31sa‘153mms (

wavviu
nainu
dsusu

B, A 3
‘?GG u ﬂﬂ.ﬂ

Ui 4 aUufi 1 1GoUUNSIAU-IVYITU 2564

J-REC

JOURNAL
OF RENEWABLE
ENERGY FOR
COMMUNITY

J-REC BY TRECA



D1Sa1SJu1INS

wavvunalinu
dsusu

J-REC

JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY



- _ -

20qUs:davA

1. deoifuenansieunsnumanidnnsuasmisenismdanunan
lueSotendanuvesUssinelne

2. L‘WIEJLﬂﬂﬁ@ﬂﬁ’]ﬂﬂﬂﬁuaﬂL‘U?ﬂlEJUﬂ’J’]ﬂJ%’ﬁQﬂ’]ﬂ‘Vli]wﬁLLaxﬂ”lﬂ‘Uaﬁa wazauIRINIslnse
Frundsrumaunuszarnainifoussdlfnulutimassuasiensy

3. Wleduasuativayulvinanansd yaansmsmsdne 980 dhnw
u,aumauhmmamumqmuwawumLmuwLﬂuﬂiu‘[wumamﬂut,l,auﬂiummnm

4. LwaLUuLaﬂmss'sm’smwmm%LLauwmmm'gﬁmmimmmmwLLaummm
mamuwaamumLmuamﬂmmaiqL‘wammmaumqmuwamwmﬂiuLWI

7
(S

Pe

mwamauaﬂuawﬁ AUNANNAIUNAUN UG YU BULIUsZINAlNE
Fidsdanns AUGITVUALUINITAUNSNNY ARNEIAINTTUANARS
mmmmaEJmﬂiuIaaswmﬂaﬁagqs

39 4.1 aUUSHER-UATUNEN ANUARRBIVIN B1LNBTYYS
9. 0-2549-3497 www.reca.or.th/jrec

[ @

Jandauvusnil 12110

213ETIVINTNACUNAUN UG YT
AurionweLNg 3 aUusaU Adus LADUNNTIAN-UEIEY WOBNIAN-AIIAN WAy AueIBu-SuaL
fnsievesuiluaundnlalaensadl aunaundsnuvaunuguusuwisssmelve



Jagus:avAduiauwaoviunainugdysusu
nKvus:infAlng

1. daaSumnusnile Vl'1\‘1ﬂ’]‘U’J“mﬂ’]ﬁi”‘Vi’ﬂ\‘m’]ﬂﬁ%LLﬁ”ﬂ’]ﬂUi”“U’]%u TUAUNEINUNALNY
miauiﬂwwaamuum ?NLL’J@@@@JLW’E]SUWUUWN""]GLUUiuLVlﬂ‘lVIEJ

2. ‘i]ﬂ‘Vi’]‘Vlu LW@ﬂu‘UﬁUUﬂ’l’iﬂﬂ‘H’] 798 ANoausy N1sAEulATINIIATUNRIUNALNY
IﬁﬂUﬂ’]ﬂﬁiLLa”ﬂﬁﬂﬂiwﬁ’]%u

3. IMG]’]LUUﬂ’]i aummammmmmaﬂm wmlﬂamimLuumumﬂmsmaq

4. laigfiunig IﬁllﬂWiﬂiSVHﬂ’ﬁ@umfﬂWQ%UUﬁi‘mL‘L!EJ‘LILL@ QW?@Ui”LWﬂJW@‘U@QﬁQﬂMVLVIEJ

Kannisla:ikawa

¥

Iu‘{jﬂﬁ]UUV}’ﬂaﬂ(ﬂ@QLN%ﬂJ ﬂ‘U‘{jﬂJ‘Vi’] muwawumumamﬂuamm:mﬂ E’JMLHEN%J’]‘\]’]ﬂﬂ’J’]@JG]@Qﬂ’]S

<
a ad

I‘SZJW@N’MLLauiﬁﬂ’]‘WﬂN’mw@LW@QWJﬂ’ﬁUi‘UG}’JBEﬂu%@‘Uﬁﬂ@‘a’]fl(ﬂaL‘LlEN mammwmﬂmmﬂ
{jzummﬂmaﬂammmum NNAUAITIAMINA S sumwLmsr;ﬂuﬂﬁlfawawumwumdw i
wammumammaauaummﬂsmgmsmﬁauﬂsvaﬂ (Green House Effects) fidwmanons
uJasJuLuJaqamwnmmmﬁIaﬂamasuuﬁq muumaLLﬁlﬂJ{Jmmmuwamumﬂan Faladuunfn
iumimLaimLLauauUauﬂmmﬂwamumunaunumnsuu TPUANIENANIUAL  WEITY
LA9D17Ing szmLUuLmaawamwuunaummaumﬂmﬂummnmmmu laineliinuaiy
sodandau (Green & Clean Energy) Snmadianunsavnldldeeslaififunundu

ayvKUI8dIATY

mﬁmmuﬂummummmmuﬂizmﬂﬁuuiuﬂﬂihwawﬁuwmLmu nsaysnundsnuuazldlase
aaLL’maamawmﬂuUiuLﬂnﬁlﬂna AADAIUNISANYIIVEY mLuumsmLwﬂiuiawmmuaumqv]
NWI%LU‘L!W&N’]UVI@LLV]TJLWE]?’TJ’]SJLWJ%&&JLLaUIMLﬂWﬂ’J’]ﬂJEJQEJWUEN?J&JSU‘ULLau‘USu‘UTUquUiuLVIFII‘V]EJ



21sd1S3¥INISWavvVIUNANNUdBUBU
JOURNAL OF RENEWABLE ENERGY FOR COMMUNITY
ATU:NSSUN1SYAN1I1SaNs
3¥IN1SwavvIunaNnugyusu

AfUNSSUNISAUSNUN

a5 U IneamAlulagTvIRasyus
ANUAAMIAINTIUAERS uInedemalulagsvuirasyys

NOLUSSAUNSANIS

Vnthneeussansng Aermansn913d a3 sty Lsewsuns

ANEIFINTINAENT UnTInedemaluladsvuenatyys
JBIUTINBNS WIINANALNRINUNAWNUFYITULAUSEINALY (A5.81M8 91715UIN3)
AIENBIUTIUNGT NITUMIAALNSINUNAUUGYBUWRUTEWALTY (1A.0A5.903 ASULYidNT)
NBIUTINBNT ANENIITE ATAUVIY WAIAY

AANTINTE ATULTYSA ResARAsLsaY
MEANTINTE ATNAANG Thualy
AENTINTY ATNAYY BTV
FIFNANTINTE ATANNT UITBU
Hnemansn9138 A3.9130 BSer Tt
HEanTI158 AT.USeY NeTaes
HemMans19158 as.iidey] dlled
HEMans913d As.UsY AUTEAIANS

lavauns

UNEANITIAN V10I0A

W¥d81aYIUNTS

Y9E1550M nedlneaeA

S19UIWWNSLAIICIWIISTUIUNADIY

ANANSIANSE AS.AUTY WFAILAY

AENTIANTE ATHAIANA Tl
A1ENTINTY ATIUAAYSA HesARS LI
A1ENTINTY AT.NAWYE LHETNDY
HYemansnansed asdste Tseuiuns
FIFNANTINTY AT.NOWIU ARARNYEY
599MEANIINTY ATy Udsnans
HYIEAanT19750 5303 ASULYIENRS
HYIANaR319158 n9.9136 938 Tustiu
Hemans1ansd azindoslng uondiag
HYILAERTINTE A5.YYaNS Uszannuia
HYILAEnTINTe as.asneg n1gusd
PIAEN19158 AT.auuNnad Heuvans

PumanIInTed Uswwe] sAusNa

e

veXee

@2

ANYIAINTTUFAERS
UINEREMALLLAENTEIDUNATUYT
ANLIFINTTUFAERNT UININYNRLEITUANERS
ANLIAINTTUFAIEAS UNINYQBTea b
ANEIMINIINAIENS UNNINENFURUATIYENT
ANYIFINTIUAERS WnInenaemaluladsivaena
ANLIFINTIUAERS WnInenaemaluladsivaena
ANLIAINTTUANEAS LN INeaewALlLlags19LeAa
ANLIAINTTUAENS LN INEaeWALLlaTS19L9Aa
ANYIFINTSUAERS WnInenaewmaluladsiviena
ANYIFINTIUAERS WnInenaemaluladsivaena
ANLIFINTIUAERS WnInenaemaluladsivaena
ALIAINTTUAEAS LN INeaewALlLlags19LeAa
ANLIAINTTUANENS UNINEaEwALLlaTS19LeAa
ANLIFINTIUAERS WnInenaewmaluladsivaena

[ [ e & & [ [ <

&

Qe Ne ANe Ne Ne Ne Ne ANe Ne e
Nl afl) N aNd ol QN aNl N aNd ol

&

N e N e e e e e e et



S1YUUKRNSLAIIWIISUIUNADIY

HYILMans19138 as.ey Useyuunioml
A3 3305 aiJLLm

a5 Ay Funsuie

AS.ADINS N8N

Asdma eIsUNT

75.511555Y  TUIANSIAANA

dz\g

EManIINTe ATsin Fesgedena
HYIEAENTINTY AT.YYIEDY UeSeAs
HPILMEnT1NTd agaua widu
$94MARTI913E AT.BMAN WA
JOIANANTIATE ATAANT UgaU
AT.ULSA DULSA

