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ABSTRACT

TITLE : THE DEVELOPMENT OF INFRARED RADIATION IN DISINFESTATIONS
OF THE ORGANIC KHAO DAWK MALI RICE 105

BY : WITHAYA INSORN

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : INDUSTRIAL ENGINEERING

CHAIR : ASST. PROF. SUKANGKANA LEE, Ph.D.

KEYWORDS : ORGANIC KHAO DAWK MALI RICE 105 / INFRARED RADIATION /
ANALYTIC HIERARCHY PROCESS / DESIGN OF EXPERIMENTAL /
QUALITY FUNCTION DEPLOYMENT

The aim of this research was to develop the application of infrared radiation in
disinfestations of insects in Organic khao dawk mali rice 105. Scope of this research was to
designing an Infrared radiation machine to get rid of Rice weevils in rice including to analysis the
payback period of the infrared radiation prototype machine. The design of the prototype machine
stated with interview the enterprise in order to gain the assignments and requirement for this
prototype machine. Collected data was analyzed using the analytical hierarchy process (AHP).
It was found that the most important assignment was the infrared radiation machine must be
conveyor belt system. After that the technical qualified functional deployment (QFD) was used to
analyzed the customer’s needs. All needs were grouped and used in the questionnaires in order to
assess priority of requirement. It was found that the satisfaction in the prior product and after
improved were 3.76 and 4.46, respectively. The cost of the developed machine was slightly
increased. The infrared radiation prototype machine has 2 infrared bulbs with a belt conveyer
system. The experimental design of disinfestations in Organic khao dawk mali rice 105 using
Box Behnken Design with 27 experiments, 2 repeats. There were 4factors including temperature,
the height between the bulb and rice layer, the thickness of rice on the belt and the inverter
frequency. It was found that the optimal condition within 100 centimeter of belt was the

temperature of infrared wave of 85°C, the height between the bults and rice was 15 centimeter,



the rice thickness on the belt was 1 centimeter inverter frequency was 27.5 Hz. and, the efficiency
of disinfestations of rice weevils was 100% within 1.33 minutes and after radiation.
After radiation, rice was not crack due to the heat of radiation. The physical qualities of rice still
have value within standard. For chemical quality, it was found that after radiation amount of
protein and fat was slightly out of standard value, while carbohydrate, fiber and ashes were within
the standard value. The quality of cooked rice after radiation was found that the amounts of
amylase increased. The stability of rice was in medium level and the elongation and aromatic
smell of cooked rice remain unchanged. The payback period of infrared radiation machine was

