Aa v Y d
§1ﬂﬂ1uiﬂ‘ix‘lﬂ1‘§3i]ﬂﬂﬂﬂﬁuy‘im

a Y (Y] d
Nﬁ1?ﬂﬂ1ﬁﬂﬁ1%ﬂ{]!1"l%i‘lﬁl‘im

(Y a v J v LY
MINAUNAAN UNFUT UM U AN T5A I
‘iﬂﬂlﬂ‘]&lﬂ%ﬁﬂ!ﬁdﬂﬂ"l!ﬂ!ﬁﬂ!?‘iaﬂﬁﬂ
Community product development of smokeless charcoal briquettes from

macadamia shell wastes

sHalnsans TSRI2567/53

Tag
al v d Y av
Va3l yan3 Wanthlnsamside
a d vYag a = av
2111Ad HIAN 1Az nuAYY Yads AN Iy

[V Y] a Y] Y] d
AINANININGAY T NFNYINYTY T
NUENEIU W.F. 2568

wlszanaativayuaIvuyag Iy (Fundamental Fund)

szdtlaulszana w.a. 2567

a v

INNRINHANA3IINMEans Idenazuinnss



Aa v Y d
§1ﬂﬂ1uiﬂ‘ix‘lﬂ1‘§3i]ﬂﬂﬂﬂﬁuy‘im

a Y (Y] d
Nﬁ1?ﬂﬂ1ﬁﬂﬁ1%ﬂ{]!1"l%i‘lﬁl‘im

msannraafamruoudaumslia iy
mmﬂ‘ynzmamﬂmmgﬁﬂmﬁaﬁa
Community product development of smokeless charcoal briquettes from

macadamia shell wastes

sHalnsans TSRI2567/53

Tag
al v d Y av
Va3l yan3 Wanthlnsamside
a ¢ Vg a = av
9111Ad AN vaz nuAYY Yaas Az IdY

YY) a [y w J
AINANTNIN ATV NN TY T
NUENEIU W.F. 2568

wﬂizmmaﬁuagmmgagm (Fundamental Fund)

szdilsviszanas w.a. 2567

a v o

INNRINUAVEIINMEns Idenazuinnssu



a v o a o 14 J @ 1 @ 2
9311308 ﬂ13W@Ju1Wﬁ@]ﬂﬂ!“’l’l‘]ﬁJ‘]ﬂlﬂWHﬂﬂLWNll'%}ﬂ'luﬁﬂ']ﬂlﬂ‘ﬂﬂza'llluﬂﬂ'liﬂlﬁﬂlﬁﬁ@ﬂ\i

=D-

J a o =
5091893519159 a3.deTal yaes

e
=)
[0sd

o a J I3
JYANTAII1TY AT.9INANY AN

=

Y
s

1 J a
Eij JYANTAITI11TY AT.NHHAYT Yaf

NVINNAY  WMINNTOT AN BTYITBL

Ynasaioe 2568

QU Y
UNANEd
a o ,;l Y o I a [ 4 1 o 1 Y o =
mm%ﬂu"lﬂwmuuﬂuNamm@nﬂgu%umuemmﬂimummﬁyﬂzammmmm&
A Qy 9 a v o 1 g’/ Y 9 [ 1 [ 1 A:; 9

AN NIDNUUINNTINWULATNITINIINUIY Tagauihasauianssuarusaunan inu
Y I a 1A Y v 1 y A A 1w a2
5’01!’63\“] Lﬂuhﬁﬁﬁﬂﬁ%!ﬂ]ﬂaﬂh uazﬂammm;ﬁ% L‘W’OL‘WlljsljaﬂTJ’L’f@].WiﬁE]‘VI\‘I‘I/ﬂ\“lﬂ15lﬂ‘]elﬁil,m$
a$seldunyguru Tagldnszuiruns luls lagawynsamuanuadion 100 1um191n 69
9