HEmanIINTe ATy Uil

&3

AeAanIIanse s uselisns suishe

AS.UINY Useans
75809059 LUUEY

ATATINA LATYINTIA

& a

AT ANYANEG AUTN

il

AT.00587 AunsILU
A7.4308 3F JuNIAT
AU @iaRugUIv

593fNANI19138 A3.T8sins ywuruRuns
AemanIIansed asdIn MIUsen1As
HemansIansed avdnIuns udg
NUAENTIASE AS.szer Wiy
Perans19158 ag.Sauled eyueea

{wmansnad el e
ATBNON AUNIY

HHEENIINTY M35 A
HYIEAENTINTE AT.50uA lgyuy
HIEANENTIA5E 79N IU VeNRN
JOIAANTIANTE ATITYY Wdsaing
RRVANC AT

AT.ANULM Fan

A5.81A5 @Seudnnad

e ee22e

ATYMUN Yeydliiits

ABEIAINTTUANENS UMINEIRENALULATS1YLIAAT!
AMEIANTINAENT UnINeIaeAluladTIvNIRacTy
ALIAINTIUAERS WInenaewmaluladsivuenas
ANLIAINTITUAERS WInenaewmaluladsivienas
AUNULIANTTULIR (BIANISUITL)
ANLIAINTTUAERNS
LMIneaemaluladsvNenadIuul
AEINMERSLasnAlUlaE unINeAUsITUANERS
AEIMNIINAENS UInendemaluladgsus
ANLIAINTTUANENS UMNINYNALASUASUNTI TR
ANLINYAERNS UNINYAEINTel
ALIAINTTUAENS UIINIRLTINT
ALIAINTTUAENS UIINYRLTINTol
INYIFENRINUNARNULATFINSANSAMALLLAE
UNINYIRYULTFT

NN INUNANULATFINSANSAMALLLAE
UNINYIAHULTAT
INYIFENRINUNARNULATFEINSANSAMALULAE
UNINYIAYULTFT

NN INUNARNULATFINSANSAMALLLAE
URINYIFYULTAIT
WedeiauATygiawazmAlulagyuyuLise e
VIR YWl
WedenauATygiawazmAlulagyusLiLeie
WAL el
MedeiuAsyghakasmalulayuyuLiaewgey
WA g Wealn
WedeiauAsygiawazmAlulagyusuLiLe iy
VIR IS el
MedeiuAsygiakasmalulagyuyuLiaLeITY
WIMeNdesvsg el

ANLINYNFAERNS UNINYIAEUINETAL
ALINYIFANERNS UNINYIAEUIEITAY
AuzanUnenssumans fadies wazugiinfad

LY INYRYUIANTANY

AtsAlLlal UINYIaENNIANTAL
ALANYINTENTAUNA UNINYISLUMENTAY
AMZNTUYTUATNITIANTT URTINISBUNAIIAL
AMENTUYTUATNITIANTT UNTINYISYUNAIIAL
INYIFENSINUNAWNY LN R
INYINYNAITUNALNY WINPT UL
INYIFUNAITUNALNY UMINGFUAULD
AnzmAluladnamnIsy WInedyvignIzuas
AudnAlulaBnAs N ULIYF
mamdu‘laawammmwm
Iendendsnunardunedenegaddusaulnduns
1Minesewalulagsivuenasaulnduns
Iendendnunariunndeneteddusaulnduns
wMinesewmaluladsivnsnasaulnduns



Unussau1snIs

'J’ﬁmﬁmmiwé’mumLmud%muimmméwﬁaﬁumLﬂ%@szjwam%ﬂamﬂuwé’wummmu
ﬁsumul,mqﬂi%mlm (TRECA) Faduatud 1 ‘UEN‘U‘V] 4 LLa‘“u‘ULUuULLSﬂVI’NimiG}WN‘WSULL‘U‘U
aaulau ISSN 2773-8639 (Online) a'1smsawuwumwwaqwmmmwmmimmaswmamu
FAuasIuNITITe LLawmqaﬂwﬂ%mu%q szN”Lm’s'Uiammmi‘wmems‘mmmiamzmamimm
deml mqmuwawumLLmuiuawmw6] Lwawﬂm'ﬁm'ﬁuLﬂuaaﬂmﬂummaﬂLﬂaamsmmi
ey LLmm'mmmiummwmmsmmaaLLa Eﬂfmm auLﬂumumﬂmamwﬂumiaiwmamu
mwmmﬁasumjul,l,aummimmmlammmL‘UummummmmisuawLsuauLLaumaUsuawuaa
AUAL wmmmm unenulunsansatuiliisiuauieau 10 unaany mimmawwmmmmm
Lﬂulﬂléﬂuwﬁmqmeﬂmaqsﬂquwawummmumq6]mamamiumﬂumifmEJLLaumiﬂﬂm
amﬂmﬂszmumama]Jm‘ummawmmnmamﬂmimu’mmmwuiuLmewmﬁminmEJ
AIUAR mamsmaﬂammwmmmqmuwamumLmummmqf] Immawwyamqmmimuama
Iwnduazdero  eliAnmsuanasulumdnnisednsadisasse au%mﬂmmwm
u,azmmﬁ@LﬁmﬂLL‘WiSumaaaﬂlﬂlmamqmwmw aﬂ‘mﬂmw3awsawuwmmaqmmﬁwﬂ
ivmumﬂmwuawmuiumﬂﬂwEJI@almmmmul,aaLLavaaﬂumwmmmmmemqumwmu
ity mmwdmﬁuauua mmummmLﬂummummmmw‘w5amvwmmmmmaaLamaama
"Lmsmuq LLavmEmamLLa:;mmamwmmmﬂmaﬁumaaaﬂiﬂuu ﬂﬁ]vmlﬂamiﬂiuLﬂaauﬂivmu
mﬁumqmmﬂmaamﬂuLLawzjmuasmmwa Suavdmanensiuasuulamsivinisves
mﬂmwammmausuawivmmnmﬂaqmimmmwa%auwa“ﬂmmvmmummuﬂmvmmmi
mmﬂzumwmimwmwmmmi LLaumﬂmﬂmumlmaa nmauummuwmm Wienu
mmmmmmmi wazidunsansiinsenswauUssme WQUM’]ﬂNQWUNﬂ’NNUiuﬁQﬂﬁ] FNUN
m/lmmmmiaﬁuamwmqmﬂﬂimwLmamuawimﬂulﬂmugﬂLLUUﬁuaa'n5msLLauawmmmmq
soulatif www.reca.or.th/jrec LﬁamsﬁmﬁmLLaxaﬁmw"Lmﬁmiaﬁ’ma6] U

ABIUTIUNBNIS



disuey

WALIIULNDNITNEAT
NFIATITDUATYFANAATAVTHAUINTATUN oo 8
nangaulnglenaIuLaIanTing

FUWINADUNDYUYU
Y= 1 . o < o a a a
Y8 NAINARDANUA NSV LUNITAMTUNITITIIUTTYY oo 16

WINNTIUATUNAINY
UNINTIVINYUVDITEUUNBANTNIAGUAIDNING .ooorroerreen e 25

WUURARIUA9TnElaely loT
N3RS ULINAIULAD RS U UTiaan U S UnstAa UL AR oo 33
nsmuesasunsallnlslafadmiunsldanundnanuSounagiuBIN W e a7

WRLNAILAZANTDUYNBY

N15HBRULOREATEAUTIBUAINUAINOAL oo 54
msﬁmmﬂszﬁw%mwL%qmm%fauLLazp'ﬁﬂwjnamm%au ......................................................... 62
Teldugrilvhduinasdmium e awomamia LPG

miﬂizLﬁuﬂiz%w%mwmm%’amm%amgLLUUQ’&ﬁummﬁI@81%L%@LW§@%DM@ .................... 77
mafiugaaiduduiuitendnduindudemddaensyurunsinlslada ... 87
A5 UIUNSUUSAN N US DTN Z AR N TNIN ANV 97

d' < o a
wWealdudulasylunisuanieniues



Energy for Agricultural

:
:
-
2
=

EA

N15ATEMTBATEgAERINMINRLINEfuTIndsaulng ldndsuLaseiing

Economic Analysis of Development of Banana Drying using Solar Energy
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Abstract

The aim of this research to study the economic analysis of the development of banana drier products
from solar, by solar drying technique. The case study at Anghin Sub-district, Paktho District, Ratchaburi province
with community enterprise group producing a banana drier. The objectives of the study were to assess
production costs and to determine ideal sales prices, by using the evaluation criteria consisting of analysis of
payback period (PP), net present value method (NPV) and the effective rate of return method (Internal Rate of
Return: IRR). The results as shown the dehydrated bananas using a parabola dome drying oven had an average
investment expenditure of 17,056 baht per person, totaling 341,120 baht, and expenditures for years 1-3 are
equal to 108,154 baht, 110,844 baht, and 120,084 baht. The production capacity 14,400 kg/year, the sale of
dried bananas from white jasmine varieties 140 baht/ke, a total of 14,300 kg for an amount of 2,002,000
baht/year, unqualified bananas in the amount of 100 kg, 90 baht/kg, 100 baht and 120 baht, an amount equal
to 2,011,000 baht, 2,012,000 baht, and 2,014,000 baht, respectively. As a result of net profit (loss) per year in
years 1-3 is equal to 1,902,846 bath, 1,901,156 bath and 1,893,916 baht, respectively. Therefor the payback
period of 1 year, the net present value is 5,244,845.92 baht and 4,643,753.15 baht, respectively, and has an

effective rate of return of 8.50%

Keywords: Economics, Dried bananas, Solar incubator, Sun
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Answinanouninmsvhndaenn fail
1. T8szeviia1Aunu (Payback Period Method : PB)
2. Wyarntaqtugns (Net Present Value Method : NPV)

