51897U1A9IN15798

%4

VUUATNAUITIDULAIN NN ZAD2IITNIAIINAIITY
WERINNGFINTUNEATNT wuumUqumm%uuaxqmmﬁmﬂu
2R LU
Research and Development Arabica coffee parchment
solar-dryer greenhouse for farmers by humidity and

temperature controlled

UIBNIETT UIU9A

Mr. Pongrawee Namwong

U w.d. 2564



51897U1A9IN1578

%4

VUUATNAUITIDULAIN NN ZATD2I1TNIAINAIITY
WERINNGFINTUNEATNT wuumUquﬂfmu?}/uuazqmwgﬁmﬂu
O lulf
Research and Development Arabica coffee parchment
solar-dryer greenhouse for farmers by humidity and

temperature controlled

UIBNIETT UIU9A

Mr. Pongrawee Namwong

U w.e. 2564



AUs15A

Tas9n153981309 “Idouay ﬁwuﬂianLLﬁquLWﬂ £a198310N 1Y NHIINUY
LLaaammammumwmm qummmmwmuua ammm;wwiuamium” ﬂmvmmm
mamm%mummumsmw mamy 2562 e Aue1eu 2564 Wuan 29 amﬂivamﬁum
1ASINg L‘wmrﬂau,a wwuﬂaaammamuﬂn ¥a19¢510N19IUNAINULEID1NNTE NS U
NEATNT WDAALIIULES gaunulunsHannnezsI0nT $IUTINTENTEAUAMAINNEINTS
LL‘Uﬁi‘Uﬂ’]LLWLLa“mMu’]EJIGﬂUﬁﬂWWﬁQGUU maamuwmmﬂmmwLLiJﬁUmLLWImsamaﬂ
‘Uizmﬁ

Aoz ITeninduegneBan seaueduilesiivssleriuiinide dndmnisnues
maonnunsng  wazdaulaniaglddnwuaziinalulagluldliinusslevisely  wasidu
NSHLYaAHAREA LT ULNEATN UGN



N
ARANTIHUTEN oo 5
FATE oeeereeeneereessesnees s 6
ANOBUNAYANYAUUMATANID oo 7
U e 8
UNFIRED oo eee e ees e eee e s s eee s eeeeees e 10

1. WylarimulseuLmInNILnga19e 19N 1MIgNaI1LLEN e IRgE U U

WYATAS Lmummumm%uuazqmmﬁmﬂué’m‘luﬂﬁ 12
UNATURAEUBLAUBMUL oo 19
UTTUMUNTU e 20
SVUARUIN oo ee e eeee s eeesee et 21



ARRNISHUZNA

AnizgiTevevouangsIsNsAUdITonatanunnToddusl uazfinaudming
quiiteinunsvaadedlml duuonyuang flimnuoyaszilumsvaaeufuLUUIBULK
mmﬁy’uﬁueﬁamaiumimaau suaﬁuauLﬁ’]’mﬂflﬁﬁuaaﬁuéﬁ‘;%’ﬂLﬂwmﬁmmim%ﬂmﬂm AGHE
Fuimnssumdsnsfiuien mnEflumiaiwmmwuiiqammw immmmimwauami
yadaUIULA AT uenIndaneiiTovevounsrauamznIILTivnmIdLITINsTITe
antuidainunsimnssuuazantuidofivany nadvmsineas Adelimuugiinm
mseenuUUTRIATesTloLar U U Tl sseuwisiuLuy auldlsaouursniuingatozsdn
Fendsnuuafinddmiunenang wwumuatetukergamgiaeluseluda



