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Abstract

The objectives of this research were to study the temperature distribution simulation in insulated Anila-type
biochar kiln with size of 50, 100 and 200 liters and to study the effects of biomass material types, kiln size, and
pyrolysis time on temperature distribution in the insulated biochar kiln, biochar yield, and biochar property.
The correlations between the variables related to the biochar production were furthermore investigated. The
core of the kiln had a puncture diameter of 3.17 mm, number of the puncture of 15, 24 and 44, respectively.
The results showed that a 200-liter biochar kiln with biomass as the husk rice had the highest biochar yield of
51.1%. Based on the simulation results, the average temperature distribution at pyrolysis time of 1, 2 and 3
hours was 459.4+184.9 'C, 468.7+100.3 C and 353.1+97.8 C, respectively, when compared with the experiment
results the error was 6.5+6.2, 3.9+4.1 and 0.9+0.9%, respectively. From the correlation equation, it was found
that average temperature inside the kiln had no significant effect on the biochar yield and acidity-alkalinity. On
the other hand, the kiln dimensional parameters, i.e. A/Ap, L/D, pyrolysis time and biomass material type had
an effect on the biochar yield. Furthermore, the A/Ap, L/D and pyrolysis time had an effect on the acidity-
alkalinity of biochar as well. From the results of this research, the temperature distribution characteristics of
different kiln sizes and conditions affecting the biochar yield and acidity-alkalinity obtained from the biochar
production were revealed.

Keywords: Thermal Simulation, Anila Stove, Biochar, Correlation
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HHV, X5 (MJ/kg) 8.37 (6) 28.95 (6)
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Factors P-value
Intercept 0.0001
Temp, X; (°O) 0.1008
A/AD, X, 0.0001
L/D, X, 0.0171
Time, X, (hr) 0.0001
HHV, X5 (MJ/kg) 0.0315
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Y, = - 187.600 - 0.016X, + 0.744X, — 12.940X, +
13.843X, — 0.294X 2)

A15199 3 ANOVA d@191SULUUT1a0audduyeatadand

rnaneAAunsA-A1g (pH)

Factors P-value
Intercept 0.0001
Temp, X; (°O) 0.9715
AAp, X, 0.0001
L/D, X5 0.0001
Time, Xq (hr) 0.0279
HHV, X5 (MJ/kg) 0.1177
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Fanmlasaaunisi (3)

Y, = - 8.925 - (0.018%10)X, + 0.063X, — 1.579X; +
0.129X, - 0.011X, (3)
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Abstract

This study aims to explore soil moisture data sources and review various techniques for obtaining soil moisture

data from remote sensing technology. Results reveal available data sources that allow users to access,

download and manipulate the soil moisture data via the internet. Remote sensing techniques and their related

methods for extracting the soil moisture data are also mentioned. According to the demonstrated result, the

use of soil moisture data can be applied to the engineering and environmental application, burning area, and

air pollution (PM10 and PM2.5) management and disaster monitoring efficiently.

Keywords: Soil Moisture, Remote Sensing, Soil Moisture Data Sources
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19

31fin Msidenldruurasdeyadunauisanaunula

o vAgaLHang 19N TUsEgNAlideyaTidnsaanms
funnszerlnasieaniion duindumadenvded
thavlaidlesanauanunsalunisiinieeyalfesnaad
Fuvudmsounvludaldang saudendnuaunsn
Uszananateyaldainlusunsuuuvuidaine sia
(Free/Open Source Software - FOSS) lag1idudaq
Favlusunsumieiniosdietangmalunisuszunana
GG

unauiid unsdnen Auadinazsavsam
uwastayaruturesduiildannisiuiansresina
Aeaiieud153aninenslan (Earth Observation
Satellite) vdnn1sd1saauaznImT9 AT ure Ay
Fenruisndesiu wiouauansiiegisnisideyad
flvusnsluuszgndldaui on1sfnwIdedu

NSnenIsIINMALazAsndeiotuiiugiudingu

sal o

sorenuuUsvenATNeITowaly

2. ngufuazIsnisniiiunside
2.1 Mmsfuianszeylna (Remote Sensing)
n135usansverlna nuneds nszuunslauves
foya ansaumaiiAdosiuTng Aufivieusingnisal
(Phenomena) fiaulafifosendvasdninugludiunis
Ainszvinazyszananadoyaiilaiuangunsaingiate
(Senson) tletanduauvdayanieansaumavesing
n3ousIngnisalinaiulaeysieainnsdudanis
n1uAm (Physical Contact) [3] Wauin15veanssus
nszeylnaiaiuduluanisswi 20 Tngluganeunth

JULDIRYAIND1ENIIDINIA P UNITAINABALTITA
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AMANYUENIINIEAINNT BUTINYN1T VB ITRY
(Physical Objects) sipanlatimafinnislaunvestoyaid
A (Imagery) 91ngunsalnsIviauuufiteuiiondonis
w98 na undwdnluiila (Electromagnetic Radiation)
wenwileanaduiiaeaueuiuld (Visual Range) ¥
iiindeyaguuuulva (uenwileanainaie) uag
walla 35n15UsERaNa N1snsIsideyatarnswla
famdmivdoyaguuuulnid aurinlhiAnmansd
Fenin msfuanszerlng Adrelinsiunud ang
drsradeyafiussAvBnmuarasmnsiniaundstu (4]

Tofvein135usInsrelng A n13ldAnuIng
(Unobstructive) iiawa3osnsaain (Sensor) #ildauiiu
19$und uwsmdnlwileg1an o o9 ninguie
Unngmisnifiauleegsioidiessmumaiiisane [5] vili

2

4111350059330 (Observation) Jnguseusingnisalla

q

v @ '

Tnglddndudeadrdwmsedudaduingumaiulaense
agl3fid NMssuinnszerlnadsfidedidnuissznis

A9 AUUNNTDINUSLAMNFULAVDIUUYEVULVIN91U

1

°

Usvananadeya AldaneaAsud1ege (@msuuisanu
Uszgnd) wazaulindouvesgunsal (mnlifinisaeu
a A & v v aa o P
Wigu) n3enisidentdaudeyauwazisnisvinauil
WLNTEUAUAIIUABINITHS DANWLIY
Tngldudatoyaannssuinnsseglnaauise
Puunmurinvenniasivs (Sensors) NldnTaindeya
oanu 2 Uszunneiadl

1) 1A3 095U UUULONTIN (Active Sensor) Mg

'
a

¢ U = W A a ' o .:4' | 2
gunsalduiindeyafiunamdsuni uudindnlii

o

ANUNTNAS19TWBY wardmasNumatulunsEnuiuIng

4

Wmnefialaudasioundsnuivindunissiusiile
vi'wmiﬁuﬁﬂLLazmaﬁmmamﬂﬁmaﬂwﬁﬂmummﬁu (3]
Mot wweedosiuielndldun gunsaiinaugadae
waslaLwes (Laser Altimeter) lam19 (Light Detection
And Ranging - LIDAR) 15a1% (RAdio Detection And
Ranging - RADAR) #3539 N1A57TANITNTEI ANTLANY
(Scatterometer) s

