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Abstract

This research focused on the integrated solid waste management in Suan Sunandha
Rajabhat University. Objectives of the research were as follow; (1) to evaluate the potential of
recycling organic wastes in the university as compost or alternative energy, and (2) to evaluate the
economic worthiness of implementing the recycle waste bank project in the campus. Outputs
derived from this research can be used to reform the management process of organic wastes and
recycle wastes in Suan Sunandha Rajabhat University in the long run.

According to the study, it was found that ;-

1. The potential of recycling organic wastes which include mixed food waste, mixed fruit
& vegetable waste and mixed leaves & yard waste was divided into 3 ways; first, the potential in
terms of adequate amount at the average of 300 kg/day that can be used as raw material for the
production of compost or alternative energy; second, the potential in terms of suitable properties
especially for their C/N ratio and heating value which were between 15:1 to 17.5:1 and 4,848.42
to 5,378.29 cal/g, respectively; lastly, the potential in terms of using appropriate technology for
composting by aerobic decomposition process and for making refuse derived fuel (RDF) by wet
process. It was found that N, P, K of compost derived from this process was 3.52, 0.90, 1.71%
and the pH of 6.33 which meet the standard enacted by the Department of Land Development. In
addition, RDF produced by mixed food waste : mixed fruit & vegetable waste : mixed leaves &
yard waste : grease : cassava starch at 40:30:10:10:10 had the heating value at 7,070.98 cal/g with
15.7% of ash content.

2. The amount of recycle wastes collected by the recycle waste bank during July 2009
to December 2010 was totally 97.61 metric tons in which most of them were black and white
papers. It was calculated that this amount of recycle wastes was equal to 13.28% in term of
recycle rate and can help reduce greenhouse gas emission by 390 metric tons of CO, when
compared to the disposal by landfill. In economic point of view, the data derived from this
research showed that B/C ratio of the recycle waste bank project was about 1.09 to 1.16 with the
internal rate of return (IRR) at 43.18% per month. This figure turned to be the average net profit
of the project about 5,000 — 6,000 baht per month. Besides, data from interviewing indicated

that most of members had a moderate satisfaction to the operation of the recycle waste bank.



3. The amount of general wastes in the campus was averaged at approximately 1.3 tons
per day during the weekday and 1.0 ton per day during the weekend. In this case, the evidence
of no separation of wastes discarded into the bins was normally seen. Because of this, the
campaign on public awareness to environmental safety should be initiated and worked
thoroughly until the problem could be solved. Moreover, it is recommended to build a
storehouse for collecting and separating the garbage so that parts of them can be recycled and the

rest will be collected and transported to the landfill site.

Key words : organic wastes, recycle wastes, composting, refuse derived fuel (RDF), recycle

waste bank, economic worthiness, solid waste management
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Abstract

This research aimed to study the potential of processing organic wastes in Suan Sunandha
Rajabhat University. Objectives of the research were as follow; first, to study on type and amount
of solid wastes produced each day in the university; second, to analyze physical and chemical
properties of organic wastes which include moisture content, three major elements of plants (N, P
and K), C/N ratio and heating value; and third, to evaluate appropriate technology for recycling
organic wastes as compost and refuse derived fuel or RDF.

As the consequence of this research, it can be concluded that :-

1. The amount of general wastes in the campus was averaged at approximately 1.3 tons per
day during the weekday and 1.0 ton per day during the weekend. In addition to general wastes, the
amount of organic wastes was about 300 kg per day by average. Of this, mixed food waste had the
highest volume of 191.9 kg per day which was higher than mixed leaves & yard waste and mixed
fruit & vegetable waste where their volumes were 66.3 and 41.6 kg per day, respectively.

2. The physical and chemical properties of organic wastes were shown at the following
results; (1) average moisture content was between 69.54 to 78.15% in which mixed fruit &
vegetable waste had the highest moisture content whereas mixed leaves & yard waste had the
lowest content; (2) average level of nitrogen was between 0.14 to 0.17% whereas average levels
of phosphorus and potassium were between 0.46 to 0.52% and 0.16 to 0.18%, respectively. Also,
mixed fruit & vegetable waste had the highest level of these major elements when compared to the
others. (3) average C/N ratio was between 15:1 to 17.5:1 in which mixed food waste played a role
as the organic waste with highest C/N ratio; and (4) average heating value was between 4,848.42
to 5,378.29 cal/g and mixed food waste had its heating value higher than that of mixed fruit &
vegetable waste and mixed leaves & yard waste. Statistically, it was found that there were no
differences of these properties among three types of organic wastes except for moisture content
and heating value that were significantly different at the level of 0.05.

3. Composting by aerobic decomposition technique was employed in accordance with the
suitability of physical and chemical properties of organic wastes. By this process, the portion of
mixed food waste : mixed leaves & yard waste : mixed fruit & vegetable waste at 3:2:1 was used.

As a result, it was found that N, P, K of compost derived from this research was 3.52, 0.90 and
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1.71% with the pH of 6.33. It can be said that all of these parameters meet the standard of compost
enacted by the Department of Land Development. However, other parameters such as C/N ratio,
organic matter (OM) and moisture content did not follow that standard. It is, therefore, necessary
to improve the process in order to get better production of compost from these organic wastes. To
discuss on making refuse derived fuel (RDF), the result by this research indicated that RDF
produced by the portion of mixed food waste : grease : cassava starch at 80:10:10 generated the
highest potential with heating value at 7,895.28 cal/g and 14.5% of ash content. However, it is
recommended to produce RDF by using all types of organic wastes with the portion of mixed food
waste : mixed fruit & vegetable waste : mixed leaves & yard waste : grease : cassava starch at
40:30:10:10:10. It was found that RDF derived from this portion had the heating value at 7,070.98

cal/g with 15.7% of ash content.

Key words : organic wastes, physical and chemical properties, composting, refuse derived fuel

(RDF)
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(heating value) MUAIAY FININMIAATIEHIINAIOINVILTIUIUNITY 39 @219819 TUIETHIN

9
ROUNTNYIANDINGATNIOU W.A. 2553 UsInguandl

v
=

1 a 4
1.2.1 d@avilsgnouniaad (chemical component) HANITUATIEH N, P 1Az K 4D3V8sN

1 9 = A A 1 v W A 1 dy
EJf]El’(?faWEJU]Jﬂ 3 U521AN NUNTAURAYLANANAUAILTAIAINAITIN 14 m"lﬂu

Mm99 14 rulszneumaniivesvezNdosaats ldneluuminndessgaugium

Sk ol IAEAN& N1 IO wunan&Iull

0 fifudesha F KoN P KON F K
@) ) %) %) ) R R (%)

1 2000.53 017 007 016 017 007 015 012 001 0.8
2 280.0.53 004 024 019 004 021 017 004 016 020
3 4. 53 009 051 019 004 047 018 005 037 020
4 178A.53 045 010 017 022 011 017 009 010 0.8
5 2480.53 023 081 024 017 058 023 027 070 0.7
6 6 .. 53 015 031 015 008 045 013 0.5 047 0.5
7 15 n.9. 53 017 061 018 0I5 056 0I5 019 059 0.8
8 231.0.53 0.6 055 018 016 066 015 020 057 0.8
9 19.9.53 013 066 015 015 065 015 016 054 0.6
10 10A.0.53 017 061 017 017 066 014 0.16 062 016
11 1., 53 014 071 016 016 056 017 016 062 0.8
12 7N.0. 53 018 076 018 017 067 015 015 062 015
13 18W8.53 018 077 019 015 056 0.17 017 065 0.16
Ande 017 052 018 014 048 016 015 046 0.17
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13199 14 a31lldan
o 9~ 4 s N = "o
() erwAnuazpa ldtesiwuaveesig luTasugegalasiinundominy
Y 9 9 & A 1o
0.17% soa3u ldun wuvauaz 1uld uazebe1is Felisundominy 0.15% wag 0.14%
A1y A9
@ s s o ' { "o
@) wrwdnuazpa liTlesiwuavessigroadesagegalasiinundominy
Yy Y Y L A 1w
0.52% 5098911 1dun 1ere1115 uagervig ez 1ol el undeminy 0.48% uaz 0.46%
RPN
[ YA 4 4 = = A T W
@) wwAnuazwa ldilesiwuavessig InunmFougaga lasliaundomniny
Y 1 9 ) & A A o
0.18% s09a3u ldun wwvauaz o1l uazee1s Fealiaundeming 0.17% waz 0.16%
Ay A1
a L4 1 @ 1
MaramsinszRIeAuasaaillaenimsan1di wudnuazwa lildaau
o o A g 2 & 3
UsznoumualFuusInoIMIsvoInsiI N, P uaz K gange 5090301NADIANUT1AY
10l nazirwe 11T auddu
[ 1 1 4 1 a 4
1.2.2 9AT18UTENINM5 UoUAD 1 Tas19u (C/N ratio) N15ATIZH C/N ratio YOIV

] v 9
neooaa1nld 3 Usznn Usingranumisei 15 ae'luil

H o 1 ' 4 1 {1 a @
msnﬁ 15 6@]31ﬁ’3u5$ﬁ’31\1ﬂ1iﬂﬂuﬂ@ll’LlTG]'i!ﬁﬂusllENGlJﬂ%ﬁﬂﬂﬂﬁﬁ1ﬂqﬁﬂ1ﬂiunﬁ1’lﬂmaﬂ

FIBAYAIUGHUM
a1 Tundou/il C/N Ratio
i fufudetha IAUAD&Ha Tl IAHOIH1S wunan&Iulsl
1 21 1.0.53 11.84 11.68 14.44
2 28 N.A. 53 41.75 50.87 50.30
3 4¢.0.53 20.02 41.25 40.79
4 17 &.9. 53 4.10 8.45 20.76
5 24 @.9. 53 7.75 11.48 6.29
6 6 N.8.53 18.46 17.75 13.34
7 15n.8.53 11.25 12.37 10.44
8 23 n.8.53 11.98 12.26 9.65
9 1 ¢.0.53 17.30 12.93 10.48
10 10 &.71. 53 9.53 10.88 9.47
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M3137 15 (99)

A Tundoul C/N Ratio
0 fifugeds IABAN& Ml IAHDINIS wunan&Iull
11 19.0.53 13.65 11.72 12.34
12 7W.9.53 12.04 13.00 13.53
13 18 0.0, 53 12.24 13.80 12.13
Ande 14.76 17.46 17.22

i 15 a3l vesiidesamelfUsznnavennsisandiuszning
msveude lulasion (O ratio) qefigalaefiaundsyszuna 17.5:1 vasfsenduazlu'ls
waziarinuazna 1T ON ratio mAelszana 17:1 waz 15:1 amddy

1.2.3 A1audeu (heating  value) M33ns1eimanudouvesvesidosaaisld 3

] 9
Uszian Usinguanua1sei 16 aelii

M99 16 manuiouvewwezidesaais lanieluwmanedes s garugium

AT Sunpouil MANN3oU (cal/g)
i fufudees INBAN&NA 131 IO e &Il
1 21 0.0, 53 4801.60 5267.93 5013.85
2 28 1.9 53 5783.88 4544.41 5032.82
3 4@n.53 5310.29 4497.50 4668.50
4 17 a.9. 53 5008.65 4759.81 4536.60
5 24 4.9, 53 5615.06 4982.55 5366.76
6 61.0.53 5530.92 6341.60 5558.05
7 15 n.9. 53 6487.06 5857.32 5309.97
8 230.0.53 5653.76 6438.18 3980.63
9 1a.0.53 4179.33 5414.82 3817.04
10 10 A.9. 53 5020.52 5870.30 4835.60
11 1W..53 5360.30 6264.54 4427.25
12 7N.0.53 4885.75 4213.83 4458.74
13 18 0. 53 5467.14 5464.99 6023.75
Ande 5315.71 5378.29 484842
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1310 16 Wud vezdosdars lalszmmemosIiannudougeiga sesasn

]
S =

laumaudnuazma iduauvauag 1ol Faliaunae 5,378.29, 5,315.71 1o 4,848.42 cal/g

9

o o 1 < 1 Y 1T A vAa 9 [ 9 [l
awdy egnlsnawernnan lainvezmariliguauialumsIdndauanudousglu
o A Y A @
szaulndifoaru
= = = UA = d' v k4
2. msanvufSaufigugaauiamemeanwsazmaniivesvez Ndeaaare’la
= = CZR = A 4 v
maSeuieunuavianiemenmuaznanivesvezndosaals’la 3 dszian ou
F4

laun wudnuazwa il iwvo1ms saunassnawazeslu’ld Taoldada One-Way ANOVA
d‘ [ % o % =< 2 d' 1 dy =S
nszauiiedifny .05 UsingravesmsAnydaasnua1sen 17 e il (9310az18ealu

MANUIN D)

Mm99 17 wamsulFeuifisuguanianamenintazmanivesezigesaais lanielu

UNINGAYINBANTIUGUUM

AMaNAvR IV Uszanvesvezfigosaaeld Mean (X¥) F Sig.
ﬂ?mmmm%yu(%) wuRnuazna 78.1538 6.267 .003
IAHOINIT 75.2308
waviguaz 1y 1l 69.5385
TuTasou (%) weAnuazna 'l 0.1738 1.519 226
IAHOINIS 0.1423
wnauaz lu'ld 0.1462
Woawosa (%) iwuinuazwa’ldl 0.5169 383 683
IAHOINIS 0.4754
wevauaz lu'ld 0.4631
Tnunangey (%) wuRnuazNa 0.1775 2.096 130
(AHOINIT 0.1627
wwviawaglu'ld 0.1712
ATIAIUTEHIN weRnuazia 'l 14.7608 400 672

mivoude lulasnu  wyoms 17.4558
wnauaz lu'ld 17.2258

MANUTOU (callg)  epiinuazwalsl 5315.713 3.408 038
IAHOINIT 5378.290
wnvaaz lu'ld 4848430

71



2.1 msifSaumguaaauiamamamn lumslSeumeuauauianianienindu
y s & : S y 4 o a
laun3umn1uaY (moisture content) YovszNdosda1sla 3 Yizian Fatmuaauuagiu
Y v dyd
1 3daiine
1 Y v A A dy (] 1 (%
H, : vozdoaais laalszmniuiilsinannusu lisanaiaiy
1 Y v A A dy ! %
H, : vozgosaay ldamn)szmnniulilsmannuiuuanaiany

a L § 1 1 [ LY
NHAMTAATIZH IUAITIN 17 WU Sig. YAUNMIAD .003 [Sig. 1110V .003 < 0L (.05)]
1 [ a [ Qa’l =2 Y 1 9 :JI A [
uaaeeoNsy H, nazdias H, aeiu 39agd1d1 vezdesaaislane 3 dszinnde wiwin

[

9 9 Yy A a dy 1 @ 1 A v o aaA
uagra 1l wwe1ns wevawaz 1o 1l JUsmannudsuuanarsnuedisiitodiagneatan
FZA1 .05

=) = wAa = = = vAa S 9 ]
2.2 manfSsumaugaeaiamanil TumsafSeumeuguauiamaniaiuaie ves
A 9 = = a o aa A v 9
vozgoeaaiela 3 Uszian U510 az@eanansunsIzinNanAveInuaulia luuaazau

Y

daao il
2.1.1 dmalszneuniaai (chemical component)
] 1 { I~ a
(1) manlssumeudivlszaoumand ludrundulsa lulasau (N) veq

