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ABSTRACT

The objective of this research is to study the drying of shiitake mushrooms by infrared-vacuum
technique. Specific energy consumption, effective moisture diffusivity coefficient and suitable
mathematical models to predict the drying kinetics of shiitake mushrooms were investigated under the
drying conditions with the drying temperature of 50, 60, and 70 °C and the absolute pressure in drying
chamber at 10, 15, and 20 kPa. The results showed that, the increment of the temperature or the
reduction of absolute pressure in the drying chamber, the drying rate was high and low specific energy
consumption. Effective moisture diffusivity coefficient ranged from 1.77x10” to 2.685x10” m?/s with
increasing values according to higher drying temperature and lower absolute pressure in drying
chamber. Midilli mathematical model gave the most appropriate predictions due to the highest

coefficient of determination (R*=0.99689), the lowest root mean square error (RMSE=0.18370) and chi
square ((°=0.21419x10°).

Keyword: Vacuum-infrared drying, Specific energy consumption, Mathematical modeling, Effective
moisture diffusivity coefficient, Shiitake mushrooms.
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FAUNAFIENTNITOULNY ANUAULUBDINGIIY
T2 LUUTIRINNANnAIEasLasduUssANENIS
UWNIAUTUAINTUBTUIBNGANTIUNITOURIAL TI92
I ¢ 1 v aa b4 < 14

Wulselevidon1simunIsn15euliainvousie

windagaainiasuiudunsisasely

2. aunsaluardSaiuniside

2.1 gunsallumseaes

Alatad . wiasiufindaya
nlajad aunsol S C
“falus A ]
- e - ! .
e anaa MAZAIUNTITA i
H i fladaddalus |
i : fiwad
!
| X
""" ‘ Manlsy
<— | — a
\ ANUAU
ﬂuq:y:ywmﬁ

JUT 1 1ASeseulisgaaInATuiudusse

\n3nseuuisgniasuiudursnsadildly
N19MAaedfsgURl 1 Usgnaudie Hesouwws
nsINszUen Janviwne Stainless steel ViuauIUMN
2 cm fywnduruAugnans 40 cm g1 60 cm Anda
NaaAduUNTILIATUIA 250 W 91U 4 aen lag
538ZUTTNINNANA U D ULAIAUNADADUNTILTA
Uszanas 20 cm uagldaeingunginesiuAuila

a ' 9 - a ..
TUALATINAULATDIAIUANYUNNULUY PID (DIgICOﬂ

MD-400N) da31uusiugrlunisaivnu +1°C e
AIUANRANYINITEULIA TIanIzgyInIAnely
ﬁaﬂa‘uLLﬁ&Iﬂa%uqiyzyﬂmmum 0.35 kW wagld
gunsalinsiufiugunsalnIuANAIINAY (Pressure
controller, Pansonic éu DP-100) LﬁaﬂQUﬂum’m
suildluniseuurs Fumdnuewan Susisening
puwmimsvanadauaziden 0.01 ¢ InUTunw
msldngseulniafildlunisouuiesne Kilowatt
hour meter AMazLdua 0.01 kWh wagduyinng
WasuuUasininveandn st warguunInIg
auuﬁﬁwm%aﬁuﬁﬂ%ya (Data logger, Graphtec
midi logger $u GL820) Fa3udnyayrnumgaunniian
Pnaroweslududasiiag delanuazidenluns
JunnAn 0.1°C

22 35mmaaed
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aauln (Donko) HYuAldUNIUAUENA19YBIADN
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20 wil anthuthianeslunaSeuuaiaeuis 1h
anowedludiladsudrluludoianeuitold
muauqmmﬁmsauLLﬁQLLazimmiLU?auLLUm
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UMY INIATINAUTIFBUNT NI InANNTY
BuduUseuia 1,015-1,076% d.b. auldainuiu
anvinUszuna 10-13% db. Tnsfioulalunis
naaed Ao suLaLiavienigumadl 50 60 wag 70 °C
wazANNAuduYsalnegluriesaulie 10 15 uag 20
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gumpiuasiminuondianounng 1 undt lngld
Lﬂ%ﬁ]ﬂﬁuﬁﬂ‘ﬁﬁmﬂﬁ wazduiinndsauluiindisnelisu
NaoASIADUNTILIA LLaz%quyapmﬂImaW Kilowatt-

hour meter
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Hunan 72 $alus [7] dendhwdinuisve aiavey
WAl ElUA A USunaAuty (Moisture
content) l¢anaunisii (1) [2]
w—d (1)

MC = —
w

We MC  Ag ANNFUNINTFILLAS (d.b.)

w  fie dhwilnveadiaveudinailag (g)
d  fe dmdhuieeaiinvied ()
gRI1d2UAUTU (Moisture ratio) @11158
Aualansaunsn (2) [2]
M, —M
MR = _t  eq (2)
M —M
i eq

¥
| ]

Weo MR Ag 8ms1duAIudu (decimal)

M, A9 anududnalag (d.b.)
flg ANUTUSUAY (d.b.)

Meq A8 ATUANAR (d.b.)

eq

£
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2.5 WyUTIaeI NAnAIanTONNIAA

aunsmeadamansioniidaiinarssuiuy 3
wuuaesfngauartuegiuitnseunsiivie
AuauURvasTagnisnisinens (113, [51-6] Tu
nuifeildsunuvaunismeadnmansionizda

LAAIAINIFIEN 1

A15799 1 BUUIABIN9ARRAERSLoUNSAR [9]-[18]

No. %E]ﬁllﬂ”li ‘E‘ULLUUﬁlIﬂ’Ii

1 |Lewis MR=exp(-kt)

2 |Page MR=exp(-kt")

3 |Modified Page [MR=exp(-(kt)")

4 |Two-term MR=a exp(-kyt)+b exp(-k;t)
5 |Henderson and

MR=a exp(-kt)
Pabis

6 |Logarithmic MR=a exp(-kt)+c

7 |Wang and 5
MR=1+at+bt
Singh
8 [Midilli MR=a exp(-kt")+bt

9 |Demiretal.  |MR=a exp(-kt")+b

10 [Verma et al.  |[MR=a exp(-kt)+(1-a) exp(-gt)

11 [Weibull
MR=a-b exp(-(kt)")

distribution

*abcgkk,k 4ag n Ae AAmdarlaainnis

FATILAWUUID09 bay t AB LI lUNITBUWIAT (UN9)
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TuniseuwnainveuiiFeulunisnaasaniinig

wWaguwlasanuduanysallazaumin1soulie &

an o aa

AAsvesaunsadamansieuiizfaiiinseildas
lifuegfusuusnmasuuis maiaasilulFnuds
T¥lflanzgamginazanufuanysaifinsaiuiouly
nsouuiahty fdunuidedldtaunliaesd
(constants and coefficients, coc) 1‘1461151&‘171 110u

HeATuveInIUIULATRUNYIN1TRULIY [2] Badl

ANUFELNUSAIANNST (5)

coc =x, +x,T+x,P (5)
1l coc Ao AAT a b c g k k, k; L@z n

T Ao gunilauuiia (K)

P Ao anuduanysalluvioseuni (kPa)

Xo Xq Xp  F® A1AIURsELNIST (5) Teaglaain

ASATITIRUUINAD

N5IATIERFULUUANNSNATiAAERSIOUAT
Fafmuisaudniuriuienszuiun1souwie 14
wmalan1sitAs1erauni1sannesLuuliidady
(Nonlinear regression) @il fuiivsininuanunsalu
AsTuNEaNNIIIRGnAEns Ao Ardulszansnns
fimdula (Coefficient of determination, R?) A1n15
anaslannasass (Chi-square, %) LarA1SINTIaes
Y89A111AAIALAR O URI§Id0aaY (Root mean
square error, RMSE) [3], [5], [6], [8]
A R gefign uazlvien RMSE wag ° dilan asidy
aunsfimnzaufigndmiunsinnssaunacans
N15OUMY A1 RMSE wag ¥ daruduiusdannis

71 (6) waz (7) mudeu [3]

1 N 2]
RMSE = \/N| E Iq(MReXQi —MRpre’i) (6)
S ey — 1R
2 i=1 exp, i pre,i (7)

X =
N—p

TAgaNNITNLIA

e MR, B 8051dUANNALALAINNTNARES
(decimal)

MR, AB §n31duANTUALAAINNTALIN

(decimal)
N fAa Puudeyalunivmeass
P fin TN TN I ULAAZENNTT

26 Fuvszdndnisunsnruiuuasndsy
Qe

sy AvBnisuninnuiuUsyAnsua (Effective
moisture diffusivity coefficient) Wuaudinag
mMemwyasianiiuansianuansnsalunisindoud
voshmeluaavieiFeniinisunsveswesvad lng
WUUTIABINIANAAIANTUBINITUNTVDILMNAD
anunsadeuaunsudnlaainngnisunsvesiiad
(Fick’s second law of diffusion) &slun1snaasail
feanufigruintaniansnaivaseuuisosunn
fidnwaniduusuuns uasdinaedoufivesnuiuly

Tuidn1afen Jeaglamnausaaunisi (8) [19]

0 2
8 (2n+1) 2
72 expl ~ 5T Dyt
T T+’ ar

8

Tunseuuisildailuniseunisrsutauy
waztJurnednsinseuLiaanad @1u15aunuAl n=0
Tuaunis? (8) s umeuien Feazldnalaasss

AN (9) [20]

2
8 T D ¢t
LH(MR) :ln(zj— %ﬁ ©)
T ar

P o

Wa MR A 9ms1dumnudu (decimal)

a

AD AUUSTANDNITUNS ALY

)
o
EY

o}

UsganSua (m?/s)

AsanilavemnunTan (m)

—
o))}
©

t AB 13a1MNTBUWI (sec)



s

N@UNITN (9) LHBINALAULAIAINUAUNUS
51319 In(MR) Auiantuniseuwssazlans nlugiu

Adudunssdazianuainduwiiy (12D )/(4L?)

o

FIAUITOAIUIUM AT UUTLANTAITRINTAINUTU

Useansuale tnearnawialadiduninaifaeuly

o '

A5 ULTINTNYntY ad19lsAnuiialvaiunse

o

o '

AuAIduUsEANSNISUNIANTUYSEANSHA LA

' a

Arguniilugaiviinismaaes aunsadeulaly

SULUUVDIANNT19915L5188d (Arrhenius equation)

Y

'
@ =

AIENNTIN (11) [3], [6], [20]