2) 13 es3usuuuLNETY (Passive Sensor) MyBfis

gunsalnsraindyyrand uwdmdnlwiiliaiuise

asraunnasndsaulates sndudesedaunaaniiin
NAIUDY (WU A9019RE) 198EiNNISTUTNNEI9UN

ANNTENUN U IFETBULITUAT 89T UL 0911N1S

Tuiinuaznsirinauauiavenasnu [3]

v v =

Teyaiildnnaaiieudrsaninenslaniiiinng
Andardosfuiutazaiafanandnisdiluussgndldani
wainmaty 1w Teyains 09 usluda (Moderate
Resolution Imaging Spectroradiometer - MODIS) U U
AMEUIMEITIareAI (Terra & Aqua Satellite) 115U
M3ARANMTIEUINAINEU (Hotspot) tilelilunsi
sgiagAnmunisialwlwazdymiuenaiu s
Aanunsid suutasnslduselonifau (Land Cover
Type and Extent) miﬁwmmmﬂ’%uwmﬂuiu%guvﬁimmﬁ
(Particulate Matter - PM) nsuUsgidunaininenie (Air
Quality) N1SATIVEBULALHA ANTNANTNAITUWIA IUA S
(Drought Monitoring) mimi’sﬁmqmmﬁﬁuﬁa (Surface
Temperature) 11 SUUUNLAZNNIALNT W3 0% D3aTN
audieslnglen (Thaichote Satellite) vasUszinelned
mfugualagdinauauinaluladeinieauazyd
AN5aUmNA (9IAN1TUMTU) (Geo-Informatics and Space
Technology Development Agency — GISTDA) #38 @van.
AfnsUszgndldaudumsussiiunananmenisineas
NMIAANIUNITATYLAUTAYDE B9 (Urban Growth) n1g
famunarudmssansiuiidestensiaivian (Flood
Risk Monitoring and Management) miaﬂm’mﬁuﬁﬁmaﬁjﬁ
(Coastal Zone Monitoring) #3 ©N1583 19LUUT 1884
syAuguduan (Digital Elevation Model - DEM) tJusiu
2.2 msnstamuturesiu

Tnertalduds msnsaatarmnutuvesiiuarvends
msdrRnaasuitinsldusanuasgUnsalogis
Wudy nMsvinudinaedazddunuaildaneaudnls
Araud urosiudigndosudugt fanaindedegs
Gangdiuifiaula aseuaqui uitldunidn) usnin
FoennsAnuguresfud s Ui uiiaweivg (szeu
BRIk a’i’wi“w?aizﬁuq'mfﬂ) Fndudosendunis
ﬂﬁzuﬁmﬁﬁﬂqwuﬁfu%aaﬁu (Soil Moisture Estimation)

$5930N159U
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Tuladu nsUsEaIMA1IANT uD IR uAIINTD
duuneeanlildu 3 35n15udn Useneusie 1) Msd1sa
31nA1AEUN (In Situ Observation) 2) n15UszenAly
nunalulagnissuiainszeglna (Remote Sensing)
uay 3) mslduuudrassdoyagnnineuazdoyaiiuia
i (Hydrological and Land Surface Modelling) [6] @4
wiasISaglvmnamuazBunudufiunnd1et Wy ns
#137997n071A@ U (In Situ Observation) AaELMATLA
517NN ARG ILaslLAd 8 (Gravimetric,
Tensiometric, and Nuclear Technique) %5 8n1379
AuFuresiuainnsianisaztoulawuiaan (Time
Domain Reflectometry - TDR) wagn153nainnisasnau
Tauupaud (Frequency Domain Reflectometry -
FOR) Wuduiiveuduegeninevanegn iumnedaid
Anugndeautiugge fanuyndedousdudauny
vaan uit L'l nT192919u1n98n (Low Spatial
Representativeness) Tuwvauziinmsnsanineaaiuves
AuINN153U3AnTEElna (Remote Sensing) Jus
qmm'uslul,%"aaﬁuaamsm’mi’mﬁmamqmmaﬂdwﬁ”’ﬂuﬁfm
YUIAT UT UALY 291987 (Spatio-Temporal Coverage)
wona1nd daszndaanlddrelunisdrsaninnianig

°

drsanneauitegnsdaiay TuvausAinslduuuiiass

Joyagvninguaruiifutultednianiisse Tanddsy

Ao Anud Ll edorstuegfunisimesidenldly

WUUT1a99 Leeanduysane q Adunldazdaiu

o

LHNANAUNIATIEI (Scale) VBalpUa AItUABINNS

Y

SAaa

T usgreseinsede Tngamgluiuindanuuandig

sala

fugndaveansldvselomifiiu wu fufivadseniu
douvunalug Nuidnfui neansie Undusasfiui
Aflewga Wusu (7]
2.3. msmmi’mmms?ijuaﬁumﬂﬂ'ﬁ%’uimﬂiwﬂﬂa
nAnuensidnuiimuduresduiidu
wUsdrdguasdndudmsunsfnuinaznisuszandld
NUAUANTNYWATT91n1@ (Hydrological and
Climatic Application) [6] vltinInemansuaziniae
ATUN155U3INTEElNG (Remote Sensmg ) lavianag

‘wwmLLaummaamﬁmsmamamﬂmmwmwmmuw

gndes wsiugh Tnslussosusnléfinisfisrsanminduuy
M uA2R Y (Surface Soil Moisture) 8819418Tng 0 fe
1A3 895U UUULT9uas (Optical Sensor) Tunisdudin
Toyavuiuialanannisnsaindeadudu (Short
Wave Measurement) Uundnnisiugufiin fuagiia
Wududsediolafuauty saudinsnseiaanudeu
wila (Latent Heat) Tnganfonisfiansanannuiesaes
A11158U (Thermal Inertia) 3 oAuaETaTlUNTN
warng ”ﬂLﬁUﬂmu%’aumaaﬁu%&ﬁuﬁﬁmmﬁum (Wet

Soil) a¥

=

']ﬂ’J’]lILQ’EJEJ‘ZJE*NWJ’]@J?@U?NW]@JIUWJEJ hasATU

7 (1Buna) Auwis (Dry Soil) F8msinanil

i

g
ﬁ v

JaAN9ANaNeUsENT WY HANSENUINNTUUTTEINA

wauyinsduiinteya n1sUnAauueuua N15UNAGY
SZJENﬁ‘UW‘iimLLaz§J‘1JLLU‘Uﬂ’]ﬂ‘ﬁﬂidﬂ‘ﬁﬁﬁauuagﬁlﬁﬂﬂ
quiud adudedidalunarnvatsiiuivulan 6l
S0t oiaasaian Arud uvesiwdeonduings
Waruwadldieannszuaen gungiiuazaniizlusu
USSENNAvRILAaE T [8]
gaunistdnisasiadantessuululasia
(Microwave System) tuazilunsindnnsiiladidnasn
(Dielectric Constant) lufiud sduwuslnonssiuusuna
vnlufiu (Water Content) n3nsaaaludnvasiiinig
149715019 (RADAR) 1A3 997AN19n95815 909AFY
lulAsiavl (Microwave Scatterometer) wazLas o33n
We91uged (Radiometer) wuamnsiiddelddseu de
41013091N1305393A A LUNNANINBINIA NANTENUTDS
FuussemALazareudtaios aunsansaatalaly
LaNaNsAu [9]
mimmi’mmm%usumaumﬂﬁﬁa;ﬂamaLﬁaw'%ams
fufanszerlnaduiinsdsegndldaundululasion
sgaunIvaneRauseRinuialiagtu 1y anafieuduge
(SEASAT) Aniieudensiea (European Remote Sensing
Satellite - ERS) #39a1LA8ULgUALUA 1 (Sentinel-1)
Hudu wedansUsznanaemdnisnsiainanuiy
yasiuanszuvlulasvvand As n1snsaatanis
N38L39UDUEN (Scattering) Imamﬁwé’ﬂmsﬁugmﬁ’jw

