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Abstract

Agricultural residue becomes a renewable energy source with potential and importance. When using agricultural
residue for energy production, it is essential to study the properties and characterizations. Each biomass has different
properties, characteristics, and availability during various seasons. This study aimed to examine the properties and
characteristics of five biomass materials including rice stubble (RB), rice straw (RW), sugar cane leaves (SL), cassava
leaves (CL), and cassava rhizome (CR). Material blending scheme was also investigated depending on their seasonal
availability to produce renewable energy fuels. RB, RW, and SL were categorized as the main materials in all seasons
and the rest are supplement materials. The results showed that cassava leaves, sugarcane leaves, and cassava
rhizomes were among the biomasses with highest HHV (19.29, 17.49, and 16.92 MJ/kg, respectively); high contents
of volatiles, fixed carbon, and cellulose; and lower in ash. On the other hand, rice stubble and straw had low HHVs

(14.20 MJ/kg and 14.31 MJ/kg, respectively). The two-type blending of main materials results showed that SL:RW
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at a ratio of 80:20 contained the highest heat value (16.08 MJ/kg). Three-type blending showed that SL:RW:RB at a

ratio of 60:20:20 had the highest heat value (15.68 MJ/kg). The improvement of energy properties with supplement
materials (CL and CR) showed that RW:CL (50:50) ratio had the highest heat value of 16.18 MJ/kg. The study shows

that heat value increases with an increase of in the ratio of supplement materials (CL and CR), and the amount of

ash tends to decrease.
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Table 1 Results of proximate analysis, detergent analysis and calorimetry of agricultural residues
Agricultural Residues (dry basis)
Properties
RB RW SL CL CR

Proximate Analysis (%)

Moisture Content 8.57+0.13 7.70+0.09 6.97+0.11 7.29+0.18 7.22+0.18
Volatile Matter 66.99+0.98 67.14+0.44 75.69+1.05 72.13+0.49 73.74+0.53
Ash Content 12.70£0.45 11.32+0.07 4.31+0.05 6.87+0.28 3.77£0.36
Fixed Carbon 11.74+0.89 13.85+0.51 13.03+0.99 13.71+0.44 15.27+0.14
Detergent Analysis (%)

Hemicellulose 37.90+0.53 32.92+0.19 28.67+0.29 23.56+0.48 11.92+0.13
Cellulose 30.14+0.27 29.37+0.32 37.74+£0.49 33.36+0.36 45.06+0.14
Lignin 21.90+0.34 27.78+0.56 26.69+0.32 39.01+0.55 38.38+0.27
Other 10.06+0.20 9.92+0.06 6.90+0.41 4.07£0.12 4.64+0.27
Calorimetry (MJ/kg)

High Heating Value 14.20+0.32 14.31£0.37 16.92+0.16 19.29+0.37 17.49+0.17

Note. RB: Rice Stubble; RW: Rice Straw; SL: Sugar cane Leaves;
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Table 2  Results of proximate analysis and calorimetry of blended samples of main material agricultural residue.

Blended samples ratio (wt%) Proximate analysis (%) Calorimetry
RB RW SL MC Ash FC HHV (MJ/Kg)
100 - - 8.57+0.13 66.99+0.98 12.70£0.45 11.740.89 14.200.32
- 100 - 7.700.09 67.14+0.44 11.3240.07 13.85+0.51 14.31+0.37
- - 100 6.970.11 75.69+1.05 4.31£0.05 13.03+0.99 16.92+0.16
80 20 - 10.58+0.18 64.05£0.25 12.06+0.36 13.320.09 14.52+0.11
20 80 - 9.48+0.18 65.58+0.39 11.790.20 13.15£0.25 14.900.21
80 - 20 9.85+0.51 66.46+0.48 10.38+0.36 13.31+0.26 14.63+0.11
20 - 80 7.52+0.06 73.2120.91 5.70£0.27 13.570.77 16.060.20
- 80 20 8.87+0.21 67.52+0.60 10.30£0.05 13.3240.35 15.01£0.38
- 20 80 6.58+0.09 74.1210.16 5.600.11 13.70£0.17 16.080.25
60 40 - 10.26+0.20 64.97+0.48 11.82+0.11 12.95+0.41 14.58+0.10
40 60 - 10.15+0.23 65.55+0.76 11.850.25 12.45+1.15 14.77+0.22
60 - 40 9.650.04 68.70£0.57 8.63+0.41 13.01£0.19 15.05£0.19
40 - 60 9.28+0.11 69.25+0.79 7.28+0.19 14.40+1.06 15.43+0.19
- 60 40 8.71+0.19 68.36+0.37 8.54+0.09 14.390.51 15.200.23
- 40 60 8.68+0.08 69.40£0.30 6.98+0.04 14.94+0.33 15.550.26
40 40 20 10.67+0.17 64.69+0.63 10.62+0.21 14.02+0.64 14.72+0.24
40 20 40 10.430.32 66.42+0.46 8.900.35 14.26£0.48 15.23+0.08
20 40 40 8.94+0.76 66.72+0.67 8.81+0.17 15.53+0.55 15.28+0.32
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Table 2 Results of proximate analysis and calorimetry of blended samples of main material agricultural residue
(cont.)

