYRNARISNTNTSAs (NDVI)

NDVI AAga | Argedn | Aeds | SD
U w.e. 2559

Nufionn | 023 | 052 029 | 008
Nudivls 005 | 052 035 | 0.06
U w.el. 2563

Nufihonun | 024 | 058 030 | 009
Nufivlsy 008 | 054 034 | 009
U w.e. 2566

Nufihonun | 023 | 061 036 | 0.10
Nuudonlt 006 | 056 | 042 | 009
teuviuteya U w.a. 2559, W.A. 2563 Uay W.f. 2566
Nufionn | 021 | 058 033 | 009
Nl 009 | 054 | 038 | 007

Lo PR TNt DR
A 2559

- - High : 0521403
P

0 14002800 5600 8400
— i — o5

AW 2 waudian NDVI 3 2559
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WA 2563
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0 1402800 5600 8a00
——— —iciers

| Asdinauandfiawes
WA 2566
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0 14002800 5600 8400
- m— o5

AR 4 uEuiien NDVI D 2563

AN 5 WEUNYUAIRTTNAR1SNTNT T (NDVI)

U 2559-2566
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5.2.2 AQUNORNUIY (LST)

MMM (LST) Tl
WA, 2559, W.A. 2563 kay W.A. 2566 A1UITORAA
unutgaungifiufialunsosUld fsnnil 6-8 A
a19u taeAn LST Tuwsazdanunsauansualaniy
P51t 7 2nmsEnmwu Vinaiduudiiill
f1An LST aglutiandng wiiu 19.38-37.69°C

Feannsndndutoyals 5 50 Fuandunm
i 9 Usgnausie LST < 24°C, LST 24-28°C, LST
28-32°C, LST 32-34°C uay LST > 34°C ﬁ‘lﬁuﬁ
28.75 13, 34,460.00 13, 119,245.25 13, 14,372.50 13
uay 269.00 13 Ay nuhiuiiolisdeiiud
fififiemssnnnauiuasiicgamgifiuiaeud e
ogluts 19.38-24.72°C wsimndiasgsianluvied
AnlnU9ziuauuaneesAl LST ﬁqq%uﬂdﬁ
Uni eglutie 33.83-38.81°C 1esa1nnisazvion
yosnauANIToUTAN N

¥
a

A19197 7 ANQUNINURY (LST)

AEn | Agedn | Aade

LST
(@) (@) (@)

SD

fudiviavian | 24.72 38.81 30.93 2.20

il | 2072 3769 | 2869 | 1.64

Wuiivanun | 2295 3383 | 2870 | 1.88

wuials | 2295 3383 | 2701 | 1.69

NUANIue | 19.38 37.14 29.34 1.96

uiUAlsT 19.38 36.00 27.58 1.63

Faunudaua U W.A. 2559, W.A. 2563 waz N.A. 2566

U

NUANIUUR | 23.89 37.14 29.58 1.89

uiUAlsT 23.89 36.00 27.93 1.60
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AW 9 unuitugaumgiiiuin (LST) U 2559-2566

5.2.3 AMUFUNUSTENINAIRTLHNARN1S
flywsses (NDVI) Audngaumniivuia (LST)

PNATIIATITRANEANFUNUS Correlation
Coefficient (r) s¥n9AIRwiHan19NInsses (NDVI)
furgamgiiuiia (LST) vesituiidnu Tl wa.
2559, W.A. 2563 Uag W.A. 2566 WUIATEREUNUS
(r) WU -0.590, -0.569 waz -0.589 MUy 39
a1115005U1lA71 ARTTHNARIINYNTIOL LaYA
gamgifiuia fanuduiusifsay (Negative
Correlation) W3auUsHniiu Inedeyaiinnuduiusiy
Tusedugs [22] ndmfefiuiinifonssanaguiunn
zdidnguugdfuiasdsdrulug Suiiuivild
duiuiifiiifionssaunaquiudes uie uittign
vt 9% HufinnsinepsAtnsiuAefivuds wie
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5.2.4 fufwnlvgl (Burned Area)

