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@ Abstract

The objectives of this research were to develop a moisture reduction
prototype for agricultural produces and biomass-based material combined with
heat technology suitable for the area to increase the production rate with a
solar dryer, and to reduce the risk factors affecting the quality of dehydrated
products caused by moisture accumulation during cloudy periods or nights.
From the drying experiments of 400 kg of macadamia seeds with an initial
moisture content of approximately 16-17% wb until, it became a dehydrated
good with a moisture content according to the standard of drying products.
Drying house with greenhouse principal technology combined with a biomass
stove using fuel from macadamia shells was used with hot air tube principle by
using energy from the solar cell power generation system which supplied to the
1 Kwh. and heat generating coil to increase the temperature as well. It was

found that the working conditions were suitable when the temperature inside
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the incubator was 70 and the drying time was reduced from 72 to 96 hours to
only 48 hours. System performance increases about 50%. The payback period
of solar drying technology combined with a prototype of biomass-based heat
technology in this study was about 1.37 years. Furthermore, the lightness solution
of the macadamia was 73.63 + 0.72 in drying process was most effective for
product quality. The result of color measuring of the macadamia passed moist
reduction process found that a* is =2.28 + 0.35. All the macadamia which passed
the moist reduction process accordingly to the experimental condition contained
microbes less than 25 colonies per 1 gram of sample (1:10 dilution factor). In
addition to the test, the sample does’nt infect with mold or yeast. In terms of
the containment of the alpha-toxin, the sample was kept for a month at
35 degrees Celsius and did not contaminate the Aflatoxin B1, Aflatoxin B2,
Aflatoxin G1, and Aflatoxin G2. Therefore, the macadamia product met the
qualifications of the Community Macadamia Product Standard of 2549 [1145/2549]

Keywords: Drying Technology, Solar Energy, Combined Heat, Renewable Energy,

Biomass, Macadamia Drying

@ unun

= ' a = < = 1

Pndgymnianisineasvesniawmile nulnasegianiafivuadniaedyadd
nansausiszauna (GRP) Anludevas 7.8 WeilsuiunandaiuiasiuvesUseine
waridnisvgnefininiuseinaiesay 1.8 mnINiuiATegnIAeud1Inszane
Tudminlvg Quinerdeweddul aedgiauesygianisinees, 1.U.4) dn1a

& A = ) o 2 v a

nsinwasluiuinawilenauuu loun fudn lika wazayulns s inwnsnsiinig

s

Uiusulunensdunsdunntuusdadudunsditiudued Tneduwiliududondd

~ X ! v a v S v o Y A
LNHUU Lme]QﬁguuuﬂﬂiLLﬂigﬂﬁumLﬂ‘wmsuumum Uigﬂ@UﬂUﬂqﬂq@aqﬁﬂiiuvaaﬁ

&

(3

Soway 19.2 fllunumipeilaiieuiuseAulseme laseasedndiugaan Ao Hansiue

91m5 Andudesay 49.7 (@inaunwasiazannsaidaninaiung, 2563)

(%
a

dmsundndadiinunsyarigaiinandsluandded laun waauuaniadle
TneUszwalneiinnsindwuanadienaudentul 2562 89 1,404.82 ¢ Tuvae?
1ud 2558 TIN5t Lies 5 fu (NSUFBINITNYAT an1TUITeRsaIU, 2564) Tz

‘ Uit 18 atiuii 1 UNTIAU-HUBY 2566 125



mMsiaLTuLUUIAlLlaEN1TaAANNTUNERERNINTINYASLaL TaRTn g aA1ge
grgoneaseufinzadlagldinamasnuauiouss 2@Alsn WARPA Lavaudy 9

v v a a A QI g U
o pnananALRRINsTRIwIAA g luUsEwmAlneTUS I RNT LN Usenaunu
N3 INUITELATN1TUTNIININTVRIAMEITETHILLN WuTnNERINIHUAN

P X A P a o "2 X daw
wuannadelununal Uymaunmvesndndueldiduluauninsgiu Ineiunidy
Tua13deiifa U uniLdy FuawIgau anawiasliu J9rina1u1e wileaa1nanIn
UsTnAldidedan15anAuTUYoINANAAN1IN1SNYAT LlBvaniTegas

[ v 6

& 14 & dao < =1 1 t%
mwmuamwmﬂmmmmnmaauqq TaglanignuindudunUidu aamaiwmam

=

lngiafelogungiinn uazliA1anuuduinsveseniaganiniiungy dewavil
N13uUsIURaNEANIaNISnEAsluNsEUIUNITARANFUTUAUNBUN ST e lald
AMNIMYINTIAYS (F388 WUy wazUsey yaeniung, 2560, W. 60-68) Juili
! oAl = o o & ° aa
weldgaviniens Falanudndulunmshwelulagiuvanzauanldlunseuiunis
3 aa X4 v av o &

anAUTUYDIHAKER U UTEE 159U (AaTuddeuasianiiuigs, 2562)

v 3 aAav = a a

Aetiu Anddedsdinnuaulasasiinuuinnudatunisuiledaymniswdssy
HAKAN9INTNERsWazTanTInmyan1as Tudunaun1sanANuaIgeINIATeu
HAnTUIINUAINEIUVALUluRURTWIU sldnssuumse vl Imzauiady
a o & S| @ o U a o [ dl
dvdutulunistassesanlumaiuiny (ealgden Juneiius uazaudu o, 2564,