E
Dt =D, exp) ——a (11)
|:zTabs
VED)
E
_ a (12)
ln(Deﬁ)—Ln(Do )— -
abs
We D, e Yaduiaudnings (m?/s)

E,  fie wasunseAu (k/kmol)

'
' =

R fa Arsfidanaveswia (8.314 kl/kmol K)

o

T A0 BeungRduysailunsouwia (K)

NMSILATIENMINGIIUNTEAUVDINITUNS

=

AI1UTU (Activation energy for diffusion) Fa19u

'
=

n¥suildlunsnsedulidiadeufioonaintan
UL @nansaAulinAuaIntureudulag
ANFUTUTTENIN9 (N(Deg) AU grun AUy 0l
(1/T..) mwaunisi (12) Jsazldnsludiudidu

@unsiLagiinuaIntuvingu (-E,/R)

3. Nan1Inenaag
3.1 Naﬁz/aqégmmﬁm’an754U§'£/umjamv7zlﬁfu
Youlinvey
mngﬂﬁ 2 (n) wanansiUdsunlassnsdiu
mm%yuiumiauLLﬁQLﬁwamﬁmmﬁuaugiﬁ 20

kPa U731 Tug39kSNUDINITOULIAY AINTUVD

MIFANFIAINTTUANERNS UM INeSFSUATUNTILSN

U 14 aUUN 3 \heu AU8Y — SUIAN W.A. 2562

Wiavouvzanated19590157 1lesanniianeud
mm%yuqﬂmaLawwﬁﬁwauﬁwau dlewianeoy
1§5uaudeu thivsnaffanenarsyineesn
ag195IA5 ndtntuauuvefinvenazanas

9619119 AUNTLNTIAIUTUAATIENFBINT [2]

—
(=]
[=]

1.0
(%’ © Drying temperiure 50°C
£ 4 Drying temperture 60°C
o 08 77%? © Drying temperiure 70°C | 80 _
06 50 <
- g
E 04 I 40 %
o 0.
= £
r @
02 L2 "
0.0 : g
4] 50 120 180 240 300 360
Drying time {min}
U L4
(n) AuAUENYI 20 kPa
10 o - 100
% o Drying temperture 50°C
03 i % A Drying temperture 60:C [ 20
o [N © Drying temperture 70°C
£ s
o 60 ‘;
© 0 g
= £
20 =
‘ T 0
0 60 120 180 240 300 360
Drying time (min)
U L4
(¥) AuAuENYI 15 kPa
1.0 o 100
@ Drying temperture 50°C
0.8 ”og&o A Drying temperiure 60:( 80
o & © Drying temperiure 70°C
g 0%
'E I 40 ;1'::
[+
= £
I 0
20"
T T 0

0 60 120 180 240 300 360
Drying time {min}

(A) ANUFUaNYsal 10 kPa

UM 2 Msdsuudasdasdiuninuiuuas
a < = o ¢
gunniveaiianaufinnuduanysal 10 15 uay

20 kPa
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Slowiiugamgieuursligstuain 50 1 60 °C
vi3o 9nguvindl 60 1Ju 70 °C mnuFuveadiavion
aranadldiuyhlildnarlunseuuiatosas [2],
[13] Uszanaufesas 6.6 uay 8.2 awandiu Liesann

NSLNUNYINI TR UL AR TINTTAEW

v
a1 =%

Aufou warduuszAvinisuninnuduiidngetu
dawalinsniomnaity uenaniiilefinnsannis
Wasuulasgunnfiveufiaves wuin gungives
winneuazilanfinduegnadng audsruszanuge
Lﬁammﬁwﬁmmﬁuawiaﬁuﬁaaa‘uLLﬁnﬁ?us] uag
Aoutnansil iiesnnanuseudnlngfiinnenldsu
aldlunsszimeds ndsenniseuniaruly
Uszanauaosialug dhaneludiaveanasaudiavon
Induvis anuseuiifianenlddvuonainldlunis
semginfndeny arueudndrunisasyinle
Faneudigamgiganigaienvosiiaulndifesiy
gamgiiouus Tnglaniziiniseuusiafinvend
gl 70 °C 9ziinnsiUasunvasguugives
Wieveuegnaday drunseuliainvendiaudiy
auysallusieseuuis 15 wag 10 kPa faguil 2 ()
waz 2 (A) Aluualdunisdsuutasnnuduuay
sumgiindnefumseuniafinvendiaanusduauysal

20 kPa

3.2 HaveIAIINAUALYTAlaNIsIUAE ULYA

AT uTave

mﬂgﬂ‘ﬁ' 3 (n) NswWasuLUasRsIEILALTY
LLazqmmqﬁmaqLﬁwauﬁqmmqﬁamﬁa 50 °C 910
NANISNAABY WU Lf‘iammﬁué’mgim‘luﬁmamﬁa
ana991n 20 Wy 15 kPa #Sa1nAusy 15 Wu 10
kPa ALTuvRiavouaranasdinit warldinaily
msouwiitevadlnelndsUsyanudosas 3.6 uaz 5.5

MUAAU LHBaINANNAUGgaINAUIz gl

a

ALRBAAINTT 100 °C Fefimududuysal 10 15

a A

war 20 kPa UnazilaumniyaLieniiniu 45.8 54.0

Y 9

YR
v o a ¢

ua 60.1 °C muaeu [2], [4] fetiuianuaudiysel
G?W%Qﬁ’]ﬂ?iﬂ@‘uLLﬁQ’?ﬁﬂiﬁL%’m’jﬁﬂﬂi@ULLﬁﬁi’a@ﬁ
AuuaNysalgs dauniseuuiaiiavesiiouusia 60
uaz 70 °C fsquit 3 (@) uay 2 () Afuualdunis
Wasuuasuiuadefunseuuiafinveniinny

Auanysal 50 °C

10 g - 100
» o Absolute pressure 20 kPa
0s | %% A Absolute pressure 15 kPa g0
o o ¢ Absolute pressure 10 kPa
= (=55] - —_
B g
P 0.6 ) :
o 04 40 3
= £
r l
02 L0
0.0 0

Drying time {min}

(n) gaumngilauuiia 50 °C

1.0 g - 100
‘E o Absolute pressure 20 kPa
08 _ %D A Absolute pressure 15 kPa | 8o
000 ¢ Absolute pressure 10 kPa

Moisture ratioc
T
[}
(=]

T

=

(=]
Temperture (°C)

T
)
=1

(=]

Drying time {min}

(v) grumilouwita 60 °C

10 o 100
© © Absolute pressure 20 kPa
08 qge 4 Absolute pressure 15 kPa 80
a q%b < Absolute pressure 10 kPa
= [ .
o 06 % L 0 <
£ ]
2 F 5
b~
3 04 a0 g
= -
02 20"
0.0 : 0

Drying time {min}

(P) gaunilauuvia 70 °C

'
=]

UM 3 Madsuulasdandiuninuduuag

gamgiivontiavien igaumadl 50 60 uaz 70 °C



3.3 ANUFUYRDINANIUTUNIY

40

35
30 4
25 +

20 4

5

SEC (MJ/kg of water evap.)
G
|

[
50°C 60°C 70°C
10 kPa

50°C 650°C 70°C
20 kPa

50°C 60°C 70°C
15 kPa

Drying conditon

JUN 4 Mm3Fuilfomasnudimg

NNTINFITUT 4 nudn lelfingaumgiiouus
911 50 10U 60 °C 138 910 60 U 70 °C agvilvinng
Audemdinusinizanas [2] lnewedeuszanm
Youay 1.1 uaz 6.8 mud iy Liesaniiguugi
UL sgeiuardswalimanisniufousasaiaity
llgatluniseulitosas dun1sanANRAUY
anysalluioseuuisnin 20 Wu 15 vise 910 15 10u
10 kPa az¥linsaudemganusimzanas [2]
TnoledsUszsunudosas 2.1 way 7.4 Aud1du
ilesanmsananusuanysaiszdamaliigaiienves
dhansas thssmeldiety wasinlildnalunis
ouutaoras Inefigamgiiouua 50 °C uazay
suduysal 20 kPa ldanluniseuuiadiinvenuiu
‘1'71'2191 Uszana 320 udl Tonasaulniisan 2.52 kwh
wazdlArAuAude Mg U g 39.43 M) /kg,
wazguMia UL 70 °C waganududuysal 10 kPa
anunsneuwtainvenliifiiign lagldinanlunis
pUURLARELUTEIM 250 Widl Tdwdsaulndisu
1.91 kWh wazilAraauduUdomdsnusimiy

32.71 MJ/kg,,

MIFANFIAINTTUANERNS UM INeSFSUATUNTILSN

U 14 aUUN 3 \heu AU8Y — SUIAN W.A. 2562

3.4 wyudIaeamNAdnAIAanTIOUTSAA

NNNANIVIAABIB UL ALiavesTigumniusie 50
60 wag 70 °C uazauAuanysadluviesauuis 10
15 uaz 20 kPa finansnalugunuuvessnindiu
AT dlethundmsziiiemamnsfimeseeg
¥93aun15lun15197 1 $1u2U 11 aun1s B
Amnsdiimesluudazaunisifuilaiduvesgumgd

DY) P

puwitnarAuAuaNysalluiotouLse Asaunisi

aa v a

(5) I8l UUINaIIALAAIEASIEURS AT UL E
fanarannsaviunenanimaaedldiiiandsazdosd
Aduuszansmadndula (R) gufign AsInTiaesues
ANAAIALAREURSdedady (RMSE) uazrAinis
anadlaindsans (2 g (1], [3], [8] :9ARanS
VAADINUT WuUS aeueuRsRalidudssansnis
Fodule ArsnflaesosarunaInAdeuiIdede
108y uazAn1sanaslaidanseglutag 0.95208-
0.99689, 0.18370-0.31757 way 0.21419x10°-
0.3.26792x10° ud1du deunanslunisned 2 Tng
LUUTIaeaeunsAa Midilli iaumunzananise
viurgaaunamaniniseuliainen|ddfan (1]

TnediArduuseansnisandulageiign (R*=0.99689)

