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Abstract

The palmyra palm shell is one of local biomass in Songkhla Province. This biomass is the
residue from processing of ripe palmyra palm fruit. The production of palmyra palm shell charcoal
briquettes (PSCBs) for using as biofuel in household and grinder restaurant is an interesting way.
The objectives of this study were therefore to study the effects of binder types and ratios on the
quality of PSCBs by using solar greenhouse drying (SGD) system. The quality of PSCBs was
considered in terms of proximate analysis, ultimate analysis, heating value, compressive strength,
density and crumbling. The drying kinetics, production cost and payback period of PSCBs were also
studied. The binders that used in this study included tapioca flour, tapioca residue and native
tapioca starch. The proportions of binders were 4, 7 and 10 % (wt), respectively. The spiral
compression machine was used as charcoal briquettes making machine. The obtained PSCBs had
hexagonal prism geometry with diameter of 5 cm, length of 10 cm and at the center of PSCBs has
a hole with diameter of 1.5 cm. The moistened PSCBs were dried by SGD system until their final

moisture content were lower than 8 % (wet basis). The results showed that drying of PSCBs with

1108



Uil 28 atuil 6 dguigu 2563 215815 memansiazinalulad

SGD system to the desired final moisture content can be done within 2 days. Type and ratio of
binders had small effects on the quality of PSCBs, considering from the results of proximate analysis,
ultimate analysis and heating value. The lower heating values (LHV) of PSCBs were in the range of
25.48-27.43 MJ/kg. Type and ratio of binders had effects on compressive strength, density and
crumbling of PSCBs. Mixing of binders with the ratio of 4 % (wt) was not appropriate to produce
the PSCBs due to they were highly crumbling. Production of PSCBs by adding the proposed binders
with the ratios of 7 and 10 % (wt) obtained the PSCBs which pass the charcoal briquettes standard.
However, adding more ratio of each binder into charcoal mixture led to higher smoke during burning
of PSCBs. Production of PSCBs with 7 % (wt) of tapioca residue provided the lowest production
cost and payback period.

Keywords: solar drying; palmyra palm shell charcoal briquette; solid biomass fuel; binder; payback
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Table 1 Conditions for preparing the composition of charcoal briquettes

Conditions Compositions
no. Ground charcoal (kg) | Water (kg) Binder types Binder (kg)
1 10 a4 0.4
2 10 a4 Tapioca flour (TF) 0.7
3 10 a4 1.0
a 10 a4 0.4
5 10 aq Tapioca residue (TR) 0.7
6 10 4 1.0
7 10 a4 0.4
8 10 4 Native tapioca starch (NTS) 0.7
9 10 a4 1.0
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Figure 1 Real charcoal briquette machine used in this study
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Table 3 Properties and heating value of each composition for preparing charcoal briquettes

Properties samples
Ground charcoal TF NTS TR
Proximate analysis (% wt)
Moisture content 16.03 11.42 11.15 7.73
Ash content 5.88 1.55 0.86 293
Volatile matter 23.37 86.83 87.41 83.92
Fixed carbon content 54.72 0.20 0.58 5.43
Ultimate analysis (% wt)
Carbon (Q) 71.61+0.58 38.59+0.50 38.96+0.21 41.08+0.22
Sulphur (S) 0.07+0.00 ND ND ND
Nitrogen (N) 0.92+0.04 ND ND 0.26+0.01
Hydrogen (H) 1.95+0.00 6.25+0.12 6.36+0.07 6.45+0.07
Oxygen (O)* 25.45 55.16 54.68 52.21
Heating value (MJ/kg)
Higher heating value (HHV) 27.40+0.20 22.25+0.31 22.54+0.17 23.40+0.14
Lower heating value (LHV) 26.98+0.20 20.91+0.29 21.17+0.16 22.01+0.13
ND = not-detectable; * oxygen was determined by difference.
Table 4 Proximate analysis, ultimate analysis and heating value of charcoal briquettes
Properties Conditions no.
2 3 5 6 8 9
Proximate analysis (% wt)
Moisture content 5.13 6.02 4.07 5.03 7.51 7.04
Ash content 6.27 5.05 7.79 5.36 6.09 552
Volatile matter 20.84 18.41 16.79 19.04 16.85 20.53
Fixed carbon content 64.71 69.08 68.18 68.82 68.65 65.00
Ultimate analysis (% wt)
Carbon (O) 70.87+0.57 | 68.85+£0.68 | 69.72+1.00 | 70.50+0.77 | 66.59+1.14 | 69.28+0.98
Sulphur (S) 0.13+0.00 | 0.12+0.00 | 0.13+0.00 | 0.15+0.01 | 0.12+0.01 | 0.14+0.00
Nitrogen (N) 0.90+0.04 | 0.82+0.02 | 0.84+0.01 | 0.98+0.03 | 0.71+0.01 | 0.78+0.01
Hydrogen (H) 2.54+0.09 | 2.32+0.08 | 2.19+£0.05 | 2.17+0.08 | 2.12+0.02 | 2.28+0.05
Oxygen (O)* 25.56 27.89 27.12 26.2 30.46 27.52
Heating value (MJ/kg)
Higher heating value (HHV) | 27.98+0.21 | 26.99+0.16 | 27.10+0.32 | 27.34+0.35 | 25.93+0.37 | 27.09+0.40
Lower heating value (LHV) |27.43+0.20 | 26.49+0.16 | 26.63+0.32 | 26.88+0.33 | 25.48+0.37 | 26.60+0.39