Y
o £4 a =

1 200 Gas matugUsusauialaolfiaTossaanguaziuiidansinszuon s maow
MUATISATITANAMENI T0 12T TAT TRl T I (proximate) 1A%
ATAMUNSINUANUTDUVBIDIULATDIUBALNT HANTAATIZHOIUIINNZAWNAAUADIE
WUAIAIUSY 5.96£0.76% A1TTLINY 9.5740.36% 181 5.7940.23% LAZA15UOUAIA

% a 1 %

[ ~ a dyd [ I
78.68+0.39% taaalinswnoiunldannszurulnls lagaiddnenmlsiluiaafuoius

Q

uagaama e dmsuowdaunsldaiuannenzauanuaiis Tasoenuvugaswau 3
1 1 v ﬂol v 1 1 %

gas laungas A: oruwauuilaiunazii @andiudovas 85:5:10) gas B: aunaunilaiy
b4 Y

159070 1Y NaNoO, uazii1 (85:5:2:8) gas C: auwauuilaiu arseieaa vl KNO,uazii

] Iy 1 d' 9 3 1 9 d‘ 9 ] 4 =
(85:5:2:8) auvauna Iiluumansaimasuduriugudnaialszinm 4.5 cm igununais
9 ] o A ] =~ S 1

moluvinaduriiugudnais 1.4 cm iorems lvadsuena Ianuenilszina 8 cm o1y

Iy 1 d' Iy A =1 dy 1 = [ ] ] LY 1 = ] [

gaunai laliAanenenien iWeamdamiznumiy hivanndie Tanuruniusivey
[ Y = ds! A l = Sdel

Tu%24 0.534-0.563 g/em?® aztoudaimsvugURuiutangild namsnagounsw Indan

' a { A < i ¥ o o

asgeaa I ldaunsamuanudinmsan Iledlidsd sy nieuszeznanm Inifon
~ o 3 v A ) ] = S a 1 9 1 [} :; d'

iganed msunuasITewelan Nawanyszninelsnuegluszaud (PM2.5 mde

23.7-19.3 pg/m?; CO 5.3-3.8 ppm; CO, 667.5-622.1 ppm) taz3u1a CO, pgluxiana

H Y '
(~622-668 ppm) AoanaoIsw Indiazornvwielimsmuassioan Iasllugasns

= 1 [ 1 Y o Y a dd‘
SORRIEY TﬂEJﬂWWﬁ’JiJﬂWH’E]ﬂLmQUlﬁﬂ’JHQ'Wi C Glfl”i’dlli§ﬂ1J$ﬂ1‘iﬂﬂu11/‘llla$ﬂmﬂ']1/‘l@1ﬂ1ﬁﬂﬂE:(ﬂ



(v)

599091170 gAT B 1A A ATWE 19U HA bomb calorimeter 1¥A1 HHV 1n@g 6.891, 6.805 11az

[ %

6.974 keal/g a9y Taegas C Idanusougege ymeNiinidodidiuin HHV 119
=S [ o d Aa ana o A J 2 =
NYHIINANVTUWUTIFIADAAINUVVI1A09U09 Nhuchhen & Salam tWo 151158 1u1n g1
9 Aaa [ Y 1 = o = Yy 9

pua Ty Tudidgmssonsvvesd 14 Insmensama TuTaduazdrsrvanuiane ludidronsy

[ o Y 1 o =< A 3 A
30 AU (WIATIEIY 5 32AY) MaTINNAILEY IUsEAY “Nanalawn” (1nde 4.15) Tasisziaun
Taaznuuga laun guawsazlsz@ninmaeagas B uaz C nazanuazainlumsisson
nazIAMIingAy dgiouiinszuumskdauazgasiauiiaumzauaons 1gauesaly

o a A

v & = = Ay v ) a g Y a
°];3J°]5u ﬂ\cluua]']ﬂWafnfiﬁﬂﬂ15]\16]51@'3’]ﬂ’|§1°]ﬂﬁyﬂga'lllllﬂﬂ']lﬂlllﬂlﬂujﬁﬂﬂﬂlwaiwwaﬁﬂ']u

