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nsUSuIRBYASNsMA Iz aufigalasnisstaasnisaumilen
WauAdymnisdnelnanstneuszudalagfatsanisdasain
5ﬁiﬂﬂﬂitﬂgﬂuLLUaﬂLLa$ﬂiﬁﬁL’Jﬁ"lﬁ@\iﬁ’m
Modification of Simulated Melting That is Optimized in Order
to Solve the Economic Dispatch Problem Including the Ramp
Rate Limit and The Prohibited Operating Zone

F5nus s’ Nulve Auaw’ uazeidus qﬂamﬁ
P ananimnssuliih aadmnssumans wnivendemaluladsveadiuw §1Ua
200 vig) 17 9.7 048109 261119 InsAnm: 054342547 sie 160 E-mail: su0008@hotmail.com, wanchai_kh@rmutl.ac.th
*anuivdenssulni pagdmnssueans indinerdeanansany Wnasany
41/20 fUBaIUISYEY SUNDAUNTITY Janiaumasaiy 44150 Insfwii 043-754333 E-mail: aurasopon@yahoo.com

UNANED

unanuidaueIs ANz aungalunsuideymnisinelnanegrausendn
A s o & a = v = Y o= a °
nlitandusangemdntuiuuitey lnen1suiullaeusuuuudaneinuvesisn1sinasinig

ouwilen (5A) Tngldudnnawhiuresiununiandn (incremental cost: A) inluunudunon
yosmsgumeasuduazlindnms sA lumsdndiunsmdmeusely Tnefiansanaiy
AoansvesszuUlnih Aadeluaeds wavsieuladetaduing 4 vessyuunisiaadlagld
TUsunsu MATLAB uagvnaeuiunsaifnufiusznauseinsestdaliiiin 6 mise uagldvaaau
WeUseliuUseansanvesisnisfidauafuis GA, PSO uagds BCO anuanisvaaey
mmsaaqﬂl&’ﬁﬁ%miﬁﬁwLauaﬁ'i%mmf’fﬂzymﬁgﬂéfm wazduseansamlunisuntgymn
FuAMAINYBIARDY ANANYNEIBINSGITN uaznsAuINTTUTEAVS AW

ANdIARY: N139aBIN1ToUMLeT, N13T8anad19UsEndn, wauen

Abstract
This article presents the most cost-effective method to solve the economical

load/dispatch problem with a smooth cost function by modifying the SA simulation

algorithms using the same principle of incremental cost (A) instead of initial
randomization. In consideration of the needs of the electrical system, the loss in the
transmission line and the MATLAB simulated conditions and test cases with a 6-unit
generator and tested to evaluate the performance of the GA, PSO and BCO methods.
This paper offers an accurate solution to the problems of quality, convergence
characteristics, and efficient calculations.

Keywords: Simulated melting, Economic dispatch, Lamda
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1. umin

msdsndsnulninielidiadesnmuasanuindedodudsdidy Tuaaeiinay
Fosmsndseulrirdiualifistusasmslinglnilugasnaidig  Snswasuudas
aaenkian deazthundedamilunisnaununiswdalidin uasdidfideiansanlunis
waendseuliihAealdaelunisnanndeulidi dewedssnduisdosdinassmas
msuasnds i lrituedesiidaudaziaiedaeilifuyunisndnliinlaesutdesiian
Fesmariunuiesms wareguudodin dedsiurenadoatuiialnih Jomiifomsdieivan
28°9U5e1E9 (Economic Dispatch:ED)

nsdrelnanegrsuszndn Aen1sfiansannuaiuisavediaiosdninlin
Tuntswdandsnulwilnglialdinemandemaduaiosiudalniiifan fnanes
lunmsuitawnsaneivanegnsusendna Insaunsaneneenlailu 2 35 BusnAeITdewaia
Wy Msvheuuuandi (Lambda lteration) HudBendevdnnswinfuresduny Aifiuidy
(Incremental  Cose) 38ingiAeY (Gradient Method) 1JuAiendeamandulunism
Amau F8TfU (Newton’s  Method)  1JuNsAIMIMAIABUAIENTITUTEUIMYBIDUNTY
wiae$ FBn1sUssgndldilaidudiureadunss (Piecewise Function) wsiiSmeaniiuiiios
nMsvndumAmeuanedu (local search) 357iaes Aawadaly q Wun1s1aesn1seuwmien
vadlany (SA: Ismail Ziane, Farid Benhamida, Yacine Salhi and AmelGraa, 2015)
maﬁumwumg (TS: Bakhta Naama, Hamid Bouzeboudja, Ahmed Allali, 2013) 38115
MNWuﬁqﬂ‘Jim (GA: N. Javidtash, A. Davodi, M. Hakimzadeh and A. Roozb, 2014) %Qﬂm
(ACO: Pirmahamad Jamalbhai Vasovala, Chinmay Y. Jani, Vasim H. Ghanchi and Parth
Harshad Kumar, 2014) 33ayn1a (PSO: K. Srikanth and V. HariVamsi, 2016) 33uuusshia
(BCO: Dinu Calin Secui, 2015), (Takeang C.and Khamsan W., 2016) ‘3%1&‘1&@'1%
Judsnsiviuatelunisudem ED Fsanunsadumeneuiidu global wiegnslsfniu
Bavaiidumsdumsneunuudy fesldaunlunisdumemneu domiinisiady
FBnnsifiuausalunisiumdineuifufentsnaunauisuaudwagisysils (HLBCO:
Wanchai KHAMSEN, Chiraphon TAKEANG, 2016) TngNSAMUARS A UYBIN AU
Feuand wagldanuanninvesisysislunisfumidnoy wiisnisiilenafidimey
whnogd local ilpsanlumamusoutidmmeveiaazegluaaifu FBnsdassnsouimnilen
(sA) WuiBnsusulgsdmeuiangi Weiindmeuiiinidnouanzd awseniudnou
Sagtududnoulmi pssuiunisgdngfneuiia iulvegremng udedslsfinuitnisi
Afsmasudusonisguaiudu uazeraviliiAnnsangamgifiiuiuluililddney
g

unmnaiiiiauensuidammssnelnansgrasendngenisiuadis gyl
13 SA- lnsandunouresnsdumAnuLaziMuAAENdud 187 I e LU ULANA
MnduidldituneuresidnisevnisaluniamdineulaeiFuainawaudiiiduald
Tngfiarsandsilafusiandomdavenaiosdnialdiindsnuaudeuiifiaunis
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mepdineansvassununmsnaaiidusuudeu suiadedidanisinureuaiasinia i
mneaeulaTiasnsviuuuluTingy MATLAB nsalfinwldsyuuiusenaumeesosidin
6 Mg

2. IUITaIAYaIN1TIY

2.1 leuuuanszuaumsves SA Sane3iiliiusyavs nwlunsuitigminisdrelvan
RIANIEFATIG

22 louddyninisinelnaneg1ausendnlanefiansundeiaiiindnsn
nsiasunUasuarisandesing

3. Ugyinmsaeluanagnadsevda

As91elnanagraussndanuuawnin Wun1smsaunisuanidslniiainnies
sudelnin o narlanamidaviidy Tedessudnudariaiosnrsuansiddninmals
lddununsuaniosian uazaenndostuitedlatiadusis 9 vesszuy efladduitmane
(Objective Function; All J. Wood and Bruce F. Wollenberg, 1996) Faaunsdi (1)

Minimize : TC =i|:i(Pi) (1

i=1

lagl  TC  fp sunusanlunskaniaslih

. = - o a I

i Ao wsosiulalniases |

A o 5 o a a A ! Y :.//

Ao Tuauesestulialihigeusiefiussuuianug
F(P) Ao suyuvadamainndnvednsosinialiii i

3.1 ANWUZVRININVUIIALYDLNAIVDILATDIN LA LWAN

Tagluilandusipuanasvaaasosnidalndrauisawtseandy 2 i

ﬁaammivmmimwam%ﬂmé’unummémﬁLfJL!LLU‘UL%EJ“U (Smoot Cost) WazauNIINI
a ¢ o a A & | 1 ¢ &

AlAManTvaUUNISHARIuLUUliS8Y (Non-Smoot  Cost)  ludiuvesflandusian
& a A o a a & AN v 'z & a
WA swaaAsIn LRl WUV 8U (Smoot Cost) TUAElaNwUEYIRleNTUIIATDLNAY
vaupsoanudalnilnduilenduindeaes (Single Quadratic Function; All J. Wood and
Bruce F. Wollenberg, 1996) asauni1s (2)

F(R)=aR’ +bR +c 2

1989 a, b way ¢ A9 dUUTLANTIIANTaNAIVDNATIR I TalWANT P Ao

o o

Maslninaneeanveansesnialuilasesd
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3.2 Reuludsiu (Constraint) vaazaaflinlvih
1) Fednfinfaslniraunavesssuy (Power Balance Constraint) e f1dan13
wagliliianuaviAuRaT s LdoInI TRl (Demand) fuiidsgadesaa
Tuszuudsdng (Power Losses) faaunnsi (3) wazaunisi (4) (ALl J. Wood and Bruce F.

Wollenberg, 1996)

N
Z(Pi)=PD+Ploss (3)
i=1
N N N
R.=2, D.PB P +> BP+B, @)
-1 =1 j=1
Tnefi P Ao MAINISNAAYBWATIN LA LN |
P Ao Maslniilvandainis

P, fie Mdslwihgadsluaeds
B, B, uay B, Ao duuszAndnisgayiduvesayds

2) dodininaveniasniialwiin (Generator Rating Constraint) (All J.
Wood and Bruce F. Wollenberg, 1996) fin masnisnanvesinsasnialuiiluldazinios
rosaglulindninmainisnananiarasanaaunisn (5)

Pi,min S R S Pi,max (5)

[

log#l P uaz P Aomasnsuandgauazgegauaasosniali i

3) YeiiansvinuvesATeIndalwiln (Operating Limit Constraint) #io
YaAnnN1syUUeLATasnuda il Felinisiansaun 2 Weuly fAe
Reulwyl 1 Ieddndnsinsideunuas (Ramp Rate Limit) 9931019

Wasunlasveaasaanuialuinldaiuisausulaeg1eiuiiiula da9n15udanidalnda
LONANNAABIATINANITLUAIULUAIUDINAUNAGININA 1 Wang 2 @N17E VULAATD

Y
[J a

AOa A NARINT LA £ — 1 D9t
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Power Output (MW) Power Output (MW)

THG b

|
|
|
|
|
|
|
t

-
Ll -

Time Period (Hour) fTime Period (Houn)

n) ANNMEASANAEINTHER ) @N13LNITAANIAINITHER

A 1 danmznsasunwlameaniosiudaluii (Al J. Wood and Bruce F. Wollenberg,
1996)

(%
v Y [

wumdnsudalnihvesassaiulialiiudaziniosazeglugisisaunisn (6)

max(P_,P°~DR) <Pi<min(P_,P°+UR) (6)

i,min? " i i,max? i

A o

Tag?l P fio Masnswanveuasesindaluin i neumnt

P

o [J

DR A am’]mia@mé’qmimammLﬂ‘%@ﬁ%ﬁﬂlﬂﬁ'} i

UR  fie dnsmssiiuidaluivenedastuialud i
Fouledl 2 Hransvihaudesny (Prohibited Operating Zone) aussauy
st udaliiindnunnudeuiitasnisinudesing  iesinindaledh
Tfanansavieuldlutied  vdeviliiAneudududina fufuisansmandsanisiia

Tuv9t ¥r9n15919uvsaeIaer el nansluning 2

/!
-l

P P\ P! PP P™ Output (MW)

Tnput ($/h)
A

ﬂ']‘l/\lﬁz ﬂi']wéli']\ilf.la?ﬂq'ﬁﬁ']\‘ﬂusllax‘iLﬂ%@\‘iﬁ%ﬁﬂlﬁ/\]ﬂ? (ALl J. Wood and Bruce F.
Wollenberg, 1996)

AU B9IANNSYNNUYDWATDINWLARIFUNITN (7)
Pmin S P S Pivl1

P=qP" <P<P j=23.n (7

NITIvINMIeuseluladana sy I Ing1aesvigaU
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4. MsuSuasuisnssnassmsaumiien (Modified Simulated annealing: MSA)

3% Simulated  Annealing 30 SA  1JudSnsuidguifiemAimungauiige
(Optimization) iasuntsimuTulud 1983 Tae Kirkpatrick siteldlunsuddaymitlidu
WU IAgNsruIuUAITURY SA  azldguluUnTEUIUnsUSulAIas1eerneuvadlang iy
FBaseuwmilealans Fudunszurunsiaenslianudeutazmuaugamad linsusuan
gaumnfiodnadn o ielfinvuinvesndnuazinisosslassaiislas aunseidlansesly
anmeiivnzandian 35 SA azlidnvazmsvihauiiendendnuesnsiundineuaindney
AndiAsafuAneutlagiu 43 SA AnannsUiulsaresdimeulanizd elfadney
AfninAmeuianed agseniuiludneulnifiagludiiunisdely uddnfidmeuin
finunmdesniniu envazseuiufmeuiiu (Dinu, S, Odagescu, I, and Moise, M. 2011)