3. 3P IMANEULNUTILTTASS (Internal Rate of Return Method: IRR)
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3. A3onsmuanoUNAiLia3e (Internal Rate of Return Method : IRR)
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Key Success Factors of the Green Factory Implementation

yAT Aseizuzlu® uag 59159 NYIgANG’

Lanuinisdnnamalulagimnssy anedvunalulagimnssuanainns nendemalulagenavnssy
wnivendemalulagnsyasnindmssunswile ngamns 10800

,  rreRraluladd Anendounelilad
Ph.D., 819158 madvunaluladimnssugrainnis Inendumaluladenamnssy
wInedemalulagnsgrennainszuasvia n3avne 10800

Abstract

This research aimed to prioritize key success factors of operating green factories at each level
of the green industrial project. This research studied the viewpoints of the governmental sector who
took responsibility in the green industrial project and the industrial sector who want to be certified as
The Green Industry. This research started with collecting 88 factors relating to Green Factory from theories
and literature by using Index of Item Objective Congruence : I0C, the factors had decreased to 57 factors.
After that Analytic Hierarchy Process via the Expert Choice was applied. The study showed that in the
viewpoint of the governmental sector, the key success factors were prioritized as Expenditure and
Resource Management, Law and Government policies, Organization Management, Network and

Community, and Operation respectively. From the viewpoint of the industrial sector, the key success

i

factors were prioritized as Law and Government policies, Expenditure and Resource Management,

Organization Management, Operation, and Network and Community respectively
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Keywords: Key Success Factors, Green Industry, Analytic Hierarchy Process, AHP
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AaulagInqUTEasd (Index of Item Objective Congruence : 10C) uin Yadsfwsngaslunsinlu@nwim
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Y9IN5EUIUNTENFUTUT IR 129 (Analytic Hierarchy Process) Tneldlusunsy Expert Choice navasnns
Uszifiuandidsrmgainaiasy nuin lunmsutadeiiidminanuddyidsalunmsdiiunulasms
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loT Angle Monitoring Device for Solar Tracking Photovoltaic System
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Abstract

This research developed and installed the angle monitoring device using Internet of Things (loT)
technology for inspection and display the operation of the double axis photovoltaic tracking system,
online via the Blynk application and alert malfunctions of the photovoltaic tracking system through Line
application. In this study, the 6 00-watts PV stand-alone is used in order to test the developed online
monitoring system. The prototype device consists of a microcontroller (NodeMCU V.2) and an angle
sensor (3-axis Accelerometer/ Gyro module), which installed under the solar panel structure.

The performance testing of the online angle monitoring system comparing with the standard
angle measuring device (Clinometer application) found that the prototype device had a north-south and

east-west angle error of + 3 and + 7 degrees, respectively. In addition, the system sends a warning

message through the Line application when the solar tracking system malfunctions. This can help to

maintain better usability or prevention of damage to the system.

Keywords: 1oT, Blynk, Solar tracking
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The Development of a Knockdown Solar Greenhouse Dryer for Drying Bamboo Chopsticks
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Abstract

The purpose of this study was to develop a knockdown solar greenhouse dryer for drying
bamboo chopsticks at Ban Pang Tum Bamboo Chopsticks Factory, Tambon Mae Suk, Amphoe Jae
Hom, Lampang Province. The solar dryer has a width of 4 meters, a length of 6 meters and a height of
2 meters. The roof is a triangular shape with a width of 4 meters, a length of 6 meters and a height of
0.8 meters. The walls of the chamber and the roof of the solar drying room are covered with
transparent polycarbonate sheets that are 6 mm thick. The experiment was conducted by drying 800
ke of fresh bamboo chopsticks, with a solar drying plant. Between 22 December and 24 December
2019, the weather conditions during the experiment, clear skies without clouds, long-wave of solar had
an average solar radiation intensity of 910 watts per square meter and became thermal radiation,

causing the air inside the solar drying plant to heat up. The average temperature inside the solar drying

plant was 45 degrees Celsius and the heat is transferred to the fresh bamboo chopsticks with 61%

humidity causing the evaporation of the water in the fresh bamboo chopsticks into the air with an

exhaust fan to help vent the humid air out of the drying plant, until the final moisture of fresh

bamboo chopsticks has an average of 12 percent on demand. When the drying time of fresh bamboo
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chopsticks has elapsed 7 hours, this reduces the drying time of fresh bamboo chopsticks by up to 11

hours, compared to traditional natural sun drying methods. Bamboo chopsticks that are manufactured
are of high quality and free from dust contamination. Therefore, the thermal efficiency of the solar
drying plant was an average of 13% and finally, the investment in installing a solar drying plant for

drying fresh bamboo chopsticks can be a payback period of 4.5 months.

Keywords: A knockdown greenhouse solar dryer, Solar Energy, Bamboo sang, Bamboo Chopsticks, Payback Period
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Development of Pyrolysis Reactors for Heat Production and Bio-char Applications
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Abstract
Development of a biomass furnace for maximum efficiency energy conversion is important for
motivation of the implementation of community. The result of high performance leads to lower costs
and higher incomes. This research focuses on developing a pyrolysis reactor with the highest energy

conversion efficiency and that was targeted apply the agricultural waste in Northern Thailand. The

research was designed a pyrolysis reactor for the use of biomass as fuel, the gas pyrolysis is used as a

co-combustion fuel. The water boiling test in a range of 3-5 kg/h for the performance test. Experiments

were carried out the corncob and longan wood chips, were tested in 4 conditions and 120-150 minutes

of duration time. The result was found that, the pyrolysis reactor or biomass stove was obtained low
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fuel consumption in the range of 1-1.8 kg/h and bio-char production period between of 120-180 minutes.

The maximum energy conversion efficiency was achieved in a range of 67-97%, the lower heating value
bio-char of corn cobs and wood chips was obtained 28.55 MJ/kg and 25.41 MJ/kg respectively. In
overview, the use of corncob to produce bio-char was more efficient than wood chips. The results of
the development and experiment of pyrolysis reactor are suitable for publicizing and promoting to
farmers for use at the household. Finally, that can be reduce liquid petroleum gas (LPG), open burning

and receiving bio-char for use in the household and agricultural sector.
Keywords: biomass, pyrolysis reactor, bio-char, biomass stove
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“The community scale system for producing biodiesel from deep fried chicken oil”
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Abstract

Biodiesel is alternative energy that has properties similar as diesel and used to replace diesel
oil. They production was derived from animal fat or vegetable oil by chemical process for change to
Biodiesel and glycerol. This research studies the feasibility of biodiesel production from deep fried
chicken oil, which has free fatty acid (FFA) is 0.66 %wt. and use methanol with potassium hydroxide as
homogenous catalyst. The optimum condition for transesterification is molar ratio of methanol and oil
at 6: 1, and potassium hydroxide is 1.25 %wt. and reaction time use 120 minutes. This result show that
the maximum vyield is 85.96%wt for capacity 100 /day. The properties of biodiesel are meet with
community biodiesel standard. The specific energy consumption in preheating step, Transesterification
step and purification step were about 0.02, 0.05 and 0.17 MJ/l respectively. The electricity cost in each
step were 11.09, 2.71 and 9.71 baht/100l respectively.

Keywords: deep fried chicken oil, Transesterification, Potassium hydroxide, specific energy consumption
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Abstract

The objective of this research study was to determine the most efficient and environmentally
friendly volcanic rock for grilling with LPG. Three types of volcanic rock — basalt and pumice - were
tested for their physical properties. The conductivity and dispersion of heat were measured from the
time used to boil water and to grill a pork chop until it is well done. The correlation between temperature
and the time used was analyzed. Air pollution during the experiment was measured by the concentrations
of carbon monoxide, PM,s and PMyo at the area. Return of Investment and Payback Period were
calculated. The standard deviations of the time used for grilling by basalt rock and pumice rock were 47.32
and 48.02 respectively. The result confirms basalt rock is the most suitable medium for grilling, in terms
of heat dispersion and conductivity, because its grilling time was lowest and least fluctuated. Moreover,
the temperature inside the pork chop grilled by basalt rock was 48.1 °C and the heat efficiency was
increased to 26.78 %, as opposed to 20.57 % of non-volcanic rocks. It was found the concentrations of
carbon monoxide, PMzs and PMyo of grilling basalt rock were 20 ppm,0.22 mg/m3, and 0.58 mg/m3

respectively which were much lower than those of non-volcanic rocks and charcoal stoves.