Q

%1ﬂ!ﬁﬂﬂ$ﬁ%tﬂﬂﬂ1mlﬁﬂ iﬂﬂﬁﬂﬂWi@@ﬂl!Uﬂ’gﬁﬁngﬂi%‘]J’Juﬂ'lim%ﬂMdWHé’ﬂllﬁﬂﬁLﬁM13ﬁM
9 a o ' o T NY o AA 9 o A o
mmmaiwwa@ﬂmmGlgmfumuammﬂiﬂ’mmuﬂmmwmimﬂwuqq AIU/DNIFUANHAN
= 1 a a 9 a [ ' [ 2 Y dy A A
LL@$3Jﬁﬂ8ﬂ1‘wg’lﬂﬂﬁlm%\1lﬁi‘lsl§ﬂfﬂ ﬁiwwammm%mu uaz5ﬂywﬁm’ma’aﬂuﬁ]§u%uwuﬂ%u
= Y
m3lgnuuanuaidio 1@

U [ 1

o o W [ ~ a o J
120 R1313TH muammﬂ%’mu NEANLNANUALNY WAANUNYUBU



()

Type of research: Community product development of smokeless charcoal briquettes from

macadamia shell waste
Type of research: Applied research (Chemistry)
Researcher: Associate Professor Dr. Piyarut Moonsri

Assistance Professor Dr. Arthit Hutem

Assistance Professor Dr. Kristiya Moonsri
University: Phetchabun Rajabhat University
Year: 2025

Abstract
This research was developed a community-product of smokeless charcoal briquette from

macadamia shell waste with accompanying business and distribution guidelines, aiming to deliver
a briquette innovation that provides high heat output, is environmentally friendly, and safe for
users, thereby adding value to agricultural residues and generating income for the community.
Macadamia shell waste was carbonized by pyrolysis in a 200-liter oil-drum kiln; the briquettes
were then formed using a screw extruder fitted with a five-sided cylindrical die. Physical
properties, combustion behavior, proximate composition, and energy (thermal) characteristics of
both the char and the briquettes were subsequently measured. Proximate analysis of the
macadamia shell char showed moisture 5.96 + 0.76%, volatile matter 9.57 + 0.36%, ash 5.79 +
0.23%, and fixed carbon 78.68 + 0.39%, indicating that the pyrolysis process produced a suitable
feedstock for high-quality briquetting. For smokeless briquettes from macadamia shells, three
formulations were designed: A; charcoal: tapioca starch: water (85:5:10 %wt), B; charcoal:
tapioca starch: NaNO, ignition aid: water (85:5:2:8 %wt), and C; charcoal: tapioca starch: KNO,
ignition aid: water (85:5:2:8 %wt). The resulting briquettes were five-sided rods of ~4.5 ¢cm outer
diameter with a 1.4 cm central hole to promote airflow and a length of ~8 cm; they exhibited a
smooth exterior, strong internal cohesion with low friability, and bulk density of 0.534-0.563 g
em’, reflecting tight compaction and good shape stability. Combustion tests indicated that the
ignition aids significantly increased flame-spread rate while maintaining burning durations
adequate for household/retail use. Pollutant levels during use were low (PM2.5 averages 23.7—
19.3 ug m”; CO 5.3-3.8 ppm; CO, 667.5-622.1 ppm), with CO, lying within typical indoor

ranges (= 622-668 ppm), consistent with cleaner combustion when ignition aids were



(1)

incorporated. Overall, formulation C delivered the best ignition performance and air-quality
outcomes, followed by B and A, respectively. Bomb-calorimetry gave mean HHVs of 6.891,
6.805, and 6.974 kcal g'1 for A, B, and C, respectively, with formulation C achieving the highest
value; theoretical HHVs were also estimated using the statistical correlation of Nhuchhen and
Salam for comparison of trends. For user acceptance, technology transfer and a satisfaction
survey of 30 trainees (five-point Likert scale) yielded an overall rating of “very satisfied” (mean
4.15), with high scores for the quality/efficiency of formulations B and C and for ease of
feedstock preparation/handling, indicating that the process and formulations are well-suited for
practical community application. Therefore, the findings indicate that using macadamia shell
waste as a raw material, together with appropriately designed formulations and briquetting
processes, can produce a community smokeless briquette product with high combustion quality,
low smoke/gaseous emissions, and strong potential for economic scaling, community product

development, and environmental benefits in macadamia-growing areas.

