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Production of charcoal briquettes from Sweet Basil (Ocimum basilicum L.) extraction
residue in the flavors industry
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Abstract

This study aimed to produce charcoal briquettes from the waste materials Sweet Basil (Ocimum basilicum L.)
extraction residue in the flavors and fragrances industry in Phra Nakorn Si Ayutthaya province. Materials were
introduced into the carbonization process at 500 °C and a heating rate of 10 °C/min. Charcoal briquettes were formed
by screw compression mixing with cassava starch in five-percent ratios. The mixing ratios consisting of charcoal
powder from the waste materials, cassava starch, and water are 13:1:20, 13:1:10, 10:1:10, 10:0.5:10, and 10:0.5:20.
Following three tests, the ratio of 13:1:20 was determined to have the highest impact resistance. Besides, the
performance tests of charcoal briquettes using boiling water showed the shortest ignition and boiling water times,
minimal ash, non-smoke, and non-explosion. The heating value was 5257.50 kcal/kg, 4.85% moisture content,
22.44% fixed carbon, 71.25 volatile matters, and 6.31% bottom ash, satisfying the Thai Community Standard Product
(238/2547). Therefore, charcoal briquettes from Thai basil extraction residue in the flavor and fragrance industries can
be used as renewable energy, increase income, and reduce the problem of agricultural waste management to promote

sustainability and minimize environmental impact.

Keywords: Charcoal briquette, Solid biomass fuel, Waste materials in the flavors and fragrances industry, Sweet

Basil (Ocimum basilicum L.) extraction residue
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Table 1 Physical characteristics Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue

Blended samples ratio i L. i
No. External physical characteristics and adhesion
Charcoal powder: cassava starch: water

1 13:1:20 Good adhesion, charcoal surface has no cracks
2 13:1:10 Good adhesion, charcoal surface has no cracks
3 10:1:10 Medium adhesion, charcoal surface has cracks
4 10 0.5: 10 Medium adhesion, charcoal surface has cracks
5 10:0.5:20 Adhesion is quite low, unable to form and the surface of the charcoal after baking has

cracks
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Table 2  Impact resistance testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue
Blended samples ratio IRI
No. Charcoal powder: cassava starch: Average of impact resistance index (IRI) = SD
water 1st 2nd 3rd
1 13:1:20 284.98 285.21 284.89 285.0320.17
2 13:1:10 250.55 250.20 249.66 250.1420.45
3 10:1:10 209.53 210.05 210.85 210.14£0.66
4 10:0.5:10 159.95 160.22 160.03 160.07+0.14
5 10:0.5:20 48.82 48.26 48.35 48.48+0.30
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Table 3-5

Table 3  The ignition time testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue
No. Blended samples ratio 1st 2nd 3rd Average of ignition time * SD
Charcoal powder: cassava starch: water (min) (min) (min) (min)
1 13:1:20 6.10 6.05 6.12 6.09+0.04
2 13:1:10 6.08 6.13 6.03 6.08+0.05
3 10:1:10 5.12 5.23 5.18 5.18+0.06
4 10:0.5:10 7.02 7.13 7.09 7.08+0.06
5 10:0.5:20 5.03 5.06 5.1 5.07+0.04
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Table 4  Water-boiling testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue
Blended samples ratio

1st 2nd 3rd water-boiling time * SD

No. Charcoal powder: cassava starch:
(min) (min) (min) (min)

water

1 13:1:20 20.38 20.35 20.48 20.40+.0.07

2 13:1:10 30.35 30.42 30.38 30.38+0.04

3 10:1:10 35.20 35.15 35.12 35.1610.04

4 10:0.5:10 38.15 38.20 38.22 38.19+0.04

5 10:0.5:20 37.22 37.28 37.18 37.23%0.05

Table 5 Overall usage times testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction residue