Key words: The gas grill Volcanic rocks Heat distribution Thermal efficiency Air pollution
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uziSunuinniluduiu 6 TaeddUieseluidunm 841,080 s1e [3] Fsludszmelne TsruziSeiuiduanivnns
FeTindusy 1 vesmilng MnadAsuaufionzseelmil 2560 wuit ffuaeselniivaedusfeivgeds
463 e Feoeflususiu 2 vestnenzisa Tnewusitheumseiunelvilumeegsdie 302 ey uaghumemds 121 oy (4]

dosteussmdlngluefnd guilwegtmnadane SehliAnfugilnsunnietu 9nnsdies
yoainssdiinen nauminensssaivesusmalne wuiiuglieglutnasiig q singiane [5] Fefiuguunle
WienEsussmAunnanaty dausudsniitdseu auflussniinddu

el dwnfnlumsfnuussavs mmmemnudouvesils oA wie LPG ilemmnnntegndld
ﬁﬂizﬁﬁmwlué’mmimgmsmm%@ugasﬁu Inganduns@nwnaaudininmenmuazauauiiniuaiives
Fugull 2 ¥in Tiun fuvzeead wasiiuiude ntinmgimaruduiusvesgamadvifontuailily
M1 MansraeaTuieu UssAvBnmnisenudou uafiuniennie waseNaNTeteNSTITNNT U 09
wndsgnademdauiansy LPG tnsthdeyaiildmnmemaseuinideniavesiiugunlielfiduianandunis
%’ﬂmqmmﬁLLazﬂizmamm%fauﬂuaumﬁﬂsmL?'zjyal,wﬁuﬁamé’u LPG 8nviatananuaiivniserniaiingu
9nM15DeE

3511338
sAdeidunsfnmenudulildvesnslifugilndusanadumsnszasanudoureandagg
Fowdaufa LPG iioaminnDegndliiussansamludumanssasnnufougedu Snadandudeyadild
nmanageusdensisvesiuguilbnldidusnardlunisinvaungiuaznizasnnufourouniisgs
dounAaufansiy LPG Tnedisnisinidusnmiidossd
1. Anwdussdnuniefivuasiugiln
sudiumsnuduardnuazdefiulasnsdanadienia WevmasSeudievduasanudugngu
vosfiugivli 2 vlie
2. VAFBUINATNENTINIZUAENSAATITva iU Y
FLAUNITNAFDUANUE NI UNIELAZN1IATUUNRIUNNTEIU AASHTO T85 [6] tlansiaday
mm‘mmLLﬂJmLazmmmmm‘Lums@m%mﬁm’mvﬁ’ﬂﬂu’%nmﬁaﬁuu&iawﬁm ToeiuililunAdesionn 21-31 mm
3. fnwasduszneumaaiivaznisinujisendiunsnvasiiugiuil
sidumsfnwananiddouaseyaiiiinidesilivimsfnmesdussneumanaiivesiiuglusas
wla waz Anwimainugiseiunse lneveansalalasrassn ( HCL) 1-2 %EJG]@JUU%HQL‘U’]IW%& 2 %ilg
4. vaseuUsEAnsammiesauiauvaaniieng
sﬁ’wLﬁumwmaawssﬁm%mwmﬂmm%waaLmﬁaﬂwaﬁauﬁﬁugmﬂw mnusiiuniseeniuy
LLazﬁmmLmﬁasml,ﬁaiaﬁumﬂaiﬁuqLmlw et 1 waesifunsvereusyAvEnminse i euaamieEng
dleldfununlvihs 2 sliadusinandunmsnszaneanudou Tasfnmamndivedens « il
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oalanin
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() U8 IUAINTTWRIUN
AW 1 @3USENBUUS UAUATINUBLANTU9EN

Nl 1 uansduUssneuUinai i e e teun s wasnd N aiaL Tnew e
YN 23 cm x 38 cm x 12.5 cm UsENaumig AziNT V1A 18 cm x 28 cm §I1UTBINLLNTI YUIA 18 cm x 30 cm x
3 cm 01aldin wazgndn Feitevinisiauusnunsunsdliasiy 1,50 cm wazgiusasmzuAs Tiauns
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N0 4 wansEIUYsENOUUI A ILTENLN T OUATNE1MEINSTALY §1uTsRzLATE
IR 18 cm x 30 cm Tagiadegnaneunisimugiusesnznsasznauluisudus$ed Saiminiidu
nandlunsnszneanudouliuninntiseng deifiseriniaunlaethezunsanldumuusiussdiiesosy
Fuguliiifoun 21-31 mm GeiuguilagimdidusanandunsnssaeardeuliudnDegiunuus
NS
4.1. maadeumanuduusvesgamglivasinfaaturaitldluntsdinii
msnagoumeNdiiusvesgumgivesinfeatunaildlumsiu nevhmsaidenun
yomsionwugiitumdurnuaudnas 20 cm wasiiuinm 2.5 kg adlunifensuy wioueingumngivh
fousy mﬂﬁ?uv‘hmié’fmﬁmuﬂizﬁﬂﬁﬂqmmﬁqmLﬁamﬂismm 90 °C w%’auﬁaﬁ’uﬁﬂﬁhqquﬁﬁuaaﬁwLLammﬁW
lunsnaaey

Computer

Data Logger

LPG

Gnll Liquefied Petroleum Gas

A 5 Msassgunsallunvegeuauduiusvetgauniivesdneniunalglunshuu

4.2. MsvadaUNsNSTANEANUSeUVDLATUeEne
4.2.1. NATEYANUTOUNINIEAMN ALlunsinenslondesaienInANsou Thermal
Image Camera 3u FUR TG167 fenmmanszaenNufeuiiind ussnitinmagunIsn s eI Buves
s auia LPG Imv‘hmﬁmﬁnmﬁ’mwuml,mﬁnshﬁmmsja 90 cm

Computer y
]
. @
RS 232
H e | LPG
Thermal Image Camera Grill

Liquefied Petroleum Gas

awi 6 nsAnnsgunsalinsen neuieulaglindesineninaiuiou
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4.22 MyinguniuTnanuiiveunilege audunismaaeulaefnnwivingungil

Thermocouple Probes Type-K UStanuiuiawenzunsiUeens 12 sumia iiafivteyagamglsevinemsnagdeu
nsiiudeyagamaiiluusaziunisunaniidmun Taediudeyanng 5 min Wuaan 1 hr 45 min

Computer —_—
— Data Logger
| —
0000 5

I—

T I —{.ES.:?R
— ]|

LPG

— Thermocouple K-type

Liquefied Petroleum Gas

¥

awi 7 msaensgunsallunisingamgiinuRmUeen

4.3. Uszansnmdeninudouvaanitegng
AATgvmUsEansandsanuiouveuniUegne lagldvayaannanuduiusvesgumgl
YudoanunaNiglunsauinumwIunuseansnmdeninuseuveantegng [7]

My Cow (T T tmMyh

wCow
i mLHV (1)

o n = Usedninndeninusou (%)

m, = wavensudy (ke)

Cow = ﬁhmmqmm%'aummﬁﬂ (kJ/kg.K)

T = gungiigavhevesi ()

Ty = paungfiGusuash (0

M, = 1navefissive (kg)

m, = Waveianld (ko)

h = anudouussvesmsnanedule (ki/kg)

LHY = maudouveaiowds (ki/ke)

5. VAFBUATNENYasaWNITIINN1sUNENS
naaoulasnistsgraienyaunn 1.5 inch ana 140 ¢ Miaailumstisens 4 min T 2 min usnas
domluuinamsunsitisgnauay 2 min vdaimsnanideny Tnslussitnstseddvimsiadaiingungd
Thermocouple Probes Type-K U%nml,ﬁamu Ima’imqmmﬁu%nmﬂuéﬂmwamﬁam Weiuteyagnmgiives
Lﬁauyjnﬂ 9 1 min S¥9INNTNATOY
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6. wanszmunsiuAandeuiinduainnisldinntegng
yadeURaNsEMUNIRIUA wndon Ineltied aeinuszAvEamnsin vsias A e wannnssnlsl
Testo §u Testo 340 wasirsviaUsannluazandlue e Ju HT-9600 TauafivmsemaAiAst uszrinenstieng
laun freasueuneusnled Aglulasiausenled du PM2s ag {u PMio Tuseninan1smaaaunuanves
o3 Inenftuuagtiufindeyann 4 1 min udninatoyaildluisusumtiradomad

) COmpLtar
Exhaust Gas Analyzer SOMPLAE

=]

=

Gr Linuefied Petroloum Gas

M 8 nsAnasgunsallunIsnaFsUNANTENUNIAIUAIIAREY

8. Wisudisuamuwinzaavasiuguniudazyiin
WisuIToum UL aLY0 LA UL BINALRE LPG %aqﬁuqlfmvl,w%q 2 sila lngiUseuiisu
AnunzadluduUsEanS I seuounazafunedandu Lﬁaﬁﬁagalﬂiﬁumﬂﬁaﬂi%ﬁugLm'ﬂmlm
Tlupiseradomds LPG
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adu LPG iftowaminthendlsiivssansamludunisnss meaudougeiu TasldvinnsAnuamandinma
menmuazuanTRmaadvesiugili arwdiiudvesgumgiiifentunarildlunisdinh nisnszane
Awdou ATwANYese IS UszAnsamidsanudoularuafivnnsennia vesntisneunasvdddiuginlu
Wusnendunsingamgiiuaenszneruiou nansideuansiuieluil
1. wavasnsduasdnwaziofugunlu
mnmsfnwAuardnuasiefuresiiugliuiossianuin fuvseadiidthmaduie efud
Snvrarsziasiiznsunnadneguinoutionu Seiuustousnalignsunnalvnjunsnegidndes uasfiuiufiesia
ynaufan iefiuiidnuaadienesoina vgussiariignsulsuaguinaiioiu
2. WAMIMABUALENT LA TgaTinvasRugLunly
ﬁ]']ﬂmi%ﬂﬁ@Uﬂ’NNﬁ’N‘{f’]L‘W’lxLLaxmiQm%@J‘j’ﬁJadﬁuﬂ“LEU’IIWV’lJQ 2 %in wudwmmdaﬁwmwﬁuasj
fuanudugnguuazinaTiuvesiuusiossin feiuiifarudsunizainand 1 fofiufemir uasfudidao
dudumglioondt 1 Fofiufteosth arwdisdnzvesiuwsiariouansdanmd 9 wasnisgedinwesiiu

unlnFuegiuanudndunziasdnvuzlehu Lansianmi 10
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AUAIINNIE