Tunsufuidsusanesfiuvesnsvuaunssiassniseuwmiend agl#3sn vy
¥93fuNUNITHER (incremental  cost:  A) lumsAuiamdnouisudu uagldwdnnns
yosnszvumseumieilumammeuanaduduiildmunily Tnefdunousselud

Sunaudl 1 fvuadmniweslitusanesiu SA Famsed 1

Yunaudl 2 AnammesuBIAuerann s ueuy (A) seaunisaelull

m
P, +Z§

A= - |11 i (8)

Zi

i1 Ci

A A ﬁlé’ﬂﬂﬁﬁmmmﬁﬁunummam (S) Tnwandilddaneuausinudenis
yosszutlaemsfinsanioulvwesszuu dodrinddsnsndavesdosiuialnihazdesey
Tuthshaauazgeanvoaniesiuialifiusaziniesindnnszualii

Tunaudl 3 a¥udmeuilndifestuanildain A wuvdu (S) uazduamaduy
nswanitewlulIsudguanAiildaintuneud 2

suneuit 4 trimeulumifnidmneuiufezsdunmsidendneuly udmnmnou
Tnigeunindmaudy azsndunisimunamanudsavuvesaildans AS = SiSi uarvads
ﬁ‘hmuei:u mﬂﬁ?uﬁ’m'ﬁaau%’umhia%’uimj (S) Lmuﬁﬂ%a%’mam (S)

wmaum 5 mLuumsﬂs‘umammﬂuamawmlﬂ (Te= r*Ty)

Funoudi 6 mLumﬂiaumf\mmummanuiﬁuﬂﬁmmmmu
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A15199 1 ANSITMBSEINSU SA

Parameters Values
Initial temperature 100
Final temperature 5
Cool Shed 0.83
maximum number of tries 1000
Maximum number of successes within 50

5. NANTNAFDU
5.1 szuulniindeiildnegau
nsdifnef 1 Uszneudiewadessudaliiimdsnuanuion 6 n3es 26 Ua
uaganeds 46 1du Tanudesnsindslali 1263 MW audnwuzveaaIosiudaliin
LHBELATOIUANIRINNTIT 2 LLagﬁﬂ'ﬁuﬂizﬁm‘émiqmlﬁﬂumaﬁaﬁqaumaﬁ (9) @un159
(10) wazauns (11) (. Khamsawang and S. Jiriwibhakorn, 2009)

_0.0017 0.0012 0.0007 -0.0001 -0.0005 -0.0002 ]
0.0012 0.0014 0.0009 0.0001 -0.0006 -0.0001

0.0007 0.0009 0.0031 0.0000 -0.0010 -0.0006

B *10 =
’ 10.0001 0.0001 0.0000 0.0024 -0.0006 -0.0008 (9)
-0.0005 -0.0006 -0.0010 -0.0006 0.0129 -0.0002
| -0.0002 -0.0001 -0.0006 -0.0008 -0.0002 0.0150 |
B, *10° =[-0.391 -013 07047 0.0591 0.2161 -0.664] (10)

B,, =0.059 (11)

Tunsdi 1 WJunsnawsunisanlaadunismanuniswdntdslniiianades
ﬁﬂLﬁ@iWﬂﬁ%aagiuiwulvﬂﬂﬁ a1 nanlanaimiaviadu Wy 20.00 . FATessuie
uiaziadesmandnidsluisinlsilddununisndntosiian wazlnansdoslaiuidsli
WEINBAUAINNABINSAY
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M13197 2 AauaNwzranATeInialihinsdlAnwil 1

Unit no. ci bi ai Pmin Pmax
1 0.0070 7.00 240 100 500
2 0.0095 10.0 200 50 200
3 0.0090 8.50 220 80 300
4 0.0090 11.0 200 50 150
5 0.0080 10.5 220 50 200
6 0.0075 12.0 190 50 120

Tunsdifinundl 2 MRansandedndiadnsinsiuasuwdas (Ramp rate limit) wae
719128799993 (Prohibited Operating Zone) ﬁé’wszﬁwémigayﬁaﬁluawdﬂmﬁauﬁ’u
nsdidnudl 1 Tgadnvazvenniesiudaliiaiumisi 2 uaziveyatindfindnsing
WasLuUad waztenandeainumun1snad 3

A15199 3 ININAONTINTTUAULUAILALYINIANADIINUNTEURNWIN 2

Unit no. Po UR DR Prohibited Operating Zone
1 440 80 120 [210-240] [350-380]
2 170 50 90 [90-110] [140-160]
3 200 65 100 [150-170] [210-240]
il 150 50 90 [80-90] [110-120]
5 190 50 90 [90-110] [140-150]
6 150 50 90 [75-85] [100-105]

5.2 wan1sdnassanunIsaluazn1sissuiisuna
Tumssraedldlusunsu MATLAB aeufiamesuuumilfiz IntelR) Core(TM) i5
2.30 GHz w31 8 GB uUussuuUfUmAN1T Windows 7 n1355udnuau 500 58 lonan1s
$1a03f9n5197 4 uazm1s19n 5 aldvinismaaeuiieuiisuiuiBidsiugnssa (GA),
FounaAngu (PSO) warBiuursi (BCO)

dl = =1 2 o o a o % d‘ o a U dl
15197 4 N15LUSEURBUNISTRATIANAINTISNANAA WA LAT IR L TALAALLAT
ASMANWIN 1

Units GA PSO BCO MSA
Py ara.71 446.71 448.398 450.61
P, 178.64 173.01 168.483 174.74
Ps 262.21 265.00 256.951 260.69
Pa 134.28 139.00 138.164 136.21
Ps 151.90 165.23 164.757 162.17
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a1519fl 4 nsSeuiisunisinassiidenisnanidslniwesadessniausazinies
AsdiAne 1 (de)
Units GA PSO BCO MSA
Ps 74.18 86.78 98.343 90.73
P+ 1,276.03 1,275.7 1,275.1001 1,275.1535
P 13.03 12.733 12.1001 12.15
Tc 1,5459.00 1,5447 1,5440.4318 1,5439.6

NA15199 4 L TUNAVRINITIIANMBUVRISANDITN MSA WIsutieuiuis GA, PSO
waz BCO azuleinisnisiinaue lnavesmnaudninizou 9 nanfeliaifununisnan
Agaues

a1519fl 5 nsSeuiisunisinassiidenisnanidsluivesadessuiiausazinias
AT 2

Units GA PSO BCO MSA
Py 438.42 444.24 455.8578 450.13
P, 178.99 170.83 172.5688 174.80
P 270.88 254.68 261.9842 256.97
P4 131.59 141.32 142.6500 139.72
Ps 166.55 173.04 167.2398 162.72
P 89.20 91.36 74.9646 90.72
P+ 1,275.63 1,275.47 1,275.2652 1,275.07
P 12.63 12.47 12.2652 12.07
Tc 1,5446.60 1,5446.10 1,5442.6189 1,5439.54

9151991 5 WunaresnsuImneuvessane3fiu MSA Witulileuiuds GA, PSO
way BCO Taelumsedl 4 Wunannnsdid 2 FaldRarsantisaidesing wazdnsinsmns
mMaasuulameuniestlaliiiusassn avdiulaidsnsiiaue lnavesmaeuiinid
oy 9 nanreliAduuMsHARIgntuLes

6. ayUNaLAZNTRAUTIENA
nsundguinisinelnanedauszndnnieisn1susuluasudanaiiuvesds SA
Tnensldanves A WWuansuduiu Tunsdifinwd 1 fansandeiadslniigydeananeds
warilindunangemdeaunsasinaliindsriuseuiiliaunismepdinmansvoaiunu
a 4 & a < Y1 _aad o S g v ° Aa 1 aad o ™ =
nsuaaiidunuuisey azmulainisiiaustuliavesraouinninisnuwlseuiisy
dnlunsaifinen 2 lanansansmdatadndindnsinisildsullaslaztieiainisvingu
v o 44' o a aaa o o v o Aa d' ~ ~
AosiuveNLAIesALta IS I auedsndlirnaunfnit WetlSsuiisunanisnageu
U ad a o ax i ax ° d' d' X
MU ENTTN (GA) uazdSeuniangs (PSO) warisn1suIAme UMM aUNGALUUE
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a

(BCO) wadansmiAneuiiviangaunanlnen1suiudsudanesnuvesds SA Nuuaue

o

TAvesAmaunAnIsuilioswnaInaIves A Aeuiuldenadudnaunieglnanusinau

Y

=b.
ZDe DD 2D

al' o g v A w ° ! P~ v i a I a = 1 oavwy
‘1/]?1@ WWIML@J@QUWWQWW@‘U?@‘U ] AU 7\4 "Uglli'e)ﬂ']al@F"I'TVlLWlI']%ﬁﬂJﬂJ']ﬂﬂ')']Lmll ‘(f\iﬂ'ﬁ/l‘lﬂ

Wudeausuls waziidwmounanid Fanunsat Ul duiuinsluni1siawkunIsians1aa
ulinllselfnaaauanudaulaegnafiuseansnnla
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nsUFulgsRunminduiildannsinlsladanarafnwedwsefidy
Hudfowddlngldiasafisendaneduguiiviinsataldannunaudan
The Improvement in quality of fuel oil by pyrolysis
of polypropylene using of an amorphous silica catalyst made

from rice husk
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UNANED
ATeiiFnvdiinamaldvesidunarainneanseidusenszuiumsinislada
flgauvindl 350 - 450 esrvALTa U%’Uﬂqq@mmwﬁwﬁuﬁwﬁaLéqﬂﬁﬁ%m%ﬁmaé’mgm
Mnunauin mslwlsladaedlfindeamujnsaivuuisnzansldanneaayiniauazinnig
Ufuupnuamindunarafnnednsofidulagldiaseufisoiionmgl 450 esmwaldea
fuiwiingussufizersesas 5 lasthuiin anmamslnlsladaldnaUsnuvesuesmaigaan
71 450 s waidoa Andudosas 48 duws Sevay 1.3 uasfing ovay 0.7 WAvUOLNA
ﬁwﬁmlé’ﬁmmm%’augq 45,459 flagasenianiy MNMTIATIERlAsIEd e aaiveingiy
wanaRnweanseiiay wull nandndvesvesakansiinguesdnianlalasasuaudinan
LeaRULATLERIAY LarANMITTATIiAMALTAVIIME N wTBs T uNanaR e AnsofiAy
WUt meramiin wagAanuiT e SAnfleufsanasgunuamidiufies
AdAgy: waradnwednsenay, nlslada, 3801, daseuisen, msﬂ%’uﬂgmmmwﬁwﬁﬂw
15lada
Abstract
This research aims to investigate the improvement in quality of fuel oil from
polypropylene by pyrolysis at 350" - 450 ° Celsius using an amorphous silica catalyst
extracted from rice husk. Pyrolysis uses a semi-rotary reactor under vacuum conditions.
At 5 percent by weight of pyrolysis results, the maximum volume of liquid at 450°
Celsius was 48%, Charcoal 1.3%, and 0.7% gas and liquid produced. The highest heating

value of the liquid product was 45,459 kilojoules per kilogram of oil. Furthermore,
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analysis of the chemical structure of the polypropylene oil demonstrated that the liquid
products were characterized by aliphatic hydrocarbons such as alkenes and alkanes.
From the analysis of the physical properties of the polypropylene it was shown that
viscosity and specific gravity were similar to that of diesel fuel.