1 year and 2 months. The cost of using infrared in disinfestations was 1.65 bahts/kilogram.
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2.8.1 ﬁ'aqnﬁ'nﬂ%uamﬁ'nms (Rice Weevil) (Coleoptera : Curculionidae)
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Far : 14 llm - 1 mm. 0.3-22 THz
Sub Millimeter 0.1 -1 mm. 0.3-3THz
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MINN 3.4 MAUNINAABIN 1A 1151NTY Minitab Release 14
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. . mszauiedy
CyTgY a1
, T H Th S
P1INALY M )
<) (cm.) (cm.) (rpm.)
1 52 85 15 1.0 27.5
2 44 60 15 1.5 5.0
3 50 85 10 1.5 275
4 48 85 10 0.5 27.5
5 19 60 15 1.0 50
6 39 110 15 1.5 275
7 15 85 10 1.0 50
8 34 85 15 - 0.5 50
9 43 85 20 1.0 50
10 33 85 15 L5 5.0
11 40 85 10 1.0 5.0
12 8 85 15 15 50
13 5 85 15 0.5 5.0
14 28 60 10 1.0 27.5
15 21 85 10 0.5 27.5
16 31 110 20 1.0 275
17 53 85 15 1.0 275
18 7 85 15 0.5 50
19 9 60 15 0.5 275
20 36 60 15 0.5 275
21 38 60 15 1.5 27.5
22 16 85 20 1.0 50
23 6 85 15 1.5 5.0
24 25 85 15 1.0 27.5
25 11 60 15 L5 275
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MINAadY magy .
) (cm.) (em.) {(rpm.)
26 51 85 20 1.5 275
27 18 110 15 1.0 5.0
28 4 110 20 1.0 27.5
29 23 85 10 1.5 27.5
30 45 110 15 1.0 5.0
31 46 60 15 1.0 50
32 54 85 15 1.0 27.5
33 35 85 15 1.5 50
34 12 110 15 1.5 275
35 29 110 10 _ 1.0 27.5
36 27 85 15 1.0 27.5
37 41 85 20 1.0 50
38 32 85 15 0.5 50
39 42 85 10 1.0 50
40 14 85 20 1.0 5.0
41 47 110 15 1.0 50
42 37 110 15 0.5 275
43 22 85 20 0.5 27.5
44 20 110 15 1.0 50
45 2 110 10 1.0 275
46 24 85 20 1.5 27.5
47 30 60 20 1.0 275
48 49 85 20 0.5 275
49 1 60 10 1.0 27.5
50 10 110 15 0.5 27.5
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MINN 3.4 Meuminaasanl@aanTiUsunsu Minitab Release 14 (61D)
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) (cm.) (cm.) (rpm.)
51 17 60 15 1.0 5.0
52 ' 13 85 10 1.0 5.0
53 26 85 15 1.0 275
54 3 60 20 1.0 27.5
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a1 a1 mazavuiode
MINADDBY MIgN | T(C) | H(em) | Th(em) | S (Hz) | Percentage (%)
1 52 85 15 1.0 27.5 100
2 44 60 15 1.5 5.0 15
3 50 85 10 1.5 27.5 85
4 48 85 10 0.5 27.5 100
5 19 60 15 1.0 50 5
6 39 110 15 1.5 27.5 90
7 15 85 10 1.0 50 90
8 34 85 15 0.5 50 92.5
9 43 -85 20 1.0 50 90
10 33 85 15 1.5 5.0 100
11 40 85 10 1.0 5.0 100
12 8 85 15 1.5 50 87.5
8 34 85 15 0.5 50 92.5
9 43 35 20 1.0 50 90
10 33 85 15 1.5 5.0 100
11 40 85 10 1.0 5.0 100
12 8 85 15 1.5 50 87.5
13 5 85 15 0.5 5.0 100
14 28 60 10 1.0 27.5 17.5
15 21 85 10 0.5 27.5 100
16 31 110 20 1.0 27.5 97.5
17 53 85 15 1.0 27.5 100
18 7 85 15 0.5 50 92.5
19 9 60 15 0.5 27.5 20
20 36 60 15 0.5 27.5 20
21 38 60 15 1.5 27.5 12.5
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At fnu mszaufade
PMINAaeY | MsgN | T(C) | H(em) | Th(em.) | S (Hz) | Percentage (%)

22 16 85 20 1.0 50 90
23 6 85 15 1.5 5.0 100
24 25 85 15 1.0 27.5 100
25 11 60 15 1.5 27.5 12.5
26 51 85 20 1.5 275 90
27 18 110 15 1.0 5.0 100
28 4 110 20 1.0 27.5 97.5
29 23 85 10 1.5 27.5 90
30 45 110 15 1.0 5.0 100
31 46 - 60 15 1.0 50 5

32 54 85 15 1.0 275 100
33 35 85 15 1.5 50 87.5
34 12 110 15 1.5 27.5 90
35 29 110 10 1.0 27.5 100
36 27 85 15 1.0 275 100
37 41 85 20 1.0 5.0 100
38 32 85 15 0.5 5.0 100
39 42 85 10 1.0 50 90
40 14 85 20 1.0 5.0 97.5
41 47 110 15 1.0 50 92.5
42 37 110 15 0.5 27.5 100
43 22 85 20 0.5 27.5 100
44 20 110 15 1.0 50 92.5
45 2 110 10 1.0 27.5 100
46 24 85 20 15 27.5 90
47 30 60 20 1.0 27.5 17.5




b

158

MM 4.34 JUHIUMINAADIATHANITNARGY Minitab Release 14 (#0)

dev v : mszautfode
MINAReY | M3gN | T(C") | H(cm) | Th(em.) | S (Hz) | Percentage (%)

48 49 85 20 0.5 27.5 100
49 1 60 10 1.0 27.5 17.5
50 10 110 15 0.5 27.5 100
51 17 60 15 1.0 5.0 15