191NN IATITRANARNTENINANRU
sl (ANBR) el #udiwnlos! Tud we.
2559, n.@. 2563, W.A. 2566 ﬁﬁuﬁaﬁ’mu 2,090.00
15 4,980.75 15 uaz 1,258.50 15 Asdu 3.64%,
8.67% war 2.19% YpaNuAiAny1 A1uaIfU

fauandlun g 13-15 uaviufienwifinnanns
Fourutoyasiu 3 U WU w.a. 2559, 2563 uag 2566)
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)

[

Anw Aauanslunmi 16 wunvnlnddulngjeglu
o =l o = a 1 U
ANUAFINZD WaLAUANSUY Laguialutnanlu
WWudiuun

| anBR Audierlut
N.A. 2559

] b ) { o

| I oo ' S

B - i

© 14002800 ES00  B400
m mm

7| aner ":uﬁtm'iuﬁ'f‘;___w ,w §
WA, 2563 .
T bty ] { i
Ao .
Bl EET
siso

o 14002800 B4t
—— —"cir

AR 14 N lvsluwafiuiulls U 2563



- & o N

dNBR Wufivlusls
W.A. 2566
- Ly
ol BN
N [ ] el i

0 14002800 5800 8400
- —icters

A 15 fuinlvsiluwaiuiunlsd 3 2566

| anBR ki ~
23 23 .l 3
| Nudienlugdsan S [
\ |
N ¥ Vs \\/Vl’ o |
i {0 anad | T
Bl bt s
G g [
Tailguiian by o

"o ra02m0  se0  sao0
— e —iers

AW 16 Nt lvs 3 T (@ 2559, 2563 way 2566)

5.2.5 fiuAvafeanlnivn

NAINNITIATIEVAIANNEIUITOVD
Yaduees (RV) memsauiuanlasidud CV way
miﬁmummdwﬁ;’mﬁﬂmméﬂﬁiyfuaq{]ﬁwé’ﬂ (W)
LAnIIINTI9T 8 ﬁwm%’m%wﬁayjaimi wagliAany
AYLUU
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A15199 8 ﬁi’lLUaﬁ‘L‘%uGﬁ CV, RV wag W