Keywords: Polypropylene, Pyrolysis, Silica, Catalyst, Pyrolysis oil quality

1. unin

waanwsoWau (polypropylene; PP) f\“fmLﬂuwmaaﬂiuﬂzjmﬁﬁﬂ‘%mmﬁqa 1fe391nd
n1sUsegnaldiuegnaninewing Inedadnuvuiwduedlugiag 0.84-0.91  niusiegnuian
wuRes  Sowdnn Sdnvarrngu ldfvudlila deaiulfhdusdesfasiusseims
LaTLASOIAY 19U Fou dou wiatn warvaatn Wudy Suildnaranndssaniivsune
msliludinuszarfuiigauasiisimeudsgndwalinduymmasiuvessedudsenea
fisonsuiiley Sﬂﬁy’qé’qa%ﬁqﬂmmwuaﬁwﬁiaﬁunmﬁamﬂuasmmmﬁaamﬂhjmmm'aaama
TALOIRUETINYIF TR MBNINTATEENAIERNAEITNITAN 9 laun M3 uaznsilsnau
uinszUIunst i dsdmansenusdnadenasednianliinadutlym amnm
one ansiwduileuluiu warundwisssurAdsdmansenudodwandonlueuian
wazarnilymiuyudisdedinissussdnsanuesnataindenininduanldlnid olues
wanamnnauaniinmen udsestasiaunsniazanUnamesnanainldnueudesns
deteuiuuszansiiutudoilidninermansldandunaluladnnsidaveswanain
flannsaihnsunlidundemdademadlslnedinis Ao F3nsaaresimennuiouvie
Fidenin nszuiumsinlslada (pyrolysis) sazinnsnasuwanainfimdeldundudemas
wdsunawniosnnnanafinfieadusynevvesaisislasasuowdussdusznoundn
delwgamgiuAnarafinauisgavasumaivesmanadnlalnsaisueu aziinnisunndy
vesanelgwodwesiauas luanisiilioondiaunasndufmusiuiunsvouiinansiet
I dunansasioonunluresvennas (i) vewds uaz f1e auddiu 9nnsdnwves

o 6§

Syalivy tonyAd wazaue (2557) lavinnisfnwdneninnisudniiduewmainvys

T o

warafinluuszmalngalionszuiunisinlslada wudn gusenaunisienyuualasanig

a'aLa%fum'ﬁLLﬂigUsustwmaaﬂLﬂuﬁwﬁuéfmﬂizmumiiwiila%mumﬁwé’qmsma
Psaus 0.8-16 Fusiotu lﬁmamﬁmfwﬂuwigﬂ 200 - 10,400 AnssioTu viavesnanadniiiil
owAnsailnlsladafonanafinsdianednsefiduuaswodiefiaugninanllunsnduthify
wazvhmsUsziiunsiengigadununiaasvgmans Jeililesdnstiniadguasiensu
wardnienITefid wiudinudfyvesnisiiwatainnduandunduidowmas
21n99u38 Moinuddin Sarker et al. (2012) Idvinsnduisulalasanueunuundugd
duilgungiinainnarainUssiannedalasau lneldgungilunisndurasusnludas
100 - 400 esmwwadua ldnAadasiduiitunedalasduiiinramuiuiy 088 n3u

Aofiaddns Yaafidesamngll 40 - 60 esrngaidea landndueidulidulalasaisueu
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AdauvuILtY 084 nfudaladfng Muindusiiesainudnduaunduilaesnin
Fanaunmliidulumuunsgiu Fsesdnisusulpaunimneunisiluldenu wumiaves

q
[

nsUsulsauamfuiiviaulawesfuiidenisuddonsusuussamnindaedaigs
UiAsen wlavesindeufaseoritrunlilagainaiuidoves nsinn 298m1vU (2554)
ledAnwinsunndnvemanainiliudivinwodnsefidunarnediofidurianiumnuiugs
Tuadeaunsaiuvungnisldussernavesufalalasiauiniiudu 1 uifing de USY
Flolad fuusidnw Téun gumadl 380 400 way 420 esmwaldea La1Aldlunisii
UAA3e1 30 45 wag 60 unil Smadures USY dleladdenarafiniliudfesas 1 was 5
Tngthmiin wud Wnansusiveanaiuszanu fosar 69.81 ufalelnsanueu Sevaz 20.33
uavueaLds Jovaz 9.86 Jsuandnmeiveavarsznausouunniesay 47.59 udoosdiun
wazialsdu fufasosdutinuazninthifuminlutiinades annsfnuees Sonawane YB
et al. (2015) lavihms@nwinisinlslafavesnarainussinnnednsefiduniegumngd
Inlslada 450 asmwadeoa sun1siudnssfisendlolasiiugn (Zeolite beta) wuinla
USunnmeseaannngaieiesay 86.40 fimidndussufisensesar 10 Taevhuiin iy
ﬁmmlamn%uLLazﬁé’wmum%muasﬁwﬁN Co-Cpo W8 Akalin et al. (2011) lavianns
Inlslaganuegulaglddnsalisen ALOs, Fe,0;,  AlCL waw SNCly AAseUHATeN
AlvUsinausnanfusiveavalnniianie ALOs; dau Van Kasteren JMN. et al. lévinnsifiu
AN3IUATEY  SI0/ALO; adldlunszuiunis Inlsladanarafinussinn HOPE wasvey
Uszinn HOPE wuduSmnanifudisduuazanUSunmninaivey disfufinaulauiniy
wazlduA1suauegluYe Co-Cy
Mneitemanisedenundululidnsihasatndaneduguanunauiiuld

=

LﬂwﬁaLéﬂﬂﬁﬁ%mﬁmmmmmmuﬁaLiqﬂﬁﬁ%mmﬁmﬁauﬁé’mqqﬁﬂﬂ%s"fqmléfdw LaEIIAIGN
Snedameduguiidnvarlaswadueeiiuiiias innzunnd Feannsathar i dusise
Uﬁﬁ%aﬂuﬂismumiﬂé"uﬁwﬁumﬂwmaaﬂﬂizmmwaawmﬂﬁumﬂﬁaﬂﬁmmsamﬁaﬁ‘
nswenveznglunnIngadeinalulagsnvuanaaiuun WWeesie munssuiunisinlslada
uazyiMssenuUuaraIunIsamUFnsaluuuuuuAne lgamgiiszning 350 - 450
parlwaLged Lagiin1saluANUIuIMAILsIU)ATen Lﬁa@malé’qqqmamamﬁmsﬁ
vesratnarfiliInnaainUszinnednseRfunasaiuisnuiulysaunnididiy
nnwanafnlifauausiniaedvaznenenmdanisudssaunmifufisauasgu

MENsRIsURse@an1adug1u (amorphous silica; SIO,)

2. IngUszaeAvaen1IveY
2.1 WaiIN1598NLUULALAS19ATBINAUAULUULNTUINNNANERNAILNTZUIUNS
Inlslada
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2.2 \flofnuadves gamgilumsnduaats uazdussufizeoddniedugu
(amorphous silica; SI0,) nunaviniifnasenmautinisaiuazmenmeninaasigiy
NnnaainneanseRaulifiannmisuiAsshiufieaunsg
3. JupuMIIATENLALIENVIARDS

3.1 nanafnUsznnwaansanau (Polypropylene)

MINIARKENTEENANERNUTENNNOANTONAY WUNUYIAINEZDIALALAIN LAY

3.2 AL39UfA381 (Catalyst)

MsUgATeTENedUFIY (SIO,) INNITHTENIINENAUTIIAIUATLUIUNTANA
WUU 2 dumeu fie msatnaseiuvid uavansdunse lenisiunautuianuayen
uazshnsauLs wazvhmaiiunsalelasaassa (HC) anifuthunavsndreietusaan
leveu ey wazvhnsduniesazvesanseiunid thunaudailaluen auldidunay
1AV wagyNIsAUINSoaTaTBUNTE

3.3 mssanuuumunsallnlsladauuuiens (Semi batch reactor)

nseenuuugUnsalnmsvaaesfAzenlnlsladia uazansairandesyanuingal
UiAzelnlsladasuuuudaduufnsaiiuuinsuansdanmd 1 () uag (1) Wuyagunsal
TuresufUinsuaziaiosnduifunaradinduwuulagniseenuuuidsinsalaunse
Winamanadnlaliiiu 2500 n$u Tdunainaudeu 2400 Sad yamuntudmiundy
Tngldazuundofunuugadsraunuiens muauszuvgungineluisfnsaiuasszuuiy
qﬁyﬁmmﬂﬁé’mﬁa 0.5 Anssiewnd finan 5 Wi waglimdnnsuuundudifudiugaenis
nduaanesearuiounielianmglioondiau aniulgungiuinarafndsuainaniug
vodsnatodulonialalasarsusunaunszuiunisaIulul (condensation) nanetiu
YoamallalasAsual AuEIAU

MATIauTIiufiY
- ,
Ll

wfnsal

Boiler
Heating Cooling water Liquid Qil

inlet

(n) weeUfuRn1smaall
P ¢ a ¢ |aaa a v
A 1 gunsalnmsneasdwazgawiugnsaiufisentnlslagaduiuy
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T
—* winan

AuAUIEaT

d—'ﬁnﬁﬁaﬁﬂﬂﬁ

i ——|

»

J TJ’WﬁULﬂNu

'A GGEE
4 ABUAUIEDS

e

() iseenauinunanainAuwuy
] ¢ a ¢ aaa a v i
M 1 gunsalnmsnaasuazgawmunsalufisentnlsladaduiuy (sa)

3.4 Jupaumsinlslada (Pyrolysis procedure)
thnanadniivhnseSesluide 3.1 indahmidndnu 50 nfu Tdadudaim
Uinsaflagvihnmsndunuuliifuduseufitounasiduiaial§izen imsidefelulnsiau
fisnsinslva 0.5 Anssieunit Wunan 5 it mnihdliamousudsnsal fgamgd 350
400 uay 450 earwaLdua mudu Weinlefnwlelasafusuvemanainlyivinnisia
suuthvidelBuluugadsounuiges aulefelalnsmsvsundusaiurouad
3.5 M3dnszianeazlaseaiedaguinguasdsuiusnuasiassuize
WATAFUTININYIVRITANINILNATANABIRANTIAUBLAANTBULUUADINTIA
(Scan Electron Microscopy; SEM) wagusunasinsieiaiiaiendisdaualnsalal (Energy
Dispersive X-ray; EDX)
3.6 NSIATIZHANNIAIUTBU (Heating value) LLa“wajﬁaﬁﬁumaLﬂﬁ (Functional
groups) LLaunmmiﬁmmmums‘uau (Carbon number) %aemuumnwmamﬂ
ihifuanwanainagyhnsinsesidiaufeurandomdsieseidisiaios
vouUlAaD3fiAeS LLaz"?ms'\wmﬂm%umaqL%@LwaqmmmﬁﬂmLﬁaimmaWaiu
dunsusnanlnsalat (Fourier Transform Infrared Spectroscopy; FTIR) uagilAsigit
Sruauasueusiawniedlalnsaisueneunlaiwes (Hydrocarbon  Analysis)  wazsiinas
3Lﬂ'ﬁwﬁ@mauﬂ’amamsjmwsuaqﬁwﬂumﬂwmaaﬂ

4. Wan1sNAARILaTaRUTIENa
4.1 namsinsziansazlasEidugIuIngLazUTuIusInUa LI ULnse
Weruiuiesasvasdaniivinnisadaladamiidu 16.95 n153As1eRituR
VBIFANT WUIT ANYUEHURIVOUNMNAUTIIANURIVITVTE LaveIaLinaIniiuniiaen
BaseimUTIIusIgae 9 J3anluadnanedu msglassadeiilusdugiuvesdang
d‘ a0 at I 1 =
\esaniltigamilunisiiieglugie 600 - 800 semgALTeE
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TASININIUATHFANERS

Abstract

This research proposes an approach to develop a model for aninvestment
feasibility analysis of transport infrastructure in a university according to the principles of
traffic and transport engineering. The method is divided into four steps: 1) The
development and application of the transportation model, 2) Studying the value of the
transport investment 3) Studying the economic and educational benefits of the model
and 4) Analysis of the investment feasibility. These processes contribute towards the
decision making of the investment. However, this research has applied the model to
analyse the feasibility of public transportation investment in Pibulsongkram Rajabhat
University during an analysis period covering ten years. The results of the study show

that development of public transportation is worthy of investment (34,695,200 Baht / 10
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years) because the Economic Internal Rate of Return (EIRR) is 32.95%, which is above the
acceptable rate of 12%. The benefit to cost ratio (B/C) is 1.38 (over 1.00) and the Net
Present Value (NPV) is 7,593,405 Baht (positive value). The analysis shows that the public
transportation system will be used by 2,041 people per day.

Keywords: 4-Step Sequential Model, Investment Worthiness, Economic Cost-Benefit

Analysis
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2. IUITaIAYaIN1IIY

2.1 Wleriaueismsiauinvuiiasanvudeidedlumsiinsgiaaudululs
Tunsasulassaiieiugudunsvudsusnine ds

2.2 Wighnszianudululdlumsamussuusudasisurlumninedosvay
Nyaeans

3. A9 IuUN15IY

av A & v o A a 4 [ I
ﬂ’]i’J’«JEJuL‘UTJﬂ’ﬁWGMUWLL‘U‘UGCI’]aE’NL‘W’eJ’JLﬂi’]%‘ﬁﬂ’l’mLﬂulﬂlmuﬂﬂiaﬂVJUIﬂiﬂﬁiﬂﬁ
ugsinunsvuddliammvedes Inednsalfnwiluiminerdes s giiyaansu Jauuuiiaes

&3
'

Pagimundunisimuuiiassnsdndulasuudodes 4 Jumsu wszandldsauiu

=D

D.