52 13 85 10 1.0 5.0 100
53 26 85 15 1.0 27.5 100
54 3 60 20 1.0 27.5 17.5
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o Response Optimization

i) ] ]

[— T(©) H(cm.) Th (cm.) S (Hz.)
| oty 110, 20.0 1.60 50.0
Cur [85.0] [15.0] [1.0] [27.50]
1.0000 |, 60.0 10.0 0.50 5.0
P ——
Percent o~
f|  Maximum
| y = 100.0000
8| d =1.0000
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300 TagymsguiannuemuesdIms $1Iu 5 A5 9991959 200 N5

ﬂ1i1ﬂﬁ 4.37 ﬂ’)'\lJ‘U’]’)‘UfN‘\’ll’]’)ﬁ'\i

ANUVVBIT IS
b 1 @ da b o/ o Aada
PIa15peUNIBSIFeus I YnmsHadeTaaoursusa
. 2M1BD 11:03 )
(n= 5)  2M16D 11:04 Fee 216D 11:85
MAX th= 352 2M16D 11:66
L 73.2Z a +3.37 b +6. MAx
HIN §.27 L 74.43 2 +3.63 b 47.89
L 58.32 a +2.76 b +4.60 MIN
HEAN L 71.25 a +3.86 b +4.55
L 69.27 - +3.19 b +5.57 MERN '
0 S L 72.87 a +3.48 b +6.99
3 a 2.24b 8.77 5D
L 1.50 a 9.22 b 8.93

H ¥
110151901 4.37 AMIFUIAANIMVIIVOINIIET TIUIU 5 AT

kY ° @ ' S ¥ oA @ Ao a 4 =t
1NVIMITIUIU 200 AT NUN LﬁJﬁﬂ‘UﬂﬂN’lNﬂﬁﬂWi\lﬂﬂuﬂi1!5(91 wwimsasuudasd

AudadRa
dmsnoumeddursisa f1msndamesaasunsusa
- mmainmﬁ'ﬂ §9) $oune 69.27 - mmﬂinmﬁu L) $ovaz 72.87
- Funs mde @) Souaz 3.19 - Fums w30 (ab) $ouaz 3.40
- amfcsmas b  Jouaz 55T - Fmdes Ao (b+) $ovaz 6.09

i 1 @ Aa A' 3
AMUAINNOUNILSITOUNI SR Fo0nz 69.27  IWuTU Seuas
a ' v an 9 A X g 2 A ' @ o
72.87 AuAINOUNIETITBUNT IR Touas 3.19 INNATY SouaT 3.40 LATAIMADINDURIYIIT
a 1 v & a t o
dunsusa Souaz 5.57MuAU Sovaz 6.09  aduaNuYvestIas & luldiasuntas
a i v A & e A R
oz lsumin isenn luiimsulasunlaatludduudediala
4) MIaswaoumnann WSsuwneuszvinadnaisneu uag
@ v aa Y o ¥ g 9 s’:‘a o o ‘n’l A
naamwiiaoususa Taod9eviimsguuaadn AT902 10 WaA $1UIU 5 AT IHDATIABY
nnndesganssend S1msudimiesidlinumsuandn vieuandiudediala
4.5.1.2 UAMWNMUAN (Chemical Quality)

a o =) g v [
aunwmunll Hudnyaemaniingluaedn wu fEinu
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&l =y L% 4 H o=y
anuru Tusau vy wely 8 uazas 1u'lawmsa Wudu Taowanldninnisdiasizvilu

9/ = e
EMIGHEREY

! a a == o 1
Maeh 4.38 nsalioufivuesmlsznoumauniiguamsniunnenuy88urss 105 neu nay

NAIROTITBUNTUTA AUIIATFIU

yiadn Tulsfu Yuitu iiele i milulamsa
(Type of Rice) (Protein ) (Crude Fat) (Crude (Ash) (NFE)
(n3w) () Fiber) (n3%) (n3n)
(n5u)
nasgIudnvI | 63-7.1 03-05 02-0.5 03-0.8 77-89
uzd 105'
dens 7.70 0.41 0.38 0.64 78.96
AOURLSIT
dulsuIa
d1ms 8.44 0.24 0.28 0.37 80.67
VA3
aurssa
Zovazi +9.6 - 41.46 -63.15 -42.18 +2.16
aidountag