* oxygen was determined by difference.
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Table 5 Physical and mechanical properties of charcoal briquettes

Conditions no. Compressive strength (kg/cm?) Density (kg/m”°) Crumbling
2 14.13+2.33 898.08+8.58 Few
17.71+0.64 915.02+18.15 No
5 18.43+1.87 876.95+63.91 Few
6 20.53+4.17 900.73+38.71 No
8 10.85+£3.94 881.89+33.39 Few
9 24.05+1.10 910.13+25.34 No
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Table 6 Burning test results of charcoal briquettes

Conditions no. | Burning times (min) | Ash content (% wt) | Smog during burning | Splashing fire
2 235.33 + 2.08 759 +0.28 No No
3 237.33 + 4.04 7.71 £ 0.05 High smog during No
5 225.67 + 6.66 8.14 £ 0.10 Small smog at initial No
6 224.33 + 5.86 9.07 + 1.77 Small smog at initial No
8 233.33 + 5,51 8.29 + 0.55 Small smog at initial No
9 234.00 + 7.94 7.79 £ 0.73 High smog at initial No

3.5 stk aiwdvesdrunzatna
Taundauiia
M51971 6 WansHanINAFeUaALTRGY
i oA e unzataalaundauy 9@
Usenaunie seesaainisantng dndiuuiun
i wdanivdauysal n1sinafuluseninagn
gl waznisiinaziialnlussningnlugd wanas
NAAUNUI chungaealaundauviaiindnnield
Fouludnag fszeziiainisanlugdoglusas
226.33-237.33 W1l w0 3.74-3.96 42113 N1390
AnlufluthsSuduazdeuinserniesandungan
AalaungawvislinunuILiuARUTN9Ee YINTWE

Y99I INALBYTENINBUNAVDINITWNTUAY

Hudou Sawmadananiintuluynidoulanisude
augauns drunaiaaiuluseninanisaning
U1 N1sRARS1UnEaIalaung awrianeld
Foulvdt 2 liviliiAnafuluseninanisgnlng 3
Tnddsstuioulad 5 6 uaz 7 Ay liiAnaTy
dntleslutasusnvesnsgnivgl dwiuieulsdl 3

o

Tulusgwiransanluduinuas

a

Funuin 1iea Ain
naeana1didnvarinddvstudouled 9 fitAn
ATuunlug N @1UsUn1SNATUINISLAR
aziinlnluszrinenisanlndinudn nsgnlundues

arunzatnialauneawvialineliinagiia

1120

naAYIeTEEEIaINITaN gl Mnuan1svaaeuly

P

drudaviuldinslddadiumuszanaiivdugl
wwilduftdmartilifna funniulusswinemsan
gl Fenfuiiiintuonasnlunauannusuaans
seimed fogludauszau wagnisiinaduly
Psusnvesnisanlniensvzdannnunainnisi
gunzatmalaungawiagaalientugausn
3.6 AUNAAIEAINITIULAIAIUNZAINA

TAuUADALYIS

ANIANBIVAUNAAIANT NITOULINS
(drying kinetic) aunzaImalaunsnLvienIeAIm
Fouansedenvindnigluszuveuuiauiounszan
TngnisevatulutdienansTufusyezinan 2 Ju
nswasuuvasgamgiionnaniglubeunssanly
SEMINOULITIFINAAINUANTT 2