Keywords: smokeless charcoal briquettes, macadamia nut shell, community product
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Yo o o Llﬂ o Lé a 1Y 4 Lé 9 [
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A 1 A a [ 4
ALUIAAVDI Porter (1985) “Value Chain” n15er3 10y aa iy lundanmaiaguasy
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UVIMINAINITVIY IINAVAINTINAWV AU 1FY NIITWANNIBEUIIIY NITTANIIAUNIN LA
@ @ 4 £ a A a 1
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Y a [ 4 a o a
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{ a a { @ I a 1 A
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2,42 WNAAATHINIAT NATIALEYIATHg NN U Y

a J a 4
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@ A 1 a @ g Y @ 14 @ a
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{ @ t4 2 {
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[ a J 1 [ 1 ¥ ; [
FEUVDUUTINAINUUEIDIMATUU UG 0UNTLINA TRV IUD AU TR U nTpoas 8
=1 9 Y] a 1% 1 @ 1 < Y 1 I'4
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! U %’ £ a 4 o a &1
DONLUVAUNIDTIUITNDIUINUUUIA 200 AAT LWd’E]VHﬂigiJ’JUﬂﬁthIi]lacﬁﬁ (Msnau
= < A = = = Y IS J A Aa &
PFAUIALLUN) meﬂaaummmﬁyﬂzammmmmﬂ”h/iﬂawmumuﬂzammmmma SRS IERTRL
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2 & a L4 ¥ A 1 o o ]
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3.3.2.4. MIMIAIAE VOUAIAD (Fixed Carbon)

MIAATZHIUTINUMTVOUAIRI MUINATFIU ASTM D3172 Favz 19ei
m'1d1nm53nT1e S uIan MuFY (ASTM D3173) USunaudh (ASTM D3174) uazifSuaans

s2M8 (ASTM D3175) Tagldmsmuiamuannis aall

p o p, & Py, )
‘]J%ll”lmﬂ’]i'ﬂﬂuﬂﬂ@]:] = 100 — 39YATLANUYU — IDYASLD] — IDYASH1TTSLH Y

o 4
3325 ﬂTﬁ@]‘i’Ji]ﬁf]‘]Jaﬂ‘Hﬂ‘lg‘ﬂNfﬂEJﬂTINLla%@ﬁﬂﬂi%ﬂ@UWNLﬂﬁ
[ a o Ja g 1
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[ J
(Scanning Electron Microscope, SEM model JSM-6335F, JEOL Japan) UaZNIN13ATIVE avuesAllszney
= a [ o Y A A J Jd a
NNANAIBNAUA SEM-EDS G]ﬁf]ﬂ%lmiﬁ%ﬁﬂﬂﬁuﬁﬁﬂﬂ%u@ﬂﬂlﬂi@ﬂngiﬂi%ﬂuﬁﬂﬁ]ﬁuﬁ)uwﬂﬁﬂ
a J
ginInsIn Iadltwos (Fourier Transform Infrared Spectrometer, FT-IR model Spectrum two,

PerkinElmer USA)
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a 4 1 Y 1 o 9 ax A 9 A A I'4
3.3.2.6 MIAATIZHIAIANUTouve U lasly 2 35 A M5 lHaTesilououAIsa
aa 4 1 Y [ = A
930997 azmMIlszanamanaums ualvimsalseuieunin
9 axn 4 aa J
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mMsmanuiou (Heating Value) 111193511 ASTM D5865 11 g
4 a J [} 1 4 v @ ]
TS 0991A 512 HNA99IUA W5 01 (Bomb Calorimeter, §1 C6000 8% 0 IKA) 9679814 0.5- 1.0
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NATOU AAATNEIIUUDIA189ATZILA (Firing cotton) 71 19 Tunstaszidalaedeygaseia (Firing
[ gj o 1 [ 4 Jd v
cotton) HNa991U 50 Vg Mntiniim e lndlawh 1d luduas e Tasdesaunugnueuiny
o A A Y Y o Sld' 1Y A A A 9
dunseq iouanuldudnignuemilduuy 13ndunses na Start tiveisumsm Tl uaasnisen