NTIATIBVANUANAINILATEFANENS LAeTIBATEUNTT 4 Tunau Aauansluning 1

- » s ¥

E as =
# Yumou # #3854 # Nadws #

mathalunasua
. PR
* msdmavimenes doen 1 (n-Out Count)
1) msAnwmnAnssumaiun [ o nsdmafirenesuuiany (Mid-Block Count)

* N13dTI9gAFUME-UAIEMIN 1SRN M (Origin-Destination Survey)

o madramnmdunlasati (Traffic Speed Survey) ANMWATSITRS TN AVENEY
T Result il ¢ ) wax n3dlil W)

., o ) L
wuudmasnadindulanuusaiion 4 dusou

* YS1wass (Volumey, o, g Volumeg,,)
* wyudwesmaianTsiuna (Trip Generation Model, -
(Tip ) * sruzvmisnlumaEumvassruy (VKT iy W0 VKT

2) maaumuudtaa [ * wwndaoimsmsvomadun e (Trip Distribution Model) N
* wudrassmaifanjUuuumaiun e (Mode Choice Modell * i5H¥l:ﬁ'|$’?3ﬂ.uﬂ”ﬁLFI'LIVW’\WEI?x\JU (VHT ey U1 VHTyg)
¢ wuudmamanenkaanTIEu (Trip Assignment Model) ¢ RImIiuadn (Ave. Speedy,,, waz Ave. Speedy,))
T + seAumsliuinslaesm (LOS,,, uaz LOS,)

. * .. P oy ; o (R .
mswrulasaiaiugudunsudusluminendy Jliuimazuumudinmsy (Ridershipy,)

3) nsuszgnalfuuudines ] " ) L -
* Tasimsdimunsuusudsmass (solvifhiu-ds uas ﬁﬂ'mﬂﬂﬂaﬂim

I

2. mifinyadimsau

. ¥ ‘
anldFwlunisamy alddelunsduiunsuaziisednu P —— YRAMTRIM TR

* crigatenatiignoon o Aot — ¢ Alldhslunsamu

¢ @roaianidaig o Andamds (wwmaed) . ﬁﬂﬁWhﬂﬁﬂ‘ﬂlaummﬂﬁﬂﬂiﬁ'ﬂ'ﬂ‘l

* eamurmue (olwih) * Arwanigaimnunvmu (sl

I

3_nsfnvuausTeninsiudssgmaniiezlity

o 1 <

N B ol R . saving =WIO-W | e yarmsand T osum g VOCq)
yafn1lguummuz yadnldsafiwariuevlnoanlyd yaAnImgydeingURg * yorrmmannTsas o iveulnoale (€O,
. v uaE VOC, * OO, baY CO, * AC 0 U0Y AG . I
o el el il Cuo i * yadmsanaugedeningUing (AC )
4, msiesizdanaiivla g 99 o o Mo ¢
. . o o aes ) . m Result * §ng UMLATYEAART (EIRR)
SATIHABUUNLYIALATEZANANS dandunauszluvdredldsny yarlagtugns oo P
Lo s AP . et * Fdunalsslonlderliig 60
* AUALEIAIINNIBEAY 12.00 * AUANLBIAILINNTT 1.00 . H_‘Jﬂ”\wﬂﬂﬁ“ﬁ'\m'}ﬂ . - -
* yadrdaglugnd (NPY)

]

afiunenauazaTUuNg

a a o o A a L4 <
AN 1 ﬂ'iE]‘ULLU'JﬂﬂﬂWﬁW@JU']LLUU‘\]W@@QLWE]’JLﬂﬁ’]%ﬁﬂ?']llLUHVLUVLG?]ALUﬂ'ﬁa\W!u
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3.1 MsnaLazUszendlduuuitaasdiunisuds
wsoonidu 3 funeudos lnefveuiuanisfnuaseunquituiinauning 13y
Fefirwandended
1) NMsANYINGANITUNITAUNIA
Fumeuilunsinvmginssunafumsssdndnwuasyeainsniely
unine1ds Tnonisdnaluniaauny 4 eg1s aseumauiluiivienmInends (Craig, S, 2009)
¥ur 1) madisrauiinaasas dh-een fiufl (n-Out Count) $1uau 3 0 Uag 2) N3d1579
U3naasnasuudaanuu (Mid-Block Count) 3113w 9 9 Tagn1stiuuSunusaiuulenyssian
(7:00 . - 19:00 u, 12 $7l19) FensourgaRnAAIiMIFusMEIANeds Tneul sUszinmsa
oonidu 5 Uswinn 1éun sadnseu 2 do/3 do sodnseusud/audendes  sogudils
duyana 509/50lNA warsavua 3) N13d15199ARUN-UA189n1e MIAUNNE (O-D Survey)
oAy kazyraININEluTInNeIae 31U 2,000 90 viseUsvinuiosay 12 909U5e1Ns
(16,372 A1) Fannnimsduiegdlasldrmuninasduluudng (Simple Random Sampling)
fg19BamuALuztives Taro Yamane (1973) fisyfuannandesiudisosas 97 (1,041 ¥n
vidodesas 6 vosUszung) ilelildteyanifiesmesonsinsesi wag 4) msdisanania
vulAssing (Traffic Speed Survey) $1uau 9 9a Badusuniafortunsdrsauiunm
33135UUY90UY 1Ad153991UU 100 Yoya/qn (@Fruaududidmiumanuiii 8s
Wesidulng) fMellunsraduainusa iethdeyalldlunisusuifisuuuusiass (Model
Calibration) Tsiflenuaenedasiuaninituiinglusmninede
2) MINAHUIMUUIEDY
fupouiifunisindeyadildainnisdnwngAnssunisfunisaniau
Huuuuaesmsdadulawuudeiiles 4 fumeu Faduuuusaesdiiliumssensuuazieuld
fleMmsNaUNL U595 9TTslLUsEmA (Department of Hishways, 2010; 2012) wazsnaussine
(Brustlin, V.H., 2007; Steinhoff, M. & Harpring, J., 2008) lagvinn1sUsuiBuLUUT 1804
TWianudenadesiuaninnisasastuiiufinunasid seusuldves Comsis  Corporation
(1983) iglduuusaasildlumsiinsssianinnsasaslusunanvesiiuiidine (Ortuzar,
J.D. & Willumsen, L.G., 1990) @slunmstamnuuiiaesulsiuidneendu 23 fufido
ﬂi@U@uﬁuﬁﬁu’qwﬁmmé’a wawsznaude 4 uuu SaesesfiraldostuinanBendal
(1) LUUSIaINSRANITAUNN (Trip Generation Model) WWunsimsigy
USnaimsiuvnseenuaziiiiuiios (Trip Production and Trip Attraction) fidusiusiiu
Yoyafiugruussusaziiuiidos  fe3linesinuannesuuunyan (Multiple  Linear
Regression) faaun1sf (1) esnnidudsfiazmnlunmsudund wazanunsonsaaeuSoudio
darmsifunsiilfarnnsiiesgidigfudsildadsanuduiusidogeiiingua
wazddede Tnsszduaiiuduiusvesduusluaunisuuudiassdsziiulfanndd
Coefficient of Determination (R') uazfinsnsraaeumdudsyanslaimifugud (T-Test)
fitsmuidesiu (Level of Confident) A¥egag 95
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Y = 81X1 + a1X1 + ...+ aan + C (1)
el Y = duusenu Tuidife Usunansinunisisunvesiuigss (PCU/)
Xy, ooy Xo = MUUBaTe lWiillfe doyaiiugiuvesiiui wu nuundsanseu nlsinceu

ay, .., a, = auuseansveswulsdasy

(2) WUUTIABINIINTLAILNTAUNI (Trip Distribution Model) 1uns
ATLIINUSUIUNSLAUNTINATUADIN1TILAUNI LU N IR ULAZ L AUNI9LNIIANTA $ae7D
wuudnaesanulinaluudes1in 2 n1e (Doubly Constraint  Gravity Model) @8y
WANANITNTLANYNTHAUNNAIYAIAINUAIUNIY (Friction) taKA 1387 hagszazn1e Tuns
a |d’l d‘ 1 % Idl
Aunsvesdiiungesla 9 dwaun1si (2) wag (3)

Tij = ai'Bj'Pi'AJ'F (CU) (2)
F (CU) = CUa'eXp (b'CU) (3)

Ted T, = Vsnamadumsnniiuiides i ldsituiides j (PCU/3u)
P, = USinaimsiinnsiiunasianunvesiiuiges | (PCU/S)
A = Vinumsisganisiunsisuamesiiufides j (PCU/)
F (cy) = Merdualddelunsifunsszrnaiuiiden | uaz Aufiges j (um)
a, Bj = Ananzn1sUsuAn (Balancing Factor) ¥adund i uay anus
¢; = Alddelumaiumessninsiuiitos i way Nufides j (Wi

a, b = AUSUWIBULUUIIADY

(3) WUUT1R0INSEBNFUKUUNISAUNNS (Mode Choice Model) 10uns
Taszinginssunsandulafensuuuunsiiunie megTsuuudiaedain (Logit Model)
Fadunsfimsanessausglovivieruiiensla (Utility) vesdifiumaeilafuanusazmaden
(McFadden, D., 2001) Ing3Usuun1ssfiun1ausenauaie iy Inse1u INTeIusud sauud
LAzIATUAIENSTE FaENmsTl (4) wag (5)

U=aT+bC+c (5)
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Tneil P (i) = mmmﬁmﬁwaqijﬁLﬁamaumé’wé‘mﬁ n Bendve |
u, = ossaUsElusivRIMINLGen i suaq@lﬁaﬂﬂuﬁ' n
c, = Suwemnadeniioun
i = madenil j (W du Shseu saeud Hudu)
T = svegnantunisiiunmavesadsn (Wd)
C = amlgglunsiiunisvemaden (V)
a, b = mduUsEans (AUSufieuuuusans)
¢ = mpsii

(4) LUUFIABINTUINWIINSERUNNS (Trip Assignment Model) tunsiese
WadAUUY (Assignment) USunaunisiAunesenitsiungesla o MAntuadlulassiisauuy
| A 1 v ad Y a o™ % = & A add o § v
waysyuvvudsiiey medBaunaveriiunie (User Equilibrium) Sadumaiiaisiminliiia
MSAUNG (138 Aldane) vudunmssing q serinselaudeiuliegluaninauna deaunis
1 (6)

Min ¥ VjaCa(a))da) (6)

aeA 0

el C, = mlgarglunisi@unis vu Link a

3) nsUssendldhuudtaes

fupouilifunniuuudeesiiuniiuisusansadeunuaenndes
fuanmiuiinielusminedoudmuszgndldifieinmeinianisaianimnisasas 1
U3110495195 (Volume) szezn1e51dlunisiiunisuesssuu (Vehicle-Kilometers of Travel:
VKT) szezinansinlunmaidiunisuesssuy (Vehicle-Hours of Travel: VHT) uagauifuade
(Average Speed) wilunsalliilasenns (Without Project: W/O) uaznsdiillasenns (With
Project: W) @sannsodimadilduniuiouiioyu iomsauseloninaassgmanifiayliiu
Tutunauseluld Tnelunsdidnwniléussgndliuuuassfuaniumsaifiilassnisfaun
sruvrudsasIsalumAivends Uszneuse msdadumadusoliiiildannsuszend
Frnuulynminisiunisessaauuu 59 Travel Salesman Problem (Winyangkul, S., et
al, 2014) LLaxﬁmumLﬁumqaﬂuizuumsaumﬂgﬁmam% VED Geographic Information
System (Sawai, P., 2016) 91U 2 L&EUNY Lﬁaiﬁu'%ms%’u—eimﬂmﬂﬂuwﬁwméﬁmmé’uma
19sauLan @edimvdes) Tsseznne 2.3 Alawns Msaliiiduau 2 Ay wesduniasseulve)
(enedWe) Asveenne 6.0 Alawes Tdsaluiduiu 5 Au saudnsneasisaniidynvensa
wazantigoutnse 91U 14 90 way 1 30 AU
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3.2 MIANEIYAAINITAMY
Funeuiifunisussidiugasnmsasuuazailddefiasiatuiome esan
msmwlasis Ussneulusmeanlddnendn 2 dw fis 1) allgielumsau uae 2) Aldany
Tunisdndunisuagtngedne Gednlddremariiduyanimenisiundiiinassu
T duyarmuasugaans (Economic Cost) saefiinaUsznau (Conversion Factor)
dusulsendlny  (Comsis Corporation, 1983) Iﬂ81uﬂiajﬁﬂw15ﬁw1%’dwzﬂumsamu
Usenausme Arneasianiiianven Arneasisanidenyise uag Argrunaviug (salifn)
daualddelunisdniunisuagiigenu Useneudae Adranineudusn Andeinds
(wusimed) wazArthgsnwe g ddanmsdusnmmumdnnsvesdiineulszanm
3.3 msAnwraUstlvimiuasegamansiazlésy
Funeuiifunisusaiiunausslonidivhlfaldssludnusiie 4 anas sauda
naUselonifiAs fuinsughavesiiuiifildsudninaituuazamunmdiniiniu Taoidu
naUseleviin1anse (Direct Benefit) ianansoAnduiiunsn (Tangible Benefit) Tngvnléann
yadwing 9 7lf1nnisaianisalaninnisasiasnsallaifilasenis (W/0) audae nadlil
159713 (W) Usenaume yarin1sanaldangeunviue (Vehicle Operation Cost Saving:
VOCs) wamn1sanmsudesingmsueulaeenlas (Carbon Dioxide Emissions Saving:
COys) UaTyarINIsanANgadsaIngsame (Accident Cost Saving: ACe) Teliguuuy
AeEUNS (7) 3 (9) anuansu

VOC(S) N (VKT(W/O) - VOC(W/O)) - (VKT(W) * VOC(W)) (7
COyxs) = (VKTwo) * COxws0)) - (VKT oy * COpp) (8)
ACs) = (VKTwe) * ACwo) - (VKT * ACw) 9)

s VOC = yarnmsandtdangeunivug (um)

VOCqy0) = yammstgingeunvuensallaiilasenis (umn/ny)

VOCyy = yamnsldngeunivuensaliilasinis (uin/nu.)