N v ~ & a_ a2
AULVIY UALUNITNTELINTIUTUI8S (Volume
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Scattering) lusaifinulonuienuiiiinnuduazinig
nsvL3 e uila (Surface Scattering) A1ANANNITVDI
wadaiusiteyaiilfaiinnuasBendumisi
n31 (Lower Spatial Resolution) MATIANIIATIVIAKUU
Ju wigaLAuMANsUTE NS AANINIINALIULA LN Yl
dwsumsihludssendldanu 1]
é’m%’umimwi’mmww‘"uyusuaaﬁumm’li%’uimr]
svezlnadsauiisuiuanunsnasUgunsniviendos
suildnsnsataiaeinisldaudioidunan

'
N

(Timeline) L BLWANITIIIATINITATIVI ALAL A LIRS

'
aa

annflnafiuiauninisldiensirdeuninugneiosves
ToyanuuvesiuIINtoyan ey uanslansguil 1

way 2 fail

T
: - Gcom-wi/
| Ao AR -AMSRZ

mﬁIWI

MWRI

Active + Passive | .smv

Passive Microwave

iI

ﬂ

Active Microwave

D Sentinel

1980 1990 2000 2010 2020

UM 1 gUnTalns39TAAUYUVBIAUINNITTUT N

Y

sveglnanigadien [2]

JUN 2 annfinanunfuildlunisnsiaaeuninugneie

YBINMIATIVIAGIEAITEY [10]
2.4, unavdoyannuduresiuidliuims

Toyadi A v1tostuanud uresAud fliuinng
(Available Soil Moisture Data Sources) N1ULA3 89U

a s & o v v A
E]‘lJW]E]iLUG]ﬁ’HJ’ﬁﬂ‘\]"]LL‘LJﬂE]@ﬂbLG]L‘U‘L! 2 Yselanvian Ao

1) feyanrutuvesiu (Soil Moisture Data)

L‘flusﬁazﬂaﬁmeﬁmmmm%usumﬁul,%w%‘mm
Tnonss Ineteyadidliusnsiiddny fe doyauendin
unadnnuT uresiu (Soil Moisture Active Passive -
SMAP) 48489AN15U3 1131150 WAL INIARY 9917
@75 §oLusn1 (National Aeronautics and Space
Administration - NASA) gndesatilfgunsainsiatauuy
13719 (RADAR) wagia3 osinndsenused (Radiometer)
[11] gpdoyaddliuinisisdu 4 sefu fe
- 5pAUTl 1 (Level 1) Wudeyaiilémdnanasainniely
12 4l
- 5pAUTl 2 (Level 2) Wudeyaiilémananasainniely
24 7l
- el 3 (Level 3) Wudeyaiilsmdnanasainniely
50 alus
- 5pAUTl 4 (Level 4) Wudeyaillémdnanasainniely
7uar 14 Tudmiudeyanisuaniud suszuuiiog
ﬂﬁua‘u?jw% (Carbon Net Ecosystem Exchange)

mﬁmﬁﬁlaamm‘ﬁ'ayja (Validation Collection) h
weduyadoyaiilifannisdisaniaaun enimey
(Airborne) waraan1AeIy (Spaceborne) 7 baaan
TATINITAUANTBIIANNITULAZANINT UTB AU DS
a‘Vim‘WE:J'IiIJ (European Soil Moisture Ocean Salinity -
SMOS) A aulaaunsafnuiuasidrdsyndoyaildd
https://smap.jpl.nasa.gov/data/ #7388 19% A% 8ya
wonfinl unaBrleuduresiu (SMAP) [12) wanslagsgy
i 3 il

uenANiinsznTunuATLaTTFaI3n (United
States Department of Agriculture - USDA) § 211U
UMINY1BIDTUUFU (George Mason University) wag
24AN15UIMIINIsTUkAERINIALNITIR AN FBLUT AN
(NASA) §dldindoyauaniin unadnauduvosiu
(SMAP) 58U 3 1191n15Us2UaHAT WA VLUUTIADS
Wawe$ (Palmer Model) 1t eu§uualiiianugndos
wiuguazauazidanisiumslusedu 10 Alawns
aseuRquiiaislan yadoyatl Usznaudae 1) Teya

ANUIUTRRILLAY 2) Yeyarutuvesiufuges (Surface
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and Subsurface Soil Moisture) Wslwdemsduwasiu (Soil
Moisture Profile) waz 3) aruiaunfvesanuduvesiu
LLassuaﬂsf? uAUL oY (Surface and Subsurface Soil Moisture
Anomalies) InedoyatniianiFend gadoyamauivlye
Tngwgn yioadiodmsukendin uwnadnmnuduosiu
(NASA-USDA Enhanced SMAP) 7 anilaanansaudiadidlei i
https://cloud.csiss.gmu.edu/Crop-CASMA/ #3878 96U

a a

mMaunannesuNLAadIs1ouiu (Google Earth Engine -

v '

GEE) feg wyateyailuaniianni 4 feil

e —— 't“s."‘ e e _V'; — .A‘. = —
3UN 3 fedyateyaueniivl WnaTNANNYUYIAY

(SMAP) [12]

T Hem

o R

&

Ul 4 degrsdioya msuuugdasumn gleadiedmiu
weAfis -unadnlAI1ud uwesiy (NASA-USDA Enhanced
SMAP) [12]
2) Yoyafifiauduiudiuanuduvesdu (Related
Soil Moisture Data)
oyadnusifognanuaeusaanlagannsald
\usfaunu (Representation) il ouandlyiiviugisennuiy
yofuns oo19na 1l ndunsaaud uvesiuuuy
¥sdou (indirect Measurement) Fayafiddnuaziinisly
suegaunsvangldun doyagmumn Ny (Surface

Temperature - SFT) AIAULANAINA TN TNITULUUUD

wialag (Normalized Difference Vegetation Index - NDVI)

13apA2 ¢ !”ﬁ ﬂ W by G?E é (Slandardized Frecipitation

Index - SPI) mmm?aa%’ui‘[uﬁa (MODIS) Ae UL 11N

'
=

wnsgu (SP) fealdifuedosd Tnauuiaudsaniui
ssmninasiund (unsdifidesnismsiaiaruuiauds)
lngazaioutoyanUUiLaIINNITVIALAIUUTINN
W Autladuduaialifnmmuiudduuiagaanand
fauupnensluanund (iade) deunfudiasd e
M Aeuduvesiy AuTinasihlufu Awsianiily
grafiuih uerathiivaludni sudsnslideyaiiugu
Usenauldinaznu deyausunamu a sumisaaniia
wardayanuyisanlagnisiuasieunsunawesiy I
ogfluzUramUINKIUUUUNR or g
wsgU dmuaauiiaztsnariiaula 9annsvinli

t%

Wunesgruvesanadd vinldaunsadsusnanimany
wisdslnefarsananawesiiduay dwadeiifiuin

= = & dda a 3 ' a
UANITIANNYT UVRIN U NTUTININNINUNA
[12-13] Tmsanuaadsiuifinsgm (SP) sedeya