'
Y-

l A 3 4 4 aa 4 o a g 1%
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9 ax ! . -
v) MsvfSannudeulaeismsdszuianing proximate analysis
910U U2IAA 11 U YD 9 Nhuchhen and Salam (2012) 1@ a519aun151ive
1 [ v Jdo 1 4 Y
UszanmAnuseug (High heating value, HHV) 9InANNFURUS AR 08020915 U0 UAIAD
[ o o
Fouazu0iaIseve 1a uazdosazuoudl TaeauduWUTUD4 linear correlation 1A% non-linear
. Yo dy
correlation ”hmu

[ Y4
- AUMIANUANVUTUNUDUUY linear correlation

HHV = 19.2880 — 0.2135x (VM/FC) + 0.0234 x (FC/ASH) — 1.9584 x (ASH/VM)

- AUMIMNANUFUNUTLUUY non-linear correlation
HHV = 20.7999 — 0.3214 x (VM/FC) + 0.0051 x (VM/EC)’ — 11.2277 x (ASH/VM)
+4.4953 x (ASH/VM)® — 0.7223 x (ASH/VM)’ + 0.0383 x (ASH/VM)*

+0.0076 x (FC/ASH)

A 9
Wwe VM =15uasseazueaissive
Y 4 @
FC = 151121350002 9039A15 U0 UAIA

ASH = 1f51una¥osazaunad
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3.3.3 ADMIASVOIMIHANITHINA U DNz WNAN UARIBR UMz usaz N SRNNA
HAZMSIAISNNUOANUNS
o A av g dy 1 I Z 1 A
TumsautuauIvevuaeutitlsoeniu 2 Yuaeudey Ao
= G 1 @ 1 [ Y a oA 9 A [ 1 1
1) MsAn¥IgaTMIwIsuaIUsaunaluszauneliiams Iasns 19n3esdauninunuy
A c;y/ = V) 1 [ 1 d‘ ~ 9 1 = d'
Heviyu MInUuANMIANTAYeIDILOALNINIAT oY lALAAZ gATNTIA3 ONNBHIgATNNT
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v Y
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oA A Y
unaneseu'ld

3.3.4 m3AnEaNdamImamnazmw ldvasouoaunalzaTuainnzauunn uaie
ATITOVANHULN NN INUAZAIINHUIMUUIIN (Bulk density, P ) AINHIATFI
H 4 1 1 % 1 50' -
ASTM D2974-14 A9aun159 1 110 A9 ANUHUILUUVDIDIUOAUNY (g/em’) m Av 111N (g) uae

A 3 U (% 1 o
Vv o Usu1as (cm’) YDIDIUDALUNINUAAL

mMsasaeusasInsw sl (msaw ) szeznainisaal uazdnazvesmswn lusd

Y a o P P o s s
1dun msuaniszy Usuaunaasveunouen loa (CO) unamsuoulasen lua (Co,) naz
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(1av)
Moisture 36.2724 36.1938 1.0311 0.9525 0.0786
Volatile matter 29.8639 29.7526 1.1144 1.0031 0.1113
Ash 33.5806 32.5332 1.1169 0.0695 -
-B)
NFUNIT Moisture (%) = x 100
A
¥ 1 1 % o Q.
Allag B = 11N (g) Y99a13A109 19N UDULAT AU ANAIAU
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unua Moisture (%) = ——  — x 100=7.62
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NNANUNIT Volatile matter (%) = x 100
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B
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. 5
UNUA Ash (%) = x 100 =46.22
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NNAUNIT Fixed carbon (%) = 100 — Moisture (%) — Ash (%) — Volatile matter (%)
UNUAT Fixed carbon (%) = 100 —7.62 —9.99 — 6.22 = 76.17
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ATIADUANHULNWNMINNUALANURUILUUTIY (Bulk density, P ) AUNINTIIU ASTM