A 9 =& o a Y dy&
vgziigosaasld 3 Usznn sadmuaduuagiue iasiine
H, : vozgosdas ldaalszinniullima lulaseuliuandaiy
H, : vozdosaas lacmalszaniuiilsina luTasnuuanaiaiy

a J { 1 A 1 [ 1w
VINHANIAATIZH IUAITIA 17 WD Sig. TAWMIAD 226 [Sig. 1A 226 > 0L (.05)]
J [ a [ qgj =3 P ' Y :l/ A o
uaaeNeoNsy Hy wazilfias H, aaiu 39ag11d1 vezdesaaislana 3 dszinndae eiwen
uazwa 1l wpes wevgwaz lu'll TUsualuTasnu liuanaesdunmeada
1 1 { a [
) msnlseuneudindsznoumaailuaivindlulsnasanesa (P) wvoq
A 9 £ o a Y v dyd
vozNgoeaae 1a 3 Uszinn seimuaauudagiwer iasiiae
H, : vezdesdary ldamalszinniuiivsmareanesa livanaraiu

H, : vozdosaas ldanlsznniulilsmaeaesauanaianuy

MARAMIIATIZH UM ed 17 woh Sig. WAUMNY .683 [Sig. NNV .683 > 0L (.05)]
HanIeeNTY H, tazilias H, farfy ERGERTAEER vezdouaas & 3 Usziandie imurin
uazwa sl wpes wwvguaz 1l TUsnaeanesa linandedunada

3) manfSenieudlszneumand lududidlualSua Tnumadoy &) voq

E4

A v &£ o a Yo A
ﬂlﬂ%ﬂﬂﬂﬂﬁﬁ?ﬂllﬂ 3 ﬂiglﬂﬂ mmwuﬂﬁmmgmmﬂa JUAD
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] 7 v A A = 1 1 Y
H0 : GUEJ%%JEJﬂﬁ'ﬁ?ﬂulﬂﬁnﬂﬂimﬂﬂﬂuuﬂiMTﬂ!IWLmﬁL“ﬁﬂNulﬂJLLGIﬂG]NﬂH

1 Y v A A = 1 %
H,: 511EJ$fJ’E]EJﬁaWElllﬂ@N‘ﬂi$Lﬂ‘ﬂﬂu3J‘1J'illTmIWLW]ﬁMfﬂJLMﬂﬁNﬂu

a o { 1 1 Y 1T v
VNWAMITAATIZH IUAITIN 17 WU Sig. DAUMAY .130 [Sig. (10U .130 > 0L (.05)]
1 [y a [ n’/’ = 9 1 9 o’j = [
uaaIeeNsy H, tazlfias H, aviu 39agl1an vezdesdais1dna 3 dszinnae iwwdn
uagwalil e wuvaag 1ol Tusua Twmadon liuanaresiuneana
1Y 1 1 o 1
2.12 dasaIusznINmivouas lulasu (C/N ratio)
= = [ [ J 4 1 A 9
mifSeufieuoasidiuszrinnisveuas lulasnuvesvezidesaaisla 3

9

Uszian Fedmuaauuagiuer 13diiae
(] Y v Ao 1 1 I3 1 ]
H, : vozdesaay ldalsznniuiisnndiussninamivouse lulaswu
HANAAY
1 Y v Ao 1 1 4 1
H, : vezdovaay lamalszinniulionsidiusgninasveude lulason
LANAIAY

VINNANIIATIEI IUAI3190 17 WU Sig. TAWMNAY 672 [Sig. 111D .672 > 0L (.05)]

= 1

' [ a [ Y Qaj Y 9 qa: A o
HEANNYDNTU H, Lgazﬂgm‘ﬁ H, ?A3UU i]ﬂﬁ’iﬂllﬂ’ﬂ "Uflgﬂﬂflﬁa”lflllﬂ‘ﬂ\i 3 Usznnne IWYAND

Q

9 A o

1 1 4 1 1 1 1Y
uazwa lil iy wuvaazlu'ld Tsasduszninmiveuds lulasou linanaaiy
NADA

2.1.3 a1Anuiou (heating value)
= ~ 1 9 A Y &£ o a 14
ﬂTiL’]JiEI“]JmEJ‘Uﬂ1ﬂ311]5@u6118\16118371808ﬁ616h1ﬂ 3 ‘]Ji%!ﬂ‘ﬂ mmwuﬂﬁnmgmmﬂa
dyd
JUAD
1 Y v A 9 1 1 [
H0 : "Uﬂ%ﬂ@ﬂﬁaiﬂllﬂﬂ"lﬂﬂiﬂmﬂﬂuﬂJﬂWﬂ’JnJiE]ullllLMﬂﬁNﬂu
1 9 o A 9 1 o
Hl : leEJ$fJ’f)fJﬁﬁWfJulﬂ@]'NﬂigmﬂﬂuiJﬂWﬂ’JHJi@u!mﬂﬂNﬂu

a L { 1 1 [ Y LY
INHANTAATIZH IUAITIN 17 WU Sig. VAUNAY 038 [Sig. 1M1V .038 < OL (.05)]
1 [ a % 09;’ = Y 1 9 2/’ A [
uaaeeonsy H, uaziljas H, dedu 39ag1d 1801 vezdesaais’lane 3 dszinnde wiwin
9 9 Y A Y 1 @ 1 A v o W AaaA
pazwa 1 rwo s wnvgwazluld TannudeunanannuedniivediAgnieanan
3201 .05
= =l =~ A = A 9
pannmsanylSeuisuauauianisnentnuaznuaiivesverNdooaals 1a
a [ o Y] I~ 1 o
melunmInedeswigagivmeannsoagdidunmsulann wudnuazwa 1 wweoms
3 9 y A wAa 1 ] 1 [ aa [ 1 Y a
swnuasvawazeslyll Jauauiaaen lduanaeduneadauaedisle sndulsuna

IS

k4 v
ANUFULEZAIANUToUNNLTIANA NN LR TITsd Ay 19 aDa
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g 32 msdszfiumaluladgmuanzanlumsinves ngesaaelaunldlse Yoy

Tugisuvegg

msdsziivma TuTagnmanganlumsihwez Ndosaats Idnelunminerdesivdy

d K

@ Y o o CY o [ 1
gugiumnduunldlszTend Flszneudremsthmiiifendnuazmsinnlfiduuvas

9

[ =2 v A
Waanu Usingramsanyidail
1. mssnnieriin
) A Y a [ £ Yy 1 @ 9/
myhwezidesaats lameluuminedvy daldun wuinuazwa 1l wvemis ey

vanuazes1u1d umdniileTaenszuiunsldeendiau (Aerobic decomposition) tie 1% 14

]
(% =~

a [~ a A d I d o v A R A 1 a o 3 =1 Aav
wananuingounsomiuilse Tesddmsunesusendn “aia (humus)” HU UNANITIVY

9

aggo i
v ' Yaq Yo # o =2 wa =
1.1 dadaruvesvazdesamalanldmilondn vinwamsAnyiguduiavesveyh
Mervesumsiiileninaiuaisned 15 nud weeIMsiidadIuTEHINMIT U UGD
luTasiu (N ratio) geiigalaelinunasilszina 17.5:1 sosaanlaun wuvguazlu'ld

@ 9 U . { o w [ 3 o
LlﬁglﬁHWﬂ!Laganleﬁ\iﬁﬂ'l C/N ratio Lﬂaﬂﬂﬁgi\l'lm 17:1 uag 15:1 a1y ﬂ\iuuﬁ\?ﬂ'lﬂu@]

Y
A A

@ 1 A Y o+ % a wva o 1 < Y QE: Y
’ﬁﬂﬁ?ﬂﬂlﬁ]\ﬂlEJZ‘VH]31"111uﬂ'li1/111JEJ’VTlIﬂTﬂEJ‘Wﬁ]'lﬁil!ﬁ]'lﬂﬂmﬁﬂﬂﬁﬂﬂﬂa'nlﬂuﬂaﬂ T]QHLW’E]TVI

[

a o A . Yy o 1A A ] A g
'J@]ﬂﬂﬂbluﬂ'liﬂllﬂﬂaﬂllﬂ'l C/N ratio blﬂﬁ!ﬂﬂﬂﬂﬂﬂ’]ﬂlﬂu’l%ﬁﬂﬂ@ 20-40:1 Gl?ill’lﬂﬂq@] HONIINU
Y

Q

a =2

[ a [ 1 1A 9 =\ 1 v A Y d!
\1“1 Wmimmqem‘mﬁmmmmmmnmmnuamwm%immamumma BINDIN

e

= ~

MIANHIAWAITIN 11 WU e ImsilSnuuiniigane 191.9 Alaniudeiu 509911
Y Y 9 v Y L Ao A [ a o 1
laun wrwnajwaz 1ol vazirvdnuazwald Sl waumaeminy 66.3 uaz 41.6 flansuso
o o v W o Y Y Y =R Yy A o o B
Tu awday drenaninaaing 2 Ysgnsdeduisladeagliferdudadiuvesvez i 3

Yy Y b4
v A v

Uszinni ldniiniilelumsitensaiiad

(1) FHD1¥15 (C/N ratio 1M1HY 17.5:1 4ALOATINTNANING 191.9 A laniuaeIn)
o 1 2 9 9 [ a 1 Lﬂy Y
vz am Falsznoulddre wud wpinyiasien wwilony wuilar wudeas

A 9 A 1 A

nlaenie wlaen'ly wazidoany 1aq

@) wnviguazlulil (ON ratio 1AV 17:1 uazdas MmN 66.3 A lansu
"o o ! 4 v ) & Y 9 ANy 9 a 1
aodu) $wau 2 dau Flszneu ldressngraasaunelu ldndawagndindrianie
Uzalunu

(3) wtufAnuazwa 1l (C/N ratio (NAY 15:1 1AZEATINMSNAMING 41.6 N laniuae
) dwau 1 @ salszneuludrarudnia azih nendla nldenuas Ty ndenuziing

wydulzsa uauagu vazluaasewes muday
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[ 1 $ ) ) [} 1 1 J 1
NAFAAIUVDIVIL N UA IV IAU AT DR IUIUNITATIAIUTEHINAIT VD UAD

Y
TuTa319u (/N ratio) Taasu ladsiine

C/N ratio = [(175+175+175)+(17+17)+15]:1/6

101.5:1/6

16.92:1
pannmsauagl1dn vezdosaare Idnldniniileludaamemeig : ey
[ 1w [ 1 1 o 1
vanuazlull : wednuazwalil iy 3:2:1 danaauszninmiveuse lulasou (ON

. 1w £ Vo o ' I A T3 9
ratio) Iﬂﬂﬂiglﬂﬂl!ﬁnﬂﬂ 17:1 BINUGIANNIUNUNNH NI TUAD 20:1 oglanioy

o+

1.2 szaznalumswinihils  msndniiifennvezidosaasldTasnszuaums 14y

E]

a qgj ay [ a :]1 1o { v
?Jf]ﬂ“]flﬂul%igﬂzl’)ﬁ1ijhﬂﬂﬁu 28 U LiiJGNLLG]’Juﬁ 11 llﬂiW]iJﬁ\? 7 QUMNWUD W.A. 2554 T@]EJ

+

awnsaudasnszuaumsnintiifelugldvesmsnlasuunasguuginieludumin]edes

a

' Y
i 10 s 1Tl (@31eazBealunmanuin ¥)

—&— aaugiizavarnma —l— aamgfiludoniinila

50 -

45 -

40 -

35 -1

auungil (C)

30 -

25 -

20

15 o

10 L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) L) 1
s@seaaaaaassss%%%“““%"‘%‘
S e

Ju/diauw/dl

H { a [ @ { a L] 9
mwii 10 manJasunlasvesgamgiineludamiindleinaavninvezdosanis la

aan

100N 10 Wud msudnijeanvezdlenszuiumsldesngauszinaljnsendes

]
[

a A a N4 ~ 1 @ 4 o 4 A v o
aa1gUNTY @QIﬂEJi]‘au‘VI qn ﬁﬂiu‘lﬂﬂﬁ‘ﬂﬂ"lﬁLLiﬂﬂlﬂﬂﬂﬁﬁuﬂﬂﬂﬂ@iwﬂ’ﬂxﬂum 12 EN19

1

£ ado
UNIIAN N.A. 2554 FINYUHHUN llﬂiuﬂ\‘lﬁllﬂﬂﬂllﬁa "JHGNLL@] 40 °C slluul‘]JLﬂf’J‘]JTIﬂju Lae

UfAsedosamedanarisuanszduaslugedlaniiiaesfiossnieiuil 20 73 26 unsaw
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d‘ [ a [ L% 9 = (% 2/’ d' 9 T
N.fA. 2554 Tﬂﬂwmmmmqmﬁgﬂumwuﬂ"lﬂﬂ'izmm 33 9935 °C HaRINUUNBIVIFTYIN
[ 4 Y A 1 o A = @ L4 1 a
ﬁ@ﬂﬁﬂﬂTﬂq@ﬂWﬂﬂfﬁZﬂ'}N?uﬂ 27 UNTIANDI 7 QUATNUT W.A. 2554 ‘1J§"lf’l§]Wﬂ’N’0ﬂlWQ3J

meludeminileogluaniwasdinszaulszinm 31 8933 °c HlndiResiugumngiives
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= 1 Aaaa ' a d o ady 4 Qy Y @

2INIFANIIYUDN %Qllﬁﬂﬂﬂlﬁjf‘]ﬂﬁfﬂﬂi’)ﬂﬁa']flﬂu'ﬂiﬂ?@fljﬂﬂﬂauﬂﬁﬂqﬂlﬁiﬂﬁuﬁﬂllﬁﬂ] DU
=2 o o Y a 1 = 1%
‘W‘JJ'lfJﬂ\iﬂig‘U'Juﬂ']TIﬂJﬂﬂTﬂﬂ%Tﬂﬂlﬂgqﬂq@]ﬁﬂl%ulﬂfJ'Jﬂu

% o 1 4 a @ v o
1.3 qmmwmmﬂwun mﬂﬂﬁlﬂﬂlﬂ%ﬂﬂﬂﬁ6181ﬂ3181uuﬁ13ﬂ8168"l 3J11’illﬂ‘1/ﬂﬂ€liﬂ8

A o

o @ 1 9 Y ' a Ay y Aa o a Y o =
DIAYNITEUIUNITAINANIVINAU Wll’J'lWﬁNﬁﬁﬂqﬂﬂﬂiﬁﬂﬂuﬂﬂymzﬂizﬂ AADUUVIIAION

q

2’ Y A A < ] & J Y] A Aq Y a @ ~ ) o
wmay vag lulindumiunivesversuiluiagaunldlumsnaa (@i 11) dwsy
H A A Y A o ~ ~ o + v Ao o Aa
aunwvesilenaa ldiei lunSeudieunumasgmileninismua lasnsuwaunau
Yo 4
aunsoagUwalagenisied 18 Ao
a (d’ [~ o +f o @ Aa A
(1) msiwesnasnuIndu ldanasiinasgiuileninvesnsuauinaude
Nitrogen (N), Potassium (K) taig pH ANAINL
A P oA Y A o o + o o
) MNiweInasnuNNa lnaReItuInaNInIgIuijerinvoansuwau
Aa A
NAUAD Phosphorus (P)
a P 1 1 4 -+ o @ Aa
3) wisdmes nasronu ludu e wnasimas guileminvesnsumunau

Ao Organic matter (OM), C/N ratio (82 Moisture content AN

mwi 11 dnvazvesijeninindannvezdesaais lanie luwmInedessigarugiium
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M519h 18 Hansasao U IMveijonininannnvezdosdats lanieluuriinede

VA AIUGUUM
e WMFNBS (e ia) d1ﬁwumn€hadnﬂﬂ ANNATFIU*

1 Nitrogen (%) 3.52 >1.0

2 Phosphorus (%) 0.90 >1.0

3 Potassium (%) 1.71 >0.5

4 Organic carbon (% w/w) 42.10 -

5 C/N ratio 12:1 20:1

6 Organic matter (% w/w) 72.57 25-50

7 Moisture content (%o w/w) 11.03 >335

8 pH 6.33 6.0-7.5

a

Wema: * neds wesguiloniiniidua Tasnsuwamunau (2542)

o Y a | &’ a v 1
2. ﬂ15‘M13»111‘15%@?]!1]14!‘119!1/‘1@\1991!!1’]@
o A v a o £ WY @ P
ﬂTﬁlﬂ"UElZ‘VIﬂ@ﬂﬁﬁWﬂqﬂﬂ181uuﬁ13ﬂU1aﬂﬂ “]Nhlﬂllﬂ Lﬁ‘HWﬂL!ﬁ$Wallll IAYDINT LAY

Y Y a d dy A o 1Y ag o 19 Y Y A o A
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2. vIaun231wuY (Erlenmeyer flask) U119 500 ml 1304119 250 ml
3. N32UNAN (Cylinder)
4. Uula (Pipette)
1 Y 9
5. uru1NAuIoU (Hot Plate)
1 1 E)
6. 1n30I¥NIMITNINazBen ANNALZDEA 0.0001 N
7. YA nauluTasou (Nitrogen Distillation Apparatus)

8. é’@ﬂmu (Hood)

9. YAINTOIGDY

aandl

1. Potassium Sulfate (K,SO,)

2. Mercuric oxide (HgO)

3. Sulfuric acid concentrared (95-98%)

4. furming stone

5. Alkaline thiosulfate solution : A%818 450 N§W Sodium hydroxide Gl,mfmgu IEEATRL
700 ml. ¥ 1%15ua9 13N 80 NFU Sodium thiosulfate (Na,S,0, . SH,0) Fnhnaulils e
gamedlu 1000 m.