€ a s
WIYIT UINWA

Pongrawee Namwong

auey augNY

Sanong Amaroek

1A wnan
Niti Pookjit

va o
W38
v

) L% L3
U™ 91UUNIAUNS

Preecha Anantatanakul

USeyey Tl egnesdums

Parinyawat Yoothongin

gATUN YU

Chatnapa Komarvut

1UN SN
Manop Rakyart

A3 TUNTHIUIU

Sorawit Junjenjob



whb
%

wet basis
& '3
LUBsLoun

ANa3 Uy

o L4

Nl

LAZANED



N

nurdaidufinasughafiddnylulandog 70 wia dutiiadufuegluuiinmuny
sousoUszmnAesloy adadille waz 915110y vIvwensnaTyLivlalanluaninenie
Aouthadu gumniiszning 17-22 esrmwaldea dadufiviaiiomun dgnluwaioudes
Ugnuuitufigs dalvafivgnunsuans 7 4 nguldun nurtaneiugersndng nuniuslsva
m1 nuH tusidnieadn warnuniugaueing Tasianzediedetuniunessdfi (Arabica
coffee) lupnldilu fivfiugnnaunuiisiania 1wy Hu wszmunzauiivgnlunamieves
Uszinalng annsoniyivlnldddoudiiuiianiugs 700 wes mnszdutmeia way
uennuilesdeianingfionnimsesiuiedoniseennonuasfioua feudifdediia
ideosaniduiinilidmugfivgnluanimnaisuds uaglinuseanitzerniauisuds us
mnzanfiaggnluanmsuewieuinad fuaunnasadiwldodistios 50 wWesidud uie
Ugniuitwusuriuligudu TdUsssuni fuanlididusedauansditieannisyngniitane
sl BnitadussuuiitnuaninundonnioUgnuuuiiieydndsssurAnuTs UL YA
wresdUsznauddyfio 1 th fufiugnits naenau wandnanii Taudsusslesiiilas
younyns lifnanss wazmedan
nsUgnniustesdnidutuluiiuiitimipuisesaeulaslasentsvadsiam
111 (YadlaTanIvad) MelannutiemfeveansEnT It unsvesansgewsni (USDA)
s .. 2517 slsmoumnelinndnnaauasinsidouasiaminisugnniunesd
fruuiiudigs il ‘vmLmumiﬂaﬂwusuawnlwsmvuﬂumﬁmua wivonduilinss eugiy
PILUNAIUGNANE q vU Aufigameniamiio wu yadSusilmens aosdns aeeand faumta
Fuesw dedlv wigosau mn Uiy WBELNYTYTOL AUAIGU
nMundsdadufiviasusiaidrdyeianiavesingiiviiseldliseinatas
Uszanni 30,000 E1uum Tnglutas 5 Bikuan @ 2556-2560) aainfimsvenedauiiutu v
Trarudesnistiudnnunvaslssnundsgununlulssmalyedisduan 70,000 fu Tul
2556 18 95,000 #u TuT 2560 vauzianssandaluyszimaldifios 23,000 duviniy
desnnuandanunluuszimanduanasededeties ansiadfinndnduiatuu il
inwasnsUTuAsuluugniinduuny wu s1emns diduingu uagline Seilinananalsl
demasonnudesnis Flrinsdidinnisssmaduiude
nszvaumandsnmaiiuien tuidueddywidunisndnndadusiniu 3s
ansniuyarld ffuanudndufonihnifineide emiinsudnilénaifign v
Windnenmnisndn wounstoyamaluladnisudniiannsaussgndlimngaufuyvy
fuszneumsvungen dwsumsuussunuezsndn Inszurunisudanisiiuifien 380
URUR n1suussuuandnsiu vinlvinandaildfianuunndisiu denadesavidvesniu
@mmwﬁmﬂmqﬁ’u iliAatamenisean wagidusuusadglunisivunsian
Hagtumsmnuisniunngan inuasnséslaifidesouuiaivngan Sasos
Twdunuaserindidundn uasdesnnuuiiufuvieiiuneunin silfnunluisday
laildnanmuasdeddnatlunsnnlfukenu MWiuilumsanuin Sdududgmdenis



wAmnuvenuasnsluiuiivnaniamie nnisfuteyalsieunasorfindueansensig
WEWTY (WUU 1. 1) wvedevauLsnuingan wud1 guvndludeseuuiaiugads 62
BIANYALTYA QNN UNNZAIVUTDULINENEN 72 sarwai@ea vilinwinzandeniy
[un3Ange uaAuly Fedssavilsinuninganiinaunne
Wwnenanvesnalulagniseuliandauiaseinddmsuniun
ngandefonisaiiannsgiududiiiazein Uasade [ugaduiuuinnssunaze uing
wiu Wleadsgnurnluszezeuaranszoznansnanal Jedinrmdnduiogdosiiny
Helsseuuiailetisanszoznatlunmsmnuisagldnunnzanidannmaummsgu