'
o a

ANSINTNABIVBIAUAANNLAADUNAIAD AL ANNER

q

a

(RMSE=0.18370) nazA1nisanadlaniidsaasdiian

q

(Y?=0.21419x10°7) donAdeafuTUT 5 Fauanansg
WiguiigunisiUasunassnsiaunnuduainnis
NAADILAZIINNITNIUNBYDILUUIIaDY Midilli
YenIINiAuduiusveINaniIsYuesnsIEIY
mm%uﬁ’uwamswwaaaﬁlmmﬁagﬂﬁ 6 il
Anvduiusvesoyareudtnluwuiduns wazsd
AANTU 45 99AT WANIITLUUII809909 Midilli
a1unsavinunenisiasunlasnanuduldAeudng

walugn
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a5197t 2 Andiwesvesuuuiaeenizfa

No. Model Parameter Xy Xy X3 R? RMSE Xz (107

1 |Page k -0.05124| 0.00021| -0.00041| 0.99133| 0.22559| 0.58765

2 |Page k -0.03965| 0.00020| -0.00079| 0.99259| 0.21858| 0.50480
n 0.65722| 0.00068| 0.00435

3 |Modified Page k -0.05276| 0.00022| -0.00044| 0.99337| 0.21382| 0.45215
n 1.32684| -0.00166| 0.01148

4 |Two-term a 5.09229| -0.00572| 0.12173| 0.99361| 0.21228| 0.44128
Ko 0.01526| 0.00000| -0.00012
b -4.35416| 0.00625| -0.11902
ky 0.03409 | -0.00006 | -0.00005

5 |Henderson and Pabis a 1.09705| -0.00061| 0.00461| 0.99320| 0.21489| 0.46359
k -0.04860| 0.00020| -0.00034

6 |Logarithmic a 1.19804 | -0.00093| 0.00593| 0.99094| 0.22762| 0.62188
k -0.10682| 0.00037| -0.00032
C -1.24800| 0.00376| -0.00042

7 |Wang and Singh a 0.02724 | -0.00012| 0.00022| 0.95208| 0.31757| 3.26792
b -0.00013| 0.00000| 0.00000

8 Midilli a 0.48763| 0.00144| 0.00335| 0.99689| 0.18370| 0.21419
k -0.11366| 0.00044 | -0.00043
n 0.41224| 0.00139| -0.00543
b -0.00334| 0.00001| -0.00003

9 |Demir a 0.95877| -0.00039| 0.01859| 0.99626| 0.19066| 0.25794
k -0.14141| 0.00050| -0.00026
n 1.61011| -0.00202| -0.00717
b 0.02690| 0.00019| -0.01324

10 |Verma et al. a 0.29777| 0.03640| -0.08811| 0.99250| 0.21915| 0.51439
k -0.07305| 0.00029| -0.00074
g -0.07468| 0.00029| -0.00077

11 |Weibull distribution a 0.70720| -0.00221| -0.00554| 0.99468| 0.20460| 0.36705
b -1.87187| 0.00244| -0.00379
k 0.00042| 0.00005| -0.00046
n -0.01210| 0.00203| 0.01008
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1.0
0.8
0.6

0.4

Moisture ratio

0.2

0.0

1.0

0.8

0.6

Muoisture ratic

0.4

0.2

0.0

1.0

0.8

0.6

Moisture ratio

©  Drying temperture 50°C
A Drying termperture 60°C

< Drying temperture 70°C

— Midilli model

120 180
Drying time {min)

(M) AAUANYTD] 20 kPa

O Drying temperture 50°C

A Drying termperture 60°C

< Drying temperture 70°C
— Midilli model

120
Drying time {min}

180

(v) AdiuaNysel 15 kPa

o Drying temperture 50°C
A Drying temperture 60°C

< Drying temperture 70°C
— Midill model

120 180
Drying time {min)

(A) ANUFUENYTal 10 kPa

sUN 5 wWSsuisunisiudeunlassnsdiu

Y

AINTUIINAITNABDILALIINAITVIUIE VDS

LUU1899 Midilli
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1.0 P . 8
© Drying temperture 50°C Mgf
0.8 : 4 Drying temperture 60°C
= | © Drying temperture 70°C
= 06
oz
[l
o 04
=
0.2
0.0 :
0.0 0.2 0.4 0.6 0.8 1.0
MR experimental
(n) AAUANYTD] 20 kPa
L0 O Drying temperture 50°C
0.8 A Drying temperture 60°C
= | © Drying temperture 70°C
&
=2 06
L
Soa
=
0.2
0.0 —
0.0 0.2 0.4 0.6 0.8 1.0
MR experimental
(v) Audiuanysal 15 kPa
L0 O Drying temperiure 50°C X
0.8 1 a Drying temperture 60°C
By | © Drying temperiure 70°C
&
=]
5 06
2
o
e 04
=
0.2
0.0 T

0.0 0.2 04 0.6 0.8 1.0
MR experimental

(A) ANUFUaNysal 10 kPa

JUN 6 Anuduiusvewan1sviugdnsdiu

ANTUINLUUTIAB9VDS Midilli AunanIsnnaes
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35 FuUseamanIsunsANFuLaz a1

nIEe

dleadransmaruduiusssuinsatasniisy
535U RVRISRIIEIAMLTURUATlUATTEULIES

o

LATNIITUIAIUTUVBINTINAIFUNITN (9) A

s
= '

anunsamAndudsEavansunsmuduUssaninaly
uiagnsnaaedldfuanslusuil 7 Ssazwudnany
suanysaluazguniluiesouuilinanonis
WasuwasndudseansmsuninnuduUsyansua
namAe MduUszavEnsunIAITuUsEAVSHaTAN
LﬁwﬁummgmmﬁmiauLLﬁaﬁqaﬁu [6] W3DAIUAU
duysalluviosouuriaanas [22] Tasfinnuduauysal
10 15 way 20 kPa duUszandnisunsaanuiy
UszAnsuadetegluyae 4.684x107 f1 6.630x107,
4.391x10° §19 6.110x10° wag 4.003x10° f 4
5.361x10° m%/s muasy ArduUsEanSnITung
mm%uﬂ33aw%waﬁqﬂﬁmzﬁﬂﬁlﬁué’mwmia‘uu,ﬁq
wazasialuniseuwield Sedenndosiunans

vaaesfazuT (2) uagguii (3)

8.00E-09
¢ Folokm y = 1E-10x - 1E-10
TOOE0Y 4 p-15kpa
R = 0.9957
_ 600E09 | @ P=20kPa
@
: <" ey =TE11x+ 6E-10
£ 500E09 a
e SE-L1x + 1E-10 & 0" R? = 0.9978
400E-09 Y = 8E X+ 110 4
R2 = 0.9936
300609 |
2.00E-09 | | |
2 40 60 80 100

Termperature (°C)

a a 1Y L4

JUN 7 8nSwavesauduauysaluaygungil

UL BAUUTEANTNNTENIANLTUUSEEVTHA

MnwanTiasiginamlugui 7 dulszavdnig
LLWi'mm%uﬂixﬁw%ma%%ua&uiﬁ’ummﬁué’mysaﬂu
Wosounisuargumniouusis (211, [22) ey n13v
AwdsnunsEdunuannsi 12 wfiansaniie e

wenfiazAusu Tneas19nsIANLduNLSSErINgan

11

ABNI150UTITUVIRAVDIFUUSTEENTNITUNTAIUTY

UseAvSnanugamgiiauuwsis (1/T) fegui 8

YT (1/K)
-18.40 : : .
_18.60000126 0.0028 0.003 0.0032 0.0034
y =-1832.2%- 13.574
-18.80
2 =
ki fe-oseed :\. y =-1926.7x- 13.217
~ -19.00 .
= SR R =009907
-19.20 L R
%
- | & P=10kPa L
1940 y = -1619.0% - 14.325
A P=15kPa
-19.60 RZ-=0.995
® P=20kPa
-19.80

U7 8 ANuAUNUSTEMINIdUUSEANTNITUNS

3
U

1%
X

ANUTUTUGUNYTDULIAS

AT 3 NAMUNTEAUNANUA ALY TR

P (kPa) D, (M%/s) E, (kJ/kmol)
10 1.819x10° 16,018.25
15 1.273x10° 15,232.76
20 6.008x10°7 13,463.41

WaiasaanuanduveudunsmiaLei
auysalluviotouunis 10 15 war 20 kPa agldnanis
WATIENAINITNN 3 Fanud Wearuduanyseily

Y a1 v ¢

VoseuuRaiuTy naunsEAulAanaduusiv
Fulseavisnnsunsautulseavisnaiianas wufu
\esan ﬁﬂamé’uaugiaﬁwﬁwsssmaiéfmm ER
Fodldndsnilunmsnssdulsiiadouiioanaintag
Wndunluse lnganududuysailuiasounn
10 15 uag 20 kPa fiA1wdea1unszey 16,018.25

15,232.76 wag 13,463.41 kJ/kmol audnau

4. &3y

o

unANITediingusvasAiiefnwiniseundis

Winneudieinadagyyiniasiududunsuse lag

v ¢

NAADIDULINILAANDUNUSADUTAVUIALA UK Y
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ABSTRACT

Urban Flooding has long been believed to be the results of natural phenomena which could
be cited as heavy rainfall, tidal surges, and land subsidence. Urban flooding becomes more frequent
as the population rapidly increasing, urbanization, unplanned development, and climate change. This
phenomenon are not only damages lives and environment but also impacts of economy, health, social,
and transportation. In urban areas, flooding is caused by several reasons: the rise of the water level in
the river through the city high tides for coastal cities, poor operation of the drainage system, and poor
maintenance, etc. Flood management requires an understanding of the causes and adaptation to take
appropriate improvement by implementing sustainable urban drainage systems techniques (SUDS).
Thus, it will be a decreased percentage of imperviousness in an urban area. In this study, SUDS solutions,
such as green roofs, rainwater harvesting, pervious pavements, urban green space, are applied at
representative inundated sub-catchments. The study was conducted in the Sukhumvit area, Bangkok,
Thailand. The results show green roofs are the best performer for reducing peak runoff because it is
applied to all kinds of buildings, either residential, commercial. Rainwater harvesting and pervious
pavements require specific available space for application making their performance very unstable. The
best performing overall is green roofs, followed by rainwater harvesting, pervious pavements, and urban

green.

Keyword: SUDS, Green roofs, Rainwater harvesting, Porous pavements, Urban green space.

1. Introduction the rainfall  becomes surface runoff quickly

Urbanization is the process of turning  without soaking into the ground to get to the

greenfield sites into developments. For example,
building in the countryside. Infiltration is rainfall
soaking into the ground and eventually ending up
in rivers over days. Once the site has been

developed, and the site is now impermeable, so

rivers in hours or even minutes. These make the
hydrograph to peak higher and sharper (more
water in less time), and flooding occurs.