6. Boric acid Solution : 82818 40 N Boric acid Gl,uﬁ”méi"u 1 203

7. Methyl purple solution (indicator) : 82@18 0.3125 NN Methyl red 1182 0.2062 NI
Methylene blue Turiindu wie 0.1 % ethyl alcohol udiensdaoinduliiisines i 250
ml. (mﬁazmﬂff%ﬁmq 1 1A01)

8. Sulfuric acid standard solution : 8£@1¥ 15 ml. H,SO, conc. Gluﬁy”lﬂfq;/u 1431 USuas

gl 1 8as
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ad a d
ITMIAUAINTH

=1

o w 1 2 a A A Y a 9 a
‘L!W]’J’EJEJN%J“aP]’E)fJ‘U@Iﬁ&L’E)EJWUL!1ﬂ 1 Haauag NoULHITUN Glu&ﬂ’ﬂﬂ‘ﬂ’ﬂm‘ﬁﬂh 75°C 11U

Q U

= o

o 0911 (Y 1 o a 4
Uszunm 2 aTue Mniuduatediyadesunazideallszunm 0.5-1 niu Jainnnsziaie
1 k4 4

7% Kjeldahl-Wilfarth-Gunning-winkler method #3UunouaAsil

1. M5 Digest #2081 lagFin10819u1szua 0.5-1 05y ldlu Kjeldahl flask 1@ 3w
K,SO, 15 A5 1y HgO 0.7 31 H,SO, conc. 25 ml. $1M5 digest dua1sazaen ldnanyae
Ta

4 a4 A

2. mInau @uihndudseuna 250 ml. viea Phenolphthaline indicator 1UUULAN

1502 A10NAUYDI NaOH 11 Na,S,0, solution 75 ml. 92 Id@wuw nauTaeld Boric acid 4%
a 1< o [ o a o .

Tul511@5 5 ml duda1l5u NH, navauldal5u1as 200 ml. 1w Tritrate 11 NH,

3. M3 Tritrate Wa1saza1eNnau lau Tritrate 11 H,S0, 0.05 N Tagld Methyl purple
.- [~ T o . = sy ¥ A A A
indicator 111 indicator 9UNTZN9D99A end point IAsdvesmITazarei Idaznlasunndiven
I ]
Hudg

=} o 09/’ 9 = 19 1o [l
4. M3A3oY Blank immduneuvevesde 1843 Taglideslddrediayarlon

MINUIVUNA

4
AunadSualulasou sansodnldTaeldgasae il

B = [A-B)=N=14=100

C

4 o q ¥ E;. 34 o o 1 =
lpgmvuald A = Y5esved .50, 11 lawsndmsudl0a1a (Indans)
FEE. o = o
B = 151183994 H,50, 1 1% lamind 14§ Blank (ia88R7)
FUY EER
N = ANUEIEAUIDI H,80, 11 1F lamn
3
C = 1 MiINUD3A196131ArDY (me)
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msinserdsnarleanesa

d
gunsal
é} 91U (Hot air oven)

v & .
AAANNUYU (Desicator)
3 1A399UAVEY (Grinder)
] v Y
4. 1n309%911MINeE19a2190a (Analytical Balance)

Y 9

5. 1 11inu3oU (Hot Plate)

6. YANTOWAITIMTY digest

7. NFIVNTOI NIDUATZAILATO

8. UV Spectrophotometer N1434A211813AAU 800 U1 T111AT

9. daanTu (Hood)

=

alsny
Y v
1. 5N H,S0, :111 70 ml H,SO,conc. azagdizinauauiilsungs 500 addns
Y '
2. Antimony potassium tartrate solution: 1.3715 A33 K(Sbo) CH,O, 1/2H,0 muINaY
A aa o a I a aa < {
400 Tadans ud i IUsunasdu s00 Hadaas hu B luviauidni 4 esmadoe
Y '
3. Ammonium molybdate solution : aZa19 20 N51 (NH,), Mo,0,, 4H,0 #1e1iinaduau
Y a Aa aa < A A ~
181511935 500 Hadans nuluvianaraani 4 esrnaidoe
Y v
4. Ascorbic acid 0.1M: 11 1.76 N5W ascorbic acid aza1eluiiingu 100 Uadans
3’ @ [} [] [ ¢ A a

asazae1igadInd lugiaial 1 dlav Nguwgil 4 osruwaised

5. Combined reagent Us2nouAley SN H,SO, 100 Hanang, Antimony potassium tartrate
solution 10 422873, Ammonium molybdate solution 30 1Haaans 11az Ascorbic acid solution 60

4 [
1aaans AR HENAUAWEIAD 11 1NATINIAN reagent AAzAAZADUAT o1 THINN
=Hq 9

A5 1%

6. Sulfuric acid (conc.)

7. Ammonium persulfate

8. Stock phosphate solution: 111 Potassium dihydrogen Posphate (KH,PO,) meu“lusg’fau
A = ' Y @ Y o [ :I o 9y (a I
1 105 peruFaIFod 0819108 2 Fe1ug 1a11iu1 0.4394 N5y azaneiinaulvulsasdu 1

dn3 @13aza1enla 1.0 ml= 0.1 mg P
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9. Standard phosphorus solution: 2918 10.0 1Haansu Stock phosphate solution A8t

naulni1su1as 1000 Hadans ar1saza1enld 1.0 ml= 1.0 ug P

ad a J
ASNIIWUAIICH

a =

0 A Y Y 9 A <3|
‘LHGUEJ$°VIFﬂuﬂﬁEJ‘ULLWQLLQZ‘UG’ILLﬁ’JiJWEJ‘iJSlu@,fJUVIJJEJm‘ViﬂiJ 75 oAyl o e 1unan 2

Q U

@ 1

o ' Qy Jq Y < 9 dy z 1 [ o
#Tus davena A 1dauludaanusu vimiuguatedwvezunlsznm 122 nsu 1N
a o a % qaj [ Y
N1 1835 Ascorbic acid method FalTuUnDUATH
1. MIgo8AI0819 Fanr08vezlszaunm 1 03 lalu Kjendahl flask 1d H,SO, (conc.)
A Aaa 1 o 4 I o
25 daaans ld ammonium persulfate Uszanas 0.4 n5u ey catalyst 1an digest IUNTENI
] esj a 2 o Y A <3| 9 3
drsazaneld uan19ATIvedl interference g ldasazaten lailuensazarody vniu
Qy <3 o o v 3
N B Eud U5y pH aunseiailu 7+ 0.2
2. M3ATeN Combined reagent 11 5N H,S0, 100 anans, Antimony potassium tartrate
solution 10 YaAAAT, Ammonium molybdate solution 30 iaaans tag Ascorbic acid solution 60
4 [ 4 [
Haaans nauiuaNaIAY Ve NATINAL reagent Az azdouns o Inainnaian 1y
o a 1% [ o w ' o a 1<
3. mstlined vdesendsu pH au'ld 7 = 0.2 udnhidedamnlsudsunes i

9
Aa aa Y] o w o 1 T . . [ a I
200 fiadans niuihdedan ludadIua1ee (dilution) Taslsulsuaslimidy 50

E4 H
a v A a aa . Y o o 1
HaaanT NNUUAY 8.0 UananT Y93 Combined reagent ud211115an color absorbance 7

880 w1 Tuuas n1elu 10-30 3
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a Jd Ia =
m'i’amswﬂﬂsmmiwgmmmw

d
gilnyos
[ v Y
1. 1A309%11IINDE19a2IB89 0.0001 AT

2. vIngilruyuina 125 Haaans

(98]

' Y v Y @
. indeglinnuionlugganu
4. NIINTOINTOUNTZATHNTON

915U U1I9 25 uag 100 Yaaans

9]

6. HaDANARDY

J

. Atomic Absorption Spectrophotometer

a15tail

1. Digestion Mixture: Haun3alua3n (Nitric Acid : 65% HNO,) funsaulosaanin
(Perchloric Acid : 70% HCIO, ) Tudadiu 3:1 Tagilsuag

2. Stock Potassium Solution 1.000 PPM K: %aTnunaiGeunae’lsd (KCD) firums
Ut 100 oeriwaFeaudri o 1907 ndu azarehiihndulsenleseutiu

USas iy 1 dasluaalsuas

Aas a d
IBNIIUAISH
N15808A10814:

a

1. thiedweziimumsenuisainiazuanzdeamovludouiiqungd 75 oem
waiFue ifunm 2 1 Tug ﬂdaﬂiﬁlﬁuiuﬁ@ﬂmwﬁu

2. Faimingaee19szuia 0.50 N3 (ammaiey 4 @wmia) laasluvaagiasusy
YA 125 ml

3. 1A Digestion Mixture 8411 7 ml udni ldosumaldnnuiouneludaalonsa

9
v A o a

Augugungilszum 80-100 osrwaFea aunszneniudihmanua i ndanuguugi
I =1 1 v A = 3 Qy yq ¥ 3
1Ty 200 eeruzaiFon dosrullsingaiuduniszana 30 wii asng A 1dou
v Y v
4. mensazaen ldasluvialsuasving 25 ml Usvdsuasdreingu
~ 4 o a J a
5. nsosansazateh I lUmszvisuna Tnunade
o 4 a 1 o o a 1
6. MuUadA IABIAN Digestion  Mixture 84 luviasados 1dnirlUdniiumsden

AN UAIDEN
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MINATIZH-
=S = =Y
1. @3oNasazmeNIaIg I InunaFon 0, 10, 20, 30 taz 40 mg/l lasilila Stock
1 a a J a
Potassium Solution 1.000 1 0,1.2,4 taz 6 ml laadaluviailsuias wunsanlesaasanaall
[ a :‘ o I
0.8 ml taz15uUTuasdresindudly 100 ml
Y v
2. 199919820819 5 11 Taetlilawn 1 Hadaaslalurasanaass uduauiinauasll 4
Uaaans
o Y] v 9 A . . 9
3. 1h11U5af1d201AT09 Atomic ~ Abosrption  Spectrophotometer  lagl¥a1sazaty
d' (= = [ Y d‘ 1 [ I~ 4 9
wasg i it Tnunedenlumsdsuldiniosswandugud nazldarsazaroniasgiu
= o ¥y A ' ' 9 o o A ' '
TnunaiFen 60 me/!l YsulinTeseuarlalszuns 100 taziisraunieseumasazaiy
~ 12 ~ I~ 4 ~ 9
Wasg U Wl TnamaBeuiugud uazasazmeniasgiugagan sz 100

@ o w o J % ]
4, 'Jﬂﬁ’liaga'lﬂm'lﬁiﬂ']uﬁ'llla']ﬂ‘]Jﬂ'J']iJL"lﬁl}ilslal}u !L%ﬁ%\ijﬂllua\?ﬂllagﬂjﬂﬂ']ﬂ

Y a 7 o J
HHULYe: th’J‘ﬁﬂ']ﬁ’JLﬂi']%ﬁslli’)\i’ﬂ']L‘]Ju 21UNDI (2545)
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a d J
ﬂ1§3!ﬂ‘§13?‘i‘].l%3~l1mﬂ1‘§‘l.li’)1!

awnsomuan ldnngas

& ¥ 3 o ¥ = .
AFuau [iﬂﬂaﬂﬂﬂumummﬂ = ﬁmmﬂﬂdumizmﬂ

1.3

a d < Y
m‘s’Jmﬂwﬂ‘%mmmmumﬁzms"lﬂ

1. é} 81 (Hot air Oven)

A & .
2. IATONAANNNTU (Desiccator)

1 v v
3. 1nFeI%IiMIineg1eazBen ANNALBEA 0.0001 AT
4. 1911 (Muffle Furnace)

Y

5. 818nI20aNUANNT U (Porcelain Crucible)

6. 1A309UA (Grinder)

ad a d
ITNIFUAINTH

o = Yy A Y A ¥ A Y a a P v
‘LHGIJEJZ‘VI’ETULL‘HQﬁl&‘ﬂiﬂ‘ﬂﬂclﬁagLﬂﬂﬂﬂ?ﬂlﬂﬁﬂﬂﬂﬂﬁlﬁmmum 1.0 ¥aatuasg lla’)@uﬁlu@au

.

a

‘V]’Qﬂ!‘l‘i 1 75°C wulszanm 2 “INI?N mﬂuum’a'e)mJﬂﬁﬁﬂﬂmmwmaﬂaaaﬁlmw ‘]N
v 9

mwuﬂm&mwummsau uu‘nﬂumuﬂ“h GIN"IJElwﬂﬂﬂﬁwlﬂﬂﬂiﬁcluﬂﬁﬂﬁ’N‘IJi”‘JJ”Iﬂ! 3-6

ndu i Tl s umnfigaingd 600-650 °C w2 FaTua Uaos131iHu 1821415 ugqa

G

Y
@ o

mmwﬂﬁzmm 1-2 GINT?N LLﬁ’J“NHTWﬂ/ﬂ ﬁuﬁﬂ?‘hﬁ1??1!ﬂﬂ'1?fﬁ1/lﬂﬁ!ﬁﬁ’t’)1’l

NSAIHIUNG

° v Aa I Y
q@]ﬁﬂ?3ﬂ1u3mﬂ1ﬂﬁu1mﬂl@ﬂlﬂlﬂﬁ&ﬁlelﬂ

Vo= W, -W, X100
W,
s . = B oo w
Tagdl v = Suwasadsszmala Gasazvoaimilnusid)
: 4
W, = Uil f]ﬂﬂ:?ﬂﬂ?ﬁlﬂiilﬂﬂdﬂﬂﬂlm

1 4
W, = TR E’IFJEIEI:'lllﬂ']ﬂﬂ?ilﬂﬂiﬂﬂﬂ'lﬂlﬂ'l
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a d
M AUAIZHAIN NN OU

1. Water equivalent U939 Bomb calorimeter ny ’e]ll’qﬂﬂiilf
2. Benzoic acid standard ﬁmuﬂﬂ'wmm?aummgm

3. ‘li‘m’c‘%u Phenolphthaline indicator , 0.1 N U84 NaOH
4. Firing cotton 17 12 cm.

