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Letter from the President

The 14" TSAE International Conference and 22" TSAE National Conference aré held
under the conditions of new normal, under the situation of Covid-19. In which this situation stimulates
the growth of digital technology in agriculture. Farmers and people residing in remote areas are
getting more familiar and are using more digital technology. There is more digital technology support
in developments of farm machinery, farm management, quality control, etc. It is my believe that
from now on there will be an ever-increasing rate of digital technology involvement in every aspect
of agriculture. However, in order to integrate the usage of digital technology into agriculture there Is
a requirement of advanced machinery with high precision. With that said, agricultural engineering is
ever-more important, together with the fact that the new generations have a lower interest in
agriculture, there is a need for machineries in order to increase productivity and reduce labour

intensive work, in which agricultural engineers will have more roles to play.

| would like to imply to all the agricultural engineers that there are still a lot more
machinery improvement and development that can still be done in production, processing, and other
related fields especially in regions with crop diversity. Supporting the farmers is a challenge in which
every agricultural engineer in face, and every agricultural engineer should use this opportunity to
promote the machineries towards the sustainability in the digital age such as today and even further

to the future.

Je—

DARES KITTIYOPAS
President of the Society of Agricultural Engineering
12 May 2021
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Message from Dean of the Faculty of Englneerlng
of Khon Kaen University f

It is a great pleasure to welcome'¥intetodtieria F
22l ational TSAE coff&8EG€2Is an honor for the F
Engineering of Khon Kaen University to organize TSA
of Agricultural Engfisadinghis yeB®AE 2021 conferen
premiesrtim for the presentation of new tenbratmme:
research in the fields regarding the agriculturagltainig
together leading researgimersgad scientists in the do
interest from around the world

The main objective of the conference is to provide an open forum to exchange
knowledge, research experiences and professional expertisseancbagspdepttonals,
whose works related to AgriculturaF@n@iEe26ag, the topic areas are including Pov
Machinery, Soil and Water Engineering, Postharvest and Food Engineering, Structur:
Supply Chain Management, Electronics and Information Technology, and Energy an

lam pleased to know that the ®haigsicaiktyal Engfhisaliayg been cooperating with
vario@gencies around the world to achieve jts targeted goals

Despite the GIOWDtbreak has transformed this evéavmicrempatticipants are
still able to present their findingsfhadeingtgeds traditional ddbFeecinoeful outcomes
prove to be ber@dintabuting to the development of technology and inn@vafioasringgrict
in the fute | @o hope that this virtual conference will edlitthsemelinhasative technologie
and even lead to useful impleme@espETiv@coyntries

Thank you for joini@xp X .
At

O &sspagraichapnon suntivarakorn
Dean, Faculty of Engineering,
Khon Kaen University
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TSAE 2021 PROGRAM
May 1213, 2021
Khon Kaen University, Thailand
May 12, 2021
Time (GMT+ Activity
09.0009.30 | Opening Cerer@mom rodm'

Prof. Dr. Monchai Duangjinda
Vice President for Research and Graduate Studies, Khon K;

09.3010.15

Keynote topidNL T NEI NLT EKKJOE| T Kél E

Ms.Dares Kittiyopas
Inspector Genevlhistry of Agriculture and Cooperatives ang
Society of Agricultural Engineering

10.1611.00

Keynote topic: Start with Development of More Precise Sen
Agriculture, Livestock and Aquaculture

Prof. Dr. Naoshi KONDO
Kyoto University

11.0011.45

Keynote topic: Plant phenotyping as a great tool leading to g

Assoc. prof. Dr. Takashi Okayasu
Kyushu University

11.4613.00

Lunch

13.0016.00

Oral Presentation (Interpetseratiati@dom room 1

13.0013.45

Invited speakan. | L NI' EKKJ En k n EJ | Zodm\dod

enHJI NLKOI nl Ej NT N
EKKJENKHAReEachEENK OT KN| AT O

12. 016.00

Oral Presentation (Nates®adtation) (Zoom room 2 and 3)

May 13, 2021

Time (GMT+

Activity

09.0011.30

Oral Presentations

112 612. 3

Closing Ceremony Z&wmoiibroom 1)

Introduction to TSAE 2022
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International Presentation Z2D1) 12,

Oral Presentation SeAgioculiural Processing, Post Harvest Technology, anc

Z0o0om roon

ID: Meeting ID: 980 5753 2086; Passcode: 390671

Chair

Assoc. Prof. Khanita Kamwilaisak: Khon Kaen University

Time (GM1

ID

Titles

13.1613.3(

24

The Pathway of Resilient Agricultural Supply Chain: Case S

Paritud Bhandhubanyong and Poovadol Sirirangsi

13.3013.4!

27

SmaBcale Demudifagdtine for Arabica Coffee (Coffea arabic

Erickson Dominguez

13.4614.0(

31

Drying characteristics of cherry tomato and nutrients stdsiiy
hot air drying

Lamul Wiset, Nattapoldaammisé/iriya Onsaard

14.0014.1!

33

Effects of Parboiling Pretreatments on Phiysmosheicticed| 4P
of Puffed Germinated Brown Rice

Saksit Sonsomboonsuk and Tiraporn Junyusen

14.1614.3(

42

Designing of the smdéllbwokgetr and studying of hot air distrib

Sitthiphon Sriwiset, Clndpatganwattana, Suphan Yangyue
Laohavanich

14.3014.4!

Development of Coco Peat Brick Making Machine

Joy Quibuyen, Ruel Peneyra and Efren Dela Cruz

14.4615.0(

Take a break
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Oral Presentation Sdseintedtructive Testing for Agricultural Products, Renews

Zoom roon IDMeeting ID: 980 5753 2086; Passcode: 390671
Chair | Asst. Prof. Jetsada Posom: Khon Kaen University
Time (GM1 ID Titles
15.0015.1% 1 | Wavelengths selection based on genetic algorithm (GA) a
algorithms (SPA) combine with PLS regression for determ
content in NamkMaiangoes based on Near infrared spectrosc
Kanvisit Maraphum, Artjima Ounkeaw, Pornnapa Kasemsiri,
Posom
15.1515.3( 0 / Classification the N, P and K Concentration Levels of Duria
CV. Mon Thong) Leaf using Near Infrared Spectroscopy
Thitima Phanomsophon, Nukoon Tawinteung, Lampan Kk
Sirisomboon
15.3015.4% 5 ] Effect oboling load on water warming device from the refrige
Adirek Suriyawong, Sira Saisorn, and Somchai Wongwises
15.4516.0( 5 { Preparation of Sewage Sludge UsasgRRellddiateraal in Gasifice
Thitikorn Kijjanasiri, Pansa liplap, Weerachai Arjharn, Thipst
16.006.15 52| Development of a M8hatwiolyethylene Terephthalate (PET)

Marjun Cagragneo Gavino, Helen Gavino and Theody Sayc

Vi
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International Presentation (May 13, 2021)

Oral Presentation SelSsidw®imation, Precisic@néafgniogtural Waste Utilizati

Z0o0om roon

IDMeeting ID: 980 5753 20863B6a63dode:

Chair

Assoc. Prof. Thana Radpukdee : Khon Kaen University

Time (GM1

ID

Titles

09.0009.1!

1 (

Study control ofdmalttional wheel Sorter

Pacharaa Juyploy and Theerasak Srimitrungroj

09.1609.3(

1 Study of PM2.5 on February in Nakhonratchasima Province

Somphinith Muangthong, Suphitcha Moungprasert and Chu

09.3009.4!

4 Investigation of Thermal and Environmental Conditions of a

HatcheByilding

Kamthon Septham, Yaowaree Sakvimonporn, Tanawat Suth
Witthawat Sanghirun

09.4610.0(

10

Hyper Low Cost Rice Mechanization System

Nobutaka Ito

10.0010.1}

37

A Rice Planter with Ridge sets fora8toall Farm

Phattharaphong Chantharasee aad Samart Bun

10.1610.3(

Take a break

VIi
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National Presentation (May 12, 2021)

Oral Presentation SeAgrmultural Processing, Post Harvest Technolog, Bnd &

Zoom rodd| ID: Meeting ID: 920 8885 7757; Passcode: 441329

Chair [KL, OhK,: 05 R] NA] NQOEAT T RALH NKN

Time (GM1 ID Titles

14.0014.1! 3/ENKIF F EOT T Ok NI nhT N6 éeKRr I ET nr
gNT T Q0 RK NE Iy @OHHKNG apil N SEQ GKkont |

14.1614.3(/ (I N@n] Ok NI nhT NO& é Kifayd Afoeassn®j E L
LT I EONT k,b K@ B6INNIINE BNNIN LEQ &GR T T K
61 T NSLInNE

14.3014.4'/ JENKIF F EOT 7V Ok NLKONEJd eKNDr I EENGS
OKI nhT gqosT NJEk ©N

14.4615.000 (ENKI nhT NOkN] KN6JNT j k6 e KnDr | B
LT NTJ O EED O8K fEh 8IBIqQ OxnCH PNXEDI | ELE

15.0015.1!0 T AL 7V Ok NIt nhT NdéeKRr I EF T O ©E§
6 EKAT,EL RNEH.G§ BL 6 &K WwE| 160 Nf GG

15.1515.3( Take a break

VIi
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Oral Presentation Se&grarultural Processing, Post Harvest Technolog, Bnd &

Zoom rodd| ID: Meeting ID: 920 8885 7757; Passcode: 441329

Chair

KL,

OhK, OB N] Nh] NQIOFBT T BEG NKN

Time (GM1

ID

Titles

15.3015.41

0 ¢

Nénj] Ok Ni nhl N6eKNr I ET nhOT nE&

[ NI n,h G107 &K &N & B RKEE KN ends 101 W]
A H AN O & N TKKEHEpON i) ¢ e jIK ai O TENE & &

—(

15.4516.0(

ENKI AhT N6eKNr I ELcek hQEkOI ] TR

Ek|] g NEKONTnh N &d i ®RIGINBR KK TI N K
LKAT El QKNG

| a@D 45

lj k@FEST é1l NEEKNOL celJIJt Nél NJ O ¢

I K6l J7T KNG ij é

hnL NG NOND N RE K INIORI EL G018 IR INK R

16.156.3(Q

TENK] KNT B31] 81T R] J6h] g OF NKQé h

Kunlanan Puprasit, Doonyapong Wongsawaeng, Kanokw
Kiatkittip@mgl Suttichai Assabumrungrat

16.306.45

58

Development of torque transducenekeuices) ftire powebDeibin
combine Harvester

Nuttaphon Sokudlor, Somposh Sudajan, Kittipong Laloon, F
Junsiri, Attasit Soihin and Singrun Charee

Vil
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National Presentation (May 12, 2021)

Oral Presentation SeBtaom Production and Farn©Machinery

Zoom roah

ID: Meeting ID: 979 7022 0608; Passcode: 513574

Chair

i L, Oh K, JeNiT MIEjON kiNA 168 [T INOE n |

Time (GM1

ID

Titles

14.0014.1}

3

[ENK] KNGJNT LIKKT T NGEKRNr FEGEn

ERNKLABRNOOL XAFEKRGAEBEAT T NEnk

14.1614.3(

TENKI nhI Ngnh|] KOELT KFGT F KAr O

6 Eij NI ©h NN ko &hidj N KOMANHHKNGEOD NaNDI
L NJ, el 13apKIH mTOA NG KRR GOk h JETNIOH 1

1230011245

60

ENK| KNGJNT | KOGeKNDr F EGERT ] 111

I nh N1 ©@&Kd BINIGE INK Wi WIT G &JIML NE

14.4615.0(

4 (

ENKIFTEOTT OKkN] KNGJNT | K&F ES é K

| N K FOILgK REL, BATON | KGNNPONGEAN K AKEKERENA kRGO

15.0015.1}

T kK8FIEel NJOKRI kKJOKNS3T kNI fir Jn

| NK i GLKHILg G T IO 1IN jRE @ SKINijl NKE

15.1515.3(

Take a break

Oral Presentation S2&3#on Production and Farn@Madhamergstructive Testing fo

Products

Zoom rodh

ID: Meeting ID: 979 7022 0608; Passcode: 513574

Chair

i L, Oh K,JOenITRTEJON kNA 16§ HTINOE n T

15.3015.41

5

AT KNENnT T OkNGI Nhé&lF ELNKEnénh

| 11 L le rOGIh K i OLOR TET] NKaSIIGE N 1T O SNiEg [ &)

| 3243

69

[ NER] OkN1 ART NKNY YT &1 1 & (Epan)i 1 6

P NJ g N E O T GNDI HKMTIONHIOGRNG h i O ¢

16.0016.17

ENKLNE]I NéeT NJO8] RT ce] eh©Lnl Kn
Ld)] E6T KLSE] |

ENTT QI &LNGT KS OiOINEINGI K| NG 1T NNSK G

16.1516.3(

ENKLNMEI N6 KAJ T 8T A] T eénNT NE cel
EnT 6eKNDr FEil AhénNT NEceldIJt NJ NT

—

Kih NI K g rOQ ad =i NG rogH | ) THeiN el ghd]
g7 KOI niMEKIBMGaNED F GO Ok N

D-

16.306.45

68

O«

EHAQENKFIFEOT T 0eKNr I Ej LJILNK

@ J 1 n hJEq@iGO rKa RN & Lh NKBREEINNTNE AN
MELT R Tagd KOOk N

TO(

NationBlresentation (May 13, 2021)
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Oral Presentation SeAgrarultural Processing, Post Harvest Technolodd, Bnd &

Zoom ro@| ID: Meeting ID: 920 8885 7757; Passcode: 441329

Chair |[] L, OhK, DBNGj NOLKANGNKD | QEn 1

Cechair

Time (GM1 ID Titles

00.0009.1f 4 [ENKLNE| NENK&ekNDr k11 nr &l E6JK
HA g1 E|TOOK JEK AQTETKANO B OTT LK GrERGh I NI
| KNEgGJNE

00.16093( 6 [ENKLMNE| NéenNel NI gNRI LJIhnkKeELl B

[ NT EKB@XKINRBIOK KGE@InT KKée OOk NOB |

00.3009.4115(] kK 8F EENK] KAT Lij NI hoiljl Ni nENK

00.4610.0(18[F NT T N1 K& F Eel NJGRDRI T ArJdnj k1 n

(KIKAREKNDOPBKDKGT KKOOKKR N |

ERT T 1 NOILIT NI TREKOM 1K @ ek 1K IK @ 010K
|
1

10.0010.1156|ENK1 AhT Nj Kk NT jAHHAQET JEONI 61 h
NT T AL @b Beé & LK &NO& | OR AEWN
TTénklFET NEeHNT LNLT K@K K mH
hNT T K@@ g NIOIGTAjNirdd GBNDdDed NDT N é

[ .+ 1,36ENKT KI LT &l NJLJYT OKHQEl ET n
ENKOKRn] T KOBG3gNEKNE

g1 NT KT aTITiTijapd &N O RO KGFD K& O GOk NI T

|
10.1610.3( 29| O
T

Oral Presentation SeBenawable Energy in Agriculture

Zoom rodd| IDMeeting ID: 920 8885 7757; Passcode: 441329

Chair [j L, OhK,:DIENT NIOLL K& INKIJ | QE n |

Cechair

Time (GM1 ID Titles

10.4611.0( 4 [ENK] KNO6JNT | KNLNT T NijNI éF Ed e K
] KNL NTTTANGI NG IO KB &N § OOk N

T T O J47ENKInI Nj €l NJGNDRB Ok KEg ORI ET NE
KNEEHRANO!I NI nE|l QQOOKNOGE&I|l gNOG I

[ 1 ©/I1357/ENK] K NTTRnIAT3gNRIFESG1I K NEGAT ij
I ij NT N§ E&ald IT \NG LEAl §0pO& GNE[nd EOadik N

11.3mM1.4566|ENK] KNOJNI T Ol T nl OkNj k] KNG6T @
HAgJdki ATgONT ANTLTANEThNNKSAATT TnaRd GKkNNG J

National Presentation (May 13, 2021)

Oral Presentation &eSsidwtomation, and Precision Farming

X
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Zoom rodh ID: Meetin@i: 7022 0608; Passcode: 513574
Chair [KL, h K, QILIMNjILNNT]TNKSAQ éél |FaEr Gann |
Cechair
Time (GM1 ID Titles
09.0009.11 11/ENKT KI €I Nk nT 1l Jnanl Ln)] NI K AEOG I
T 1 1 KEOILANGE Ky GBOI KER O REINGE N6 | EGN
09.1609.3(30[1 Nénj Ok NIt AnhT N6 eKNDrFEIjFhodJk
F NT T 17,0008 N7, KON 11D NI K RED)EKK © ENGEBN &
LNT 7 N1 @& KO K R 05 efaGEG) L L e 636! N O
09.3009. 41 1 IENKI AnhI NKNT T el TeéenJLijNi F NENL
FAéé @0l Tg\OreK Araj@dR GDRNE BN | NK Th
09.4610.0{ 65 ENKL NnE|l NOKNI I EOT T 6eéKNDr I E] huh
17 NI KGO (B(‘N]n’@(ﬁ)@ﬂl(l‘ﬂlj.gj(m(ng\lnj T K
10.0010.11 1 JENK1 AhT NKNT T él 7T énJLlijNi I NENL
I A e é 1 k&aoN| T INIHKTEBeROOK BIK Ké G G O Ok
10.3150.30 Take a break

Oral Presentation S&fBsemision Fadgincultural Waste Us@ibéiod Water Engin

Zoom rodd| ID: Meeting ID: 920 8885 7757; Passcode: 441329

Chair

KL,

h K, QILINNjTCNNT]T NKSRO) edl T G |1

Cechair

Time (GM1

ID

Titles

10.300.45

76

ENKLNE]| Nel
ek GBS i T

NIS| RI ce] cch ©El ENK |

EJ k1 KKROKAGTTKNGOMIINE hi GBING IR QO
| NELTKdoTaid KOOk N

/04% 00,

5

ENKLNE] Nél NJS| RI ce] .ch ®©@&l ENK
ij N1TUAY NJ

K K N I N O 1,&KI KARGhTI KERSQ (ELKH |T KNN GNNIT GhaR(
L'né o &&KmMIGN Gl N&AATKT] M d Th K rE @B INT

[ 10t 15,

ENKERRENKI RNngnJGhRENRANGBFT OE

hil ET NG JONOXENKRINERIOGINN 1IKJgG ] Kn T 1

11.1351.3@

64

| PEEN] TArJdnj kKIink ENKENRIT KOJ B

I NL NkO@xlNITRr E NOIEIedqOOE ©1 | NI N

Xl
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691 N&rnj] Ok NI AT NKNT T el T émgah)Al 61 .
26 ENKLNE| Nél NJO6] RT ce] eh®Lnl KA1 EN
41 ENKLNE| N6 ) KAJT o1 AfJ T eénNI NEcJIJt

EﬁTééKD[rEihhénNTNEwUUiNJNIK(
68 O ERHAQENKLF I EOT T 6eKNr FEj LILNKOGE¢
11 ENKT KI @I NknTO©T JAT Ln|] NI KAEG!I N
301 Nénj Ok NI AhT N6éeKnNDrFElIfIFhdJkRt
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Abstract

This paper illustrates the study and recommendation of a framework to assess and build resilience
of supply chains for Thai agricultural sectors. Relevant literatures in resilience and resilieptchizipl
have been studied to define the definitions and its domains. Relevant studies in other countries of
frameworks in resilient supply chain in couple sectors including agricultural sectors had been reviewed.
ICT supported in supply chains had alsogstigated to understand the agility of Thai agricultural sectors.
Strong collaborations from government, academic institution, research institutions and private sectors
together with human development are recommended to enhance the resilience of suppiy difeerent
agricultural sectors in the future.

Keywords: Resilience, Agricultural Supply Chain, Resilient Supply Chain, Thailand.

Introduction resilience supply chain for agricultural sectors.

The topic ofresilience in supply chain has beeff SR A P IEE BIen i o o o
increasingly important acss the globe including 9 PPy

Thailand as the global supply chain has been mohggderstand the agility in Thai supply chain system. Policy

complicated since supply chains in various industrié@phcatIons with suggestion aneduded in this study.

have faced with the pressure of climate changg, icultural Supoly Chai
technology disruption, shifting customer preferences,grlcu ural supply &hain
global competition, environmental sustainabilitySupply Chain
resource scarcity and pandemic. These challenges

are facing every industries now and in years ahea% Supply Chain is the integration among raw
0

aterial suppliers, producers, wholesalers and retailers
propose and deliver value to the end users
Suthivatnarueput et al., 2003). In the pastupply

Shocks from flood, technology disruption an
interrational conflicts together with COVID 19 cause

a compound effects to the global supply chain, . : , ,
: . chain was simple. An example is a car manufacturing
(KPMG, 2020). It mearfatthe industries have not industry in the beginning of twentieth century

had sufficient time to recover from one shock before I%GVBCSD 2015). Ford owned the factories producing
intrusion of another. This compound consequenc rs, steel mills producing flat steels to car factories

require the supply chain system to be more resnleg d iron ore mine producing iron ore to steel milling

and adaptive measures are in need to prepare. plant. The iron ore flowed from the mine to milling

Resilience is an ability of system to withstanglant. The flat steels moved from the milling mill to
its components from the external forces and tihe car manufacturing factory and thers flowed
adjust or adapt itself back to pdésturbance from the factory to the customers. Later on, most of
promptly. Accordng to aforesaid definition, resiliencebig companies in the World has focused on their
has two characteristics, robustness and agilitgpwn core competencies and outsourced theircoon
Robustness is endurance of the system and agilityothers, especially cross border since the globalization
involves fast and adaptive measures to cope witleveloped, shipping costs dragpand the Asian
external stresses. The resilient supply chain has beradustrialization especially China occurrdtherefore,
applied and mplemented in various industriesthe supply chains have become networked, complicated
including agriculture. and disaggregated. In addititime concepts of just in
me deliveries and lean inventory levels has made
e supply chain mordragile just in case any
isruption or discontinuity occurs.

This paper is aimed to study the definitions, it !
components, and applications of resilient supply chai
especially the agricultural supply chain from previou
literatures and propose the pathwayidgline of
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Agricultural Supply Chain system, is performed to test whether a bank or
feconomicsystem can endure or faile to external

Agricultural supply chain is a supply chain Ogurbulences-

a particular agricultural product such as rice, cor
rubber and etc. Bhandhubanyong and Sirirangsi The second domain, agility, is an ability of a
(2020) classified the agricultural supply chain inteystem to quickly and adequately adjust its internal
three categories which are upstream, midstream acmhfiguration according to external forces. The
downstream supply chain. Upstream supply chaigility expresses reactive strategy by reconfigure the
involves with relevant activitiédncluding seed system back to the normail new normal rather than
varieties, fertilizer, land, working capital and fargnin robustness or withstanding with stable configuration.
Examples of stakeholders in this supply chaiWisibility and speed are two components of agility.
category are seed varieties suppliers, fertilizekgility is relied on the visibility, forecasting the
suppliers, farm landlords and farmers. The activitigfsiture situation and adjusting their system configuration
in midstream supply chain involves with pbstrvest itself with speed. Robustness can endure minor
activities which are milling, polishing, storagad turbulence. Agility enables reaction of severe
transportation of harvested agricultural productslisturbancehat cannot endured by the robustness
The relevant stakeholders include middlememroperty of the system. To obtain higher level of
millers, brokers and eoperatives. The downstreamagility of the system comes with cost.

supply chain covers the activities in marketing,

distribution and exports to end users and valudResilient Supply Chain

addedproducts which uses particular product (s) as

: . . Resilierce can be applied and is increasingly
raw materials or ingredients.

concerned in the supply chain. Resilience supply
chain (Ribeiro, J. and Babe®ovoa, A., 2018) is an
ability of a supply chain whose configurations are
Resilience concept has been applied in varioysrepared in advance from unexpected turbulences
fields such as physics, ecology, seetmlogy, disaster and be able to oever back to the original situation
management, organization behavior, engineeringt grow into more desirable states in term of customer
production and supply chain. Bhamra et al. (201Bervice, market share or financial performance.
had reviewed literatures in many disciplines about
the terminology of resilience. They defined resilienc
is the system capacity to be ablewihstand the
external turbulence and discontinuitiesluding an
ability to return back to original states before th
external occurs.

Resilience: Definition and Domains

The World Business Council for Sustainable
Bevelopment (WBCSD, 2015) defines resilient
supply chain as the capacitf supply chain system
to response to the external threats in the way to
fhaintain the minimum functions and configurations
together with maintaining the capacity of adaptation,
According to Heinicke, M. (2014), resiliencelearning and transformation. Resilient supply chain
comprises of two domains, robustness and agilitgan continuously adjust to the external threats and
The robustness is defined as anigbdf a material the system can recover back quickly. WBCSD also
or system to endure from external forces or change®entioned the relationship between resilience and
according to its system configuration. There are twadaptation. Adaptatidis the process of adjustment
components of robustness which are anticipatiasf the supply chain back to prior situations caused
and preparedness. Anticipationis an ability to anticipalyy asclimate change, abruptly change in customer
of change. Preparednesgesistant to endure externabehavior or natural disasters. Therefore, the adaptation
change or turbulence. is a process to increase the degree of resilience of
Qe supply chain. There are also a relationship
: . : etween adaptation and agility in term of responding
akin to a mechanical property of a material. | ck of the system according to the external threats.

continuous level of forces are applied to a materi everal studies related with resilience together with
or structural system by a load test, the material can. . - ce L0ge
ility assessment and building resilience in supply

endure up to a certain level of external load. Beyona?? . oot
; : 2 7.chain had performed. Two papers, Buildin
the certain level of applied load, the material i esilience in global Supply Chair?(\F/)VBCDS 20159)

deformed, cracked or failed. The load test can : . .
1o : o . . and AgriFood Supply Chain Resilience (KPMG,
performed with a piece of material in an engineerin 020) were selected and studied since these papers

laboratory or in situ of the structural systsocth as X " ) )
bridge 03/ building. In the financial gr economicStUdIed resilience supply chain and they had applied

: . . ir case studies in agricultural sectors.
system, stress test, an analytical analysis under dlfferg}n? 9
hypothesized scenarios to evaluate a bank or economic

The robustness is a property of system which
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The objective of the first paper is to raiseéhelp build supply chain resilience. Therefore, the
awareness among bussses of potential climate agility of supply chain would be increased.
risks to global supply chain and discuss how to build
resilience by introducing a framework for building
resilience to climate change. Five steps of thi

In addition, Massachusetts Institute of Technology
MIT) and Accenture have edeveloped aesilience

tress test in supply chain (Accenture, 2020). This

fram?wo}:k_\r/]ver:: dgéplr;';}[[ne_c:_. Tlhfe f'trS: ste_?_rll_s totmaPesiIience stress test was inspired by the stress test
supply chain and identifgritical features. This step of financial institutions after the U.S. financial crisis

is to understand the flows, stocks, and locations f ,y5g "o objective of this resilient stress test is
each supply chain together with identifying th.% access the operatial and financial risks and

critical features. The second step is to determin S :
weatherrelated hazards to individual nodes. ThV%Inerab'“t'eS within supply chain of a company

. ) : o aused by external environment such as market &
third step is to identifglimate change vulnerabilities. technology disruption, natural disaster or other

sron T o s aeasones oo GESIOPC Siuatons 5  company e t ensure
' P interruption of their supplchain no matter what

review the measures. The framework was appliedg%y disruption occurs. Applying supply chain,

g'rgct';?sjoga?asbztfg:.d'eivr?:cc#'t?s'u";n gjrt:]erl?/cg?é d operation management, data science and business
& P .analytics, the resilience stress test will quantify the

manufacturing products and corn supply chain Tosilience supply chain into single index, i.e, the

U.S., which is an agricultural commodity. The PaPSosilience index. The compangrcuse this index to

described the complexities of each supply chain angd_ . . : : .
analyze the climate vulnerabilities. The paper alls:g:?em'fy potential failure points of supply chain and

recommended resilience nsemes and the action xamine potential mitiga_tion stra?egies. This stress
companies can take to strengthen their supply chai[GSt can also _be used to identify time to restore their
from the threats of climate changes fiternal function back to normal and new normal
' after shocks occur.
The purpose of the second paper is to identify
multiple commodity of six supply chains which areThe Proposed Pathway of Resilient Supply
Red meat, Grains, Horticulture, Dairy, Wine andChain in Thai Agriculture Sectors

Seafood in detail. The paper also assessed the

stresses which impact Australian agricultural ang) identify the resilient supply chain in an agricultural

]:jorgﬂ ﬁtu pplr):atif;:;ns d\illgi?er:hmkz’o %ﬁﬁgglt Y, Orsector, the following proposes a framework guidebne
gnt, »9eop ess and build réehce in supply chain by

ass

technology occur and propose response measure%z%pted from the frameworks in previous section

agricultural anddod sectors. . . . '
9 The agricultural sectors such as rice, maize, rubber,

The approach to understand key resilienceassava and etc. can use this framework for further
factors and recommend mitigation strategies comprisgssessment and study of their resilience in the
in five steps. The first step is to determine supplsupply chain together witbeveloping appropriate
chain structures. This sted@s identify the critical mitigation strategies to cope with the disruption and
features, actors, information flowstocks, and other external threats.
movement across supply chain. Underlining stress,
long-term pressures inherent in the six mentionedlapping Supply Chain Structures
sectors which undermines their supply chain stability,
is the second step. The third step is to identify sho%}ffo
scenarios and assess how shochpact to each
mentioned supply chain and the risks and vulnerabiliti
may arise according to the shocks. Current an
future mitigation strategies such as technologie
frameworks, tools and innovative measures to bui@
up the resilience of the supplyaih and reduce the
shock impacts are mentioned as the fourth and fifth Stress test should be developed in order to
step. This paperecommended that digital and datadetermine the robustness of the studied supply chain
driven technologiegcluding artificial intelligence, system. Agility of the system should be determined
machine learning, internet of things (IOT) andand illugrated. According to the previous section,
blockchain technologies shoulde badopted and digital and datalriven technologies within the
invested in each supply chain since these technologiestors should be studied and addressed to fully

understand the agility of the system.