Mniedessudlada (MODIS) [14] uamdldidsguii 5 fail

CHIRPS
Daily |

(User) Input
»_,.«L Start & end dates from
CHIRPS metadata
Step 1: Create a list
with dates for which
the SPI should be
calculated (User) Input
Numbers of months
L for each calculation
Step 2: Find CHIRPS
data with correspond
dates and sum Step 3: Compute
them up graph with
precipitation on
over time
4

Summed up
precipitation data
for each time

Step 3: Calculate
statistics for each
summed up image
(DOY)

Summed up
precipitation data
with statistics LI

=

Step 4: Calculate
the SPI for
each image

P S

SPI image

Step 5: Compute
graph & export
image

collection

S=——_ =

(User) Input
Resolution

U7 5 3FnsAunaaviuaiuInsgiu (SPN) g

foyaainedesiuiluda (MODIS) [14]
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NMIANY AT TIUTIWTATT YN TUAINTY

V095U anInasUTIensteyaiingteuasiliuinig

wAaula fannseit 1 ua 2 Aadl

M1379% 1 ensteyaninaiisunasnsadiunlely

N1IATIINIANUTUVDIAY (2]

nsfuy e/ Yaaandll  Anuazden
wiesiui  Wiuimsuer  Bedumia
Anudives ey
matufingr  Alawnsuas
fidn (u)  uilaseunqu
uwadn  TRMM/TMI 5.0. 2540~ 59x36
1.8, 2558 (hlan)
(0
GCOM- A 2555~ 62x35/42x24
W1/AMSR2 Hagu (1) (whlan)
SMOS/MIRAS ~ m1.A. 2553~ 23-350 (valan)
Yaqliu (1-3)
FengYun- am 2553~ 51x85 (valan)
3B/MWRI Yaqliu (1-2)
woafn MetOp(A/B/C)  a1.A. 2550 - 25x25 (¥alan)
/ASCAT Yagliu (1-2)
Sentinel- 1.8, 2557 - Fuogrivinun
1SARC band)  Taqiiu (6-12)  mnstiudin (i
Tan)
WUukaN  SMAP/L band .M. 2558 - 47x39
Tl (1-3)  (~85N-~859)

A15197 2 Yoy afine1deen1In13AN¥IkaznsI13 TR

14
A a
AIMUYUVDINUY
v a i aa
Ynvaya A/ F29128193 AN
= v Y aa Y a a a
wiaeiud/As  Tiusnsuar  anBealde
AU AINNVBINS AU
v 2 % da a
Juiingdiin (Rlawns)
o X o
() waswun
ATAUARA
SMAP foyann 19, 2558- Uszan 36
Al Yaqiiu (3) (@uegiu
TEAUVDI
Foya) (i
Tan)
NASA-USDA  WUUSI@DdMas 1811, 2558- 10 (shlan)
Enhanced  doyaan Yagdu 3)
SMAP) RPINELY

a o

A15199 2 9oUAT LA 81U BINITNISANWILALATIVIN

U

AMUYUVDIAY (51D)

[

F2917a7103

yadaya AT/ AU
WSeesuy/As  Wiusnsuar  anBeaids
AU AMUAYEINIS  duvie
Tuiindridn  @Elaiwns)
() waziuil
ATUARY
qaumgdl Terra/MODIS/ il 2543 - 1 (lan)
ftufa (SFT)  MOD11A200  tlaqifu (8)
6
sryidehri MVRRGEN 1.A. 2524 - 5 (halan)
WIATFIU @ndesatn  Yagdu (1)
(SPI) TRMMY/
CHIRPS)
Fuilite Terra/MODIS/  n.#. 2543 — 0.25 (#lan)
N33 MOD13Q1.00  Uaqthu (16)
MODIS 6
NDVI)

Tutssimalnefimsfinyifeiudoyamiutuvesiulag
ardemaluladnissuiainseerlnatdosuin 21nn1s
duAuveInneITeuuITUUNITINNISINSaseaulal
(ThaiJO) Aunuifisssanuiien WunsAnwifeatunis
Wisuifsuaanuduresiudldannsiadegunsal
mmi’mﬁ%’mﬁﬁuLaaﬁusﬁayjamm‘ﬁywuadﬁumﬂm‘wma
AfisuleaLduied (SMAP) nansAnwInuInALade
MeouiimuunnistuedsUssnadesas 2.5 [15)
Tushsusemalddnnsvszgnifldaudoyannutu
yosRudmiunuimnssufivannvats Wy msuiulse
AL ug1189N TN NI N SIA AR unANLUUAY
(Shallow Landslide Forecasting) A1835AUALUIUD4
anleuingnrgnn (Hydrometeorological Threshold)

vaa '

[16-17] n1sUseLlluduRivAnuaas (Landslide Hazard
Assessment) lnganfedayannuduvesduilaainnis
d1519nsveglng [18]
2.5 F/nseiiuaidy
n3dnwias slauegy I78lavin1sUsee nd g oya
& a dag v o | < < a_ asg
AT UV URTIUT MK uUnaanes U AaLE Ssleu

3u (GEE) Tumsussdiumdoyaranutuvesiuse il
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Nuilassnsneadrshevzaeimiemeusiuiieaniam
VaNATUUTIGVENUUIINAZVIN-U8 anuannsn1sasne
anudadulunsudledgmmsenaiu Tidn wagyiili
ifauduiu suneifies SminBodn (Uinud
Aoyainm) Minsneaiaudiadsluriafeunquaiau
WA, 2550 Uu 73 wdudnin deadehesiuau 956 e

AagUN 6 Al

@ oot
.

iﬂﬁ 6 VDULIANUNANWILALATWNUIN 8T AaDUN

3. Nan1sAdsuazanue
wdnynsAuaveuIaiiuiAnwuas denld
suteyanmuturesiufinnnsiuinnsseslnaudiTs
YmsNEenuanIAIANLTUYeIR U8 TUSEWINATUR 1
\IwIEY WA, 2558 B9Tudl 3 Surau wA. 2564 (Moulas
wﬁﬂn'ﬁdaa%ﬂama‘usaaﬁﬂ)Iugﬂmaaﬂswm%uﬁu il
wamalsiifufeUsina sUuuunsAsuamasuualiy
YIRLTUvRUT sl ouLar g an1sieadiene
srapuuadnluiuiidnulnermuduveshiuaziiu
wuslugrsUssunm 2 - 27 Gaduns (*;;U‘ﬁl 7) uag
Qmmqﬁﬁ’sﬁyu (SFT) agiuuuslugiaussun 26 - 36

DI gALTYa AIFUN 8 Al

Average Soil Moisture by Date

Soil Moisture (mm.)
-
4
==
=
3-?—
e~
ﬁ‘—
——
p— 4
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Abstract

Water loss (WL) in water distribution systems (WDS) is a main problem of waterworks in Thailand. A WDS can be
divided into a trunk main network (TMN) and a water distribution network. Metropolitan Waterworks Authority (MWA)
estimates WL in its TMN about 60- 120 million m*/year. Thus, this research presents a monitoring system using the
water balance method for 4 routes of the MWA Prachachuen Branch TMN with fairly complete permanent measured
flow data from the Remote Monitoring System. Water balance consists of 2 cases: 1) long-term water balance for

continuous WL calculation by the data of permanent meters in SCADA systems, and 2) short-term water balance for
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the case that some flow meters malfunction. By closing water flowing through those meters temporarily at night, WL

can be computed for a short period of 2-3 hours. The results show that 1st method can calculate WL if all flow

meters work properly. 2nd method can temporarily estimate WL. And both methods estimate WL with a flow

discrepancy of tens digit m*/hr. Thus, the system is effective in monitoring leakage on TMN.