5. Ni-Cro Firing Wire 817 6 cm.

ad a d
ABMIUAIICNH
o 3‘ o . . [ Yy 9 A v QEJI o o A
1. ¥ in  Benzoic acid Uszana 1.2 a5u ududuniesdnda aniuii ldFaie
Y
Fuinanimin T 15 umsdmn (@zidea 0.0001 g)
' v o & < , & o
2. 919 Firing Wire 1919099 Electrode M9a03919ud2a0a 1% 111 91miu1i1dane Firing
cotton Ej'ﬂfqﬁJ Firing Wire
a 2’ M) 9 ) 1 a . 9 3’ o 9
3. 1@unau 1 ml aslu Oxygen bomb ar0tia NoWAY rinse Ao Naulv Oxygen
bomb Az 1AITINOU
4. 111 Ignition terminal 219841113 Bomb Taeh1314i181 Oxygen ANWAY 30 bar
Y ' Y Y
5. 1an1a9 1y Vassal Taeda1i1miinues Vassal + 11 = 3kg 11 Oxygen bomb ldaslu
o OSJ} 4 <
Vassal 182111 ldaluas e ldunudng vassal asluasaned
1Y 1 a oy . Y Y A 1 1 a
6. USumvesguugiivesirilu Water jacket 19 1ndiAeq Vassal uana1a i 0.5°C
m3150Tae15u1)u Balance 91011H3 Control MUt AT
7. NA Firing plug N9ABINIAY Electrode socket U Oxygen bomb N test NATDU Tag
W test 9zaa

a

8. 50vUgUUANIU  Water Vassal nafivanagasziiansw lugd duiinAigungh
A v a YN Y1 =R a 9
SuAY tazsovugangien lvid lamigaga tufinmgangiigainie

G

9. 111 Oxygen bomb 0ALAIABEY AAANNAUAIIUYNA 31971811 Oxygen bomb A2Y
Y v

o o v T &Y =
wnauaalu Beaker 250 ml. 1h lilgulaunaeenninaisazatetszanm 5 1

o g] eﬂj A 1 A =& PR 1 A [
HNELYie: madszana 5 A59 eIA LAY “INZI]XGLGD'UJuﬂTNTﬂiiTuﬂJ@ﬂlﬂiﬂﬂﬁ@qﬂ
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IV 1011 1¥D OOKCYYOL

W = GgQ+3R
JAY:
W = Water egurvalent 989 Auto Bomb (J/°C)
Gg = ‘Lii'l‘f‘fﬁfﬂ Banzoic acid (g)
Q = AANNIBUIIAIEINBY Benzoic acid (V/g)

. ¥ o= o yoo# . 3 o =
TR = AIA1UT0UNNINNTLA 141 Firing Wire UzATNTOUDINE AL DI 1A
. .. .= ¥
13175193 (acid value) (12.6 xATNMEN VDS Firing Wire LN 1HUH118 cm.) +(1.43
=g
*ml A8 IN2OH 11 1%)

At = Tf—Ti (Final Temp — Initial Temp) (7C)

o ! 9 @ v 9 1 dy
mimmmmmmmiaummmamwaﬂ%qmﬂaﬂﬂu

Cv = WAt-FR
G

Cv = Calorific Value 493879273 (J/g)
W o= Water eguvalent Y83 Auto Bomb (J/7C)
ER=ﬂ'1ﬂﬂu?auﬁﬁ’ﬂmmﬂmﬂﬂﬁﬁﬁmgwireua:mm?aumnfmn‘laim:
TuTAs19% (acid value) (12.6 *ANUYTIBA Firing Wire A vt em.) +(1.43
<l YDINaOH T119)
Mt = Tf—Ti (Final Temp — Initial Temp) (°C)

3
G = UMiNA984 (2)
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= a £ =
M99 9-1 Ysnaanusuvesvesn

gy Y

Ndlsznmeasinuazmaly

A Sunpeuil Wanamnaiu (%)
i ffudedha 9it a¥aii 2 g
1 21 1.0 53 86 90 88
2 28 1.9, 53 90 94 92
3 49.9.53 91 93 92
4 17 .9, 53 82 86 84
5 24 4.9, 53 83 85 84
6 61.. 53 81 87 84
7 15 n.0. 53 66 70 68
8 23 1.0. 53 70 74 72
9 19.0.53 73 79 76
10 10 91.91. 53 78 82 80
11 1 1.9.53 62 66 64
12 7N.9. 53 63 65 64
13 18 W.0. 53 67 69 68
M19H 9-2 ﬂ?mmm1u§umawazﬁaa&lﬁmallﬁ’ﬂizmmﬁymmi
19U Sunpouil Banamnuiy (%)
i fueha 9 a¥an 2 g
1 211.0.53 74 78 76
2 28 1.A. 53 78 82 80
3 48.9.53 76 84 80
4 17 @.9. 53 82 86 84
5 24 d.9. 53 73 79 76
6 61.. 53 74 78 76
7 15 .. 53 72 76 74
8 23 0.0. 53 72 80 76
9 19.0.53 71 73 72
10 10 9.9, 53 73 79 76
11 1 1.8, 53 66 70 68
12 7W.0.53 65 71 68
13 18 .. 53 70 74 72
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v Y 1
mM3191 9-3 USinannuduvesvezndesaatn lalssinmervawagiern 1u 1d

a1y Sunpouil PBnanai (%)
i fuFeia a¥aii1 ¥ 2 g
1 210.0. 53 82 86 84
2 28 n.0. 53 58 62 60
3 49.9.53 74 78 76
4 17 9.9, 53 73 79 76
5 249.9.53 78 82 80
6 60.8. 53 65 71 68
7 15 0.8, 53 67 73 70
8 23 1.8, 53 73 75 74
9 19.9. 53 81 79 80
10 10 91.9. 53 70 74 72
1 1 1.8, 53 51 53 52
12 7W.8. 53 54 58 56
13 18 W.8. 53 55 57 56

M99 -4 U5 luTasnuvesvezngesaasldlsemnmeasdnuazma'lsd

s Coaa o Tulasiou (%)
LRI uhufleeha s v -
Asai 1 Asan 2 nae
1 21 1.9. 53 0.19 0.15 0.17
2 28 1.9. 53 0.04 0.04 0.04
3 49.9.53 0.09 0.10 0.09
4 17 .9. 53 0.42 0.47 0.45
5 249.9.53 0.23 0.24 0.23
6 6 1.8. 53 0.15 0.15 0.15
7 150.8. 53 0.18 0.17 0.17
8 23 1.8, 53 0.19 0.13 0.16
9 19.0.53 0.13 0.12 0.13
10 10 9.0, 53 0.17 0.18 0.17
1 1 W.8. 53 0.14 0.14 0.14
12 7.8, 53 0.18 0.17 0.18
13 18 W.8. 53 0.17 0.18 0.18
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M99 9-5 Usua luTasnuvesvez i

868@'@118]‘1?’]“53@7]&?{19911{?15

Tulasiou (%)

il Suiifuieths v v -
Asai 1 A3af 2 ey
1 210453 0.19 0.16 0.17
2 280.9. 53 0.04 0.04 0.04
3 449,53 0.04 0.05 0.04
4 17 4.9, 53 0.22 0.22 0.22
5 2490, 53 0.13 0.21 0.17
6 6n.0. 53 0.07 0.10 0.08
7 15 n.0. 53 0.1 0.15 0.15
8 230.0.53 0.17 0.16 0.16
9 10.9.53 0.16 0.15 0.15
10 10 .0, 53 0.17 0.17 0.17
11 190,53 0.16 0.16 0.16
12 7.0, 53 0.17 0.16 0.17
13 18 W.0. 53 0.1 0.15 0.15
319 9-6 U5 luTasinuvesveziidosaars IdUssinmesviduazia 1u'5
g Coaa o Tulasiou (%)
awui uiifudaeda v v -
Asai 1 Asan 2 e
1 210.0.53 0.13 0.12 0.12
2 28n.9. 53 0.03 0.05 0.04
3 479,53 0.04 0.06 0.05
4 17 d.9. 53 0.10 0.07 0.09
5 2490, 53 0.28 0.26 0.27
6 6n.0.53 0.13 0.17 0.15
7 150.0. 53 0.19 0.18 0.19
8 23n.9. 53 0.20 0.20 0.20
9 16.9.53 0.15 0.17 0.16
10 10 0.9, 53 0.16 0.16 0.16
11 1 9.0, 53 0.1 0.17 0.16
12 7.0, 53 0.1 0.15 0.15
13 18 W.0. 53 0.16 0.17 0.17
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M99 2-7 Usinalearesavesvezndesaaie ldlszmnmeauinuazmwa'lil

L oA u WeawleSa (%)
Maun Ui U089 5 T =
Asan 1 Asan 2 1nae
1 21 1.0 53 0.01 0.12 0.07
2 28 A.9. 53 0.26 0.22 0.24
3 47.0.53 0.50 0.52 0.51
4 17 a.9. 53 0.11 0.10 0.10
5 24 4.9, 53 0.84 0.77 0.81
6 6n.9. 53 0.33 0.29 0.31
7 15 n.0. 53 0.61 0.61 0.61
8 23 1.0. 53 0.56 0.55 0.55
9 19.0.53 0.63 0.69 0.66
10 10 9.0, 53 0.61 0.61 0.61
11 1 1.8 53 0.78 0.65 0.71
12 7W.9. 53 0.79 0.74 0.76
13 18 1.0 53 0.79 0.75 0.77

M99 2-8 UsinaleaveTavevezndssaae ldisznneyoinis

o o e WeoanoSa (%)
Saun uiiuiees 5 5 3
Asan 1 Asan 2 1nae
1 210.9. 53 0.09 0.06 0.07
2 28 1.9, 53 0.22 0.19 0.21
3 4e.9.53 0.43 0.52 0.47
4 17 &.9.53 0.10 0.11 0.11
5 249.9.53 0.58 0.59 0.58
6 6n.8. 53 0.45 0.45 0.45
7 15 1.8. 53 0.56 0.56 0.56
8 23 1.0. 53 0.66 0.67 0.66
9 19.0.53 0.65 0.65 0.65
10 10 91.91. 53 0.66 0.67 0.66
11 1 W.0. 53 0.55 0.57 0.56
12 7N.0.53 0.69 0.65 0.67
13 18 M.0. 53 0.54 0.59 0.56
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3519 9-9 USinaleavlesavesvezhdosaas ldlssnmesvauaziay o1l

L e o WeawleSa (%)
AN UM 08 v T ~
Asan 1 Asan 2 nae
1 21 0.0, 53 0.00 0.02 0.01
2 28 A1.9. 53 0.15 0.16 0.16
3 44.0.53 0.30 0.44 0.37
4 17 &.9. 53 0.10 0.10 0.10
5 24 d.9.53 0.65 0.75 0.70
6 6n.9. 53 0.44 0.49 0.47
7 15 n.9. 53 0.59 0.59 0.59
8 23 1.0. 53 0.57 0.57 0.57
9 19.0.53 0.54 0.55 0.54
10 10 9.7 53 0.61 0.62 0.62
11 1 1.8. 53 0.66 0.59 0.62
12 7W.9. 53 0.63 0.61 0.62
13 18 1.0. 53 0.68 0.63 0.65

a ~ A Y o ]
M1319 29-10 ﬂiiﬂﬂﬂWLW]ﬁ‘L%ﬂiﬁl@ﬁﬂJ8181/]ﬂﬂﬂﬁaiﬂllﬂﬂi&ﬂmﬁywmmzNa"lu

U i L Tnuneden (%)
aeun uiHuAIEN v v .
asai 1 AN 2 1nae
1 21 1.9. 53 0.18 0.15 0.16
2 28 1.9. 53 0.21 0.17 0.19
3 49.9.53 021 0.18 0.19
4 17 9.9. 53 0.19 0.15 0.17
5 24 7.0, 53 0.18 0.29 0.24
6 6 1.8. 53 0.14 0.16 0.15
7 15n.8. 53 0.18 0.18 0.18
8 23 1.8, 53 0.18 0.18 0.18
9 19.0.53 0.15 0.15 0.15
10 10 9.0, 53 0.17 0.17 0.17
1 1 W.8. 53 0.16 0.16 0.16
12 7.9, 53 0.18 0.17 0.18
13 18 W.8. 53 0.19 0.19 0.19
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Aa = ~ Y
NN 9-11 ’]Jiiﬂmiwuﬂﬁlcliﬁmﬁll’é]\‘lmﬂ%ﬂﬁlﬂElﬁa1ﬂulﬂﬂi$l,ﬂ‘1/llﬁ‘léfﬂﬂﬁ

g i o TNy (%)
anui URHUMIBES A v -
AsaN 1 ATan 2 1nae
1 21 0.0, 53 0.15 0.15 0.15
2 28 1.0 53 0.16 0.18 0.17
3 49.0.53 0.17 0.20 0.18
4 17 .9 53 0.15 0.20 0.17
5 249.9. 53 0.28 0.18 0.23
6 61.8.53 0.13 0.13 0.13
7 15 0.9, 53 0.15 0.15 0.15
8 23 0.8, 53 0.15 0.15 0.15
9 1 9.9, 53 0.14 0.15 0.15
10 10 9.9, 53 0.15 0.14 0.14
1 1 W.8. 53 0.17 0.17 0.17
12 7.8, 53 0.15 0.15 0.15
13 18 1.9, 53 0.16 0.17 0.17

M319 9-12 Usna Tnunan@ouvesvez fdesaars ladsennauvanuagiers 1ol

o i o Tnunasen (%)
CAITNT unHuAIeeha s v -
Asai 1 Asan 2 nae
1 21 1.9. 53 0.18 0.18 0.18
2 28 1.9. 53 0.19 0.21 0.20
3 49.9.53 0.20 0.20 0.20
4 17 .9, 53 0.18 0.17 0.18
5 24 7.0.53 0.15 0.18 0.17
6 6 1.8. 53 0.15 0.15 0.15
7 150.8. 53 0.18 0.17 0.18
8 23 1.8, 53 0.18 0.18 0.18
9 19.0.53 0.15 0.18 0.16
10 10 9.0, 53 0.16 0.16 0.16
1 1.8, 53 0.17 0.18 0.18
12 7.8, 53 0.14 0.15 0.15
13 18 W.8. 53 0.15 0.16 0.16
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a J A Y o 9/
M99 9-13 ﬂimmﬂﬁuauﬂlmﬂlﬂzwEJE)EJtTaw"lﬂﬂizmmﬁyWﬂuazwaulu