Since there have been no studies or assessment

This step is to identify physical flow, actors,
rmation flows and stocks of a particular
agricultural sector such age, corn, rubber, or etc.
ﬁfdetail.

evelopment Supply Chain Stress Test and Agility
tudies
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Underlining Critical Stress and Thresholds The GISTDA is a Thai public agency. Their
objectives are to develop space technology and
g ainformatics knowledge and appliocatis to the
public in general, develop satellite data, and help
provide human resource development in remote
sensing and geoformatics. GISTDA had developed
the first operational earth observation satellite in
Thailand named Thailand Earth Observatior an

Different categories of possible threats such &éatellite (THEOS) project since 2008. The first
natural disasters, geopolitical or technoleimuld project is still in operation. GISTDA has planned to
be addressed according to current threats to Thailathelvelop the second earth observation project. They
and specific agricultural sectors. Also, the consequendesve engaged with agricultural sectors by applying
of related shocks should be identified in detailed. its remote sensing applications to several fietghs

such as rice, maize, sugar cane and cassava

Defining and applying Resilient Building Measureslantation. The application can estimate the suitable
harvested date for each field crop product. Farmers
can assess this estimated information via the
Gl STDAG6s website.

Monitor and Reviews The Chulabhorn Satellite Receiving aBbn
CSRS) is one of the organization under Faculty of
ngineering, Kasetsart University, Bangkok, Thailand,
under the collaboration between Chinese and Thai
The Actual Status of Agricultural Supply Chain Gove_rn_ment re_garding_ Small Multi Mission Satellite
in Thailand Receiving Station project. The CSRS hasvjuted
academic services relating with satellite image
Since there have been no relevant studies witerpretation in the area of agriculture, natural
asessments in robustness in supply chain @ésource observation, natural disaster warning. They
agricultural sectors in Thailand, the further study fofave utilized satellite image to estimate the cultivated
robustness test in the near future is recommendeglea of different kinds of agriculturgbroducts
For agility domain, since agility has a relationshigvhich are rice, sugar cane, rubber, pine apple, and
with information communication technology (ICT),cassava. They also studied the classification of
digital and datadriven technologies. Therefore, thisplantation ages of rice in a particular rice field.
section illustrates the study of ICT in agricultural . . . :
sectors in Thailand by classifying the study into ICT Geomfor_matlcs center (GIC) IS oné of Ieaqllng
supported in agricultural upstream supply chain arjgmote sensing _and GIS app_l|cat|on centerén t
ICT supported in agricultural midstream an egion, located in AS"”!” Institute of Technology,
downstream in Thailand. hf':u!and. GIC has provided and undertaken various
training, workshop, and research projects with
; : . academic, public and private organizations in
ICT supported in Agricultural Upstream Supply ChalnBangladesh, Cambodia, Indonesia, Laos PDR, Nepal,
Remote sensing and image satellite applicatiomhailand,Philippines, Sri Lanka and Vietnarfihey
website/ social media/ mobile application to provid@as applied the remote sensing techniques in rice
weather forecast information, agricultural dronesnapping, drought and crop monitoring
and precision farming have been used in the

upstream agricultural supply chain described in the For_ Website/ Social M?d'a/ mc_)blle appllcapon
section 2.2 above. This section describes thi® provide weather forecast information, two providers

L o ; - hich are Thailand Mebrological Department and
gg(p:):g:flstlgglg\flvt[hese technologies in Thai agricultur ing Mongkut Institute of Technology, Ladkrabang
(KMITL). The Thai Meteorological Department
For remote sensing and image satelliterovides updated information of weather forecasting,
application, three main organizations in Thailan@lydrological, agro meteorological, geographic
providing remote sensing and Geographic Informatidnformation system (GIS), climatolog datum,
System (GIS). These are Gedormatics and Space weather warning, storm tracking and earthquake
Technology Development (GISTDA), Chulabhornireports in Thai and English in their website and
Satellite ReceivingStation (CSRS) and Asian Facebook. KMITL, one of the leading universities
Institute of Technology (AIT), the detail are describeth Thailand, has forecasted several weather indications
below (Bhandhubanyong and Sirirangsi, 2020). such as surface precipitation rates, tempeeat

This step is to identify potentiatitical stresses
within a supply chain and also determine a weak
link and its threshold.

Determining Related External Threats and Their
Consequences

Resilient measures shall be developedope
with related shocks mentioned in the section 5.4.

Monitor and review the measures should b
investigated periodically.
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humidity, wind speeds with direction and watetCT supported in Agricultural Midstream and
paths for each countries in Asia and Pacific bpownstream Supply Chain
applying complicated mathematical and machine
i;eailrn;ng [n%dilsi. 'rl'heyaprovuilesis t:ealrtmiforomr?tlonpla.ﬂmﬁ gi%t Iatforméo_s ve an-e%mmer e
PP '+ acfitied for buying atd's llind a%rﬁu u aPp?o ucts
Agricultural drane has been used in Thaionline which are classified in agricultural midstream
agriculturalindustries since 2016. Its capacities arand downstream supply chain described in section
able to fly automatically by assigning boundary an@.2 above. The benefits of an online platform are to
to carry water or other liquids up to thirty six assist famers to bypass and sell their agricultural
kilograms for spraying hormones and fertilizersproducts to end consumers or end users, while the
Pictures and video recordj of agricultural end users shall buy agricultural products from
plantation can be captured by agricultural dronesetailer according to the traditional supply chain.
The most popular brand in Thai agricultural sectofSxamples of e&ommerce platform in Thailand are
is DJI, one of biggest Chinese drone brand. TheF®lkrice, Getkaet and Cropperz, Farmkaidee and
are also Thamade agricultural drones in the markeAfarmmart. Folkrice is a mobile application providing
such as Tiger drone and AerodDe Local agencies an online market of organic rice products among
in the provinces help the DJI and Timade drones farmers and customers. Getkaset and Cropperz are
to market, sell and repair agricultural drones to thenline marketplaces for different kinds of
market. agricultural products. Theicustomers are farmers
pd buyers. Farmkaidee is a mobile application for
resh agricultural products, fertilizers, hormone and
%gricultural machinery. Afarmmart offers a mobile
application service for agricultural products including
'%:!d crops, vegetabl meat, seed, seedling and
Ifferent kinds of processed foods.

This section deals with agriculturacemmerce

Precision farming, a farming management conce,
with measuring and monitoring light, humidity,
temperature, moisture content data from the fie
with responding to the field crop and farmin
according to the measured data has also used in T
agricultural markets. Several players like DTAC,
Kokomi andCM plant factory have involved in this Another kinds of agricultural platform providers
precision farming technology. DTAC, one of mobilds a platform provider collecting a large amount of
operators in Thailand, has offered the digitahgricultural products from farmers and sell their
farming services to their subscribers. The servicggoducts to hotel, restaurant and cagiiHORECA)
have engaged precision farming with moderoustomers. Examples of this groups are Freshket for
intelligent systems to aght with the environment vegetable, meat, egg, milk, fresh fruit with canned
and to be able to monitor using embedded sensdo®ds, Ifresh for vegetable, meat, eggs with different
and control factors in the plants. The relevant datand of ingredient products, and Farm Fresh for
of humidity, nutrition, and temperature from themeat products.
sensors shall be analyzed, interpreted and used as
inputs to control environmelin the plants such as |
spraying water to increase humidity and contrg
temperature. The Kokomi, a startup company iB
Thailand, is a designer and contractor of agricultur
IOT technology. Their IOT system can monito
environment and nutrition factors tobet with
controlling the irrigation system by their mobile
application. The CM Plant Factory, a startup compa
located in Bangkok, has offered premium vegetab
products such ased oak, green oak, butter head, In order to enhance resilient capacity of Thai
baby rocket, and kale for sales. The conyphas agricultural sectors, the followings are recommended
developed their own IOT system to monitoifor Thai public, academic and privaitestitutions
environment and control light, temperature, humidityelating with agricultural sectors.
and water content.

The study has founthat there are no digitally
jnkage among stakeholders within agricultural supply
hains although ICT supported in supply chain has

en deployed. To response or adapt to external
; reats immediately is far to achieve. Therefore,
Thai agricultural sectorare in fragile situation to
handle the risk of shock and discontinuity.

eoIicy Implication



The 14" Thai Society of Agricultural Engineering International Conferencel3®May 2021

The National Strategies of Resilient Supply Chain ~ The study has found no digital linkage among
Assessment in Agricultural Sectors stakeholders within agricultural supply chains

The national strategy should be studied an%lthough ICT supported in supply chain hasrbee

establishedh order to assess the current picture an@}ﬂgg;ﬁ?d'gg reﬁgf Esee;t;@d;ptbf %(t?;nnfleﬂfgts
envision the future ate of the resilient supply chain y may P '

in agricultural sectors and pave the way to achie\;léherefore, Thai agricultural sectors are in fragile

the resilience in agriculture sectors in Thailand. Situation to hanplle .W'th exter_nal threats. I_:our
suggested policy implications which are the national

strategies of resilient supply chain assessment in

agricultural sectors, human resource development,
To achieve the goal the resilient supply chain iollaboration within and cross the industries, and

agriculture sectors requires competent humaesearch development in the areas of digital and

resourcesSkills of agriculture, supply chain, digital datadriven technology and agriculture are proposed

and datedriven technologies would be crucial. Theto enhance the resilience of Thai agricultural supply

first approach to handle this situation is to upskilkhains.

young and talent agriculture graduates with intelligent

technology skills and supply chain knowledge. ThReferences
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Abstract

Natural fermentation is the conventional method in the Philippines to remove coffee mucilage. It is
the soaking in water the depulped coffee cherries fed@4ours. However, this process is time and
waterconsuming, laborious, and causing weight loss to the beans. The study aimed to design and fabricate
a smaliscale demucilagemachine for Arabica coffee and evaluate its performance to eliminate natural
fermentation. The designed and manufactured device has 918 6#8 mmx 1,113 mm dimension,
consisting of six major components: hopper, demucilaging cylinders, water supgm sgsitput chute,
power transmission system, and frame. It is a horizontal continuous demucilaging machine operated by
abrasion of the parchment coffee between the demucilaging cylinders' walls while being conveyed from the
hopper side to the output chugile. The study results showed that at 1.23m/s peripheral speed and 0
inclination, the machine has 37.87 kg/hr capacity, 79.0% efficiency, 4.87% parchment coffee damage,
96.96% product recovery, 41.54-RY electrical energy consumption, and 0.22 L/kg watssumption.
The machine's use showed reduced processing time frét hdurs to 2.64 hours, human resources from
4 to 2 operators, and water used for removing mucilage from10687L/kg to 0.22 L/kg. Lastly, the
demucilaging machine is acceptablectiffee growers and cooperatives to reduce the processing time,
human resources, and water used for removing mucilage. It is economically feasible to the local coffee
industry with a payback period of 2.49 years and a begak weight of 11,517.00 kg/yr atcustom rate
of 1.75 Php/kg.

Keywords: demucilager; coffee processing; mucilage removal; natural fermentation

Introduction causing weight loss compareddemucilager (Gure,
Coffee production is timeonsuming and gt aI.,20é4)O.I'Il')hesr? d]isadvantagesl,q, however, are ﬁsually
laborious work. After harvesting, the ripe coffee Isregarded Dy the farmesmce there are no other
cherries will undergo a series of operations to produg(]-:eans of demucilaging the beans.

ground coffee ready for brewing. These operations Several demucilager machines are available in
need different machinery for easy accomplishmenbther countries designed mostly for lagmle
however, most of the activities are manuallyprocessingput not in the Philippines. Hence, this
accomplished since available machinery are usualjudy was conceived to produce an alternative
manufactured abroad and intended for lesgale soluion for the removal of mucilage without
plantations. Many sma#icale coffee growers in the fermentation.

country are shifting from coffee production to other

types of cropsgch as bananas due to this nature ?z;bricate, and evaluate a smaltale demucilager
coffee processing (HVDCP, 2015). machine for Arabica coffee. Specifically, the study
Natural fermentation is the common practice imimed to:

the country for removing coffee mucilage. This iS.L
performed by soaking the beans and letting microbial
organisms and enzymes do theldmical degradation
and later to facilitate the removal by washing. It is
done in batches, time and water consuming and

The study's general objective was to design,

establish the design requirements of agtale
demucilager machine;
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2. design and fabricate a demucilager machine f@esign ofthe Major Components
Arabica coffee suitable for the local coffee

growing condition: The maximum weight was determined using the

volume of the clearance between the outer and inner
3. evaluate the performance of the machine in terntemucilaging cylinder computed in Equation 1:
of the capacity and efficiency of removing

mucilage: A~ DS-DFT (L) (1)
4. conduct a field demonstration of the device using/here:
the optimum settings observed to assess K§ _\glume. ni

acceptability; and,

: . _ D, - diameter of outer rope cylinder, 0.1524
5. perform a simple cost analysis of the device.

Di - diameter of inner rope cylinder, 0.127 m
Materials and Methods L -length of the cylinder, 0.762 m

Conceptualization of the Study Force

The study wasonceptualized based on the loca
coffee industry's problems resulting from the surve'
conducted among the major coffee growers an
cooperatives in the Benguet province (Atok, Le
Trinidad, Tuba, and Tublay).

The demucilager machine for Arabica coffe€ guier Demudilaging
was asigned for smalcale coffee producers. The Cvlinder
machine's designed capacity had a minimum of 1 )
kg/hr based on the lowest fresh parchment coffe
processed by the cooperatives and growers. Oth
requirements considered in the design of the devi€dgurel. Diagram of the forces acting on the cylinder
include 1) nachine capable of removing coffee
mucilage with a minimum efficiency of 72% based The computed volume of 0.00425°mwas
on the washer peeler (Ugwu and Ozioko, 2015) wittmultiplied by the bulk density of fresh parchment
similar principle of operation; 2) machine withcoffee (846 kg/r) to obtain the maximum weight
maximum mechanical damage to the beans of lest3.60 kg (Equation 2),
than 5%, based on the percdamage of demuclager T 5
machine by Dagwat and Marquez (2003). =4y (2)

Torque

Inner Demucilaging L -
Cylinder g

The machine was designed so that the depulpédere:
cherries fed from the hopper were conveyed to thg - mass, kg
demucilaging cylinder through the water suppl
system provided at the hopper. The demucilagir)Sé - volume, i
cylinder has two parts, the rotating inside cylindey, - bulk density, kg/m
and the stationary outside cylinder. The twined
polyethylene rope on the insidemucilaging cylinder
then conveys the beans through the cylinders' gaps.
During the conveyance, the polyethylene rope's
abrasive surface removes the bean's mucilage by
turning between the stationary and the rotating
demucilaging cylinders. While the parchment coffee
beans are conveyed inside the demucilaging
cylinder, the water dripping from the water supply
system lubricatesyashes, and removes the beans'
mucilage. The demucilaged coffee beans were then
collected at the output chute. The wastewater collected
in the tub placed below the demucilaging cylinders
was recirculated in the machine using a water pump.
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The computed force acting on the shaft of the Considering the selected water pump (25 W)
demucilaging cylinder caused by the parchmenmtith 1.2 m head and the power loss during
coffee weight is 35.32 N (Figure 1). The factor ofransmission due to creeping and sleeping of the belt
safety of 4 was used, obtaining the total force afp to 5% of the power generated from the motor
141.28 N. The torque applied to the shaft is 9.89 N.(Agidi, et al.,2013), theotal power requirement is

(Equatbn 4). 613.63 Watts (0.82 hp). Hence, a 746 Watts (1 hp)
F =i gm 3) electric motor was used.
T.- TR @) The torque computed applied to the device is
s 19.79 N.m, and the diameter of the shaft is 18.08
where: mm (Equation 9 and 10), considering a tolerance of
F -force N 20% (Agddi, et al., 2013). For safety in the working
' operation of the device, the selected shaft diameter
M - mass, kg is 25.4 mm.
G - acceleration due to gravity, (9.81 R)/s T R (9)
Ts - torque applied to the shaft, N.m R 1T6 T 10
D -distance of the force to the shaft, 0.07 m ¢ ( )
where:
The rotational speed of the machine used in th I |
design is 360 rpm based on preliminary tests. THe - allowable stress, Pa

angular velocity and the power needed in the shaft - torque, N.m
are 37.70 rad/s and 372.85 Watts, respectiveB di ter of the shaft
(Equations 5 and 6). - diameter ot the shait, m

2N (5) The selected shaft diameter caithstand the
60 maximum allowable twist for shaft with 0.25
Ps=Td ¥ (6) (Equation 11 and 12).
. . 4
where: ] _3d=2 (11)
S -angular velocity, rad/s
. g 2yieo (12)
N - rotational speed, rpm Jé ‘
Ts -torque applied to the shaft where:
Ps - power requirement of the shaft, Watts d -allowable stress twist,
- torque, N.m

T
The torque and power required to drive the

pulley computed were 4.98 N.m and 187.75 Watls - length of shaft, 0.762 m

(Equations 7 and 8), respectively, based on the _ polar moment of inertia, fn

254 mm diameter pley with 4 kg mass. o
G - modulus of rigidiy, Pa

Tp=Wplr, (7
Py = TpT ¥ (8)
where:

P, - power required to drive the pulley, Watts
Tp -torque required to drive the pulley, N.m
wp - weight of the pulleyN

r. - radius of the pulley, m

10
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The machine's conceptualized design is showResults and Discussio
g! Figure 2 pased on the computed d|me_nS|on of ﬂéeurvey on Local Coffee Growers and Cooperatives
ifferent major components of the machine.

A survey was conducted on four identified
cooperatives in the province of Benguet (Atok, La
Trinidad, Tuba, and Tublay) and seven individual
coffee growers. Based on the results, the minimum
capacity of the machine recommended for the
community is 15 kg/hr to process the lowest volume
of fresh parchment coffee (60% of cherries) being

produced (250 kg coffee cherries).

Processing coffee cherries (pulpidging)
requires 25 laborers. All stveyed cooperative and
individual coffee growers use natural fermentation
for up to 1248 hours (Figure 3) with 0.87.60 L/kg
water consumption. When asked if the respondents
wanted to buy a demucilager machine in the market,
three cooperatives and six dimidual growers
surveyed wanted to avail if they could afford it.

Figure 2. Demucilager machine design

Testing and Evaluation

Two factors considered in the study were th
peripheral speed of the demucilaging cylinder wit
three levels (0.92 m/s, 1.23 m/s, and 1.53 m/s) al
the machine's inclination with three levels &f 8,
and 10. Factorial in Completely Randomized -’ \
Design (QRD) was used to analyze the effect of the ™ i ,re 3 Conventional removal of mucilage
factors on the device's performance parameters.

Comparison among means was tested using Le‘l?%scription of the Device
Significant Difference (LSD) at 5% level of

significance. The fabricated demucilagirdevice's design is
a continuous type machine (Figure 4) with an
Simple Cost Analysis overall dimension of 918.2 mm 622.4 mm x

. . _ 1,113.2 mm. It has six major parts: hopper,

A simple cost analysis was conductedéermine yocilaging cylinder, water supply system, output
the financial viability of the coffee demucilagercy te frame, and power transmission system. The
machine. The financial viability indicators usedyayice removes the mucilage adhering to newly

were the BrealEven Point (BEP), Payback Periodyenined parchment coffee by abrasion between the

(PBP), and BenefiCost Ratio (B/C Ratio) of \oiating inner demucilaging cylinder and the

operating the machine. stationary outer demucilaging cylinder. The rotating
cylinder's outside surface, and the stationary
cylinder's inside wface were twined with 14 mm
polyethylene rope, thus providing abrasive property.
All parts of the device

11
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machine (75.16%) is beneficial to the machine
efficiency, considering that higher product recovery
has lower machine efficiency of removing parchment
coffee mucilage.

The parchment coffee damage caused by the
machine ad the electrical power consumption as
affected by the peripheral speed of the demucilaging
cylinder and the machine's inclination were not
significantly affected by the factors. The mechanical
damage and the power consumption of the machine
is 4.87% and1.54 Whr, respectively. Lastly, water
consumption using the recommended inclination
of 0°is 0.22 L/kg.

Comparison between the Conventional Mucilage
Removal and the Demucilager Machine

Visitation, interview, and survey to the coffee
cooperatives and growers before the study's conduct
was done to gather information on Arabica coffee's
wet processing. Another survey was done on the

that comes in contact with the product and Wat%bservers during the final test and the field

i b

Figure 4. abricated demC| agig mchine

are made of stainless materials. Other parts w monstratio  of the_: dewce._ The comparison
coaed with paint to resist corrosion. etween the conventional mucilage removal and the

demucilager machine is presented in Table 1.

Performance Evaluation of the Demucilager Machinerable 1. Comparison between use of fermentation

The machine's capacity shows that the periphegghd the mechanical demucilager
speed of the demucilagimylinder had a significant

effect at a 5% level of significance. The capacities  [TEM FZRV'\\"/E;L'N'SN DEMUCILAGER
of 33.96 kg/hr and 39.86 kg/hr at peripheral speeds :
of 0.9 m/s and 1.53 m/s, respectively, significantlyDurationof 12-24 2 64

varies. The mean capacity of 37.91 kg/hr at 1.23 my/grocessing, hr
peripheral speedon the other hand, had no| Average no. of

significant difference on either capacities of 33.96manpower 4 2
kg/hr and 39.86 kg/hr. With this, itis recommendedAVerage water
to operate the device at the peripheral speed of eith%nsumption 0.87.1.60 0.22

1.23 m/s or 1.53 m/s at any inclination. L/kg

Additionally, the machine'sefficiency is
significantly affected by the interaction of the twoSimple Cost Analysis on the Use of the Device
factorsi peripheralspeed and inclination of the
device with79.0% at 1.23 m/s peripheral speed &hd 0
inclination significantly different from all other
treatment means except to 0.92snahd O with
74.0%. With the mean efficiency analysis, it i
recommended to operate the device at the periphe
speed of 1.23 m/s and clination to optimize the
machine providing the highest efficiency.

The cost of fabrication of the device is
30, 823. 74 .exhpadity oh37.8v&kg/Hri n
based on the optimum efficiency. The calculated

reakeven point (BEP), payback period (PBP), and
%lneﬁtcost ratio (BCR) were summarized in Table 2.

rocessing parchment coffee with a custom rate of
at | east 1.75/ kg could cr
and investments can be recovered at 2.49 years.
Further, the interaction of the factors on the
product recovery of the machine is significantly
different. The highest product recovery of 77.71%
at 1.53 m/s peripheral speed ant ifclination
significantly varies to the lowest product recovery
(75.16%) at 1.23 m/s peripheral speed anfd O
inclination. The lowest product recovery of the

12
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Table 2. Summary of simple cost analysis on the use&knowledgements

of the device

This work would not be possible without the
CUSTOM RATE, /kg Department of Science and Technoledgngineering

PARAMETER Research and Development for Technology (DOST

1.75 2.00 2.25

ERDT) scholarship program and the Central State

BEP, kg/yr 11,517.0( 8,505.0( 6,742.0¢ University, College of Engineering, Department of

Payback Period, 2.49 1.57 1.14

BenefitCost
Ratio

Conclusions
In the conclusion of the study,

1.The machine capacity established for the design
was at least 15kg/hr to cater to the fresh

Agricultural and Bosystems Engineering.
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Abstract

This paper illustrates the study and recommendation of a framework to assess and build resilience
of supply chains for Thai agricultural sectors. Relevi@tatures in resilience and resilient supply chain
have been studied to define the definitions and its domains. Relevant studies in other countries of
frameworks in resilient supply chain in couple sectors including agricultural sectors had been reviewed
ICT supported in supply chains had also investigated to understand the agility of Thai agricultural sectors.
Strong collaborations from government, academic institution, research institutions and private sectors
together with human development are reca@nded to enhance the resilience of supply chains in different
agricultural sectors in the future.

Keywords: Resilience, Agricultural Supply Chain, Resilient Supply Chain, Thailan
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Abstract

The objective of this study was to assess the effects of ultrasonication combined with steam parboiling
pretreatment and salt puffing process on the physicochemical mndstructural properties of puffed
germinated brown rice (GBR). The parboiling pretreatments of GBR included steam parboiling (SS), and
ultrasound combined with steam parboiling (USS). Parboiled GBR was subsequently dried to get a moisture
content of 1014% and pretreated GBR was obtained. The pretreated GBR was subjected to hot salt puffing
at 200230°C for 1615 s and vigorously stirred to achieve puffed GBR. Results showed that moisture
content and water activity favalues of PuffedJSS were significatly lower than those of Puffe8S (p<
0.05). These results suggested that ultrasonic pretreatment induced porous structure inside the grain
resulting in increased moisture evaporation during puffing process. Salt puffing significantly reduced bulk
densiy of puffed GBR by expansion of grain structure, compared with that of pretreated GBR. Ultrasonic
pretreatment insignificantly improved the expansion and crispness value of puffed GBR. Color values (L*,
a*, and b*) of puffed GBR were significantly incredsafter puffing process. Increase in redness and
yellowness values of puffed GBR indicated the formation of brown polymers from the Millard reaction.
Microstructural image revealed that ultrasonic pretreatment altered internal structures of grain ipgncrea
voids between intercellular space.