Bangkok is the capital city of Thailand.
Bangkok is located in the Chao Phraya River basin,
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and the river split down the middle of the city.
Nowadays, Bangkok has flooding regularly and
more impacts to residential than the past
because Bangkok has rapid urbanization, impact
from change of both upstream and downstream
condition from the northern to the central part of
Thailand, heavy rainfall on the upstream and also
inside Bangkok area, insufficient drainage capacity,
tidal effect, land subsidence from groundwater
consumption and climate change. These can
cause urban flooding in Bangkok area. In the
central part of Bangkok, Sukhumvit area is a
urbanization.

(BMA)

representative  of Bangkok

metropolitan  administration has a
department of drainage and sewerage (DDS)
working on flood problem in Bangkok. Several
studies from DDS have shown that the drainage
capacity of the existing system is still not perfect
enousgh. In Sukhumvit area has a primary drainage
canals and the

system from surrounded

secondary drainage system inside the area.
Therefore, when the water level in primary
drainage system around this area higher, the
secondary drainage system will have a problem
to drain water out [1].

The study in the Sukhumvit area by using a
modeling tool and analyze the decreasing
percentage of imperviousness can show the
capability of infiltration effect to the urban area.

These can help to reduce the impact of floods in

the urban area.

2. Study area and Methodology

2.1 Study area

This research is the case of Bangkok,
Thailand, where the Sukhumvit area has
been chosen as a case study area due to its
history of frequent pluvial floods and a
wealth of information produced by Bangkok
metropolitan administration (BMA). Sukumvit
area which is located at the eastern suburban
part of Bangkok which is one of the parts of
the central business district. The geographical
location of the Sukumvit, Bangkok is
13°44'18.01"N latitude and 100°33'41.31"E
longitude. The catchment had an area of 21
km2 and located at the right side of Chao
Phra Ya river. The elevation of the study area
is around 0.4 to 1 m (MSL) [1]. The primary
drainage of Bangkok consists of 10 polders as
the secondary drainage system. Its
characteristics are to prevent floodwater
from outside by pumping stormwater out of
the area to the main drainage. The city was
able to avoid fluvial floods caused by Chao
Phraya River overflow in 1995 and 1996 [2].
The rainfall station data used is from Bangkok
station  of  Thai

metropolis  rainfall

meteorological station.

15
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Study Area
““» Bangkok, Thailand

| | yareact stuay

: Sukhumvit Area
(Wattana &
Khlongtoei districs)

Area: 21.3 km2

= Sukhumvit Soi 26
= Sukhumvit Soi 39

— Sukhumvit main road
Phrom Phong statio

Fig.1. Case of Study. Sukhumvit area.
Bangkok, Thailand

Table 1 Methodological Framework

1. Data ® Rainfall 20 years

Collection return period IDF
curves in Bangkok,

Thailand.

® Account the various
SUDS solutions at

representative sub-

catchments.
2. Modelling ® Model calibration
Approach and verification

® SUDS solutions are
applied at
representative
inundated sub-

catchments.

3. Evaluation ® Data analysis

® Resulting
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2.2 Methodology

To evaluate the sustainable urban drainage
systems (SUDS) techniques approach for reducing
flood inundation at the study area, the study is
subdivided into three processes which are data
collection, modeling approach, evaluation.

2.2.1 Data collection

Rainfall input data - Information about IDF
curves in Bangkok, Thailand, was obtained from
the M.Sc. research “Impact of climate change on
urban flooding in the Sukhumvit area of
Bangkok.” This information was used for modeling
different scenarios of precipitation in the study

area [3].

90

80

Intensity (menhe)

01 2 3 45 6 7
2 YEAR
=t 10 YEAR
w50 YEAR

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Duration (HOUrs) ememe S YEAR
20 YEAR
s 100 YEAR
==== 5 YEAR CORRECTED
=== 20 YEAR CORRECTED
4 = 100 Year Corrected

== 10 year corrected
=« = 50 Year Corrected

Fig.3. Corrected IDF curve for 1981-2010.

Source: Shrestha (2013)

Representative inundated sub-
catchments - The criteria to evaluate are the
most residential Area (from land-use map)
and mostly flooded area. The representative
characteristics  of  sub-

inundated and

catchment are shown in Fig.4 and Table 2.
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= Sub-catchment 2
B4 = Sub-catchment 3

Fig.4. The locations of 3 sub-catchments in the

study area.

Table 2 Characteristics of sub-catchment

Sub-catchment

Characteristics
1 2 3
Area (sg.km.) 0.36 | 0.25 | 0.30
Residential area (%) 64 | 72 | 44
Roads (%) 35 | 21 a0
Other (%) 1 7 16

Green roofs implement 25 35 15

(%)

Rainwater harvesting 20 30 20

implement (%)

Urban green space 10 15 10

implement (%)

Pervious pavements 35 21 40

implement (%)

2.2.2 Modelling approach

SWMM - Stormwater management model is a
comprehensive computer model for the analysis
of quality and quantity problems associated with
runoff [4]. Both

urban single event and

continuous simulation can be performed on

17

catchments having storm sewers, or combined
sewers and natural drainage, for prediction of
flows, stages and pollutant concentrations. The
model offers several choices for simple rainfall-
runoff estimates and utilizes kinematic routing to
form the hydrographs. Sustainable urban drainage
systems techniques such as green roofs, rainwater
harvesting, pervious pavements, urban green
space, are applied at representative inundated
sub-catchments in SWMM. The modeling which is
already calibrated and verified will use four of
SUDS and evaluate their performance for
reducing flood inundation at a particular area.
One of the fundamental principles for SUDS
application is  site-specific  functionality.
Therefore, the ultimate goal of this section is to
identify the right tools for the job. These are some

examples of SUDS.

® Porous pavements

Concrete Pavers

Permeable Joint Material
Open-graded
Bedding Course

Open-graded
Base Reservoir

Open-graded
Subbase
Reservoir

Underdrain
(as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soil
Fig.5. Porous pavements
A solution to the increase of impervious areas in
urbanized areas is porous pavements. These
include pavers, asphalt, concrete, or other kinds
of porous materials letting water passing through.
These pavements retain water in a subgrade
where it can percolate into the groundwater,
evaporate or drained away afterward. The general

principle of porous pavements is to collect, treat,
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and infiltrate any surface runoff freely for
groundwater recharge. Therefore, Porous has
many potential benefits over traditional,
impermeable pavements, including reduction of
surface runoff, groundwater recharge, recycling of
water, and prevention of pollution. Porous
pavements have been seen as a technology for
pollutant control concerning surface runoff from
adjoining buildings, parking lots, driving lanes or
roads where polluted water can contaminate the
underlying soil. Another advantage of this SUDS
that it needs

techniques s no frequent

maintenance.

® Rainwater Harvesting
Rainwater Harvesting (RWH) is presented as a
sound strategy for SUDS. It offers several benefits
such as being supplementary for water supply
sources; reducing other direct discharge to the

drainage system and preventing urban flooding.

Fig.6. Rainwater harvesting

RWH can provide a supplemental water source in
urbanized areas for secondary uses such as
gardening, toilet flush, landscaping, etc. This
amount of water can even serve as a significant
water supply source in less-developed areas or

places suffering from severe water scarcity. RWH
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has been recognized as a sound strategy to

increase water supply capacity.

® Urban green space

Fig.7. Urban green space
The urban green space is an important source
control strategy for sustainable stormwater
management, provided that the soil is sufficiently
previous and the quality of runoff does not pose
any risks of contaminating groundwater identified
these devices are an essential part of developing
a sustainable system for urban drainage.
Relatively common devices of this type are
infiltration trenches and soakaways. These
underground structures are filled with materials
like gravels or highly porous plastic media which
can act as temporary storage for collected water
and at the same time infiltrate it into the
surrounding soil. Soakaways may be equipped
with an overflow pipe that diverts runoff to the

sewer network or another SUDS device.

®  Green roofs
Green roofs, due to its typical design consisting of
layers of membranes and vegetation medium, are
capable of capturing water falling on the rooftop
area and therefore resulting in the attenuation of
runoff to the pipe network. The benefits of
turning the roofs green by covering them with soil,

plants have numerous benefits [5].
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2.2.3 Evaluation

SUDS solutions, such as green roofs, rainwater
harvesting, pervious pavements, urban green
space, are applied at representative inundated
sub-catchments. The evaluation will focus on

peak runoff from modeling results.

3. Results

The study showed that green roofs are the
best performer because it is applied to all kinds
of buildings, either residential, commercial.
Rainwater harvesting and pervious pavements
require specific available space for application
making their performance very unstable. More
specifically, sub-catchment 3 is representative for
an area with suitable conditions to apply
rainwater harvesting and pervious pavements.
The best performing of overall is green roofs
followed by rainwater

harvesting, pervious

pavements, and urban green space. SUDS

evaluation table is shown in Table 3.
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Fig.9. Example of green roofs structure
Green roofs, due to its typical design consisting of
layers of membranes and vegetation medium, are
capable of capturing water falling on the rooftop

area and therefore resulting in the attenuation of
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runoff to the pipe network. The benefits of
turning the roofs green by covering them with soil,
plants have numerous benefits such as reducing
runoff peaks and volumes, resulting in lower
urban flood risks, achieving thermal benefits
through the insulation of heat transfer, resulting
in cost for air conditioning, heat island effect can
also be reduced, reducing air pollution and
providing wildlife habitat for birds, enhancing the

environment for the area.

4. Conclusions

The results showed that green roofs have the
most signification of reducing peak runoff at the
study area. Green roofs are the best performer
because it is applied to all kinds of buildings
either residential, commercial. Rain barrels will be
filled up quickly with massive storms, hence
could not offer many improvements. The other
two methods, urban green space, and pervious
pavements require specific available space for
application making their performance very
unstable. On the other hand, represents areas
with a high density of residential houses. The best
player, in this case, is green roofs followed by
rainwater harvesting, pervious pavements, and
urban green space. Summarized percentage of

peak runoff reduction is shown in Table 4 and

Fig.10.
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Table 4 Summarized percentage of peak

runoff reduction.
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Fig.10. Peak runoff reduction capacity
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ABSTRACT
This paper presents the instability mitigation of AC-DC power system feeding a controlled
buck converter by using a feedforward loop. Power converters with their controls normally behave as
constant power loads (CPLs). These CPLs have negative resistance which may cause system instability.
Therefore, it is essential to study the instability mitigation technique for improving the system

stability. The dynamic model derived from the DQ method and the generalized state-space averaging
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method (GSSA) is used with the eigenvalue theorem for the stability analysis. The proposed instability

mitigation is verified by the intensive time-domain in MATLAB. The results show that the proposed

instability mitigation in article is consistent with the stability analysis in theorem. In addition, the

unstable system due to a constant power load can become back to the stable operation using the

proposed technique.