UJade Jadudon S R F %CV|RV| W
() (15 (ls)
1. Avge 0-156 226450 | 8329.25 | 24,733 | 1370 | 3 | 0.08
VoI 156-321 | 3,051.00 | 8,329.25 | 19,125.00 | 2223 | 5
(1m9)
321-486 | 1,887.75 | 8,329.25 | 9,250.00 | 21.48 | 4
486 - 651 49375 | 8329.25 | 3,111.00 | 863 | 2
651 - 816 5775 | 8329.25 | 101475 | 124 | 1
2. A <5 158.75 | 8,329.25 | 2,986 281 | 1 | o004
AATUYDI 5-15 1,916.75 | 8,329.25 | 16,997.50 | 15.14 | 3
it
15-25 3,753.50 | 8,329.25 | 24,209.50 | 23.07 | 5
[GRGR))
25 - 35 1,779.75 | 8,329.25 | 11,262.00 | 1817 | 4
> 35 12825 | 8329.25 | 1,437.75 | 263 | 1
3. fiel 0-90 1,524 | 8,329.25 | 10,713.00 | 1601 | 3 | 0.05
ety 90 -180 2,350.00 | 8,329.25 | 13,210.75 | 21.86 | 5
(99f17)
180-270 | 2,798.50 | 8,329.25 | 21,837.00 | 1855 | 4
270360 | 1,060.50 | 8,329.25 | 11,131.50 | 10.90 | 2
4. szey < 1,000 465.00 | 8329.25 | 7,875.78 | 574 | 1 | 0.19
wean 1,000 - 2,000 | 2,006.25 | 8,329.25 | 20,76450 | 13.79 | 2
AU
. 2,000 - 3,000 | 2,831.50 | 8,329.25 | 17,026.75 | 2233 | 4
Ui
3,000 - 4,000 | 2,300.00 | 8329.25 | 10,027.75 | 25.06 | 5
(Lunsg)
> 4,000 153 | 8329.25 | 1,550.50 | 3.09 | 1
5. 530y < 1,000 3,071.75 | 8,329.25 | 31,237.00 | 1553 | 3 | 024
neenn 1,000 - 2,000 | 2,799.75 | 8,329.25 | 14,992 20401 | 5
it
2,000 - 3,000 | 1,804.75 | 8329.25 | 8619.25 | 2130 | 4
YAINTIN
3,000-4,000 | 81.00 | 832925 | 2161.00 | 154 | 1
(Lung)
> 4,000 0 8,329.25 | 27650 0 1
6. 588 <800 3,218.25 | 8,329.25 | 30,826.00 | 16.44 | 3 | 024
NN 800- 1,600 | 3,446.75 | 8,329.25 | 17,875.75 | 2631 | 5
IGIaN]
1,600 - 2,400 | 977.25 | 832925 | 7,42225 | 1241 | 2
ANUIAL
2,400-3200 | 11550 | 8,329.25 | 997.50 248 | 1
(ums)
> 3,200 0 8,329.25 | 184.00 0 1
7. %iiath Taiwanlu 3350 | 8,329.25 | 5,842.75 047 | 1 [011
ndnlu 7,671.25 | 8329.25 | 51,470 566 | 5
8. <24 20.25 | 8,329.25 99 048 | 1 | 003
N 24- 28 14325 | 8,329.25 | 190575 | 280 | 1
il (°C)
28-32 5687.75 | 8,329.25 | 51,083.25 | 19.15 | 2
32-36 1,884 | 8,329.25 4148 | 3020 | 3
> 36 20.25 | 8,329.25 31.00 091 | 5
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AN5199 8 ALUBSIUA CV, RV way W (69)

Jade Jadudon S R F %CV | RV | W
() (&) (13)
9. Aeiil <0 8.75 8,329.25 9.00 0 1 |003
A 0-0.1 1,680 | 8,329.25 | 3,524.00 28 a

UANFNY

0-02 3,577.25 | 8,329.25 8,532.50 42 5

gssad

0.2-03 1,890.25 | 8,329.25 | 11,842.25 19 3

03-04 54550 | 8,329.25 | 14,966.25 5 2

>04 52.75 8,329.25 | 18,358.00 0 1

Toe S = Jadudevitiituiinseiuniuianlnlngin

R = HudiAal s ufiuidnw

F = fufithdvdesiiviammnusingluiuiidnw

PMNAN5199 8 A iuidedlnininms
Ansginsdourivdeyarihuiinaudidyves
Jadeudn (W) tazaiauaninsavesladugeos (RV)
Felusunsy ArcGIS 10.5 azldfuiidsonisiin
TWiheenan hnssndurandesosndu 4 seau Ao
ﬁuﬁlﬁmmﬂﬁq@ fufidssnn Hufidesiunans
Lasiuidosios Siuf 30,982.19 15, 34,307.94
15, 103,087.69 15 uaz 3,977.44 15 Andu 17.98%,
19.90%, 59.81% way 2.31% Yeuiidnw nu
ﬁuﬁL?%mmﬂﬁ'gjﬂaQ”Lw‘iwaﬂ%ﬂzmqLLaw‘huaLsmﬁu
WADILADUIUUT LAaZAIUANIMNILAEANUAINTY
wasaewies sauanslunwii 17
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i d o~
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AN 17 NudeadsanlnUalunundne
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6.1 naN15ATITRNITnEAUNIEEULIUN