Keywords: Puffed germinated brown rice, Ultrasonic pretreatment, Salt puffing process, Physical properties

Introduction temperatureshort time (HTST) treatment of dried
arboiled ricein sand, oil, or hot air as a heating

In recent years, consumers are more interestBg ; ; . : .
edium causing volumetric expansion of the grain,

in foods that provide a health benefit. As they a o ; s
received more information and more aware of t foviding puffed rice. (Saha and Roy, 2020; Mir et

associations between food and health. In additioﬁ" 2016). Tk pleasant crispy texture, degree of

: : eXpansion, and color of puffed rice are directly
consumers perceive that the intake of-fawvfoods ?Iated to the degreef starch gelatinization during

and lav-calories products could decrease the risk 6%rboiling pretreatmentnitial moisture content of

obesity, coronary heart diseases, and diabe . . )
(Junyusen et al. 2017). Germinated brown rice (GB fied parboiled rice, and puffing temperature and
' ' me. These @ key parameters of puffing process to

considered to a valuedded rice product, is i . . X
well-known in high nutritional bene1l‘ci)t as it hasaCh;eVe the)z)ptlmum quality (Mir et al., 2016; Pompe
gt al., 2020).

high levels of bioactive compounds such a
o-aminobutyric acid (GABA), vitamin E (tocols), Ultrasound is a novel nonthermal technology
2-oryzanol, and phenolic compounds (Moongngarrior food processing. The advantages of utilizing
and Saetung, 2010). Puffed rice, is high in resistanltrasound over conventional methods for food
starch contet, but it is a lowcalorie product of rice, processig are productivity, reduced processing
hence, it is preferred by caloenscious consumers. temperature and time, enhanced quality, and

Characteristics of puffed rice are expande%:vwonmentally friendly (Chemat et al., 2011).

. igh-intensity ultrasound, lovfrequency in the
structure and crispy texture (Saha and Roy, 2020). . )
Production of puffed rice called puffing procesgm ggeerigr Zd%lé)otgl-:fs, Iséf?izrr;moir:yfzgﬁiltlzgnfor fﬁgd
includes paboiling pretreatment followed by high y 9
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swelling and hydration, providing a great penetratioBermany) at 40°C to ¢din the moisture content

of solvent into the cellular structure, and causingetween 1014% (w.b.). The pretreated GBR was
formation of porosity inside materials (Feng andacuum packed and stored at room temperature for
Yang, 2011). Ultrasound has been used to improferther puffing process. Each experiment was
heat transfer for cookingfreezing, and drying performed in duplicate.

process in order to shorten the processing time and

) In this study, puffing process was performed
tzooiri?ance a quality of food product (Chemat et a!JSing a hot salt (NaCl) as a heating medium. Briefly,

a pretreated GBR was expanded in iron pan
However, there exists no study on the effect afontaining salt at 26@30°C for 1015 s and
ultrasound combined with steam parboilingrigorously stirred with the salt to ensure uniform
pretreatment on the physical amicrostructural heating. The saletmperature was measured with an
properties of puffed GBR. In addition, previousnfrared thermometer (Testo 83@, Testo SE &
studies of puffing methods involved the hot sandCo. KGaA, TitiseeNeustadt, Germany). The expanded
bed, oil, hot air, fluidized air, and microwave(puffed) GBR was separated from salt and subsequently
puffing (Mir et al., 2016; Pompe et al., 2020; Natltooled down on aluminum tray. It was then packed
et al., 2007; Maisont and Narkrugsa, 2088ha and and stored at roomngerature for further analysis.
Roy, 2020). The effect of hot salt puffing process on
the quality of puffed GBR is still very limited. 3. Moisture content and water activity (aw)
Therefore, the objective of this study was toneasurement
investigate the effect of ultrasonication combined
with steam parboiling pretreatment and hot sa%a
puffing process on the qualities of puffed GBR.

Moisture content of pretreated and puffed GBR
s performed using a moisture analyzer (R
OHAUS Instruments Co., Ltd., Shanghai, China).
Water activity (aw) was easured using a water
activity meter (AqualLab Pre, METER Group, Inc.,
1. Materials WA, USA). Triplicate determinations were performed

Germinated brown rice (GBR) was obtained b{/Or each sample.

dehulling of germinated Khao Dok Mali 105 paddy, .,. . .
prepared by Chatchavanthatri et al. (2020). Brieﬂﬁ' Yield, expansion, bulk density, and length/breadth
germinated paddy was peaed by following steps; Weight of GBR, pretreated and puffed GBR
(1) sanitizing surface paddy by 0.1% sodiumvas determined by vighting on an analytical
hypochlorite, (2) soaking with water at 30+2°C fobalance (MS3002TS, Mettldroledo, Inc., OH,

24 h, (3) germinating at 30£2°C for 48 h, (4) sukJSA). Volume of pretreated and puffed GBR was
drying of germinated paddy on the open air at daypeasured in a 100 mL glass graduated cylinder. The
time until moisture content reducen12-14%, and total yield, puffed vyield, expansion volume,
(5) dehulling of germinated paddy. The GBR wasxpansion ratio, and bulk density were chlted
then vacuum packed and stored at 4°C for furthasing equations 1 to 5, respectively. Four
experiment. determinations were performed for each treatment.

Materials and Methods

Length/breadth ratio was measured by using a
Vernier caliper following Mir et al. (2016). GBR,

On laboratory scale, GBR was pretreated withretreated and puffed GBR were randomly selected
two different methods. First method wasthwaiut and their leagth and breadth were measured. Each
ultrasonic treatment. A GBR (200 g) was soaked imeatment was performed in eight replications.

1 L distilled water at 30°C for 60 min. Then, the _wejght of puffed GBR (g)
soaked GBR was subjected to steam parboil &0t &l %y=i ed=——=—"— ((ﬁg)
100°C until fully gelatinization (655 min). For

ultrasonic treatment, a GBR was immersed i o weight of puffed,GBR (g9)
distilled waer, and directly placed in an uItrasonicIS utfedsyl weight of pretr £22t ed GBI
bath (35 kHz, DT514BH, Bandelin, Germany). The _ volume of puffe GBR (m
ultrasonic treatment was carried out at 30°C fd&te X pansi o= m—g—rr]l%u—ﬁe?et r@)dt ed B
5 min. The treated GBR was subsequently soaked

for 555 min, and steam parboiled to achieve
complete gelatinization. The gelatinized GBR wa
subsequently dried using an oven (Universal Oven

+ Co. . weight of puyuffaead GBR (
UF 110, Memmert GmbH + Co. KG, SchwabachB y| k den s i %g_ﬁ%fﬁﬁﬁm@j

16

2. Preparation of pretreated and puffed GBR

EX anSiZO“\/OI"u'r‘nq" puffed()GBR ( mL
p vol ume of pretreatied GBR

.0 f
O
J




The 14" Thai Society of Agricultural Engineering International Conferencel3®May 2021

5. Color values 8. Statistical analysis

Color values of pretreated and puffed GBR were In this study, results were expressed as means +
measured by colorimeter (MiniScan EZ 4500Lstandard deviations. Osveay analysis of variance
HunterLab, Hunter Associates Laboratory, Inc(ANOVA) was used to statistically assess the effect
VA, USA) based on the CIE L*a*b* system of different pretreatment methods on phgsiand
(lightness, redness, and yellowness). The a@xget microstructural properties of puffed GBR. Tukey

was performed in six replications. HSD multiple comparison was used to compare
means, given 5% significance level (p < 0.05). The
6. Texture analysis statistical analysis was carried out using Minitab®

Hardness and crispness of puffed GBR wer]e7 (Minitab Inc., USA).
evaluated by using a Texture Analyzer (TA.XTPlus
Texture Technologies Corp. and Stable Mic
Systems, Ltd., Hamilton, MA, USA) equipped withl. Yield and chemical properties of puffed GBR
a 25 mmdiameter aluminum cylindrical probe and
a 50 kgcapacity compression load cell. Puffed GB%B

(23,9, e paced I an dumum can Wil o s and Putcais et evicr
g » Tesp 5.2486.07% and 81.383.35%, respectively.

ST_?](; ?:Emlyréigi%id flvee'ilé?seso?efggstm?:;ur:rrlréeqlhese results indicated thatethotal yield and
osttest spee q wer:&":l[rnz and 10pmjmre’s ect,ivel puffed yield did not affect by the pretreatment
P P ' 8Sp Y- methods. Moisture content and water activity (aw)

) : o ;
The compression distance was 40% _strain. Tr};\?e important parameters indicating product

analyses were done in six replications. The hardness, ... :
. ) : stability during storage.
and crispness values were determined using Texturée

%Qesults and Discussion

Yield and chemical compositions of puffed
R are shown in Table 1. Total yield and puffed

Exponent Software (version 7.0.6.0, Texture In this study, moisture content of pretreated
Technologies Corp. and Stable Micro Systems, Ltd3BR before subjectingot puffing process were
Hamilton, MA, USA). between 12.583.53% (w.b.). The results showed

that hot salt puffing process significantly reduced
7. Microstructural analysis moisture content of puffed GBR (0:2947%) (p<

The microstructures of pretreated and puffe :05). Puffed GBR had aw levels between 0.22

) ; : ..~ 0.32, representing lowmoisture foodsgw < 0.60)
GBR were mves;[]lgated using Syn(ChrOIron)radr'\at'r?&yamaladevi et al., 2016). In addition, its value
X-ray tomographic microscopy (SRXTM) which. . S L '
orovided a 3Bmage. SRXTM was carried out a,[mdlcates prevention of microbial growth and shelf

) . . stable product. The moisture content results showed
beamline 1.2W, Synchrotron Light Research Institu imilar trend as the aw. Levels of moisture content

(SLRI), Thailand. Xray projections of sample were d aw of PuffedJSS were significantijower than

collected for a complete dataset at 180 degrees Wﬂﬁ)ge of PuffedS (p<0.05). It was probably because

gkgf:cr;gu'a& 'rclﬁrring?xg] %gsra;?emgtlgzﬁitrg—min ultrasonic pretreatment induced porous
, POY y structure inside the grain resulting in increased

3 5 0 -tracknaluminum foil, with a mean energy Ofmoisture evaporation during puffing process (Feng

about 11.5 keV. The Xay projections were - ; .
. ) ) d Yang, 2011). Insignificant different irals
collected on a SCMOS camera with a pixel size &gntent of puffed GBR were observed and the

iln : tr?re4e ;mﬂhsiogshpgggﬂsagfrﬁr?ﬁft alfles were between 0.2227% (88108 mg
sodium in 100 g puffed GBR). Thai adults are

projection algorithm using Octopus ReconStrUCtioPecommended to consume less than 2,400 mg of salt

software (Inside Matters BVBA, Belgium). Aftera day. In short, moisture content and aw values of

that, reconstructed images were visualized usi
Dristhri software developed by Ajay Limayeﬁﬁi%?f&vvoe&?gmamly affected by pretreatment

(Australian National Wiversity, Canberra, ACT,
Australia).
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Table 1 Yield and chemical properties of puffed GBR.

. . Moisture content Salt content
0/4)2 0 2
Treatment  Total yield (%)*> Puffed yield (%} (%, w.b)? aw (%, d.b.}
PuffedSS 85.24+1.23 83.35+2.11 2.47+0.42 0.32+0.06 0.22+0.06
PuffedUSS 86.07+0.77 81.35+0.72 0.90+0.17 0.22+0.02  0.27+0.05

1SS and USS denote steam parboiling pretreatment and ultrasonic combined with steam parboiling pretreatment, respectively.

2The values present the mean of triplicate + standard deviations. Different letters in each column represent statigficafly sig
differences between treatments at .05.

2. Physical properties of puffed GBR volume, and expansion ratio of puffed KDML105

" GBR were 0.21 g mt, 6.66 mL ¢ and 3.48,
pretreated and puifed GBR, were varied betwed SPECIVely. Sana and Roy (2020) reported that the
0.41:0.72 g mL. Bulk densities of raw GBR and £XPansion ratio of puffed rice could gfrom 4 to
pretreated GBR were significantly higher than thos 10. The _dlscrepancy suggested tha_t the pretreatment
of puffed GBR (p< 0.05). These results indicatecand puffing process affect the physical properties of

that steam parboiling process causes the stapuffeOI GBR.

gelatinization and subsequently hardening tt  The length/breadth ratios gpretreated and
gelatinized starch by hot air oven drying, resultinpuffed GBR 8.123.35 were insignificantly different

in rigid and compact internal structure. Meanwhil¢from that of the raw GBR3(46) (p> 0.05). The
puffing process caused an expansion of interrpuffed GBR had slightly lower in length/bread
structure. This is in accordance with previous wolratios, compared with raw and pretreated GBR. The
(Mir et al., 2016) Expansion volume and expansiotlength/breadth ratios @uffed GBR were consistent
ratio of puffed GBR were between 1:29®8 mL g° with those reported byMaisont and Narkrugsa
and 1.291.32, respectively. Ultrasonic pretreatmer (2009) In this study, it suggested thatetreatment
insignificantly improved the expansion of puffecand puffing process did not alter the size of GBR.
GBR. According to Feng and Yang (2011) These results were inconsistent with Mir et al.
ultrasound can facilitate the swelling and degra«(2016), who reported thalhe length/breadth ratios
the carbohydrate leading to reduce molecul of raw and parboiled brown rice (2-£345) were
weights of carbohyrate. As starch is the primarysignificantly higher than that of expandgalffed)
carbohydrate in rice, the higher degree of starbrown rice (1.95) due to the expansion of rice
gelatinization resulted in higher expansion of ricresulting in lower the length/breadth ratibhus,
(Saha and Roy, 2020). In current study, bufurther work is needed to optimize the pretreatment
density, expansion volume and expansion ratio we process of GBR for improving the expansion of
lower than those studied tMaisont and Narkrugsa puffed GBR by hot salt puffing process.

(2009), who reported that bulk density, expansion

Table2 Physical properties of raw GBR, and pretreated and puffed GBR.

Treatment Bzgkn?fg‘?ty Length/breadth rati® Exp?rrrﬁc;]r_ll)v? lume Expansion rati®
RB 0.72+0.02 3.46x0.15 - -
PretreateesS 0.69+0.08 3.29+0.13 - -
PretreatedUSS 0.68+0.02 3.35+0.32 - -
PuffedSS 0.41+0.0% 3.26+0.30 1.90+0.20 1.29+0.12
PuffedUSS 0.44+0.04 3.12+0.36 1.98+0.06 1.32+0.07

1RB, SS, and USS denote raw GBR, steam parboiling pretreatment, and ultrasonic combined with steam parboiling pretreatment,
respectively.

2 The values present the mean of quadruplicate + standard deviations. Different letters in each column repistisatiy stat
significant differences between treatments &t(05.
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3. Color value of GBR, pretreated and puffed GBF Table 3 Hardness and crispness values of puffed GBR.

Figure 1 shown the*, a*, and b* values of raw Treatment Hardness (g) Crispness
GBR (RB), pretreated and puffed GBR.pretreated ~p ¢tadss 781.14+60.10 89.17+2.40
GBR, lightness (L*) values were significantly lower o B

PuffedUSS 747.64+63.61 89.83+£3.87

than those of raw and puffed GBR (p<0.05). Thes
results indicated that ptWO retrea(trr)n ent r)neth01l SS and USS denote steam parboiling pretreatment and ultrasonic
reduced the lightness of Sampple corresponditigeto combined with steam parboiling pretreatment, respectively.
occurrence of Maillard reaction duringteam 2 The values present the mean of six replications + standard
parboiling Gaha and Roy, 2020lir et al. (2016) deviations. Different letters in each column represent statistically

. 0 significant differences between treatments &t(@O05.
reported that increase in lightness level of puffe

rice was due to the expansion and formation 5 \icrostructuralcharacteristic of pretreated and
porous structure during puffing. The values Cpuffed GBR

redness (a*) and yellowness (b*) of puffed GBI

significantly increased when compared with rav ~ The SRXTM images of pretreated and puffed
and pretreated GBR (p 0.05).In contrastMir et GBR are given in Figure 2. Pretreat88 showed

al. (2016) found that a* and b* of puffed ricethe compact structure (longitudinal and cross sections).
increased, compared with raw and parboiled ric This is consistent with previous works (Saha and
Saha and Roy (2020) also reported that the redn R0y, 2020;Mir et al., 2016), who reported that
and yellownessnicreased in the parboiled rice Parboilingcauses the starch gelatinization subsequently
compared with noarboiled rice. The present filling up the natural fissures inside the grain
contradictory finding may be attributed to difference€ndosperm, resulting in more rigid and strength of
in pretreatment (parbo”mg) and puffmg procesgrain In addtion, this rlgld structure will be become
(i.e., heating medium, puffing temperature anto @ voided structure of puffed rice during puffing
time). The high temperaterwith uniform heating of Process (Saha and Roy, 2020). However, Pretreated
salt puffing process might be contributed to increa:USS was considerably more porous than Pretreated
in redness and ye||owness of puffed GBirshort, SS. This could be attributed to ultrasound inducing
The color valuegL*, a*, and b*) of puffed GBR structural disruption subsequently the formation of
were significantly increased after puffing proces:Voids inside the grain, contributing to improve the
however, Bmin ultrasonigretreatment did not alter moisture evaporation.

the color values of pretreated and puffed GBR. As shown in Figure 2 (Puffe8S and Puffed
USS), puffing processhad a great effect on
4. Texture property of puffed GBR microstructure of puffed GBR PuffedSS and

Texture properties of puffed GBR includingPuffedUSS had large pores in the core of grain,
hardness and crispness are presented in Table 3. While the nonporous regions near the surface were
hardness is a measurement of the maximum forobservel. This is in accordance witfrevious work
during the compression, and the crispness relates(Pompe et al., 2020). According to Saha and Roy
summation oftotal peak forces throughout the(2020), who reported that the degree of gelatinization
compression. The hardness of Puft¢flS was during parboiling had an impact on final puffed rice
slightly lower than that of Puffe8S (p> 0.05). quality. Increasing the degree of gelatinization
Similarly, insignificant difference in crispness wa:causeshe surface more compact and thus easier to
observed between Puff&S and PuffedPS. puff (Pompe et al., 2020). Thus, fully gelatinziation
These results indicated thatrBin ultrasonic treatment Of starch by parboiling pretreatment is an important
did not improve the texture properties of puffefactor for producing optimal exansion of puffed
GBR. In this study, the trends of hardness arGBR.
crispness of puffed GBR were generally similar to
those of expansion volume and expansion ratio
(Table 2).
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SS
Treatment

55
Treatment

RB S8
Treatment

Uss

USs

® Pretreated GBR
= Puffed GBR

m Pretreated GBR
= Puffed GBR

m Pretreated GBR
= Puffed GBR

Pretreated-S5

Pores and Air Longitudinal ~ Cross section

Figure 2 SRXTMimages of pretreated and puf@d

Figure 1 CIE L*, a* b* color coordinates of GBR, where purple color indicates air presented
sampes. RB, SS, and USS denote raw GBR, steaiside grains.

parboiling pretreatment, and ultrasonic combined

with steam parboiling pretreatment, respectivelyconclusions

The values present the mean of six replications + _ -
standard deviations. Different letters in each column This study focused on the effects of parboiling
representstatistically significant differences betweerPréetreatment and salt puffing process on the quality

treatments at g 0.05.

of puffed GBR. Results indicated that moisture
contentand aw values of puffed GBR were significantly
affected by pretreatment methods. Ultrasound induced
structural disruption subsequentlye formation of
voids inside the grain, contributing to improve the
moisture evaporation. Salt puffing process significantly
increased an expansion of internal structure. However,
5-min ultrasonicpretreatment did niomprove the
volumetric expansioof puffed GBR. The trends of
hardness and crispness of puffed GBR were related
to those of expansion volume and expansion ratio.
Salt puffing process had a great effect on microstructure
of puffed GBR. SRXTM images reved that
pretreatedJSS was considerably more porous than
PretreateeSS due to ultrasound inducing structural
disruption subsequently the formation of voids
inside the grain. Puffe8S and PuffeddSS had
large pores in the core of grain, while the nonpsrou
regions close to the surface were observed. As the
degree of gelatinization within rice is essential for
crispy texture of puffed rice, thus further work is
needed to optimize the pretreatment process of GBR
for improving the expansion volume and crisgme

of puffed GBR by using hot salt puffing process.
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Abstract

The objective of this research is to design a mited grain dryer foragricultural purposeat the
community level The study focuses on heatad transfer within the dryechamber to design a drying
system for heating the grains evenhhe prototype dryer chambeneasures 40, 50, and 120 cm in width,
length, and heightespectively The dryer has a maximum rice grain capacity of 120 kg and is capable of
continuous dryingThe 1 hp blower and 6 kW electric heater are used to produce hot air for. dxyihg

inlet side, hot air flow entrant is designed to include heattduo distribute hot air into the chamb@&he
hot air ducts and moist air ducts are placed in separate layers within the chamber and moist air is transferred

to the exiting endEach duct has an equilateral triangular shape with 6 cm on eachrbigliangle is

placed in an upsiddown V shape with the bottom part uncoverétere are 10 layers, each & apart
The thermocouples are installed horizontally inside the chaattibe top, middle, and bottom to monitor

the changes in the temperaturdhd rice grains throughout the chambEne hot air distribution inside the
drying chamber is responsible for the changes in temperature according to the quadratic polynomial

equation at the coefficients of determinatid®’ ¥8.84, 7557, and 7118% for the top, middle, and
bottom parts, respectivelyThe middle and bottom parts of the chamber exhibit the most consistent
temperature, anthe top the most inconsistent, especially at the-&ided edge of the inlet, since this is
located in the topmost aredhe appropriate hot air velocitfpr the prototype dryer is 5 m per second,
which is similar to the large 3@0 m® mixed-flow dryer; therefore, this prototype could be adapted and
applied at the community enterprise level in the future

Keywords Mixed-flow dryer, Dryer design, Hot air distribution
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Abstract

Coco peat is another profitable material that can be derived from coconut husk other than coconut
husk. It is an excellent growing medium for various plants for it can hold w&dmdes of its volume.
Only, its fluffy and very low density nature makéesgmpractical to handle, store and transport. To address,
coco peat brick making machine to densify the material was developed. Additionally, it can be a business
opportunity to coconut farmers for it increases the market value of the prétaghachinevas evaluated
in terms of capacity, brick quality and energy requirement as affected by different level of compression
pressure (10Ma, 15Mpa and 20Npa). The highest capacity of the machine was observed at lowest
compressive pressure of 1P at 59bricks mpduction per hour. As compression pressure increases, the
capacity decreases, i.e. lesser production usingpdsddmpression pressure (56 bricks/hr and 251
bricks/hr). In terms of quality, evaluated by its durability to withstasmd drop, only bri& produced at
20Mpa were qualified high quality at 96.57% retention. Lower compressionspd a8kt 10Npa) produce
brick of lower material retention with values of 85.72% and 76.50%, respectively. Hence, for high quality
production, 20Npa is recommended, ladr is for higher production, 10d4 would suffice. The machine
was found economical at Php145,000 purchase price. The potential added income could reach Php735,547
annually. To breakeven the cost, the machine should produce 4,320bricks/yr. The paybackfpbg
machine requires 0.18 years at 46 working days at the given production capacity.

Keywords: Bricking Capacity, Brick Quality, Coco Peat, Energy Consumption

Introduction Earnings from the coconut industry ranked higher
compared to other agricultural commodities. The major
?conut industry wastes include coconut shell, coconut
E%sks and coconut coir dust. Approximately 500 million
coconut trees in the Philippines produce tremendous
amounts with biomass as 4.1 million tons of husk,
1.8 million tons of shell, and 4.5 million tons of leaf
@nnually [3]. This is sourced out from tB& million
hectares of coconut lands in the country. In 2011,
Philippines export reach low at 5,000 metric tons
(MT) of coco peat as compared to India and Sri
Lanka with 400,000 MT and 82,000 MT. If only 30
percent of coconut husks can be collected amzkgsed
from total coconut production, about 562,000 MT of
coco peat can be produced and the country will be

mulch and supplies some nutrients in the so . ;
macronutrients (N, P, K, Ca, M, Na) and able to exceed India and could be the largest supplier
"o s ' ’ of the commaoadity internationally [4].

micronutrients (Zn, B, Fe, Mn, Cu) necessary fo
plant growth [2]. In coconut fiber extraction, coco peat accumulates
in. coconut husk decorticating centers forming hillock.
gcause it degrades very slowly, it remains in the soil
or a very long period of time. During rains, the salts
rom the hillocks of coco peat lead to environmental
pollution for both land and groundater pollution
in the areas close to the processing centers.

Coco peat, coir dust or fiber dust is afnpduct
in coconut husk decorticating process. It consists
short spongy fibers and dusts that can retain abs
and hold large volume of water of abou® &imes
its weight which could help minimize the croptema
deficit during El Nino period [1]lt is useful in
enhancing the water reserves and eliminating t
harmful chemicals found in seedling and other ecologic
activities. Low susceptibility to biodegradation anc
high porosity attribute of coco peat neskit highly
suitable in a potting medium for nursery seed nut
seedlings, hydroponics, horticulture and agricultlire.
also creates favorable soil structure when applied

The Philippines has the largest number of coco
trees in the world and the second top producer in t
world. In terms of exports, the country is the to
exporter of coconut pducts worldwide making it
its top dollar earner amoragher agricultural exports.
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Conversion of coconut waste into high valugvire mesh in reference to the fine standard grade
products, pecifically, the coco peatan be translated (Grade B) [7]. Then, it was driedbwn to 16° 18%
into additional income of farmer¥et, despite of its moisture content as recommengiédas the optimum
huge economic potential, coconut husk decorticatimgoisture of tle coco peat prior to compaction.
;ﬁgtegfo:jnugig\r/:ngfe;;éﬂggz dn?:toréroag[;caet rt))rgccaeusss‘lang é The materials that were used in fabrication of
lack of proper technologies to manufacturgiade tf r_na_chl_ne were s_ourced out chally. Because of
coco peat [5]. Affordable machines that can lmlusthe_llmltatlon of available hydraullc par;s, the onI_y

: option was to buy the available electric hydraulic

by smallscale cocor_1ut farmers f_or cqmpactln% stem with 3&on capacity. Preliminary tests were
processed coco peat is still not available in the loc re which determined the functionality of the

market.Large scale machines for compacting coc . :
peat with 0.65 to 1ton hour working capacity ha%achme and the necessary adjustments needed to

i tain the set criteria of the machine. The operations
pricé ranges from Php850, 000 to Phpl, 500, 0 the machine during thgreliminary and final tests
which is unaffordable for local coconut farmers or

coconut husk processing centeloreover,because were done by 2 persor@ne for loading of coco peat

: {n the hopper and collection of bricks and the other
of the low density and fluffy nature of the coco pea{ s for loading of coco peat into the molding box,

) . . W,
I occupies considerable - space  that mal_<es 0 ening and closing the molding box and operating
uneconomical to transport. Hence, compaction

o . 7 . he control lever the hydraulic press. The performance
densification can be a practical solution in handlln%f the machine was assessed based on capacity
coco peat. '

brick quality and energy requirement as affected by
The general objective of the study was to develmmmpaction pressure.

a smalli scale coco peat brick making machine.

It specifically aimed to: Materials and Methods

1. design a hydraulic powered coco peat brick. Conceptualization of the study

making machine for small scalegaiuction; The development of coco peat brick making

2. fabricate the machine using local manufacturingiachine was conceptualized aiming to give value
technology; addition to the waste afoconut industry. Coconut
nqéjsk is still widely considered as waste with
Inimal or no economic value to the farmers. Aside
flom coconut fiber extraction, coco peat is another
potential product that can be derived from coconut

4. analyze the cost of using the machine. husk. However, coconut decadiing centers in the
untry do not process coco peat into high value
ality products, instead, they sold it as raw coco

3. evaluate the performance of the machine in ter
of capacity, coco peat brick quality and energ
requirement as affected by compaction pressu

The developed coco brick making machine whef?
intervened in the traditional coconut waste processiﬂ tin the local Ket. Aft ditioning th
industry could be beneficial to coconut farmers a at in the local marke. After préconditioning the

coconut decorticating center owners in many aspe&g.c? %eatt,_ I 'ﬁ prgl(_:tlcazll to mctretgse thg dtensny for
Converting coco peat into compressed high dyznsﬁos elfective handlingransportation and storage.

coco peat is more practical and economical because Coco peat is an excellent growing medium for
it can make the product last®2lyears longer than a various plants and a good replacement for sphagnum
traditional peat based grow bag [6]. The coco peatggat moss, rock wool and saw duRtocessing the
also easier to handle, to transport and to store wh&sto peat into bricks would increase its market
processed than the low density, loosenfotoco value giving business opportunitynéh additional
peat. Moreover, compacted coco peat could be satdtome to coconut farmers. Thus, coco peat brick
at a higher value, thus, selling of coco peat in brigkaking machine that could be used by coconut
form could be more competent and give additionfrmers to compressed the preconditioned coco peat
income to farmers than the other way of packagingias developed and evaluated.