Blended samples ratio (wt%) Proximate analysis (%) Calorimetry

RB RW SL MC VM Ash FC HHV (MJ/Kg)

60 20 20 11.39£0.40 64.19+0.09 10.42+0.09 14.00£0.22 14.56+0.36

20 60 20 10.92+0.18 64.12+0.63 10.33£0.23 14.63+£0.33 15.24+0.16

20 20 60 10.204£0.16 67.13+0.40 7.53+0.39 15.131£0.26 15.68+0.30

Note. MC: Moisture Content; VM: Volatile Matter; Ash: Ash content; FC: Fixed Carbon; HHV: High Heating Value.

nneatrsdn asfiunldinmsfiviasuvesly
dasvz@INadafInuTauvadlFg adwldedmaynie
shATIszaUANLE i1 95% I@mmwwﬁ'ﬁqqﬁﬁmﬂ's'm%’au
fe819na%99n2 (RB) (14.20£0.32) uaz 19912 (RW)
(14.3120.37) luwmefinsunanlagnisunuiiszning
YSunuwaadst1n (RB) uazwed1d (RW) lLiinadans
Wanuuasasianuiauatnaltuimémy ﬁaﬁmm:"ﬁ'@@g
ysaslszinniiasdlsznaufingne i (Table 2, Figure 1)
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o =l
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(SL) Tudamain 60:20:20 Faliaranusan 14.560.36
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1 Yo a v AI g v
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A = , & oA Y o Aa o
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Figure 1 Heat values of samples from two-type blending scheme
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Figure 2 Heat values of samples from three-type blending scheme
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mmsmaaaﬁﬁﬂ’%mmﬁﬁwﬁq@ fa ludas (SL) : W9
717 (RW) ludasaan 80:20 Fu/5unoudn 5.6040.11% &4
Infidsanuaiunan ludas (SL) : aaditn (RB) daman
80:20 T BN audh 5.7040.27% luvasAinsuauna s G0
uwuy 3 vl wuhaemnasasszwiniludas (SL) : aad
417 (RB) : #9913 (RW) Tudasnain 60:20:20 Fu5unm
idhdnfige (7.53£0.39%)

miﬁﬂm'l@ﬁﬂ%uuLﬁﬂu@hmm%auﬁnﬂ?aq
ATmITHENHEY ﬁ'ummgml,%al,w‘éa%mauﬁwaa
Usznelng anu 1an.2772-2560 B9 aiwasnasiianany
%auguvlajﬁaﬂﬂ'h 14.5 MJ/kg (N3ENTWAATIANTIN, 2560)
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mimaadﬁﬂ'@ﬁmmw%”augdﬁﬁﬂ'j’]mmSVTmmg'mvl,ﬁl,l,ﬂ'
@891 (RB) wazW191 (RW) S MATeRedasmy
ﬂ%fuﬂgaqmauﬁamdwé’amumaﬁa@%a 2 sliadana lag
m’smammuﬁu‘i’;maﬂs:mﬂfmqLa%wﬁﬁmmm’i”augd
A7 laun lududdznds (CL) wastninaudznad (CR)
Fanamsanmneolyil

3. msﬂ%’uﬂ@aqmauﬁ'ﬁ%amaﬁwi’aqm‘%u
MUY I UFUTANIITUNAINBUBITRG
wan 2 viia oA aadet1a (RB) wazwed (RW) ¢as
NEUNE WU IFQLETY lorua lududtznas (CL) uazind

Judznds (CR) MyAdpladnssununinaunau 2
wuy leua sl FQLEaw 1 vila uae 2 viia

MINFUHENWIRLEITUAETHRG WU AIHEY
NRBRAE UV lTwEN Uz nAsluda T a@1weN9 9 NUAad
7717 dawalﬁﬁwmm%augu%u 4.65% - 13.45% 3f1A213
%augaag’s:wm 14.860.14 - 16.11+0.22 MJ/kg lag
é’@liﬂmuﬁlﬁmmm%wqaﬁq@ fia maded 1 (RB) : lu
Tudznas (CL) damaan 50:50 luvmefinsnaunan
luiugnuendaiunneng sonaliaanuioufsdugn
W@E2NL A Immmm%auquﬁu"ﬁu 4.96% - 13.56%
nmstndansuesluiugznas (Table 3, Figure
3,4)

fmiumsdiudasgmnwiagnan lagmsnan
HENWITUANTRENLE A WU ERNTaRNEAN o
gevasnadounznatnile 3.66% - 11.97% uaz 3.28% -
12.79% auénay lagmafindansiwveanifedosas
50 ﬁﬂﬁi’a@Nammuﬁmmﬁﬁaug\iﬁqﬂ f@ 15.90+0.19
MJ/kg §1RTUADTY Laz16.14+0.19 MJ/kg