o m
D2974-14 e@UNT p= —

v
d‘ = [] 1 (% 1 3 A ?:’ [ A =) 3
D A9 ANMNHUILUUUDIDIUDALUNY (g/cm’) m AD UINUN (g) AL V AD 151195 (cm’) V04

DIUDALNIANAINY

9 ] 4 9 1 o 1 ?,} 7 [
WURIUFUENAN | R, (cm) UG (cm) WUNUAUINANTON | R, (cm) | UIHUNDIU

YUBNDIY (cm) 1811014 (cm) oALNI ()

4.35 2.175 8.5 1.46 0.73 60.55

NNFAIAUINYTING total volume (cm’) = Tr'h
e ruazh = 581 (cm) HAZAINEGY (cm) AI0HN MNEIND

UNUAN total volume (cm’) = Tir'h = (3.14159) x 2.175” x 8.5 = 126.3243 cm’
UNUAT space volume (cm3) = Tlr'h = (3.14159) x 0.73° x 8.5 = 14.2303 cm’

AIHUYTUIATURIDTUDALUNN = total volume - space volume

=126.3243 - 14.2303 = 112.0940 cm’

m
ANTUNIT pP= —
V

' 60.55 (g) ,
UNUA p= ———=0.5402 (g/cm’)
112.0940 (cm )

U A
msmoanmsan il msesnanimawnln)
M3n3aVsasIMsa1n I (MIednsimswn i) vesausauna M lasmsriaudauns
Y L 1 % 1 % 1 1 v a| 1
wiavinanaziminsudn haudaunededielalumyuzszuunailalifiay (Semi-open, no
. @ gx o ya ya Y U Y o %’ o 1 A Q)
wind) 430w ntuimsgaldaa Il ldaa Tasseudeuniu udrimininvesaunn 9 10 wrdi fu
~ o 9 Y , T A o By,
sez1a1 100 1A Mintwmhdeyan lduasensmlszrnaiminuagna enoasnam Indlu

1 S =K = ! o
¥91381 10 1IN D9 90 WIN INAIANNTUYDINT 1N
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Y 1 % 1 H 1
HIMUNUDINTUDALUNN (g) fina (min) AN 9

Guﬁ'ut=0 t=10 t=20 t=230 t=40 t=50 t=60 t=70 t=80 t=90 t=100
60.327 58.803 57.393 | 50.097 | 43.652 | 41.153 38.522 32.114 28.383 24.589 19.499
70.000
60.000
®-.....®
s0.000 | ...
_ . .......... o
® 40000 | e .
s
= 30.000 &, o
ao: .....
y=-0.4416x + 63.716
20.000 R =0.9872
10.000
0.000
0 20 40 60 80 100
1791 (min)

(2 g’; (3 A (3 9, 1 @ 1 PN =
ﬂ\‘luu’é)ﬂi'lﬂ'li’sﬂwhh"l (m@ammmm"lm) GU’ENﬂ114’6)ﬂLL‘VIﬂuﬂvﬁugi%UUﬂ\‘llﬂﬂ%ﬁJaN

(Semi-open, no wind) a1 1Am0Y 0.4416 g/min
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a 4 =y 9 =) L] 1 9 4 = 1
ﬂﬁ’m’ﬁw‘Vi‘ViT]JiilWﬂ!ﬂﬂui@uiu%N‘ﬂquE}m\N181@]Elclﬂfﬁlﬂﬂﬂizﬂﬁlﬂ‘ﬂﬁmllsllﬂx‘]fﬂ‘lﬁﬂﬂ

a d J ax o a . . ] Y1 J @
MRz eInlszneu Tae s nsenTiua (proximate analysis) 99z 191 uanIsueuned? (fixed

carbon content, FC) WSuaassyme'la (volatile matter content, VM) (10 USurauda (ash content, ASH)