Blended samples ratio

Average of overall usage

1st 1st 1st
No Charcoal powder: cassava starch: i i ) times + SD
(min) (min) (min) )
water (min)
1 13:1:20 70.05 70.10 70.03 70.06+0.04
2 13:1:10 75.03 75.00 75.09 75.04+0.05
3 10:1:10 78.10 78.02 78.01 78.04+0.05
4 10:0.5:10 75.10 75.05 75.03 75.06+0.04
5 10:0.5:20 70.02 70.00 70.07 70.03+0.04
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Table 6 Combustion characteristics testing of Charcoal briquette from Sweet Basil (Ocimum basilicum L.) extraction
residue
Blended samples ratio ignition water-boiling Overall usage Charcoal Amount of
No. Charcoal powder: cassava time time times sparks Smoke
starch: water (min) (min) (min)
1 13:1:20 6.09+0.04 20.40+.0.07 70.06+0.04 No sparks No
2 13:1:10 6.08+0.05 30.38+0.04 75.04+0.05 No sparks No
3 10:1:10 5.18+0.06 35.16+0.04 78.04+0.05 sparks moderate
4 10 0.5: 10 7.08+0.06 38.19+0.04 75.060.04 sparks less
5 10:0.5:20 5.07+0.04 37.2310.05 70.03+0.04 sparks less
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5. HamMINAFaUAMENLANTUTZIARANN W
uazaNT AN B aINE

NNMINATOU ABENUAN T ITUgNNILAE
FuTAMILToINES @MUNIATFIH ASTM (American Society
for Testing and Materials) lasuaasananuian (Heating
value) USunaan33einie (Volatile matters) USunmansuan
A4@1 (Fixed carbon) U3unaultin(Ash content) iazdTaunm
AN (Moisture content) WUINGNHAALYIIINNAIN
Trazwn NaaTaw 13:1:20 Senasnuanuion 5257.5
AlaunaaayAlaniu Aanududasas 4.85 MsUauAIT
Jouas 22.44 §17IRLIDLRT 71.25 LAZIONI08R 6.31
9 HWIATZIUNRA N U T USAUTIITNTY UNT. 238/2547
(FINNUNAIUHRAA AR ANTIN, 2547) Wazfiad)
ﬁmwéﬁmumwi”auﬁga Wafsunudmdauriadsznm
5uq Wlasnniudaurismnlnszwdsanmensuana s

Table 7
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78 uaedvsunmenTsnre ey lapfdnagzning
65-85 1Wasidudlagimin (71.25 %) i lddiewasan
mm%fauga T,@ﬂﬁmm'm%”augm’hdmé'@Lm'mmﬂ
1R 119 tudaurisaznowDonuaunsauwing G9ddn
WaIUAMNTanT 4,665 Plaunanas/laniy (andnwal
ARANITANT uazane, 2556) tnuaaundlda e 5,061.14
Alaunasad/Alaniy (5w WA uazAmz, 2559)
TUBALTIINZANININ 4,910.82 AlauaaaaI/Alaniy
dmdaurialulaiui 3,195.75 Alauaaasi/Mlansu tnusauns
330t 5,067.55 AlaunsasyAlansy (Isaduwn atuaunaId
WAZATME, 2562) TNHAALTIINNZANENIINENTHE DY
wazluiae 5175.6 Alawaaaad/Alanin (F523704 N0
AT AANWA ag'aﬁywnma, 2561) waztnuaaurivannilaen
WAALNWIT 5,125 Alauaaaad/Alanin (suns nandiih
waTAME 2559) (A3Uaadlu Table 7)

Comparative property result of various types of charcoal briquette fuel.

Heating value

Percentage of various property values

types of charcoal briquette fuel

Reference

(kcallkg) moisture  carbon  volatile ash
. . standards communities
Thai Community Standard Product (238/2547) 5,000 - - -
(238/2547)
Wet sediment mixed with coconut shells 4,665 4.7 39.9 324 23 Kitipattaworn, A. et al. (2556)
longan wood 5,061.14 3.92 - - - Tepsaskul, W. et al. (2559)
coconut shells 4,910.82 0.04 - - -
Anantanukulwong, R. et al.
dry leaves 3,195.75 0.04 - - -
(2562)
Sawdust 5,067.55 0.04 - - -
coconut shells mixed sugarcane bagasses and Thepha, S. &
5175.6 0.10 86.30 240 11.06
pandanus leaves Moongkramglang, S. (2561)
. . . Tantisattayakul, T. et al.
Coconut stalk with solution of tapioca starch 4,141 7.3 10.70 76.80 5.30 (2558)
Rubber seed husks mixed with wet paste glue
5,125 6.0 - - - Homchampa, T. et al. (2559)
(90: 10)
Thai Basil extraction residue) in the Flavors .
5257.5 4.85 22.44 71.25 6.31 This research

and Fragrances Industry

6. NMIAWIBANBNIINAAVDITIHAAUTII 1. dunwiandy (TE9IARENINNgARINNTIY)

> : & a &
1NN nf‘nizm (9123 LRUALIILALLTD L‘waﬂum'ﬁmuvlﬂm)