AN 9 ANUENTUNIEVRITAUN LN

MNAMNA 9 Wuinfiuuggean JAIAINANTUNIENITI AMUAWNTUNIZENNDUFARINAT kA
ANUEWTUNIBUTITIGER Wiy 1.91 2.10 uag 2.21 audiu uasiuiude dAiAnuaadimizanIndud
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v
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AT 10 wud Auiudnduiudainisgedui Wity 66.67 % wazfiuuzgead TAN139ATNL
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Wiy 14.89 % 1A8IINNANITVAGRUAILAWNTUNIZWALNTAATY NUTTAUTTANUAITWNIEA1AEEn1TAnTY

U

W wagAundAUEd I geaTiinsgaTutie

3. wamsfnwasuszneumaaiinaznisvinufisennunsavasiugiuni
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M13197 1 asAUsENaUNAATivesiuglil

. - sinvoshuguln
29AUsZNAUMALAL — p * — v =
RuUUYaa [8] ARUWULNY [9]

SiO, 47.85 69.83
ALO, 16.96 15.37
Fe,O, 4.06 1.11
FeO 5.53 _
Cao 8.16 0.44
MgO 5.46 0.38
Na,O 2.16 1.10
K,0 2.31 3.90
TiO, 1.95 0.34
MnO 0.15 0.03
P,O, 0.59 0.02

NNeTIT 1 wud Fugenln uiazviaaziiosusyneumaninaneiu Gesiuszneunuaiidesy
Meglunsuszneuiiutu 9 wasUsuenfisdnuuenanennvesiu wu & uasdnuaslleiu Juilitugunlusas
yilpilduaranvazilofiuwanseiu uazdwnasion1sgaduiivesiiuusazyiia [10]

M197199 2 Msvuasendunsavesiiuglil

vilavasiiugiul Naveasunien
Fuuzgoan JEREVLE
Huiuile JEREVLE

2119197 2 wudnfiugqunlaiva 2 9din ldviugasendunse desnnnlufidiudseneuvosus
AfuaLun (CaCo3) FuvhlsiliiAnvles uwiilloneansnaslufiuugeaduasiuiudsneliAnnauguadienasiu
Aty esanTduusenovvesuiusmiasenledoluiediu
a. waarwduiusvosgumgiivesindentuaniildlunisduth
MnnsAnmardiiudvesgamgivuieadunafildlumsduihveunBegaiounasnddld
fugalmdusanalunsnssreanudou nanisfnyiuansiall
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——gampiinelundowiiy  —=gamplinelundownivussead ——gumgineluniomiiuiuiy

120.0
L3ULADA B NaUaLNg
100.0

aaunndl (°C)

60.0

U

\

40.0 A /

00— T 7T T T T T T T T T T T T T T T T T T T T T T T
20 30 50 120

gaungil (min)
Mui 11 auduiusvesgaumgiivesdnseniunanildlunisau

i 11 wuh ntesiliinadumanssnsanufeusnatuy avdswadegumniininion
vosiuasnaiily Tnowtiesiiuuseead Toungliynidengegn Wty 93.6 °C @ 90 min uasathens
Fuiifiedionmafigaifingsgn Wty 95 °C 7 105 min iievinisnisDaufasiuly 20 min wudh e
fuvzmoadgamgilunioanas ity 70.6°C uasmtesfiuiulie Wiy 69.7 °C Fudethluiieufieuiy
wnthgsneulifuglnduinas wui Sgumgligaitongeandl 92.4 °C 7 95 min wargumnindsDaufa
Wity 69.7 °C

5. WANMSMAREUNNINSTINEANTaUTaLATNENS

——Funu S EUAUY 2 AWAUS 3 ALA
350
JEEIAINSYINY nasUnuia

300
Q 250
ﬂ%;
= 200
I
&,

150

100
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T B

100 110 120

1381 (min)

awii 12 wndganeuldiiuguilniludinandunisnszaeannuiou
MM 12 wud gaumgiluudagiumiaiannuuandeiy Wenaulveamgilundagdumia

Auwilduiugeuuazinuudssiugmasn 105 min lagsumianlgumgigeaae funid 3 Wiy 259.65
°C wagdunisnilgaumaiiangn Aesiumian 2 iy 69.6 °C Fegaumngiiadevens 12 dunis Tgaumgiisnaiu
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geaainAu 152.1 °C uaaINN1IMIANLUTUTINVBIRUUYT 12 fundsainadldeswuusnsgiu wuiiden
wihiiu 49.71

——@uni = EUAUY 2 ALY 3 A
—— @A 5 @Y ——@un — @
350

JEYAINSINY waUauia

300

250
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VR
U

200
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150

100
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1381 (min)

2# 13 wndegnadlelduuzaeadmdusinanslunisnszateanusau

a ' A ' ° A | Y] ' . aa v

NN 13 wud gaungilluidagsurdsdianuuandieiu Inglugis 5-45 min gumgiiduuiliy
a X = = I | . a ! ° A a
divauuariinuulsusivas  uwillenariuludiwan 50-105 min  gamgiluusagdumiacuiing
wlsuriumas viligaumgiusnameunsstegdioumgiindeudeds Tngdumisnilonmgiiaaane duniai
6 Wiy 285.5 °C uagiunanilgumninngn Fedumnisil 8 Wiy 60.85 °C Fagumillafevaevia 12 dunis
gauuilaneiugean Wiy 108.93 °C LLamwﬂm'ﬁmﬂmiﬁwmmmmmLLﬂiUiaumaﬁquQﬁmﬂmLﬁmvuu
NP Wudndlan i 47.32

=gy = gus 2 = guns 3 Funy

=@ 5 o guny ——@uni —@muny
350 A

2NN wasUauia

1281 (min)

] X A eva o a & o o
AN 14 Lm']‘ljﬂmﬂLN@IGU‘ViquIlI‘ULUuWJﬂa%ﬂurﬂiﬂiggﬂqEJﬂ'NﬂJiau
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anamil 14 wun ammﬁiuu&iauﬁwLmﬁﬂﬂélﬁmﬁuummhLmﬁi%ﬁ’aﬂmq?iuuayﬁLLuﬂﬁuLﬁu
awu LLmummLLiJ'ﬁiJi'suﬂaumqmmaam 105 min Imaml,muwuamwmaqama Fundsdl 7 wihiu 2703 °C
uay mwmmammumam Fosumiail 12 wiaiu 60.75 °C mammmaaaﬁumm 12 siuvis deaumgiianeiu
geanwiiu 143.46 °C LLauf\]’lﬂﬂ’]iﬂ’lWJﬂJW]ﬂ’J’]ﬂJLLUiUi’JuSUENQEUMQMﬁ]’]ﬂﬂ’]LUENL‘U‘IJ?J’IG]ij’Iu wundANIAY
48.02

6. waUszAnsnmBernutouvaunteEng

ﬁ]’]ﬂﬂ’liVIﬂﬁ@Uﬂ'ﬁﬁM‘l}’lLﬁ@Wﬁ;ﬂLaaﬂ‘uaﬁﬁf’l WiefumUsEans By doureuntiagig

LEnIHANSITesaE

A15719% 3 UsLanSnnTaninusauveannteens

WleEng

578015 - —
UzYoan wude

wavenBusY (ke) 2.80 2.80
mmmagmm%aumaﬁﬂ (kJ/kg.K) 4.19 4.19
gaungivoniius () 304.25 301.62
gaungivoniuien (K) 367.12 368.15
AmuSauLssasnsnanadule (kizke) 2257 2257
1naveiissive (ke) 0.85 0.80
Waveianld (ko) 0.20 0.27
Apudeuveaiemas (k/ke) 50200 50200
Usgansnniliennuseu (%) 26.78 21.45

a

myseilsEdvsnmneanuiouvessntwidaevhnisduiwasAnnanudiiusvesgungiyn

q

Woniunaly lneainn1sneaay 3 Asa wuin wndedradisldiuuraeadmidusinandiussansamdsainudou
g9an 26.78 % wazantegnadisldRuiudududinats Sawinfu 21.45 % Jadlethluifisuiumtegrenauld

Y
a

#uglludinans wud deuszansamdnnudeu wuin Swindu 20.57 %
7. wansnadeuANNgnvasamnadiovinsteEng
nsnszaneALfeuTasiinadmade sy uANLgnkazanfildlunstagng Tnewnlsehdidng
nszeanufeugaardinTuuTUT U ardwmaliidonyfssdumnuanilndifestu sanisideuansdel

X ' yva 2 A kA s 8 X = Ya o a
(n) wndaganeuldAugunliduy (@) wnlsaieldfuuzveadidu (1) wdedhadleldRuiuie
fanana AInana Jusnans

