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Abstract

The purpose of this research was to convert agriculture waste into energy in the form of
biomass that gives highest thermal energy and burning time. It consists of a burned rice husk, bagasse,
palms and cassava rhizomes. Design of experiment using Mixture Design Method. Testing including
a thermal energy test and a burning time test. It was found that the suitable formula was the ratio
of burned husk: Bagasse: Palm fruit bunch: Cassava rhizome as 66.38: 14.43: 5.0: 14.20. The biomass
briquettes were fabricated according to this formula. The biomass briquette has a diameter of
50 millimeters and a length of 100 millimeters. They were carried out the thermal energy test and
the burning time test. It was found that the biomass gave the highest thermal energy of 15 MJ/kg
and the burning time of up to 20.024 minutes.
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LLAGULANN V1UDY nzatgulay AU
1 58.75 13.75 13.75 13.75
2 50.00 22.50 5.00 22.50
3 85.00 5.00 5.00 5.00
4 50.00 16.67 16.67 16.67
5 61.67 16.67 16.67 5.00
6 61.67 16.67 5.00 16.67
7 50.00 5.00 22.50 22.50
8 50.00 40.00 5.00 5.00
9 67.50 22.50 5.00 5.00
10 50.00 22.50 22.50 5.00
11 67.50 5.00 22.50 5.00
12 67.50 5.00 5.00 22.50
13 61.67 5.00 16.67 16.67
14 50.00 5.00 5.00 40.00
15 50.00 5.00 40.00 5.00
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Tlun1sneasuszeeIaInbs tun1sun lngl
2901UTINIA INTUNINTIULIAWATUTINHE
HINTN 7
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NAN15798
1. NANISNAFDUAINEIIUAUTOU

UPuuia 15 gas 3w 45 u vins

NAADUTAAINSIIUAIUS DY FINANISNAADULTU
AN 6 LASDINAADUAMNEIIUAINNS Y lUanumIsIe 3

A1579 3
KNI TNAFOUATNANIUAIILTDY

. ANAIIUAUEDY (kJ/Kg) Aade
AASNISNATDUT

i 1 2 3 (kJ/kg)

1 14,742.92 15,580.12 16,417.32 15,580.12

2 15,553.04 17,227.44 17,646.04 16,808.84

3 11,527.74 13,620.74 13,202.14 12,783.54

4 15,341.15 16,806.25 16,387.65 16,178.35

5 14,400.72 15,447.22 15,865.82 15,237.92

6 16,742.91 18,835.91 18,417.31 17,998.71

7 13,557.37 16,278.27 15,859.67 15,231.77

8 13,373.47 14,629.27 15,257.17 14,419.97

9 12,489.77 12,908.37 13,326.97 12,908.37

10 13,609.98 15,598.33 14,761.13 14,656.48
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A15149 3
BANITNAFOUATNANIUAIINTDY (D)

; AasuANsau (k/kg) Aade
gnsmamagaudn

1 2 3 (kJ/kg)

11 13,325.71 14,162.91 14,372.21 13,953.61

12 12,994.77 11,906.41 12,701.75 12,534.31

13 15,028.62 14,610.02 13,877.47 14,505.37

14 12,719.71 13,808.07 14,645.27 13,724.35

15 15,116.78 13,651.68 14,698.18 14,488.88

911915149 3 Azl gasil 6 amdnsndu
61.67: 16.67: 5: 16.67 (WNAULNY: Y1UDBY: N¥ay
Undu: wiidudendy) damdnuanuiougega
0l 17,998.71 kl/kg

2. Nan1sNadauszazIa i tugd

PHINNSNAFBUAIMNEIUANUSBU Thn
FUUNT 15 gas 1w 45 Ju ldinsnaaey

mswlvsl an. gaumgfiviesd 27 °C (gumgiisusiu
nsunlndussAugafugnmniiieatu) ileTnszes
AN gl Imaﬁ%umumumaummuaﬂa'm
50 fladuns UazANENY 100 Haduns Lazd g
uiazgnsiitndn 120 + 5 n¥u Fwansnaaouiild

Wulunumisis 4

A1519 4
NANITNNFOUSE XL IaINI TR 98]
. szezaaInsw budl (und) Aadey
gnsnsnagauil -
: 1 2 3 (wni)
1 17.27 17.09 17.36 17.24
2 16.32 16.22 16.35 16.30
3 25.16 26.24 25.52 25.51
4 15.33 15.29 15.40 15.34
5 18.45 18.21 18.35 18.34
6 19.04 18.55 18.43 18.54
7 17.01 16.54 16.49 16.55
8 14.56 15.17 15.06 15.07
20.31 19.46 20.15 20.11
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Mn13149 4
KANISIAADUSY 1810758 v (9B)

. szazaaIMsenlugl (Wil) Aady
FATN1TNAHDUY -
: 1 2 3 (W)

9 20.31 19.46 20.15 20.11
10 16.13 16.07 16.29 16.17
11 20.53 20.33 20.39 20.42
12 21.18 20.57 21.27 21.14
13 19.46 19.32 19.08 19.29
14 15.55 15.42 15.45 15.48
15 15.14 15.09 15.23 15.16