Wome : Juliano, B.O. 1985 1¥atunldgndes Iufludhiviaenuzd 105

a P4 a 9 '
1naseh 438 Msfsouesdilsyneumaniivesgaunimdranou
[ v Aa T A'Q by [4 - v 1
uaznaamws@dursuse  wun Winautels 1 ailulamsa fiateglusnasgu aau
a 4 X a4 w v o d 9 = = o &
TilsAumvvaniios ua luiuanauamisy swazidoassinelaaat]
1) Tdsau Teetlndegsendng 63-7.1 nfy  fle neumwiediin
.Y s Q) ey Qs 1 =l Q' 3 Qs =y
7.70 PSU MAINIIMIETITNA 8.44 nTu ua TilsAwnuvu 074 nu Aatludeoas 9.6
2) Tuiiu Tanln@Aegszna1 03 0.5 nu Aeneunessdiin 0.41 niu
Qs s 1 o 1 Y] s a o
HazrdanRwsIann 024 nfy e luiunans 0.17 5y Anitludouas 41.46
U AN o

3) woly lavinAeyszni19 0.2 -0.5 iy Aeneun1eiadiin 038 n3

Qs s o o ' A Y] a o
HATHAIMINIBSITNA 0.14 nSY uaweluanas 0.10 nsu Aaludesas 63.15
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v A4

4) 11 Taviln@Angsznang 0.3-0.8 niu Avneumwi@iinl 0.64 niu

[ ' @ [1 o o o
HATHAINITRIBT WA 0.37 NTU usdanag 027 nTu Artludesas 42.18

5) m3lulamse Tavlndegsznine 7789 nfu fenouniwiedd

' [ @ ¥ A~ 1Y 1 I4 A 3 [y a o
A1 78.96 NTU LLATHAINIINIVTITNUAT 80.67 NIY meﬂv%mwmmu 1.71 n5u Aalu

founz 2.16

4.5.1.3 nfieuivuguniwd12194u (Cooking Rice Quality) 151 YSua

al 10e (Apparent Amylose) ANUAIAIvBIIIGA (Gel Consistency) 6ATINSUAAIVOIN?

90 (Elongation Ratio) HAYNAUTOY (Aroma)

1) YSunaeiilae (Apparent Amylose)

MmN 4.39 el laa (Apparent Amylose)

i Hnweiilan foumedan vaameSaa
(Gosay) (Gouaz) (Goway)
frefiTand fovaz 519 7.28 8.86
delilaathunany | $evay 20-25 - -
f1eliTaega 1nn Feuag 25 - -

INANTNA 439  aneuniesd NdSuweilaa Sevas 7.28

nazdrmdmiesed wudh TiSuweiilaa Sevas 8.86 oglunaat 4170l Taas uandanis

w39 szifsudieiilag

2) anuasdaveutlign (Gel Consistency)

MINN 440 ANUAIRIvewTlagn (Gel Consistency)

o Y
anuaivewmilign

voznaiuillva i)

24 ¥ v
VINOUME N (M)

7 ar o =t
VINAINWINA(NN.)

U9 (Hard) 26 — 40 - .
1hunale (Medium) 41 - 60 41 42
90U (Soft) 61 - 100 ; ]

105190 440 anunsiveudlign Wy drneuniedal

(% by [} [ d‘ Y T @ a - £y Q
anunsiavesuilignegszauihunan szsznefiudlelnamiiy 41 Gafwes wazdrmda
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[ —_ -1 Y Y T s P Y | . a o
NWIITUAINARIvD Il qn agizﬂuﬂmﬂma 5zﬂzmmuﬂa'lﬁmmﬂu 42 UatUAg

\J L 4 l:‘ Q' 3 = =
HAYAIMIMYSIT i%UleN‘Vlll‘ﬂﬂ‘l‘HmWN‘Uu 1 yaalung

3) BATINISOARIVDITIIYN (Elongation Ratio)

M3190 4.41 6A3IN150AR2YDIN19GN (Elongation Ratio)

91220 14da fouMITIa (ML) naIMe3ad (1.)