Keywords: Trunk Mains, Potable Water, Leakage, Water Loss, Water Balance
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Abstract

The model for water distribution networks (WDNs) is an important tool to support network operations. The
model requires an accurate calibration to represent an actual network. The calibration process is to minimize
the sum square error (SSE) between the simulated values and the measurements on both flow and pressure.
This research proposes a calibration method using the Brent's optimization. The procedure includes: 1) finding
an optimal emitter coefficient to represent leaks, 2) adjusting the demand patterns from the consumption data,
3) adjusting the elevation of pressure measurement, and 4) adjusting the roughness of pipe walls starting from
pipe age data. The proposed method is demonstrated on 24 District Metered Areas in Samut Prakan's WDNSs,
Thailand. The discussed area has SSE of flow and pressure equal to 4 (m*/Hr.)* and 0.44 (m)*, respectively.

Keywords: Model Calibration, Water Distribution Network, District Metered Areas, Optimization
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WUUS1889 EPANET Gaifuuuusiassdasseviadilésu
ANIWAUITABNU 891U Environmental Protection
Agency (EPA) Useinaandgolusna 1 esanladl
Arduanssendurfuararunsarininuldogregndes
walugh ilinanemienufidntifsuRaveuluusene
InglFnunuusians EPANET aglutlagiiu dsunuide
atuiiasldlauonsyuiunnsdeuieuLuUSaewarans
dmsulasstneviotussulnesnlutAfiansnsanseyin
I§funuusians EPANET noddu 2.0 whiu Tnedorves
LUUR18097 LM 991nnsEUIUNISAD @11N50%1883N13
flualulasevnonazaiunsasiasizinislduad
Wasuwaslumuusazgrananld sailiuuusiassd
Ifusianalndidssiulassneveiiussunasanndsty
2.2 nsyvaumsmAmnEdign (Optimization)

ﬂszmuﬂ'ﬁmmﬁwwauﬁqm Wunsguiunisma
aginAtans LR anAvesiuUsiadula (Decision
Variables) nel@das7ia (Constraints) Mvilwilardu
ingUseasd (Objective Function) L‘ﬁumﬁmnﬁqmﬁa
fovfign dadunszuiunsilagniiluyssyndldly
RANVANYANI IV TINDENIAINTTUAERS
2.3 n1sUszgndlinssuaunIsmemnzauigaioaay
WEULUUTIADNYAIanNT

iieluuusiasdlasitneviothusyuranansaldidu
Fueslaseiovieaisldiusniusgredfigowinnis
ULV BULUUT 180T aAdnsIdunau lnan1susu
ATINITEILABIAS 9 VokuUTIaeslid AN EL
flan FedumAteaduifsldussndldnssuiumsmen
mnzaufign Womevesniiwesivinliuuudiassd
mnlndiAssiuszuuasandign Tnodvuadleddu
fnquszasAuardodiin dualuil

2.3.1 WituingUseaed (Objective Function)

Mruadun1smeAftesigaves nasIuNaIg
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o

fdsaes (Sum Square of Errors) vasdnsanislnadils
INUUUFIEIRUAINTITTA Uz useuiiannuuusiass
Furmsatn sanansdluaunisii (3) uaz (8) muddu
2.3.2 saudsanaila (Decision Variables)
fvualvsuusdnauladunisfimes (Parameter)
999UuUU809 Inguispatuivinnisudmnsines
sondu 2 wlalaud 1) msfwesfivsuiowseudiou
8MI1N1TIMANNUUUTIABINUAIATIVIA LAy 2)
s dwesfivsuiienSoudisunssuanuuusianstu

A1MTI9I0 AUAIMITeN 1

MINA 1 agunnsiivesvesuunaevamans

Fansanes Fans1imes EPRD)

a ¢ a o '
WU | g 45eandsraninsd

' ‘1_] a =~ C
PWBLUSBULNEY | Etter Coefficient
9M31n15t1avn -
wuuTraesiydy | FRLUNITED d
57950 Demand Patterns

a ¢ a o
WIS LRI N U

SEAUANTIVIAUT Y
= a a
VA BLUSHULN YU

Elevations
Lssa uaIn
LUUTIa8IrUAT ﬂ’J’]ﬁJ‘UE‘Uiu‘U@QNuﬁVIB ;
a57950 Roughness

2.3.3 98971 (Constraints)

FodnAnuesnszuIunsmANIIzauiigad vy
nsaeufisukuudtaesamans wuseendu 2 viia
lawd 1) Tadrinnnelulasavinevie way 2) Tod11n
vounvesuUsinaula feanunsoagulddwiolud

N) TaTMAVBITLUY A AUAATDINGINULALANAS
wialulasaievie Jsanunsaasulddsannisd (1) uaz

(2) UAGIU

A1 (1,Q)-Q*+A ,H+A i Hy(2)=0 (1)
A,Q-q(d,0)=0 (2)

nehl  Au(nQ) Ao wvisndauduiusnmsaaydeian
LANNS AT UANINLSUEEANIY

meluszuy

A, AR Lng ﬂazj‘miv'ﬁ'amiaﬂuauﬁw'aua:qm
Tnun

Ay, A m‘vﬁﬂsﬁmil,%'awiaﬂuaqamiwuml,auﬁwia

Ao fe  uwEndiduionsaeanislvaiigaly
InunUangiduyie

Q fe WNAWBIVBIBRIINITINA

H #e  wnwedianislvaiildnsiuen

Ho@ flo  nnwedieanislvafinsiuAdasauen

FEAULA?

qd,C) Ao 1nmesueIruFeIn1slFug
Usznaumennudesnslivuagi
goyLde

Fauvuaewamanisidudosinisudtymuy
Fosinnsansdndoufusniaegne Wy wuuTIans
EPANET dsannsaideuanguléissannisil (5)

Q) Yo1nnveUIInveIRUTAndula Ao vouln
Amesiudsindulafiansnsalululy Tnsdesegmely
Y9 ULUAUU (Upper Bound) kazuautynany (Lower
Bound) fawansliiiusaunisd (6) (7wa (8)

2.4 4yUe19990ITMIANNNILENTFR (Optimization
Model)

NnilentuingUseasd, duusdnaula uag Jodnin
Vonuadilgnanndradurinliaunsadoudusuusiass
ﬂ’]i‘M’]ﬂ"]LﬂﬁuﬂsﬁmﬁlqmLﬁ'aﬂ’]iﬁﬁ’]ﬂ"]W’]i’lﬁLG]EJ%‘ZJEN
wuusaesamanifinnan ladeelui [2-5]

Objective Function:

in in iny2
CIT/;(t) = Z(Qc - Qm (3)
M- = Z(Pn,c - Pn,m)2 (@)

zr

(A1DSUNBRNLAL: 27708 ¢ WNUAINLARINBUUIIAD

(Calculation) kag m wuAlR NNNSH51939 (Measurermnent)

g(C,d,z,))=0 (5)
0<C<l (6)
d >0 )
100<r,<140 (8)
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Tnei

mQn  fo  dnyINsmalingsruuINLUUIIGes
mMenaan1sUsudlsindulanazan
ATIVINRUEIRU(AU.LL.)
P, Pom P9 LLiaﬁuﬁqﬂmaﬁmﬁ n NLUVINEBY
menaslsuanusandulanazan
ATIVINRIUEIAU (3.)
g(Cdzn Mo wuusIanswaransuas EPANET 34
Wil duvesiudsdndula

sUwuuNshtudauluiiien t a9

dt] ﬂa & \
LU
Y

z Ao ANTEAUYBIRANTITIALIIAU (3.