- < [ a a S & o =
. 53-64) tellunsiauussaninmmeluladananuauiannieanisinynsgann
ANAMAULUY dmSunisduaneiosdanuiiasiauiiuimianisidinalulad
NSWUsFUNaNEAN1INSINERTNEARYFBLATYINVBIUTENA LasNaNEAN 1NN YAT
MinldveinamileonsuuulvaumgaukaziiauduAnan inlvinaam
YDINANA TN AN TINLIINTT LA TIAENgRL AUt ludnsiindnanuainge
Tunswisiulviiudsesmealuszezeiseoly uagmeszuuniseuwisiildeglulagiuly
2 ac a v a & a o P
Juitmawdnanudounnsusikamialuin dudunalnuueeiiainisindioulm
1 A o = o & £% = o 1 < o A 9 ¥ a [

agnaanla1 e Fadndudeainisiissshwssuuidudssudeldliiansihnu
nazaavivedntn Fevihlnldazainlunisldnunninunsnsilidansaiigessnwssuy
wild Usgnauiumsdrsranuindimyiandinamaeianisnsinasiunug taun
nzawupaadlaiudiuiuinn FeindusufanistienaeianTunamiei
wiau A Uselerineinundsnuifuauniige

126 Uil 18 atiuit 1 UNTIAN-UIEY 2566



mMsiaLTuLUUIAlLlaEN1TaAANNTUNERERNINTINYASLaL TaRTn g aA1ge

srgenaseufivuvanlneliuandsnuanuiousiy

@ JanuUs:avin1s3oy

2@Alsn WARPA Lavaudy 9

1. WeiauAuwuUmAlLLaEN1TanANUTUNANEANNITN EATLAE TN TINN

yamgemeanafeunmzaulagliuamasnuanusousiuivsngauiuinui

2. emwwimanmsamuandademsiingnsinisananudukarandadeideadn

! a a1 a o ¢ v
dwaidesonmunin Nldduluauunnsgiundnsiueiui

@ nsaulusncufialunmside
qumﬁ%’aﬁﬁmmiﬁwu’msJammﬁmmﬁﬁlﬁmmmﬁﬁﬂﬁr;i’mm TngNTEUULRY

AdunsidanudouainsessasmialudnuinananusoudmsulsaSauauwiaiy

wulgmmstnssshwssuuresnuasnsliaunsaiile Ussneududrmanudnenn

=~ & A ° o & a A a o Vo = vy
maqujﬂqaiuwum a”lmiﬂmml,ﬂul,‘li@L‘WENLWEJNaGlm%JiEJﬂMﬂU%UUI‘NLﬁEJL!EJ‘ULLWl@

FalaAnnuAntdunaundiduanudeuasy Insoanuwuuliyinausiuiuss ULy

F9AULINYLAAIUTIUTZUUNANAIUSDUIINLAAINTINUNA LN UAA ba 1N TUNUT

AU ATUIAT D ULAINAINULAIDIARNE LINDAAAINUTUYDINANARNIINITINYNT

TRNTEUIUNITIVYALVININITNAFDUALITOULAZUSLANT NNV N AL ULATAULUU kag

wmaaqmamwﬁmmﬁzaué’m%‘umiLuJig‘Umamammaﬂ’mﬂwmmﬂaﬁhqqLﬁ@Iﬁi’fLﬁu

wwnmslumsvengnagaimenamnssusssUluiuisdely tnvauuigiuanidonans

TUNN 1 aENTAUBLIANUAALLNNTITEWEASLUATN 2

Biomass

1
1

i

i

1

1

1

1

!

®  nrmunAMAIwiY :
Fouria 1

o wiendt dendvh H
iy i
!

1

i

i

1

i

1

1

i

1

i

i

1

1

Brumaduttasd:
®  Fannpulwiesdu

rvuiamaieadhiboiama
ity

Parabolic Trough

®  Hotwater
®  Heat

Exchanger

KBARIMRIMINYATOUY

2N 1 ANNRFIUNNTITY

Uil 18 atiuil 1 unsen-Tiguisu 2566

Control Unit

muuRamuaeniag
TTUUAMIUANG M
muumuRRAAY
vanuTIIURIMA
uunieunudu

Al arrsseugunmsdaiont

127



mMsiaLTuLUUIAlLlaEN1TaAANNTUNERERNINTINYASLaL TaRTn g aA1ge
meameafouiiivingaulngliuamasnuanusousiu