Keyword: Constant power loads, instability mitigation, feedforward loop, eigenvalue theorem.
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ANAARY: N1599%0 Ha52UUIU IDEFO Aanssuladasnd

ABSTRACT
The objective of this research is to improve the logistics process in case of the purchasing
process in Craft Paper production. This research study Integrated Definition for function modeling
(IDEF0) of purchasing department. The purchasing process is more complexed due to various
procedures of data storages and many suppliers. This research proposes the use of a purchasing

management software is needed in order to gain data accuracy and convenient to use for the
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purchasing staff. After trial use a purchasing management software, the result shows that the

software be able to increase staff effectiveness and decreased complex processes. Previous average

operating time was 200.98 minutes compared to current average operating time is 57.41 minutes,

time decreased 71.43 percent. It concludes that a purchasing management software can reduce

operating time and simplify purchasing process.

Keyword: Purchase, IDEFO system flow, logistics activity.
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Abstract

The integrations of wastewater treatment and microalgae-based biofuel have attended
considerable. This paper describes the overview of microalgae in terms of biofuel productivity,
cultivation of microalgae, harvesting microalgae and method for converting microalgae biomass to
biofuel productions. The species of microalgae mostly used for cultivating in the wastewater to
produce biofuel are presented. There are two major systems for cultivating microalgae: 1) opened
system (raceway, circular and unmixed pond) and 2) closed system (photobioreactor, tubular and flat
plate). The suitable selection of harvesting method is very critical because it can reduce the overall
cost. Microalgae can be harvested by flocculation, flotation, filtration and gravity, and centrifugal
sedimentation. In the present paper, the energy conversion process is explained and can be classified
into thermochemical and biochemical conversions. Microalgae biomass can be used in a wide range
of applications, including fertilizers, nutraceuticals, cosmetics, wastewater treatment, fish and animal
feeds, and biofuels. Furthermore, microalgae biomass can also be converted into bio-oil, ethanol,
methane, biodiesel and syngas. The selection of the conversion process depends on the species of
microalgae, the final productivity and the possible economic factor. Most researchers are investigated
the sustainable energy source as an alternative to fossil fuels. The microalgae are identified as the
best feedstock to be convert into a biofuel production. The microalgae cultivation does not need a
large land, possesses a high growth rate, and enhances the amount of lipid for a biofuel production.
There have been few studies involving microalgae biofuel production using industrial wastewater.
Finally, the future directions for integrated wastewater treatment and microalgae biofuel production

are suggested.

Keywords: Microalgae, cultivation system, harvesting system, energy conversion process, wastewater.
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1. Introduction

In the 21% century, there are two major
issues for human society in the world, 1) energy
and 2) water quality [1]. Water scarcity is a
growing international concern [2]. When the
water sources are contaminated from pollutants
making the water unsuitable for use [3]. For the
energy issue, the gap between the requirement
and the supply of energy is growing wider [4].
The 80% of global energy demand which
produces from fossil fuels. Fossil fuels as energy
sources are unsustainable due to the limited
resources [5].

Using fossil fuels cause global

warming and greenhouse effect gases. Therefore,

a7

the renewable clean energy is required as a
fossil fuel replacement [6]. Bioenergy is a key
role to meet the global challenges of clean and
sustainable energy requirement [4].

The interest in a biological wastewater
treatment and the biomass conversion from
waste to bioenergy production, is increasing.
Phytoremediation is a common wastewater
treatment using macro algae and microalgae for
the removal pollutants such as organic and
inorganic [2]. Fig. 1 shows the concept of using
treatment and

microalgae for wastewater

bicenergy production.

Bioenergy production

Gi> #Biodiesel
#Ethanol
®Fuel gas
Microalgae #Biofuel
Wastewater l:> Cultivation

Bioremediation

®Removal of pollutants

CN

(organic and inorganic)

Fig. 1 The concept about using microalgae for wastewater treatment and bioenergy production

(adapted from Ma et al. [7])

Microalgae can produce the lipid production
but they require the suitable physical and
chemical conditions such as temperature, light
and other conditions in the culture medium to
increase the overall lipid yield. The microalgae
have increased its attention in recent years [8].
The advantages of using microalgae as a source
of biomass for bioenergy production are: fast
growth, short time for generation, high oil
content, not much land requirements, synergy
with  CO,

biofixation and wastewater

bioremediation that can wuse nutrients in

wastewater to grow [7-8]. Moreover, biomass

from microalgae can be used in many

applications, such as fertilizers, cosmetics,

biofuels, fish and animal feeds [7].
studies on

There are many bioenergy

productions  from microalgae. Thus, the

bioenergy from microalgae is not new, and such
method can reduce the global warming and
greenhouse effect gases. Most of the studies
on cultivation collection of

focus system,
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microalgae, genetic engineering and system and
resource analysis [10]. This paper presents an
overall review on microalgae cultivation
technology and the method for converting the

microalgae to bioenergy production.

2. Microalgae for bioenergy production
There are about 100,000 species of algae
which 35,000 species are described before [11].
Microalgae are unicellular and autotrophic
organisms using sunlight, water and CO, from the
atmosphere to g¢row [11-14]. Diameter of
microalgae is usually smaller than 2 mm and
they are either single cellular or multicellular.
The microalgae can live in several environments
marine  water and

such as freshwater,

wastewater, depending on the species of
microalgae [15]. The microalgae are both of
autotrophic and heterotrophic. Non-
photosynthesis requires an external source of
organic compounds as nutrients sources.
Autotrophic microalgae convert solar radiation
and CO, absorbed by chloroplasts, to adenosine
triphosphate (ATP) and O, [16].

The microalgae produce biomass that can be
converted to renewable fuel such as ethanol,
biodiesel, bio-oil and charcoal [17].

The advantages of microalgae utilization as
the resources of biomass include [6], [17]:

* Microalgae are an efficient biological
system for harvesting the solar energy to
produce the organic compound;

* Microalgae can produce high concentrations
of proteins, lipids, pigments and carbohydrates;

* Microalgae cell is a simple cell division

cycle;
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Microalgae can grow in  several
environments;

* Biomass from microalgae can easily be
adapted to various options of operational or
technological skills;

* Microalgae have very short harvesting life.

Microalgae are rich in oil [6]. Eighty
percentages of biomass from microalgae can
produce oil [18-19]. The Aquatic Species
Program (ASP) considered three main options of
biomass from microalgae that can be converted
to fuel production [6], [20], including biodiesel,
ethanol and methane. The last option is the
direct combustion of the biomass from the
microalgae for production of electricity [6].

Microalgae cultivation on the wastewater had
developed from the microalgae in wastewater
treatment [21]. In 1950, USA started to study
how to use the microalgae for wastewater
treatment [22]. The Wastewater is unique in
chemical and physical properties in comparison
with the fresh water and the marine water [21].
The microalgae have some advantages because
of their structures and metabolisms in their cells
[1]. The microalgae can use organic and
inorganic nutrients from the wastewater to
produce biomass that can be used as raw
material for biofuel productions. The wastewater
is suitable for microalgae cultivation due to the
nutrient content that can support the
microalgae growth [23]. The nutrients exist in
wastewater include nitrate, ammonia, organic
nitrogen, phosphate, urea and trace minerals
such as Mg, K, Fe, Ca, Cu and Mn. Many
researches indicated that ammonium had effect
on microalgae as much as concentration. The

microalgae require nitrogen source for their
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growth. One thing to be concern is nitrogen
source is not easy to manage in wastewater.
Table 1 shows the summary of the studies on
species of microalgae that can be cultivated in
the wastewater. Therefore, using wastewater as
a resource for microalgae cultivation could serve
dual purposes: 1) improving microalgae biomass
and 2)

production improving  wastewater

treatment efficiency.

3. Microalgae cultivation system

There are many systems for cultivating the
microalgae. The microalgae can be cultivated in
open systems including raceway, circular,
inclined and unmixed pond or in closed system
including photobioreactor, tubular, fermenter-
type, vertical, flat plate, flat tank, bubble
column, serpentine, annular and internally
illuminated photobioreactors [34].

The opened systems are very simple and
usually established as shallow ponds by the
walls for microalgae growth. Water and nutrients
can easily be added by runoff water [9], [35] or
by wastewater from the point sources. Water,
nutrients and CO, are continuously fed to the
ponds. The opened systems have received a lot
of attention for the commercial cultivation
because of its ease of set-up process [34].

The closed system cultivation has less
contamination and easy to control [34]. The
closed system can be an indoor with artificial
light or outdoor with direct sunlight [9].]

3.1 Opened pond system

Opened pond systems are commonly used

for cultivation of microalgae at the commercial

49

level [1]. The cost of a system that uses an
opened pond of large-scale microalgae for
producing microalgae biomass, is lower than
closed system. Raceway ponds commonly use
because of their simple set-up process [36]. The
raceway ponds are operated with the aid of
flow

paddle wheels to make the water

continuously [34]. The raceway ponds can
increase the productivity by improving the CO,
mass transfer [37]. High rate algae pond (HRAP)
has been used in the opened pond system for a
wastewater treatment. Most researches have
reported that the opened pond does not need a
lot of maintenance or cost. Nevertheless, the
opened ponds need some maintenance and
easy for contamination. Other uncontrollable
factors are intensity, sunligsht and temperature.
High biomass productivity cannot be achieved
from these systems. The number of species that
can be cultivated in opened ponds include
Chlorella sp., Duniella sp. and Spirulina sp. [38].
3.2 Closed system
The limitations of opened ponds can be
adjusted by photobioreactors, as an alternative
way to overcome the low productivity and
contamination [16], [38]. The closed system has
many benefits including high microalgae biomass
production, the environmental issue
management, and another microalgae species
contamination prevention. The popular types of
photobioreactor are tubular, column and flat
plate. The most popular reactor is the vertical
tubular reactor with has high surface, low cost,

low shear forces, high CO, use efficiency and

ability to use sunlight [34].
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Table 1 Summary of microalgae that cultivate in wastewater.