NAMARTENIRRIFNA 100 Alansy 2zlawe 5 @] = 300 LANS

fnwilszanms 30-35 flansu Tedaiduiasas 30-35 a9 ey -
L LT o 3. ldalunnge
ihwinianau Wahramud ldunwauniudidszans Tu 4
. . « o o ¥ o4 A @LTALNEY = 40 UIN/IDUNIINEA
aaTaEIw Kot uilainitznas : ¥ A 13: 10: 20 law 3 0 v/

wiin azletudauris 53- 62 Alaniu laofiduyuuisiu 3.2 ANEQUITEIU = 660 LIN/IBUNINES

lunsudan 10 vn/Alansy 393 1,000 LIN/FOUMTHES
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AUNUMINRAT WY ALANIADADLINEAILTY
vanalgirslunsndade 100 Alansu/saumInaade
Swriy 10 vn/alansy Ssmssuameanldsnslums
NARENUEALYIIINNAAlRIEA (C)

C=F+VN

A
1ila
A o A ' a o
F A dunuaIn (l0RI61% LATDILA LATDINES
d o £
WaziAT8980 U3 = 40,000 1N)

V @ dunuuiaii (@uss dnlwih dndag)

a a ' o o d e a
N A8 UIUmaNuaauLyivnaaInae

NolanmInsaiueauria (R) AMuwimann

R=IN

a
e
| 2 TAvwdailaniy (30 Un)

A o ' & a o A a
N a8 aﬁuﬁunW%LﬂuﬂIaﬂSNﬂNa@lmﬂﬂ

v

Q@qwnumaamswammé'@Lwiamﬂmﬂimzww
a tg/ { 1 U a 1 L 1
Az naUuaan ks lunInaad I uaauwrisanmInlnsznn
Winnusgldannmsneaudana dAwiaelaiyinny 2,000
A o ' a & A { o &
Alaniu winiawrdulvwalugan Jin3es0a waziu
' Aa A A = & = A o
U unllsEntnw uazTIaININIW nazmu‘qﬂu
FIUAILIINEIWUTU MHANEANGRI Lilad3n lasau
A &
MINRANUINT Y

zﬁﬂNam‘mﬂaamazﬁma%mmz

NANIANH M INAWI TN WOALNINNIN AT
’Luq@m%msum‘%amau wuiﬂﬁqmauﬁaﬁ'mmmulu
MIINEAD UM ALTH laBdATIEIW HIENRIINAN
Twszwn: uilasudnenas: i 9 13:1:20 a2 lddusauris
ﬁﬁqmmwﬁﬁq@ Tasfiszznaizuaaln uasszoznanin
L?]El@lﬁ?%“?llq@] DRPYGH fi'mvl,;il,mﬂﬂs:n WA A
%o 5257.50 Alaunaned/Alany sanudusosas 4.85
AMTUaUAIAITEAT 22.44 §NIILRTRDRT 71.25 LAZ
i $ewsr 6.31 Feusasliifiudsnnusmansolunisi
malnsznmasnmanazaslssnugasmnysy anlfidu
WaIUNauny Wias e wazaadymIMIvamMaamIae
wasldmensineas Wesagsuanusais seme lduss
aﬂwam:ﬂmia?}dLn@é’awad“qmu‘lﬁ LR ENUNTOWAIN

Production of charcoal briquettes from Sweet Basil (Ocimum basilicum L.)

extraction residue in the flavors industry

AMMINTBITNUER Lm'danﬂmﬂimzwﬂﬁgﬁﬂ@ﬂﬂﬂLﬁ11
JrELIAIMIANNTaw e iR IIzme st een
nnawldinniu LLazmmsnﬁﬁ'aqmﬁaﬁamamsmﬂm
wﬁﬂﬁuﬂ 2891399% ﬁﬁﬁwwé’amumm%&uqandﬁ i3
Ysunmmsfietasnin mwamﬁaﬂ%’uﬂgaqmauﬁamm
fudaurisnnmalnsem e aazwlunmisovesmmna
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daflaniy MINFUHIUTINAIFANANULY 3 UseLam
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