TnUTaIAYadlATINITIRY

WoTdsuaziaulseuwiinuingaiugorsini tnuldndanusaianiing aunse
HANNWNNTAMNN UasunzauiuseaunymIng nawnunslduasanwazaiunin Tdaan
nsviuiingankiosanIniu lidesndn 2 wi



UNANEa

M9idEnsanmt L anuleg s ndendsnunasendiiag felsaninuuy
danlAsrunanig 4 lwas 917 6 e AusruunuausalusRdeauenailedn v
SluiAfinskerngungfilluiu 45 esmiaiva uazanuTuduivg 75 Wedidu Wiaau
sTUIIMAYLIN 30 Fad 2 ¢ Sns1nnsluva 700 gnuiadiumsHetalusezis wieuie
sgneAnudoularaTuannlsamn nelulsamnussgtumnnuil 8 $u annsonn
nurlldnssaglitionndt 1.5 du neaeulutiafeusnmaniadfouiiuiey dunzainiunan
adtay 2.5 Alansu wanauduielsminwdauuasenfing fouvginasant svaass
a9an 39.4 asenwwaidea dan 6.1 asrisaiBoa 1de 18.73 ssrwailoa anuFuduivg
Wfe 57.27% ldarezinan 7-10 Yu nzarnundinnuduidudu 55 %wb  Idudaniul
AraBuanTY 12 %wb Shsiniseuuiande 0.2665 %wb siadalus nurngamdsanus
fidnwairmsmen it liwwninuazdase liisanmsisauluiagtiu dddnaumunings
GRS

Abstract

Arabica coffee parchment drying study was conducted using solar energy equipped in a 4
x 6 m2 curved-roof drying house. The automated drying system controlled the maximum
temperature of 45 °C, 75% relative humidity. Two 30-watt fans were used, providing flow rate of
700 m3/hr for removing heat and moisture from the drying house. There were 8 drying racks
inside the unit, holding at least 1.5 ton of coffee parchment. In this present study, the test was
conducted during January to March. In the meantime, 2.5 kg of coffee sample were taken out in
order to quantify the moisture content. The study found that coffee parchment had initial
moisture content of 55%. Maximum and minimum temperature in the drying house was 39.4 and
6.1 °C, respectively. Average temperature and relative humidity were 18.73 °C and 57.279%,
respectively. The drying process took about 7 to 10 days, making moisture content in coffee
parchment declined to 12.0%. The drying rate was 0.2665%/hr. At last, coffee samples obtained
from solar energy drying house showed no physical damage, i.e., breaking and bending,

compared with ones from conventional drying process which took much longer time (3 times).
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Abstracts

Arabica coffee parchment drying study was conducted using solar energy equipped in a 4
x 6 m2 curved-roof drying house. The automated drying system controlled the maximum
temperature of 45 °C, 75% relative humidity. Two 30-watt fans were used, providing flow rate of
700 m3/hr for removing heat and moisture from the drying house. There were 8 drying racks
inside the unit, holding at least 1.5 ton of coffee parchment. In this present study, the test was

conducted during January to March. In the meantime, 2.5 kg of coffee sample were taken out in
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order to quantify the moisture content. The study found that coffee parchment had initial
moisture content of 55%. Maximum and minimum temperature in the drying house was 39.4 and
6.1 °C, respectively. Average temperature and relative humidity were 18.73 °C and 57.27%,
respectively. The drying process took about 7 to 10 days, making moisture content in coffee
parchment declined to 12.0%. The drying rate was 0.2665%/hr. At last, coffee samples obtained
from solar energy drying house showed no physical damage, i.e., breaking and bending,

compared with ones from conventional drying process which took much longer time (3 times).
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1.&#1N15ATUANYDIELBINAE S

#include <SPI.h>

#include <SD.h>

/* SD Card Config */

const int chipSelect = 4;