Characteristics of

Biomass productivity

Species Wastewater L Ref.
wastewater (mglL"d")
284 mgL™" COD
Piggery 836 mgL " TN 1.80 [24]
Botryococcus 0 )
788 mgL " NO,
braunii n
Secondary treated 7.67 mgl” NO5
35 [25]
sewage 0.19 mgL-1 NO,
128.6 mgL " TN
Municipal (centrate) . 820 [26]
120.6 mgL ™ TP
Chlamydomonas ;
128 mgL ™ TKN
reinhardltii .
Municipal wastewater 67 mgL ™ NH, 2 [27]
120 mgL™ TP
85.9 mglL " NH,"
Centrate, municipal .
1323 mgL " TN 920 [28]
wastewater 0
2151 mgL " TP
10-400 mgL ™" TN
Chlorella sp. Animal wastewater . 6.83 [29]
0.7-4.4 mgL™ TP
1323 mgL' TN
Municipal wastewater 215.1 mgL' TP 0.92 [28]
2389.5 mglL " COD
1008 mgL ™" NH,"
Dairy manures 180 mgL TP 80-152 [30]
Chlorella vulgaris 17820 mglL™ COD
1.6-9.8 mgL' TN
Dried anaerobic sludge . 39-195 [31]
1.1-3.0 mgL™" TP
Consortia 2.83 mgL’1 NO;
Carpet mill . s 41 [32]
microalgae 4.8 mgl ™ PO,
5.3-97.6 mgL" NO;
Scenedesmus Municipal wastewater | 27.7-207.2 mgL ™" NH," (53]
73.7 33
acutus after aerobic treatment | 7.3-122.1 mgL' PO,”

273.5-782.8 mgL™ COD




MIFANFIAINTTUAENS UWNINYIGLATUASUNT ISR

YN 14 aUUN 3 \Wou MUe18Y — SUINAN W.A. 2562

51

Table 2 The comparison of open ponds and photobioreactors [1], [16], [39-40], [42].

System Advantages

Limitations

Raceway pond  |-Easy set up

-Easy maintenance

-Easy cleaning
-Low energy input

-Utilized non-agricultural land

-Low capital and operation costs

-Poor biomass productivity

-Large area of land required

-Easy contaminated

-Limited to a few strains of algae
-Poor mixing, light and CO, utilization
-Loss of water

-Grow slower

Tubular -Good biomass productivity

photobioreactor |-Suitable for outdoor cultures
-Large illumination surface area
-Single species culture

-Easy to operate

-Short time for harvesting

-High surface to volume ratio

-Large are of land required

-Gradients of pH, dissolved oxygen and CO,
along the tubes

-Required supplied of air to operate by using
airlift pumps

-High concentration of O, will inhabit
photosynthesis

-Fouling

Flat plate -Relatively cheap

photobioreactor |-High biomass productivity
-Good for microalgae
immobilization

-Easy cleaning

-Good light path

-Large illumination surface area
-Low O, accumulation

-Low contamination

-Good for indoor and outdoor

cultures

-Difficult large scale-up

-Difficult control for temperature
-Some degree of wall growth
-Difficult control for CO,

-Photo-inhibition may occurs

Microalgae in photobioreactor are cultivated
in suspension, and the systems are closed while
the water can be circulated by pumps [39].
Photobioreactors consist of an array of plastic
tubes or straight glass [16], [40]. The tubular

array captures the sunlight. Gas liquid mass

transfer is very important feature for the

photobioreactors. The microalgae in
photobioreactors can be re-circulated by pump
and air lift system. Thus the CO, and O, can be
exchanged between the aeration gas and the

liguid medium [16]. Flat plate photobioreactors
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can achieve high cell densities due to the large
surface area exposed for the solar capture [16],
[38]. The flat plate reactors are more suitable
than the tubular reactors for large scale [16]. A
larger reactor of species can be cultivated in
Table 2

photobioreactors  [41]. shows the

comparisons  of  opened ponds  and
photobioreactors. The opened pond system
causes lower productivity of microalgae biomass
than that of the closed pond system, due to
some limitation factors such as lacking of carbon
dioxide, decreasing of evaporation, incapable
mixing, suitable temperature for growth and light

intensity limitation [16].

4. Microalgae harvesting systems

Harvesting is the serial progress of water

removal from microalgae cultivation and
supports the different of downstream processes.
The downstream process is dewatering, drying
and lipids extraction. It is very important to
choose a suitable harvesting method to reduce
the overall cost [42]. The harvesting methods
always depend on the species of microalgae
such as size, density of microalgae. Normally,
the microalgae harvesting is a two-stage process.
The first stage is a bulk harvesting to separate
the biomass from the bulk suspension such as
flocculation, flotation or gravity sedimentation.
The second stage is thickening to concentrate
the slurry though techniques like centrifugation,
filtration and ultrasonic aggregation [16], [42-43].

4.1 Screening

Screening is the first process for wastewater
treatment plant. Microalgae harvesting also uses
the screening.

The principle of screening
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involves introducing microalgae biomass onto a
screen of given aperture size. The aim of
screening is to take the particle or microalgae
biomass and put into the space of screening
medium. The efficiency of screening depends on
the spacing between the screen opening hole
and the microalgae particle size. Two screening
devices of for harvesting microalgae include
microstrainer and vibrating screen, a common
screening device.

4.2 Flocculation

Microalgae generally have negative charge at
their microalgae cell surface that prevents self-
aggregate. Flocculation is used for microalgae
suspension. Substance is combined with the
negative charge of microalgae cell surface.
Adding of a flocculants into the medium, the
metal salts such as ferric chloride, aluminum
sulfate and ferric sulfate from flocculants act to
displace the charge and allow the aggregation of
microalgae, resulting in a better sedimentation
[8]. Alum and ferric chloride are flocculants that
used for harvest microalgae [44]. Use of
chemical flocculants is expensive for a large
operation [6], [8]. Autoflocculation, is the
spontaneous aggregation of microalgae, can
occur by limitation of carbon or certain abiotic
factors [8], [45]. The flocculation process
requires lower energy than other methods, such
as filtration, flotation, gravity sedimentation, and
centrifugal sedimentation.

4.3 Filtration

Filtration is a commonly used for separating
of liquid and solid phases. It is a flowing of
microalgae suspension that passes through filter
equipment using suction pump. The microalgae
filtration

pass through other process for
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prevention of pore blocking or membrane
fouling. The filtration is suitable for large colony
or large cell of microalgae. The filtration is
separated into 0.1 to 10 microns. There are
many types of filtration process such as vibrating
screen, belt filter, vacuum drum, microfiltration,
vacuum filtration, dead end filtration, and
pressure filtration [46]. The filtration tends to be
costly, energy intensive, fouling and pumping
[45].

4.4 Flotation

Flotation is based on the trapping of
microalgae cells using dispersed bubbles. It
depends on air or gas foam. Air and particle are
attached each other and then push them to the
top of water, they are harvested using a
skimming equipment. Some cells of microalgae
float the surface water [16]. The flotation aims
to enhance the solid loading, how many percent
that the solid is floated, and make the product
be clearly. Flotation has many different kinds
such as dissolved air flotation, electro flotation,
dispersed flotation and ozone flotation.

4.5 Gravity sedimentation

Gravity sedimentation is commonly used for
harvesting microalgae biomass. It is a technique
to separate liquid and solid to get clear water
and take a feed suspension into slurry in high
concentration. The gravity sedimentation is
suitable for high density and large size of
microalgae [47]. However, it may take more time
to setting them down for small cell.

4.6 Centrifugal sedimentation

Centrifugal sedimentation is the way to
separate to liquids that cannot mix together. It is
reliable method of

the most rapid and

recovering suspended microalgae [48]. The
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centrifugal  sedimentation is  similar  with
sedimentation tank but the particle suspension
is forced using centrifugation for their division
which is greater than gravity force. Two
important factors for centrifugal sedimentation
are size and density of microalgae. There are
many kinds of centrifugal sedimentation such as
solid bowl decanter, hydro cyclone, nozzle type,
solid ejecting disc, imperforate, multi-chamber,
tubular centrifuge and decanter centrifugation.
This process is rapid and energy intensive. The
centrifugal sedimentation has a high energy cost

and a high maintenance requirement [16], [42].

5. Energy conversion process

The energy conversion processes from

microalgae biomass can be classified into
thermochemical and biochemical conversions
[48-49]. The thermochemical conversions
include gasification, pyrolysis, liquefaction, direct
combustion, and hydrogenation. The
biochemical conversions include fermentation,
anaerobic digestion and transesterification. Fig 2
biomass

shows the converting microalgae

process. The microalgae biomass can be

converted into bio-oil, ethanol, methane,
biodiesel, syngas, hydrogen and electricity. The
selection of conversion process is determined by
the species of microalgae to biomass, final
productivity that needed and the possible
economic factor [16], [42].

5.1  Thermochemical conversion

5.1.1 Gasification

Gasification can be wused for converting
microalgae biomass into syngas and fuel gas by
partial oxidation with air at high temperatures

ranging from 800 to 1000 °C [50]. Syngas can
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produce a wide variety of potential feedstock
[16]. The syngas from this process is a low
calorific gas and it can be used directly as a fuel
for engines and turbines [16], [42], [51].

5.1.2 Pyrolysis

Pyrolysis is an energy process for converting

microalgae biomass by heating at temperature

Thermeochemical Conversion

e=d

N

Biochemical Conversion
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ranging from 350 to 700 °C in the absence of air
or oxygen become bio-oil, syngas and charcoal

[52]. There are 3 classes of pyrolysis process
include flash pyrolysis, fast pyrolysis and
conventional pyrolysis [42]. The fast pyrolysis

can directly produce a liquid fuel [53].

—

> ‘ Bio-oil, Syngas, Charcoal

—

P Bio-oil, Solid Residues
—_— Electricity
F— Direct Combustion

Hydrogenation o
—_—> Bio-oil

— —
Anaerobic Digestion |————————> Methane, Hydragen

Fig. 2 The energy conversion process from microalgae biomass [6], [16], [42]

5.1.3 Liquefaction
Liquefaction is an energy process for
converting the wet microalgae biomass to
biofuels [54]. The liquefaction has a temperature
ranging from 200 to 350 °C at high pressure (5-20
MPa) with catalyst convert to bio-oil and
hydrogen [44], [52]. The liquefaction is a
practical option for the conversion of wet
microalgae biomass to bioenergy.