. . MUY (%)
anui IunuAees A v -

Asai 1 Asan 2 nae
| 21 0.0, 53 1.80 2.13 1.97
2 28 1.9, 53 1.78 1.56 1.67
3 49.9.53 1.84 1.96 1.90
4 17 9.9, 53 2.05 1.56 1.80
5 24 9.0, 53 2.04 1.59 1.81
6 6 1.8. 53 2.86 2.68 2.77
7 15n.8. 53 2.05 1.89 1.97
8 23 1.8, 53 1.98 1.76 1.87
9 1a.0.53 232 2.01 2.16
10 10 9.0, 53 1.55 1.79 1.67
1 1.8, 53 2.09 1.73 1.91
12 7.9, 53 2.08 2.13 2.11
13 18 W.8. 53 2.13 2.15 2.14

A s A Y
1319 9-14 ﬂﬁﬂTmﬂTﬁUﬂu‘U@ﬂﬂlﬂgﬂﬂ@ﬂﬁaTﬂqﬂﬂﬁglﬂﬂLﬁH@1ﬁ1§

o e o ATUBY (%)
aaun HNUDUNIBENN AN T 3 2
3N 1 AN 2 nag
1 21 n.A. 53 2.10 1.97 2.03
2 28 n.A. 53 2.14 1.93 2.03
3 4d.0.53 1.74 1.95 1.84
4 17 a.9.53 1.83 1.89 1.86
5 24 .. 53 1.81 1.90 1.85
6 6 n.8. 53 1.54 1.35 1.45
7 15n.9.53 1.77 1.94 1.86
8 23 n.9.53 2.15 1.90 2.02
9 18.0.53 1.94 2.06 2.00
10 10 &1.;1. 53 1.75 1.95 1.85
11 1 W53 1.94 1.81 1.87
12 7Ny, 53 2.19 2.10 2.15
13 18 W.g. 53 2.10 2.04 2.07
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a 7 { Y 9 9
1IN 2-15 ﬂiiJ1mﬂ1i‘Uf]u"llE]Qﬂlﬂxﬁﬁlﬁ)ﬂﬁﬁwqﬂﬂigmﬂlﬁ‘ﬂﬁig1LLﬁ$Lﬁ’]&IGI,‘]JU13J

. . MIVOU (%)
anui IuniuAleds A v -

Avan 1 asan 2 nae
| 21 0.0, 53 1.73 1.87 1.80
2 28 1.9, 53 1.98 1.73 1.85
3 49.9.53 1.99 1.91 1.95
4 17 4.9, 53 1.51 1.85 1.68
5 24 7.0.53 1.91 1.50 1.70
6 6 1.8. 53 1.94 2.00 1.97
7 15n.8. 53 1.93 1.93 1.93
8 23 1.8, 53 2.08 1.78 1.93
9 19.0.53 1.74 1.59 1.66
10 10 9.0, 53 1.50 1.53 1.52
1 1.8, 53 2.14 1.77 1.96
12 7.9, 53 2.08 1.98 2.03
13 18 W.8. 53 1.98 2.02 2.00

A1919 2-16 A1 C/N ratio VodvszNdosaats lalsznnmauinuazma 1y

. ' C/N ratio
19N UM v v 5

ASaN 1 AsaN 2 e
1 21 0.9. 53 9.47 14.20 11.84
2 28 0.9, 53 44.50 39.00 41.75
3 49.0.53 20.44 19.60 20.02
4 17 .9, 53 4.88 3.32 4.10
5 249.9. 53 8.87 6.63 7.75
6 6 n.9. 53 19.06 17.86 18.46
7 15 0.8, 53 11.38 11.12 11.25
8 23 0.9, 53 10.42 13.54 11.98
9 1 9.9, 53 17.84 16.75 17.30
10 10 A.9. 53 9.12 9.94 9.53
11 1 N.8. 53 14.93 12.36 13.65
12 79.8.53 11.55 12.53 12.04
13 18 .8, 53 12.53 11.94 12.24
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1 . y 9
M1319 9-17 A1 C/N ratio "UENGUEJgﬁUﬂﬂﬁaWﬂqﬂﬂiglﬂﬂ!ﬁHBWWWi

. , C/N ratio
anun Iuniuilees A v -

Asadn 1 AaN 2 1nae
| 21 0.0, 53 11.05 1231 11.68
2 28 1.0, 53 53.50 4825 50.87
3 49.9.53 43.50 39.00 4125
4 17 4.0, 53 8.31 8.59 8.45
5 249.9.53 13.92 9.04 11.48
6 61.8.53 22.00 13.50 17.75
7 150.8. 53 11.80 12.93 12.37
8 23 1.8, 53 12.64 11.87 12.26
9 1a.0.53 12.12 13.73 12.93
10 10 91.9. 53 10.29 11.47 10.88
1 1 W9, 53 12.12 1131 11.72
12 7.8, 53 12.88 13.12 13.00
13 18 1.9, 53 14.00 13.60 13.80

M319 9-18 A1 O/N ratio YoveNdesaae lallsznnauvguazaylyld

. ' C/N ratio
a19un UM v v -

AsaN 1 Asan 2 mae
1 21 0.9. 53 13.30 15.58 14.44
2 28 0.9, 53 66.00 34.60 50.30
3 49.9.53 49.75 31.83 40.79
4 17 4.0, 53 15.10 26.42 20.76
5 249.9. 53 6.82 5.76 6.29
6 6.8.53 14.92 11.76 13.34
7 150.9. 53 10.15 10.72 10.44
8 23 0.9. 53 10.40 8.90 9.65
9 1 9.9, 53 11.60 9.35 10.48
10 10 .9, 53 9.37 9.56 9.47
11 1 N.8. 53 14.26 10.41 12.34
12 7.8, 53 13.86 13.20 13.53
13 18 .9, 53 12.37 11.88 12.13
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1919 2-19 AANNS O UVDIUBEN

gosaanelalszinneuinuasma 'l
o4 o da o MANAToU (cal/g)
aeud Sundusieena T s y
ASaf 1 A3af 2 (A
1 211.0. 53 4674.20 4929.01 4801.60
2 28 1.0, 53 5660.18 5907.59 5783.88
3 47,53 5157.46 5463.12 5310.29
4 17 d.9. 53 4777.78 5239.52 5008.65
5 244.9. 53 5652.59 5577.54 5615.06
6 61.8.53 5508.94 5552.90 5530.92
7 15 .8, 53 7064.85 5909.26 6487.06
8 23 0.4, 53 6378.98 4928.55 5653.76
9 199,53 4493 84 3864.81 4179.33
10 10 0.0, 53 5973.16 4067.88 5020.52
1 1 0.0, 53 4638.40 6082.20 5360.30
12 7.8, 53 4599.78 5171.72 4885.75
13 18 W.0. 53 5919.50 5014.78 5467.14
M3 9-20 AN Zouvesveyidesaais 1§l niaye g
. . ANNNTOU (cal/g)
a1aun Juithumeeng A v 5
ASaf 1 A3af 2 (A

1 21 0.0, 53 4668.29 5867.57 5267.93
2 281.0. 53 4519.47 4569.35 454441
3 47,53 4195.17 4799.83 4497.50
4 17 4.9, 53 4818.62 4701.00 4759.81
5 244.9. 53 4924.05 5041.04 4982.55
6 61.8.53 7637.00 5046.21 6341.60
7 15 .8, 53 5229.73 6484.90 5857.32
8 23 0.8, 53 6532.88 6343.47 6438.18
9 199,53 5080.39 5749.24 5414.82
10 10 0.0, 53 6182.39 555821 5870.30
1 1 0.0, 53 6273.10 6255.98 6264.54
12 7.8 53 4223.32 420435 4213.83
13 18 W.. 53 4539.63 6390.35 5464.99
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o o da o MANNFOU (cal/g)
§raud (LITERLIN v v -
A3adi 1 A3ai 2 DEY

1 21 0.0, 53 4846.18 5181.53 5013.85
2 28 n.A. 53 4965.35 5100.30 5032.82
3 4d.0.53 4861.66 4475.34 4668.50
4 17 .. 53 4207.28 4865.92 4536.60
5 244.9. 53 5786.59 4946.94 5366.76
6 6n.9.53 5306.99 5809.11 5558.05
7 15n.8. 53 4722.89 5897.06 5309.97
8 23 1.0, 53 4357.97 3603.29 3980.63
9 1 9.0, 53 2640.77 499331 3817.04
10 109.9. 53 4981.12 4690.09 4835.60
1 110,53 4456.49 4398.02 4427.25
12 7.8, 53 4393.56 4523.93 4458.74
13 18 1.0, 53 5723.09 6324.40 6023.75
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1. wamatfSauiiguilSinamnuyuvesvazndosaaale

Descriptives

Bnaaugy
95% Confidence Interval for
Mean
Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
LARNNLAYHRA 1 26 | 78.1538 10.14176 | 1.98896 74.0575 82.2502 62.00 94.00
LAXAIMS 26 | 75.2308 5.21772 | 1.02328 73.1233 77.3383 65.00 86.00
tAzngiuasiu’ly 26 | 69.5385 10.43161 | 2.04581 65.3250 73.7519 51.00 86.00
Total 78 | 74.3077 9.51459 | 1.07732 72.1625 76.4529 51.00 94.00
ANOVA
Wnaanuiiu
Sum of
Squares df Mean Square F Sig.
Between Groups 998.154 2 499.077 6.267 .003
Within Groups 5972.462 75 79.633
Total 6970.615 77
a a a vl I A vlal
2. Nﬁﬂ]i!ﬂiﬂﬂ!‘nﬂ‘ﬂ‘d‘iu”lm HIATIRIUUDIVEUSNEDYT QY I
Descriptives
lulasiau
95% Confidence Interval for
Mean
Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
AR RNLRYHAL 26 .1738 .09287 .01821 .1363 2114 .04 .47
LM AT 26 .1423 .05339 .01047 .1207 .1639 .04 .22
wrnguasluldi 26 .1462 .06106 .01198 1215 .1708 .03 .28
Total 78 .1541 .07167 .00811 .1379 .1703 .03 .47
ANOVA
Tulasiau
Sum of
Squares df Mean Square F Sig.
Between Groups .015 2 .008 1.519 226
Within Groups .380 75 .005
Total .395 77
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3. wamsnfsaumeuilsanaleanleSavesvezn

|

Descriptives

Y
ogmasla

Waawasa
95% Confidence Interval for
Mean
Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
A RnLRLNAl 26 .5169 .25169 .04936 4153 .6186 .01 .84
AT 26 4754 .21599 .04236 .3881 .5626 .06 .69
e naas 'l 26 4631 .22838 .04479 .3708 .5553 .00 .75
Total 78 4851 .23062 .02611 4331 .5371 .00 .84
ANOVA
Wasawada
Sum of
Squares df Mean Square F Sig.
Between Groups .041 2 .021 .383 .683
Within Groups 4.054 75 .054
Total 4.095 77
= = =) = d' |l b4
4. Naﬂﬁlﬂiﬂ‘umtl‘ljﬂ33»11&!1'1/‘!!!ﬂﬁl“ﬂﬂﬂﬂl@&ﬂlﬂ%ﬂﬂ@ﬂﬁﬁ]ﬂﬂﬂ
Descriptives
Twunaidau
95% Confidence Interval for
Mean
Mean |Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum [ Maximum
LA ALRsHA 1 26 .1775 .02900 .00569 .1658 .1892 .14 .29
LA”ANINT 26 .1627 .02987 .00586 .1506 .1748 13 .28
e uaiuaslu’l 26 1712 .01818 .00357 .1638 .1785 .14 21
Total 78 .1705 .02660 .00301 .1645 .1765 .13 .29
ANOVA
TWunaLdau
Sum of
Squares df Mean Square F Sig.
Between Groups .003 2 .001 2.096 .130
Within Groups .052 75 .001
Total .054 77

160




=) = (v v Y d Y ci v Y
5. Wﬁﬂ”l‘i!‘l.l‘iﬂﬂmﬂ‘Uﬂﬂi”li;nu‘ig‘ﬁ”clNﬂ”li‘]Jff]”L!ﬂﬂnl‘lﬂﬂilﬂuﬂlﬂﬂﬂlﬂzﬂﬂ@ﬂﬁmﬂ\lﬂ

Descriptives

C/N Ratio
95% Confidence Interval for
Mean
Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
e nUagNaly 26 14.7608 9.07940 1.78062 11.0935 18.4280 3.32 44.50
LA RAINIT 26 17.4558 12.54229 2.45975 12.3898 22.5217 8.31 53.50
e neiaslu'ldl 26 17.2258 13.98771 2.74322 11.5760 22.8755 5.76 66.00
Total 78 16.4808 11.95287 1.35340 13.7858 19.1757 3.32 66.00
ANOVA
C/N Ratio
Sum of
Squares df Mean Square F Sig.
Between Groups 116.065 2 58.033 .400 .672
Within Groups 10885.01 75 145.134
Total 11001.08 77
= = \ Y Ad' | \1 Y
. WE’Ifn3!‘lJiEl‘lJmﬂ‘1Jﬂ1ﬂ’313~l‘§614!5119~‘1“llﬂ$1’|21ﬂﬂiﬁnﬁl 91
Descriptives
AANNSaU
95% Confidence Interval for
Mean
Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
GG EARY by 26 | 5315.713 725.10511 | 142.2048 5022.8368 5608.5894 3864.81 7064.85
LIS 26 | 5378.290 907.77190 | 178.0287 5011.6330 5744.9470 4195.17 7637.00
e ngaslu'ldl 26 | 4848.430 754.13005 | 147.8971 4543.8303 5153.0297 2640.77 6324.40
Total 78 | 5180.811 824.32971 | 93.33696 4994.9534 5366.6687 2640.77 7637.00
ANOVA
AIANGAU
Sum of
Squares df Mean Square F Sig.
Between Groups 4359515 2 | 2179757.514 3.408 .038
Within Groups 4.8E+07 75 639513.119
Total 5.2E+07 77

161







MANUIN ¥

L= d' a v v+ Y
mantunnmafasunlasgamgimeludainilesuulyermea






43 0°ze €T | c€ 143 €€ 43 0€e | ¥€ €€ (43 43 vS Ut LT L1

S'Te S'1g €7 | €€ 43 43 43 97 | €€ €€ (43 1€ S "W 9T 91

Tee 01€ 0€E | ¥€ €€ 43 I€ €€ee | e €€ €€ 1€ ¥S "Wt ST Sl

Tee 0°0€ 01¢ | 1€ 1€ 1€ 1€ €se | 1¥ 93 0€ 6T ¥S "R T 4l

06 S'LT €9¢ | 8¢ 9¢ 93 LT 9¢e | 8¢ (43 1€ 8¢ ¥S "It €T €1

Tee 0°0¢ 09¢ | OF LE 1€ 6T €0¢ | 0¢ 0€ 1€ 1€ vS U 7T 4!