I AB AIAIUUTUTEVDINIIY (Hazen-Williams)

a7

a

Tnsnszuaumamanmngaufiaafinuidedidentd
vJu35ues Brent’s Method 7194 0158071 Brent’s
Minimization € .9 4337 s2uns2UauA15 Parabolic
Interpolation tag Golden-Section Search 1iggiuvi
idofAe 1) @a1u15aN1MUATDULIRVDIAA LUS

andulald way 2) ludesnisilsddueuiuslunisaiy

nszvruns Yagtiuedesilefifidodn Scpy Wuudining
w@Suuun1w lnneu (Python) 15530052 UIUNTS
Brent’ s Minimization [6] ud 2 ul 9 dug 08 9 941
Minimize_Scalar

2.5 mMsUsuamIT1dines (Parameters Adjustment)

251a1d8uUssdns 918090155 3 (Emitter

< |
a

Coefficient: Q)pnduusanssnananissuduieidures
WUUT 1889 EPANET LA 99188980178n155 1L nauu
lassgvialasuusiuiuusaiuasnsaleuluuaunis

lansaunis (9)

inC'PiN] )
el g, Ao dnsNslvavedgnian i
C feo Emitter Coefficient
Ag ALTIRY U RTIN

i
N, fo Emitter Exponent

Famn N, Wuaai lngaztuediuvinvesie (N,=0.5

Y

Weviewdwman, N>1.2 Weveidunanadin uay V=1

[

delutandu 9) (7] fedusrmAdvaduifddnszuauns
mAnmnzauiianfioufuan C AT aniosaien
(AwunlviAnegsening 0 fis 1)

252 gULLUUn?'a‘Z“?’f‘Lf? (Demand Patterns: d(t))

ngAnssumslinfudanuuandrstumuszian
vosfldiuazinalusznineiu Sauuudiaes EPANET
#1115091N1531809UUUNAN8Y 1187 (Time Periods)
lnsnninnesvesguuuunsliirfivdsuuuag
paanaiuaLfiesntsléihiugiu (Base Demand)
voslvuaglduidsdunareniissmilutssindlneded
netufindeyaifudnadesuuuunisTiiimudssam

flduazaluguwuumen daanslugui 1

Demand Patterns
1.50 9 =

v *\ e
5 1251 — ¥ %
2 | '!\. / \
,_% 1.00 I|' e . .
E] |
=075 l\\ .II L
e |/ )
0.504 \ —&— Residential
i} 5 10 15 20

Time (hours)

1.5 1 | etete
3 J ‘
= 1.01 7 «
[=% ;
= 14 n,
El
= e o
0.51
t"'—.—d‘l —8— General industrial
0 5 10 15 20

Time (hours)

Ul 1 fegsgunuunislddivestiuinende sy
qmammsmﬁ'ﬂ‘d (NM3UszdunIraNaIIaynIUsInIg
muﬁaaﬁuﬁlﬁﬁﬂLauaﬂismumsﬂ%’uLLf’Tﬂ'ngLL‘uumi
1447 Tngdnsdatudoyanisldinedvvosildudas
Uspiamauiifinissudinl iy nednszuiunsmen
UFuuAdstelud

1) Yssifiuguuuunisdiedidglasseviedildann

LUUINADILATAITATIVTA A9dUNIST (9uaz(10)

ANUAIAU

P =Q"/ QY (9)
Ptm =Q / QP (10)
Tnofl

PP, AR UMUUNTSTINIEULIITEUURINKLUY

F1ADILATNITATIVIA B 13RI t
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Qr.Qr Ao dnMilwaldngszuunuuUTIRDs
LAEN1INII93A o ATl t
Q"Q" fe  Awnedsdnsinisivadigsruuain
WUUTIADIAZNITHTIDTR

2) AamUsuwnguiuunisidun Asaunisi (11)

K,=(APt-AP)*R (11)

Tned

K, fio AUSULA o 1A t

APt @ uassgUsUUNIS TSI
NNIATIVTALALUUUIIADS Ptiﬁ,t-Ptz

APt Ao mLa?iEJmawaGmgULLUUﬂﬁﬁhEJiE’]LG?h

FEUUINNITATIVIALATUUUTIABS

PtL‘l,t-Pti:t
F961 R fio Snsrdruanmuulsusiu dnididfaly
nsleafunisgesnaindineu Taslawizegnadslussuy
Aimenetdmanemns WesnnswIsudisusas
NMSATENINAINTIATANULUUTI8B99NTEVIIUUNIS
Frodntmdnwingy drunmaddidunisiuadiann
sruutafsmsemadisesazgndsdulmndulunuen
7132930 G‘Taﬂgumﬂ%’vuﬁg‘dqumﬂﬁiﬁﬁaé’wﬁﬂﬁ’ué’mw
mslua o mamdnindu

W

399995 A8 R 1dLaNANUBUSUTIUTRE AT 9D

Y

gnsnavemnIgu N indsiiosusen15gLing
AMBU aunsaRwIlAGEunIST (12)
_ ZTOZN“‘ @,

(12)
2 LN,

o N, A UL WDTUA

T fD  LaWRUNATOILUUIIaDY
QIh, fe  AwaTINTiraaINAIIRTIITA
AN | 1389 t
My, feo  AWATINSTIRANLUUTIABY U

NI | L3 t
3) A gluuunstdinlnddmsugedldunlussuy

Feaunsi (13)

(dt_])
( ,_]) -

W (13)

Tnedi

(dy), o gﬂLLuumﬂsﬁ‘f’]ﬁna’ltmﬁ;mﬂsﬁ’lj
ndsnsusuuiaded i (d,, Alu)

(dyy). , R gULmeﬂ%ﬁnmtma;m;ﬂ%’ﬁwjﬂ'au
wihmsuSuusadadt | (dy; ANAL)

@ e Aaieguuuumsld o gaglih | ad

i-1
Farnguuuunsldilmidlddudesddlidesnda o
idesn Adoamsliifiduauluuuusians EPANET
ﬁmmwmadwLﬁuﬁﬁﬁlwaﬁﬁgﬁzw (Frefunaifisiy:
Tumsufuudaguuuunisléinndausn i wirfu 1 an
susuunsliiui (d,), awvanefi Aguuuunisldi
wenulavinisduiinld)

2.5.3 mM3eAvannTI19dnlsenu (Elevations: z)

\losnndeyaseiuvesgansraiaussiuvemansy
U281 A8V 03 A91n Digital Elevation Model
(DEM) ﬂ'fnmmanﬁawm“fyuaq'ﬁ’ummasLﬁamm
amghennaiien daumAteatuiFddiausisns
Usuuiensiulasdnadatuaussiuiingaialdess 4

anusoagulaneaunisi (14)