/* Temp Sensor C

// Humidity wire (Yellow)
int RHpin = A2;

// Temp. wire (White)

int RTpin = A3;

/* Relay Config */
int Relayl = 2;
int Relay2 = 3;

float RH = 0;
float RT = 0;
bool conditionl = false;
bool condition2 = false;
bool condition3 = false;

bocl runOnceFlag = true;

void setup() {
pinMode (Relayl, OUTPEUT);
pinMode (Relay2, OUTPUT);

// Open serial communications and wait for port to
open:

Serial.

n(9600) ;

I

if (!SD.begin(chipSelect)

the Card /(failed, or not present

// don't do anything more:
while (1)
Serial.println("Card failed, or not present"):

delay(1000);

void loop () {
// Get Temp. and Humid Values
RH = analogRead (RHpin);

RT = analogRead (RTpin);

RT = (((RT*5)/1023)*80)/0.8;
RH = (((RH*5)/1023)*100)/3;

// make a string for assembling the data to log:

ing dataString = "";

"Temp. = " + String(RT) + ", = m
String( H
// open e. note that only one file can be

open at a
// so you have to close this one before opening
another.
File dataFile = SD.open("datalog.txt", FILE WRITE);
// if the file is available, write to it:
if (dataFile) {
(runOnceFlagqg) {

dataFile.println("//Logging");
runOnceFlag = fals
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dataFile.println(dataString);
dataFile.close();
// print to the serial port too:

Serial.println(dataString):;
// if the file isn't open, pop up an error:

else {

Serial.println("error opening datalog.txt"):;

/* Relayl */

CO RT > 45;

co RH > 75;

co n3 = (RT + RH) > 120;

if(conditionl || condition2 || condition3) {

// Blower On
digitalWrite (Relayl, HIGH);

digitalWrite (Relay2, HIGH):;

else(
// Blower Off
digitalWrite (Relayl, LOW);
digitalWrite (Relay2, LOW);
// Delay 5 min (300000 ms)

delay(300000) ;

AANUIN-Y

N15ATINILATEFAENS

A mundmsuldlunsdniuiuuenltinevedlsusousinsey

1PUINT0, P 120,000 U
511970, S 10%%049 P UM
91yN"5hga, L 10 g
Saaenile, | 10 Woasidunnal
AUN395N 500 v /A
Alyidh (Frudafiggniaiuiien 3 1Wew) 175 /A
Nanannal A v/t

nsAnaAunENsitnulsusoudIntes
nsfuAndeusAlagiSidunss (Straight-Line Method) e
aunnslaal
D=(P-S)/L
dlo D= Andeusian
P= 1A UINT0
S= 51PN
L= 21gn1slda (@)
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o 1 & a I 1% &
ﬂ?iﬂﬂuﬁmﬂ’lﬂ@ﬂL‘UEJI‘Llﬂ"IiﬁQ‘VJ‘U L”UEJuL‘Uu&lIﬂ’]ﬂ@@ﬂu

| = 0.5(P+S) x i
do 1= mamﬁs‘tumaammwiazﬂ
P= 59A145NT0
S= 59N
i - Snsnenie
1AL SIDULAINA I ULAID NI AL ST U 120,000 U
AIUAL
AU UALT:
AEeNsIAT, D 10,800 uA
mmamﬁﬂumsamu 6,600 U/
smﬁunumﬁ 11,400 v wA
ANAUYUEULUS:
AUNgI5NE 500 umAl
AN 175 vnA
FIAFUNUAULUS 675 umAl

ANdRUSTRIAUUNTIdUls e URATIRaUSINMNaNEs A N/ anansodeu
Hu aunnslasad
AuUNSITUlSRUWRNGINURAIDTIAY, UNn/N
= FuvuAs + Fuyuiuuys
= (11,400/A)+ (675/A)
= 12,075/A (1)
fumuesslfiulsseuuisransadnaldislesunlunsldanuluaunisi
(1) whiusaenanaalutagtuwiiu 100 vv/nn.
suvulunisldanulsseuun = sanvnenandnluiagiu
12,075/A = 100
A =120.75 nn./A
srevaMsAuNUILAUumkEndeTuadlsteuniis fninandnredunniaziiu