WA 15 ANNgNYese It sUsequANTegng
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namd 15 wuh iomgiissduaugniunniaiu Tnentkensfuuseeadfiininssaeaudou
uan fsananarmulsUTIuvesgumgil 12 duvils Sendesuunasgusindy 47.32 devhnisthened
il onyfenuaniilndifestusazanidiniuatensilidinansiodu  Tasgamglindengluitonyide
naruly 4 min Wiy 48.1 °C uasinUsgsiiuiuile Sandeauunnsgu whiu 48.02 Qmmﬁma‘lulﬁa
vy Wity 46.3 °C uasieithensiiuanads Tandeavumnsgiu wihiu 49.68 Tnsgamgianeludony wihi
45.4 °C s Tudniinaaneumuiuiasmnugaieusiimsvesiuuias i [13)
8. wanszmuneiuAauandauiiinduainnsldintasng
safwnamaiRstuansldiantiens Susgiudnansilflumenssaeasteu lewntiesiild
fugulidusanats fnisanudesuaiemeiniaiindt wandagrsteuldfugunliuaziniiegadiu
uAnINaFan N 13

B pteganeuldfugualn W inddfiuvsread B e auriuiey wndagnnu
60
~
—
e}
50 A
S 40 A
a
a
<
=
P 30 -
2
33
2
g
e 20
10 A )
<
o | | |
Cco NO

LAtlaEing
AT 16 ANUTLTUYBIRTASUBULBLan waLar lunsnaanlyn

it 16 wuh ntsadelifuiudnduinasioliiiefinsueuueusludgian Wity
28.25 ppm wasnsenefiuuzaead drwhniu 20 ppm Fadlerundieudumenududuazaunasnssesina 1 Y
HAwvinfu 2.7x10° 1.9x10° ppm AuaIAU 5mﬁy'ﬂL‘LJ'%EJ“ULﬁwﬁmmﬁﬂﬂwdaﬂ%’ﬁuqLszn”LWLfJuGT’maN LAY
g9 Woundadhu wui AeliAnmenisusunewenles Wiy 46 uay 51.2 ppm audy Aanudiduayen
maensveria 1 U dauiifu 4.3x10° uag 2.7x10° mudidu uenandumthensnouldifuglnduianans
Dumniteereiindeiinelianielunsneenles (NO) Tnefidwiiu 4.5 ppm Fanududuazaunasnsses
han 1Y wihiu 0.4x10° ppm eglsfnmailoanfuaisuiisuiuamnsguauniweinalagily [11]
wawA anmsguainiiinanidemnas [12] fansfiingeninfunnsgiuimun
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B dsgsreulifiugunly Mignleiiuugeoad B nUsgnsiiuiuiy wUegae1u
25 7
[ce}

—
N

G
1
191

(mg/m?)

v v
AIULYUVU
—

I

0.62

o]
L
o

0.5 A

0.35
0.22
0.11

PM2.5 PM10
LAteEng

AN 17 ANUNTUYDIVRE LA DB PM, 5 kaz PM;,

PNt 17 wuh wnithenadioliuuzeean wihnanneliinduazens PM,s wae PMy, geaawiniu
0.22 mg/m” wa 0.58 mg/m’® muidnsfu uazmntlsehefiuaiia Sduwintu 0.11 me/m’ uas 2.18 me/m® smusndiu 3
dlovinisuiisudumemuduiuuesiu PMys avaunaessvezia 1Y fAuiiiu 21x10°uaz10x10° me/m’
AEU wazAAuTRduewy PM;o dxaunaanssaziaan 1 U dAnviiiu 54x10°was 27x10° mg/m’ lag
wntheneldiuganlis 2 siadusanans Simnududuvesiu PMps uas Py smiuaitesneulifugiuiv
Hushnanwasmiseadoma ey Faflranuidutuvos]u PMys Wiy 0.35 mg/m’ uag 1.91 me/m’ iy
AT uavaunaenszezan 1 U dAundu 32x10°mg/m’ uag 180x10° mg/m’ mAa1fy wagAIAIM
Wudurelu PMyp Wiy 0.62 wag 2.18 mg/m’ mua1du Arpnududuasaunaonsseziial 1 U dawviiu
58x10° Wag 205x10° mg/m’ awddu egslsAmuidevrunduiadisuiisuiuanasgiununineinie
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2 %iin leun Auvzeead uariuiududuinadlumsnsgaeanuiou awsaasUlian fuvzyead Wuiiugunla
fomnzuinmstanlfidusnadunsinvgamgiuaznsseauiouninees Lesniiuusyoadd
AnuvULuarA AU Iwrgs Wefiuureeadlssumnteustrafiufiaziinnsiemenuieulsegng
sis Vilgaumaiivin q sumsuinamzunssdeens fenuulsunuvesgamniivnand 47.32 Fwhliormsd
ilutlsgnsdianugniismiuasanegaiafa faindanmsvaaeunisnszaieauieu nuit wndagng
ausadnfuarafeuliunindegrdldoruuniumiedeulifuguilmd uianas Wewnfiuuseear
Huiiuiitgnsuliosfigauazdienumuiuduinn Jehlidefugiludy ifuilunisdileuaudousinnd
funinliiadu SnisdiaiiuUssansamdsaudouliunindsndlneivssansnminnu oty
26.78% getuidoifieuiuithgioulitugalmdusnadunsnssaeauiou Seiiussannimisay
Youifins 20.57 % wazuafiwsonIafAntu wudt wntenadeliuuseear neliAnfansuouuouanles
F1 PMas wagru PMy §AWIAU 20 ppm 0.2 mg/m’ waw 0.58 meg/m’ fienrududuremaivnmieniaiinia
Lmi“jqemdaumﬂ%ﬁug il usananauasnit st emdsdu Tneneliini eeiveuseuenlas Wity 46 ppm
Wag 51.2 ppm IR H PMs iU 0.35 mg/m’ 4ag 1.91 mg/m’ snuandu wae £u PMio Wity 0.62 mg/m’ wae
2.18 mg/m’ MuaAU
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Thermal Efficiencies Evaluation of Forced-draft Household Cooking Stove using

Biomass Fuel
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Abstract

Household biomass cooking stove is the one technology that can utilize biomass fuel in the
form of thermal energy for households. This work aims to study enhancement the heat efficiency by
using the forced draft air method for biomass combustion. Thermal efficiency was determined by
means of water boiling tests by varying the air feed rate for combustion and compared with
conventional household stoves by biomass fuel using tamarind charcoal, rubber wood charcoal, and
corncob. From results, it was found the thermal efficiency of forced draft household biomass cooking
stove shown the higher efficiency more than conventional biomass cooking stove. The average
efficiency of force draft household biomass cooking stove has been found to be about 21.78%, 26.02%
and 18.03% for tamarind charcoal, corncob, and rubber wood charcoal, respectively. Fuel consumption
rate increase with air inlet increasing and that can be the short water boiling time within 10 minutes.
However, In the case of a long time for using cooking the conventional stove are suitable because it
releases heat energy continuously, low fuel consumption rate but it takes a long time to ignite. An
economic evaluation was calculated of forced draft biomass cooking stove and compared to LPG stove

which showed a payback period in the range of 3-4 years for tamarind and rubber wood charcoal and

e
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within 0.38 years for corncob as fuel. An economic evaluation was calculated of forced draft biomass
cooking stove and compared to LPG stove which showed a payback period in the range of 3-4 years for

tamarind and rubberwood charcoal and within 0.38 years for corncob as fuel.

Keywords: Biomass stove, thermal efficiency, forced draft, combustion
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Jasruornalunswnvaidonds tnevinisnageunstdd amasanuliugiy anuldiensnis wazdad1alne

v v
v a

Matlagyinis@nwndsasuswlsorniadlgluniswnlel Ingldwaaulndnszuanss Aaunsausuldeu
Fnsinsiralasldvdanlainisusunsssunislnifiseau 3, 4.5 waz 6 11ad n3a9nsnsau 1.1, 1.35 way

1.72 wnseedud aadusnsinisivaveseniadauia 48.51, 59.54 way 75.85 Alandusadilug audisu

LA

asuuldldanniea . LUUTIAUDINAY I LAST

a v

a a ™ &
2i 1 wn3aunanidlunisneaeuluanuivel

nsvadauazyinisageulagldianisduiiliiiien (Water Boiling Test: WBT) [1,4-5] Tagawii 2
LARIEN YT VRINSVIAAEURADATINNIIAaEITIUsznoUlUfEYINsuresmTmiasiuiu 3 seeuldun
Plinuiou YreseAumdwmiansinnugegn wasdsgavingferisninusouanas (Heating, High Power,
Cooling) Funaiflilunmanaaeuasvhlsdiaamutusnindosas 10 Tneviouldaudulagldgouanou (Hot
air oven) figaungdi 103-105 esmeadeaiuszosia 72 Falus eiiniaugdmivlailunmeaeutiuasla
ﬁﬂﬂismmmmdqu?ﬁﬂuaqmﬂuuzﬁlussfgﬁwvﬁmlszmm 15 3A WATTNTNAGOUS LAY 3 F1N1TMAABY ¥Ns
a3 ingungiilagldinesluiines Tiuiumesluduia vl K 917w 2 duvis uagyin1nsaingamgings
W1 2 Fundaldung i wazdundenadauaa fuansnnd 3 lngldimeslufiwesuuudunsise
(Infrared Thermometer) uazin3asflonsaninmavesdemadagldiniestaiminuuuidnea aum 20 Alandy

ninsneaedluanideiarlifansaydornudouanmaunisdanuseuainniani@ase

T1 = boiling water
temperature

A

Heating Water boiling temperature & [ ﬂ

\&. U T4 = Ambient air

T2 = Back side wall T3 = Front side wall
temperature i temperature

Temperature

' ' Ambient temperature
' 1 i Ashtay | :[I

* » H—

Time J |_| I_ Fan (DC)