2@Alsn WARPA Lavaudy 9

waluTadéuwuunanmuiusdadusimenisineasyarmg (iles)

Whmne

T ]

1

|| sruwmdaomaounnidoimdsdauma

sruukdAaoIn e umn lihih

- P ) I 1 - &
FLUURIURN VI UAY FLUUARAIIA1EITIAE auuumaliladnsana i
auTudintndussenin ¥ uandamMensinYAsuar iannam
v . w v -
% syuLNAAITS U gamqemummmam‘mm‘nz’dlﬂnU
v . .
' A SE S— TunamdniurimIauim
- v
T5a3auauuns =
sruuianliou . ﬁ":é’:’ﬁ
o a < . wa PR GIEEGH]
NAWIULEIDNAY AU -
ATIM3aARITIAVBMANEAIN
ERT Ay oo ¥
S FEnsanrudulaeialy diniu

E)
\nhuiavay 60

N ny
nardatuluananasguadn e

v -4 A v
W iUty savay 80

1

\Wound dman9n Temmdetianna

AawaaauTounlia

meraammnsuulTsUREAs i

A 4 -
AN slua TR IlaRauUy

X 4
mM3nuAsunuin

o mngluldvs demi bifes

A1 2 una

wrluTadfuwuumsaammiurdadusimamansasyasmga (i |

1%
LY [y

AN 2 NFBUNITINY WNNUNY LATAITIN

Qﬁ 35msaniiunisioy

Tunswauiauluumalulad Lﬁumiﬁwﬁ'ﬂﬂmwmqéﬁuwé’qwuﬁﬁagﬂuﬁuﬁ
wliusglondlfunniian dmsuduneulunsimundy seandoadsdl

1. MilseSeuauwisldudnnisiSeunszan Massairaduwanidusalas aun
360 x 480 x 290 UFAIANT NIAGUMLWHLINGANSUBIALUTIMER 813N ULIHENS U]
wumpnalgldszan 400 Alandusionss

2. Wndunaldidemamnavnzatuannadly Tngldudnns Hot Air Tube
WiendnemasoudmiuiugamgiinellsaFeusuurilunsdiinnudusdeniing
luiieane Uszneudunislinasanulniiainssuunanliiianeaduasefinganey
Trfurnainasiannuiouring 1 Kwh ileiingamgiisuse Tasszuvazdunsls
ANSeulnenss (Direct Dryer) wagliAusaunuunIALseau (Convection Dryer)
Tneldonesoudusnansluniseuuis Femdnnisvheu fis msuandsuaudou
sewiomaniuandeu InglmnudeusuriomanseTuna waslieseadaulnih
(Blower) wiownlfornanarud lududarefumdnaunatsduandounazdes
dhdriesausaly Taswuifnsruundneiniaieuainiemduansian 3

128 Uil 18 atiuit 1 UNTIAN-UIEY 2566



msfmwsuuuunallagnsannduranannansinyasLaz Santinngang
grgonasauTinganlagliunaanasuauiousau 2@Alsn WARPA Lavaudy 9

Fresh Air Heat Exchanger

@ 120-130°C

>

Biomass

Parabolic
60-70°C

EX%

JAAY

A
rave
Hot Ai

w0
=
o
(%3]
Q5

AN 3 BWUIARSZUUNANBINASDUINIDLNAS

ANMSUNTTEBNLUUMNLEITINIA IWEUNITNISUIONTINTS IMaTIUIaL e AU
PNUNNUIRAVDINITUIANUSDURIALNTT (1)

m° = pl vl Al = p2 v2 A2 (1)
g m° = 9RsINTVaTaNIa
p = anunuLUunavedlva
v = anudilunislva
A = NUNNNWBSUTNAR / NURD

NATANUIULIHAA A9 1

M99 1 wan1sAaeunsalkaniUisuauiou

H= D= N = m° = C, = As = L=
o a £ ' ° o ' X da
FuUseand dusiou AU RS AIANN WUNRD  AAINENa
MW Audnans  vie  mislva vwwiy nseem vesvie

anudeu e Wana auwig Anusau  (m)
(00) Q) W/m?°K)  (m) (kg/s) wasamMA (M)
(kg/m?>)

A 118 400 116 66.0 0.0254 10 0.69 1010.8 0.08 0.10
B 120 400 116 66.0 0.0254 10 0.77 1011.0 0.18 0.23
C 122 400 116 66.0 0.0254 10 0.86 1011.2 0.27 0.34
D 124 400 116 66.0 0.0254 10 0.94 1011.4 0.40 0.50
E 125 400 116 66.0 0.0254 10 1.03 10115 0.48 0.60
F 126 400 116 66.0 0.0254 10 1.12 1011.6 0.61 0.76
G 128 400 116 66.0 0.0254 10 1.20 1011.8 0.79 0.99
H 130 400 116 66.0 0.0254 10 1.29 1012.0 1.00 1.25
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