Y v o oA Yo ' 9 X a 2 A o 2
QﬂﬁiTQﬁllﬂTﬂL'ﬁﬂQﬂ'ﬂﬂJﬁllwu‘ﬁLW’E]Gl"]fﬂTH'J‘Iﬂ’ﬂﬂ'lﬂ’J'lllﬁ@usU'ﬁNﬁf’E]LWﬁQLL"]NVIWGMHT"UHI@]EJ Nhuchhen

nazany 2012) ¥91@ 1115 v esazyee FC, VM uag ASH (% by wt. dry basis of biomass) 114013

o 9 ] YRR . . . . v ]
M Tagleanuauwus luaumsuuy linear correlation L1812 4111) non-linear correlation a1l

The linear correlation

HHV =19.2880 — 0. 2135xm +0.0234x —— FC —1.9584x ASH
FC ASH VM
The non-linear correlation

HHV =20.7999 — 03214xﬂ+00051 (VM) -11.2277x ASH
FC FC VM

+4.4953x( Vl\ff) ~0.7223x ( ) +0.0383x ( ) +0.0076x (—)

4
MIN uamﬂizmmmm%u miizma”l@ 01 uaxmfmeumm VOIDTUDALNIAIDY N

(1)

2

AMmMsinTeiisalseuavetesdilsznouvesdiusauai ld
AURAY % by wt. wet basis ANURAY % by wt. dry basis
Moisture VM ASH FC VM ASH FC
7.52 10.40 6.44 75.64 9.61 5.95 84.43

A19819MIAIUIN
9 .
- 3982UD3 VM (% by wt. dry basis)

4 1 { ¥ o @ Y ] { .
e Aumasimineusanadee19n 19 1.0710 ¢ 3 % Moisture = 7.52

9
Y

Faiu hinsuded (dry basis) = 1.0710 — (1.0710 x 7.52/100)
=0.9904 g
VM (% by wt. dry basis) = (10.40/1.0710) x 0.9904
VM (% by wt. dry basis) = 9.61 %

o Y o .S o ° ' v o
- ﬁ1ﬁiﬂﬂ15ﬂ1u3mﬁ1%@ﬂﬁ$ﬂlﬂﬁ ASH (% by wt. dry basis) ﬂVl’]ﬂTiﬂ”lu?mulﬁllcﬁulaﬂjﬂuﬂU VM

S 1 (%3 1 U 1 v Sol (% { H 1 (%}
TaglHiminuesausaUNIAI0814 (dry basis) Feal1iminmash 1Hmi 11225 ¢
- dwSumImuiamiesazued FC (% by wt. dry basis) = 100 <% VM -%ASH

b4
v @ 1

AUDUDAUNG TA1 VM = 9.61% ASH = 5.95% uag FC = 84.43%



& ' . . Y
WoUNUA IUANNIT linear correlation %ulﬂﬂ
HHV =19.2880 —0.2135(9.61/84.43) + 0.0234(84.43/5.95) — 1.9584(5.95/9.61)
HHV = 18.3834 MJ/kg = 4.4120 kcal/g

Lﬁmmuﬁﬂuﬁumi non-linear correlation %31@?’51
HHYV =20.7999 — 0.3214(9.61/84.43) + 0.0051(9.61/84.43)" — 11.2277(5.95/9.61)
+4.4953(5.95/9.61)" — 0.7223(5.95/9.61)" + 0.0383(5.95/9.61)"
+0.0076(84.43/5.95)

HHV =15.4780 MlJ/kg =3.7147 kcal/g
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GLTPIAE Memaastiung (1ANgAaIHNTIN) NHINeaeFE 1
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a = a = a % =S )
MnmaasgRUuNe (1Al) unINeare 1y
AMHU: 910156
d‘a ] a 4 =3 a ] I r'd
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VY1 a v
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¥o: H¥I0AaNI19138 A5, D1NAE I
a a Y] a ara o a [
GLTPIIE Ieeaasiamg (Wand) ur1IneasusaIs
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IMeaasurItaNg (Wand) ¥HM1INeagUISFIT
[ Y] a ara o a 4 a o I'4
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ATUa: 210156
d'a \ a 4 = a [ [ 4
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