COyg = yammsannisUassfinwansveulneanlen (u1n)

COuwo = Warnmsuaesiaaniveulaeenlednsallidiilasanis (u/nu.)
COyw) = yamnsUaesiwasusulaeenlednsaliilasanis (Lm/ny.)
ACs = dafnsanadugadeainadfme (un)

ACwe = yameanugydesainatmmensalldiilasanms (un/nu.)

ACw) = yaranuayideaingUfmansdiillasinis (Un/ny.)

VKT o) = Tzegnesmllunsifunieesszuunsallailasinis (PCU-nu./A)
VKT = szegnesallunmsiiunisesszuunsaldlasenis (PCU-nu./A)
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3.4 nmsiasizianudululdlunisasmu
Funeuihfunsiesgieudululflunsamu Tnsmsfiarsanyarinisasmu
maasugivedlasinisfisinty Wisuisufunausslevimansugafiagldsuainnis
fwulasinsnaenszeziian 10 9 Meduilidtanaasugmans Tiun Shamanauuny
MAT¥gANEns (Economic Intemal Rate of Retumn: EIRR) 8ns1dunaustlevisonnlddng
(Benefit Cost Ratio: B/C) waz yar1aqiiugns (Net Present Value: NPV) Gafisuiuy
faguns (10) 89 (12) awanau (Tubpun, Y., 2008)

EIRR =i ; NPy =BGy (10)
= (L+i)"
5 B
At
B/c= D (11)
Z t
=1 (1+i)!
NPV =S B (12)
= (1+i)"

o EIRR = 8RTINaNBULIUMNLATEEAAAS (%) Msednsndruanivilien NPV veanns
, Y 1A A v | o Y a
Uty 0 UM (ANALIBUAININNINEATIEIUAANTOYAY 12.00) 91989AU
sUIATlaNLAAINNUANEATIUNTHAILILATYIRALA FIPAUWAYIR (Aaw.)
B/C = dnsndunauselevisionlydny (AumAialifuinnid 1.00)

NPV = yardaqiugnd (um) Fuandedianduuan)
B, = mauszlewtinnnlasenisluli t (um/A)

C. = mldevedasenisiuld t (wmA)

i = Samendensosasdiuan (12 %)

N =919vedaAsans (10 U)

4. Nan133e
4.1 wan1swauIwazUszandlduuudnaassinunisuuds
uamsAnulunsdifnwumiinerdesednfiyaasesuiineasdondal
1) Wan13ANEINGANTTUNITAUNIG
Uagtuumingrdesvdgiiyaasnsudusununisinunisdssana 21,901

Jieaau/du vie 13,774 PCU/AU sepynmesinlunmaifunisvesszuy (VKT) windu 16,762
PCU-Alaumns/fu svoznansalumafumaesszuu (HT) winfu 335 PCU-Taliy/Au i aade
Winfu 50.00 Alawms/Alue wazdianwnisasiasiesssumsliuinislaesmeylusedv
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Y

LOS B ulluszauiinszuassiasiianinegds fiulaunsadeonldnnuss nuauens tned
NOANTTUNITAUNFIUEATTUNING 3

Period = 07:00 u. §1 19:00 u. (12 ¥2lua) Period = 07:00 11 & 19:00 . (12 #2lua)

(N) NANINTTHAUNIG (¥) #4N1NN1TATRT
A7 3 HansANYIMgANTIUNSAUMINelul e de vy iyaaensy

2) WNaNISHAUILUUTIADY
devhradsaslumaaunuiauuasduiisuwuusans Tauuusaossell
(1) hUUNBBINISLAANITLAUNIS (Trip Generation Model) wul1 U3unaunis
Annsiiumeagtuegfuumnunmssesiuildoy @dedow Sdamudiniusvesious ®)
oglulnaeia drunanisasrvaeumduUsransladwinfugud (T-Test) wuin funasingls
Avuderiu (Level of Confident) i¥asay 95 @Ay 1.96) Inswuusiaoswandtumsed 1

A151991 1 NaNITWNAILILUUTIIEDINITAANI AU

BUUINADY AUNIS R’ T-Statistic

1) NSANNITLAUNIY P, = 0.1908 X + 257.9914 0.8883 10.6104
2) MIFNANTTLAUNG A =0.3367 X +221.8204 0.7909 8.5645

edl P = USuianasiinnisiiunneyiaunavesiunges i (Trip Production), PCU/3u

AJ n W
X = Ysunumsvessugldau (Masew), N

T-Statistic = ANduUIEAVSNIZAUAMUTDNUTDEAYE 95 2-tails > | toes | (1.96)

Meme: PCU (Passenger Car Unit) fig iiguivinsaguddiuyana

= USunaimsiaganisiiunisianuavesituiiges j (Trip Attraction), PCU/3u

(2) hUUI1A9INTIINTLANNITHAUNIG  (Trip  Distribution  Model) U1
LUUSI@adLUY Doubly Constraint Gravity Model #il#asnzsimusunanisiiumiesening
Aoy way Herdualdnglumsipumssswinaiiuiiges (Exploit Form of Impedance Function)
fildannsusuiiioy (Calibrate) FungAnssumaidumduiagiu Tsunuvaunsduans
Tuansnadi 2
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A151991 2 NANTHAILILUUTIADINITATEIUNITAUN

LUUDNADY AUNS

s 1 gy a ' ¥ A 0.000
Hangualdanglunisiaunisseningiuigey Flo) = exp (-0.1489+c)

laed F (c) = Hendualddnglumsifunisseninaiunigos i wag Wundes j (Um)
¢; = AdAnglumsiauneseninaiuindes i uag Nuitdey j (Un/uni)

(3) WUUTABINITHBNTULUUMSIAUNE  (Mode Choice Model) Wuin
wuudaes i Likelihood Ratio Index (p?) Afigm Miszdu 0.302 uaza1u1InesUNY

a a Y < 1 a o d'
‘Wi]@ﬂiillﬂ'ﬁmuw’]ﬂlﬂL‘Uu@ﬁﬂﬁﬂ ﬂﬂLLﬁﬂﬂu@WiWQ‘W 3

M1514% 3 KANTHAUWUUTIABINTERNFUKUUNITAUNTG

WUUINADY AUNTT
1) assauselev (WAu: W) Uy = - 0.0007 T,,
2) assausylevd (Inse1u: B) Ug = - 0.0096 T + 0.8780
3) a5350Uselowd (503nT8IULUR: M) Uy = - 0.0642 T}, - 0.0338 C,, + 3.9706
4) a550Uselovdl (Snaus: C) Uc=-0.1131 Tc - 0.0408 Cc + 2.2498
5) a55aUsylevd (SvUaIESe15eE: P) Up = - 0.0222 T - 1.5598 Cp + 1.5598

e U = a550uUselevuvaaniadsn
T
C

S282AMUNITAUNIVBININEDN (W)

AlganelunsiunIwemILdan (V)

(4) LUUTIABINITUINUIINITHUNN (Trip Assignment Model) 2zuaNUAS
U31100951950ulATIUIETETUUANUIAY ATETTNITUINUIILUUANAAUBIHLAUNIG (User
Equilibrium) Tagdiguuuvaunisauanslunisned 4

A151991 4 NaNITHAILILUUTIADINITUINLIINITAUNI

WUV AUNS
Va
Min Y, [C,(w)dw
acA 0
ANSHINBIINITHAUN ) =gy, el

yeRij

frIJZO B vijERij B |J€I,\J

Toedi ¢, = aldnelunsidiune vy Link a (U1n)

dnmes a foun

£ = USunausnseminsglen | wag j vudums r (PCU/3u)
gy = USunaumsiaunissendnaglou i wag j (PCU/A)

>
1l
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3) wan1sUszgnAlduuuTIaes
dethuuudaesdildunyszgndldiuaaunmsalfiflassnsianssuuruds
as1sachsmianendesmigiyaasasiy nui anmmsanesmeluminededmsdeuas
Tuanin Tnenansiinsigsianmnisanastunsailifilasans wazilassnsuandlumnsied
5 waznwil 6

M13199 5 NANITIATIENANNNTITIRTIUIN INGNGUI ¥ yYAaIATIY

N5l
AATWNIIFIS WUIY ladfilaseans | .
AAsIN1g (W)
(W/0)
1) Y5116425135 (Volume) PCU/TuU 13,774 12,714
2) 5288195 UNSHUNIVBITEUU .
PCU-n./3u 16,762 15,093
(VKT)
3) SrIaN5U I UNITAUNIIVDITEUU -
PCU-%4./3U 335 301
(VHT)
4) MuLSede (Ave. Speed) N3/, 50.00 50.14
5) sEAUNITHIUSNSIAESIU (LOS) . LOS B LOS A
6) HbUIUINTILUUVUEIANEITOUY . .
¢ LNYIAU/IU - 2,041
(Ridership)

MR PCU (Passenger Car Unit) fig iiguiinsasuddiuyana

LTER I
G

Period = 07:00 u. 3 19:00 . (12 21ua) Period = 07:00 . {1 19:00 . (12 9713

(n) nsdluiilasenis (W/0) () NTANLATINIT (W)
ANN 6 NAMTAATIERANNNITITRTTUNIIN IR T1UA) iyaanTIw

4.2 Han1IANEIYARINTITAIIU
yaA1n15aulasnIsimulssuvvudias suslunmInedusydgiya
AIATIUAADATLLLIANNITAATIEN 10 U AILEAIIUAITIN 6
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Optimal Heat Exchanger Pipe Length for a Phase Change Heat
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Abstract
The objective of this research was to find an optimal length of heat-exchanged
pipe used within a heat storage system that used paraffin as its phase change material.
The objective was to compensate for the effects of hardening paraffin which acted as

insulation around the pipe in order to produce the highest temperature of hot air
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throughout the usage. The thermal storage system consists of a tank measuring
35x35x150 cm which contains 150 kg of liquid paraffin and which has internal copper
piping installed as a heat exchanger. The study used 2 sizes of pipe with diameters of
1.25 cm and 1.5 cm. The experiments were conducted with an air flow rate of 75 LPM
through the copper piping. The starting temperature of the liquid paraffin was 60°C. The
period of the heat transfer test was 4 hours. From the experiment, during the four hours
of hot air production, the paraffin would become solid and coat around the copper
tubing, starting with the air inlet side, which caused thermal insulation and decreased the
heat transfer rate. Therefore, a longer pipe length was required in order to transfer the
heat. The results show that in order to obtain highest air temperature at the exit point,
the heat exchange tubes with a diameter of 1.25 cm and 1.50 cm needed to be 900 cm
and 700 cm long respectively. It could produce hot air with a temperature of 58°C at a
rate of 75 LPM. When compared to an empty tube, the tube with a hardened paraffin
coating had a reduced efficiency of heat transfer by 15% and 13.4% respectively.