The study focused on the development, &tbion Figure 1 shows the conceptual framework of the
and evaluation of the fabricated coco peat bricktudy, to primarily ddress the objectives. Design
making machine. The machine was designed thencept was formed from reviewing the benchmark
produce brick with a dimension of 20nx 10 cm information gathered and the existing machines as
and evaluated using 3 different compression pressuference in the design process and calculations.
(10 MPa, 15 MPa and 20 MPa). The coco peat usbdafting of the design, bill of materials and force
in all the tests done has the same physicahlculations were done ug Solidworks software.
characteristics. The coco peat was sieved with Smifhe approved design was then presented to the
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licensed manufacturer for fabrication and was teste
for functionality and fomecessary adjustments. The
machine was subjectdad final test and evaluation
when there were nobserveddnctionality problems.
And, the observedperating performance of the
machine was used in the calculation of costs of u
and viability.

Legend:
INPUT PROCESS QUTPUT OUTCOME a— Hopper Assembly
b —Molding box
1. Design Coneept, | | 1. Design and 1. Detailed 2D ¢ — Hydraulic system
Design Draw and 3D d - Frame
Considerations Design Plan e —Mold Cover
and Design of the f-Lock _
Calculations Machine g — Molding block

2. Design Plan of

[

. Fabrication 2. Coco peat

the Machine, brick Figure 2 Peat Brick Making Machin
the Mact e gure 2.Coco Peat Brick Making Machine
matufacturer, S| machine
Materials } N }\
3. Coco peat brick A 3 Preliminary /4 3. Machine /| Coco Peat
making machine, Testing, operating Brick_Mak_ing
Coco peat, Test Adjustments, performance Machine Hopper
Instruments and Final Testing assembly
Equipment and
Performance Lock and
Evaluation Mold Cover
Assembly
4. Machine 4. Cost Analysis 4. Cost and
operating . ational Hydraulic
perf ce. cpenses system and
Cost data Frame Bt
Assembly Molding block

assembly

Figure 1.Conceptual Framework

A

igure 3Fabricated Coco Peat Brick Making Machine

2. Design and fabrication of the coco peat brickF

making machine 3.1 Hopper Assembly

The specification and sizes of the materials used

for each component were based on the results of We The hopp.er design was a truncated pyramid. It
. . , .__has two parts: the upper part and the lower part and
calculations and in reference of the available size i

the local market. The approved design of the machiEjgthfunctioned basi(_:ally as temporarily holding for
was then fabricated using local manufacturin € coco peat material (Figure 4).

technology. The upper part was the topmost component of the
machine where the coco peat was loaded prior to
3. Design of Major Components bricking. It was connected to the frame of the

machine by bolts and nuts arftht bar which

The specification and sizes of the materials use owed adiustment of the hobper in times of repair
for each component were based on the results of the J PP P

calculations and in reference of the available size # cleaning.
the local market. The lower hopper was positioned just below the

The coco peat brick making machine shown Hpper hopper. It functioned as delivering container

Figure 2 was composed of seven comemts: the of coco peat to the molding box by the action of

hopper assembly, molding box, hydraulic syste drawing. It was constructedising metal plate
X ’ Famed with flat bar and equipped with tubular steel

frame, mold cover, lock and molding block. Th ar welded horizontally that served as handle. The

sizes and material of the machine were based on ) ;
. e andle bar was covered with rubber for good grip
calculations done and were verified by stress

. . . --and comfort of the operator. Through sliding of the
analysis which was presented after every descrlptl?onwer hopper. definite volume afoco peat was
of each component. pper, P

transferred to the molding box
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Legend:

a- Upper hopper
b- Lower Hopper

Figure 4.Hopper Assembly

3.2 Molding Box

The molding box is where the loose coco peat
formed into bricks and its inside dimension
determined the size of the brick produced. It was
constructed by welding four metal plates forming 3.5 Mold Cover
rectangular tube where in the molding block moved The mold cover blocks the compression force
up and down duringompaction and retraction. coming from the bottom. It was bolted to the frame
using stainless steel shaft. At the top of theld

The dimension of the molding block on [7] in Lo : .
which the standard size of a coco peat brickoVver was a steel pipe installed with ball bearings

is10cmx20cmx5¢cm with a compaction ratio of G:ihat holds the steel shaft (Figure 7).
to 7:1. The compaction ratio dictated the height
dimension of the molding box (Figure 5).

Figure 6.Frame

NS

Figure 7.Mold cover

3.6 Lock

The lock was constructed using metal plate, cut
and mounted vertically with its lower part bolted to
the base of the fram&sing stainless steel shaft. The
dent cut of the lock was where the shafting of the
cover positioned during compression as the upward
pressure transferred from the cover to the shafting

The selection of the hydraulic system implementezhd to the lock dent cut (Figure 8). The dent was
was dictated by the capacity and the required lengtbmpensated with &ctangular piece of metal plate
of stroke to effect at least 25cm displacement tf same size welded at both sides. Unlocking is
ensure an equivalent of at least 7:1 compaction rataccomplished by pulling the lock for the shafting to

The selection of cylinder capacity was determindd I al_on93|de the dike bended square bar. And the
by using Pascal 6s pAfter nnc}ofdr'ﬁa %OX ﬁ/quld éb‘? H“Foé!ereB A% tges %p?ﬁe :
determining the size of the cylinder, the volumetriccacne the other end.
capacity and power output of the motor pump was
computed using the equations

Figure 5.Molding box

3.3 Electric Hydraulic System

3.4Frame Assembly

The frame is the component of the machine that
holds all the components together (Figure 6). It is
made of angular bars welded and connected to build
the designed structure.
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Figure 10.Drying curve of coco peat

Fiqure 8.Lock The moaisture content of 16948% was found
g ' to be attained in about 40 to 60 minutes of drying in
3.7 Molding Block full sunlight. The characteristic observed were; the

color is brown not reddish brown nor light brown
The molding block was a rectangular solid padnlike when in higher or lower moisture, it could be

that moved upward together with the piston rod ti@rmed into balls that easily disintegrates, fibers
transfer the compression force to the coco pegtows slowly, and both small and fine particles do
(Figure 9). It was connected to the piston rod byrot stick to the hand and particles feels brittle and
bolt and located at thieottom of the molding box light (Figure 11). The characteristics of other samples
with 5mm thickness portion of it slightly introducedat different moisture content were posted mp@ndix

in the interface. It was constructed using ASTM A3%able 1 and images of samples were shown in
metal plate and AISI 1010 shaft of 25mm@. Appendix Figure 1.

, & A TS
Figure 9.Molding block Figure 11 Feel and touch method of coco peat
4. Test Materials 5. Principle of Operation
4.1 Moisture Contenbetermination The operation of the machine begun as the

electric motor started. The coco peat was manually

Due to the unavailability of moisture contenfpaded intothe hopper and transferred into the
meter calibrated for coco peat, feel and touch methggbiding box through the lower sliding hopper.
and oven drying method was done to determine thg¢nhen the molding box was fully filled with coco
moisture content of the test material from dryingeat, it was sealed and locked with the lock and
process in the field. Ample amount of cqueat was mold cover. The piston rod was then extended using
dried at 5¢cm thickness in full Sunlight for about 2 control lever to Compresthe Ccoco peat. The
hours and mixing was done every 10 minutes whilgessure was monitored through a pressure gage
samples were taken. The characteristics of eagfiached to the system. When the pressure reached
sample were established by feel and touch meth@Be desired level, the extension of the piston was
Then, samples were brought to the laboratory fited and retraction begun. The cover was lifted
determine its moisture content using oven dryingfterward by pulling the lock. The co peat brick
method. was then pushed out of the molding chamber by

Figure 10 shows the generated graph that disp@)gother upward extension of t_he pis_ton. The process
the rate of moisture reduction per minute. The tref¥2S repeated for the succeeding bricks.
line model of the drying curve shows exponential
decay equation y = 72.514%"with R2 =0.9632.
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6. Performance Test and Evaluation 6.3 Brick Quality

The coco peat used in the evaluation was a fine It was related to the durability of the brick.
standard grade [6]. The material was at least ddurability is the ratio of mass of coco peat before
months old, washed as required to decrease its shlbp test and mass of coco peat after drop test. Drop
content, sieved (5mm mesh) and dried down test of the brick was accomplished by dropping the
desired moisture content of 16948%. brick at a height of 1 meter falling to a concrete
pavement. According to Latvian Standards [8]

The treatment factarsed in the evaluation were mpacted biom ith durability of 95% i
three different compression pressures (1OMP? pacted biomass with duraoiiity 0 1S
égh quality while ,<90% is low quality

15MPa and 20Mpa) on three replications each. T
performance of the coco peat brick making machine DU % = (Ma/Mb)x 100 3
was evaluated in terms of its bricking capacityWhere,
energy consumption, and brick gital '
DU%
6.1 Bricking Capacity Mb

mechanical durability, %

mass of brick before test, g

It is the number of bricks produced per unit '[imf;/I
and was determined by monitoring the time elapseda
from the loading of the coco peat into the hopper The gathered data were analyzed statistically
until certain number of bricks was produced or thesing Analysis of Variance (ANOVA) in Complete

number of bricks produced & fixed period of time. Randomized Design (CRD) and Least Significant

mass of brick aftethe test, g

It was computed using Equation 1. Design (LSD) was used for the comparison of
BC = Nb/ t (1) treatments means [9].

where: Results and Discussion

BC = bricking capacity (bricks/hr) 1. Description of the machine.

Nb = number of bricks The developed coco peat brick making machine

is a machine for compaction of loose form of coco
peat. It works in a batetype operation where in one
full loading of material in the molding box would
produce a single brick. Thmachine was composed
The energy consumption is the reading on thef four major components: hopper assembly, frame
clamp metemultiplied to the voltage supply of theand molding box assembly, lock and cover assembly
singlephase connection and then was multiplied tand the electric hydraulic system and molding block
time of operation and determined by the followingssembly The machine was designed for 2 men
equation. operation, one for the loading of cocegy and
_ getting and piling of the coco peat brick and the
E = (AxV)xt 2) other for operating the control lever. The total
where: weight of the machine was approximately 150kgs.
The dimensions of the machine; overall height,
weight and length are 1.70m, 0.6 and 0.6m
= ampere reading, (Amp) respectively

A
V = voltage connectionV)
T

T =time of operation(hr)

6.2 Energy Consumption

E = energy consumption, k\yr

2. Performance of the machine
= operating time, (hr)

2.1Bricking capacity
The capacity of the machine is the ratio of total
number of bricks produced by the machine per unit

time. Table below presents the bricking capacity at
various compression pressure treatments.
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Tablel Bricking capacity on various compression pressure, bricks/hr

REPLICATION
MPa 1 2 3 Mean
10 59 59 59 59 a
15 56 57 56 56 b
20 53 51 50 51c

*Means of different letter are significantly different at 98%nfidence interval

Resulting bricking capacities were highly 2.2 Brick Quality
significantly affected by the compression pressure
as shown by the analysis of variance in Appendia<ur
table 2 at 95% confidence interval. Pairwis%u
comparison of means showed that bricking capacitigcs)
would have significant difference for every difference
in compaction pEssure. The quality of brick was based on to Latvian
tandards, high quality compacted biomass should

Setting the compression pressure at ZOM'?aet ain_ at l east d95% of

require some time to reach adding up to the tIrtherwise it is classified as low quality (<90%). In
I

Quality of the bricks were scaled in terms of
ability. Durability was determined based on
ropean standards [8] formula for durability of
mpacted biomass.

[s?g\:\::?cg) ]:crim ;?ﬁibgg;' Trr;(sasi(:giﬂglgigisﬁgn able 2 shows result of the test done on the quality
: pacity 9 P i d V' bricks produced using different compression
higher capacity at lower compression pressure. pressure

Table2 Brick Quality on various compression pressure, %

REPLICATION
MPa 1 2 3 Mean
10 74.35 76.69 78.46 76.50 c
15 86.77 86.31 84.09 85.72 b
20 96.21 9654 96.95 96.57 a

*Means of the different letter are significantly different at 96étfidence interval

Analysis of variances in Appendix table 3, showed 2.4 Cost Analysis
that the compression pressure has a significant effect The coco peabrick making machine costs

on the durability of bricks at 5%onfidence interval. Phpl45,000.00. Operating the machine incurred a

Comparison of means _showed that increase_ comMPach8ih| amount of Php232,762.92 annually. In order to
pressure would bring increase in the quality of bri reakeven the operati(;n a production of 4, 320

produced. bricks per annum is required. The payback period of
According to the study [10]higher pressure owning the machine is 0.18grs or 46 working
applied to biomass would force particles againsiays. Conceding an annual production of 91,350 bricks
each other and would undergo elastic and plastt a selling price of Php10.6/bricks. Operating the
deformation, thereby increasing interparticle contact. machine would benefit amounting to Php735,547.08
annually (Figure 12).
2.3 Energy Consumption

Cost Curve

The energy consumption is the reading on tt w| .
e 35 i
c!amp meter multtheq to the voltage supply d)lhg _ l e
singlephase connection and then was multiplie . . .. 5 \ o M
to time of operation. Table 4 presents the result  Phperck /
the calculated energy consumption of the machil : r““‘“*”—k—'
in different compression pressures. 0 W00 4000 0D 5000 10000 12000

Bricks
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Wavelengths selection based on genetic algorithm (GA) and successive projections
algorithms (SPA) combine with PLS regression for deermination the soluble solids content
in Nam-DokMai mangoes based on Near infrared spectroscopy
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Abstract

The objective bthis work was to search for an optimal wavelength selection for near infrared (NIR)
spectroscopy for quality measurement of Naokmai mangoes. In this study, NIR spectroscopy has been
applied to grading management systems for commercial mangoes éxeartinfrared spectra were
collected using a near infrared instrument incorporating a wavelength regionidf7860nm. Genetic
algorithm (GA) and successive projections algorithms (SPA) was employed for selecting the spectra
wavelengths. The selected whargyths were also usetd generate the prediction models via partial least
square (PLS) regression. The optimal pretreatment was obtained from the second derivative. The model of
full wavelengths rendered effective the best performance With.66:0.74, RMSEP of 0.7B.80JBrix
and RPD equal to 1-8.0. The SPAPLS resulted in values of, IRMSEP and RPD were 04870, 0.77
1.013Brix and 1.41.9, respectively. Meanwhile, the result of @AS performed efficiency wittffRMSEP
and RPD werd®.520.72, 0.740.961Brix and 1.51.9, respectively. The outcome, the ®AS model (50
variables) is suitable for use in the measuring soluble solids content (SSC) in mangoes. This model could
be used as screening purpose. It also was not differenticagiy when compared to the best model.
Hence, authors suggested that the prediction model BPIGRAwith 50 variables can be effectively used
for evaluating SSC in mangoes.

Keywords Mango, Wavelengths selection, Brix, PLS.
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Classification the N, P and K Concentration Levels of Durian (Durio Zibethinus Murray CV.
Mon Thong) Leaf using Near Infrared Spectroscopy
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Abstract

A good durian fruit should be supported with sufficient nutrient concentrafifammer carquickly
know a nutrient concentration in leaf, they can control fertiliziNgar infrared spectroscop@&lle) is a
rapid norrdestructive testing for estimatintp themeasuring of nutrients, they used chemical analysis and

takes time This aim of the pagr is a preliminary test for classifying the N, P and K concentration levels
To find the possibility of creating models in the future for helping farmers, to get fast information about

their durian tree nutrient requiremenfThe model reported in this per were created by PEBA had
higher accuracy than SVM and SIMCA methddhd the fresh durian leaf sampheere used The spectra
provided greater accuracy than the dried ground leaf sample spEb#eclassification models had an
accuracy 889%, 81.25% and 8636% for predicting of N, P and K, respectively

Keywords durian leaf, NIR, nitrogen, phosphorus and potassium
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Abstract

Polyethylene terephthalate or PET is the most recyglastic in the world. In the Philippines,
operations involved in PET recycling particularly in hauling PET bottles from the PET collectors and/or
consolidators to the processing plants requires more time, money, and effort due teatailability of
the right shredder machine size in a local junkshop to reduce its bulkiness. Thus, the objective of the study
was to develop a mini twishaft polyethylene terephthalate (PET) bottle shredder. It was conceptualized
considering the constraints and requireraaftthe local junkshop owners, municipal, and barangay local
government units and nagovernment organizations. The machine consisted of five major parts; namely:
the hopper, the shredding chamber, power transmission, the prime mover, and the fracensBoser
PET bottles were used as test materials during experiment in each treatment speeds; 30, 40, and 50rpm. The
experiment was laid out in completely randomized design (CRD). Performance parameters of the machine
such as shredding capacity, shreddifficiency, and energy demand as affected by shaft speed were
analyzed using analysis of variance test. Further, comparison among means was tested using least
significant difference (LSD). A 5% level of significance was used. Results showed that the highest
shredding input capacity of 34.07 kg/hr was obtained from 50rpm speed of shafts with 91.3% shredding
efficiency whereas the amount of unshredded mat
amount to 6.44% of the total inputted test materaid,energy demand of 0.132 kiwkg. Mostly, product
sizes ranges from 250mm. Cost analysis showed that the machine needs to shred a total of 6,889kg of
PET bottles to breakeven given a custom rate of Php7/kg. Initial investment cost of Php124,38& could
recovered in just 1.91 years and could give an additional net income of Php210,000/yr to the PET collectors
and/or consolidators.

Keywords PET (Polyethylene Terephthalatelastic Recycling, Plastic Shredder, Tweimaft Shredder,
Cost Analysis, MarkieFeasibility

Introduction generation, government sector promotes collection,
The Philippines is importing a total of 24’Oodetrleval, and recycling of waste like PET bottles.

metric tons per annum of PET materials in the form One operation in recycling process of bottles is
of resin, performs, sheets, and finidhgackaging size reduction whein the shredding process is
products. These were transformed into 22,592 metdpplied. Shredding has an output of smaller pieces
tons of bottles/containers for food and fond of coarse irregularly shaped plastic flakes which can
application, and packaging materials for electronihen be further processed. From the conducted
products. In 2001, the amount of industrial andposhterview on a local junkshop, manual volumetric
consumer waste generated is 5,040 metric torexduction takes too muchrte and labor. Moreover,
resulting to a 21% recovery rate of PET plastino machine has yet reached the junkshops to reduce
waste. he major players in the collection andhe volume of their plastic collections.

retrieval of PET industrial and pesbnsumer waste

: . Local junkshops that do not have the capital to
?(;gyélr;$s J[LiTkShOp’ PET consolidators and I:)Et-)ruy trucks for hauling their products to the plastic

melting factories rely only on hiringf trucks. The

To date, only half of PET waste is recycle@xpenses in hauling ranges from Php9,000.00 to
globally and the remainder was burned and/&hp16,000.00 per load on volume basis. A-ten
dumped in landfis, rivers, and oceans. To providewheeler truck could contain-2.7 tons of unpressed
solution to the continuously rising rate of wast®ET bottles depending on the loading strategy but
could have contain 6 tons when the bottles a
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pressed regardless of loading type. Pressing iaiplementing their recycling advocacy because of
bottles as well as shredding of bottles woulthe unavailability of a machine in the locality and in
increase the density of the material, thus, the volurtiee local market thacan facilitates further plastic

of material the truck can carry in one trip will alsgrocesses that they can use to develop more products
increase. Moreover, shredded PET bottles hafrem PET bottles. Thus, to address these problems
higher selling price than those bottles that did n@nd make recycling more economical and friendly,
undergo to the shredding process. Therefora,mini twinshaft PET bottles shredder was developed
reducing the size of the PET bottles beforasing locally avéable materials and machine
transporting to the processing center reduces expertsehinology that is essential for recycling.

and processing time, and increase profit to a local

. ) Figure 1 shows the conceptual framework of the
junkshop evner at the same time.

study, following the inpuprocessoutcome method.
Junkshops could avail a plastic shreddinfj was primarily based on the general objective of
machine for free offered by a plastic melting factorthe study which was to develop dnintwin-shaft
provided that the quota of volume of plastic to bpolyethylene terephthalate (PET) bottle shredder.
delivered within a period of time would be satisfied.
However, for a local junkshop awer, the terms set

INPUT PROCESS OuUTPUT OUTCOME

. crpe . 1. Literatures, IP 1. Design 1.2D and 3D Mini Twin-Shaft
by the melting factory was difficult to attain due to jssh dsien | jeonceptualizaton. | |Desienplan of he || polyechyiene
. . . . . considerations. design analysis. ini twin-shaft Teref alate
limited time and capital and for thiS reason NSk | [desion caculations | |PET botile shredder | | 1or ot
junkshop on the locality had yet accepted the - Shredding
challenging offer. b | achine using loal | |PET boteshredder || St of
. . : sing a Doltle shredder ,;40_’“‘%"“
. . licensed manufacturing
The general objective of the study was to develo, manufycturer, | |technology L <L - Shredding
- . locally available ™, ™ S S Y A -
a mini twinshaft plyethylene terephthalate (PET) |maeriats b L lesency of
bottle shredder. Specifically, the study aimed to: - Addition
3. Mini twin-shaft . .
. .. . - o . . annual income of
1. design a mini twirshaft polyethylene terephthalate |77 e e |3, Petiminary et Phon
. . . . e 3 esung. . — )
(PET) bottle shredder using locally available|merias Adjustments, Final | |3 Vechine 19000000 o
. i Testing and *rf{rman . :"’.'f“’- ‘7
mater|a|3, Er‘)l:‘:lcz::l'll'!iil1c: E::mr;y dcncmnd and lll-l‘.l-lll‘l“Td\ W-l
. . . . ation other assumptions c.uu?n -:llllll.ld
2. fabricate the machine using local manufacturing ’ poofit of the end

technolay; Figure 1 Conceptudtamework of the study

3. evaluate the performance of the device in terms ) ]
of shredding capacity and shredding efficiency;2- D€sign concept of the machine
4. determine the energy demand of the device; and, 1€ PET bottle shredder was designed based on
the quantity of PET bottles being collected every

5. analyze the cost of using the machine. day by PET bottle collectors and consolidators. The
_ shredder is composed of five major parts (Figurgé 2)

Materials and Methodology the hopper, the shredding chamber, power transmjssion

1. Conceptualization of the study the prime mover, and the frame. The materials used

o in the construction of the machine were: electric
The conceptualization of the study tooknotor, vbelts, vpulleys, spur gears, angular bars,
consideration the concerns of the local junkshagyrews, ball bearings, high tensile bolts and nuts, G.I

owners, municipal and barangay local governmegheet, MS plate, high carbon steels, dafts.
units and nofgovernment organizations during the

interview. From the feedback reced; some junkshop
owners, before delivering their plastic products t(-
the processing plants, tend to press the PET bottl -
using vehicles to reduce its bulkiness while othe
owners do not bother to do so because of unavailabil <>
N\ /

Electric
motor

Frame

1 4

of the pressing area, wwilability of vehicles to be 5
used, time consuming, and drudgery of work |
Municipaland barangay local government units als ;‘
stated that waste disposal is one of their major concew '
needed to be addressed at present because som

them spends 3050 milion pesos a month for their ‘
waste transportation only, while the agovernment Figure 2Mini Twin-shaft PET bottle shredder outer
organization claims that they have difficulties ircover removed
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3. Design of Major Components 3.2.2Spur Gears

3.1 Hopper Calculation of the spur gear design was based
The material selected for the hopper was a i [3]. The stress analysis (Figure 5) indicated that

steel sheet designed to accommodate the materlglg maximum stress was estimated at 8.936 MPa

. . considering all gear teeth was subjected to a 421
being fed and serves as guard forrtierials to be N.m torque delivered from a 2.2KW electric motor.

shredded from coming out of the shredding cham
and being scatteredhe dimension of the hoppelrjj? e AISI 1045 steel used for the spur gear

was calculated using the formula for the volume c% grg::;'iog EZI?: jeiliglr? Sftt[ﬁggsthu?f 5;;: i'\gZﬁbvr\];g(I::’
truncated pyramid 9 purg :

3.2 Shredding chamber and blade assembly

This part holds, protects, dontains the blade
assembly. Blade assembly consists of the blades ¢
shafts (Figure 3). Designs and calculations wer
done by parts and/or component basis.

aan

1 | Spur Gears 20
, | Anti-reeling e
“ | Guards ¢
3 Shredder
|~ | Shafts P vield swengen $)0000
Shredder
4 | Blades with
Spacers
5| ok Figure 5Spur gear stress analysis
3.3Frame Assembly
_ _ Figure 6 shows the frame stress analysis. The
Figure 3Shredding chamber assembly analysis revdad that using standard angle iron bars
_ of 50.8 x 50.8 x 3mm can withstand the load induced
3.2.1 Shredder blade with spacer by the component attached to the frame with a

The plastic bottles would be shredded by th@inimum safety factor of 2.7. A 50r8m x 50.8x
action of the blade assembly. According to the studmm angle bar was welded together in reference to
[2], the stress of the average breaking point of PEfFe sizes of the approve design composed the frame
were between 140MPa and 210MPa. Figure 4 sho@gsembly. Since it is where all the other parts of the
the stress analysis of the shredder blade. TRCchine are mounted, it was subjected to drilling for
maximum stess occurred in the shredder blade wdB€ connection of the bolts, nuts, and scretat
estimated at 470 MPa considering the maximuM{ere used as fastener for mounting the parts to the
stress breaking point (210 MPa) of PET as the foré@me. Frame height was also designed based from
inducted. The AISI 4340 steel whichwas usedastheh € operat or6s comfortabi
material for fabrication of the shredder blade hasaperation
yield strengtlof 710 MPa, hence, the shredder blad
design would be able to shred all materials whic
has a materi al propert:

von Mises (N 2 (MPal)
4700301
' 430980
TR
. 28
33828
20m
B 25y
L 196676

157625

. nesn

79523

I Figure 6Frame stress analysis

P Yield strengthc 710,000

Figure 4Shreddeblade stress analysis
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3.4Power and Transmission System Assembly

The machine uses a 2.2kW with three phase
power supply as the prime mover of the device for
the purpose of reversing the speed direction of the
motord6s shaft in case of un

A 2.2kw variable frequency drive was utilized
to serveas rpm control medium to meet the desired

treat ment speed of the sh nts of
shredder during the evaluation.
=y
2 Shredding
| © | Chamber
3 | Coupling
4| WPS gear Figure 8. Fabricated Mini twirshaft PET bottle
STvetes | Shredder
6| V-belts
2. Machine Performance Evaluation
The machine was evaluated in terms of the
capacity, efficiency and energy demand as affected
by different speed of the shaft (30rpm, 40rpm and
Figure 7Transmission system design 50 rpm). The results were analyzed statistically
using Statistical Tool forAgricultural Research
Results and Discussion (STAR).

1 Description of the machine 2.1 Machine Shredding Capacity

The fabricated machine (Figure 8) worked in It is the ratio of the weight of the input plastic

continuous feeding manner wherein the material terials | hredded plasti terials. 1o th
was fed in the machine nonstop until the last mateiﬁ%ffa ernais 1ess unshredded plastic materiais, to the

- : | weight of the input plastic materials to the
was shredded unless the machine experiences clog . ;
then, a reverse rotational speed direction of thérielec ged(_jer, expr_essled in percent deterthing the
motor shaft should be done to clear the clogging gfllowmg equation:
the shredding chamber. Shown in Table 1, is the Ci=— )
specifications of the machine.

Where:

Ci = Input Capacity, Kg/hr
Wi = Weight of Input Material, Kg
T = Operating Time, hr
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Table 1Specifications of the mini twi$haft polyethylene terephthalate bottle shredder.