5.1.4 Direct combustion

The microalgae biomass is burnt in the air to
convert the chemical energy that stored in
microalgae biomass into hot gases with
temperature ranging from 800 to 1,000 °C [42],

[52]. Direct combustion is suitable for microalgae

biomass which has the moisture content less
than 50% dry weight [42]. Limitations of direct
combustion  are  the  requirement  of
pretreatment such as grinding, chopping and
drying and some extra cost [16], [52].
5.1.5 Hydrogenation

Hydrogenation is a process that adds the
hydrogen atoms to double bonds of a molecule
by catalyst [55]. Microalgae hydrogenation is
performed by

using an autoclave at high temperature and

using the pressure conditions of catalyst and

solvent [6].
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5.2 Biochemical conversion
5.2.1 Fermentation
Fermentation is an energy process for

converting  microalgae  biomass, containing
starch, cellulose and sugar to ethanol. The
fermentation is commonly used in a large scale.
The first step is to extract the starch from the
microalgae cell and to convert the starch by
enzymes into sugars. Then, sugars are converted
to ethanol by yeast. The distillation process is
used to purify the ethanol by removing the
water and impurities.

5.2.2 Anaerobic digestion

Anaerobic digestion is an energy process for
converting organic waste to a biogas, consisting
of methane and carbon dioxide. Methane and
carbon dioxide from this process can be used
directly as cooking fuel, gas-quality bio-methane
and generating power gas engines [42]. The
anaerobic digestion is suitable for high moisture
material such as wet microalgae biomass [16].

5.2.3 Transesterification

Transesterification is a process of exchanging
an ester compound with another alcohol [6].
The reaction of transesterification is fat or oil
conversion using alcohol into ester and glycerol.
transesterification s

The productivity of

biodiesel.

6. Conclusions

The microalgae have attended considerable
in recent year. The cultivation of microalgae can
be used in wastewater treatment and renewable
energy. The advantages of using microalgae are
fast growth, high oil content and synergy with
CO, biofixation. For cultivating microalgae and

energy conversion process, there are many

55

systems that still required a high investment in
comparison with the conventional diesel from
fossil or conventional wastewater treatment.
The new approach involves several industrial
wastewaters to attain the optimum technology
for improvement microalgae biomass
production. This topic is very challenging for
improving the alternative energy that can be
used and reduced the use of fossil fuels. Future
research in the directions discussed in this
review will ensure sustainable microalgae for
biofuel production using industrial wastewater as

a resource.
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ABSTRACT
Time delay is a very frequent phenomenon and is almost associated with nearly all
constructing projects. Every construction project tries to mitigate the delay of its project by applied the
management strategies and planning theories, but the construction delay still happens. This study
investigated the causes of delay in large building construction projects which located at Nakhon
Phanom province. The likelihood level and the impact level were considered then presented on the
risk map. Eighteen causes of construction delay are proposed which based on literature reviews. The

results shown that the structural work was the most influence work on the project delay time. The 18
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delay causes in structural work were grouped into 2 groups of delay risk. One group was the medium-

high risk cause, and the another was medium risk cause. The first five causes that occupied the highest

importance indices and were grouped in the medium-high risk are identified. As the results, four of

them came from non-excusable delay cause and the rest was excusable and compensable delay cause.

Moreover, D15: Unappropriated planning and coordinating cause occupied the highest importance

index which is non-excusable delay cause. The research outcomes can help project managements to

control projects by focus on the delay causes that were grouped in the medium-high risk.

Keyword: Large Building, Risk Assessment, Time Delay
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yosszuulnih nMsvaediesnmervazdmariiligunsallnilussuulidnenudems wavenanausauy
N13Y119UVBITEUUAIUAY FatuFsimnusndulunisdnenisadiaaiesnndle3se 438 (Refference-
Voltage-Based Active Compensator : RVC) adunildluismsaadygamnweludidmmsniunuueduan
dievhlwszuulnihnduniiadosan %ﬂmmzéfw%"uﬁxUUVLWﬁwﬁlaimmﬁamU@uLLinﬁuﬁaﬁ%‘léf NNSANEN
MUV UUS 188 9ASNAaRS 195 UL NS USSIInSTIaLaR e sA e 35e338 Wetundesien
w@tesnneNgufAta1za wazBudunaniuniinisiiaesaniunisaliiegauiondaslnidaslusunsy
MATLAB nuinmsadaaiiesnmaneisens3ailsinausluumaaiannsavilissuuiivnaiosnmidesan

anmdsluihasinduuniiadesnmldnaangiunisinnu
AdAey: NMsadadiesnin Wanmaslninaeds wesudasiumdninisaiuey

ABSTRACT
This paper presents the stabilization for 3 phase AC-DC converter feeding controlled buck
converter. Power converters with their controllers normally behave as constant power loads that can
affect system stability. Therefore, the Reference-Voltage-Based active compensator (RVC) method will
be presented to mitigate the instability due to the constant power load. The results will show that the

proposed system can become back from unstable to stable operation when the RVC is applied. The
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simulation via the exact topological model of MATLAB is used to validate the theoretical results in

which the good agreement between the theory and the simulation is achieved.

Keyword: Stabilization, Constant power loads (CPL), Controlled converters.
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ABSTRACT

The objective of this research aimed to develop low smoke and scent roasting food process
by design and fabricate a healthy semi - automatic grill machine. The machine made by 304
stainless steel with dimension of 60 cm width, 90 cm length and 45 cm height. In the machine
installed 4 sets of infrared heaters with the reflector total electrical power 2,400 W of the infrared
heaters. A stainless chain conveyor with the jigs used for carrying roasted meat sticks. The chain
conveyor transports meat to grill. The chain conveyor system features elliptical motion pass infrared
heaters roasted meat sticks. The chain conveyor is set perpendicular to the ground and a series of
infrared heaters are placed parallel to roasted meat sticks the prevent the smoke from the grill. The
sticks of meat are released from the chain conveyer to the tray to distribute products after grill
process. The machine used the 12 V DC motor for driving the conveyor gear 3 revolution speeds 0.32
rpm, 0.24 rpm and 0.19 rpm. The infrared heater temperature control is set at 210 - 240C. The 5
samples of materials for testing are pork with sauce, pork with milk and sauce, pork satay, chicken
and beef. The thermal efficiency depends on the size and weight of the meat. The healthy semi -
automatic grill  machine can make production rate 80 — 500 pieces of grill meat per hour. The

average electricity consumption of the machine is 2.21 kWh. The machine can reduce energy costs by

13.4 percent compared to the use of charcoal production.

Keyword: Healthy Semi — Automatic Grill Machine, Infrared Heater, Thermal Efficiency
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ABSTRACT

In this study, a mixed solar dryer (MSD) was designed, fabricated, and evaluated for drying of
pineapple. The dryer cabinet was modified from Lyes Bennamoum’s dryer cabinet. Its performance
was better with the angle of receive and reflect of radiation in dryer cabinet. It was found that the
maximum temperature of the mixed solar dryer system without drying material was 67 °C while the
environmental temperature was 34.5 °C. at 12:50 pm. (24/04/2018) For total drying time of 33 h was
required for 1,060 g of pineapple with a size of 8-9 cm diameter, 1.3-1.5 cm thickness (cylinder shape)
drying in the mixed solar dryer to reduce the moisture content from 87.46 % to 7.97% (the industry
standard for dehydrated fruits and vegetables was < 8.4%). The average temperature of the mixed solar
dryer system was 45.7 °C while the average environmental temperature was 35 °C with 55.73 W/m? of
the average intensity of solar radiation at 2:20 pm. (28/05/2018-03/5/2018) The percentage of moisture
content could be reduced to 91.33 % and the efficiency of solar collector was 30%. Drying system
efficiency of MSD was 13 %. The physical properties of dry pineapple were suitable for sale, nice color

on skin, soft taste and sweet smell.
Keyword: Mixed solar dryer, flat plate collector, dryer cabinet, dry fruit

1. Introduction world. They are a lot and cannot sell out

From these

Thailand is an agricultural country with so

many  agricultural  products.  Therefore,
overproductions of agricultural products cause
the problem. The farmers lose their profit.
Especially pineapple, it is the tropical plant in
Thailand that is an excellent edible fruit. The juice

and flesh of them are used in cuisines all over the

immediately at a high price.
problems, the overproduction of pineapple is
processed to add value. In this project, drying is
one method to do with the Pattawia pineapple
or Smooth Cayenne. [1] This process requires high
energy input because of the high latent heat of

water. Thailand is in the tropical zone which has
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the average solar energy (the average solar
radiation intensity) 18.0 MJ/m’day. [2] That mean
Thailand has potential to do solar dryer. As
known that drying is a process which high energy
consumption. If we can substitute by using free
solar energy and help to decrease the cost of the
process, the research and the technology should
be developed.

The aim of this study is design, construction
and efficiency development of MSD for drying of
pineapple. There are 3 types of solar dryer
system; 1. Direct solar drying; DSD, the products
are directly exposed to the solar ray. 2. Indirect
solar drying; ISD, the ambient air is flowed and
heated in flat plate collector then flow in dryer
cabinet where products are stored. 3. Mixed solar
drying; MSD, It is a combination of direct and
indirect solar drying. Products will be dried with
both of heat from directly and flowed from flat
plate collector. In this project MSD is used, the
design of the dryer cabinet, in order to reflect the
solar radiation in the cabinet, was modified from
Lyes Bennamoum. [3], and the flat plate collector
to receive the solar radiation with natural
convection was constructed. Guided by the
principle of buoyancy of hot air into the dryer and
the cold air from the bottom was replaced.
Pattawia pineapple was dried in MSD to
determine the efficiency of solar flat plate
collector and drying system efficiency.

In the drying process, there are two basic
mechanisms; 1. The transportation of moisture
from the interior of an individual material to the
surface. 2. The evaporation of moisture from the

surface to the environmental air. The product

99

drying is heat and mass transfer process which
depends on external variables such as velocity,
temperature, and moisture content of hot air
stream, and internal variables such as
characteristic of surface of drying product
(smooth or rough surface), porosity, density, size,
and shape of product and include chemical
composition of raw material. (Starches, proteins,

lipids, sugars, etc.) [4-5].