1.62 1.63

1INMSNA 441 BATINTEARIVEITIIGN WU d1IMdane
& A AW o oy oA X
9% fidasmstadaveadnign 1.63 uu. finuiudiu 0.01

4) AAUHNON (Aroma)
3 a4 Y 4 4
naaet lasiFerriy 19nayinisIiaziuuniumen (Aroma
4 t -] ﬂyl 4 Q' -] o o W

Score) Naasl lasnisaunau Tasgunisan $1u 10 A5 IHeNATOUNIANNAY (11D T

gazRa©1? NIUNTE1) (MARKIN 9 uutmadeulssamduraniureudid)

1 4 a ' v o
msnﬁ 4.42 mmmmﬂﬁ'ﬂzuuuﬂauﬂau (Aroma Score) pounwsIaounIuse

dwunsy 1023 ]4(s5|6]7/8]|9]10] 52unamn msudawa
YBINMIAN NAIGY
foun g . ANTBN
4
may

o o 9/ Py
LA 303133 |313(3|/2131|3 2.9 Wud1vienuza
AZUUY Fouaz 100

NAANTIN 442 1NUNN I IHAZLULUNRUNDY (Aroma Score)

= o

] v aAa [ ' - o o o f,
ADUNIBTITDUNT UTA WU PN NUVaNmAY Wudiveunzd Aatlu esas 100 Ay

A g Y 2 - Y a d Y
Wolunzuuunuvey 3 ANLAIWTHONVUIYNUIN maﬁeuﬂaw'luma aenilu Souaz 90

o (Y a d
wazAzIUIMANIYDN 2 Auudinnureuthunan §anveuna liwnamiiiy 3 Aadhs Jeva 10
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H o a2 o @ A
M3 4.43 nunmsIiazuuuNauUNeN (Aroma Score) HaIRIBTITBUNIUTA

snounds |10203]4(5]6/7|8|9]|10] saunae m3ulana
YN I MNASHIY

waamesan

LAY 3120303 (2|3|3]3|3]|3 28 | Wudhvenusd 100 %
AU

1IAA15190 4.43 INU9INS IRAZUIUUAAUNEN (Aroma Score)
o @ Aa ' o P 4 v a a & ¥
HaaRwTaFguUNsuTA WU aRanureumas Wudrimenuzd anlluiesaz 100
o ¥ A 4 ¥ ) - Y a g ¥
Anjudietlunsuuunnurey 3 auudazroniuaymnn wseveuadwluwe Antluiesay
ot Y a d
80 uazAzuUUANUYOY 2 avudannuventhunan jAnveuua liunminu 3 Aeiy
$ouaz 20
a7U31 d1msneuntsuazndiniseied @dudsusa nduvow deng
milouRyluiimsnasulag
452 alspufsumswigivlnveamas teumaznasme3iasursise
o 3 9/ an s o < a
‘ Wudnamsdnveenusddunid 105 Tasiwnussyluganaradn PE
° a [ [ <] ' @ A o @ @ a
11 1 Alansy Msussuieeniy neunesd@dursusa $1uIu 3 9 HagndnIesaE
¥ 3
BUNTUTA TIMIU3 QI SIWNIMUA 6 QI IHBHIITUITATIMIMSINANS 0193 AL Tnues
k987 neunasndmiesiddursusa luusazszoznamSesiuauiy

452.1 anwilnansuniesidounsusa

3 Py @ ¥ < = = ad
MINA 444 Furamsfaunas (32) Wenudnmslunsuggaiwaradn Indlendu (PE)

AnBATIZIAT 180 JU HiB 6 Wau (PountwsidounsuIa)

MyUzUsIPINIaS szuzm (W)

(daumu'{qﬁﬁuﬂﬂﬁﬂ) 0 15 30 45 60 75 90 | 105 | 120 | 135 | 150 | 165 | 180

1. qﬂwﬁmﬁﬁuNo.l 0 0 8 [ 35 | 32 | 24| 45 |38 ] 55 38|19 719|165

2. alndeiduNo.2 | 0 { 2 | 7 (25 | 45 | 16 | 129 | 24 | 42 { 25 | 35 | 65 | 228

3. 9 lWdeNaY No. 3 0 {3 | 6 | 19 37 {45 |142]29) 39|45 24| 46 | 280
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4.5.2.2 YrvaameTiasunsusae