91191573 4 il gasit 3 mudasdan
85: 5: 5: 5 (WNAUW: ¥Iusey: Nea1uUna: Wi
ffudUends) szoznainiswnlusiunugaegi 2551
W

3. MATzimduRanvasIaanadauly
sUvassuTmIaNdnanaAINaIIUANTU LAz
sreziaK gl

3.1 MTIATIERMAIUNANVRTTANAFRY
lusUrasauuaninasonInguAIINTouy

dranfildarnnisnaaeuluiinisiasizi
AduUsrAnsnisanasy wazn15ILAIIZ AN
AMULUTUTIUYBIAIANUNS I UANUSDUAIATN 8
WazaIn 9

Eztimated Begression Coefficientz for Heat (Kji/fEg) (component proportionsz)
Term Coef SE Coef T E VIF
Husk Rice 10460 1520 - . 35.265
Bagasse -2520 12832 L * 137.672
Falm fruit bunch 48689 12632 w * 137.672
Casszava Rhizome -4§ 12632 * * 137.672
Husk Rice*Bagasse 28103 24553 1.18 0.245 157.035
Husk Rice*Palm fruit bunch 24415 245583 0.899 0.328 157.035
Husk Rice*Cassava Rhizome 17814 2455%3 0.72 0.474 157.035
Bagasse*Palm fruit bunch 16503 24553 0.67 0.507 7.166
Bagasze*(Caszsava Bhizome 126528 24593 5.14 0.000 T7.166
Palm fruit bunch*Cassava Rhizome 36213 245593 1.47 0.150 T.166
5 = 1225.03 PEESS = 854578716

B-5g = 76.45% E-Sg(pred) = 69.60% RE-5g({adj) = 75.30%

AN 8 N1SAATITNANFUUSEANTNNTONDDEVDIAIAIUNEIUAILS DU
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Bnalysis of Variance for Heat (Ej/Kg) (component proportions)
Source DF Seq . 'S55 Adj S5 Adj MS E P
Eegression g &€8185872 638185872 7376208 5.05 0.000
Linear 2 23538242 5222125 1740708 1.16 '@.339
Quadratic [ 44647630 44647630 7441272 4.%6 0.001
Husk Ric*Bagasse 1 10550580 2101707 2101707 1.40 0.245
Husk Ric*Palm fru 1 1332733 14759124 1479124 0.599 0.328
Husk Ric*Cassawva 1 227853 787445 787445 0.52 0.474
Bagasse*Palm fru 1 164614 675795 6757585 0.45 0.507
Bagasse*Cassava 1 38613233 39724405 3572440% 2Z6.47 0.000
Palm fru*Cassava 1 3254006 3254006 3254006 217 -850
Residual Error a5 52524818 52524818 1500709
Lack-of-Fit 5 28075044 23079044 2615809 &.89 0.000
Pure Error a0 24445774 24445774 814855
Total 44 120710689

2 9 NMTAATIERAIANULUTUTIUYDIAIAMUNAINUANUS DU

N0 7 aziiulddnan R (adjust R) ves  ferndudeyaid aunsathluadisaunisviunegiie
NINAABIATILEYN 76.49% (75.30%) siesnlunm 8 Amanaunangasaly
! P = a1 v \ =
A1 p-value ag# 0.000 FailA1oendn 0.05 Faluly 3.2 MPnssindLRELvesanMnday

mungujves Haaland (1989) fildndnlidt lu TugUresdudaunaniinaneszsaznainiswa vl

n1naaesianysalAduuszansnisindula (R)

dy v A , . v w§sniui Al maasuluyi
lnazdeslian R? (adjust R?) 11nA11 70% W3aUY

L MFIATERANEUSEANENNS0RN0Y LAy IATIZN
N15M599d8U Lack of Fit A1 p-value < 0.05 (QL)

. ° o ~ s v AAMNLUTUTIUTRIS TR AN Sl AN 10
LL?WN’J’]LLUUQ']@E)\‘]‘LJ&IF‘TJ']&ILWENWE]I‘LJﬂ’ﬁWG]‘U@;J“a bhae

wagnIw 11

Eztimated Regresszion Coefficients for Time (Mins) (component proportions)
Term Coef SE Coef T B VIF
Husk Rice 31.08 0.7973 & & 39.2685
Bagasse 10.20 S.2438 ol * 137.672
Palm fruit bunch 3:19 5.2438 et * 137.872
Cassava Rhizome -3.21 5.2438 el * 137.672
Husk Rice*Bagasse -24.38 10.20%2 -2.39% 0.022 157.035
Husk Rice*Palm fruit bunch -10.41 10.2082 -1.02 d.315% 157.035%
Husk Rice*Cassava Rhizome 4.22 10.2082 0.41 0.682 157.035
Bagasse*Palm fruit bunch 12.19% 10.2082 1.15 0.240 T.166
Bagasse*Casz=sava Rhizome 11.91 10.20892 1.17 0.251 T7.166
Palm fruit bunch*Cassava Rhizome 23.5%2 10.2082 2.34 0.D025 T.166
5 = D.508548 FRES5 = 14.26594