nansanEuaasliiRuINNsIRNEaT1 8%
mswammui‘aqlﬁ%uﬁtﬂaaa*’ﬁﬁ@dma@iamsﬂ%’uﬂ‘gd
Qmauﬁ'@mdwé’omﬂugﬂmawhmm%“augwaﬁaq
athafiiui A mesiaTziunuBoii 95% (Table 3,
Figure 3,4)

msﬁﬂmvl,ﬁﬁmstmgﬂLn_lumﬁwauNmui'a@;
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LTULAE I LL@iwuhmmm%augwmﬁ”’{imuwamaﬁa
(RB) wazW19712 (RW) ﬁﬂ"]gdﬂ'hmil,ﬁusluﬁuﬁ’]ﬂwﬁo
waziddudindznanfssadnador lasmsliiaquady
Wamoaziia (CL+CR) NEUNEN WU IAaTIuaz 19977
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ludasain 50:50 mmmLﬁlu@hmwaﬁaugwaﬁa@g
169 13.94% uaz 13.49% audey uazildnanuian
GAEY) 16.18+0.25 MJ/kg LL8x16.24+0.25 MJ/kg AUIGU
(Table 3, Figure 3, 4)

Table 3  Results of proximate analysis and calorimetry of blended samples of supplement material.

Blended samples ratio (wt%) Proximate analysis (%) Calorimetry
RB RW CL CR MC VM Ash FC HHV (MJ/Kg)
90 - 10 - 10.02+0.46 65.050.27 11.25+0.48 13.69+0.63 14.86+0.14
80 - 20 - 9.89+0.25 65.17+0.50 11.15+0.29 13.79+0.81 15.10+0.11
70 - 30 - 9.73+0.38 65.2410.17 10.99+0.17 14.04+0.55 15.38+0.05
60 - 40 - 9.58+0.34 65.52+0.27 10.60+0.65 14.30+0.70 15.94+0.21
50 - 50 - 9.47+0.18 65.70+0.17 10.02+0.26 14.81+0.09 16.11+0.22
90 - - 10 9.790.14 64.00+0.48 12.04+0.50 14.1740.12 14.72+0.16
80 - - 20 9.74+0.02 66.96+0.60 10.49+0.25 12.80+0.38 14.96+0.16
70 - - 30 9.71£0.07 67.18+0.68 9.15+0.11 13.96+0.57 15.12+0.22
60 - - 40 9.69+0.13 68.15+0.42 8.71£0.17 13.45+0.59 15.49+0.37
50 - - 50 9.68+0.07 68.71+0.29 7.69+0.19 13.93+0.27 15.90+0.19

- 90 10 - 8.900.16 65.0410.37 10.98+0.28 15.08+0.25 15.02+0.19
- 80 20 - 8.88+0.10 65.26+0.77 10.36+0.16 15.50+0.78 15.27+0.23
- 70 30 - 8.75+0.09 65.61+0.40 9.61+0.22 16.02+0.36 15.70+0.25
- 60 40 - 8.630.23 66.480.45 8.99+0.52 15.90+0.38 15.90+0.23
- 50 50 - 8.51+0.08 67.72+0.23 8.47+0.24 15.30+0.09 16.25+0.20
- 90 - 10 10.13£0.20 64.19+0.31 10.28+0.15 15.39+0.29 14.78+0.15
- 80 - 20 9.92+0.21 65.450.50 9.40+0.11 15.23+0.30 15.15+0.18
- 70 - 30 9.86+0.04 65.750.31 9.08+0.07 15.31+0.38 15.28+0.25
- 60 - 40 9.74+0.36 66.67+0.53 8.78+0.93 14.81+0.62 15.63+0.34
- 50 - 50 9.45+0.38 67.630.22 7.52+0.13 15.40+0.46 16.14+0.19
90 - 10 10.34+0.39 62.53+0.46 12.53+0.51 14.60+0.16 15.02+0.23
80 - 20 10.23+0.33 63.96+0.40 11.44+0.61 14.37+0.16 15.12+0.17
70 - 30 10.20+0.11 64.12+0.37 10.55+0.39 15.14+0.08 15.40+0.31
60 - 40 10.12+0.02 64.63+0.19 9.82+0.15 15.43+0.32 15.65+0.17
50 - 50 9.81+0.12 65.92+0.29 9.28+0.49 15.00+0.58 16.18+0.25
- 90 10 9.40+0.17 64.52+0.82 11.1240.27 14.97+0.69 15.13+0.22
- 80 20 9.17+0.09 65.23+0.39 10.24+0.34 15.37+0.14 15.22+0.31
- 70 30 9.1410.04 66.02+0.33 9.39+0.15 15.460.33 15.49+0.20
- 60 40 9.12+0.09 66.21+0.33 9.23+0.18 15.44+0.37 15.77+0.31
- 50 50 9.08+0.04 67.55+0.64 8.61+0.32 14.76+0.44 16.24+0.25

Note. MC: Moisture Content; VM: Volatile Matter; Ash: Ash content; FC: Fixed Carbon; HHV: High Heating Value.
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