U7 2 aziiuldigamadennianiely
svuveuwiuuuSounszaniivdulugae ¢ dalus
wsnvasnseu Fuduriadhienaiies dmsunns
ouwidlutuusngamgiludsdnanandutudy
60 °C waziil el gvrsusgaumgiennimazisy
anas dvsumsasundasgungfivesennialy
Juiiaesfifdnvazudioatuiuwsn wilufuitaes
SUENmaauuﬁ’aﬁguqquﬁmmmmm'181141,'%@'14

nszanaeniriuusnidntes Jsameviliiinnis



Ui 28 avvil 6 Agurey 2563

15815 memansiasimalulad

wWaguulasgaumniiveseniAlusenineniseuwi
AIENTIIUAIINSDUINNTIFNNE LTINS
WagULUAIAMULINTIFD TN NSIUABUANLALY

=

Y

Y

A9DINE Lardn N el Fededveanisly
NAIUAIUSDUIINSIFINIE 1S UBUWIAS A
ansunuimumdanu liifesansenusedunnden
wavszuvauwWhilewrUsznauilidudeu adnslsh
anu nsldsyuvauLimEs UL Aindtuaziin
mnﬂé‘iauwaqqquﬁmaamn’m gINABNIT
AIUANUMITLAZNTIUIETLELIAIN TOUN
Futueu ensfuniseuutdanisanaudy
vosnanduaiasldssuvouniafildndamulih
wiold i onde Wy Wiy Arvueads nnsld
wiaulifvdodomsdmarinlmAadunusi
WALty uareadeteonuUUSEUUB UL
Fudousnntu uidided fe aunsnmuauenmnd
anmefounseansounudenis dwielaunse
YNUETTELLIAINTOULI LA BE1uLuE LavNan

Fudnlaiumuenusesnisvesyld dadunisudn

AUB ALY ANAINISHANNINAITABDINAITU b
Uszihusiananiil

80
o
< 60 -
v
Ei
(O
5 40
Q.
€
(0]
<20 -
=

O T T T T T T T

0 2 4 6 8 10 12 14 16

Drying time (hour)
Figure 2 Variation of air temperature inside
solar greenhouse dryer during drying

of charcoal briquettes

1121

1.2
e Condition 1
—f— Condition 2
1 g= ——h— Condition 3
Condition 4
x\" = Condition 5
—~ 08 4 —@— Condition 6
,\é Condition 7
g 06 - Condition 8
é Condition 9
©
=
0.4
0.2 -
0 T T T T T T A A
o 2 4 6 8 10 12 14 16

Drying time (hour)

Figure 3 Variation of moisture ratio during

drying of palmyra palm shell

charcoal briquettes wusing solar

greenhouse dryer

JUA 3 way 4 uanen sIUd suudas
Sasraunnuiuvestunzatnalaunsauiaiian
AL URIHTE VDU INE 1 UL A RS LU
ISounszanuaznnseusegeuauiou U 3 oy
WinlAIIA15aULAEIUNLAIRALAUAD ALY
AMNTaUINS @ Tind nnelussuuauwiusou
nszanvhleasdiuautuvesd1usauYvanas
Aoudrasrludrwsnvesiuil 1 esanluaa
L?ufs’fuauLw’fm"mé’mLm'ﬂﬁmm%yuqﬂwumzﬁ
gamnfionniadoufiiudy dwavinliaiudy
sumgoananausauislainanazsInga umiile
sypvnatouLtIemuIuTud s awsliautuas

' 9

A9 NNITELNBYBIANUTUDDNAINATUTALVIANAS

< [

A1NSUNITOULAAIUTUT 2N T aNYULNT



Thai Science and Technology Journal (TSTJ)

Vol. 28 No. 6 June 2020

WAy UL UaEMS1@INANTUN INALABIA UTULSA
Wenmsivasunlagamgiionianiglussuy

ANWULA LUAAULIN WALt DNINTUINABAY

2D

o 1

dnaiusmusyausianisilasuwlasensiaiuaing

Re

Fuluseninenseulie wuatadeainaliawa
\Envesronsia sunlaidnsidiunnudy @
Funaldandunsmiifianudusisiudnilos
{osndausrauilddanud us uduseiy
S0 IR LU U BE T A1y n5lE A
Ussanuiidnautevay 4 Taethmin duuildums
anaeIEnTE AT NI IdRd S q @
ADUTNEBAAA DIAUATAMIUNUILUUYDI U
WV MINEUSARVATiAIUNUILLUEINITUNT VRS
Auduannnglunndaifauenaziinlddias
danarilfiinnisd suudassnsiaiuniuiiy
anas