BE-5g9 = 97.48% BE-5g({pred) = 56.02% E-5gf{adj) = 56.83%

AN 10 NS IATILRAALUTEANTNIINN0D8UDINITIZELIAINTHN bS]
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Analysis of Variance for Time (Mins) (component proportions)
Source DF Seqg 55 Adj 55 Ldj MS F P
Regres=zion 9 3249.831 3249.8309 38.8701 150.30 0.000
Linear 3 .345.930 40.1201 13.3734 %1.71 0.000
Quadratic & 3.901 3.9007 0.6501 2.51 0.040
Husk Ric*Bagasse 1 1.542 1.4747 1.4747 5.70 ©0.022
Husk Ric*Palm fru 1 0.376 0.2688 0.2688 1.84 @315
Husk Ric*Cas=ava 1 0.01& 0.04942 0.0442 0.17 ©O.882
Bagasse*Palm fru 1 0.267 0.3687 0.3687 1.43 0.240
Bagasse*Cassava 1 0.280 0.3519 0.351%8 1.36 D.251
Palm fru*Cas=ava 1 1.420 1.41487 1.4157 5.49 0.025
Residual Error a5 9.052 9.0518 0.2586
Lack-of-Fit L 6.041 6.9415 1.3883 1¢.74 0.000
Pure Error 30 2.110 2.1103 0.0703
Total 44 358.883
A 11 MFAATIERAANNLUTUTINTRIS g AN S Lt
100N 10 A1 R (adjust R?) U840157A8 03 Y = 0.310810 (Husk Rice) + 0.101971

2

(Bagasse) + 0.0318822 (Palm fruit bunch) -
0.0320955 (Cassava Rhizome) - 0.00243783 (Husk
Rice*Bagasse) - 0.00104077 (Husk Rice*Palm

v v
v a1

Asailogil 97.48% (96.83%) lun1w 11 A1 p-value
gl 0.000 Wulumunguives Haaland (1989)

Y
!

al

Alana1lidn Tunrsveaesiianysalrnduussans

mssindula (R?) fildassiasiiean R (adjust R2) wnnin
70% w¥ournsavdaudl Lack of Fit A1 p-value
< 0.05 (Q) wanIUUIIaeiTaisanely
msfimdoya uaziedndudeyadia awnsailuaiis

AUNISYINUNENBMIAINARBUNANER (Haaland, 1989)

q

[

TAgddUN1TYIUIYVDINITNAFDUATIN
ANNFUNIT A

Y, =104.602 (Husk Rice) - 29.2025 (Bagasse)
+48.6940 (Palm fruit bunch) - 0.458267 (Cassava
Rhizome) + 2.91034 (Husk Rice*Bagasse) + 2.44152
(Husk Rice*Palm fruit bunch) + 1.78142 (Husk
Rice*Cassava Rhizome) + 1.65031 (Bagasse*Palm
fruit bunch) + 12.6528 (Bagasse*Cassava Rhizome)
+ 3.62132 (Palm fruit bunch*Cassava Rhizome)

(1)

NTANTITIMINMINANENE BB AR WeT e
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fruit bunch) + 0.000422177 (Husk Rice*Cassava
Rhizome) + 0.00121903 (Bagasse*Palm fruit
bunch) + 0.00119081 (Bagasse*Cassava Rhizome)
+0.00239196 (Palm fruit bunch*Cassava Rhizome)

(2)
Tnodi Y, Ao ATMAIUANSEU
v #g SyezaInSLE Lyl
4. AT NANNZENYDISNTIEIUNEUNITHN
a1uFU7a

Afmnzauiigauesdnsidunauiinase
ATAIUNAIIUAIUTBU LaLIEEEIaIN1SHN LU
dwsunstuguiunldmivnsaufignuessnsdiu
HANTTHan 9A1AUNSIUANTOU wATTTEY
namswnlugd lagnisiivuaa1gean (maximum)
YBIATNHIIUAIINS DULALTZULLIANNTTIN LAY
HANTISIATIZAEIUNTOUEAILARININ 12




d = 1.0000

Optimal [ J:Husk Ric [ ]:Bagasse [ 1:Palm fru [ ]:Cassava
Hig 85.0 40.0000 40.0000 40.0000
Cur [66.3748] [14.4333] [5.0] [14.1919]
1.0000 | gy 50.0 5.0 5.0 5.0
Composite
Desirability
1.0000
Heat (Kj
Maximum ] L

= 1.500E+04 //\ e s

Time (Mi

Maximum At . A

y=200241 |~ 7~
d = 1.0000

AN 12 panpuauesinzauiganvililaanasuausoulas szeziain1 skt bud

1NN 12 Sasdrunaniimnzauiian Ao
Snsrdunandl 66.38: 14.43: 5.0: 14.20 (WNAUWA:
¥1udey: nrareuran: mitduduenag) laglile
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