Item Specification
Main structure
Overall dimensions, mm
Length 850
Width 600
Height 975
Weight, kg 120
Hopper 2mm thickness, G.I steel sheet

PowerTransmission system
Gear Speed Reducer
V-Pulley
V- Pulley
V-Belts
Coupling
Shredder Chamber Assembly
Shredder Blades with Spacers
Shafts

1:60 ratio, 3HP torque
152.4mm diameter
76.2mm diameter

B-39
Chain coupling

20mm thickness, AISI 4340 steel
30mm diameter, AlISI 4340 steel

Gear 20 teeth, AISI 1045

Bearing Block 254mm length, 165mm width, 25mm thickness, ASTM A36 St

Bearings 6206 SKF

Anti-Reeling Guard 160mm length, 10mm thickness. 50 mm width, ASTM A36 St
Prime Mover

Electric Motor

Hopper and Shredder Covers

Frame Assembly

Machine Performance
Shredding Capacity
Shredding Efficiency

2.2kW, 3 Phase
G.l. Sheet Gauge 14
50.8 x 50.8 x 3mm thickness, ASTM A36 steel

34.07kg/hr
91.3%

Table 2 revealed that the highest shreddindurther supported by the study [5] when he stated
capacityoccurred at the fastest shaft speed of 50rpthat low speed shredders are limited in capacity by
with an average value of 34.07kg/hr, followed byheir rotor speed and tolerances and the maximum
40 rpm with mean value of 21.69kg/land the throughput was defined by the volumetric disptaest
lowest capacity was recorded at the slowest speedoetween the cutting surface and the rpm of the shatft.
the main shaft with an average value of 15.67kg/hfhus, lower capacity of shear shredders can presumably

Analysis of variance posted that shaft spee%‘e increased by creating larger machines based on
e

significantly affected the shredding capacity of th
machine at 5% level of significance.

same size reduction principal. Furthermore, [6]
also stated that shredder shaft spedindicate the
capacity of a shredder on a material. Input materials

The mea shredding capacity at various shafthat has lower material properties would result into
speed were also significantly different from each higher capacity of the shredder than those materials
other as indicated by the comparison among treatmémat has higher material properties assuming the
means (Table 2). Evidently, higher shredding capac#gme knife tip force of thehredder.
was observed at higher shaft speed. The result conforms
with the study [4] saying that as the shaft speed of
the twinshaft shredder increases, the faster the
cutting rate of the blade tooth to the materials being
fed resulting to a faster feeding rate of PET bottles
to the shredder thus larger capacity howenedso
increased the possibility of clogging. This was
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Table 2 Mean shredding capacity at various mathe blade hence allowing a little amount of time to
shaft speed, kg/hr. the blades tooth to lift the materials >50mm in
length to undergo another passes of shredding instead

Treatment RPM Means of forcing the flakes to pass through the screen
30 15.67 a holes. A faster rpm of shafts alsesults to have
40 21.69b greater amount of powder like size flakes, which
50 34.07 a composed the scattering loss that also affects the

Means with the same letter are not significantly different. shredders efficiency.

2.2 Machine Shredding Efficiency Table 3Mean shredding efficiency at various main
_ _ _ _ _shaft speed, %

It is the ratio of the weight of the input plastic
materials less unshredded plastic materials, to the Treatment RPM Means
total weight of the input plastic materials to the 30 94.64 a
shredder, expressed in percent determimgdhe 40 92.17 b
following equation: 50 91.26 b

Es = — pPTT (2) Means with the same letter are not significantly different.

Where: 2.3 Energy Demand
Es = Shredding Efficiency, Kg The amount of electricity consumed by the machine
Ws = Weight of Shredded Materials, Kg to process a kilogram of PET bottle expressed in

kilowatt-hour per kilogram.
Wi = Weight of Input Material, Kg
Ed =—— 4)
The shredding efficiency of the machine, as
shown in Table 3, decreases with the increase of t
shaft speed. It was observed that at 30rpm sh&ii = Energy Demand
speed, the shredding efficiency was 94.64% a
decreased to 92.17% and 91.26%, respectively, at a0

ere:

= Power Input, Kw

and 50rpm. T = operating Time, hr.
The analysis of variance revealed that shreddigi = Weight of Input Material, Kg
efficiency was also significantly affected by the
shaft speed. Table 4 revealed that in 30rpm would give the

: highest energy demand with 0.205 #ikg, followed
The comparison among means showtable 3 Q%/ 40 rpm with 0.181 kWhr/kg and 50 rpm would

indicated that the shredding efficiency at the lowe ) )
shaft speed of 30rpm was significantly higher tha{rﬁqu're thelowest energy demand with 0.132 kW

at 40 and 50rpm. When the 40 and 50rpm we fkg.

compared, no significant differences were revealed. Analysis of variance shown posted that shaft
Based from the sampling conducted, at 30rpspeed significantly affected the energy demand of
records the least amount of unshredded materthe machine at 5% level of significance.

(>50mm) which greatly affects the shredding

- ) . Comparison among treatment means showed
efficiency of the device. It was observed that since A , -
that the energy demand in 30rpm hassignificant

screen was placed below the shredding chamber & rence with the ener ﬁ}dem n(lj]in 40 rpm, The

serve as the flakebs s | . e
the flakes larger than 50mm not allowing them téjes{"{s Eohforffl With'th udy [5] sgymgs that the

ass through the screen holes. However, a faster rrotor speed of low speed high torque (LSHT)
P 9 > ’ Bfledders tends to have a significant influence on
of shafts means a faster cutting rate of the blade

faster feeding rate of PET bottles to the machine. As power consumption and capacity of th_e_ devic
: . S the rotor speed is decreased, the specific energy
a result, new materials being fed pushes or forces . C
required to process waste is increased.
same flakes larger than 50mm to pass through thée
screen holes making the faster rpm to record a larger
amount of unshredded materials. On the other hand,
slower rpm of the shredder shafts results to a slower

feeding rate of materials and slower cutting rte

5
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Table 4Mean energy demand at various main shaftcreased. Information obtained from logahkshop

speed, kwhr/kg

Treatment RPM Means
30 0.2047 a
40 0.1810 a
50 0.1317 b

Means with the sametter are not significantly different.

2.4 Cost Analysis on the use of the device

The result of the cost analysis in Table 5 resulté§"vice operation, the custom rate of about Php7/kg
to the cost of shredding equation as

# 3 h 8

Where:

o8t o

(®)

CS = cost of Shredding, Php/kg
V  =Volume of PETto be shredded, Kg/yr

owners in La Trinidad, Benguet revealed that an
average of 60,000kg of PET bottles were collected
in one year. With this volume, and at a rated capacity
of the machine of 34.07kg/hr, it needed to operate
about 1,765 hrs per year, equivalent t6-280 days
when it works 78hrs per day.

At this volume (60,000kg/yr), the cost of
operation, as computed using equation 35, would be
Php3.49/kg. Hence, using the machine for custom

could safely be assumeAt Php7/kg rate, operating
the machine would breakven at 6,889kg/yr. Using
the machine for custom operation (Php7/kg) for a
volume of 60,000kg/yr, will yield a net income of
Php210,600/yr, resulting to a payback period of 1.9yrs.

Figure 12 shows the@akeven and cost curve if
a local junkshop owner uses the PET bottle shredding
machine. The total amount of shredded plastic that

With equation 5, the cost curve was drawn arghould be produce to breakeven all the expenses
shown in Figure 12. Generally, it was observed th@ould be ai9,286.96kgs with the assumed custom
the cost of shredding (Php/kg) decreased as #fge of Php 5/kg since there is no ongoing custom
annual volume of PET bottles to be shredddring in the area.

Table 5 Costinalysis of using the machine.

Particulars

1. Annual Fixed Cost 27,364.26 Phpl/yr
Depreciation 11,194.47 Phpl/yr
Interest On Investment 13,682.13 Phpl/yr
Tax And Insurance 2,487.66 Phpl/yr

2. Variable Cost 103.16 Php/hr
Operator's Wage 43.75 Php/hr
Repair And Maintenance 37.31 Php/hr
Power Cost 22.1 Php/hr

3. Breakeven Point 6,889 Kalyr

Cost Curve

Cost of
Shredding,
Php/kg

O = oMW B Uy N 00 WD

0

L 2
5 0 15 20 25

30 35 40 45 50 55 60

Volume, kg/yr

Figure 12Cost curve of using the machine
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2.5 Market Feasibility

Table 6 shows the market feasibility of the
machine. Based from the obtained data of the annd}
volume of collected PET bottles (60,000kg/ya
projected income comparison of a local junkshop
assumed to have and without a shredding machiRe
was calculated. The plastic shredder was assume §
be individually owned by the local junkshop and th
result revealed that by using the PET bottle2

Table 6Market feasibility of using the machine.

shiedder would have an annual net income difference
of Php757,174.00/yr as compared to the local
%ﬁlkshops without shredding machine. The payback
period would be in 0.15 year of operation or 38
orking days however, since 48 days is required to
red a trudiwad of shredded plastic product thus,
8Iistic payback period of the machine is after the
irst delivery of shredded plastics with 270% rate
f return.

Particulars

Without Shredding

With Shredding

Machine Machine

a. Initial cost 124,383
b. Amount of PET to be processed, kg/yr 60,000 60,000
c. Ten wheeler van Capacity, kg/truckload 2,450 11,359
d. Number of deliveries per year 28 6
e. Average transportation cost per trip, Php 10,000 10,000
f. Annual Transportation cost, Php/yr 280,000 60,000
g. Annual Fixed cost, Php/yr (from table 5) 27,364.26
h. Annual Variable cost, Php/yfrom table 5) 253,058.65
i. Annual Operating cost, Php/yr (g+h) 280,000 280,422.91
j- Unshredded PET bottle plastic melting factory pric 18

Php/kg
k. hreddedPET bottle plastic melting factory price, Php/k 49.5
I. PET bottle junkshop price, Php/kg 18 18
m.Profit, Php/kg (K) 20 31.4
n. Annual Revenue, Php/yr (axm) 1,200,000 1,884,000
0. Annual Net Income, Php/yr {i) wchrmm php o ¥ x
p. Additional Income (Bonus) if plant quota (4 tons) i 73,597

met, Php/yr
g. Difference in Annual Net Income, Php/yr(2 683,577
r. Payback Period, yrs. 0.15
s. Rate of Return, % 270

Conclusions 3.

Based on the objective and findings of the study,
the following conclusions were drawn:

1. The concept and mechanism of developed PET
bottle shredder machine have proven to be
effective to reduce labor, time, and expenses of
processing PET bottleshile generating additional 4
income to the collectors and consolidators; )

2. The machine can be fabricated using locally
available materials and local manufacturing
technologies;

42

The machine has performed satisfactorily based
on its performance parameters, which included
machine shredding capacity and shredding
efficiency. Shredding efficiency of the device
decreases as the shafts speed increases however,
increasing shafts speed also yields to a higher
shredding capacity of theachine;

The energy demand of the shredder at shafts speed
of 50rpm is 0.132k\hr/kg and 0.205k\hrkg

for 30rpm. Power consumption of the machine is
considered economical based on the computed
annual power consumption cost of Php 39,005;
and,
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5. The cost malysis of using the machine showsFitzgerald, G. [2009]. Tehnical and Economic

that it is financially viable. Local junkshop Analysis of PreshreddingViunicipal Solid
owner could cut their transportation cost by 21.4 Wastes Prior to Disposal. Columbia
percent and could increase their profit by Php University.

757,174/yr when the machine is used to shr
their PET bottle products. Thestaf fabricating
the machine was Php 124,383. The projected
annual operating cost was Php 280,423 with
a computed breakeven weight and payback
period of Php 6,889kg and 38 working days,
respectively.

e(.cailass, R. (2001). Shredder Guid&hear Shredders,
Available: https://mww.recyclingtoday.com
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Abstract

The water worming device from rejeration system was fabriceted in this study. The technical
point of view was to recover thermal energy from condenser, and subsequently deploy the heat transfer to
the 90 liters of water. The water heater, tubular element, was made from stainlesslstegllm® with an
inner diameter of 9.5 mm, a coil diameter of 300 mm, and a pitch of 20 mm. The tabular heating element
was installed between compressor and condenser. The experimental investigation was performed at room
temperature and cooling load, ramg respectively from 20 °C to 35 °C, and 800 W to 1400 W. The results
indicated that the higher the room temperature, the higher was the water temperature. Also, the water
temperature increased with increasing cooling load.

Keywords: Water warming devicéir conditioning, Energy saving

Introduction conditioning and refrigeration system. Satosh et al.
Energy has been vastly consumed for iving ify i decoic SRt & PRI B0 P
big cities. Theelectric power is necessary for the in Anina throuah the heat recovery from the)': cal
house facilites such as air conditioner, water warmit) 9 g y yb
por compressg system. The average rate of

devices, rice cooker, washing machine, refrigerato bndensate product decreased with increasing the
fan, and television. The air conditioner is deploye8 ensate p : ke
onditioning temperature in the space. Mali et al.

to absorb the thermal energy from low temperatuF )
spaceand tranfer it into surrounding. For Watef 017) performed experiment for waste heat recovered

warming device, i.e., shower temperature is increasé8n|1iegogners“cu rgfrl(ga:tr;}lon gyf\fnm’i Wh'cz g\_/r?s
according to the wuser gPe c&oeoorgkddi%n&]' af'uefé gospegEh%Tgh'le tcvc\)l?
devices can be used together to reduce the wadte . . g P P :

heat to the atmosphere. The relevant studies wile eir work to improve the coefficient of performance.

report the existing literature. echarungpaisgn et al. (2007) developed mather_natical
model to predict the performance of conventional

Wongwises and Dolsongkram  (2006)air conditoner combined with water heating system.
experimentallystudied condensation heat transfeThe experimental data was compared to the prediction,
and pressure drop of HFG34a in a helicoidal which showed a good agreement. Xu el al. (2006)
douplepipe heat exchanger in order to develop thiheoretically investigated the performance of
correlations. Thongwik et al. (2008) studibdat a solafair based heat pump water heater. The
transfer model for slurry ice which was melting oreffects of solar muction, ambient temperature and
outer surface of the helicoidal channal. The lengiho mpr essor 6s capacity on t
of the coil serving for the water warming device wagere discussed. Zhong et al. (2018) conducted
estimated from suitable heat transfer correlationthermodynamic analysis of the combined cycle for
Hot water contributed by the air conditiomas automatic waste heat recovery and refrigeration
carried out by different researchers. Jia and L&gstem. They indicated the coiméd system, which
(2014) studied the heat recovery for serving domestias better than the independent one, which were
water in residential buildings. The optimal desigmased on the same workings fluid. Zheng and Cao
of the storage tank was discussed. Sharafigp020) suggested the thermodynamic feasibility
and Bahrami (2014) performed an assessmesalysis of power generation cycles with heat
of &bsorber bed designs for automobile airecovery from the air conditioning system. Shkafi
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and Khiadani (2020) studied multipurpose desalination, 2‘

cooling, and air conditioning system powered by 0.387R4Y®
heat recovery from die\laoe:go &n—g—pn—%eg—%—;aqu(s)t and

cooling tower. é QL+(0 559 P| (9/16) ( 21)

Data reduction _ )
where NU and NU, is Nusselt number of fluid
In this work, the water warming device, only.

supported by heat recoyefrom the refrigeration inside andoutside properties of helically coiled
system, was designed foe domestic apartment e, k; andk , is thermal conductivity of liquid
dormitory corresponding to 9,000 Btu and %hase inside and outside. TEee is Dean number
residents for each room. The device was robustiyhich can be calculated from

made and easily cleaned. The water warming device

was designed to install above the shovier e em, © @ “ 84 %
pressure purpose as illustrated in Figure 1. De=¢€Rg, +Re, ¢— gD—' a (6)
é 'mI -
The design of helically coiled lengifL) of & &m & c u
water warming device from the refrigeration system
can be calculated froeguation(1) the Martinelli paramete{ X,, ) is defined as
Q=UAD, H(pd) T¢ (1) 05 . o
A1- X ar (0]
where, Q is heat transfer rateA is tube area, Xy %— 8@— 8 i (7)
d is tube diameterDT,, is log mean temperature ¢ '
o(le;:rence, and the overall heat transfer coefficient the Boiling number( Bo) can be calculated
from
11,1 (2)
U h h Bo= (8)
GQ
the heat transfer coefficient inside of helically
coiled tube(h) . the reduced pressu(é,) is determined from
Nq K — Psat
= 3 F.= (9)
h d ( ) I:)crit

the Prandtl number of liquid phases inside and

AO 315De> "
outside(qui : Plrp) are determined from

q — P‘ 08144X 0.0432

(4)

- = e —

I PR-O.3356( Bo? 104)0-112 y Pr. = Cp i1M; (10)
Sk

the heat transfer coefficient outside of helically m

coiled tube(h)). Pr,= pi’: s (12)
— Nuokl,o (4) o
ho = d the Reynolds number of liquid and vapor phase
(0]
inside(Rqi , R@,i) are defined as

Re, = M (12)

j m,

Gxd
Re = 13
&= (13)

v,i

45



The 4™ Thai Society of Agricultural Engineering International Conferencel3®May 2021

the Rayleigh number of liquid phases outside
(quo) can be calculated from Experimental apparatus and method

The water warming device used in this study
_ gb(Ts,o' T|,o) o 14 comprised test room, cooling load system, refrigeration
- ( ) system, water warming device, and data acquisition
system, as presented in Figure 1.

R
ayo VI ,oal 0

and the log means temperature difference The test room wasontrolled according to the
DT_) is determined from experimental _condltlon. It was fabricated to have
( 'm) 1.5C1C1 cn? in volume and was surrounded by
(T.-T) T, T) from insulation. A variable cooling load unit and
—\ " Sal | sal

DT, 3 ~ (15)  evaporator were installed in the room.
In a(Tsat - T|) 0

DC power supply and heater were deployed to
control the cooling loads which were kept constant
at 800, 1000, 1200, and 1400 W. Air blower was

i lity, Penyt i ration A
where, X is vapor quality,Fsq; is saturatio used to enhance flow distribution inside the room.

pressure,Pyit is critical pressures is density, 77; _ _ _
is dynamic viscosity,Cp is specific leat, G is The evaporator with aconde_nsmg unit of 9,000
mass flux, g is gravitational constantg is heat Btwhrabsorbed thermal energy in the room, and the
flux, i, is enthalpy of vaporization latent quantity VOrking fluid, refrigerant, in the system subsequently
Do : - .~ carried the energy to be discharged in the water tank
b is thermal expansion coefficient of watet;,, is . . e :
h | diffusivi ; T T AT in which the helicoidal tube was installed. The
thermal di US'V'ty_ 0_ Water, ir o and Isat 1S _ discharged heat was transfer to the heat exchanger
temperature of fluid inside, outside and saturatioyich dissipated heat into the atmosphere. The
where subscrigg i is inside properties,0 is refrigerant flowed through the expansion device and
outside propertied, is liquid phase, andl is vapor evaporator, respectively, to complete the cycle.

phase.. The heat of watawarming (Qwater) IS The 90 Liter water thank, cylindrical shape
determined from surrounded by insulation, contained stirrer which
— C T-T 16)  Produced circulation of the water, and level control

Qater = Mt pwa‘e’( ! "0) (16) valves which cotrolled flow rates at the inlet and

where, M., is mass of water warming in outlet of the tank. Thermocouples-{jipe) with

tank, C_ ... is specific heat of water warming, ancfecuracy of £ 0.1°C, and d?ta temperature in the
Py . . room and water temperature in the tank
T, T, is temperature of water warming at time

andtime zero.
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DC power AC/DC Variable
meter device  transformer
- = ) . ]
bana. 58084 ﬁ'{; \*‘ - \ = 220
=~ 2399939999 z ’_‘ 22 VAC
(5] T E3 FE — — PEES
Room temperature =
I Data
[ o o ¢ — k N — S T ) . eia
if —O— — Water temperature — vaUItSlUO“
:_ > | X 35 system
Evaporator
M Level control
Qios valve
B R o R R IR
y Compressor
o Bt
- :
! i Expansion . Water input
i !ia: device i
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[ . Water output
; - Tube coil
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|
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Condenser

Figure 1 Schematic diagram etperimental apparatus.

Results and discussion

_ . So:éogiiagl‘o;as“”‘”””””””“(é}
The experimental results were presented ig o soow 16a
Figures 2 and 3, showing respectively for relationsh & BrL 10w ;g
between time and water temperature, and th s [ 7 1400W 148
between room temperature and water tewmipee T 55555555555 g
i E r ggég O00O0OO0O0O0O0O0 Q
under different heat load (800, 1000. 1200, at 14(s __} X§§o 128
W). The room temperatures were kept constant 2 | Xéﬂ 5
20, 25, 30, and 35°C. It was found from Figure 2 (a g ol o 1o g
(d) that the temperature exponentially increase ¢ [ ]
with time. o ey, OO emperatre: O
-50 0 50 100 150 200 250 300 350

The result indicted that the timeteaof change
of the energy transferred from the room to the water

Time of water warming (min.)

was increased. The experimental syster .
approached steady state at the time of 270 minut [ Cooling loads (b):
iti g [0 800W 1 s =
for all conditions. Tas| o 1000w k)
£ [ & 1200W
§ [ 1400w gREEXREKARAAL g
T 40[ XXEDDDDDDDDDDDD 148
g vgémDooooooooooooo ;
S [ A @] p=1
o 35[ XHo0° 128
2 [ ve B
- 1 &
g 30t o Jocz
e I 1
r Room temperature: Z& 4
7 5 S S S S S R |
-50 0 50 100 150 200 250 300 350

Time of water warming (min.)
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Figure 2 Effect of cooling loads on the temperatur:

and heat of water warming with time.

For the 1400 W cooling load, the room
temperatures at 40.0. 43.3, 44.5, and 47.0 °
respectively. The steady state water temperatur
were listed in Table 1. The water temperature da
at the room temperatures at 20, 25, 30, and 35°C w ;
illustrated in Figure 3(ald). The increase inthe gt........ ... ... .. .. . /31
cooling load posed significant effects on the wate 15

Table 1 The steady state of water temperature at the
time of 270 minutes.

Cooling Tooecc | Tosc | Taoc | Tasec
load (W) | (°C) | (°C) | (°C) | (°©)
800 37.1 38.3 40.4 41.2
1000 38.6 40.8 41.6 42.9
1200 39.2 41.8 42.7 44.7
1400 40.0 43.3 44.5 47.0

[ Cooling loads (a)
E [ o soow 1 =
£38f o 1000w v 13 8
E [ & 1200w A ] @2
€ [ v 1400w X £
3 36 v . §
2 [
2 r A o 12 =
st . g
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) [ e} 13
g 32+t T
g | 1
F Water warming time: 30 min.]
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Temperature of roonfC)
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Water warming time: 90 min.]
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temperature. Also, the water temperature increas... Temperature of roonfC)
with increasing the room temperature. It should be

noted from the figure that at the time of 270 minute: % ~= == ]
the water temperatures based on cooling loads B4 o soow (C)? ! =
1000, 1200, and 1400 W respectively increase Eas[ L 1900w 16 &
4.1%, 8.5%, and 14.1% on average in comparison g aal 7 1400W v £
the case at 800 W cooling load. This increase ¢ v ° 15 ¢
energy rate raised the water temperature  “2f X = i
g ao0f o C 14 z
g 38 L A o ° 13 &
§ g [¢) T
= 36 7 Water warming time: 150 min.—: 2
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Abstract

Sewage sludge from a wastewater treatment system in tapioca starch industry was intensively analyzed
for its fuel properties i.e. heating value, proximate analysis, ultimate analysis, elemental compositions.
Subsequently, a test of its pelletization wasdratedat different moisture content levels includihg %,
1 %, 18%, 20%(w.b.) using a mill ring die pelletizer and investigate fogithproperties The results
showed thasewage sludgead a heating valuef 8 . 1M Kgtand4 9 kg mi®of bulk densiy of the

pellets can be achievefihe moisture content of around 1%%.b.) was found to be suitable for producing
pellets. At this moisture content value, the yield of product can be obtained as high as 92%. The mechanical
durability and the water resistee index, values also remarkably showed the relatively high which are 98%
and 93.57%, respectively. In addition, the ignition time and combustion time were found to be 0.83 min and
8.53 min, respectively. Overall, although the pellets from sewage sladdgeéi characteristics inferior to
biomass, they can be used as a supplementary fuel during energy production.

Keywords: Biomass pellet, Sewage sludge, Fuel properties

Introduction Therefore, this research aims to study the
Sewage sludge produced by the wastewat §Iletlz§1t|on process of Sewage sludge _and
etermine their fuel characteristics. A comparison

treatment systems of various industrial plants 'Of this work with standard biomass pellets was made

recent years handed to increase. Currently, th show the potential as an alternative raw material
most widely used methods of sludge managem;?t P

are incineration, landfill and use as agriculturalOr energy production.
fertilizer. However, sludge disposal by landfill is no
accepted especially in the European Union (EU).
addition, the sldge generally contains heavy metal$/aterials
organic pollutions and other hazard materials
(Kliopova and Makarskiene, 2014). Therefore it i%l
not encouraged to use cultivation method becausew
environmental concerns. In addition, with the ”mi?atc
of fossil fuels, exforing it as a raw material for
energy production is attractive to many industrie
complying with current economic situations.

aterials and Methods

Sewage sludge was obtained from the activated
dge wastewater treatment system of SANGUAN
NGSE INDUSTRIES Company Limited, Nakhon
hasima province, Thailand. The companies
mostly relate totapioca starch production process.
?Figure 1)

Many agricultural and industrial wastes werdreparation of fuel
used for alternative energy p_roductlon. T_hey can be The raw sewage sludge contained lots of water
processed to produce eithetlire form of briquettes ) , ] )
or pellets, depending on energy conversion technologgﬁpprox'mately 75 80%), it was surdried on a
In the previous work, sewage sludge from textil€ement floor for &7 days until the moistercontent
industry was briquetted and used as a raw materfigcreased to approximately 10% and crushed to
for gasification process (Hinsui, 2007). Howevermall particle size (<15 mm.). Its moisture was

briquetteproduction was a time and work consumingdjusted to study the effect of moisture content
process, being not practical in commercial. 15% 18% and 20% w.b.) on fuel processing. The

pellets were produced from a mill ring die pelletizer
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with a compression hole of 8 mm in diame&&rd  standardp and ultimate analysis [CHNS element

motor power of 30 kW (Figure 2)The fuel pellets analysis{CHN628, 628s Truspec Micro)pand an

obtained are cylindrical shape with length of3®@ - . .
o o X-ray fluorescence energglispersive spectrometer
mm as shown in Figure Eharacteristics of sewage gMo del XGT-5200)

sludge were determined by mean of proximat
analysis(ASTM D176284 and ASTM D201&7

2 X

Fi‘gure

Analysis of pelletized sewage sludge properties When the moisturéncreased from 15% 18%

The pellets produced at various moisture conteAP%0 (w.b), the yield percentage was found to
levels (10% 15% 18% and 20% w.b.) were assessedrease by 92%, 96%, 97%, respectivelyn
for their physical chracteristics such ashape contrast, power consumption decreased to 19.15
(straight / slightly bent / bentsurface appearancekW, 17.75 kWand 15.88 kW at the moisture content

(smooth / roug, pelleting (good/ bad/ not), of 15% 18% 20% w.b.), respectively. The averge
forming (good/ bad/ not), cracks (low / medium / bulk density was found at 49@ m®.

high) and bulk density. o
_ Assessment of pellet fuel characteristics
The properties of pellet were analyzed for

mechanical durability, water resistance index, igniton The effects of moisture content Ieve(liS%

time, combustion time, power consumption rate angBo, 209% w.L). on appearance and external evaluation
yield percentage. are shown in Figure 5 and Table 1, respectively

i i Overall, the lower the moisture content levels, the
Results and Discussion better the external apparence of pellets is.
Pellet fuelpreparationprocess

Moisture content after pelletimgy was slightly
reduced from 15%, 18% and 20% w.b. to 14%, 16% ¥
and 18% w.b., respectively.