2. Materials and methods

2.1 Materials

In this study, a mixed solar dryer was
designed, fabricated. (Fig.1). Mixed solar dryer
system (Fig 1a) consists of 2 parts. The first part is
the solar dryer cabinet section (Fig.1b) and the
second part is the solar flat plate collector.
(Fig.1c) The solar dryer cabinet section was
developed to increase the efficiency of the solar
dryer; the solar dryer cabinet is divided into 3
parts. The first part is inclined with 55°, in order
to optimize the collection of radiation in winter.
The second part is inclined with 15° to optimum
captivated radiations during summer. The last is
its floor contains bed paint in black used for the
unfavorable drying condition as heat storage
system [3]. The structure and frames of dryer
cabinet and solar flat plate collector were
fabricated from stainless steel thickness 0.2 cm.
The dryer cabinet was made up of dimensions
with length and width of 80 cm and height of 40
cm, covered with float glass in beside and
polyacrylic on the top with 0.2 cm diameter of 8
holes of the vent. In the bottom of the cabinet is

covered with 0.3 cm of black galvanized sheet
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thickness and screen mesh for drying material.
Dimensions of solar flat plate collector (120 cm x
80 cm x 8 cm) were fabricated and covered with
a transparent glass sheet thickness 0.3 cm. The
galvanized sheet of 0.2 cm thickness with black

paint was used as absorbing material.

vent

vent

(a) Mixed Solar Drying System

120

(c) Solar flat plate collector

Fig. 1 Mixed Solar Drying System

MIFANFIAINTTUAERNS UWNAINYIBEATUASUNTILSA

YN 14 aUUN 3 \Wou MUg18L — SUINAN W.A. 2562

2.2 Methods

After designed and constructed the MSD, the
experiment will be done with 3 steps. 1.
Determine the maximum temperature of the
solar dryer cabinet, solar flat plate collector, and
environment temperature. 2. The moisture
content of pineapple in an electric oven, and 3.
Drying of pineapple in the MSD. In order to
determine the maximum temperature, the
experiment was started in May with the empty
solar dryer system. Fig. 2 was shown the position
of the  temperature  detector.  Three
thermometers have been placed at position
number 1-3 to detect the temperature at the
inlet, center, and outlet portion of air in flat plate
collector. Another two thermometers have been
positioned to measure the temperature of the
solar dryer cabinet at position number 4, and 5.
Thermometer at the position number 6 has been
placed to measure the temperature of the
environment during the experiment. The Data
were collected every 30 min started from 9.20
am.- 820 p.m. for 3 days. The average
temperature of the solar dryer cabinet, solar flat
plate collector, environment air, and time were
plotted. The storage solar radiation on the surface
and thermal efficiency of solar flat plate collector
was calculated by the equation below; [6]

Io(IT

=— (1)
28Ty To)

_ MWLt
Nd = Tax

2)

Where |, is the average storage solar energy

on surface (W/m?), I is the average solar energy
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per day (18.0 MJ/m’day), AT is the different
temperature between drying and environment (°
Q, B is a parameter of F.K. Forson (0.2), T, T. is
the boiling point and cooling point of water. M4
is the thermal efficiency of solar flat plate
collector, M,, is the mass of remove water from
product (kg), L is the latent heat of vaporization
of water (2.257 J/kg), A, is the storage area of solar
flat plate collector(m,), M is the mass of the crop,

and t is the time of drying

Fig. 2 The position of the temperature detector

Pineapple preparing and processing: drying
material was the Pattawia pineapple or Smooth
Cayenne was obtained from the East of Thailand.
They were cut to 8-9 cm in diameter, 1.3-1.5 cm
in thickness and 260 grams in weight before drying
in an electric oven at 60 °C until constant weight
(5 days), then the equilibrium moisture content
was assumed reached. The initial moisture
content (% wet basis) is determined by the
following equation:

Assume for wet weight basis

Do =——1100 (3)
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Where m; and m; are the initial and final of
material mass (kg), M,, is moisture content (% wet

basis).

The 1,060 ¢ of the Pattawia pineapple as
mentioned above were dried in MSD, laid on
screen mesh in solar dryer cabinet as shown in
Fig. 3 and 4. The distance between 2 pieces of
pineapple was 2 cm, and 1 cm from the wall. The
solar flat plate collector is setup front to the
south with incline 15 ° to the horizontal. It was
carried out within the period from 28/05/2018-
30/5/2018 (3 days). The equilibrium moisture
content was assumed reached when the weights
of the Pattawia pineapple did not change
significantly during the drying period. At drying
process, water from the Pattawia pineapple was

evaporated until it reached equilibrium weight.

1 {_8.5_"._ 1 4F1{_8.5;j_1 1
1 1
Unit: cm

Fig. 3 The arrangement of pineapple in the solar

dryer cabinet

Drying system efficiency (1 4): Total efficiency
of MSD system was consumed in evaporating

water from pineapple and heat which was
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consumed in rising up the temperature of
pineapple. [7] It is given by the following
expression.

00+4+0p OpAD
1’] = (4)
oo 000

Where m is released vapor mass (kg), L is the

latent heat of evaporation (2,260 ki/kg), m, is

mass of pineapple determine at time t in

seconds, C, is the specific heat of pineapple (3.68
ki/kg °C), A is the area of the solar dryer cabinet

Fig. 4 drying of pineapple in the solar dryer

cabinet

3. Results and discussion

Figure 5 shows the completed mixed solar
dryer, which is two parts. The first part is the solar
dryer cabinet section (80 cm x 80 cm x 40 cm)
and the second part is solar flat plate collector

(120 cm x 80 cm x 8 cm)

The temperature distribution on a day during
the no-load operation is as shown in Figure 6.

The X-direction is time and the Y- direction is the

NTAFIANTIUAERT UWNINSFDATUASUNTILTAL

UM 14 a0UT 3 Wou NUNBY — SUIAY W.A. 2562

Fig. 5 The completed mixed solar dryer

temperature in degree Celsius. It shown that the
temperature of environment air range from 30 °C
to 40 °C, while the temperature of flat plate
collector varied from 35 °C to 62 °C and the solar
dryer cabinet temperature was from 36 °C to 67
°C at the average intensity of solar radiation was
55.73 W/m”. In a solar drying system, the intensity
of the solar radiation received affects the
efficiency of the system. If more solar radiation
received, more heat will be obtained in the solar
drying system [8].

The maximum temperature of the solar
dryer cabinet is 67 °C, while the maximum
temperature of solar flat plate collector and
environment are 62 °C and 40 °C respectively.
The temperature of the solar dryer cabinet was
always higher than the temperature of the
environment air throughout the period of the
experiment. That means it confirmed that MSD

could raise the temperature of the dryer cabinet

for effective drying. Thus the temperature of the
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Fig. 6 Temperature of solar dryer cabinet, solar flat plate collector and the environment
represented VS. Time
solar dryer cabinet is important in drying 100
efficiency. If it becomes higher, the drying process
80
will be fast, then making the drying time shorter.
60
The average storage solar energy on the ;Cj
T
Cc
surface which was calculated from Equation (1) is g 4
(V]
55.73 W/m” and thermal efficiency of solar flat 2 20
(%]
. : ©
plate collector from equation (2) is 30%. It was £ 0
o=
(=)
noted that it had rained in some days,so the 0 1 ) 3 4 5
maximum temperature of the solar dryer cabinet Day
was not so high.

The initial moisture content of pineapple
versus drying time in the electric oven is as shown
in Figure 7. The X direction is a time in the day
units and the Y direction is moisture content in
percentage. The initial moisture content of
pineapple from the electric oven (wet basis)
according to Equation (3) is 87.46 wt% within 5
days

For drying of pineapple in MSD within the
period from 28/05/2018-30/5/2018 (3 days), the

Fig. 7 The initial moisture content of pineapple

initial mass of pineapple 1,060 g with 87.46 %wt
basis of initial moisture content is dried. The
weight of pineapple after drying and moisture
content versus days were represented in Figure 8
and 9 respectively. In day 3, the weight of
pineapple was reduced from 1,060 ¢ to 300.84 ¢

and the final moisture content of pineapple is
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7.97 wt%. (The industry standard for dehydrated
fruits and vegetables was < 8.4 wt%), so the
percentage of moisture content was reduced to
91.33 within 3 days. It was noticed that the MSD
system, moisture content was faster and lower
contents than dried under the direct sunlight. The
high moisture content of the samples also
affected the temperature of the drying chamber
causing the heated air to become moist and

reduced the temperature of the air too.

1,200
C)

< 1,000
on

£

>

£ 800
3

& 600
9

2 400
©

()

C

S 200
G

(o]

£ 0
o

(]

g 0 1 2 3

Day

Fig. 8 The weight of pineapple after drying 3
days

In the MSD process, the direct solar radiation
passed through the top, front, back, and side of
the dryer cabinet is important together with the
heated air from flat plate collector. The average
temperature obtained for 3 days of drying period
was 40-45.7 °C. The average temperature of solar
dryer cabinet was 35.9 °C -45.7 °C whereas the
average temperature of flat plate collector was

40.8 °C -62.0 °C. The decrease in temperature in
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the dryer cabinet was due to the vent outlet on
the top part of the cabinet, and the high moisture
content of the Pattawia pineapple had affected
the temperature of the solar dryer cabinet. It was
resulting in the hot air become humid while
lowering the temperature in the cabinet. In
addition, the average storage solar energy on the
surface was 55.73 W/m’, so that the useful gain

of heat was very low.

Drying system efficiency of MSD was
determined to follow to the Equation (4). It was
found that the total drying system efficiency of

MSD was 13 %

100

80

60

40

%moisture content

20

Day

Fig. 9 The moisture content of pineapple

4. Conclusion

A mixed solar drying system for drying of
pineapple, the dryer cabinet was modified from
Lyes Bennamoum to increase the performance of
MSD. The moisture content was faster and lower
content than dried under direct sun radiation. The
physical

properties of dry pineapple were

suitable for sale, nice color on skin, soft taste and
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sweet smell.  (The industry standard for
dehydrated fruits and vegetables was < 8.4%) The
percentage of moisture content could be
reduced to 91.33 wt%, the efficiency of the solar
collector and drying system efficiency of MSD
were 30 % and 13 % respectively. It will be more
efficiencies of solar dryer cabinet and solar flat
plate collector when the MSD is operated on a

sunny day.
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ABSTRACT
This paper present analysis 24 month of time series data, the study aims to finding data pattern
when time series data lest than 36 period. There is one thing possible that knowing the nature of data
and use Moving Average technic to observe the season length. Then the study refine forecasting model

to forecast the next year of inventory requirement. After that find the order quantity and order period.
Keyword: Time series forecasting, inventory system.
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