n1saenuNEEulNUITEnINel w.e. 2559-2566
wsoonidu 6 Ussidtu el 1) nsdrdumanisal
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Feaenaderiu ms1s way lanaAwe) [15] wui
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0619B9MsgUYIS vide mswnUiteandnd vide s
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Usgnaume 3 wiheUfua lawn mihedufianu
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ANUYIBGD bASUNITATUAYULALEIUILAIY
azmInluAIueIg 9 31NUUIBUYRINIATTIAY
wonu 1w mheuwnd weruna ewns wasu
4) anudeielazuansznu Lown dndvivia
an 9 gnleaen ieuafiyniteinia tAnAay
Aenere01A15ANIUTY0IT1UNNT LastAnnis
QﬁgL?{&m%’wmmﬂﬂﬁﬁﬁﬂﬁm 5) Jaymuazguassa
fiAatu Tdun viaueauadesiogunsaidlday
Il dnwaszniivseinalinueaadu wazlifudndn
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ﬁuﬁaﬁnﬁﬁgﬂ‘lmwﬁ” szuutiyddeya (Data Catalog)
NFUENENUUVNINA dnTth ez, hitps://catalog.dnp.
go.th/dataset/firel (10 .. 67).

@) Aud inguedle, twus Fageaul, gind wawmaanst, 151
895U, USA QUnaRus wer A3 danzdns, lidhuar
nansenunaszuuldludszmealneg, Auziumans,
UNINENSRINBATANART, NTUNN, 2534,

@ aume Inuapseg, “pAlanisaiuATadnELazn1idIuTIY
yastszanaulunstlasiu uazudlatymivihuaznuenaiu,”
NFUENENUUVITA ARt uazRUGAY, ngamnny, 2561,

) oAt Uaamulaen, ufing uiism uas Sudt thuunaziving,
‘mstlszifiumanudameniadssgiafifaaniil, nes
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Abstract: The situation of consuming electrical energy in Thailand is increasing rapidly. Therefore,
government agencies should provide new energy sources to comply with the demand and to
strengthen national energy security. Solar energy is renewable and clean energy from nature that can
be used without limitations, and it is accessible to everybody. This research aimed to study location
possibility for installing electric power system from solar cells with the study case of the area in
Mae Moh, Lampang. At the location, according to geographic information system used for finding and
evaluating proper location in Jampui, Ban Dong, Mae Moh, Lampang, there is vacant land of 420,000 Sg.m.
According to the simulation of using PVsyst 7.1 software to generate electric power from solar cells,
it was found that it can generate electricity 815.2 MWh per year. It can reduce the Greenhouse gas
emission down to 488.0 tCO2-eq /year or 11,494.8 tCO2-eq in 25 years. When considering economic,
it was found that the Levelized Cost of Electricity for the project is 1.102 baht/kWh and Net Present
Value is 26,836,588 baht. The Return-on-Investment equals 311.97% with 3.36 years of payback
period. The area is possible for installation of electric power system from solar cells and it will make

benefits from the project.

Keywords: Solar PV System, Geographic Information System, Simulation, PVsyst, Greenhouse Gas

Emission, Renewable energy, Economics Value
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Configuration PV module Inverter

Jinkosolar SolarEdge
PV/Inverter model JKM 325PP-72 SE27.6K-EU-

(Plus) APAC/AUS

Unit Nom. Power 325 Wp 33.3 kWaC
Number of PV/Inverter 1,600 units 14 units
modules
Nominal (STC) 116 kWp 110 kWac
Total module area 3,105 m?
Pnom ratio - 1.05

msmsziteyalagldiiufivuin 420,000 m?

(Hunadan) Tunisinseseuundnliiwasues
2RI 520 KWp lagaaunsanNanUIunana e
T lgviedY 3,105 m? I N 6 wazmIsei 3

520 kW

m Glo ) Ener

i 6 USualnidnaudsnlaainszuundnllin
adLaeingvUIn 520 kWp
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A15719% 3 USunalndAndnlaannssuunan i
wadLase1ing uUIn 520 KWp

1831 kWh/m?

+5.1%

-2.65%

-3.00%

1817 kWh/m? * 3105 m? coll.

efficiency at STC = 16.81%

X Energy
Global horizon- .

“ . L. injected Performance
LA tal irradiation i K .