\ =y o ' =1 a a Aoy
M3 4.45 Pnamsiiaueas (@) domnudms lumsusganaradn Inaenau (PE)

ARBATILZIIAT 180 U Y3 6 AU (MAIRIESIFBUNIUIA)

mMyuzussgdnms szuznm (4
wdmesedsunsusay | O | 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
1. 9alnde#iau No. 1 ojlojojo|2]o|lo]o]o]|o|lo]|oo]s3
2. Qalndeiadu No. 2 oloflololojojfol1]olojof2]o
3. gaIndedinu No. 3 ojojo}lojojo}lo|o]o|ojo]| o0]?2

P =y a 4 9
210015199 445 USuamsinauuas iwenudiaas luamrue
ganara@n Indeiau (PE) aaoaszuziial 180 4 M358 6 Aon (Mamiesaddunsusa) wa
' = YR [l 4 o o Y] 1 Y]
YOIMTUZUTIIROMITINAUNaaziIsou wul eamuiunar 15 Ju lulluwaaasda
soulsinglugawaradn Indefidu diafudhunar 45 Su himnSnauwauasdisou
1 d 4 ] i Y] a 3
Tusgrnamany 813 leaninnifSua lduyas RdumIniesidsunsusa e lauany
v & o v 9 9 . @ = ] ] ] - A o =1
Fou 3 IS nudia9d uazdseu gauSemuneu uaedialsnaaniiontsinuiiy
X o 1 da Yy a & yy2 a v ¥y
pauiy Tomanuunasuasdissuniiuua Tdufain 14 Fesstitunadisnsdhinios
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4.6 MIUATIZAMIANUATHgAIENS

2 4' v aa
4.6.1 msmssuxmnmanuﬁlmmsmmusmauﬂsum

myTinTzimansugmans ednaumszoznaiuyy vouniean

v Aa g o a 1 ] A o YA a 1Y 1Y s/
sdoudsusa (Wuiimsiseiivedieie wowaaeNRUaINU 1udD zdealdszuy

' "o Vo A a > ¢ g A 2 ay =
nawilvs Geezldsumuan TasRamundnmsves (Iwyad uduiion, 2549) Faiidoyad

9
1 4

T lumsaman fetine

4.6.1.1 YARUNU
Toyafinuifes
-1Sinadn = 40 Au/u
= 40 AU/ x 26 TWARBU
= 1,040 AUARDY W30 1,040,000 A lansuidiou
- 915 ua = 14,500 1I/A U
- 1917 (1) = 1,040 AUARDYU x 14,500 LIN/AU
= 15,080,000 L1N/foU
- AYUHEAS ) = 20,000 U IN/AADY

- WS em1059F (F1) = (2.90 kw. x 4.70 1191 = 13.63 uan/a Tus)
; = (1911594 x 13.63 UIN/%2 14 x 8 991314 x 26 M)

= 53,866 UIMARDU

- A (F2) = 180 U MM/AoU

- 3191910 (P) = 18 U/ lansy

- YOANISHDA (Z1) = 1,040 duifou W30 1,040,000 Alanduifion
- yOAvY = 18 /A Tansw x 1,040,000 A Tansu/ifau

= 18,720,000 1"NW/ifA0U

- Fununsii 7) = (F1) + (F2)

= 53,866 + 180

= 54,046 UM/AADU
- AuuAuuls (v) =1+ Q)

Z1

= 15,080,000 + 20,000 = 14.51 vIn/Alandy

1,040,000
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- 9ARUYU N* ~ F
P-V
= 54,046
18- 14.51

15.48 14ADU

I

4.6.1.2 32UAAUNY (Pay Back Period)

Foyafinurdos
- BRI IHARBULINY = 6% vl = 0.5 % AvlAoY
- FunuinTesn03ad (19 nheq x 162,600 11%) = 3,089,400 1%
- YBAMIINDA (Z) = 1,040,000 1 lansu/Rou
- Aunuiuusdeniae (v) = 14.51 ywAlany

- 48R0 (1,040,000 A lanTuiAou x 18 vIn/A TanTu)= 18,720,000 LN/iA9

54,046 UTN/ADU

- Aununash (C1)

- Aunurlls (c2) 1,040,000 x 14.51

-mls (A)

18,720,000~ (C1+ C2)