Keywords: liquid paraffin of heat storage system, length of heat exchanger pipe, heat

transfer
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nsIntduNIINIsvLdsdnnlaeldnsTusunsuLR et
nsalAnen Meiudaudine Sl 2015
The Case Study of “Ratsamee 2015 Limited Partnership”

: A Vehicle Routing Problem Solved using Linear Programming

INYSIENS WnE |, 285e Famsnawn” uaswivsun wisudy’
" anivimnssuladaind aazmeluladgnaivnssy uminendesvigiiyaainsa
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Insdwi 09-3731-7337 Ingens 055-282792 E-mail: PHETCHARAYUD@PSRU.AC. TH

unfnge
nuTsiladnwdgmnsdadunienisvudahauvesinajudiudiin sad 2015
wdudamisnuadnyinisndnuazdndannuliiugnAiusaziues vsemdsladununis

2.
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N

damungay vivliiaaldaneiinannisvudwnniiuanud iy daiugidedld
Uszgnaldlusunsuaidu (Linear Programming) Tun153guay iienidumienisdndadnng
dunan lnealsdsdadonazdadnindu q MAsitassie ndnuulald OpenSolver
) a = 1 a 3 o . Ya o o 1 a , B A
Juesesdietislunmsinsgimeaneulu Microsoft Excel {3dulauusnsiiusavudainy
sonlu 3 n3dl MUEUVAZNAIWBIEIUAT RAIINAITNITZETNINITVUATINNAUNFR
N4 3 ATANUIINITIRLEUNIINTVUANIRLTA S LU LFUNI9nIsIRdseanTY 2 LdUN1g
fAnuwinzauan I5zeenesunduiiaaviniu 72.26 Alawns LagIaTUAEINNTauTIN
wazvudsinu A e luwsazieINiin1sdnasls wazioiaunan1sIatdunN1ntanunIs
anfivaululagunuindssezneafidundn 108.24 Alawns Andudovay 59.97 dwwali
(% 1 I = ) v [ 1 ’é P ¥ @ r-g
AuvUANTUdERAal 4,138.56 U/ARow YlanunsndndednnulasansaTukaranIattunig
INFIUIAY

AENARY: N1FIRLEUNIINITVUES, N1TIUITWNTULTAY, §3AUNAY, OpenSolver

Abstract

This research studied the problem of a vehicle routing problem relating to
the delivery of drinking water by a company called “Ratsamee 2015 Limited
Partnership”. This company is a small business which produces and delivers drinking
water to individual customers themselves. The company did not have an appropriate
plan for their water delivery which resulted in their transportation costs being too
high. Therefore, for this research, we applied Linear Programming to find the shortest
delivery route for their drinking water by considering all the additional factors and
constraints. OpenSolver was used as a tool to find the best solution in Microsoft
Excel. We proposed 3 alternative solutions according to the route and location of

the shop. From the results of the 3 cases, we found that dividing the transportation

NINTIvINMIensAluladana NIy INIng1aesvigaU
N 10 adul 1 uns1AN 2560 - guigu 2560



Industrial Technology Lampang Rajabhat University Journal 49

route into two routes was the optimal solution. The shortest overall distance was
72.26 kilometers and the vehicle could carry and deliver enough drinking water for
all of the customers on each route. When compared with the current delivery
results, the new distance was decreased by 108.24 kilometers, or by 59.97% and
resulted in a reduction of transportation costs by 4,138.56 Baht per month. The
company could deliver their product faster and also reduce delivery times.

Keywords: Vehicle routing problem, Linear programming, Drinking water business,

OpenSolver
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Development of a clay mixture from Ban Nong Hua Yang soil

for stoneware pottery production
~ a i a 1%
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FENINAUTIUNUBIRILN AUanImes dnellas Jwminfivadan SuduAuYIIsEUS
LAz FBNSIEBNLUULNERINANS9ENAmAL 12U 36 gasdrunay Tasvinnisiu
‘wmaawammu 1230 semaLied luussernineendun iy uamaaouan Ul
mqmamwmﬂammLLau‘waﬁLm 1éun arramasa maramuln Arsudauss nsgadunii
uavAveuionutiu dunoudl 2 memdendntasivssamieraanideduiualaung deisns
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pamsfenuin ieRududwn 22 gnsaunay fandRmunusidenuiualauung
uazAnidengnsdiunandniunsannanduet fio gnsdiunand 17 Uszneusediuna
YIAUUIUNUBINILI FR8AY 30 N518 Feuar 20 LAXAUYIITEURY F98AY 50 dA1AIY
yadferay 11.08 fiAAuubus 190.30 Ke/cm’ uasiirmagaduih Sosay 1.27 Liievh
nsudnfusituzieisnstusuieutiumuuasiuguieluiin Ssaunsndusunandus
I¢visansds
ANENALY: AUUIUNUBITIYIY, dloautly, alauund

Abstract
The purpose of this research is to develop a mixture of clay for the
manufacturing of stoneware.There are 2 steps to perform in this research project. The
first step was to create a mixture of ceramic bodyand to study its various physical
properties. The experimental samples were made up from various compositions of Ban
Nong Hua Yang Clay (from Tha Thon in Phitsanulok province) and Ranong Clay. These 36

formulae were tested using a Purposive Sampling Technique along with a Triaxial

Diagram of the different compositions at a temperature of 1230°C within an oxidation

atmosphere. The testing of the physical properties were conducted before and after
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firing to measure shrinkage, the softening point, strength, water absorption and the fired
color.

Step 2 in the research involved the production of tableware from a swivel wheel
using the best composition selected from the results of step 1.

The results showed that 22 formulae passed the standard to be classed as
stoneware clay. The 17" formula, which consisted of 30% Ban Nong Hua Yang
Clay, 20% sand, and 50% Ranong clay was selected for te production. The shrinkage
level was 11.08%, its strength was measured at 190.30 Kg/cmB, and water absorption of
1.27%. The product was formed by using a swivel wheel combined with a throwing and
jigging method and gave good quality results.

Keywords : Ban Nong Hua Yang Clay, Body, Stoneware
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12* 166.10 3.80 1.46 nulwle | O-W ORANG — WHITE
13* 125.40 2.74 1.50 nulwla G-O GREYED -
ORANGE
14* 138.6 0.63 1.28 nulwla G-O GREYED -
ORANGE
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a3 . . | MInadu
= ﬂ’NQJLL‘lNl;Li\? m:we\m 13,'] ﬂ')"lﬂl%ﬂlﬂ a
(Kg/cm’) (50882) y
(So8ay)

15 110.0 6.25 3.61 nulwla G-O GREYED -
ORANGE

16* 188.10 11.57 2.96 nulwle | O-W ORANG — WHITE

17% 190.30 11.08 1.27 nulwla | O-W ORANG - WHITE

18* 135.30 10.42 1.05 nulwla G-O GREYED -
ORANGE

19% 92.40 7.95 1.48 nulwla G-O GREYED -
ORANGE

20* 105.60 8.42 1.54 nulula G-O GREYED -
ORANGE

21* 66.00 7.66 2.44 nulila G-O GREYED -
ORANGE

22 105.60 9.76 6.08 nulwlg | O-W ORANG — WHITE

23 135.30 10.15 3.24 nulwlg | O-W ORANG — WHITE

24 114.40 10.42 3.15 nulwle | O-W ORANG — WHITE

25 96.80 8.71 3.21 nulwlg | O-W ORANG — WHITE

26* 83.60 7.66 2.47 nulula G-O GREYED -
ORANGE

27* 52.80 7.29 1.13 nulwla G-O GREYED -
ORANGE

28 48.80 7.87 3.28 nulnla G-O GREYED -
ORANGE

29 86.60 9.94 5.27 nulwlg | O-W ORANG — WHITE

30 84.70 8.90 3.89 nulwle | O-W ORANG — WHITE

31 84.70 10.41 3.81 nulwle | O-W ORANG — WHITE

32 71.50 5.86 4.47 nulwle | O-W ORANG — WHITE

33 53.90 8.20 4.00 nulwle | O-W ORANG — WHITE

34 42.90 6.47 4.92 nulwla G-O GREYED -
ORANGE

35 34.10 6.63 5.51 nulwla G-O GREYED -
ORANGE
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(Pimkaokum, P., 1996) na1771 Aunfleadowiadinauudnssgeuasimiumadiguduiu
dlonanilofutuazyiglvinGnSamiauudusgemusiey drugasdiunanninanuuduss
teefignazlidiunauvomyegs Fuduingauilifanunieidmalianuudusianasiog
LWUAY AINHANITNARBITUFULVINARRINUIEATNINTIBUINTUAILNEIRUANLM Y
92aAAY TINFIINHIUNTTNILET WU gnsTdArnuudnsitesiian lawn gasi 36
a [ 8, | c{'d 1 [ d' ¥ 1 d' a0
fA1AIURTIUTY 20.90 Kg/em™ daugnsiilenainundausanniian loun ansi 1 1Ay
3 a v ) a ¥ & & = | a
WM 225.50 Kg/cm” tinanniassadiwwesingivluilofuduivasunvasuisdiuinns
mamasmaﬁﬂﬁlﬁaauué’aLmﬁmmLL%QLmqqma%u Al Usenagh a158ns (2543)
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6. UalsualuL
6.1 Yatauanuglun1sunidululy
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Application of Oxygen-inlet Venturi Burner in Ceramic Kilns

1
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unAnga

nsUszendldyngunsaliinufasandiauiainiiugl dinqussasdiietiy
UsdnSnnnsivanindnduiwsinsianisiuausauas Inge1dun1sniuausns
nslnavesufasendiaudigiuniuuuiiugidoinaavauussdundoufuiends
ufadlnsidenvian $1uau 6 4o luwunauia 1 gnuiadams 91ntunsIadeuUssansnm
M9 Han53denudn yagunsalifuufasondiaurianiiugs fussansaimnisinn
gaungfl 1220 asruwaidea Ao annsaunldiussemasendinduuagisndu Maaluns
W1 10 uay 10 Flus §nsien 122 uay 122 esrwaldoaiedalus Tngldusinaufa
Houwde 252 uar 29.6 Alandu warUiiaufasendon 12.9 uar 9.4 Alan¥u mud
denFeuiiteuusgansnmmsnleglivumntuuuniuag namuuuldyngunsaiifuufia
99NTLAUTINILINGT NUTIY N5tnTgamgl 1220 ssAlwaldea USIBINABDNTLATY
Tansunanas 4 $alas Andudosay 28,57 Sammswniiatiu 35 ssriwadoasedalus
Andudosay 4023 uwazUiinaufadomdsililunismanas 89 Alanty Andudosas
26.10 \lefnuduyuuazkanauLy WU dfunuiinduanmsuTulzaiam 9,000 U
wimuiideddyngunsaiifunfasendiulunisiudndos S1um 563 ada fyaetagty
avis 2,417.47 v Shswaneuumuveslaans esay 19.82 TFadurdnimanouuny
vodlasinsgenidarmenidefliluntsdnm ovay 10 uarszernanfunu 3.86
ANEIARY: LA, ﬁ”JLmnuﬁ, LWALWNADBNTLAY, USLENTAINAITLE

Abstract

The aim of the direct oxygen-inlet Venturi burner is to optimize the firing
efficiency of downdraft ceramic kilns by controlling the flow rate of oxygen into the
Venturi burner with the amount of 6 units of LPG per 1 cubic meter of kiln space.
There follows tests of its firing efficiency. The results found that it fires at 1220
degrees Celsius and that it is able to burn at both oxidation and reduction
atmospheres for 10 hours, the firing rate is 122 degrees Celsius/hour, with 25.2 and
29.6 kilograms of spent LPG fuel, and 12.9 and 9.4 kilograms of spent oxygen,

respectively.
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When comparing the combustion performance of conventional firing against
that of direct-oxygen flow equipment at 1220 degrees Celsius within an oxidation
atmosphere, it was found that firing time can be reduced by 4 hours or 28.57%, with
an increased burn rate of 35 degrees Celsius/hour or 40.23% and a reduction in the
consumption of LPG fuel to 8.9 kilograms or 26.10%. When studying the costs and
returns, it was found that the cost of upgrading a burner was 9000 Baht. The break-
even point is 563 times, with a Net Present Value (NPV) of 2,417.47 Baht, an Internal
Rate of Return (IRR) of 19.82% (10 % higher that the interest rate used for the
calculation) and a payback period (PBP) of 3.86 years.