AN 2 NTNUARIUNNNYRILINABATILIAINITNAZBY AN 3 FUINTIV IR VOLATIA

1ne73% Water Boiling Test [1,6]
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SpuraamIulalagisnisnnasulaenisautfen (WBT) Ransanteannaunisi 1 — 4 [3-7]

FCR="1L (1
T

0, = {mwcp’w ,, —Twi)} + {mehfg} 2)

Qi =m LHV (3)

n= & x100 (4)
fuel

lne?l FCR Aednsinsauudeudomas (Alansusiadalug), m, Aewadeinds ([Rlandy), T Asszesiian

(#lw) Q, AermnuFeudihluldlunisiuunien (Alaga) Q. FeAiAuFauaNTaIngs ([Rlaga), LHV Faen
1% 13 & a a I a ) 2 Y A v a o a Y A a o

AIUTDUNNVDILTDLNA (ﬂiaj]aﬁl@ﬂiaﬂiﬂ), m,, Aexnaulsuau (Alansu), m, AsulaiiNsewe (Alansu), Cow

ApAIAINIANNTEUT LN RIUWINAY 4.186 (Alagarenlaniuasanaidea), T,, Aoamungiyniionvedul

(ernaalea), T, Avgauniinisun (esrwaidea), hy, AoAraufounlsnisseivevasdniniu 2,257 Ala

Jasianlaniy)

NAN15398LLazaAUT19NaN15398
a I3 s &l a A
AuFNUALATaIAUTENBUNIIATIvE LTRINAIT I8
Wowndadmiannisneasalawn aruldusviy F9917lne waza1ulde1anist aanInd 4 F991nKans
WATgnuIEA1ANNTeuINGU 32,65, 16.65 way 28.97 winygareilansy auaiu Ingaulduzvinlian
ANuseugInwilndy o dauandun1sned 1 andeyassAusznauniaaiiveudemdmsausiaazdaim
sosn1seniAlumemgudiieldinnlndiianysal wiriu 5.30, 4.17 wag 9.83 uazaun1snswilviifauysalves

\Walndaisanuydaunandlanuaunsn 5-7

v v

n.aulgiugy 9. F991NA A.onuldenannsn
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M13199 1 AuaudRlaresAUsEneumuaiivewdamndanldlunismaae [8-10]

AmsITiuuuUsEInal (Yowt.) alsiuzunu Fag1lne auldienanisn
Moisture (%) 1-5 9.71 4.22
Fixed Carbon (%) 85.00 42.56 81.64
Volatile matter (%) 14.00 71.21 11.21
Ash (%) 1.00 297 2.93
AIATIZARUULENER (Yowt.)
Carbon (%) 46.54 40.22 81.74
Hydrogen (%) 5.87 4.11 3.23
Oxygen (%) 47.04 42.56 14.27
Nitrogen (%) 0.55 0.39 0.46
Sulphur (%) - 0.04 0.17
LHV (MJ/kg) 32.65 16.65 28.97
aunsenindfauysalvesduliinzyy
CoorsH s 2,051 N, 1,8 +38.60(0, +3.76N,) — 38.75C0, +29.12H,0+ SO, +145.34N, (5)
aunsenindauysalvedsdilng
CovioH oy 10ss 1 NS00, +30.39(0, +3.76N,) = 33.49C0, +20.39H,0+0.01S0, +114.40N, ()

aunswnlvlauysalvesaldonams

CososH 100505 No 3350 05 +71.66(0, +3.76N,) = 68.05C0, +16.02H,0+0.0550, +269.60N, (7

HAYBININTZALYUUATDUMTINIA
namsnsratsgamgivesinlunwugmudisnanlaslfidomdmaaoudmiuduliug e duld
gannsasit 15 Alansusonds uasifemdsdsininanad 2.5 Alansusionds 9nuamsneassnuiinisiia
omaddgluntsunlnddsmiliazernardudifidendssozailuta 10 it dwmsudemasiunars
auviln vaziderfudlessuiisunslfindunalnd Alifinnsldornadislunsunlnsiasiissoznandivinli
iftenusvanas 30 unit Gawuninsldorniaagluniswdlng uddefinnsalugimeamssnugung it
Woamudnsldonnmatiewnlvsiasasgungiliszernaiuiuegnstios 30 widl dwiuidomdsdniliugeu

wazauldenans Tudiuveanslédetnalng wudngasgamgiduninies 15-20 il Awandlunini 5
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Funarndsininadeiiisnmnsduddoadomdsgenhdnliusem wazdulforams fanmi 7 luday
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Lﬁu'uLﬁsnﬁ’UL%aLwaﬂmulﬂmaw'm5%1wﬁﬂizﬁm%mwmm%wasﬂwﬁmﬁ”aaaz 25.26 - 32.19 Tuduveadomas

Feg1ne wundUsEEnSnmAnusoulutesesay 17 - 18 A9n N 8

400 400
25g 350
< ] PR
5 .
E Y
é-._ E— 150 L]
P = 100 NS
- A ¥
o - - Y
0 5 10 1520 25 30 35 40 45 50 55 680 65 70 75 80 85 90 95100 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 20 95100
Time (min.) Time (min.}
o Front (Normal) ===0=== Front { 3V) ——o0—— Backside (Normal}™  --- o--- Backside [ 3V)
------ a...... Back side (4.5V)" - =& — Backside ( GV)
------ O-...-- Front (4.5V) = —a- = Front ( 6V)
NUALAPUNTI NUALAIAUNAE

n.) gaumaiinfsveaendinmnsainisiineinialuniseninddmsuemasmldusey

NSFETEMSWATNLNGINUGEUBU



150

Temperature (oC)
Temperature (oC)
5]
(=)

Time (min.)
——o— Front (Mormal) ===¢=== Front { 3V)

...... g Front (4.5V)

Time (min.)

——0— Back side (Mormal)"™
e Back side (4.5V)"

===¢=== Backside (3V)

— —& — Front (BV) = == = Backside (6V)

NI AT UNTA NP UNAS

. gaumiinlivedenFinmnsainsiinenalunsenlnddmsuaemasdsdning

Temperature (aC)
Temperature (oC)
t

0 5 10 15 20 25 30 35 40 45 50 55 80 65 70 75 80 85 S0 85100
Time (min_)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

Time (min_)
—0— Front (Normal} ===¢-== Front { 3V)

----- -~ Front (4.5V) — —& — Front { 6V)

——0—— Backside (Normal)™
oo Back side (4.5V)"

-==&=== Backside (3V)
— —& — Backside (6V)

NUAMATUNTN TOSERIRI S

A. auNIN TN MNs NS InAlun sl d s U ama sl enannsa

9 Y

] a o = P A oo LY
AN 6 QNWQMNUQLG]’VU’)N’]&'V]LﬂE]‘lﬂ“ﬂﬂ?ﬁ‘lgja‘ua’]ﬂ’]ﬂLWE)°U’JEJSLUﬂ'ﬁLNﬂWJWﬁ%ﬂUG]N b

TAMMARINE CHARCCAL PARAWCOD CHARCOAL CORNCOB

9.00
8.00 7.50
7.00
6.00
5.00
400 75
300
200 1.50 = 150
1.00

Fuel Consumption Rate (kgh)

0.00

NORMAL DO 3VoR DC 45Vol DC Svol | MORMAL DO 3voR DC 48Voll DC 6vol |NORMAL OC 3vel DC 45wal DG 6VoR

=] = = - a % 9 IR i Aa i
AN 7 ﬂ’lSL‘UiEJULVlEJ‘Uﬂ’]ﬁL‘Wllmmﬂ‘Vliz(ﬂULLiﬂmulWﬁ’mUWﬂauﬁaummﬂmﬁ ] NUNEND

851N UUADATDINES

JISFISINMS WA IUNGAINUGSUBU

83



TAMMARINE CHARCOAL PARAWOOD CHARCOAL CORNCOB
2000 32.18

30.00
26.33 2647

2526

o
=

242 2183 2239

(5] ha
=] o
2

18.78 ,
1708 17.08 it

Tharmal efficiency (%)

o B O
2 B8 B8

0.00

NORMAL DC. 3Volt DC 45Vol DC 6 VoR NORMAL DG 3VoRl DC 45Volt DC. 6VoL | NDRMAL DC 3voel DC 45Vol DG 6vol

= -:4 ~ a a o 9 v o \ a ! a a %
ANN 8 L‘LJSEJ‘UL‘V]EJ‘Uﬂ’]SL‘WiJa’]ﬂ’]ﬁ%i%@‘uLLiﬂmuiWﬁWUWﬂﬁiﬂjaua’m’mGI”N 6] NUNANBUTLANTNINAINUTOU

nan1siSeufisuussaninmnvaamiaulatuauideiu

nuansAny i Faalunuddeld nuilissdvsamaruiouganimimtawuudu lnsame
penaBenstdauliuvay wazdlfionamns Dudomas luduvesdomdsadnlnatumuindalnddseiu
WNTasasy HEnnsifinenadaslunsnluliintuwesnuiseiiazdmariliuseansamidannnudeud]
wualtudududntes uifezdmarilisnsnsaulde ademanfiutunluse s funisidoiniadie
wlwsiiuavdwatiszoznainisldanuduninuuulildenniatiewnlw ludusnsidrauitdoudhgaomnlndi