NusIU lnganunsamuinlaan

JegIaIAUNU = 100 (UIn/nn.) x 120.75 (nn./3) x 10 (@) 2)
A (nA./3) x 100 (Uw/nA.)
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ﬂim%LﬂHmiﬂimaﬂﬂqﬁﬂunu.ﬂq?ﬂ:u 34 a']ﬂJ']iﬂW']‘ﬂ']u’lumaNamVlmaﬂNﬁG]G]@‘Ul@ﬁ]']ﬂ

ASWNUATLUELNNST (2)

3 = 100 (Uw/nn.) x 120.75 (nn./T) x 10 (@)
A (nn./3) x 100 (Un/nn.)
A =4025 nn/A
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2. NANSNAFBULLAANLINAIETT Sensory Test
2 1N NARIUNNTBULAIA LTI UL

ionmsids sCoffee Savn i\f- ‘&90*"
fAxngn ﬁ“\&‘ﬁ'\

L g a.
smlonss 049 /L8
":\f}l ﬂ uﬂu u WINDILuRY
.Y

HILLKOFF

Coffee Sample Report
SUMMARY OF RESULIS
Agricultural Engineering R h  Altitude: Bag Weight:
Farm name:
Institute Variety: Cupping Statior HQ

ICountry of Origin: Harvest Date: Coffee Year:

Exporter: Process Type: Roasting Date:

Lab Code: Supplier Sample ID: Cupping Date 9/12/2021
INote: Dark Roast

ROASTED COFFEE
%TSS: 0.80 %TDS: 0.63
SCORE SCORE

Fragrance/Aroma 7.00 Uniformity 10.00
Flavor 7.00 Clean Cup 10.00
Aftertaste 7.00 Sweetness 10.00
Acidity 7.00 Overall 7.00
Body 6.75

Balance 6.75 [ Final Score | 7850

Fragrance/Aroma
Overall 3 Flavor
Balance Aftertaste
[Notes: Dry Aroma: Soya Sauce / Hint Dark Chocolate / Hint Vanilla
Wet Aroma: Honey / Soya Sauce / Sugarcane
**Testeless™
Cupper 3
Date.Q%.12.. /L. . Date).s.12..1. 20 ...
The Definition
Hillkoff Protocol standard: The Average score from 3 cuppers will reported in this sheet.

2.2 AMNANIUNITAINWIAILUULAL
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SEN - A
278 wnmndes (offee %ﬂ?lﬁgt?ﬂr
d#szen ﬁ‘ﬁ“’\
HILLKOFF
Coffee Sample Report
SUMMARY OF RESULIS
A Engi g R Altitude: Bag Weight:
Farm name: i
Institute Variety: Cupping Statiot HQ
JCountry of Origin: Harvest Date: Coffee Year:
Exporter: Process Type: Roasting Date:
Lab Code: Supplier Sample I1D: Cupping Date 9/12/2021
|Note: Light Roast
ROASTED COFFEE
%TSS: 1.16 %TDS: 0.91
SCORE SCORE
Fragrance/Aroma 7.00 Uniformity 10.00
Flavor 7.25 Clean Cup 10.00
Aftertaste 7.00 Sweetness 10.00
Acidity 725 Overall 7.00
Body 7.00
Balance 7.00 | Final Score | 7950
Fragrancel/Aroma
7.30
7.20
Overall 710 Flavor
7.00,
Balance Aftertaste
Body Acidity
INotes: Dry Aroma: Orange Peel / Lemon Peel / Chocolate Milk / Hint Roasted Rice
Wet Aroma: Nutty / Waxy Com / Citrus
........ C‘me)ﬂm “’:‘J“:r“”“
C/”‘mﬂ”’)ﬂffy&wﬂ (. S2ehupom Phi s np )
Cupper 2 Cupper 3
Date 29102 /1% ... Date. 2. )0 1. A)... Date. %0102 49 ..
The Definition
Hillkoff Protocol standard: The Average score from 3 cuppers will reported in this sheet.
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