Keywords: kiln, venturi burner, oxygen-inlet, firing efficiency

1. unin

W kaugs (Venturi burner) uifanluussenmaliasiaUaslnufianaueinie
(Premixed flames) l¥vdnn1sifeiungiesyusu (Bunsen burner) Aoldlauusuvasuia
finsrinuitidneenufserniadiunsnidmamfudiunanusn Waarlidulumiewai
uduinmiduuenlnsmunsveseimaiiogdenseudimnandniisumindldiioonan
Wanliuly drulsznevdfuontaun ldun hiaula (njector) Feadalorniadiuusn
W1 (Primary air port) vienaudIuAaAALayIalIugs (Throat and diffuser) dusaimn
(Burner head) uaggasUailyl (Flame port or burmer port) AruAteINAlraLilagn1s
USuusuAueIne (Air baffle) Wiothermadnlnaufuuia (Air-gas mixed) (Bunyakiat, K.,
2001) MInTRseULazUTuUTIaNTIaugve sl tuluiladdyueanisiiiud ssavsam
maw vl FesluuamslunisnsiegeunazdsuUmane s eni Kosasang, P. et al. (2011)
fiflumsnmageudnsdussniemaazihiuemadniuiuuaesiamuuuide
Tunszurumsndnmanidu TnovedeusnidruiangauiviliiAnn s lvdwed iy
wud Sasduseritemanethiiuidiomas (AF Ratio) fwnzaniianiniu 10,5670 e
PaNTLaU Sovay 12.31 amsusulasenlen Sevaz 4.3 AmsusuNauuenlys 4 ppm ﬁqmmﬁ
526.4 9IALTAGLE @21 AUNNIEAU 199I¥TNT (2556) (Wongwatcharaphon, K., 2013)
Anwin1slddannsu (Porous materials) Tunsussanddmiunisin nsiaussausgs wuid
TanUsznndaneunslua (SI0) oaiiun (ALO,) waswaslaiaulasenlan (2r0,) Wiangd sy
msunlndiiinainas Afuszavsaimgs Tnonsmuuisuanuousionisuisadaudou
warnsiienueuluievestanuds Turneiifinsanudesuannednislulanausenles
(NO,) wazariUpumauuenlys (CO) saiadinrunlunawlniguiedioutunism
wuudnihly uenaini audud gnngud uasane (2521) (Utakrit, S. et al. 1978) svyin
msdunUssninufaoziauiasuiaesndinuuiavinnunasisianudu wu andussuia
detasmsdundliauysaifigadu ssfedldufaasssiindmiuiniosdiogunsaidivinly
Tnatamzwindu 1dud Fudey iniosdiduuiauayau 3 WRaaesarsaufunanedun ey
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A Study of The Ratio of Huepai Village Clay with Grog

for Pottery Product forming
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Abstract
This aims of this research paper are: 1) To study properties of the clay from
Huephai village, Bhuthaisong district, in the province of Buriram. 2) To study and improve
the quality of the clay to be the most suitable for molding and creating pottery
products. The is done by taking a 10 samples of varying clay and soil mixtures and

heating them at temperatures of between 800 degrees Celsius and 1,100 degrees

Celsius. At 1100°C Celsius, it was found that the 4" formula was the most appropriate
formula which contained 80% of Huepai clay and 20% of regular clay. The mixture
turned from light brown to dark brown after firing. The physical properties of the object
were as follows: 14.10% shrinkage, 11.80% water absorption, and 172.90 kg/cm2 strength

which proved that this particular mixture of clay could be classified as Terracotta. This
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successful 4" formula of mixed clay could be formed by both hand-modeling and
throwing techniques. The clay mixture was smooth and soft. It could be rolled easily
into sheets or flat plates with a uniform thickness which was advantageous for forming.
While using the throwing technique, the clay was well poised and easily formed into any
shape and dimension. In conclusion, the 4" formula of mixed clay could possibly be
used in industrial manufacturing.

Keywords: Clay, Huephai Clay, Forming.
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Abstract
This research project focuses on the development in the efficiency of
producing activated charcoal from within pre-existing coconut shell kilns from within
the local community. The kiln is composed of an electric motor, a thermometer, and
a thermocouple within the main body as well as a lid used for feeding substances to

the kiln. The operation of the kiln is controlled by an electronic circuit.The kiln is
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used to recycle the waste from coconut shells. Each time it is used, the kiln
produces results of differing quality. The best operational temperature is between
700 — 900 degrees Celsius. At this temperature the kiln efficiently turns all the
coconut shells into charcoal which is then capable of being electric conductors. The
kiln period is 8 — 10hours with the kiln temperature depending on the humidity of
the substances inside the kiln. The sample products are sent to be tested at the
Department of Science and Technology Services at The Ministry of Science and
Technology which are performed using chemical agents in accordance with specialist
procedures. The iodine number value of the activated charcoal is 390 millisrams per
gram. From the study results of the iodine number value, the activated charcoal can
be used to absorb household odors that are found in refrigerators or in cupboards as
well as to act as a water filter as the surface area of the activated charcoal is
extremely porous. The kilns can be developed for the industrial purposes of the
local community and to help promote new job creations.

Keywords: Activated Charcoal, Efficiency Development, Coconut shells
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An Integrated System of RFID (Radio Frequency Identification),
iOT (Internet of Things) and Cloud Computing
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Abstract

The aim of this research is to explore the application of a prototype used within
logistics management of the Electricity Generation Authority of Thailand (EGAT) at the
Mae Moh coal mining plant, Lampang. This research explores the use an integrated
application through the RFID ID of Coal trucks and data from the RFID ID processes
through private cloud computing. The research aimed to reduce human error in the
counting of the numbers of trucks that collected coal from the mine. All the data can
be monitored in real-time on computers and smart phones. The equipment and tools
used in the research were RFID Readers, UHF-passive RFID tags, Arduino Mega 2560 +
Ethermet Shields, PHP, JSON, Node.JS and a Maria DB database system. The protocol
used was MQTT. During the first phase, 27 trucks were installed with UHF passive tags
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whilst 1 crusher (at location number 3) was installed with a RFID reader. This system ran
for one year from the beginning of 2015. The results of the research showed that the
development of the RFID and iOT system enhanced the logistical management at the
coal mine by reducing the human error made in counting the total number of rounds
made by trucks that picked up coal each day, or the total number of rounds that each
truck made picking up coal per day.

Keywords: logistic, RFID, iOT, Cloud computing

1. umi

wileausiang Wumilesdniiudnludfilnafigrvesszmelng wazidumenunis
voisnsliidendauisUssmelng lnofdinisndnvedlsalniuiung Aadusesaz 20
vosn1suannseualiihldluusewmelne

ifosnnlunszurunsndndiuiu Tnslanizvviumsiadoudioaiufiudnlud
MnvesuiuanludlUduesesun (Crusher) deddsaussynuusivalumsvudrenaysausmmn
fl 2 daundn Aesausinnvesnisiiily wazsaussnnainuITnienvuiduuniule
Tnesaussynihaiumaen 24 alus 7 3u szuumsdnfuazssuunisnsinaeudsadldsyuy
ALY (Manual)  vilvinauiana1alun1susyIsinnis uavdrasenun nvesuAiy
Aaglflunisuannszualuiiy

Fafuaudseddesnisuidymidunisdanisladanng vessavudiufiudnlug
Tuwilaansiiidendauiung lnensussendldssuy RFID wag 0T H1useuu Cloud
Computing tien15dansiadafngd waznisnsiadeusuuiiensasuauiudnludluudas
Tu uaranunsagleyarumeuiimeskaraUnsallnsAnyidetiowuy real-time

2. I99UszaIAYaINITIVY

2.1 WieWamnszu Auto ID Tnensuszegndldszuu RFID uay I0T K1uszuy Cloud
computing lun1sdanisladafndifienisnsraaeusuiuiissavusuiivdnludlumies
nsividendaislsnzunun1snsvgeulnensiume Ay

2.2 WieWaurszuu Auto 1D ﬁaﬂmmLLam%;ﬂafﬁ’ﬂmuiaLﬁmmumuﬁuéﬂluﬁ
duasetiedumeiiinuuneuiunesuazaunsaliieds

2.3 KiloUszAuNAAINATNITOTEISTU RFID wae iOT Hiuseuu Cloud Computing
PleiauilpgiU3sufisuiunisasiaaeusuiuiisrvuauivaniudlumiesnisiuiide
NARMLAULNZIAENISHUMEAN LaLanANURANAIALLNITHY
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3. AAuliun133dY
3.1 NUNIULBNETT

RFID ®83131n Radio Frequency Identification tUuinalulagnsseyveya
fuansendnuaresinguioyana meaiuruiingile ngusrasairlulslunsued Tng
lusgaulnala lneliganufeaiuisaeiuveyadndie (Tag lavaty q U1 wuulsduda
wazansnsaoailausluanmiviruzidelud mumammmmmuuwauawmaumiﬂiku
nvunn way annsnsudeyalanionuiiigs (Kowintaweewat, P, et al, 2009) faiuds
Fonldszuu RAD wnsfmundteilulaluendded lumstuiinnaneieenvessavudiudiu
anlud wagnsIvaeuITIVUaLALNNIINUBnaWAule

iOT #011370 Internet  of Things Tudelnedn Sumesiiafuassndda o
Poomittigul, S., & Tuwanut, P. (2016) l#asunmudnuazdifaues 0T @e 1unsideuse
fusznineassndde q Wadulasweduwmesidn wiedindnlaedie 40T @ N9
gunsadla 9 v3o asswdsle 4 Taanniy ImEJmﬂa'amaaﬂaiﬁﬁ’uqﬂﬂiﬂiLLé’ﬂﬁaiswﬁaﬁu g
amnsadeans muax Mieenunadstunaziuldiiudumesidn uazlunisfmuinis
Aoansdeyaseninsgunaaila q tu Suduasdediluslnaoalunisdearslngiansluns
Wouun 0T Tudagduiiluslnpeadl losumnufisuegaaaviinfie CoAP Protocol wag MQTT
Protocol Tnglusnuideiagld MQTT Protocol

Cloud Computing Ae38MUszananaiidefiuamuFosmsvesld Tnerldannsn
spyrufeInslUSwondiasuesssuy Cloud  Computing 9ntiuseniuaiazdomelissuy
fnasaninensuazuinsinsafuanudosmsuesdld sisdssuvaunsaifiu uasandiuaumes
ninensrfaaueuimslimemngiuanuieans vesltldmasanalnegltlisudusios
nuesihmehautemnnsaifewdanduesiils luniddeilildssuu Pivate  Cloud
939015 eaEs Tudiunineinsuagn1susnIsag 9 LﬁaﬁﬁagalﬂLﬁULLazﬂizmama
uaraNsnAUeLATaULAUALAN AN Web Browser 19

3.2 ynAdeTiAedes

Fang and Shaowu (2013) lé3deiAenfunisimaluladves Internets of things
uUsegndlddmiunisguadtasiiindegiitiu sukuunsuszgndldaudu dnnsld
m%ﬁuﬁﬁm 4 1’71'{1"1Lﬂuiuﬂﬁiiﬂﬁ@agwmﬁwLLaza'q%’azgaﬁqﬂé'nmul,ﬂ%aézi'mﬁut,waﬂﬁm
wdilsame g dielinerua waswwdldadeya uasuuzirdiunounisufod neluaide
FanamazdatfuluinmsléinaluladansaumalunisihdinagUiouuy Real  Time
waznanfsszuuaiaonselaeld RAD lunisusnuesussinvmesendilsiithe vuided
gatiuluiinsideyaiferfuguaiwsiig q fldangunsaliniesiiofnandieviedgios
thludulfuunguius (Cloud) lelanunsadfistoyasis q Wimsdanistoyasing o 16
fefuuasdeliineiignas

Zhikui et al. (2011) WawagUszendly iOT ilensiieufeitRmisssuma
Tnsamzuduaulm lnanisiivdeyanuu Real Time uwazviinisyiunganudenienis
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Ay lngldtayaannssuvansaumagianans (GIS) wazaianisalussiliuanudeniy
Mnududulag nenantunuidedsaiaunssuuiiufuusnuamsalunisneuauss
sewgnsalusuduln uazlideyalumsdinisiiemaegnidunazsienn Junbo et al (2012)
thiomdnmsves i0T  snltlumsuseudandsanu gunsailuilisng 4 aegluthu laedlelin
uriuAulmgUnsallitiieing q asgndsfulnasdnluiAdiollfiAaraudemededinede
anee
3.3 35119398

ATt uney Waterfall Model 5 funay Requirement and
Feasibility study, System analysis and design, implementation, testing, and maintaining
LazuAazunauansansiedeuiounsuldmumuuziives Atsawamaykin, N. (2015)
wazmudeuluvesuinigiunisviaruvesnisliiidendnusiunzlusedu Industrial
Standard wazdiesensAnsanslfnunazdizaing

1) Requirement and Feasibility study

msfnwanuuldlfuesssuuSeudisuiuamudosmsvesdfly Taodeule

miAdeTuiifedesnsszuu Auto 1D Flazanasiaaeuszuumsianisladafndsavududiu
anludesmsliidendn udnes Tnenudsed 1denszuy RFID $auifu passive RFID tag
gruaud UHF Tnedeiives RFID drunmigedie anandsluniseruteya wagszoynissnu
funn (Kowintaweewat, P., et al, 2009) uazidoulvvesnios RFID reader soafulum
fothafures namy. Ao dmuanwAldon ves RFID 71920 - 925 MHz wazfidsdagean
0.5 W lasuveniiuluauginingauwiay way Masdsgegn 4 W daslasuluaugning
AuLALTIAEIY09 (NBTC, 2016) I@&qﬂmmﬁﬁ%ﬂumuiﬁaﬁ Usgnaulunie hardware,
software Wag protocol Al