(zn)i = (Zn)i-1 + (Poc — Pym) (14)
laed
(Z)i Aa ASEAUYARTITALTIRUN N nd

nsUsuuinsi i (z, Alml)

(Zn)is fio @iﬁxﬁuqmmwi’ml,lﬁaﬁuﬁ n Nou
wihnsusuadait i z, A
Bre—Po) fo Aladskasinaussfunniuudians
fudasIaia o gamsrade n
(ﬁﬂ@%mmﬁmﬁu- ‘Lumiﬂ%"uLLﬁ'ﬁﬁzﬁmmmmi’mmﬁu
afausn i whity 1 Asesfutiy (z,), WHULDT AI5TA Frudi
wheanulevinnmsduiinld)

2.5.3 AIAIINYTYIEVeIH1avie (Roughness: r)

miAfvatuillddeuussromdmionumeud
84 Hazen-Williams sazutsmuviaianyielngaiiias
vinefsiaviefimnuvguszin wilunsldauaieioay

Winn1sinnsauusnaunilidmalilevieliongnsldnun
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untuiagyiliauegussntmetugstunaluselae
Tuilufivesnisussuiuasuans (nUw) aEynIUIINIg

ANTIBNUTAYTINYUOIIMANEIEBIN YA TAER ST
0.71.2562 [9] levinsUsiliun1sanaduedianuvgusy

NU9vi® Hazen-Williams v9aviannvila wuinA1AL

= N |

U3s¥VRINUWIRITARAINAUR g VIaT sz laii1nINAIN

ANgARIUITVRY Hazen-Williams fslunuddeaduilis

EUeN1TUTULARAIANYTVIEURINTYIR Asaunsh (15)

Tl = M . (Tmax'l _Agel) (15)
e M Ao fAuUTuud
st AD AIAINVTVIENTVIONGNER

D
youduriod |
Age, Fe  ogveuduvied |
Tngldnszurumamanmngasiigalunisme M e
ARty (Fvunldan ﬁlﬁasﬂmﬁ'aﬁwdw 100
fi1 140 ilesnnviedulngluszuu DMA Huwiia PVC)
2.6 NTLUIUNITAOUNIULUUTIADIYAFITH 599 1LTH
mﬁfﬁaaﬁuf‘ﬁé’ﬁwmiﬁmmsqmﬁﬁﬂﬁm%’umiaau

WiguuUIaewaransuunw bmeu Ingldiasesdle

'
2

A11% 991 Water Network Tool for Resilience (WNTR)
[8] ilefanadnsuuudians EPANET Tngyardsdiiam
finszuaumvhan 9 Suneudadaluil

1) fmusenilsiduinguszasdionsuls )

2) dudlwduuudiass EPANET Cinp), lidnsiain
Snsimslvauszussiu (dat) uaznsendogadneyindy
nan

3) mAnmNzaNigavesdilsraviaiasinngi

a) Vsuufguuuumsli

5) shanswuIumsii 3 wag 4 aundnAivesiterdy

o

nUsrasddugnsnsivaiAdesnite € ifvun

1Y o Y

6) USUUAASEAUIARTIIALTIA

q

a0

7) wedam M mhlianursusendsiewmngay
igm
8) ATIvERUANYRITINTUIngUsYaAdILLIIAUMIN

ANLINNTIIAT € NANAUA IR LTIUNITADAIUTUNDUN O

9) YY1 NVURBUN 3 IUAT € ABIFIULDININNN VLA

ndnandeuagunsruumsinulaagui 2

Input:

1.) INP File

2.) Flow measurement data

3.) Name of inflow link

4.) Pressure measurement data

5.) € value

1
‘ Optimize an Emitter Coefficient
!

‘ Adjust Demand Pattern

Adjust Elevation of a pressure
measurement point

N

Optimize a multiplier of
roughness
[True
Qutput:
INP file can be represented as a
real network

|

JUT 2 unudanssuIumsaeuiguwuuTaevamans

3. NanN15IgLazaAUTY
Tasstneviorssdminagmsusns unds
Tudluifliuanisves nuu. andeyameaulsesina.
2561 fiftuiilsiuints 274.60 na.nu. §ldi 195,872 918
war unandneneluainn 198.49 &1 av.y. Tnefiin
Faminosau 141,65 § 1w au.a. Sadudguydeinty
56.84 a1 au.yl. AnduSesay 28.64 Lagiinsuussyuy
pomdui Ui 1i152Ta (District Metered Area: DMA)
Wavun 70 Huf udTeatuilldveasdddnssuaiunis
aouisuLuUSIaesiUT N 24 Uil Feazeniagng 1

Nun WeaAUNaansSNlAlneliseazldenrmIs1en 2
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AN5199 2 518a8LDEAVDIRIDYNUNANYI

A15799 4 HAANSWUUINRDIVAAIANILTINUN

e PIY | AueIYie il ‘fwazyfia gnsnisivad | desnislvading . Y
Y N v , s s NARN4 08AY
(DMA) 0tk (na.) (51%) (%) AITUUYNNUA IELUUYNUUAINN .
. , @uaN/ | waA
NNITATININ LUUANEDY
170105 24.9 2,297 31.9 ) ) $) (%)
(@u.u./9u) (@u.u./9u)
2. . . - 6,319.07 6,306.78 12.29 0.19
AN 3 VBUAUNYIYAANFINTEUIUNTADULNIYU ]
9 i , NDUNNT .
. . L. AIANUARIN NaINT
Foganedne | e vosdnsnisiva | e veduswiu | AN nMsseumey a dou o
v .. . LAADY " aouLngy
WUNVINAN (au.u./v.)7 (1.7 (3. dmsnsivia e gy
LBt SSE (au.a/vu.) | 195,667 4
DM17010501 100 10 24 !
PR R RMSE (au.4./%3.) 90.29 0.41
* ¢ LUUAINATIUNANINN1GNEDY ‘
o v o o« o a8 X do o : nauns o
MﬁlmwaawamaaLmeammwuwmuaﬂﬂumsww 4 ANATIUARIA a8 LGNE]
wae NadnSTBMULT eIl uandlug U 4 uag 5 Hae gy | TOUEY
AsiSeuifisu
83.86 0.17
LIRU U 90 Sum Square of
L 54.78 0.21
MNIIVIALIINU Errors: SSE (3.
. 56.37 0.06
(3 99R39999)
Root Mean 1.87 0.08
b Square Errors: 1.51 0.09
RMSE (41.) 1.53 0.05
(13.5836,100.5968) 300S,SE Before Calibration: 195667
X - @& Flow Measurement
Flow Calculated
o™
r bt .L‘
— 200 - - b = -
E [ h‘ ‘ﬁ Ay
DM17010502 100.5981) = $ e ®,
= i <
= ‘." e .
=] b < %,
= 100 hd
0 T T T r
0 6 12 18 24
Time (hour)
300 SSE After Calibration: 4
. -o- Flow Measurement
(13.5744,100.6020; ~»~ Flow Calculated
o™
p, ~ L |
—. 200 A > 2 = =
E ] h ﬂ Y
= o L S | L]
' 1% ' -g. {-f \b\
JUN 3 wuudaedasaievioun EPANET vasituiidnw R =
YA ° cal v o v o o %= 100 -
W& ‘WﬁsuadLL‘U‘U’ﬂma?N‘?Ja?‘i’]ﬁ(ﬂi‘lﬂlﬂﬂﬂﬂﬂﬁdﬂﬂﬂ“ﬂﬁﬂf’ﬂﬂ
ATy Fadmualideyaindndumudmnsd 3
0 T T 1
0 6 12 18 24