TIE S'IE 0TE | 1€ I€ 1€ 0€ €1e | 1€ I€ 43 €€ bS Ut 1T 11

€ee 0°0€ 9°€¢ €€ | ¢ € LT 0€e | €€ €€ €€ €€ S "W 0T 01

0°0¥ S'LT €0y | ov 182 o 8T S'6E | 6€ o 6€ LT vS U 61 6

0°6€ S'LT 06E | 6€ 6€ 6€ 6T 06 | OF 8¢ 6€ 9T S "Wre 81 8

v'LE 06T L8¢ | of 8¢ 8¢ LT 09¢ | 9¢ 9¢ 9¢ 1€ ¥S "W L1 L

0'1¥ 06T 90y | Of 8% 8% 0€ €y | €F 4% 6€ 8T ¥S U 91 9

LY §9T Ley | v 97 (4% 9T L'LE | 8¢ (112 %3 LT vS U ST S

LTy $9T Ley | oF 4% |82 ST L6E | OF |82 8¢ 8¢ bS U vl 4

(487 $'8T 0y | St 4% o 6T €6c | OF o 9¢ 8T bS UMt €1 €

76 08T Leg | T 6€ 8¢ 8¢ 06E | Tt (114 9¢ 8¢ ¥S "R I 4

- - - - - - - - - - - - vS U 1 I

€ (4 I € (4 I
(Do) HEEURLE (Do) neruRLE (Do) BLIEE S (Do) LEIBES
. L N BUBI | WBEUY | BEWY | UBEU BO®I | UBLW | UBEW | UbE "
B{LUIEULBI|BLY ueHBLEBLULE : s lts i ueHBLEBLULE : e UGHRBLEBLULE [YTeui/ne v
R . (Do) BLILEE R o (Do) L& o BLY
reluie penEuree peneiuree peniureed

R{turEbER{BLGIEEUIBR
+ n <

pef BLUIUBEH{BLUTEGUIBR
N I+ mn <=

Ercr@\mé::,:wmcmxﬁ/\m3#@r@@@$3@v@?::w.wﬂzmrc I- & BLELY

165



0 1€ 0'1¢ 0 1€ 53 53 53 |53 0 1€ I€ 53 83 53 ¥ MU L 8¢
(43 0'1¢ 91¢ | TE | T | 1€ 1€ €T | €€ [43 (4 1€ ¥S "MU 9 LT
(43 o€ 9cTe | €€ | T | €€ 1€ €1 | et 1€ |£3 0¢€ ¥S ‘MU S 9T
9'Te o€ 9ce | €€ | €€ | T€ 0¢ 9ce | €€ (43 (43 1€ vS ‘MU ¥ ST
9'ce seg 9cTe | €€ | TE | €€ £ 9ce | €€ (43 (4 €€ ¥S MU € vT
['ee 943 9'¢e | vE 143 €€ €€ 9'Ce €€ [43 43 1€ S MU T €C
LT 0°Ce €ee | pe € €€ [43 0°0¢ 0¢ 0¢ 0¢ 53 7S MU T [44
S'le Sle 9'1¢ | C¢ 43 Ie 83 €1e (43 I¢ 83 [43 PS e € Ic
0 1€ 0'6C 0 1€ 1€ 53 53 6¢ 0 1€ I€ 1€ 83 6¢ 7S "¥re 0¢ 0¢
43 $ieg 91¢ | TE | TEe | 1€ 1€ 9ce | €€ 133 (43 [43 S "Urt 6T 61
L€ o€ 01E | 1€ | 1€ | I€ 0¢ €T | €€ (43 (4 1€ S "unt 8T 81
€ (4 I € (4 I
(Do) HEBURBE (Do) HEBURLE (Do) ALABE (Do) LiBER
. L L ROTI | UBLW | UBEY | UbEU o BUTI | UBLY | WBEW | WbEU ' "
BILURUEGH|BLY uerRLBBLULE S uenpLLBLULe . S uernBLEBLULE [Lneui/ie _
[ -] [ -] AQOV —W—..—.F”ﬂ\-nu n -] AUOV —.\mum n b —.ﬂ\a —\o@
reéume penesuree . . penesuree . . penesuree
R{lurEUEBR|BLBIEEUIBE BEf BILURRUEBH{BLLRREUIBE

(@W) I- % BLELY

166



_._.-.uL__...n_.E.FEEE_N_:tEn.i;E._FEEF..ﬁEU_.Fﬁ._HE:_. ELUPEH] .:ﬂ_w__.....u_
1T ] [ T 1 T ] |_| 11 .
L | m.uu — ..I I—I LI L — 1 .||_ | — . — 1 . —

e L + -

T _._.___._._:.m_._h._._._u_..m —1
__EEE.._E#HE__ _#| ._mmrﬁ .
b — — o — —— —— — i _ " _ —— —— — —1 _
” I |_. | i | |
| I U R H —_ = N I RN N —1 B I S S S I
| Lo |
-1 — — - —— — — o |- i H —1—
— | I A I S 1 1  E— 4
m T f i e _ R | & Coiar Emp_ TEHOES | 1

—

..|.. — | | R — - !
Db e 0 M .a,.i._p:“.n - I..EEEE: = _E | EEI_..E___.._____E_ﬁ__._ F:Eqm -

. F b seped  wmmou ek oty | “ apsd | W L
I Ii___ |9 | W _I.Ei- i i B _5. . El-z.lﬁ_ bl Bl 1=
JRALLMLELUTELE .n.ﬂ_. u.mm_

- .ﬁﬂl::ﬁﬁhﬂ_ S " E..E.ﬂﬂ:ﬁl EEEEEE
wgrlangegmemi agnpLps.sneseLe Rl gAY gpLERT eLpoz gl
ruLka ey wnlincus LAY oL LA L PTLE

e .1|r_.
- BEEL-E5 MeKH!

gLy L upan)

_._.m._m_.n._m_.__.m_n..n_“_.-.-_.ﬂﬂ::a...ﬂ_._i UL TLTREL A |

R A LAY SRR LRI ML 20T b bs LupiaERl LUTEARSE HETIAL T FNTO0E

WELLHRA LD HEELHRUEL DM SR ELIUL ALY

Fled 7 B0A IR0 KU G

167






TAsINstauhn 2

a a d o A
MsUszuANUANM B IATHMAATUDIMIAVHUIATINS

5115 Iaq3 luRamelunmIneandansHgaaugiium
(Evaluating the Efficiency of the Recycle Waste Bank Project in Suan Sunandha

Rajabhat University; Economic Point of View)






Folnsams
mulng) m3tszitiuanudua lusussugmansuoanmsduiu
TasamssuAsiags lmaanieluumianedessngaaugiium
(ﬂ1y75/\7ﬂqy) Evaluating the Efficiency of the Recycle Waste Bank Project in Suan
Sunandha Rajabhat University; Economic Point of View

lasunugaryumsdIde Uszditl 2553 Swauilu 172,160 v

Q

U

szgznamnsoe 1 1 Asue 12 woun1aN WA, 2553 B9 12 WOBNIAY WA, 2554

% Y |

d' yn d'u % [ d
‘Ui’)w’Jﬁ)f.lWi@N‘I’i‘t!'JfN1uﬂﬂﬁﬂﬂ!!a$!aﬂlﬁ3ﬂﬂi‘ﬂiﬁ‘W‘Yl

U

Y 4
1.  ¥ninlasams

a

A3.32UTTIV 0ATANA

a @ a a 4
A11IINTIANTUATAIVAVNANY ANz ININdasuazima TuTad
UMIINGIAYIIFAYAIUFUUN 10300
@UN 1 DUUGNDIUDN UVNIFIE LVAQTN NTAUNNUHIUAT

Y] 4
Ingfwn  0-2160-1210 Tn3eNs  0-2160-1210
E-mail: Ronbanchob@gmail.com
Y av
CRRE TR

= Y% =

WAV HUNuua3

@ ] 4 ~ a A A Y
anuMsussgausuazs Imaaioduadon an1o
amgaamnssuurlszms ne

A Y Y g ~ ' a Aw a
v 333 erasdudledau 1 4 20 T wesmoria ounInnnsda
HYIIIDUNA 1UADHINT AFINN 10900

o 4
IngfWNn  02-272-1552-3 ext.13 IngaNs  02-272-1552-3 ext.18
E-mail:  khunpoo_ja@yahoo.com

3. NfSnlasamside
a a o 4

37.93.UTun1 I3 UN
AUV UATHIMAAT AULINGINMITIAMST VHIINOATIFAaIUgTUM
@UN 1 DUUGNDIUDN UVNIFIL LUAQTA NTAUNWNUHIUAT 10300

@ 4 1
TNgAMN 02-243-2240 610 1511 N33 02-243-6866

E-mail: parinnapha@hotmail.com

171



UNAALD

Y
Av A

I 1 Aa ° a
Qm’mEJuL‘IJuﬂ15ﬁﬂ‘y1ﬂ’J”mé}uﬂﬂuLGINLﬁiBgmﬁ@‘fmﬂmimmuﬂmiﬂﬁmi

=

Y v
5U1I153a93 lmAanieluuranedessagaaugiumasasuduiulasains (n.n. 52)
=~ = a A @ = a Yy Y
W 50,53 TagAnwnndTuaveziniesuimsiags lwaasiusiu lduazdeyani
a Y] = a = 9 o d a K Bld' A 9
MIRUVOITUIANTIART lanfa saudems IFuunaeunutazmsdunvalFandinedo
A = 2 A g S o A = ' v A
mofnyIaNuruMTulse Teruadonsauiulasanisd nan1s@nYINYI 5UIATIAAT
a < 9}3 Qy a o = I @ 9 J
TnAaaunsosrusnuves 197eau 97.614 iua3ndu F91lszananiludaiinslglse Tewd
9 o A (A d'
MNYezIvay 13.28 lagvezilsziannizaivvailsnawinige Tasauisnaanis
1 [ b a T v 4 J a [}
anlasemMaisoUNIZAINFIAANLMINUNIFA VU laoon Lyallszuiar 390.024 IATAAU
=1 ] o £ I ) A a 4 A
MeunumMIRenay Futlumaninvezalsziannizaiyv1IfIINNga M3 1ATIEH 11F
o 1 1 1 1 [ Y]
ATHIMAATNUI TAIHAADULNUABAUNUTZNIN 1.09 — 1.16 uaglindnsmanauuny
(% 1 A 9 a A a 1 Y =
Melu (IRR) 111 43.18 % eiolAou MuToyaTaay 1.35% Wonan 1o luniangug
uagsuIMIiaas lmAalii lsgnimasiszuna 5,000 — 6,000 VIMABIABY INAITAITID
a < v a [l [~ (X)) ~ 9 A 4? [V o A
anuAamunuNansndulngpduithureslise ldmuliundimsduiuauvessuins
u = =) = % (<] =) (-7 =S a L%
Yeaad lwda vazlinnuwe lanumsdwiuTassmssuimsiaas lmaaluszauihunanlag
[ a A [ % o 1 a a o
NNFUINTIES lmAanrsmumIdsznduius 1Hunn 1Ay ez anetdendsing
] A A 9 I o w [V s a =] A o 1] 9
advayuanwie Iniudninnusuiastags luAauuuansswdanundmsuais

[ < Y
Tnaalumsinunazaauenvey

o o W a @ a @ I
aan ty:mi?"lcnma; ﬁmmmﬁ@?%ma; mmﬂmimﬂx;mﬁygmﬁmmumé’au; AU

Y 1 a s A
ﬂﬂﬂﬂ‘l&!%%ﬁi‘i&lﬁﬁiﬁﬁi; NIPLIDUNTSIN

172



Abstract

This research studied the worthiness of Recycle Waste Bank project of Suan Sunandha
Rajabhat University (RMB-SSRU) in economic point of view during July 2009 to December
2010. The study was conducted by analyzes of waste amount collected by RMB-SSRU, financial
data of RMB-SSRU, questionnaires and in-depth interview of involved people. The results
showed that the project collected total amount of recyclable wastes about 97.614 metric ton which
is calculated to a waste utilization rate of 13.28%. The office paper has the largest amount among
these recycled wastes. The project reduced greenhouse gas emission equivalent to about 390.024
metric ton of carbon dioxide compared to the disposal by landfill. The most significant recyclable
waste that affects the reduction of greenhouse gas emission was office paper. Economic analyzes
showed that B/C ratio of the project was about 1.09 to 1.16 with the Internal Rate of Return (IRR)
of 43.18% per month according to the real financial data and 1.35% per year according the ideal
financial data. The RMB-SSRU had an average net profit about 5,000 — 6,000 B per month. The
study of sample opinion and in-depth interview showed that main member of RMB-SSRU is
housekeeper and these have the higher income after the project. The member had a moderate
satisfaction to the RMB-SSRU’s operation. The study suggested that RMB-SSRU should have
more public relation and the university should support a place to use as permanent bank RMB-

SSRU office including a place to build a storehouse for collecting and separating the garbage.

Keywords: Recycling; Recycle Waste Bank; Solid Waste Management; Environmental

Economics; Economical Worthiness; Greenhouse Gases
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Y Y
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1.2 Internal Rate of Return
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Internal Rate of Return (IRR) Lﬂummmiwwrwaw1wawemmu1u;ﬂuumaa

azuea318 ldaear dadia ldnnaunsn (3.2) @auilaininilszans aagads, 2527)

k
F,-Z
C,= ) —2 -0 (3.2)
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IRR 79 Internal Rate of Return (11178 $osazaoinon)
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A o 4 a 1 [ §
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Waste Reduction Model (WARM) version 8 (US. Department for Energy, 2006; US-EPA, 2010)
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-4 A i (Y 1 4 )
ﬂizamlmmmmsaunszi]mmz‘ﬁmmﬂmsﬂaﬂﬂaaﬂmmsaunizfnn

@A P Y 1w 7 ¢ L o
MaFounszanlugudoya laun Mansueu laven lua (Carbondioxide; CO,) M
9] 4 (4] 4
05U (Methane; CH,) Mest1o3vigoe T5lisu (Perfluoromethane; CF,), N1 11lo3vigos Tsdisu
o o s . . £ a a
(Perfluoroethane; C,F,), uagma luasaoon laq (NitrousOxide; N,0) BatensenunalIua
1 ] 1 dy a o A 1o J J .
mydandassmamarilugdveswaindmiieusiimeaisuoulasen 4@ (Metric Ton of
. 2L o 91w o Y a 9
CO, Equivalent; MTCO,E) dadudalasldgadnoninlunisvirliinalanseu (Global
. . o v &Y 1 o
Warming Potential, GWP) @1visun1s CH, , CF, , C,F,, uag N,O itmny 25, 7,390 , 12,200 ,

Y
18T 298 111999 CO, MURN (Forster et al., 2007) Tasamnsofiuia laoldgasaae Tuiix

[MTCO,E] = [CO,] + 25[CH,] + 7390[CF,] + 12200[C,F ] + 298[N,0]

\ile [MTCO,E] Feusurmdimieunszannanualunitemanduiiieniime

m3yvenlavenlyed luvmsii [CO.l, [CH, [CF,], [C,F,], uaz [N,0] fiovSunaie co,, CH,,

CF,, C,F,, ag N,0 Turiigmasnduaud il
LLGi“lumﬂﬂﬁgqﬁﬁmﬁswfmuwa1u;1JmENmm?nﬁmﬁﬂuwiwmﬂﬁmu (Metric Ton of

1 Y
Carbon Equivalent; MTCE) lianudusiusaiu MTCO,E asaumsaa lail

12 a
[MTCE] = H [MTCO,E] w58 1 MTCE=3.6667 MTCO,E

44 .
[MTCOzE] :E [MTCE] w#se 1 MTCO,E =0.2727 MTCE

A A a ) A 3 1 a o A ' J
19 [MTCE] ﬂ’f)‘].]ﬂJWﬂ!ﬂW“]ﬂﬁ’E)UﬂﬁgTIfW]\‘Wmﬂiuﬁuﬁﬂmﬂiﬂ@]ulﬂﬂﬂlﬂﬁl’fNﬂ']ﬁUfJu

4
A o

* yinonig Tugwudeyaves US-EPA 15 GWP aun ualuenanstigise ladaulaslasldmInsves

IPCC lunmsauim

GHGs GWP 11 GWP Tusi
CO, 1 1
CH, 21 25
CF, 6,500 7,390
C,Fg 9,200 12,200
N,O 310 298
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d' a 1 %) A a o o 1 a o
M319n n-1 Ysunamsdaatlassmeysounszan (tUATNAUNEADINATNAUVYY) IINNITAA