Sewage sludge at the moisture content of 10¢
cannot be pelletized because the moisture was r
sufficient to form pellet fuel as shown in Figure 4

Table Assessment of basic characteristics of pellet fue

Characteristics Moisture contenfw.b.)

10% 15% 18% 20%
Shape(Straight / Slightly bent / Bejt - Straight Straight Straight
Surface appearan§&mooth / Rough - Smooth Smooth Smooth
Pelleting(Good / Bad / Nok Not Good Good Good
Forming(Good /Bad / No) Not Good Good Good
Cracks(Low / Medium / High) - Low Medium Medium
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metals is relativegl high. These results indicate that
if the sewage slude will be used as a fuel, attention
must be paid during operation. Also, blending
sewage slude with biomass might be an option.

Table 2 Results of evaluated fuel properties

Biomass fuel

R
Proximate analysis
%Moisture
content 9.05 3.53 2.23
%Volatile
matter 23.03 63 81
%Fixed carbo 11.34 19.5 15.4
%Ash 56.58 19.5 1.4
Ultimate analysis
%Carbon 18.147 37.4 48.1
%Hydrogen 3.536 4.6 7.5
%Nitrogen 2.076 0.5 0.4
%Sulfer 1.782 0.01 44.1
%0Oxygen 18.53 57.4 0.01
Heavy metal{mg/kg)
Copper Not found 100 790
Iron 319,510 6,980 15,100
Zinc 598 180 270
Chlorine 26,200 8,410 19,240
?SBES)C value a5 1240 1560

Reference This (Arjharn et al. 201p
research

The results of pellet fuel storage and combustible
properties

Pellet fuel storage and combustible properties
parameters including mechanical durability, water
resistance index, ignition time and combustion time

- at verying moistures were investigated as shown
o4.b.) below:

Figure 5 Pellet fuel at various moisture content levels  Considering the mechanical durability at various
moaisture content levels, it was found that the moisture
content at 15% and 18¢av.b.) were approximate
The results of evaluated chemical characteristigsit moisture content at 20(/<w.b.) had a slightly

of tapioca sewage sludge along with 2 types @

bi tuel ardown in Table 2. 1 tound th bwer value ( Figure § . The lowest value for
lomass fuel arenwn in Table 2. It was found that o o i durability was found 96% which indicates
the volatile matter, fixed carbon and calorific valu

are less than those from biomass fuel. As a resfﬁ',e irgood potential for transport and storage.

the calorific value was approximatly 60% of the
biomass. In addition, thash content and heavy

Pellet fuel at moisture content 2

Chemicalcharacteristicsof pellet fuel
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100 Figure 9 shows combustion time at different
moisture content levels. It showed that the higher

98 : o )

T moisture content caused a reduction in combustion
9% r time. Its maximum combustion time at 15% (w.b)
o4 | was 8.53 min while the others were 4.88 and 2.68
min for 18% and 20%, respective(Figure 9.

92 r

90 . . . . . 10
15 18 20

Moisture content (%)

Figure 6The relationship between moisture content
and mechanical durability

Mechanical durability (%)

+a (o)} oo
T

]
T

Combustion time (min)

Likewise, the water resistance index decrease:
with an increase in the moisture content levels. This
parameter indicates the potential to water resistanci

\Tgli ergoc;fsg?teS(?:;m\E/}v?il fﬁ’_‘)’;’s-?u)rgac?);{]eenth'l%z/esénF'gure 9 The relationship between moisture content
57%, ¢ 4&hd combustion time

20% (w.b.) gave the water resistance index of

15 18 20
Moisture content (%)

90.73% and 88.76%, respective(ffigure ) Conclusions
100 In this study, sewage sludge from wastewater
treatment of tapioca starch industry was used to
95 | produce pellet fuel. The effect of moisture content

&\ﬁ\@ levels on pellet production and their fuel properties
%0 r was investigated in terms of appearance, physical

and clemical characteristics. It was found that 10%

Water resistance index (%!

T moisture content of raw sewage sludge is not
20 : : L : suitable for pelletization, while those with higher
15 18 20 moisture conten{ 15% 18% 20% w.}. can be
Moisture content (%) pelletized with an average bulk density of 492 k§ m
Figure 7 The relationship between moisture contefhe yield perentage increased with an increase in
and resistance index moisture content ranging from 9297%. The results

of the mechanical durability, water resistance index

Results showed that the ignition time increaseand combustion time were found to decrease as the
with an increase in the moisture contents. Nd@Boisture content increases except the ignition time.
surprisingly, it is due to the difficulty of ignition for Overall, dhough the pellets from sewage sludge
wetter material.It was found that the moisturehad fuel characteristics inferior to biomass, they can

content 15% w.b.) had minimum ignition time of be used as a supplementary fuel during energy
0.83 min compared to those of other moistufdroduction.
contentl & and 20%{w.b.) which were 1.10 min Acknowledgements

and 1.20 rin, respectively(Figure § The authors would like to acknowledge the
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Figure 8 The relationship between moisture content
and ignition time
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Abstract

This research presents the control of material direction on the Sortation Conveyor with Multi
Direction Wheels in order to demonstrate b@havior of the movement of material on the screen. Multi
directional wheel sorter. Study control movement of materials according to the motion control design with
Feedback Control. Use evaluating controls and designing feedback controls by simulatioigocotihe
computer. Including using parameters in mathematical models from-didttional wheel sorter was
created. Moreover, the impact of various factors is determined. This affects the wrong movement of the
material sorter with the expectation aintrol the movement of materials on Mudiirectional wheel sorter
according to the movement design to Appropriate controls for production use.

Keywords: Feedback control, material handling, Multi Direction Wheels

Introduction PRINCIPLE S AND COMPONENTS

Load Handling [5] with Material Handling The Multi-directional wheel sorter consists of
Equipment is an essential role in the various industrigulti Direction wheels, which rotate in two directions,
sector. To help the production and management obnsisting of the main turning wheel and the small
industry have more capabilities such as materiakt of wheels located on the main turning wheel and
handling by material handling equipment, sortingotated perpendicular to the Maivheel as in Figure
conveyor [6] can be installed to sort materials int@é. Arranged in a sequence of the alternate directions
the production process or store materials. Fgerpendicular to the plane, as shown in Figure 2, is
productian design, there are many types of Sortatiollulti-directional wheel sorter as designed. The
conveyors with different abilities and limitations.wheelset placement allows the creation of two forces
However, it is limited to change the direction of th@erpendiculato the planecaused by rotating the
material and materials handling mechanisms awheelset. When the material is empty on the plane
complex and not flexible in most cases. Becaus# the wheelset, theaterial can move 2 degrees of
most sortig units have the above limitations, thdreedom. Simultaneouskghen the material moves in
need to increase the ability of the separation unit @me axis, it will not exceed the friction in the other
the material handling equipment to be able taxis because the smalheel s on many d
change the direction of the material in manwheels support the materi@oving in the direction
directions. In recent years, the introduction of Multopposite to the rotation of the wheelset.
directional whels [1] is connected to a tweay
material separation set by attaching the set. Drive on
the two sets of Ommi wheels, alternating in two
directions. However, suppose the nudlitiectional
wheel set is connected to the drive unit separately in
alternating ows to increase the direction of material
handling In practice. In that case, multiple independent
drives are needed to control the direction and speed
of each driver to have speed concerning obtaining
the desired material handling direction.

Figure 1. Multi Direction wheels
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From the equation, is the coefficient of
friction between the material and the wheelsds
the speed of each wheelset is written in the form of
a matrix, position, speed of each wheel.

, L . .L. .
® oy .. ()

The limitation of the force transfer between the
wheelset to the material is to slide. If this event
occurs, the material will not be able to move
correctly. Limitations of slides Depending on the
angular acceleration of the wheel, show the following

Figure 2 Multidirectional wheel sorter. equaion. [3]
| — (6)

The movement of material on Mutlirectional From the equation, g is gravitational acceleration
wheel sorter consists of two axial movement® diameter of wheels
perpendicular to each other, allowing the material to
move freely on the plane of the wheelset. Uskeedback control
position reference from the position of the wheelset Motion control of materials. Use Feedback
according to equation (1) Movement of materialgontrol to design the motion control of materials on
depends on the force that is transmitted frorf\]/lulti-directional wheel sorter Use PIDcontroller

rotation of wheel through friction between wheel . : .
and the material. Therefore, the weight and frictio%O study the motion control, motion design, and

coefficient affects the movement. The weight of thé t @ P i _ _
material is represented by the reaction forcdesigning feedback control law in an article to use
equation 2) Is an equation showing the reactiortontrol of material movemenwVhich has designed
force on the plane of the wheelset [2] the movement position of moving material
acwording to the design movement. Tracking Error

Mathematical model

PRY: 2N
) Zo o S5 (1) [4] of the control is shown in equation (7)
Q 0o w (7)
A, P MM o
v wo 00 T pmtw® ) From the equations (2), (4), (7), the PID control
n mp law can be designed as equation (8) [4] to be used to

control the movement of materials on Muliiectional
From the equation is the weight of the Wheel sorter.

material®o repres.entlng the position of center 6 Q0 0 0 79.5 8)
of mass of material( CG) on the plane of o _ N -
Multi-directional wheel sorte is the position QhQNQ a matrix constant definite positive for
matrix of the wheelset. scalable control. The control law can be written to
control structure as shown in Figure 3
PP PP J
6 W O [ (3)
w w w w X gesen e U yndnuenTaquuu
.. + .._‘ ":"fe'k'je""'f; yaAauATLIANI
Transmissionforce ‘

cm

For the forces acting orhé material Mult
directional wheel sorter. Both axes are caused by tl
friction of the wheel and the material as follows. [1

Ligure 3. The feedback control structure in cdntro

RO ) °E . movement of materials
Q ® W 4
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Simulation movement of materials on , axis X
Multi -directional wheel sorter

Simulate control on the computer program by
designing the material to move on the multi :
directional wheel sorter three movement patterns t f'
Figure 4. Bysimulating the movement of materials ‘ ;
in the material handling in the direction of change
(Sortation Conveyor). First, the material moves in a
straight line. Later, the material moved in a straight

direction and diverted to the right. And the final |
design Hows the material to move in a straightfigure 5 Movement results designed with the movement
direction and to the left of materials

03m

3 10 15 2 26 a0

figure 6 Error of the movement is designed with the
! movement of the material.

0.3 m
Figure 4. the designed movement direction of the ; axis X
material on the mukdirectional wheel sorter.
From the motion simulation, the simulation ; /\ 1 |
results are shown in the following graph. In which ; , axis Y

the yellow graph is the designed movement, and th

red graph is the movement of materials. Friction

coefficient & = @O. Y, w X IR S
TT[F]

simulation ime® ¢ Tt Control GainQ
C T X From motion simulation by allowing the material

to move in a straight line in one direction. Figure 5

By moving the first form, the material moves h h h of the desianed I
from the starting point (0, 0) to the position of 0.1§"ows the graph of the designed movement (vellow)
nd the material movement graph (red) can be

meters in the Xaxis and then the material stops. Thé : )
motion results as in figure 5 and the erodrthe completely Tracking. Figure ®iews that the movement

motion as in figure 6, as well as the force exerted Shror is not more than 0'905 meters. The f(_)rce exerted
the material as in figure 7 on the material is very high at the beginning and the
stop Is approximately 3 N. As can be seen in Figure 7

figure 7 Force exerted on the material

Next step, move material from the beginnddd )
to position of0 .6 heters on the xis and at the
same time to move the material to the position of
O . Im®n the Yaxis. The result of movement is
shown in figure 8, and the error of movement is

shown in figure 9. The including forces acting on
material is shown in figer 10.

58



The 4™ Thai Society of Agricultural Engineering International Confered@el3 May 2021

axis X

Finally, the material moves from the starting

point (0,0 )to the position of. 1 neters in the
X-axis. Simultaneously, the material moves from

the distancd) m to the positionO . Imfn the
Y-axis. At1l land the error of movement as in
figure 1 Z2including force exerted on the material
as in figurel 3

axis X

figure 8 Movement results designed with the moveme
of materials

axis X
é: of P ‘,/
figurel Movement rests designed with the movement
. of materials
L“‘ﬂ’l - aXIVSX
figure 9 Error of the movement is designed with th o o
movement of the material.
. axis X - a):.EsY
i\, i "™
] figure 1 2Error of the movement is designed with
] the movement of the material.
) } . axis X
figurel orce exerted on the material K/
From the second movement simulation, with the
material moving diagonallyfrom Figure 8, the s Lo
graph of the designed movement (yellow) and th .

material movement graph (red) move perfectl
following both the Xaxis and the Yaxis. The next
figure, Figure 9, shows that the error of the
displacement is nanore than 0.005 m. The force
exerted on the material is very high initially, and the
stopmotion is approximately 3 N in both directions.
The movement is shown in Figure 10.
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From the third movement simulation by allowingSiddhartha Ray (2007), Introduction to Materials

material to move diagonally like the second type, Handling , Ansari Road, Daryaganj, New
but diagonally opposite from Figure 11, the graph of [6] Delhi Michael G. Kay (2012) , Material
designed movement (yellow) and the graph of Handling Equipmet, North Carolina State
material movement (red) move perfectly following Universit

both axes (Xaxis and Yaxis). The next figure,
Figure 12, shows that the error of movement is not
more than 0.005 m. The force exerted on material is
very high at the beginning and the stoption is
approximately 3 N in both directions. The
movement is shown in Fige 13.

From the simulation of material movement on
Multi-di recti onal wheel sorter, t he mat eri al 6s
movement follows designed movement. But also
found the error in a period of starting and stopping
movement of material

Conclusion

From the simulation of material movement on
the Multi-directional wheel sorter, it can be
demonstrated that the feedback control is able to
control the movement of the material on the Multi
directional wheel sorter. Which can apply the
control rules fromhe simulation in the computer to
be used in real life applications with Medtirectional
wheel sorter. However, there are drawbacks in this
simulation: Not affected by other factors that may
occur. For example, the surface of the material that
may be uneen parallel to the plane of the wheelset
may result in incorrect control. It will be considered
in the research in the future.
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Abstract

This research is thaesign, creation, development, and evaluation of a rice planter with a ridge set,
its 3-point attachments for a small tractor to solve the problem of salinity area that has sodium chloride in
soil. The planter has a ridge set, seed metering, and a cdvédtler studies have shown that soil
preparation can manipulate salinity in the soil, the salinity adversely affected the plants.

Tested in sandy loam field, the result showed that the appropriate speed wh90.71® h', the
field capacity was 0.88 r&™ and field efficiency was 59%, The fuel consumption was 2.4 L Daaft
force requirement was 6,827 N, distance between planting point 22 cm, seed quantity per point 7 seeds,
planting depth 19 cm, seed consumption 9.18 KY ssed loss 5.4%.

Keywords: Rice, Upland rice, Rice Planter

Introduction Materials and Methods

Rice is the staple of Thai and popularly consumdgaisedrice planter designed and built
in many countries around the world. Rice can also
be _processed Into  various produpts, and W"i]ﬂ Figure 1 and the prototype machinesated are
Thailand as a country with a lot of agricultural work g

L . shown in Figure 2

Rice is one of the main crops grown by Thai
farmers, tle produce is sold locally and exported tc
the global market. Rice production a significant the
Thai economy crop (Thai Rice Exporters Associatior
2020). In Thailand rice plantations are available o
year 2020 the average was 61.28 million rai. The tc
three rice exports are white rice, glutinous rice, an
Jasmine rice as a sequence.

The rice planter machine is designed as shown

Currently, Thailand is the third rice exporter of
the world with 5.24 million tons in 2020 and 7.12
million tons in 2019, as a result of the Thai Bah
appreciation and stretigening of improvements _ D el
with rice trader countries such as Vietnam, which Figure 1 Design of Rice planter with ridge sets
had the thirehighest export. Thailand is popular t0 w..s
grow rice in the central region and the Northeast. =5

In the central and northeastern regions, the
encountered a problem of saliiin the soil. The
salinity of the soil will affect the growth of plant
which will affect the yield. The higher the salinity, ;
the lower the yield as the higher the salinity. That i
any plant species it has different salinity capacit
Which the salinityof the soil is too high for plants
to handle The plant will not grow. Or may cause
death before yielding.

=3,

Figure 2 Design of Rice planter with ridge sets
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With the planter machine consisting of raisingTaple 1 Put table caption above the table, Thai
groove and overburden set, the followed by gistribute d

sowing unit with aconveyor line connected to a
dispenser mounted on the seed hopper. The seed Gear Position (MaiSub)
disc is used to support gear through the shaft and  Test

. . 2-2 2-3 2-4
chain from the wheel at rear of the machine.

Speed km H 1.351.54 1.70-1.90 2.31-2.45

Optimum conditiong esting Distance(cm) 23.8 25.3 12.7

The rice planter with ridge set machine in theSeed (seeds) 7 6 4
test plotwith 3 rows, length 18 m, experiment at pjstribution (cm  4.75 5.75 4.33
gear positions-2, 23 and 24 by 47 Hp four wheel :
drive tractor and check the planting quality

comparing speed. — | -
Rice planter with ridge semachinein the field — 1" * . Ridge lft line
Testing & *
In appropriate conditions, field tests were —™ * ]
conducted to determine the performance and qual % ®
of the planting of the machine. Tested for effectiv N )
field capacity, field efficiency, fuel consumption, Sowing point
daft force, slip percentage, planting quality, number _ _ _
of seeds per point, spacing per point plamntiepth, Figure 4 Planting Formation

the size of the ridge lifted, the number of seeds used, _ o
and the rate of seed loss, tested at the farm of SuranareeFTom Figure 4, the pattern of planting is one

University Of Techn0|ogy’ Nakhon Ratchasima. p|antlng head, one I’idge I|ft W|” be raised and Seed
is dropped at the shoulder area of two ridge. For the

Results andDiscussion planting results shown in Figure 5, the distance
_ _ . between the planting points was 25.3 cm along the
Optimal working conditions test results left and right circles with little seed distribution.

-
Y ¥ ¥ LN A N
5 % % AR
o v 3 B W
Pl AN A ' -
¥ - v
G

R TN RN
Figure 5 Planting result single row

Figre Field test of rice planter

The results of Table 1 show that the Zjear Field rice planter machine test results

positions maintain good planting quality. The As a result of testing for optimum working
distance between the points in the rang88@®m conditions, 23 gears were selected to test the
and the number of seeds in thegarf 510 seeds. machine's fithess and planting quality in the field
There was no significant difference. When the spegest. The results of the test are in accordance with
is higher gear position-2, the number of seedsTable 2 in terms of spatial fationality. It can be
decreases and the planting distance is shortened ggen that it is not very high. And has a relatively low
to the delay in the flow of seeds from the seespatial efficiency This is due to Opt for a test plan
dispensing plate set into the sdik a result, the fall by running close to a row. Regarding the cultivation
is slower than the planting movement, so cannot liality, it is within the acceptable range. Is the
formed as needed. cultivation of field rice by sowing method The
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distance between the points atZDcm was planted Driver@age per area = 102.27 (THB Hi
at a depth of 1220 cm and used seeds per point C\I;Vhen representing the valges
-10 seeds.

Instead of the values in (4) Machine Cost

Economic evaluatioresults Instead of the values in (3), returns the following:

Rice Planter with Ridge sets machine th8&enefits
material cost of 22,500 Thai Baht and otepenses

of about 8,000 baht, total 30,500 Thai Baht, mstead of the values in (2). Net benefits

_ Instead of the values@).
Payback period = (1)  Payback Periodel cost = 65.61 (THB¥gi

] . _ From an analysis of the payback period of the
Net benefit = Benefit Cost of Machine usagé2) rice planter, Figure 5 shows the relation between the
(THB year’) Excluded depreciation planting area and the payback period. With a service

Benefits = Planting Area x Plantitjages ~ (3)  charge of 400 THB ral whenthere will be a
(wages 400 THB rd) payback period for the planting machine

approximately 1.6 years if employed at 100 rai and

Cost of machine usage = Interest + Maintenance
costs + Fuel costs + Lubricating oil + Labor (4)

) Olowered if switched to lower grade fueldaable to
Interest rate BAAC at the highest rate of 12.5%,4 cheaper labor.

(Farmers and individuals)
= 30,500 THB x (12.5 / 100) 400

= 3812 (THB yeat) F 300
Maintenance cost Z 100
Maintenance cost = 4.16 (THB i 0
Fuel cost = Fuel consumption rate x Fuel price 0 05 1 L5 2
(If using Diesel B7, the price is about 27 THB)L Working TimeYear)

Driver labor = 90 (THB #
( ) Figure 5 Payback period of cassava planter

Table2 Results of rice planter field testing.

Test Result Test Result
Planting area (rai) 0.2025 Theoretical field capacity (raif) 1.49
Soil properties Field efficiency (%) 59.13
Soil type Sandy loam Fuel Consumption (L ra) 2.43
Moisture content (%db) 9.92 Draft force 6,827
Seed properties Planting Quality
Vegetation Khao Dawk Mali 10! Average planting distance 22
Average length (mm) 10.46 Average planting depth 19
Average width (mm) 2.42 Average ridge width 63.15
Average thickness (mm) 1.96 Average ridge height 25.71
Average Speed (km']r) 1.70 Seed Quantity per point 7
% Slip 5.4 Seed Consumption 9.18
Field capacity (rai }Jr) 0.88 Seed loss 5.4
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Conclusion Thai Rice Exporters Association. Rice production
forecast 2012020. Source: http://www.
thairiceexporters.or.th/production.htm.
Accessed January 20, 2021.Hunt, D.2001.
Farm

Optimal operation at gear leveBXSpeed 1.72.90
km h' performance 0.88 rai“*hPerformance 59%
fuel consumption 2.4 L h The machine uses a
towing force 6,827 Natio used seeds 9.18 kg tai
distance between rows 30 cm, distance betwe&wower Machinery Management. (10th Ed.). Ames,
points 22 cm, planting depth 19 cm, the cost of the lowaL lowa Sate University Press.

machine is 30,500 THB if used for planting. It will . .
. : The development of a row of grain sprinkling
take 1.6 year payback period at working area 100 rai machines. Department of Mechanical

1
year-. Engineering, Faculty of Engineering,
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Abstract

Air quality investigating perceived in urban areas is a rather topic of interest. PM2.5 pollution has
become a severe problemThailanddue to rapid industrialization and high energy consumption. PM2.5
could cause increases in the incidence of various respiratory diseases and resident mortality rates, as well
as increase in the energy consumption in heating, ventilation and air comdjtsyisiems due to the need
for air purification. This paper reports the studies of the outdoor PM2.5 quality, the impact of PM2.5
poll ution on atmospheric visibility, occupationa
current pollutionstatus in Nakhonratchasima Province and finally presents analysis and suggestions for
future research.

Keywords: Air pollution, Fine particle, Health problem, Model, Monitoring system

Introduction PM2.5 is a high precision parameter mainly
ed to measure the fine particles using laser
hnology. PM2.5 meter could continuously display
e ambient concentration of fine particles in ug/m

Recent decades, Thailand has rapidly expandiﬁJ
economic development which effected in tremendo

increase in energy consumption and air pollutio h o . D
. : e principle of PM2.5 meter is¢happlication of
(Chulalongkorn University. 2020; Dunea et.al. ‘the laser model operation that allows air to flow

2020). Air quality investigating perceived in urba
areas is a rather topic of interest (Grossberndt et gqprough a small duct, then determines the air volume

2020). PM2.5 refers to Particulate Matter (PM) th y the suct|rc])n|fan fbrom the r(])therdend Dlgmgl
has a diameter of less than 2.5 micrometers, whi easuring, the laser beam is shooted perpendicular

is about 3% the diameter of a human hair. Since th air, _and the_n the photometer dgtettte “.ght
iR attermg. This method makes it possible to

are so small and light, fine particles stay longer i .

the air than heavier particles. This increases ghaeasure dust well (Judith and John, 1998) as shown
chances of humans and animals inhaling theim in'" Figure 1.

the bodies. Consequently, this could increase risl
of all-cause for cardiopulmonary, lung cancer ant ‘
more about respiratory system (United State
EnvironmentalProtection Agency, 2019). We could ™,
protect ourselvelsy wearing a mask and we need tc
help ech other to reduce PM2.5, but how are wi k.2
going to now that the place where we stay is safe %M"\

PM2.5 pollution could affect by not only the local R e ——

pollution sources, but also outside regions to themigure 1 Working principle of PM2.5 measurement.
different extent (Lin, et.al., 2018). Generally, the

PM2.5 meer would detected only in certain arsas This paper presents the results of the detailed
this research aims to develthhe PM2.5 measurementhourly and daily study of the PM2.5n

by the commercially availablequipments In the Nakhonratchasime Province, Thailand during2s
hope that this researched dewiesuld be able to be February, 2021. The results from measurements and

used in equivalent to the measured value of teCD0s data were compared.
Pollution Control Department (PCD). reasons that pushed the research to perform this

study.

Particles Laser Photometer Fan

&\ Airflow
out —>

Light trap
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Materials and Methods 500 600 (1)
Investigated area Where as
Nakhonratchsima Province, Thailand has abou‘:,wI —ob d 24 trati
2.6 million populations in 2021 (https://www2. " °° =0 ser\ég our average concentration

nakhonratchasima.go.th). Nakhorn Ratchasima is in uo/

ranked for the second city that has the higheBtMmax = maximum concentration of AQI color

population of the country. This city has covered the category that contains RM

area for about 20,494 KmThe average altitude is =

between 100 300 m. above sea levels, and this

province is located in the nordastern part of

Thailand (Figure 1). AQImax = maximum AQI value for color category
that corresponds to PjM

Mmin = minimum concentration of AQI color
category that contains RM

AQImin = minimum AQI value for color category
that corresponds to PM

j .V“-Statioff
Q 't 7 Table]1 The standard value of an amount of PM2.5.

= ! AQI Index Health message
o R =i catagory | value
LL ¢ _ .__,; Acceptable] 0-50 | None
%gg?tations 51-100 | Unusually sensitive peopl|
Nakhienratehasira Province Modulate should reduce prolonge

or heavy exertion
Figure 1. Location of NakhonratchasirRaovince | Unhealthy | 101-150| Sensitive groups should

with the installation of PM2.5 monitoring devices. for reduce prolonged or
sensitive heavy exertion
The standard value of an amount of PM2.5 groups

Sensitive groups should
151-200| avoid prolonged or heavy
exertion; general public
should reduce prolonge
or heavy exertion

201-300| Sensitive groups should
avoid all physical activity

outdoors; general public
should avoid prolonged

or heavy exertion

301-500| Everyone should avoid
all physical activity

The levels of PM2.5 are classified using the a
quality index (AQI) which lunched by the World
Health Organisation (WHO), shows as Table 1. Th
guideline is defined as the portion of the populatio
living in a place where the average concentratiorf
of PM2.5 are greater than 10 micrograms per cub
mater (ug/m). Furthermore, this guidance alsg Very
indicates the effects of fine particle on huma unhealthy
health.

The estimated values of annual concentrationg
are generated by combining data from atmosphe
chemistry transport models, satellite observations
aerosols in the atmosphere and grolewh .. qutdoors i _
monitoring of particulates. Overlaying of PM2.5 jgSource: adaptegl from the United States Environmental Protection

. . . Agency (2012); WHO (2005)
estimated by grided population data, the percentage
of the residences living in the particular area. The
PM2.5 concentrations that exceed than recommended
levels is calculated by the sum of the population for
grid cells where PM2.5 concentrations are beyond
the threshal value (10 pg/rf) and then dividing by
the total populatiofOEquation (1) shows the
calculation of the AQI standard using the pollutant
concentration data;
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PM2.5 data and statistical analysis monitoring systems have been constructed and

Data presented in this study were obtained fromeas_ured during 122 Febuary 2021 in f[he
the Pollution Control Department (PCD) who hag 1onNg (8.00, 10.00 a.m.), at noon and in the
installed the PM2.5 meter monitoring station?lcternoorl (14.00, 16.00, 18.00 p.m.).
located in Nakhonratchasima Province (Figure 1
There were two stations located at two different
areas. The first station (Figuresfaion 1) was set up Air quality overview of Nakhonratchasima Province
in_the crowdql community_ and the second station PM2.5 values observed by this study and
g?'eg:re.”ﬁztzﬂf dny i)o ”\g?feéntshtgllfa 2a:'> fjgeiasfl:ggetrﬁklakhorn Ratcasima PCD are illustrated in Table 2

' ' Xhd 3 respectively. Values were recorded every two

same areas with different devices. The automattl{:OUIrS from 2 a.m. till midnight for 15 days.

esultsand Discussion

Table 2Two-hourly reports on PM2.5 values over ten hours for 15 days.