18,720,000 — 15,144,446

. 3,575,554 1/Rew
o & a 4 A v A =)
AIUUNITIUATITHIZHLINAUNUVDIA UL LIS 09R 1859 T

a A o o £ aa o d
wﬂiusmwamﬂﬂuumﬁlumwnﬂﬂnuzaaumﬂ 105

NPV = 0
Vv o
PVAUNY = pvinls
3,089,400 = 3,575,554 (P/A, 0.50, n)
(P/A, 0.50,n) = 3,575,554 / 3,089,400
n = 1.1573
1 4 1\
Wamsasnitie i = 0.50 %
P/A, 0.50 %, 1 = 0.9950
P/A, 0.50 %, 2 = 1.9851
[ :’I P} L -~
ANTuITETIAAUYY = 17 2 1@ou

a 4 4 L)
i]']ﬂﬂ']i')lﬂi13ﬁﬂ1ﬁlﬁiﬂﬂﬁ1ﬂﬂ§ 53031')?11?1{11nuﬂ]ﬂﬁlﬂ%ﬂﬁﬂ']ﬂi\iﬂ

aunsusa v l¥nundodseum 17 2 oy
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; o A .
4.62 Whsudeudugumslszgnaliindesmeiiadudsusamenidauuasly
1 an a d ad 1 P=§
dv1InenuzdduNId 105 wazIsmslvasai
I( 4 LY =
46.2.1 aunumsilszynaldiniesnieisddunsuse
Tssddnduriidneaudnn iddimsnaamaodssum 40 duiy
130 40 A x 312 T4 MR 12,480 AU 139 12,480,000 7 lansu timihnssgaslugeuina
A9
d‘ w S =S Y Y o gﬁ = 13
WIpanIeTIaounsuIA NUsEANTMINAIUAD 1 U1 STETHI9v0Y
LY o o o d a 3
naeafud1as 1esed lUdinsesfunumenIuYLIa 50 x 100 [FUAWLAT NAIUNUI
d a a LY & °
s 1 sudimas a5 unadms 45 alansy vie 1 921w 1dSmdms $uau
=Y W o :’I -] o oy s L = -7
270 Alansu anfuTlssddnimidenisnan 40 Au/y 139 40,000 dlansy Tasausonila
[ d’d
NNgATALAD
MAIMINAR = TIUIUATOIINTVIOTILIUAUNIY x IAITUATEIVAT HIBAU N9 x
. a a - a da
Yszaninm (3013 sI5uNTRINAIA, 2554)
Y - 4 o Py o d a
MAINIHAA = 1 19389 x 8 32139 x 270 A lanS AT UALING
= 17,280 Alansu/iu
aginlseddzdesldiniomwiiddursusa Tavmdedszun
4' @ A Y ] o o = ('Y ) ’
1919509 Weldifivanenemainmsnanluuaiu

d' YV - o o .
MINN 4.46 AUNUAINMINWITIADUNITUIA (Fixed Cost)

1S S Ruaau Pty | Aunu
gn%ey) | (UIman3eq) dh wmil)
1. AT 0an s dBur usA 19 3,089,400 5 617,880
(162,600)
4 d
2. 1n3pabunsT a0 3 51,999 5 10,400
(17,333)
i =
3. 1A599%011nga 1 6,500 5 1,300
(6,500)
0.4 g o
4. adaimin 2 24,000 5 4,300
(12,000)
5 | 634,380




M1319N 4.47 AunuAlulsmsn1w3Iadunsusa (Variable Cost)
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318M3 R TRl 1M FIURY
) @wnile) | Wil
1, fussnuns seaesadsunsusa 19 250 1,482,000
(19 x 250 x 312 = 1,482,000 11/ 1) aY VI
2. SR pudunsE R 3 250 234,000
(3 x 250 x 312 = 234,000 11N/l ) au U/
3. mussustsaFaimiin fu s 2 250 156,000
011099 (2 x 250 x 312 = 156,000 VAl A N/
4. ' flunean e dsunsuse 8,505.083 646,389
(19 x 13.63 V./%3. x 8 x 312 = 646,389 11./1) e04 VINARY
5. m W urseudunszaoy 586.60 7,039
(3 x 0.2 Kw. x 4.70 U./H78 x 8 ¥U. x 312) 19304 VIN/AROU
=7,039 1Al
6. WA unS oeFaganaradin 342.16 4,106
(1x0.35 Kw. 4.70 1./¥1170 x 8 ¥%. x 312) 309 1IM/4RoU
= 4,106 1Al ’
7. MASSTAOVAIUNDIAAN PE Y149 An. | 72,000 11 15 10 1,080,000
8. MQINAIAAN VUM 1 AN, 950,000 1y 31U 2,850,000
9. AIQINAIAAN YUIA 2 NN, 980,000 1u 51 4,900,000
10. MIQINAITAN YUIA 5 NN 995,000 v 8 UM 7,960,000
11. mmudunseaoy 8,950 Tu 85 UM 760,750
57 | 20,080,284