VoL NUMAIR A

Source Reduction

CO, CHa CF4 CoFs N,O MTCO,E | MTCE
&6 1 25 7,390 12,200 298
agfiiiay -8.38 [-0.0129 |-0.0002| -107° 0 -9.9938 | -2.7256
L&A -3.4209 | -0.0038 0 0 0 -3.516 |-0.9589
WA -0.5359 | -0.0008 0 0 0 -0.5561 | -0.1517
High Density Poly
Ethelyne -1.7106 | -0.0114 0 0 0 -1.9949 | -0.5441
Low Density Poly Ethelyne |-2.2205|-0.0126 0 0 0 -2.5362 | -0.6917
Polyethylene terephthalate |-2.1246 | -0.008 0 0 0 -2.325 |-0.6341
ATLATTAY -2.8379 | -0.0015 0 0 0 -2.8746 | -0.784
AT
PREERE -4.6464 | -0.0031 0 0 0 -4.7234 | -1.2882
ATEAMBUUIRaRUN -4.3517 | -0.004 0 0 0 -4.4506 | -1.2138
ATLATBANIGN -3.9428 | -0.0018 0 0 0 -3.9886 | -1.0878
NITANHFUA TNTAWU -5.5715 | -0.0045 0 0 0 -5.6829 | -1.5499
JUALRY -5.1407 | -0.0039 0 0 0 -5.2389 | -1.4288
viau'lyl -2.2162 | -0.0002 0 0 0 -2.2205 | -0.6056
wru'liida -2.4127 | -0.0006 0 0 0 -2.4281 | -0.6622
LA AINT NA NA NA NA NA NA NA
LA lIRNATUEIRIU NA NA NA NA NA NA NA
wain NA NA NA NA NA NA NA
Tuld NA NA NA NA NA NA NA
LA AL NA NA NA NA NA NA NA
WAMATEANE W9l NA NA NA NA NA NA NA
ATEAHTINANUNAITIAE
ande NA NA NA NA NA NA NA
ATEABIUNNFTNIIU NA NA NA NA NA NA NA
TAaNTHAN NA NA NA NA NA NA NA
WRNRANNFU NA NA NA NA NA NA NA
auq NA NA NA NA NA NA NA
f3duniaaug NA NA NA NA NA NA NA
ALIYTIN NA NA NA NA NA NA NA
WU -3.7862 | -0.01 0 0 -0.0016 | -4.5137 | -1.231
ARNTNILA DS -60.865 | -0.1079 0 0 0 -63.563 | -17.335
agulatu (agiuLn) -0.3053 | -0.0006 0 0 0 -0.3211 | -0.0876
LARAU NA NA NA NA NA NA NA
Linaas NA NA NA NA NA NA NA
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d‘ a ' 4 A a o o ' a o = a
maan 02 Ysunamstaailassmanseunszan (UATNAUNFABDINATNAUVYL) ﬁﬂf‘lﬂ”liiulclﬂ,ﬂa“llﬂz

Source Reduction

Co, CH, CF,4 CoFs N,O MTCOE | MTCE
{0 1 25 7390 12200 298
agiLdiay -13.7206| -0.0208| -2.94x10| -2.34x10° 0 -16.7017| -4.5550
Wan -1.9096 | -0.0032 0 0 0 -1.9892 | -0.5425
3] -0.3026 | -0.0003 0 0 0 -0.3091 | -0.0843
High Density
Poly Ethelyne -1.3474 | -0.0096 0 0 0 -1.5869 | -0.4328
Low Density Poly
Ethelyne -1.6760 | -0.0100 0 0 0 -1.9260 | -0.5253
Polyethylene
terephthalate -1.5819 | -0.0062 0 0 0 -1.7369 | -0.4737
NTTANL A -3.0229 | 0.0003 0 0 0 -3.0166 | -0.8227
ATEA L
VEHERE -2.9803 | 0.0000 0 0 0 -2.9810 | -0.8130
ATEA L
VI SERY L -3.8088 | -0.0015 0 0 0 -3.8466 | -1.0491
ATLAANIGN -2.7453 | 0.0004 0 0 0 -2.7352 | -0.7460
NTEAHRYA
Tnsdnwn -3.6547 | -0.0012 0 0 0 -3.6842 | -1.0048
JUALRY -3.0209 | -0.0001 0 0 0 -3.0234 | -0.8246
viau'lil -2.7069 | 0.0001 0 0 0 -2.7042 | -0.7375
wHu'liida -2.7244 | 0.0000 0 0 0 -2.7240 | -0.7429
LA ARG NA NA NA NA NA NA NA
1= hTa SRR R TINe K]
qu NA NA NA NA NA NA NA
“ain NA NA NA NA NA NA NA
Tu'ld NA NA NA NA NA NA NA
LA AL NA NA NA NA NA NA NA
LAMATIA T
ﬁ‘JS]VLﬂ -3.4803 | -0.0007 0 0 0 -3.4971 | -0.9537
ATYATIINANA
unaofiagande -3.4803 | -0.0007 0 0 0 -3.4971 | -0.9537
ATLATIINANN
giineu -3.3566 | -0.0005 0 0 0 -3.3693 | -0.9189
TangHau -6.0518 | -0.0094|-1.03 x10 -8.21x10° 0 -7.1490 | -1.9497
WA NNAN -1.4993 | -0.0081 0 0 0 -1.7025 | -0.4643
;“J'w] -3.0953 | -0.0008| -5.48x10°| -4.36 x10” 0 -3.1622 | -0.8624
ssAunddug NA NA NA NA NA NA NA
ALILTIN NA NA NA NA NA NA NA
WU -5.9204 | -0.0152 0 0 -5.88x10™| -8.0538 | -2.1965
AdNNILART -2.5670 | -0.0040|-4.75 x10 -3.78 x10° | 0.0000 | -3.0626 | -0.8353
dsunaLun (aghu
)] NA NA NA NA NA NA NA
LAR AU -0.0086 | 0.0000 0 0 0.0000 | -0.0087 | -0.0024
iaas -0.9476 | -0.0006 0 0 0.0000 | -0.9622 | -0.2624
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NA wnneds hifimsAnmndmsviaquszmnmiug
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ANNATY UUIYIININTTUAINATI fﬂlﬂiﬂﬁﬂfﬂiﬂﬁﬂﬂﬁﬂﬂﬂ?“ﬂlﬁﬂuﬂigﬂﬂqﬂ LYY

myaamsl¥nszamvnd 1 duazaamstanilassmas CO, 1dszua 3.9428 du

#* Saguadszanit Wiiilusemsenldmidugumu (proxy) Tasinmnngiie Notes and Instruments for Using the
EIA — 1605, Recycling, Source Reduction and Composting Workbook wu waradn Poly Styrene uaz
plastic PVC

mdadiuves PS dunwningas mdadiuves PS = (adadiuves PET+adadruves LDPE+ddadiuves HDPE)/3

mdadives PVC dnnanngas mdadiuves PVC = (mdadives PET+mdadmuves LDPE+mdadiuves HDPE)
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vz lunguilenavvez (Aundsvquilinaunag luluemsn)

q' a 1 () A a v &Y J a LY LY
M99 n-3 Usunamsdaatlassmasounszan (LIATNAUNFADINATNAUVYL) NNMSAINAL

CO; CH, MTCO,E MTCE
e [0 1 25
iy 0.042355 0 0.042355 0.011551
Aan 0.042355 0 0.042355 0.011551
Wi 0.042355 0 0.042355 0.011551
High Density Poly Ethelyne | 0.042355 0 0.042355 0.011551
Low Density Poly Ethelyne 0.042355 0 0.042355 0.011551
Polyethylene terephthalate 0.042355 0 0.042355 0.011551
NILANHAY -0.923424 | 0.058858 | 0.548038 0.149465
NITLA I
PEHGRE -1.163892 | 0.032274 | -0.357036 | -0.097374
nsyanlvdanun -1.436347 | 0.028374 | -0.727002 | -0.198273
N3LAE UGN -0.26119 | 0.132309 | 3.046536 0.830873
AT HIUATNTANY -1.436347 | 0.028374 | -0.727002 | -0.198273
AUALAN -0.26119 | 0.132309 | 3.046536 0.830873
viau'lil -0.81382 | 0.018624 | -0.348232 | -0.094972
wru'liidn -0.81382 | 0.018624 | -0.348232 | -0.094972
LAXAINIS -0.082123 | 0.036698 | 0.835323 0.227815
LA lIANITUEAIRIUY -1.0047 0.019921 | -0.50667 -0.138183
wain -0.451186 | 0.023481 | 0.135833 0.037045
Tu'lad -1.562997 | 0.018225 | -1.107376 | -0.302012
LA gl -0.81382 | 0.018624 | -0.348232 | -0.094972
AR ATEAE a9l -0.933316 | 0.064106 | 0.669322 0.182542
ATTAETININUNRITI L]
ande -0.97273 | 0.059472 | 0.514061 0.140199
nsgaEINANRTNIIU -0.866058 | 0.070798 | 0.903882 0.246513
TanyHau 0.042355 0 0.042355 0.011551
L ERERRIER 0.042355 0 0.042355 0.011551
Auq -0.82624 | 0.051382 | 0.45831 0.124994
fsAuvzdaug -0.559152 | 0.028023 | 0.14143 0.038572
UL -0.391178 | 0.03135 | 0.392578 0.107067
NN 0.042355 0 0.042355 0.011551
ARNNILRAS 0.042355 0 0.042355 0.011551
d5uaLu (A56uLk1) 0.042355 0 0.042355 0.011551
LARAY 0.042355 0 0.042355 0.011551
Leaan 0.042355 0 0.042355 0.011551

* 1 =K a [ 1 I 1 (4] A 1
AN HEDININTsuaInan Wumsleadasemasounszaniyu
mstlanaunszamund 1 dusziimstasems CHy dszina0.132309 du

wwaamstanaesis CO, 1dilszana 0.26119 du)
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q‘ a 1 [ A a v oY [ a o
M35199 n-4 Usuamsdanilassnamsounszan (IUASNAUMIBABINATAAUVEL) 1NN

Vo2 11191180 (Combustion)

CO, CH, N,0 MTCO,E MTCE
e {o) 1 25 298

agfifiay 0.068864379 0 0 0.068864( 0.018781194
LAaN -1.629901105| -0.002807895 0 -1.7001| -0.46366322
LD 0.057248238 0 0 0.057248/ 0.015613156
High Density Poly Ethelyne 0.939119356 0 0 0.939119 0.256123461
Low Density Poly Ethelyne 0.939119356 0 0 0.939119 0.256123461
Polyethylene terephthalate 1.148808494 0 0 1.148808 0.313311407
NITAHAY -0.788174535 0 0.000130381 | -0.74932 -0.20436028
ATYAN

pLliERk -0.580826411 0 0.000130381 | -0.54197| -0.14781079
nIsaUIIRa RN -0.893532938 0 0.000130381 | -0.85468| -0.23309439
NILANHUIGN -0.759947312 0 0.000130381 | -0.72109 -0.19666195
ATTAHANATNTAWY -0.893532938 0 0.000130381 | -0.85468| -0.23309439
RUALRY -0.759947312 0 0.000130381 | -0.72109 -0.19666195
viau'ldi -0.934189433 0 0.000130381 | -0.89534| -0.24418253
wru'lidn -0.934189433 0 0.000130381 | -0.89534| -0.24418253
LA -0.245352246 0 0.000130381 -0.2065| -0.05631784
LA 191N UG IRIU -0.295301655 0 0.000130381 | -0.25645 -0.0699404
e -0.295301655 0 0.000130381 | -0.25645 -0.0699404
Tu'ldi -0.295301655 0 0.000130381 | -0.25645 -0.0699404
LA AL -0.295301655 0 0.000130381 | -0.25645 -0.0699404
LAnTEAE W9l -0.791227257 0 0.000130381 | -0.75237| -0.20519284
nsYANHTINANUKAINatady |-0.787720344 0 0.000130381 | -0.74887| -0.20423641
ATEANMTINANNFUNIU -0.72492813 0 0.000130381 | -0.68607| -0.18711126
IV G -1.034125532| -0.001823135 0 -1.0797| -0.2944647
WRRGNHEU 1.032980209 0 0 1.03298| 0.281721875
Auq -0.707650401| -9.67752E-05 | 0.000112144 | -0.67665| -0.18454115
f3aun3tdug -0.271179155 0 0.000130381 | -0.23233| -0.06336154
ULILTIN -0.194749879| -8.92549E-05 | 0.000130381 | -0.15813| -0.04312575
WU 0.367277967 0 0 0.367278/0.100166718
ARNNILADT -0.209652364| -0.000803058 0 -0.22973| -0.06265331
asulatun (agfuLin) NA NA NA NA NA
LARAU NA NA NA NA NA
LARa NA NA NA NA NA
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Winvee (Composting)

q‘ a U 2] A a o o 1 a o
M99 n-5 Ysunamsdaat/asenesseunszan (IUATNAUNIEADINATNAUVYL) INNIT

Co, MTCO,E MTCE
i[9 1

agfifiay 0 0 0
LAaN 0 0 0
Wi 0 0 0
High Density Poly

Ethelyne 0 0 0
Low Density Poly Ethelyne 0 0 0
Polyethylene terephthalate 0 0 0
ATEATMAY 0 0 0
NTEAN

VETERE 0 0 0
ATEAMUTIRANNNW 0 0 0
NTTARANIGN 0 0 0
AT HANATNTAWU 0 0 0
JUALAN 0 0 0
viau'ldi 0 0 0
weu'lidn 0 0 0

LA AINT -0.218366017 +0.218366017 | -0.05955
LAE 1IN ATUEIRIU -0.218366017 +0.218366017 | -0.05955
“ain -0.218366017 +0.218366017 | -0.05955
Tu'ldi -0.218366017 0.218366017 | -0.05955
LA AL -0.218366017 +0.218366017 | -0.05955
WAMATEANE W9l NA NA NA
ATLANHTINANUVRITAE

nplafd] NA NA NA
AsTABINAINFTNU NA NA NA
TansHau NA NA NA
WRNRGNHNEU NA NA NA
Auq NA NA NA
fsaun3eiaug -0.218366017 0.218366017 | -0.05955
ALYIIN 0 0 0
WU 0 0 0
ANRILAAS 0 0 0
d5unaLu (AghuLK) 0 0 0
LAAU 0 0 0
Liaa 0 0 0
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9 1 1 an 1 qaj Y 9 1 1 ad A
1¥ile1amnsiantlass GHGs v09735 111 daualavaleninstaniass GHGs v09351a1
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Fuvowilugaslane

4' U [ A U U Aad ] U U ad A
msulasuutlasmsiassmasseunszan = amsilaniases GHGs 1935 111 - mmsianilass GHGs vosItiaw

1%

9 K o o A o @ 9 am LY o v o 9 as A a
DUANDU i]@]ﬂﬁﬂ’]JﬂJEJ%“I/IL“]J‘L!ﬂi%@]TH*IJTJﬂW 36U ﬂ’JEJ’J‘ﬁﬂﬁPJ\‘iﬂﬁ’U LS ADUINNIVIANIANTIANIYIT f.i]l“]ﬂﬂa

o = o A o ' Y}
ilzﬂm’;mmi!,ﬂaﬂuuﬂmmmi’auﬂimﬂ‘mwuﬂclu‘ﬂuaﬂ MTCOzE Ulﬂ

Tao013x(-2.7352) — 3x(3.046536) = -17.345208 MTCO,E
<1NA1519 N 2> <INA15197 3>
5'lnAa lanau