Date of February 2021
9 10 11 12 13 14 15 16 17 18 19 20 21 22
0200 36 47 17 22 32 36 31 32 40 57 32 37 25 44 31
0400 41 42 15 19 33 43 39 35 35 51 36 36 23 37 45
06.00 28 33 18 29 42 35 22 32 49 79 39 36 17 43 50
08.00 49 32 11 31 43 39 60 50 57 89 38 39 26 34 51
10000 27 23 12 20 26 27 35 29 36 47 25 27 26 27 40
1200 23 19 9 11 22 28 23 22 35 34 28 23 23 26 29
1400 32 23 12 10 19 11 28 30 33 36 26 29 21 37 32
1600 31 4 10 8 22 20 31 31 39 39 28 25 36 32 34
18.00 38 11 12 15 29 30 33 42 42 28 25 28 31 35
20.00 30 18 16 25 32 32 28 46 44 35 30 31 33 41
2200 33 8 30 20 21 21 44 41 48 43 32 31 30 37 38
2400 32 13 17 22 24 27 37 42 59 37 33 28 38 36 62

Time

o b

90

80

—=8=02.00

6 —8—04.00
06.00

60 08.00

—8—10.00

12,00

PM2.5

—=14.00
e 16.00
e 18.00

30 —20.00

——22.00

20 24,00

10

8/2/2001  9/2/2021  10/2/2021  11/2/2021  12/2/2021  13/2/2021  14/2/2021 15/2/2021  16/2/2021  17/2/2021 18/2/2021  19/2/2021  20/2/2021  21/2/2021  22/2/2021

Figure 2 PM2.5 during 8 22 February 2021 monitoring.
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Table 3PM2.5 values reported by PCD.

Date of February 2021
9 10 11 12 13 14 15 16 17 18 19 20 21 22
0200 54 56 13 36 31 57 45 47 52 75 34 28 21 58 67
0400 46 43 11 41 39 49 38 38 49 68 34 30 22 55 73
06.00 96 27 20 56 52 55 54 30 78 75 31 44 25 46 80
08.00 64 27 13 33 58 46 69 73 71 86 38 39 27 54 94
1000 36 20 10 16 33 30 55 55 75 62 38 32 27 51 64
1200 33 24 17 18 28 26 30 44 62 43 33 25 23 33 50
1400 32 21 18 14 33 25 29 33 52 39 33 30 31 37 40
1600 32 10 13 19 19 19 35 39 41 41 27 19 32 33 37
1800 41 13 14 19 23 27 33 34 45 46 25 30 34 32 39
2000 55 17 20 29 44 43 51 52 68 50 32 30 49 53 48
2200 62 13 42 34 46 52 53 58 75 54 26 34 44 60 68
2400 50 14 36 35 51 52 44 62 91 28 26 23 50 72 62

Time

120

= 02.00
@ 04.00
80 06.00
08.00
=== 10.00

60 —-=12.00

PM2.5

—.—14.00
—0—16.00
- 18.00
40

—9=20.00
—=22.00

—24.00

8/2/2021  9/2/2021  10/2/2021  11/2/2021  12/2/2021  13/2/2021  14/2/2021 15/2/2021  16/2/2021  17/2/2021  18/2/2021  19/2/2021  20/2/2021  21/2/2021  22/2/2021

Figure 3 PM2.5 during B 22 February 2021 from PCD

The results from this study could be noted thatandard. Similarly, on the 18 February 2021, shown
the average amount of PM2.5 were at 31 fg¥ith  another significantly dropped of the PM2.5 amount
the highest and the lowest of 89 and 4 pf/mfrom the moderate level to acceptable standard.
respectively (Table 2 and Figure 2). The PM2.5 dafehese phenomena could be explained by that
reported by PCD was 41 pginfor the average periods of time, there were rainfall over those areas
amount, and the highest and the lowest values wesk the city. This rain had brought the massive
at 94 and 10 pg/frespectively (Table 3 and Figure 3)amount of water resulted in the washout effect.

In addition, it could be extracted that on the ghese observations of the present study were similar

February 2021, the PM2.5 amount was reduc
dramatically from the moderate level to accbpga

previous studies on effects of rainfall on PM2.5
uo et al., 2016; Zhou et al., 2020)
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Figure 4 PM2.5 at Nakhonratchasifeovince during 8 22 February 2021

Figure 4 illustrates the comparative graphicaigreement with the previous study (Filonchyk, et al.,
plotting between the PM2.5 data collected by thig016;IQAir Group, 2020 who reported that about
study with the data reported by PCD durin@B 80% of the observed cities in Gansu province shown
February, 2021. It could be noticed that the aller the PM2.5 rations of weekdays/weekends at about
trends of both observations were presented in tBed-1. It should be noteftom the present study that
comparable manner. However, the PCD reportatle PM2.5 meter used for this study had worked
values show slightly higher than those observed Ipyoperly despite present lower observed values of
the present study. Moreover, the present stud®M2.5 comparing with PCD meter. Bedises, this
observed that the PM2.5 level on weekdays amtkvice is available at stores with effordable price
weekends were slightly different which in (Liu et.al., 2019; Samad et.a2021)

Table4 AQI values from this research.

Date of February 2021

9 10 11 12 13 14 15 16 17 18 19 20 21 22
0200 54 56 13 36 31 57 45 47 52 75 34 28 21 58 67
0400 46 43 11 41 39 49 38 38 49 68 34 30 22 55 73
06.00 96 27 20 56 52 55 54 30 78 75 31 44 25 46 80
08.00 64 27 13 33 58 46 69 73 71 86 38 39 27 54 94
1000 36 20 10 16 33 30 55 55 75 62 38 32 27 51 64
1200 33 24 17 18 28 26 30 44 62 43 33 25 23 33 50
1400 32 21 18 14 33 25 29 33 52 39 33 30 31 37 40
16,00 32 10 13 19 19 19 35 39 41 41 27 19 32 33 37
1800 41 13 14 19 23 27 33 34 45 46 25 30 34 32 39
20,00 55 17 20 29 44 43 51 52 68 50 32 30 49 53 48
2200 62 13 42 34 46 52 53 58 75 54 26 34 44 60 68
2400 50 14 36 35 51 52 44 62 91 28 26 23 50 72 62

avg 43 28 15 19 33 36 48 46 73 90 38 36 30 47 65

Time
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Table5 AQI values from PCD.

Date of February 2021

9 10 11 12 13 14 15 16 17 18 19 20 21 22
0200 54 56 13 36 31 57 45 47 52 75 34 28 21 58 67
0400 46 43 11 41 39 49 38 38 49 68 34 30 22 55 73
06.00 9 27 20 56 52 55 54 30 78 75 31 44 25 46 80
08.00 64 27 13 33 58 46 69 73 71 86 38 39 27 54 94
1000 36 20 10 16 33 30 55 55 75 62 38 32 27 51 64
1200 33 24 17 18 28 26 30 44 62 43 33 25 23 33 50
1400 32 21 18 14 33 25 29 33 52 39 33 30 31 37 40
16,00 32 10 13 19 19 19 35 39 41 41 27 19 32 33 37
18.00 41 13 14 19 23 27 33 34 45 46 25 30 34 32 39
2000 55 17 20 29 44 43 51 52 68 50 32 30 49 53 48
2200 62 13 42 34 46 52 53 58 75 54 26 34 44 60 68
2400 50 14 36 35 51 52 44 62 91 28 26 23 50 72 62
avg 50 38 19 40 56 68 80 80 124 123 38 38 38 85 120

Time

Table 4 and 5 present the AQI values thanaters into the air especially during dry season
analysedy using the PCD models that based on thHéQAir Group, 2020; Samad, 2021). Furthermore,
PM2.5 values collected by the present study anbe installations of foggy spray particularly in the
PCD report respectively. It was observed that bottrowed communities should be considered. It is
data were presented in the comparative trendsecommend to operate at 200 bars with 10,000 liters
Additionally, the data indicates that the AQI of theper minue would trap the fine matter up to 100
centre of Nakbrn Ratchasima province during?2 meter height within the area of 108 (@rossberndt
February, 2021 were in the modulate levett.al., 2020).

(AQI=51-100). However, there were several days

that AQI values were presented at the unhealthy fécknowledgements

sensitive groups (AQI=10150) level. Accordingly,
the suggestion for publicsithat people should
reduce prolonged or heavy exertion.

Thank you to théollution Control Department
(PCD) of Thailand for valuable information.
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Abstract

White shrimp is one of the most significant products exported by Thailand. Nowadays, enclosed
hatchery buildings are commonly used to obtain desired environmental conditions and to ensure biosecurity.
The main objective of this study is to investigaterterand environmental conditions of an enclosed white
shrimp hatchery building by means of computational fluid dynamics (CFDhasith measurements. The
information gathered would be useful for the development of enclosed hatchery buildings to obtain
favourable thermal rearing conditions for the growth and survival of shrimp larvae. The commercial full
scale enclosed hatchery building situated in Pathio, Chumphon, Thailand, was selected for this study. Multi
data loggers were placed at designated aretsedatchery building to measure indoor/outdoor dry bulb
air temperature and rearing water temperature. The results show that the indoor air temperature fluctuated
within 26.937.8C during a day; it increased during the daytime and decreased at néghitiater
temperature varied within 363.5°C exceeding the recommended values3@&. The distribution of
indoor air temperature obtained from CFD agreed well with those obtainedhfgimmeasurements with
a maximum relative error of approximatéiY. Large areas of extremely low airflow (dead zones) were
presented inside the hatchery building. It is suggested that the improvement of a ventilation system is needed
to minimize dead zoneand to obtain appropriate thermal rearing conditions.

Keywords: Thermakonditions, Computational fluid dynamics, Hatchery building, Microclimate

Introduction an enclosed hite shrimp hatchery with the aid

Thailand s oone of ¢ fOYUIRYJU DI IO o mo
exporters. White shrimp accounts for 84.33 perce - ' L 9
of the total production of all seawater shrim ow inside the hatchery building was developed.
Air velocity and temperature fields were computed

(Sontirat, 2017). The productivity of white shrimp . . .
dramatically depends on thermal and environmentar 9 CFD techniques. The mmsd indoor/outdoar

conditions. Therefore, the design of a hatchery"‘.nd.Wa.ter temperatures are collected. _Then, the
%lstrlbutlonsof indoor air temperature obtained from

building is of particular interest. In general, there ar merical simulations were compared with those

two types of hatchery buildings, open and cIose% : o )
systems. Open systems provide excellent air circulatio tained fromn sitl measurements. The_mgthematmal
bdel was further improved to minimize errors.

but rearing water temperature is uncontrollabl hen. thermal rearina conditions of the hatcher
depenihg on surrounding conditions. For cIosei) ’ 9 y

systems, hatchefyuildings are enclosed by structure mucl)l((jjler:go ]}Naei ﬁ‘lc?vsvsiﬁes(ijde-r&ee ﬂiﬁ#oer;edbmladti?]ené%tﬁzl
and the ventilatiorsystem is employed to control y 9

desired temperature. It is certain that thermal conditioﬁ‘gSO provide u‘_seful |nformat|on in the designing of
play an important role in shrimp production.a hext generation hatchery building.

Excessively low or high temperature may decrease

the survival rate of shrimp larvae (Hernandez et al.,

2006, Limsuwan et al., 2009, Limsuwan et al.,

2010). The main objective of this study is to

investigate thermal and environmental conditions of
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Materials and Methods dp  Opu;)
- ot Do, 0 1)
1. Hatchery building ¢ O
This study was carried out at theatchery a(pu;) N d(puw;)  Ip
building situated in Pathio, Chumphon, Thailand. It ot dx;  Owy (2)

is located at latitude 10° 24' 0" N and longitude 99°

4' 0" E. This enclosed hatchery buildingwas 6 met | 9 [ J(é‘m L9 gd%ﬂ i( _ g
wide, 44 metre long and 4.2 metre high. There we ~ dz; | \dx; = dz; 3" Oz Ox; v

six ponds of size 5x6 metres. Thesteair louvre —

was installed at the front end, while a-Béh | where #%i%; is a Reynold stress tens (%) .

exhaust fan was located at the rear end of the

hatchery building. The data was collected throughout 7% is a symmetric tensor, it derives from an

the day using mukdata loggers. There are thregy erage convective acceleration term in the momentum
types of muliidata loggers as shown in i 1. equation. Reynolds stress provides the averaged
First, there were four muitlata loggers for effect of turbulent convection which are highly
measuring water temperature_and light intensityif,sive. Reynolds stress tensor in the RANS
Hobd® Pendant UAD0264 with accuracy of equations represtia combination of mixing due to
°0.53C and measuring range from@to S0C. yrhulent fluctuations and smoothing by averaging.
They were located at the water surface (about|d this study,the standard Hepsilon turbulence
metre_from the graud Ievel_) in the first, third, fourth model is employed. This turbulence model has been
and sixth ponds, respectively. Second, four multjidely used in applications for ventilation studies
data loggers, Hobfo U12-012, with accuracy of (Norton et al., 2007 BlanesVidal et al., 2008;
°0.35C and measuring range from@to 50C Norton et al., 2013, Vilmar Rodrigues de et al.,
were employed to measure indoor dry bulb a®018) due to its desirable accuracy and convergence

temperature. They were placed at the fouehavior (Launder and Spalding, 1972).
cornerdnside the hatchery building. Third, wireless

temperaturelata loggers were used. One logger was Data measurement
placed inside the hatchery building, while the other
two loggers were placed outside the hatcherg

The measurements were carried out on a
learsky day at 11:00AM on the 21of January

020 in Pathio district, Chumphon, Thailand.
Portable hotvire anemometer and thermometer

wpere utilised. Portable thermometer, T&S@GI,

building at the front end and rear end, respectivel
It is noted that all doors and windows remaine
closed during the measurements and all rudta

loggers were at the same height, about 1 me

above ground level. with accuracy of 0.5 C and neasuring range from
— 0 C to 60C was employed to measure indoor dry

1 T . 1l bulb air temperature at each specified location

(IR i 1" (about 1.15 metre from the ground level) as shown

in figure 2. Portable anemometer, TEL05i, with

a2 Multicdat logger for water . H0 I accuracy of°0.3m/s and measuring rgn@em_z
% A mtC sl 3 oot (O iy m/s to 15 m/s was employed to measire/elocity
e amidy at the exhaust fan.
Figurel - Locations of multidata loggers.
bli @
2. Mathematical model and governing equations m @
'Y o

Modelling of air flow inside a hatchery building
can be obtained using the incompressible Navi
Stokes equations, satisfying conservation of ma
momentum, and energy in Ansys CF3oftware.
By averaging the incompressible Navigtiokes
eguations, the Reynolds/eraged NavieBtokes
(RANS) equations are as follows:

44m

igure 21 Distribution of measuring pointeroughout
Rie hatchery building.
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The boundary conditions of walls and roof were yt =47 3)
defined using static temperature thatasured from v
digital laser infrared thermometer, FLIR C2, with
accuracy of £2°C. Itis noted that similar approache<
using the same methods to define boundau, =
conditions have been reported (Vilmar Rodrigues
et al., 2018, Saraz et al., 2013). Tabledcdées the
boundary conditions defined in this mathematicdlode from the wall¥” is the kinematic viscosity.
model. The local surface of each boundary condition
is shown in figure 3. 5. Model validation

where u.. is the friction velocity defined as

u

— . Tw represents wall shear stre«;;
(fépresents fluid density is the distance of the first

The mathematical model (RANS model) of air
w inside a hatchery building was validated using
Local  Boundary  CFX Caginiie hotwire anemometers and thermometerBhe

simulated results were compared with the data

Table 1Boundary conditions defined for the simulationfI o

Surface Condition Condition Values

e T Nosie Coo collected from the hatchery building. The indoor dry

Elone Wl Noslip Temperstoce ALE bulb air temperature was compared at 21 measuring
Ponds Wall No Slip Temperature 304K points throughouthe hatchery building as shown in

NWWED Wl No Slip  T—— i Figure 2. Equation 4 was applied to computed thq?
0 relative error as follows: =)

NE Wall Wall No Slip Temperature ST i r>t$

Tsim — T,

SW Wall Wall No Slip Temperature fg";;’i( E= ‘S'mTim‘ * 100 4) %
m ©

SE Wall Wall No Slip Temperature LA 5
Door Wall No Slip Temperature 30990 K , Where £ is the difference between the simulated

AirEntrance  Inlet  Opening g pnire Pressure - 10133kPa and measured air temperature ( 71, represents

Static Temperature 309K . .
measured air temperatuT;,,, represents simulated

air temperature, respectively.

> & //’ Results

[ - S . o

~ g 2 1 Mesh independence test and convergence criteria
X P % . . .

I Three different mesh densities were studied as

4 shown in Figure 4. Mesh 1 (element size of 0.3
/ e metres/ 128,893 nodes/ 311,300 elements), mesh 2
> (element size of 0.25 metres/ 200,685 nodes/
" 1 507,593 elements), and mesh 3 (element size of 0.2

- ke metres/ 316,078 aues/ 862,895 elements) were

Figure 3|'»:I'he proposed model of a hatchbojiding.  tested with acceptable mesh qualities. The result
shows that the simulated air

4. Mesh study 37.5

Mesh independence study was performed t
ensure accurate simulation results. Meshes used?”Gf
the proposed model of a hatchery building werZ **
refined especially in areas of high variables
gradients. The number of meshes was gradual£ *
increased until the simulation results did not var™~ '

significantly. Moreover, "

Mesh 0.3 Mesh 0.25 Mesh 0.2

012345678 91(#111213141516171819202122
the y* variable (Equation 3), which varied Fomt

according to the selection of a turbulence modedkigure 4i Comparison of simulated air temperature
was investigated. The/* variable represents abetween different mesh size elements at 21 measuring
dimensionless distance of the firsode from the points.

walll. It is suggested that the valueybshould be in

the range of 30 ¢/ < 300 for the standarddgpsilon

turbulence model (Andersson et al., 2012).
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temperature obtained from me&hand mesh 3 Figure 6a, 6b, and 6¢ present the distribution of
was not significantly different, so mesh 2 withair temperature inside a hatchery building. It reveals
507,593 elements was sufficiently refined for théhat high temperature zones were acclatea near
simulations. Moreover, the value gfvariable was a roof of the hatchery building, while the lower air
equal to 230.767, which was acceptable for themperature zones were located near the ponds.
selected turbulence model. In steatiyte simlations,
the convergence criteria were monitored. Figure I?at
shows that, after 1500 timesteps, the 1oean
square error values of less than 1X14nh acceptable
error, were obtained.

The distribution of air velocity inside the
chery building was simulated. It shows that there
were high velocity zones only at the antrance and

at the exhaust fan only. Large areas of extremely
low air movement (dead zones) were presented
inside the hatchery building (Figure 7). This implies
that the improvement of a ventilation system is
First, the proposed model of air flow inside theneeded to minimize dead zones.

Total Temperature
Front

2 Proposed model

' 3.140e+02 e

3.123e+02

’ ' 3.105e+02

3.088e+02 l—.

3.070e+02 (a)
(K]

Accumulated TimeStep

(b)

Figure 5- Monitoring of the convergence criteria.

ure (°C)

hatchery build was simulated. Indoor dry bulb | = - = = —
air temperature obtained from numerical simulations
were compared with those obtained from ©
measurements. Table 2 shows that most of relatitgure 61 Simulated air temperature distribution
errors were less than 5%. Only relative errors @tside ahatchery building.
points 1, 2, 14 and 15 were higher than 5%. This
might bedue tothe presence of strong air circulatiora) Contour in a transverse plane at the exhaust far.
around those measuring points near the exhaust fah.Contour in a longitudinal plane at the pond level.

3fc-mpcralm‘c (°C)

It is noted that Pt stands for ¢) Contour in avertical plane at the middle of the sl
building. o
Table 2Comparison of measured and simulated a'y,,
temperature at 21 measuring points. ".“’"Z'soow
Pt Mea Sim RE |Pt Mea Sim RE 1975001 [ o -
°C oC % oC oC % 14 \: : ‘:‘
1 335 370 10512 346 352 18 B 120y N = -
2 336 359 68 |13 339 352 37
3 344 359 44 |14 337 361 70 625002
4 351 360 24 |15 338 360 66
5 353 359 18 |16 341 356 44 o
f; ig-g gjg ;-g }g g‘;-g gg; %? Figure 7i Simulated air velocity distribution inside
8 350 348 31 |19 356 357 03 ahatchery building (Contour in a longitudinal plane
9 357 355 06 |20 358 357 02 at the pond level).
10 355 353 05 |21 360 348 33
11 352 353 02

a measuring point; Mea stands forasered air
temperature; Sim stands for simulated air temperature;
Re stands for relative error, respectively.
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3. In situ measurements accumulation zones. It is suggested that the

rjgnprovement of a ventilation system is needed to
minimize dead zonesnd to obtain appropriate
tQFrmal rearing conditions. The information
gathered from this study would be useful for the
development of next generation enclosed hatchery
buildings. Computational fluid dynamics will be
also included in the design phase tgestime and
Moreover, there is a close positive correlationeduce development costs.
between water tempature and indoor dry bulb air
temperatureas shown in figure 9.

Figure 8 shows that the indoor air temperatu
fluctuated within 26.87.8C during a day; it
increased during the daytime and decreased
nighttime. Water temperature varied within 38265C
exceeding the recommended values,-38&
(Limsuwan et al., 2009).
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Abstract

Ricecultivation consists of the following four operations mainly: 1) planting, 2) management while
growing in the paddy field, 3) harvesting and 4) processing. The planting can be done mostly by two ways
of direct sowing and transplanting. Normally the haingsbperation consists of rice plant harvesting and
threshinglt can be blieved that the combine harvester was so named because it teasiirefunctions
of harvesting and threshing ricEhe above mentioned a series obperationperformed in rice cultivation.
However, are there any measures to further reduce production ktdstedasy to see that direcivéing is
cheaper than transplamg.in terms of material handlingndlabor & energysaving Theacceptanceate of
direct ®wing looks slow due to the stabilitin the initial stage ofgrowing of rice after the sowingp to
sprouting but theremay beno doubt that direct sowing will become more widesprEadhermore, in the
harvestingperationit is expectedhata combireharvesteequipped with a ricde-husking function enable
to accomplish the three operations of harvesting, threshingjehdsking.

In this paperthe hyperlow-costrice production systenis discussedocusng on the rice for
processing onlypy repacing the tansplanting to direct sowing, and by adding dediuskingfunction to
theexistingtwo functions of harvesting and threshing

Keywords:Direct sowing of rice, Direct dausking of rice, Hyper low cost rice mechanization syst

Introduction 2010 to 20181t can be found from this that the
direct sowing was already accepted more than the
transplanting. The reasons why the direct sowing
was more accepted than the transplanting can be
1;followed referring to the survey report by Tuyoshi
§eumita and Masuo Ando as follows. For the
questionnaire done by them, the farmers answered
hor the question "What will you did you no longer

ire workers for rice planting (uni¢6)?". Farmers

answered as showrelow.

The drect sowing ofrice has gradually become
accepted since the early 1999gn though it has
been popularly acceptedue to the following
reasons such as fgssible to do manually by use o
family labor force, 2) no need to mechanize and u
machines under small scale farming amd &
situation where mechanization is hardly advance
3) possible easily to hire cheap labor foraes so
on. Table 1 shows theirdct sowing acceptance
percentage for four regions in Thailand from the About70 %of the farmers liked to introduce the
year 1990 to 1997Spurce: Agricultural Economics direct sowing an®3.6 % of them considerethe
Bureay Ministry of Agriculture and Cooperatives, farmland lending andonsignmentin case of ain
Thailard). It can be found from this that almost 40 %ed area farmer$6.7%of them liketo introducehe
of the planting has been dobg direct sowing in direct sowingand 25.0% of them like to have
two regions of Northern and Southern. In théarmland lending and consignmer@n the other
Central 76% was done by direct sowitigcan be hand, the rrigated area farmersanswered as
seen that only 7% of thidortheastermegionis not follows. 80.% of them like to introduce thdirect
covered by direct sowingn 1990, however it has sowingand 20% of them considered theafmland
been increased up to 27% in 1997. Far tther lendingandconsignmentOne of the most imgatant
three regions such as Northern, Central ariay factors for the farmers to make final decision is
Southern it can be found clearly that the diredhe raise up of the labor wage. There could be found
sowing increased exactly for the past 7 years excdpito kinds of farmers involved among them in this
Southern region which has no increase or decreagevey; one is high yielding framer and the other is
and maintains a constant situation of 484gure 1 low yielding farmer.
shows the change of the direct sowing from the year
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Figure 1 shows the direct sowing of rice ircan be pointed out from the author's viewpoints that
Thailand, processed and made referring to Tabletiie yield per unit looks less than the Jasancase,
showing the four main regions of Thailand for thevhich is almost equal to the half of it. Two ways of

years from 1990 to 1997

Table 1 Direcsowing acceptance in fouegions in
Thailand (%

.
ﬂ

thinking may be considered. One is more
investmens for more yields and less inputs for less
outputs at satisfactory level. Which one will be the
option to choose ? Considering that the majaofty
farmers are patime farmers more or less due to
small scale of farming. They will take the second
option of less input less output just under satisfactory
level, however no more new advanced technology
can be developed and innovated for promoting
agciulture. The less input, but higher output way
should be pursued. From this point of view, the
author would like to propose HLRP, Hyper Low
cost Rice Production system mainly focusing on the
processed food production, because no tebd so
strict abou quality. Direct sowing and direct de
husking tecnologies can make it possible drastically
in reducing the total operation time and saving

Table 2 Direct sowingand transplanting ratio in |ahor, energy and materials.

Thailand(%).

I ———
R T——
2014 70.3 24.7 -

L A R

N B

In the same way Figure 2 shows the direc
sowing of rice in Thailand, processed and mag
referring to Table 2 showing the acceptance ratio
direct sowing and transplanting in Thailand durin
2010 to 2018.(Source: Agricultural Economics
Bureay Ministry of Agriculture and Cooperatives,

Thailang.
The directsowing of rice began to kaccepted

around 1990n North Eastern area of Thailand. |
the central area it was mostly accepted up to 90 ¢

Direct sowing change in Thailand

during 1990 - 1997

ae ratio (%)

80.0

60-.0

40.0

=)
=
3
3
g
)
(=}

20.0

0.0

Year 1990 1991

Source: Processed based on data of Office of Agricultural Econom ics

]:igure 1 Directsowingchangeduring 1990 1997
i? Thailand

Direct sowing change in Thailand

during 2010 - 18

ae ratio (%)

Direct sowing

The northern and the southern regions followe
(Table 1). The acceptance ratio of direct sowing h
been constantly maintained more than 50%&aent
eight years from 2010 to 2018 even though it ha!agure 2Direct sowingchange durig 2010- 2018
done more than 70% twice in 2012 and 20td. in Thailand

unclear why that happenell can be found clearly

from these data shown here that the direct sowing of

rice is being accepted yearly almost 50% intlad

regions The complete transfer of direct sowing

takes time for successful acceptance by the farmers.