v

1Y ~

AunuAaInaeniiy =

AUNUAIN

]

634,380 Y™

° a o fd o 91 oy
R TR GG R G G

12,480,000 N lansy

1

0.05083 vwalaniu

Jq 9 A v AA . L. o
auUNUNT 'ﬂizqmﬂ‘mﬂi 29R105 3T U U (Infrared Radiation Heating Cost)




y
AUNY

¥
AUNY

Aumlsaenia

¥

AuuRuLLs

o o o e A Y1 A
SuRdanumean lanoll

20,080,284 1

ll

¥

FIADHUIW = AUNUAIN

12,480,000 1 lansu

T
=

0.05083 + 1.60899

4622 dunumsidmsall

1.60899 v/ lansy

1) Mysuemietiuen 1asle Aluminium Phosphide

2) M3uNMIoLNYT 1auld Methyl Bromide

A13197 4.48 AunuAafinis 19asiadl (Fixed Cost)
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Ao + AUnUALIsHaniiY

1.65982 wn/n lansu (1.65 uwa lansy)

I18n13 snou | Quaagu | ewgnsliau | dugu
(309) (m'n/m%m) 01)) @wmAil)
1. ineubunszaoy 3 51,999 5 10,400 -
(17,333)
2. m’%mc‘i}aﬂmqa 1 6,500 5 1,300
(6,500)
3. mdahmiin 2 24,000 5 4,800
(12,000)
s | 16,500
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(3x250x (24 ﬂ%y'q/TJ) = 18,000 ¥/ 1) Al YN
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=7,039 Uil |
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6. MNTSADUVATUNAAAN PE YA 4900, | 72,000 1 15U 1,080,000
7. MQINENTAN vUIA 1 0. 950,000 11 3 2,850,000
8. MQINAITAN YUIA 2 NN 980,000 1u 50 4,900,000
9. AQINANAAN YUIA 5 NN 995,000 1u 8um 7,960,000
10. Mdwdunszeaoy 8,950 f1u 85 UM 760,750
11. 115103 Aluminium Phosphide 12 1,850 22,200
| nseileq
12. A5t Methyl Bromide 12 850 10,200
a3
13. mgaf ldasindl 240 1.25 300
lu
14. MAW N[ 5 6,500 32,500
v
334 ) 18,035,095
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Aunums 1demsind (Chemical Cost)
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1919309 x 8 92 1n9 x 270 Alansu/alug
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Length mm. Volt. Watt.
W Project Full \’% W
250 370 110 300
IHH-14 Aanammeunen 300 420 110 350
YU D14 U, 300 420 220 350
350 470 110 400
350 470 220 450
350 470 220 650
500 620 110 550
600 720 220 650
750 870 220 800
500 620 220 650
IHV-17 Aaadl@auunuenuazinggg 600 720 220 650
YU 17 uy. . 600 720 220 1,000
750 870 220 1,000
750 870 220 1,400
1,000 1,120 220 1,300
, Length mm. Volt. Watt.
Ely Project Full \% w
250 370 220 500
HH-17 Ansnemzlumuey 600 420 220 500
Y[ J17 uu. 400 520 220 500
450 570 220 550
500 620 110 650
500 620 220 650
550- 670 220 650
600 720 220 800
600 720 220 1,000
750 870 220 800
750 870 220 1,000
1,000 1,120 220 1,300
1,200 1,320 220 1,600
1,200 1,320 220 2,000
1,350 1,470 220 1,800
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