P into grid Ratio

(kWh/m?)
(MWh)

UNTIAL 140.0 73.3 0.827
NUAMUS 136.1 65.8 0.816
FITRLHY 165.3 72.9 0.807
LU 167.5 69.0 0.801
NEWNIAU 177.0 69.2 0.807
Tauneu 162.9 62.4 0.811
nIngIA 172.3 66.7 0.810
dwnay 134.0 54.9 0.819
U 140.3 60.7 0.815
AaAL 152.0 70.6 0.813
LB GRRED! 136.9 69.8 0.826
51AL 146.9 79.8 0.825
59U 1,831.3 815.2 0.815

948 MWh

831 MWh

Global horizontal irradiation
Global incident in coll. plane

IAM factor on global

Soiling loss factor

Effective irradiation on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature

Optimizer efficiency loss

Module quality loss

Module array mismatch loss
Ohmic wiring loss
Array virtual energy at MPP

Inverter Loss during operation (efficiency)

1ndoyanisirassszuvlumsned 3 nui
Usunamdseulniniindald (Energy injected into
orid) WetilAnwindy 815.2 Mwh luiousuanay
aunsondanasuliihligegawiniu 79.8 Mwh
Lazifeudamaundandenuliliildigavindy
50.9 MWh 1ilefi915anfaaussauzyedszUuNaR
i (PR) wudfeniaderiativihiu 0.815 laeludon
UnsIANLlAgegAiiu 0.827 uaziiauLwIEUiA
Againiiy 0.801

4.4 Nan1TIATANTFYLFNTIUTBITEUY
wﬁmiWﬁwLﬁm%{u‘ﬁ'LmeaéLmeﬁmémnﬁqm FuuN
Junsgapdeannnisgaydeidesangunagiivad
11.03% uagilnsgeydevagldan Inverter 1.92%
lngUsavanmuasssuuRan infiaduasenfinduy
&A1 (STC) Wiy 16.81% Fan il 7

140 %7 22 (2567) VOL.22 (2029)

Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
815 MWh
815 MWh

Available Energy at Inverter OQutput

Energy injected into grid

A =~ ) a Iz
AWA 7 nsaadendanuvesssuuRanlniiwad
LAIDVINE

4.5 Nan153ATITYINISUaRuNEToUNTEAN
nmsnanlniaduaseinduun 520 kKWp @113
naununsuaaliinennslddemndaoadald
815.2 MWh/U %130 19,202.8 MWh naene1elasin1s
25 U (Bnsnsidouveauniisaduaioriing 0.5%
sad) dewavinlianunsaannisudesiniseunssan
WinAU 488.0 tCO2-eq/V wieAmdu 11,494.8
tCO2-eq Maona1glAsN1s 25 U (Emission factor
Yoty 0.5986 kgCO2-eq/kWh)

4.6 NANITIATIENAVIUANAINAATYFANENS
AUNUlUNITIATIERANUANAINIUATYTANERS
Usenause 2 daumdn @ Aeduyunisings (nstallation
costs) LLazﬁuV}uﬂﬁﬁ’lLﬁumi (Operating costs)
lagAunusInIvesdulsenoussuunanlniwad
waseiinglidadsainnisdisiateyasiaive
9390303V 9 Tulsewelng o Weulquisy
2566 DglasaNsEruAliviniy 25 9 Sasnig
Anan 7% ssuile 3% wazdnnaidonvesn



wadkaIeTing 0.5%/U naenvitonglasanis 25
AIRN59N 4

M990 4 HANITIATIRNAVILAUAININATEAERS
YosszuuNanliwaduateing

0MS AT U

218lATIN1S 259
PRNIIN1TANAA 7%
LEFRISPRIG) 3%
o o s a ¢
BRTINISLEDUVDILNITAANED NS 0.5%

UHSAALEIRTINg 7,998,400 UM

Bunesweosiarnsusuan a1y 1,231,650 UM

gunsnlieusialATey N1AANs
WarNISUIMNTIANTS

7,831,683 UM

n3Ungesnw 138,033 U/U

LCOE 1.102 UW/kKWh
NPV 26,836,588 UM
ROI 311.97%
IRR 27.66%

PP 3637

ndeyaninany arusaasulaindnenin
WuLandvesgnoulng agluinaias
anusaimukazatvayudasumalulagnisly
nasukaseinddmsunisudanssuali u
nasumawnule