Wessuiisunsia suudassns
drurutuvesdunzatmalaunlussinanig
DULAIAIENAIUANNSDUIINT ARG A UNS
DULINILABUANTOU WUIINITOULIIAII WA
AuseuainddorfingviliiAnnisasunlas
Samdnrudulddiniinsouuisinedouay
Fou Fadunalaainnisiua sunlasmnuduves
EunTNTsiusErInanIse Ui e3sRena 7
anmadiviliniseuuamendanuaufouan
Sadorfindtrninnsligevanseu ilosnnsld
nisukatendliaunsanuatgung e
Tinsiildmudaanis iogaumgdiAnnisidey
WUasdINainlien IS ULAINI 0ORIIN13TEL Y
yapnuuUAsuLUaLT Uiy TngunAniseuus
ﬁqquﬁqaﬁﬂﬁé’mwmﬁizmwmmm%uqaﬂ’jw
nMsouwisigamaiivn dmiuguszneunisude

1599UNABINITHNARDIUD ALYIIUS LN 99U

MUA DN b N1TLETEUUBURIINE991UMaN
afingonalimunzan esndymdiuaiiy
wUsUsIuvesan g ieinia vinlvldaiuise
AIUANAIGINITHENNINADINS Fadumsldszuy
DUWRIMUUTIN (hybrid) 1wy n1slonaasuau
Sounnssdoriingsautunisldaudou Feaudeud
Tduldannsmlndfldfunietaunadu q @
sruufananilastiandunuiundnuuasyh

TauAuiaINsnanlanuAenIs

1.2
—¢— Condition 1
—— Condition 2
1 e CoOndition 3
Condition 4
e Condition 5
. 0.8 —@— Condition 6
o Condition 7
2
© Condition 8
05) 06 Condition 9
@
°
=
0.4
0.2 i
0 1 day | 2" day
T T T T T T T

0 2 4 6 8 10 12 14 16
Drying time (hour)

Figure 4 Variation of moisture ratio during
drying of palmyra palm shell
charcoal briquettes using hot air

oven dryer

3.7 dununisuangungainialaunde
N
HANTTIATIERAUNUNITHERGUNEA

Aalaundauvisn1elAReuluA o LEAINILAITI



Ui 28 avvil 6 Agurey 2563

15815 memansuasimalulad

71 7 aniildindununisudndiunzainalaundn
W4 10.78-12.82 uaw/Alansu #3e 0.40-0.48
U/ My, THAkaZEREIUAIUTE AU INARD
AUNUNITHANDIUNZAIMIALAUABALYIY NITHER
grunzamalauasanielddoulad 3 vilwiAn
Fuvugean Ao 12.82 viv/Alaniu Faduleulvdl
T9udafudndiudosas 10 Tnorndn (Judn
Usvanu dmsunisidnindudesas 10 Tnevwin
udrdszauiurilddurunisdadiungan
malauasawrie 10.97 vn/Alandu Jasninis
Tutafuussana 2 vin/Alandu deumnusou
Wieususaaedsdunzatmalaundausiings
Tnenguvntuiisiuanass’ sunedanuns

JanTnaavan Yev1edesian 15 van/ntansy A

nAngunzaImalauaSauislaeldulauridndin
Sosay 7 way 10 1 0udlUsyaiu vilidnnls
Uszael 2.18-2.93 umsenlansy uwavinldnin
Sufidndusovay 7 uaz 10 Wususzaruvhlig
lsuszana 4.03-4.22 vn/Alandu deanunse
andununsnAanagy i i ladiudy e
NITUTLYLIAAUN UNUIININEAD WAL AN
aalaunsauianieldidoulefidnelusuise
FanamnildsveznaAunu 0.91-1.75 U nsldnin
fududauszauuenaingieriliandununis
wAnLE AU UFST Y eehdlsfinnn nsld
amnsTududiuszaruenaitesinndmiudanina
manald ilesanegrilnasnnlsenuudsyusiu

Alzuag

Table 7 Cost, profit and payback period of palmyra palm shell charcoal briquettes production

Conditions no.
Lists of cost (Baht/kg)
2 3 5 6 8 9
Charcoal 8.00 8.00 8.00 8.00 8.00 8.00
Binder 1.75 2.50 0.46 0.65 0.77 1.10
Water 0.01 0.01 0.01 0.01 0.01 0.01
Electricity 0.67 0.67 0.67 0.67 0.67 0.67
Labor 1.14 1.14 1.14 1.14 1.14 1.14
Machine and maintenance 0.50 0.50 0.50 0.50 0.50 0.50
Total cost (Baht/kg) 12.07 12.82 10.78 10.97 11.09 11.42
Total cost (Baht/MJ,y,) 0.44 0.48 0.40 0.41 0.44 0.43
Net profit (Baht/kg) 293 2.18 4.22 4.03 3.91 3.58
Payback period (year) 1.30 1.75 0.91 0.95 0.98 1.07
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