Time (hour)

JUN 4 Adnansivia s medrudvanfiuisunas

AUIAINBULATUAINITEDUTIIUBUUT A
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Pressure after calibration
P17010501
SSE After :0.17

7.0
-®- Pressure Measurement
-+~ Pressure Calculate
6.5 1
A
R
, ‘:(\‘k }t.' .
6.0 1
‘ ."'é X A
)
'l u“\‘ ‘l
n
5.5 ’ a1
E | o i
¢ ol !
= 5.0 7 (]
w " ]
$ # i
g | f
4.5
l"‘! :
4.0 4
3.5 1
3.0 T T T T
0 5 10 15 20
Time (hour)
P17010502
SSE After :0.2121
7.0
&
1% \
6.5 - g oy \ ?‘
: ‘ b
i ? N
¥ (]
6.0 1 4 A i
¥ ll ]
Fl | i
i | #
Fre ! i
5.5 4 i " »
—_ H'f ] !ri
E 1 I |![
— i.’ ‘ (]
g s ] H
5507 ¢ y
£ L
o (' x
[
os A
4.0 4
3.5 1
-®- Pressure Measurement
-#~- Pressure Calculate
3.0 T T T T
0 5 10 15 20

Time (hour)
JUT 5 AMTIY U 9RTIVTANLUA sULUAIMILLIEIME NI TaBUTBULUUT1809 (3AnTI3TR7 1 wag 2)

TagAms1Amesnusuilasauiisudnsinisinanlaniendenseuiunsasuiisuiisngasdensan1snan 5
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A15799 5 Arns1dmesnusuiiaSsuisuansinig

Tran endIn1sae Ui uLUUI a8

ANSN 6 AINITINLABS T USULN avUS UL uksany

AYNHINTABUBUBUUI1AD4

Emitter Coefficient 0.002513

V. 0 1 2 3 4

0.764 | 0.736 | 0.675 | 0.728 | 0.779

W, | 5 6 7 8 9
Demand 0.849 | 1.050 | 1.440 | 1.499 | 1312
P
attemn g | 10 11 12 13 14
(¥nAIDE19
. 1210 | 1.001 | 0.838 | 0.753 | 0.671
UIUNN

21f ) B3l 15 16 17 18 19

0.734 | 0.784 | 1.070 | 1.245 | 1.308

V. 20 21 22 23

1.362 | 1.302 | 1.063 | 0.831

1.4 4

124

1.0+

Multiplier

0.6 —e— Before Calibration
After Calibration

4] 5 lll) 15 20
Time (hour)

JUN 6 freegreguuuumsidinivesiuinendenouuas
PRIFOUNBUBUUI1AD9
ATNISITLMBS T USTULN DLUS S UL U LSIAUT Lol

AYNFINTTUIUNTEUILULT1982LD8ARAINIT1N 6

4. unagy
INNANISANEIT Na 12T 19 unan sl i L uln
NSTUIUNSEBULB ULUUS a0 svaran U Toatuil
Idinaue awnsavieuiulassievedidssuasld
othagnifpsuariivszavsan Tnsnadwsvossegieiiud
Anwnsa 170105 Fadulaseevierdssdnneldnis

U330 sUTEUIUATNANAENNTUTING wandli

P17010501 | P17010502 | P17010503
Elevation (%.)

1.514 1.302 1.465
%o | P-170105- | P-170105- | P-170105-

1 2 3

116.905 130.431 112,074
Roughness 18 | P-170105- | P-170105- | P-170105-
(eneeeng 4 5 6-1
9 yiousn) 114.006 127.533 122.701
‘TIIEJ P-170105- P-170105- P-170105-

7 8 9-1

121.736 121.736 114.006

WNI1ASRSINS I NaLaLLSIFUINNLUUI a9 UNNT
UL BULUUT 18090 ATNATINNAA19A18 9889 (SSE)
WU 195,667 (@U.31./93.)° Wag 195.01 AT MUAIRU
1AYN1IYNFINTEUIUNTAD ULV BULUUT 18091 1LAUD
NUIANATIUNAAINEIEDIVBIONTINS AT LTIAU
anaadu 4 @U.a/vaL)’ way 0.44 (Was) auaiau lne
7 la'An Emitter Coefficient AMema9n15d0 UL 81U
KUUTIRRNIAY 0.002513 LagA1TEAUVRIIANTITIN
uasusis 3 ANYVAINITAD UL UL UUTIADUYIAY
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Abstract

The aim of this research is to study torrefaction performance of macadamia shell and coffee endocarp, at 200,
250 and 300 °C for 30 min under simulated dry-flue gases (5% oxygen by volume) and nitrogen on physical
and chemical properties and torrefaction performance (mass yield, energy yield and weight loss). The study
found that higher torrefaction temperature with flue gas improves oxidation reaction by releasing moisture and
partially volatile matter compared to that of nitrogen. These led to raise their heating value. The calorific value
of torrefied macadamia shell and coffee endocarp by flue gas and nitrogen are in range of 23.97-30.36 and
25.64-30.25 MJ/kg and 21.48-29.16 and 24.93-29.53 MJ/kg, respectively. However, higher reduction of mass
yield and energy yield of the flue gas is found compared with that of nitrogen. Applying flue gas from waste
heat in combustion process may reduce costs of pretreatment and potentially save energy in the boiler.

Keywords: Torrefaction, Flue gas, Macadamia shell, Coffee Endocarp, Weight Loss
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Abstract

The objective of this research is to design, construct, and test a cross-flow heat exchanger to recover waste
heat from the drying process in order to increase the dryer efficiency. Inside the heat exchanger, there are 12
pipes with a diameter of 5 cm and a length of 60 cm placed alternately in 5 rows as a channel for the humid
air (hot fluid) to be evacuated. The total heat exchange area is 1.13 m”. The heat from humid air is transferred
to dry air (cold fluid) that flows through the stacks of pipes, causing the dry air to increase in temperature. The
heat exchanger is composed primarily of food-grade stainless steel (SUS304). It is covered by an insulating layer
on the outside in order to reduce energy loss. From the heat exchanger test results at the average inlet humid
and dry air temperatures of 55 and 36 °C, where both fluids were controlled to have the same mass flow rate
of 0.017 ke¢/s, it was found that the heat exchanger effectiveness and efficiency was 31.58% and 64.81%,
respectively. The device warmed dry air to a maximum and average temperature rise of 6.00 and 4.42 °C and
reduced humid air to a maximum and average temperature of 10.71 and 6.82 °C, respectively. That equates to
272.40 kJ of recovered energy or 9.16% of the waste heat released. From the results of the kaffir lime leaf
drying experiment, it was found that the installation of a heat exchanger did not affect the drying rate. From
the results of the kaffir lime leaf drying experiment, it was found that the installation of a heat exchanger did
not affect the drying rate, but it reduced the specific energy consumption (SEC) by 9.81% and increased the
specific moisture extraction rate (SMER) by 10.88%. That makes the efficiency of the improved dryer higher than
the original one of 10.88%. As a result, the energy costs of producing dried kaffir lime leaf were reduced by

9.39%.

Keywords: Drying, Heat Exchanger, Waste Heat Recovery, Energy Saving, Global Warming
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