HaulvveIN1Aae Il ug9veIUs L ANSNNANUSDUNUINTATLANANA UL AILEAINTNT 9

40.00
= 35.00
£ 30.54
E. 30.00 — 26.33
g B : 2170 21.03
B 20.00 il 18.46 e 18.78
o
E 15.00
£
= 10,00
5.00
0.00
LONG-LIP  SMALL MIDDLE SMALL STANDARD  HIGH Tam. 45 Para.45 Com, 4.5
SIZED SIZED SIZED SIZED  EFFICIENTY Volts, Valis. Violts,
BLACK BLACK NORMAL  NORMAL
— . GINA WRCANE, 2555 > il ——

o

2N 9 MsUTeULTBUUsEANSANANTEURUNTIIAaTTARNN o AUNWIdBT [1]

NANTSUITZEUTZELIAAUN U TINIA

srppAuUIeN T e Uit Tashnmassuifisusunsldufaedilusasou Tnefianudvesns
Tnunsdundanu 5 lusietu nedawdemdsmiuliuza 7.50 vwseAlandu dldfenmns 7.78 v
soflansu uazdatnilne 0.20 vnsenlansu Tngfaclndn 4 vmsenile s1ALAaYRu 385 uinseda (15
Alansy) ﬁwmiﬂisLﬁuﬂszﬁ"ﬁmﬂsi’fafml,lﬁamﬁmﬂizmm 3 Faeeuluadioudeiialddne sy 14,400
vl silanisussdunuh msldmnfunaildddninadudomanstssernafuu 0.38 U idesn

ARG vauReiunMsldinulinsey wagduldenams sslisseznanfunuannnd 3 U dannsnedn 2

84 | MSASIHMSWANLNAINUGELLU



M191990 2 M3UszlluszezaAuuveLMTBNAaIsuBuN AU IELiavedy

Femdaildlunsnageu aulfiuzvm aulfignanis Fed1lnm

fununasii wnisanienyaleuainie 5,000 5,000 5,000
Ald Ui

Sasmsaudendewnas (kg/h) 0.95 0.90 3.75

ldnedmudomas (um/A) 13,003 12,775 1,369

Algaelnin (un/A) 38.33 38.33 38.33
HanauwnuUsEVdaIie uuiaviu (/) 1,359 1,587 12,993
srgziIaAuU (Heuwianei) @) 3.68 3.15 0.38

A3UNaN339Y

INHANITANWINITHNUSEANS AN TInalneUsauaInmiNeYlunIswWI v 18m5115 aves
D1INFLTNIA 48.51, 59.54 way 75.85 Alansusadilus eeldwewmasdiulanuldsnanist anuldiugny way

v v

Fat1alna wudnisteusnimsrdwmaliuseaninmsnnuoutunliuiudulaeiiregluiniosas 18-27

¥
] a 1

Fomdsdilsiayliszaviamganindemadsining Ssnsdeusnmatiswnviiazdmariilinmssuniuion
st udazdszoznanisldouduniudewioudsutuninnedldtifuonadomlnd ludives
gnsnsivavesemeanuidauanssiudndesdmsunismussavsnimdannuiou ludiuvesszeziandu
yuvenmdnaty wwlsudulasns@nwnismaununslduiansfuadounuiiiszes naAuyuniely
srugan 3.68 dwsuauldusey ssesnatAununielu 3.15 U nsdlldauldenmis wazsseviianfumu

ety 0.38 U dmsunsiadetnilnadudaings

AnAnssuUsTnIA
ulassmswantagimuAnenmdudinnissundsuawy lunguussimaandeudmiutndnw
Wendendsnunauny uninendewdld waraudanuiludanwinundau Funedeunaslgmdeivhinuen

AU winedewild NeeileanunuargUnsainITvMnas

LONEN991984

[1] seur lyewuy, nugnsewy 813, wavalasn vasasiu. (2555). miﬁﬂmﬁixﬁm%m‘wL%ammi”aufummeéfm
SEAUASITBU. A15aN5INeIAERsHasmalulal ur1InendsuRIaIsAIY. 32 (5), 626-630.

[2] Raman, P., Murali, J., Sakthivadivel, D., Vigneswaran, V.S., (2013). Performance evaluation of three
types of forced draft cook stoves using fuel wood and coconut shell. Biomass and Bioenergy.
49, 333-340.

[3] Chendake AD., Shelake P.S., Nalawade R. D. and Vairal S. D. (2014). Design and Development of
Household Gasifier cum Water Heater. International Journal of Current Engineering and
Technology. Special Issue-3, 208-212.

s ) a a a a

[4] Andng @1gdne, alg al ud), 1n31U MeuAd, 9AYIR aIuAINeY, L3 19UAA. (2552). mIUseiduaussous

q

o o A

wfaduadmsuasauseulasldunauludomas. nsuszguivinis Uszand 2551, Tuil 4 - 5

SunAx 2551,  AUENISANILAYRNOUTUUINIR U Ine deudls.

SAISINMSWALNGAINUGEUSU

85



86

[5] Pitaksa Suvarnakuta, P., Suwannakuta, P. (2006). Biomass Cooking Stove for Sustainable Energy and
Environment. The 2™ Joint International Conference on Sustainable Energy and
Environment (SEE 2006), 21-23 November 2006, Bangkok, Thailand.

[6] Chen, Y., Shen, G, Su, S, Du, W., Huangfu, Y., Liu, G., Wang, X., Xing, B, S., KR., Tao, S. (2016).
Efficiencies and pollutant emissions from forced-draft biomass-pellet semi-gasifier stoves:
Comparison of International and Chinese water boiling test protocols. Energy for Sustainable
Development. 32, 22-30.

[7] Auens lyeaed, algwa 379y, 81382 waunday, InTnus maiﬂm?iqaqa uagSeuAnsal Tunsneu. (2559).
Na%ﬁ]ﬁ@’lﬂ’]ﬂﬁauﬁaﬂi%ﬁﬂ%ﬂ’]WL%ﬂﬂ’ﬂﬁJ%@uéﬂaﬂLG]’]E]I’IUG?J’JJY]WRHﬂijﬁ@maa‘ﬁdW’Nﬂ’]SLﬂUMS. 219619
AAINTIUANENS U INedewmalulagsIvuInaaIuun. 1 (1), 37-42.

[8] Ratnadhariya, J.K.,, Channiwala S.A. (2010). Experimental studies on molar distribution of CO/CO, and
CO/H, along the length of downdraft wood gasifier. Energy conversion and management. 51,
452-458.

[9] Jeeban, P., Sea C. (2014). Effect of torrefaction on the properties of corn stalk to enhance solid fuel
qualities. Energies. 7, 5586-5600.

[10] Wan, A., Ayaz, M. (2013). Biochar production from waste rubber-wood-sawdust and its potential
use in sequestration. Chemical and physical characterization Industrial crop and products.

44, 18-24.

NSFETEMSWATNLNGINUGEUBU



nainamua s duRuiermluidudamadasnszuaunsinlslada
UPGRADING OF PALM OIL TO BE FUEL OIL BY PYROLYSIS PROCESS

Fszius W1seny’ 53AIS AN’ MEAUT ALEAE WaLNULAYSA LAYSAASTaL’
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Abstract
Quality upgrading of liquid fuel from crude palm oil and refined palm oil by pyrolysis process
was carried out. The reaction temperature was performed during 350-450°C with Nitrogen flowrate of
700 mU/min and HZSM-5 catalyst in a range of 0-10%wt, the products from this process were bio oil,
residue oil and gas. By increasing the amount of HZSM-5 catalyst, the bio oil and gas products were
decreased and increased, respectively. The bio oil product showed a calorific value of around 40.63-

41.62 MJ/kg and viscosity of around 7.88-10.49 cSt.

@

Fractional distillation of the bio oil product for quality upgrading was done at a reaction
temperature of 450°C with 10%wt HZSM-5 could yield highest amount of bio gasoline and bio kerosene
at around 60% of the bio oil.

Keyword: Crude Palm Oil, Pyrolysis Process, Biooil, Bio Gasoline, Bio Kerosene
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Tsladaussuiisutudntutidasiong Sstmungamailunisviufisen 350-450°C F6nmnislnavesufa
Tulnsian 700 mU/min wagU3unaiaLssufisen HZSM-5 0-10%wt iianansastoonuvianua 3 nau ldua
dudinm dtunande uaskia WeoliuuSuaiuseiiser Hzsm-5 viliusmanihiuganwanas waed
Uimaufafiuty Tasisudanmildddanuseusylutag 40.63-41.62 Mi/kg wagiirraumiasgluras

7.88-10.49 cSt
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Wiewwandasinduhduiinnannssviunmsifiununmiigamall 450°C uazUSunadissufizen
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HZSM-5 10%wt unaud1ruaIu aglrunsuwialedunasalsiudinmunfand 60% vasusunatindudinin
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'
a v = [

U
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High Heating Value MJ/kg ASTM 240-64 40.58 38.64
Viscosity at 40°C cSt ASTM D88 31.41 31.76
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Optimization of Bagasse Pretreatment Processes with Physicochemical Method As

A Substrate in The Ethanol Production
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Abstract
This research aims to study the suitable process of processing bagasse by physical and
chemical methods. It was found that the optimum conditions for bagasse processing were 3 % W/V of
sodium hydroxide concentrations at microwave heat of 700 watts at 20 minutes, the reducing sugar
content was 1,453.25+2.22 mg/ml. The study gave 46.36% of waste residue equal. It is highly feasible
to reduce sugar solution from bagasse as a renewable energy source. The initial substrate is a convert
of low-cost ethanol production in the future. We can add income to the community and reduce the

amount of bagasse another way as well.

Keywords: Pretreatment, Physical and Chemical Process, Ethanol, Bagasse
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