U [ ) o Y a A a J (2 A
UUIWPYANIUI NITIANTITNTISATRUIIAN 3 AUAIYID i"quma i]%ﬁ”mﬁﬂmﬂﬁﬂaﬂﬂaﬂﬂﬂi"ﬁﬁ’ﬂu

Y A [ Y a Y (4] 4 o
A3zan 13NN 17.345208 1Wa3nduvoInrasuou laoon laa

1 <] o 1 { @ a @ o
pea lsnawddou ldhimsaglludundumsiamsvezarenss ladafisunumsilanay
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Ad' [ A dl d' = a d’ = [ o o LY
M99 -6 MaFauUnIzanNlasunilatannss lsaadiomeusumsiives 1 du'llil

nay
Banafadeunszaniin/dedly

ngu BHAVDIVET co, CH, CF, | CF, | N,0 | MTCO,E
un3naw) | Mansu) | ) | ) [(Plansu)| (ua3nau)

NITATHYIIN -2.48409 | -131.904| - - - -5.78169

. ﬂmmﬁ'ﬂ/ﬂﬁmﬁ@‘ -2.09946 | -58.6071| - - - | -3.56464
IAENTZATH+AAIEN -2.4905 | -71.3077| - - - | -4.27319
wiladoiiun .2.37246 | -29.8864| - - "~ | -3.11961

Poly Ethylene Terephthalate (PET) | _4 62427 | -6.19959 - - - -1.77926

Low Density PolyEthylene (LDPE)| _4 71838 | -9.99767 - - - -1.96833
ora High Density PolyEthylene (HDPE)| _q 38977 | -9.58123| - - - 1.6293
Polystyrene (PS)* 157747 | -8.59283| - - - | 179229

Poly Vinyl Chloride (PVC)* 157747 | -8.50283| - - - | 1.79229
naAANHEY (WaIaANTIN) 154168 | -8.12704| - - - -1.74486

udr | e -0.34496 | -0.26011| - - -~ | -0.35146
man -1.95193 | -3.18355| - - "~ | -2.03152

Taviz | ogiliilew -13.76291 | -20.84282 | -294.23 | -23.42 - -16.74409
dang @ NoN,NOUNT,10 -6.09417 | -9.37685 |-103.19 | -8.21 - -7.19138

*  A1dAaIuULd PS MUIMIINGAT ANTATINYD PS = (ANAATILUDY PET+A1GAA 1YY LDPE+A

daa 1V HDPE)/3

AMdaaIYed PVC MUIMINgas mMdadiuved PVC = (AdaaIuved PET+AdAa 14U83 LDPE+A1

daa U3 HDPE)/3
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Ad' 4] A A = = a A A o ) o
139N -7 ﬂT‘ﬂfﬁ@uﬂﬁzﬂﬂﬂlﬂaﬂullﬂaﬂfl]TﬂﬂTﬁiqcﬁlﬂﬂluﬂlwﬂUﬂUﬂTﬁuTﬂlﬂg 1 G]'Llhllllw1

e

USnamaisounszannanla
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Abstract

This research studied recycled wastes by Recycle Material Bank project of Suan Sunandha Rajabhat University
for evaluation of reducing greenhouse gasses emission compared with landfilling activity during July 2009 to December
2010. The results showed that the project collected total amount of recyclable wastes about 97.614 metric ton which is
calculated to a recycle rate of 13.28%. The office paper has the largest amount among these recycled wastes (39.29 % of
total recycled wastes). Groups of recycled waste can be prioritized from high to low according to their amount as paper,
plastic, glass, and metal, respectively. The project reduced greenhouse gasses emission equivalent to about 390.024 metric
ton of carbon dioxide. The most significant recycled waste that affects the reduction of greenhouse gasses emission is
office paper which is 56.86% of total reduced greenhouse gasses emission. According to amount of reduced greenhouse
gasses emission, groups of recycled waste can be prioritized from high to low significances as paper, plastic, metal, and

glass, respectively.

Keywords : recycling; garbage bank; waste management; recyclable wastes; greenhouse gasses

Introduction

Solid waste is a one of important problem in both developed and developing countries, especially in the
downtown area, because it causes poor living conditions and environment in communities. This problem is even more
intense due to the increase in population which required a lot of facilities and production to meet the increased demand
and this result in a higher amount of solid waste. Therefore, it is necessary to have solid waste management and the
popular approaches are burning these wastes in incinerator or sending them to sanitary landfill while the latter seem to be
the most popular method in several countries since these countries to convert the open dumped wastes which are
unhygienic operation to sanitary landfill [1]. However, these approaches have several disadvantages, for example, burning
these wastes in incinerator without good operation can generate dioxin which is carcinogenic substance and several air
pollutant such as NO_, SO, _, CO, , CO, fly ash etc. In addition, it is need to handle with the residue waste after burning
such as bottom ash. While a disposal by sanitary landfill required enough space to storage such wastes and the space is
very limited in many countries. Furthermore, sanitary landfill need a operational unit for handling with leachate and
methane gas (CH,) which occur from anaerobic composting naturally of these wastes within sanitary landfill. In addition,
both incineration and sanitary landfill involve high transportation, operation and maintenance cost and also producing
greenhouse gasses (GHGs) such as CO,, CH,, N, 0O, etc. which are a cause of global warming situation.

Recycling is a one of widely acceptable approaches in solid waste management which can reduce amount of
wastes that have to be sent to incinerator or sanitary landfill [2]. One of an economic tool in solid waste management
which promotes recycling activities systematically is Recyclable Materials Bank (RMB). The RMB is a center of
purchasing and selling the recyclable wastes such as papers, plastics, glasses, metals, and others. RMB purchases these

wastes from the bank members and then sale them to the recycle shop. The revenue of RMB occurs from the margin
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between buying and selling prices while the bank members can sale these wastes through RMB with the higher prices than
selling such waste individually to the recycle shop because RMB has a high volume of recyclable materials as a center of
the garbage thus RMB can negotiate with the shop to buy these wastes from RMB with exclusive prices. The revenue
from selling recyclable wastes of RMB members is deposited in each member’s account of RMB and the members can
withdraw money from their account like a commercial bank. The objective of RMB is to promote waste separation at their
sources and this result in a reduction of amount of wastes that have to be sent to the end of pipe approaches such as
sanitary landfill which can save the limited space of the landfill and extend the landfill life. Furthermore, RMB not only
makes a value added to the recyclable wastes but also reduces the costs that occur from handling these wastes such as
transportation cost and also reduces an emission of GHGs by recycling these wastes and avoids sending them to sanitary
landfill or incinerator.

RMB project in university started successfully for first time in November 2006 at Thammasat university
(Rangsit Campus) by the cooperation with the Thailand Institute of Packaging and Recycling Management for Sustainable
Environment (TIPMSE), which is an organization under with the Federation of Thailand Industries. Suan Sunandha
Rajabhat University (SSRU) started the RMB project in July 2009 which was sponsored by TIPMSE. The RMB project
can reduce a lot of solid waste from university which is good for the environment.

The objective of this work is to evaluate how good of the SSRU’s RMB project for the environment. The
reduced amount of wastes and reduced emission of GHGs which are a result from SSRU’s RMB operation during July

2009 to December 2010 were investigated.

Material and Methods

The data of type and amount of recycled wastes were collected from the SSRU’s RMB. The reduction of GHGs
emission due to the recycling project compared with landfilling activity was selected to study since the general procedure
for solid waste disposal in Bangkok metropolitan is sending the wastes to landfill. The reduced emission of greenhouse
gasses, for instance, carbon dioxide (CO,), methane (CH,), perfluoro methane (CF,), and perfluoro ethane (C,F,) which is
a result from SSRU’s RMB operation compared with sanitary landfill approach was evaluated by using emission factors
from database of WAste Reduction Model (WARM) version 8.0 [3,4] developed by the United States Environmental
Protection Agency (US-EPA). The reduction of GHGs emission was reported as metric ton of carbon dioxide equivalent
(MTCO,E). This could be achieved by converting the amount of CH,, CF,, and C,F, to CO, by using a value of global
warming potential (GWP) which are 25, 7,390, and 12,200 times of CO, for CH,, CF,, and C,F, respectively [5]. A

2

formula for the conversion was shown in Eq. (1).
[MTCO,E] = [CO,] + 25[CH,] + 7390[CF,] + 12200[CF] ()

Where [MTCO,E] is total amount of GHGs in metric ton of carbon dioxide equivalent. [CO,], [CH,], [CF,], and [C,F,]

are amount in metric ton of CO,, CH,, CF,, and C,F, respectively.
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Categories and amount of recycled wastes

The RMB project of SSRU handled 97.614 metric ton of the recyclable wastes during July 2009 to December
2010. This can save the cost for disposal of these wastes to the landfill by the project which is approximated to about
97,614 Bath (B) based on the transportation cost of 500B per metric ton of waste and landfill operational cost of 500B per
metric ton of waste for Bangkok metropolitan [6]. Based on above data, the average of recycled wastes is about 5.423
metric ton per month or 180.8 kg per day whilst amount of unrecycled solid waste that Bangkok Metropolitan
Administration (BMA) have to dispose them out from the university is 1180.1 + 353.8 kg per day (X + SD ; data during
August to December 2010). The recycle rate can be approximated from the data which is about 13.28%. This value is
similar to the rate of Bangkok and of Thailand (15% and 11%, respectively) while such value is quite low compared with
another city such as Singapore (39%), Seoul (45%), and Hongkong (36%) but higher than that of some city e.g. Bejing
(<10%) [7,8].

Details of the recycled wastes were shown in Figure 1 and Table 1. The table shows that the first three ranks of
recycled wastes quantity are office papers, mixed papers, and PET, respectively. A group of paper has the largest amount
followed by a group of plastic, glass, and metal, respectively. This because SSRU is an educational organization thus it is
not surprising that why the group of paper has the largest amount compared with the other recycled groups. The office
papers seem to have the highest fraction among the paper’s group while PET and steel have the largest amount for a group
of plastic and metal, respectively. PET is a major fraction among a group of plastic since SSRU has their own
manufacturing of drinking water that uses PET as drinking bottles. Such PET bottles have a fraction in a range of 31.1%

to 70.8% of a plastic’s group in each month.

Metal
. Glass 2,106.54 kg Paper
Plastic 3 739,90 kg 2.16% 66.724.84 kg
25,043.41 kg : e

25.66%

Figure 1 Fraction of recycled wastes by SSRU’s RMB during Jul 2009 to Dec 2010
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Table 1 Types and amount of recycled wastes

Amount of Recycled Wastes
Group Types of Recycled Wastes
kilogram (kg) Fraction (%) | Fraction in Group (%)

Office paper 38,353.94 39.29 57.48

Corrugated Cardboard 8,798.70 9.01 13.19
Papers

Mixed Paper (from Office) 16,970.30 17.39 25.43

Newspaper 2,600.90 2.66 3.90

Poly Ethylene Terephthalate (PET) 12,933.81 13.25 51.65

Low Density PolyEthylene (LDPE) 5,884.10 6.03 23.50

High Density PolyEthylene (HDPE) 2,194.05 2.25 8.76
Plastics

Polystyrene (PS) 810.40 0.83 3.24

Poly Vinyl Chloride (PVC) 20.20 0.02 0.08

Mixed Plastics 3,200.85 3.28 12.78

Glass |Glass 3,739.90 3.83 100

Steel 1,609.20 1.65 76.39
Metals |Aluminum 300.94 0.31 14.29

Zinc, Copper, and other mixed metal 196.40 0.20 9.32

Total 97,613.69 100.0 -

Reduction of greenhouse gasses emission
The Greenhouse gasses emission was reduced during July 2009 to December 2010 by SSRU’s RMB project compared

with disposal of these wastes by the landfill. The reduced amount was calculated and the results were displayed in Figure 2 and

Table 2.
Metal
. Glass 9720 Ton Paper
Plastic 1.314 Ton 2 499 333.746 Ton
45.243 Ton 0.34% e 85.57%

11.60%

Figure 2 Fraction of reduced MTCO,E by SSRU’s RMB compared with the landfill approach
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Table 2 Amount of reduced GHGs by SSRU’s RMB project compared with the landfill approach

Amount of reduced GHGs * Fraction of
Group Types of Recycled Wastes Co, CH, CF, C,F, MTCO,E
MTCO,E
(Metric ton)|  (kg) (@ (® (%)
Office paper 95.275 5059.027 - - 221.750 56.86
Corrugated Cardboard 18.473 515.666 - - 31.364 8.04
Papers
Mixed Paper (from Office) 42.264 1210.113 - - 72.517 18.59
Newspaper 6.171 77.731 - - 8.114 2.08
Poly Ethylene Terephthalate (PET) |  21.008 80.184 - - 23.013 5.90
Low Density PolyEthylene (LDPE) 10.111 58.827 - - 11.582 2.97
High Density PolyEthylene (HDPE)|  3.049 21.022 - - 3.575 0.92
Plastics
Polystyrene (PS) 1.278 6.964 - - 1.452 0.37
Poly Vinyl Chloride (PVC) 0.032 0.174 - - 0.036 0.01
Mixed Plastics 4.935 26.013 - - 5.585 1.43
Glass Glass 1.290 0.973 - - 1.314 0.34
Steel 3.141 5.123 - - 3.269 0.84
Metals | Aluminum 4.142 6.272 88.5 7.0 5.039 1.29
Zinc, Copper, and other mixed metal 1.197 1.842 20.3 1.6 1.412 0.36
Total 212.366 7069.9 108.8 8.6 390.024 100.0

*Emission factors of national average landfill were used in calculation

Since 21" July 2009, the RMB project of SSRU has been reduced 390.024 metric ton of carbon dioxide
equivalent from recycling the wastes in the university instead of sending them to the landfill. However, comparison
between the SSRU’s RMB project and sending all of these wastes to incinerator found that the project can reduce 229.359
metric ton of carbon dioxide equivalent (details not shown). The reason that value from recycling instead of incineration
approach is lower than that of recycling instead of waste disposal by landfill is the incineration approach produces more
GHGs emission than the sanitary landfill approach.

Figure 2 shows that a group of paper can reduce the largest amount of GHGs emission followed by a group of plastic,
metal, and glass, respectively. It is interesting to note that a group of metal can reduce the higher amount of GHGs emission than
a group of glass even the metal’s group has a lower quantity of the waste than the glass’s group because recycling of metal
reduce the greater amount of GHGs emission at the manufacturing process which is an initial process of its life cycle compared

with the group of glass. That mean recycling of metal reduces a raw material and energy that used in the process of metal
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production which results in the less emission of GHGs.
Table 2 shows that office papers, PET, and aluminum have the highest fraction in reducing GHGs emission for a
group of paper, plastic and metal, respectively. While the first three ranks of recycled wastes that reduced the GHGs

emission are office papers, mixed paper, and corrugated cardboard, respectively.

Conclusion

This research shows the benefit of recycling activity via RMB project of SSRU. The project can reduce both
amount of waste disposal to the landfill and the emission of GHGs. This can directly save the cost for handling these
wastes and also being a part of saving the world from the global warming situation. The most type of recycled waste by
the project is a group of paper and this group has the highest fraction for the reduction of GHGs emission due to the
recycling activity compared with the landfilling approach. The contents of this research can be further used in making of

policies for other RMBs and for several organizations.
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