5. d@5UuazafusngnanisIeg
nATeiifianuszasditeAnuemdululfige
Nufiilonsindsszuunanlilihannwaduasenfing
nsalfne fufl Swneuduny Fmindias 3305
ﬁmmL?Mé]’ﬂ;ﬂﬂﬂﬂﬁit,ﬁu%agaLLazid’ﬁmL%q‘ﬁuﬁﬁ'a
POALUUIEUUNSHAR LN N adLae1Ang Lay
lafinnsussiiunisuasefnelsounsyaniagAing
fuAaasugmansnnsAndeszuuraalriien
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WAALEIDIIAL WUITTUUAINTARNEANEIULNTN
Isade 8152 MWh/A Tnefimmsnsndugatead
waaefindiinudiAgaouSuiunisnantvd iy
D89N sﬁqwudwmimﬂugaﬁmm Azimuth -50°
e Transposition factor FT 1A 1.03 wag Loss
with respect to optimum 2.7% Tudua3n15279
lugaviyy Azimuth -142° 9gfiusganinmnissu
waafisindn Inedian Transposition factor FT winfu
0.90 thag Loss with respect to optimum 14.9% Tu
nsasNTzvURan Wi waaLaIeIAng nnawnTn
Malugariyy Azimuth Wilnd 02 agyilisyuy
annsondnliildunnty

yuLdLvaslunawaduatnindiinanausuin
w&renlihinanldduegrann msdnuiluaded
wudn a Aidetudde dvaldang Yudesduga
waduaIeAng 20° anunsandnnasauluiin 815.2
MWh/U §iA1 ROl 8933 UULMNAU 311.97% L6
MNUTULUBEUINY 10° F8a1UTARNEANGY
Inlilsnniian 154.10 Mwh/A fieh ROI v9938UY
WU 167.9% LﬁaamﬂI@J@JaUNﬁ’guﬁﬁmmqﬁﬂﬂ
nefirnzusen Mtuiiolinssusaoiindfingos
fanBeadion

gauglianmuingen (T ) finaviilvigamgl
voswaduasorindildsuniadlaeiilogumgiianin
windeudaArgezdinarinligaungivosgaduad
afindgenulume deavilliaussaugessuunan
T (PR) dAranas [12]

INNANITATIZAA AT AR S ARl
iihilasamsihanpuidesaniifuyunissdaliin
Wiy 1.102 Uw/kWh [13] Fainianlniiiaded
Uudndy svasdungdesinglulagtuwiiu 4.74
UIM/KWh 1u1ﬂsqmaﬁé’qﬁmwamauLmumﬂmiamu
(ROI) gatia 311.97% yarrUagduans (NPV) wiriu
26,836,588 U1 A9RsINanauLnuniglu (IRR)
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Wity 27.66% uazszegarAunu (PP) 3.63 U il
Wigudueglasenisanunsaldaulaie 25 U uel
frmnnluowiansamailaihiinsuusagedu 10%
awvlilasnsiidanouunuaInnIsam iy
Hu 353.16% uarardlsvornaiuuiiuiu 3,197
donndasiunanITITeves U Yud [14] uag
wiin Indusd [15] Afinsussiuauduema
wswgenanslunisiansszuunanlifiiannieaduas
21MRElagNUINTANUANAIMAATYSAENS

6. inANIIUUITZNA

AIT8UDUDUAM WMAUIAAIUALIE B1LND
wilne Jadnanne Talvideyasiufedofnuieig
LarvevaUANEMTIRMATnganTIsaeuliite
LauaLLuziuﬂﬂiU%’UUqﬂﬁuaﬁ’uwmmﬁménﬁ
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M aweudierdesuislszmalng, @uAuan hitps://shorturl.at/
iDNS3).

@  AUINNUUILNELAZLEUNANNY NTENTINENIL, 188U
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