M13199 1 gunsal Hardware wagntninisyiaunldluaise

Hardware Wik
RFID reader 3u Speedway Revolution S0 Impinj 1 g ukazUIzUIaNATaYAN
AUl UHF szevlng RFID UHF tag
aeeMALUUTIAUTiAg fideusiofu RFID reader Sudayaan RFID UHF tag
RFID UHF tag (passive tag) m’lll?ll 920 MHz Auto ID
Arduino Mega 2560 + Ethernet Shield ua3n delayaann RFID reader fignu
Lulasmoulnsiaainszna AVR fifinsWauILUY Open 910 RFID tag 7 Cloud
Source
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a v o ° ~ av
A15199 2 software WarnUNINNISVNUNlluauie

Software Wil
PHP fatayadn database WARIUY Browser
MariaDB \Ju database
JSON (JavaScript Object Notation) JavaScript Fmthiiusmssaniswesuunild
lunsSudsdoya
Node.js W JavaScript 1‘1451& server ﬁiﬂumﬁ@mi
Toyadnfiulu database

A15199 3 : JUSlRARALAEMTNAINSYINUNTITILIIWITY

Protocal VLT

MQTT 3.1.1 Ju protocol lunsdeansszminegunsal

2) Analysis and Design

Tun93deillaudsaainenssuszuunsdnnisladading vessovudiudiu
antudlumiosnsiihdendauiung Inensussendldssuy RFID uag 0T HIusEUY
cloud computing Wu 3 layers (Somhum, S., 2016) wuri1I158UU IOT Asiandnenssy
Ju 3 layers @® Hardware, Communication wag Software %ﬂm’m‘i{fﬂﬂi 1u layer cloud
fifle communication flsa1nnaafansld protocol Tunsdeanssening RFID reader
(sensor) AU server Tagluils Layer Hardware azUszneulusnegunsaimedidnnsodnd
Jundn Tuswideldgunsal RFID reader, Arudino, UHF RFID tag @3u Layer Cloud
svUsznaulusie Software 1Ju Script JSON uwag Node JS uagrudeyailu MariaDB
warlustapoaiildlunisdoans Ao MQTT daulu layer Application #4 Server #e PHP
Wy HTML5

i = (.
iy ) e o
l—l

Cloud DB

I =]
=\

% Server Jom——
User Client

Switch

AR 1 AINTINVDITEUUNITINNIT logistic  vessavuatutudnlualuwmilosnsindi
Insnsuszendldseuu RFID wae 0T H1useuu cloud
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dnuairteyatnaniA3esetu RAD azszyiunafieny Antenna wazvsnelay
RFID tag ﬁéﬂu 2015-09-16 06:22:58,5N:370-14-39-0351, Ant:1, EPC: 300833B2DDD
9091500XX ,RSSI:-39 (EPC fie muneia electronic product code) wazsidseiilald JSON
lag MQTT protocol mammmmmauaaqmuiuw Private Cloud "U@ﬂﬂ'ﬁh\lﬂﬂ@ﬂmmi
mmaﬂmwlumaamsaaﬂ Tneldfleridu Replace, mmimmammwmaamsmammmﬂu
shawnzeng, Wulilu Aray, derdennudisiesnistu Aray uvilidu ToRIUFULUY
JSON

BEGIN
GET  RFID String
Remove "SN:" , "Ant:","EPC:","RSSI:" From RFID_String
Data[ ] € Split RFID_String By "," delimiter
JSON Data € {'CLIENT D T''Dataln]",
"SN": "Data[n+1]",
"ANT":"Data[n+2]",
"EPC":"Data[n+3]",
"RSSI": "Data[n+4]"}
END

wazdayav1n RFID reader dwnu cloud NodeJS aglddnnisivdeyaifiedaiu
foyaad Database lneuwideilld MariaDB  lunisiwuigiudoya lnedeyavzdaivas
A1397oYaTINIUN 3 1579 1ABAITI9MIN 01 rawdata AzdRLAUNNAITIdEIUSTUL Cloud
Ql' o . [y ! Ql' o
1UAEAI519 2 PHP %1115 mapping  RFID  tag  AURLNELATA @IUn19199 3 vi1A1s
asraaeulunsdsavuauiuseauuiiu 10 wiiivsely \uns filttering doyaneuiiagyi
nsUufinAaIm1319 03 filterdata wansaoniu 10 wril Avgdnisduding)
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RFID Tag from Control box

Record _01 rawdata |

1

Read Last Record RFID Tag From _02_filter |

NO YES

Last RFID Tag != New RFID Tag
OR
(New Time > 10 Minute)

record _03_filterdata

)

end

A 2 M3 filtering TeyanawudaLivas database lngldiiantouly

gutouadeduiuslunuided Usznoudas 3 a1 Ae 01 rawdata 14lunis
{Audesyaan RFID reader uay g1udeyadi 2 Ae 02_car 1415 mapping fuvsneavsavy
fuiudnlug wasmsned 3 WWlunnsnses (fittering) Foyasnvuauiudnlud lneusiazaisng
Usznausedeya 19 auto_id Aevsneiavdidmuauuudmludie, clinet d_t fio aifisawdn
inlusurisasesunauRuanlug, epc A9vNYLAY RFID tag foule Wudu

rdata

A 3 §1uteyassuunsianisladadind sovuduiuanlud

Toe Nodejs Tuils server finsSenldl lbrary MQTT wazvinnsieuseoluds Server
MQTT Broker (private cloud wasnslyiin) udwinsidessieluss Database 3 rf id uay MQTT
client Subscribe U8 Topic 3@ "th.co.egat.meamoh.rfid.bigtruck” Tunsel MQTT client l65u
message A1NM3  MQTT Broker 3¢11 message 1minmsudadlviagluguves JSON Object uaa
Ynadradusida SQL Insert Lﬁaﬁuﬁﬂaqaj Maria Database #alU waziinsniaaeunn EPC
(anesat RFID tag) sl iuantufindeunt videdesilsvemAu 10 witdmeiufintoya
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AMIAEUNIT (Implement)
ANFALATBIBTU RFID Uaza1u1nIansauniuaunsaliing o niasesunaui

anluAa 3 in1sAnng Software Meludau iOT wag Cloud Wawyiin1sAnes RFID  tag
WUU  Passive fusavuauiudnludluimiieansiiidendauazsausenienvundaan
U 27 AU

b % - r—
a

AN 4 N15AARA RFID reader MAsaausnatuiuanludn 3

AsNAgau (Testing)

¥UU RFID wa 0T Huszuy cloud iensdnns logistic vassornuaniiuanlug
Tumilemslwidendaudung lavinsmageunnuafissvessyuuuasaugnioasloya
Dunan 1 wew lnemsilieuiieudeyaanszuu RFID wayszuu manual waza1nndaneasie
fumiatiesesusduiivdnlud [Wumsmsivaeunuy Triple Check lneazuansdoyadnsiv
Yossnuua UL Ties osuanuiudnlud Danansesszuy Private Cloud wesmslyliin
naveAes RFID reader VINELAUATY reader VINELAY RFID tag WALAATNEVBNEIAYTATL
dnuuanlug

3593w (Maintaining)

n1501595n¥IYn 9 theuazdvitauazeingunsalang 9 lnen1siUry
waziinsnsiaaeunsinuetgunTaling 9 Wy aT1vdeun1sinauvesgunsaldisedlv
MsnadauNIATesteyalu SD card Tuduves network ilinng ping gunsal 1ATose
RFID, Arduino Mega 2560 + Ethernet Shield uasa fu Private Cloud vasnsnidendn
wiling

4. NaN1339Y

993361l s8UU RFID uay 10T fifmuntuannsnsiuuagiusiuausnoudiu
fuanludldgnieuasdoyaaunsnadsduszuu Cloud uwasgioyariuasufinneiuazqunsnl
Insdnvidetiold laglunnseniswanadeyausenaulume 13ainasvesssuy Private Cloud
g0en 13l aIvenA3es RFID reader muneiauip3ed reader 91UN8LaY RFID tag uay
gAY VINELaYTR LAWY
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wamrerey/fid pr) | @ ¢

adufom whiy {281 Reader Wnuay Reader [EPC [wioivsnl
it 12015-10- 14.39.0351 (620108

I i ; i

3146[2015-10-30 01:21:32 2015-10-30 01:16:22,370-14-39-0351 [300833B2DDD90915000562:0108
10 10-30 01:13:50 370-14-39-0351 -0116

10-30 01:11:34/370-14-39-0351 3008331 20117

0108

311

3115]; 2:25:22/2015-10-29 22:20:13/370-14-39-0351 |
31112015-10-29 22:24:31 2015-10-29 22:19:20/370-14-39-0351 [30083352DDD90915000562-0108

1 1029

1370-14.39.0351 0116

-10-29 10-2! 22114:43“370-14-39-0351 .0116
-10-29 3370-14-39-0351 0105
10-2¢ 13370-14-39-0351

390351 300533820

- 3 A R

AR 5 Joyavessruunsiamsladasind savuduiuanlud

5. @yunauazn1saausena
5.1 HAN1SNAABY

MAFeiiuanansisudisumstusumiionsavusuiuaniudsewinenutiv
WazlASed RFID Sewineudl 29/10/2559 &9 9/11/2559 ifiewUssuifisumnufianaindiiin
mnmstiulagauiy (1w 6) Taglu 1 Fluseeiisnvuduiivanludanvoyaluiieiosun
7 3 Ussana 30 8940 Wisawavanelu 1 0 (3 nznsvieu 26 $3lu9) wuneienuls
910 RFID Uszanal 240 - 300 e Tudiunnsanandnemuiuazedil 220 - 280 1#ien
LﬁaﬁﬂmLU?EJ“ULﬁauwudwzﬁmmﬁmwmmagj Uszanudevay 10 (WU AU 150 IARANAA)
ﬁqﬁuﬁaaqﬂlﬁ'j’ﬁwugﬁmmi RFID, iOT taz Cloud Computing ffimnunindedowavaninga
Panlgunuseuuwuuautula

nsfBaufgunisiuanuILNasaIuaIuAUaAn luNsEUING ALY LaE LASAY

RFID szwineduit 29/10/2559 - 9/11/2559

400
3 300
- 200
-ag 29/1(30/|31/|1/1|2/1|3/1|4/1|5/1|6/1|7/1|8/1]|9/1
§ 10/|10/ |10/ | 2/ | 2/ |1/ |1/ | 1/ |2 |2/ | 1| 1/

%@ Machine | 266 | 276 | 307 | 289 | 240 | 274 | 256 | 273 | 258 | 287 | 294 | 248
B Human | 245|254 | 286 | 269 | 223 | 255 | 238 | 248 | 237 | 264 | 270 | 226

o = = v o a ! a a & ! C% d'
AN 6 ﬂ’]iL‘UiEJ‘UL’VlEJ‘Uﬂ']iu‘lﬁﬂ’]u%um‘d’ﬁﬂ%u&’mvm&ﬂvLUG]ﬁS‘VI’J’Nﬂ‘lJUULLagLﬂi’EN RFID

5.2 Ugymuazguassalunisviiide
Hesnnseuaunsyinaulumiliosauituanlud savuauuazyinau 24 dalus
Tnauwuadu 3 ny/nzay 8 Falue aetulun1sazinge RFID tag avaunsavilaneuansingg
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WinuasnsnAdeUN3e RFID tag awhmadeulneuiisnd iy wermsdily
Ansasaetinsusranumumaemediu Wemndusafouliiilumssnnemiuasad
5.3 1deAeyen

miAforosenduszuy Aoasdimsiannfiais RFD reader 3n 3 90 Aefiumdiudiu
Anlud?l 1 uar 2 wasihumbsiitaimdnuazasdinndendessuunsdaiminliddoya
uarUszananan1uszuy coud wagludumsiiunsnsiaae uanunsaimaiuiiudnlud
vossnvutuiiu fnsmiiaiesuadiuiiuaniud iesanszuuiivannlunuaded nsaaeu
uansdnvessnvuiwiudnlud esanfisnvuduiudnludliannsomiediuiu
Iy msvusuiiinUe vie n3esunduiiudades Inelandidedeld Aensasieaey
anuzmsvneauiiu inihiedesunaiuiiu Tnedeyadesdanuduiusfussnitegmuny
\ASOsUATLTY wag Szuu RFID Tuanidedl

6. NAANSIUUIZAA

ATeifemereuam st feinama fudmslasnsvesud v | Generation Company
Limited flatfuayugunsallunsise uazveveugmmsinidiendnmiieausisns Mdugls
Nuide wazveveuam ninaunisiiidendnmilesusinzisiuisaiuazain
Tunisvienu
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