Because it has still some obstacles to negotiate. It
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1. Rapid transition to direct sowing 3. Seed amount fatirect sowing

The followings may be the basic background The wingamounibf seed per 10ig as follows
reasons why the rapid transition to the direct sowing 1) 8.4 kg/10dor high-yielding farmers &2) 6.7

hasoccurred. kg/10a for lowyielding farmersrespectively. In
Labor force shortage in rural aredse to the Japan the farmers normally prepate3.0 kg/10a,

raise up of labor force wage. In 2011 to 2014, Thierefore in Thailand the farmers use almost 2.2 to

Thai Government increased the minimum wage pé&r8 times of seeds more than Japanese ones. In case

day double from 150 THB to 300 THB. Thisis gooaf USA, they use thre® four times of seedsnore

for most of the people, however the farmeesl to than Japanese farmers in direct sowing. It seemed

pay high wages to employorkers The eduction that hey are less tolerant of bighting attaclkand

of employment wages required for transplantingzeed contral They alsotake into account thkss

operationThe minimum daily allowance has doubledabout the damage caused by latthck after direct

but from thefarmer'sside of hiringlaborers it was sowing beforegerminating and sproutindgevenin

necessary to reduce wadesenin case of using the harvestingperation they harvest only thegarts

direct sowing, theyield was almost equal to orwith rough rice grairabove the height of thgrown

higher than that of plantingherefore hiere is no upweedsby use of the stripper type combine.

need to forcehe tranplantingmethodto continue.

In some case®ven direct sowing caproducethe 4. Yield per unit area (10a)

yield at the same level as transpiagt Table 2 shows thevarage yield (unit: kg/10a)

in rainfed paddy field(Survey site: Khon Kaen
area) There can be found almost 22 kg difference in

Managementlifference betweemhigh-yielding the yield per unit area (10&)ooking at the disparity
and lowyielding farmerds shown below. between farmers, tHewest yield is1) 125 kg / 10a

1) Parttime income dependency rate for highfor Transplantingand 2) 70 kg/10a fordirect
yielding and lowyielding farmers a& shownas sowing, Even here shows that theamsplanting is
follows: 46.7 % for Igh-yielding farmersand higher thandirect sowing The yield data shown
67.2 % for bw-yielding farmersit can be seen from above in Table 2 are almogjuévalent toa half or
this point of view that both of them are more or lesdewer of the case in Japavhich is almost 500 kg to
dependent on part time income in addition to th@00 kg/(ha). This level of yield can be accomplished
original main job on farm. They may be categorizedasily without fertilizer application under well
generally in the paitime farmer due to small scaleirrigated paddy field and minimum application of
farming.The following is he additional description herbicide for weed control only once in the four
between both kinds of farmers involved in thenonth growing season. (Sourgsuthor's experience
survey.1l) High yielding farmers spend the totalon his own transplanting based farrdne of the
working time 10% more than Low yielding farmeramost effective commercial herbicide registered
2) Highvyielding farmers spend a relatively largeunder the name of "Top Gun" can make it possible
amount of time for weed control, folleed by tillage to control the weed completely under fully irrigated
and fertilizer applicatiorHigh-yielding farmersare  condition to cover the whole surfa®f the paddy
generally characterized ke following tendency field almost for one month or so to control the weed
compared to the low yielding farme(4) They sow perfectly. The irrigated water shouldn't be drained
a lot of seeds compared to the Japanese farmerdasthis duration, otherwise the herbicide does not
shown later and fertilizers (2) Theotally rely on function effectively. In addition it leads to the waste
the family labor force(3) They put in herbicides of money to drain the pumpetp water in which the
and hands for weed contrdlhe abovementioned herbicide is dissolved.
means that high yielding farmers would like to
perform the chemicals (herbicide & pesticide)
application, tillage and leveling work moreresailly.
On the other hantbw-yielding farmers are more
dependent on the labor force employment for
planting work than higlyielding ones

2. High yielding and Low yielding farmers
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Table 2Average yield comparison in both plantingResearch objective

methods of direct sowing and transplanting Technology research and developmentare

progressing day by day. Two technologies proposed
here for Hyper lowcost rice production system
building are technologically acceptable, but not
socially acceptable due to some of the reasons such

Direct sowing 249 9 as the appearance quality represented by sypface
: pointinjury and cracks, etc. Honestly to say they are

. still not enough tacall "Appropriate technology”,
Transplanting 271.8 however they can be possibly traded depending on
the social needs in the special industry sector. One

of the most importnat points of the purpose is to

Planting Average vyield
method (kg/10a)

Source: Tsuyoshi Sumita , Masuo Ando (2002)

Economy of Direct Seeding of Rice in Northeast Thailand focus on the rice prOdUCtion to be used Only for rice
Eoonamios, © Vol 40 Kot (o a1z related processedod and realize th&Hyper Low

Cost Rice Production Systérouilding. This means
simply no need to pay much attention to the quality,
but to pay more to the massive production of rice.
The input energy required for final product
production should be mimized as much as
possible and the final products should be processed
for more value adding. on them. This is the original
essence of the research objectiseshown below
based on the philosophy mentioned above

1) To propose New Rice productigystem named
as HLCRP, Hyper Low Cost Rice Production

Figure 2Commercial herbicide "Top Gun" Systemby the application of two methods of

operation stages in Planting & Harvesting

5. Cost comparison 2) To clarify and show the obstacles to negotiate for

How will such highyield farmers' labor and  problem solving in addition to the direction
high material investment appear in terms of costs? which way tomove forward
Here shows one of the answers for this question
comparison between high yielding and low yieldin
farmers. According to the paperreported by
Tsuyoshi Sumita & Masuo Anglthe tigh-yielding 4) To discuss how the rice supply chain can be
farmers also have lower labor costs, and they are changed to provide further possibility and system
more likely to use family labor than employment improvement by the newly proposed system

labor forces so the difference with lowielding 5) To build up the Hyper lowcost rice production

farmers is quite smallt looks a little bit dfﬁc_ult to system by the combined concept introduction
say and cover all the cases, however it may be ynq application of direct sowing and direct de

possible to say that theeyd is proportional to the  p;sking technologies focusing on the rice related
amount ofmaterials invested and thebor forcesin processed foogroduction with the first priority

some rangeHigh-yielding farmers fall into this case. ¢ 5w cost over theuality.
They are enthusiastic abautltivation management

and strive to do as much as possible with their own g qic principle tdncreasethe net income
family labor without hiring workers easilyRather =

gj To show the effect how the rice production system
9" can be simlified and changed essentially

than relying on the employment tafbor forces it There may be three types of agriculture such as
may be said that their own setiielp efforts have 1) Hobby agriculture, 2) Environmental protection
realized cost savings and high yield agriculture and 3) Business agriculture. The agriculture

discussed here should be categorized inéothird
one. Farmers have to live relying on the income
from farming, therefore the income should be
enough to take care of the farm management. In this
case the net income is more important to discuss
than the gross income. The method of how it should
be maximized must be discussed. Here shows the
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concept.The net income can be expressed as tE®elyleElg o] g Mol Mol )V ETp i [o]gF]
gross income minus the total expenses as sho & Newly Proposed System

belowin equation (1)
q )
- Seed sowin
NI (Net |nC0me - Nurseryp:a?n growing Direct sowing of seed
Gl (G ross |nc0mp_ TE (Total Expensp (1) Transportation of to Paddy field under
nursery plant Dry/ Wet conditions
Transplanting
~— ~
The above shown equation can theerefore (i s ora D (o om D
. . . rrigation & Drainage rrigation. rainage
rewritten as shown in equation (2) Chemicals application Chemicals application
Herbicide & Pesticide Herbicide & Pesticide
n m Fertilizer @ Fertilizer
NI - a al X - aq ¥ (2) ( A (Riceplantcurting h
i=1 j 2 Rice plant cutting X Threshing  for Rough
Threshing for Rough rice collection
i llecti Simultal d
GI TE rice collection hlljr;llgingneous e
~— @ - @@

whereA: unit price of i th product an@d :thetotal Figure. 3 Comparison between conventiorahd
amount production of i ttproduct and they are newly proposed system

factorsthatmake up gross income. In the same wa
the factors to make up the toedpensedA andU
show theunit price and the amount of j th materia

investedespectivelyNeedless to say Gl and TE arg ‘

Gross Income and Total B&nse respectively too.

Main Difference in both systems

In the equatior{2) shown above, the maximization g Direct sowing
of the net income can be done by the maximizatidg _ :
. .. . . Managemem&Nursery plant growing Seed preparation &
of gross income and minimization of the tota ggg;gfamﬂ o g S
expenses, therefore the equation can be rewritte
shown below. .
Harvesting HaIVesting
. Two operations for Rough ;?;:Ien(g)iireart:;):;"fﬁé
an 7] éem > ?;E:eagﬂlnqgcumng @) Rri]ce prLant cutting
— Yy H 2 T —
Max{ NI} = Max(§ ax §-Min" by (39 lofhiE e s
li=1 Yy {iz '

» ‘ Fi 4 Main different points between baslyst
In addition n and m show the total numberoftheIgure ain different points between bosystems

cropsand the material® be considered. In this case; Planting operation

the rice is the only one objective crop
In the existing transplanting system, the following

Hyper Low-cost Rice Production System three operations are needed:

Figure 3 shows thecomparison between 1) Management & Nursery plant growing

conventional and newly proposed rice productioBy Transportation of nursery platt the farm site
systems. The main different points between them o _ _
are shown in detail in Figure 4. Here shows thd) Transplantingice plant in the paddy field, In the

summary how they are different in the two operation Newly proposed system the efit sowing is
stages of planting and harvesting

many merits can be found as follows.
1) Drasticamount of aergy & labor caused by

however introduced for the replacement of the
transplanting. By this planting system change,

material handling and massive nursery plants

transportationcan be possibly savedin
addition tothe managemenf nursery plant
growing andpreparation

2) No need to grow nursery planbut just
neededto prepare the required amount of
seed only
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3) In case of usinglrone in near future the yet In Europe, the United States and Australia, it is
planting can beasilycompletedsoquickly inevitable to introducegigantic machinesdue to
in a short timehowever the total capacity oflarge scale of farmingin this paper the author
payload should be increased enough teeviewed the existing re& cultivation system and
carryfor hovering proposed the HLRP (Hyper Loecost Rice
On the other hand, the following obstaces mug}(roductlon) syste_:m_ as one Of. th? methOdS to
be howevernegotiated. promote and re_V|taI|ze_ rice fa_rmlng in As_la. Of the
above four mairoperatiors, this system simplifies
1) Low seedgermination rateshodd be improved the existing system by making it a combined
by use of plasma technology application fosimultaneous onpassoperationspecifically focusing
example onplanting and harvestingperation which leads to
significant labor, energy, materials, and time savings.
Proposed the possibility of constructing an HLRP
system, andetivedthe following conclugins from
data collection and analysis for that purpose

2) Low liability of sprouting ratio should be
improved by use of chemical coating aids fo
example

Problemsn I [ h . . - o
3) Problemsin earlystage ofseed growing such as The rice planting operationis categorizd into

low rate of germination and sproutiogused by two methods oflirect sowing and transplanting, but
h I hown below should be removed. . . : ’
the problemsshown below shou Thailand the ratidetween thens almost50%to

Currently most of the problems listed here arg o
solved or on the way for further improvement b 0 /oon average. Although the_ mgchanglhxyryse
f rice transplantersr somethindike thatis going

the newly developed technology application suc ) . L
as plasma, micro nano bubbles, chemical se ol planting, most of the_dlrect Sowing 1s done by
coating etc. Mefollowing three are the problems “”?anl pc;v;/etrn or by at tsr:mgle ITaCT'TnhE.) e;"'m??t
to negotiate to promote and expand direct sowi uivalent tolte one at the tool levelThis fact is

as the method of replacement of transplantin weser important and itcan beco_nside_re_d that
P P d transplantatig that enables stable yieldsgeingto

4) Bird attack be changed to direcbwing. By the wayin Japan,
direct sowing isless acceptedonly about 1% of

5) Lodging, . i :
transplaning way of cultivation. On the contrary, in

6) Weed control the United States, largscalefarm management is
supported by largecale aeriabroadcastingusing

2. Harvesting & Processing operation small aircraft. In Thailand, the yield is about 3 tons

In case of mechanical harvesting of ritke PErone (ha) which is about half of the yield from
combine harvester is normally used. It has mainfaPanesavay of transplaning, but direct sowing
two combined functions of harvesting the whole ricéSing @ small aircraft in the United States yields
plant (consisting of straw and rough rice grain) an@most the same atapanese transplaat oneor
threshing to remove the rough rice grain from therff10re.

In the newly proposed system by the authtohais The following conclusions can berived from
three functions of harvesting, threshing and dehis point of view In other words, the shift of
husking. These three functions can make it possiki@nsglanting methodto direct sowingone will be

to harvest brown rice directly from the paddy fieldexpandedurther, and mechanization incorporating
Two operations of harvesting and processing by thechnology for covering largscale and large areas
additional dehusking function equipment canwll be promoted One of the possibilities is the

simplify the existing harvesting system. application of"drone which is recently closed up
_ much even to the other different industrial sectors
Conclusions from agriailture In addition, in order to select only

Rice cultivation consists dahe following four good seeds, the sp_ecific gravity selection using salt
operations mainly such asplanting, cultivation Watérmay be possiblghanged to plasma treatment
managementvhile growing, harvestingand post (C improvethe germination ra, oxygen suppl for
harvesprocessing &reatment. However, the methogPromotinggermination, herbicides to ensure smooth

of these operations differ depending on the countBfowing aftersuccessfullygerminaéd of seeds and
or region, depending othe conditions such as sprouted nursery plantand insecticides. Advances

climate, land& soil fertility, and whether or not in various coating agentgound the seedsuch as

infrastructure for irrigation and drainage is beingerbicides, insecticideand fertilizersapplications,
developed. In Asia,ndividual farmers arenostly ~and heir coating technologswill be highly expected

small and mechanization has not progressed mugPe developedn addition, it can be expected to
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apply micro/nandfine bubbles that can maintain  If the appearance quality e not meet the level
biodiversityunder irrigated conditiowithoutusing of consumes’ acceptanceit's necessary téind a
chemicals while growing, even for the sterilizatiomew market where the product&re neecgd and

of agricultural productsfter harvesting. Jushe consumed. Regardless of whether stable production
changeof transplanting to direct sowingnore of high-quality products is always possible, if that is
savings can be achievedch as the large amount ofnot the caseit is really needed ttook for another
time required to preparaursery seedlingsfitted market. One of the possibilitiés achievdas HLRP.
with transplantingoasedcultivation, labor costs for Hyper Lowcost Rice Production systebuilding.
management, energy required to transpbwse Even lowquality products can sadvthe problentoy
seedlings to thepaddy field, and reduction of processing them arabiding higher values on them
materialshandlingfor transportatioretc It has been andputting themin the market as highalueadded
well known that direct sowing is an energgving products. Never take negative measures such as
way of planting due tosimpler than transplanting, productioncontrolwithout any ingenuity. Recdly,

but vaious problems such dsw germinationrate  products that combine a riade-husker equipped
damagedue to bird attack lodging, andweed with an impellertype .de-husking function and a
control have not been solveget completelylt has subsequent rice milling functios getting gradually
not reachedyet at the stable level technically. noticeable. Although it is a machine that has already
However, it is presumed that expectations for direcommercializedong timeago, the authorbelieves
sowing and tB developmentith innovation of it will be a great opportunity fdetting the consumers
related technologies wilbe greatlyprogresed due reconfirm its goodness of the producthie author

to thechanges in the situation of the transition fronbelieves that it should be promotel along that
transplantig to direct sowing. It is unlikely that the direction. The advantage of the combawuipped
scaleof extensionwill not beincreasd at once, with high moistureremoval function can penfm
however the mechanization will be able to the thremperation®fharvesting, threshing, anié
overcomeeven a small scale huskng in one pas®peration but rice trading in
Asia is based on paddsough rice) Thebrown rice
trading is doneafter that It's different from Japan.
One of the considerations is tlogsticsof rice and

its suppy chain.lt is howeverpossible to solve the
problem by adopting the conventional method as
Qeedecbn demandand using the hybrid method that
€énables new responses according to consumer needs.

A combineequippedwith an impellettype de-
husking function to dehusk rough ricewith high
moisturewas already proposed aneportedby the
authorabout 20 years ago, but the impamtce of
the impeller rotahg atvery high speed producéise
scratched tiny injury or sometime crack at th
surface ofbrown rice. Technology transfer aitd
extension using functiomave not been achievgdt, In thispaperthe authopresentd recent data on
becaus¢hosesmall scratche injuriesandcracks on the accptanceof direct sowing cultivatiorof rice
the surfaceof brown rice,so-called as appearance mainlyfocusing m the plantingperatiorstage and
guality, do not meet consumer standards. Howevetjggested the direction tgo for the future.
rice consumers' commitment to quality can only bRegarding therice combine equippedwith high
discussed on the premise that rice is a sufficient foogbisturede-huskingfunction, the authormexplained
resourceor them and in areafacingto a food crisis it briefly, but he would like tdeave itfor the next
where there is no food to eat tomorratvdoesn't paper, therefore heummarize major findings,
really matter. Being able to eat is the fimportant opinion and resolution of the author whibuld be
priority for the people living theteThe policy of drawn from the work.
productioncontroldue to overproduction has a great
negativeimpact on farmergride and dignity in the 1. Further study & recommedation
profession of agriculture, loss of confidence, and the
insufficient human resourcedevelopmentas the

successors. Just because there is a slight problgmcks somthing like high risk & high returrOf

with the appearance qualiyf brown rice it is course, the opposite is also true. Thalow, risk &

necessary to have a polic increase rice ; ;
ry ) policso low returen, however as far as the agriculture is one
consumption by using the technology to open u

new markets rather than denying the technologf the lusiness industries, the risk should be
) : ying HNinimized and the fale safe concept should be taken
itself. The policy should be ever enforced to

discourage farmers, lostheir future dream and into account for risk ayoidance and _stable farming
lower the motivation ’ management. That is the sustainable _ healthy
' management. It's really needed, thereforghould
be going without fying that it isimporatntly

Simly to say the concept of HLRP system can
be uderstood that igery similar to investing in
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necessary to transfer_ and disseminatg-WVen Simultaneous one pass operation
and reliabletechnologiesLow risk and high return
are whaevery business owners wantand farmers Transplanting. olanting
are no exception. However, the creativity an gzzg nggcatlrggon m
ingenuity of each managereatly affects the results Nursery seedling

of how to achieve high returns with less risk. Fo| B E e T
that purpose, the technology provider also tas Transport seedling

feel a big part of its responsibility. For that reason AN GEEAULY

Direct sowing

as mentioned above, it is necessary to transfer s Harvesting
disseminate reliablend proventechnology. The Rice plant & -
rice cultivation technology so far has beefBEGAEIATLUY

integraed taking a long timeand thentransfered Threshing Directly as

andextenad, and a basic farming systemable to |\ Ekeatbeahid® Brown rice
maintainthe stable management has beencessfully

completed, and the mechzaiion of these operationsFlgure 6Main two componentsf the system in

éanting andharvesting

has created a system for current rice cultivation. TR
hyperlow cost rice production system is a challenge
to build anewsystem of how to stably establish this
concept.

High investment and high income, and low
Investment and low income seémbevery common.
As far as followingheseways, it ishoweverrare to
Hyper Low -cost Rice Production always enjoy the real thrill of business. How high
system income can be obtained with low investment is a
business skill for business owndfarmers in this

. g High . . .
Hlfghyleld peer High yield case) The purpose of this project proposal is
armer Jiold however to promote agriculture as a whole by

proposing and constructing a new system, rather

- HLRPS s than profiting some manager§he pocessed/
LgWInpr:Jt/Ingh ylelld 008 o cooked rice is popular because it is easy to cook,
e LRI EE only tastes good, angossible tobe stored for a long
L timeThe pocessed aoked rice is produced
approximately 373,000 tons (2017) annuaily
Japanltis up 8.1 percent from the previous year. In
addition, most of the production is made up of cold

cooked rice (about 50%) and aseptic cooked rice
(about 40%).For these processedooked rice,
various kinds of products with different ingredients
nd seasonings are on sdt&ource:Public Interest
ncorporatedFoundation forRice Stable Supply
Securing Support Organizatiodapan).

Figure5 Schematic concepiew of HLRPS (Hyper
Low-cost Rice Production System)

Figure 5 shows the schematic view of the mai
points of the HLRFHypeLoecost Rice Production
Systemyystento realizesand perform "low input
High yield" more clearly for better and easy Even if resources are overproduced, it is
understanding. better to have them than not to have th&heycan

be usal even under the overproduction for many
other purposes. Nothingan be usel under no
resourceslt is difficult to disregard profits when
producing resoues for the purpose of making a
profit. However, the idea afontrolling production

to maintain profits certainly leads to the decline of
the industry itself. In the case of overproduction, the
correct response is to promote the development of
new marketsrmd increasef theconsumption using
productsmade from the resources

87



The 4™ Thai Society of Agricultural Engineering International Confered@e,13 May 2021

Acknowledgements Nobutaka Ito (1988) Due to differerecen tractor

The author would like to express his sincere urningmethod Comparison of work

appreciation tdr. Chaiteera Panpakddegcturer \e/féllcggc;l(ioa%rlcultu;iggg gardening,
Department of Agricultural Extension and System - 03, NO- 4, PP
Approaches Faculty of Agriculture, Khon Kaen Nobutaka Ito (1988) Development of the Turntable

University, Thailand for his help and further Combine Harvester, Proceedings of the 2nd
assistance in gathering information and data AsiaPacific ISTVS Caoference, pp. 5556
processing.

References

Somkiat, S and Kono, ¥1996), Spread of Direct
Seeded Lowland Rice in Northeast
Thailand:Famers'Adaptatioto Economic
rowth, South East Asian Stu@g(4),
pp.5-28.

Tsuyoshi Sumita, Masuo Ando (2002) Economy of
Direct Seeding of Rice in Northeast
Thailand and its Future Direction, Japanese
Journal of Rural Economics Vol. 40, No.1
(No. 112)

Nobutaka Ito et al. (1985) Developmehtesearch
of combine harvestedSAM (Japanese
Society of Agricultural Machinery) Kansai
Branch Bulletin No. 58, pp. 16806

Nobutaka Ito (1989) Development of Combine
Husker, Proceedings @iternational
Conference of Agricultural Engineering,
Beijing, China 3.

Nobutaka Ito (1989) Development of Combine
Husker, Proceedings of International
Conference of Agricultural Engineering,
Beijing, China 3

Nobutaka Ito (1984) Development and research of
turntablecombine harvester, Vehicle
Automation, pp. 334

Nobutaka Ito (1983) Consideration on thetioio
of thetracked vehiclesinder turningThe
Bulletin of the Faculty of Agricultur&lie
University, No. 5pp. 129144.

Nobutaka Ito et al. (1987) Afipation ofturntable
mechanism to agricultural vehicles, Terra
Mechanics No. 7, pp40-44

Nobutaka Ito (1986) Research on the function and
morphology of combine harvesteiid)e
Bulletin of theFaculty of Agriculture, Mie
University, No.6, pp.73-145.

Nobutaka Ito, Atsushi Utsuno (1988) Application
of upper swivel function to agricultural
machineryand its evaluation]SAM
Journa) Vol. 50, No. 6, pp. 580

88



I ,

i1 el NJK

National Paper



ENK] KNENK] IKNGNWENKN G NE NKKJ @KRRIRED i
11D k! Ij Nean]FO[OI,GM@erJ 6hj O

ENK] KNgnJI NGgNENKLJ R
| n1PABDIkrI G Ne J O1 , L,

e RANI NLI EKKJLNLI K¢

ENKFFEOT T Ok NI ART NOeKRrtErarl JnltLn

Bcggel O | bOBctcjmnkcl rOmdOA _qq _t _

g NT T O INA KNI EFjLdrdfind 6 11 INBL K e ]

Chanon Thitiki{lw@eerapong Phd}podit Thongsroy

TAELMEI NijNél NgNI NLEKKJOE| TKOeHNI NLIT EKKILNLT ¥

Department of Agricultural Engineering, School of Elgjinstititey oK irechiooigkytL adkrabang, Bangko

( Qorrespondihg&lid ORB264760rEadhanninzaa@opmail

il enhjnl

ENT I N&eA]TARIATI ATTn] KNLEeQo:1 Rr -+ EOT
oeKNrFErarT dnl Ln] NT KﬁE@T@“j@ﬁﬁ]élT'orN@[iWI\éE{ﬂ-
F'al Ind'Ladg NE kmiEBL Jhnk O nh @A 1 EgnImiT &lng nkkl ik
i KENKTALFYT NLIKKTT NENKT nENT éF Eog@&dir dTEN
Enkn B@pbad@hiOonONT fr é Ii3NioaDR R I &I B NIJ oNTK k@ Tr i J
JA] KNLELNTTNijNIiéerEJATLn) NI knET ird)] RI K OE S
én Ll néonEBAgmm|ENT k n E
Abstract

The objective of this research was to design, construct, and test the cassava p
set for dicing cassa¥#slinashine is consisting of the Bii@itaiir partsslizihg blade
setblade cover and tapioca feeder coB@lartoene, tapioca indenter set and a set of d
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Abstract

The objective of this is to research and develop the strawberry sorter by usi
technolo@iPe machine siz&is 3,820 x 1,400 mm dhresolafio® D @ixel is used for
color detecting #tidddftwaer is used for imagédarsalgaiggsystem is automatically opera
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Abstract

Rf cOpcgc_pafOnpmhcar OclrgrjcbOWbcaqg
increase the production of Jack Bean sheller. The machine consisted of four main p
shelling unit power transmission unit ahdsstriohgsas divided into two part. The first |
aimed to design and build a machine that can function properly.The second part wa:
performanceand efficiency of Jack Bean sheller.Tested by the aver@ge Hwgidy&of J
basis), control feetkgtfpmotor speed of the fidelevel® 1 3 . rPrd. Basdd Prithe Grét .
study results,it was found that installing the spiked toothed thresher can improve the
performance testy@aution speed at 400 rpm are suitable operating factors of the shell
shelling percentage, working capacity and specific energy consumptitenadd@®5099.06
kWhr/k§ respectively. The economic anatisits teeoogeration cost of the machine
approximately 0.29'Ratht tkeg break even point of7&6ddlgning the payback period of
machine was found to be 0.8 year.
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Flgl@Katual Prototype of the Jack Been Sheller
Machine

TableResults of speed test on the performance of Jack bean shelling machine

speec Shelling efficic broken se Cleaningefficic working cape specific ene

&prh (%) (%) &b) (kg Ar (kwnr kg
300 98.21 0.56 97.39 203.94 0.48
350 982 0.57 96.97 209.88 0.47
400 99.06 0.94 98.13 214.64 0.50
450 99.00 1.00 97.97 217.78 0.53
500 96.09 1.08 95.70 223.20 0.54

Note: The results were obtained from the mean of 5 replications
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Abstract

The objectivhisfresearch was to developmentand evaluationof the cubic cabinet
suitable dryer for black tea processing. The prototype of the cubitmalmngartsyerco
1) drying chamblerlapelrs of trayfanQunitahaor@olld@ihe outsize dimension of the prototype
[ * 13X/ * rénd (Ridklengtkheight). Tha fan unit k§é@20 volt electricaP@torgenerate
heat for theTaisting result of the prototype for drying of the tea leaves were fermented
reddish brown. The dryer setting teriparaduseiatiion the fan for 30 min then decrease te
at 9T for 30 min and decrease te8fiayatwelatesult, the capacity ofdrying black tea me
/0 kg, before drying tea leavés conteiigtifte, ambient tempefrafurBa 2 Opcj _r g
6 2 ,aBd. after drying tea leaves co#tapetiut8,@Bed time for dryimBpwased LPG was
0 kdoand thermal efficiendyie #£olor of black tea was dark reddish brown, whentea me
was red liked ripaaréba prototype cost altiaihs, which has a breakeverOpfigt ofusing

KeywordskBlaa, Di@8bic Cabinet Dryer
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