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ABSTRACT

In this research studies the yield, energy, economic, and environmental
analysis of high-value medicinal herb plantation combined with solar power
generation system were carried out. Three cultivation models were studied consisting
of the outdoor, indoor, and semi-indoor-outdoor systems. The research was achieved
by designing of a lighting set for the indoor and outdoor cultivation, suitable working
fluid in the air conditioning indoor cultivation, and modelling of a computational
fluid dynamic (CFD) for indoor cultivation. From the study results, the indoor
cultivation room at a sizing of 2.4 m x 3.4 m x 2.5 m was used to contain five lighting
sets at each sizing of 1.0 m x 1.0 m x 2.0 m, which consists of one-violet light
emitting diodes (LED) at a power of 300 W, and two-daylight LEDs at each power of
100 We. The result also revealed that R-32 is the suitable working fluid in air
conditioning at a cooling capacity of 3.6 kW for indoor cultivation system, because of
low carbon dioxide emission at a value of approximately 438.75 kg CO, eqg/kg, low-
flammability property, and coefficient of performance (COP) at a value of
approximately 7. In addition, condensed water from air conditioning system at a
volume of approximately 18 |/d can be used for cannabis cultivation of 23 plant. It
can be developed into an automatic watering system with a drip irrigation system.
The CFD simulation result also supports the thermal result in terms of an air flow

rate of 0.187 m?®/s, an average room temperature of 25.41 °C, and an average



pressure of 101.322 kPa. The yield of the dried high-value medicinal herb for the
outdoor, semi-indoor-outdoor, and indoor cultivation systems were approximately
66.7 g, 55.8 ¢, and 46.3 g, respectively. The electrical power consumption of the
indoor, semi-indoor-outdoor, and outdoor cultivation systems were approximately
507.6 kWh, 106.5 kWh, and 8.22 kWh, respectively. For the economic result, a
product cost of the dried high-value medicinal herb of the outdoor, indoor, and
semi-indoor-outdoor cultivation systems were found to be approximately 2,912.49
Baht/kg, 51,791.28 Baht/kg, and 87,937.59 Baht/kg, respectively. In addition, the
environmental impact from a life cycle assessment (LCA) method by using the
ReCiPe method of 18 midpoint impacts had on a functional unit of 1 kgq, revealed
that the Indoor cultivation system is the most environmental impact from electricity
in cultivation process, which was higher than the LCA result of the outdoor and semi-
indoor-outdoor cultivation systems of approximately 63 x 10° times and 40 times,
respectively. The environmental of the indoor cultivation system result can be
reduced by using a solar power generation system of 1.785 kW, for decreasing a

power consumption during daytime of approximately 10.2 kWh/d.

Keywords :  High-value medicinal herb, Life cycle assessment, Solar power

generation system, Cost of production
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AdNUsEaNSaNsIaUL (Coefficient of performance, COP) 484353 UUUTUDINIAILUY
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Qe <
COP = dguni1an 1

WComp

g COP Mg duuseansaussauy (-)
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free electrons  electron deficit
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Heat release
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uasinunlgUselordlunisdauassimauasianisiasydule @selu eon uag
Wa Ao wadlugasinywdueiiu (Visible light) Fuluuasifiniiue1indu 380-770 nm usidl

Prnasangnigldlun1sdansiginisuas (Photosynthetic active radiation, PAR) ©

e

Tu939A3118139AAY 400-700 nm kaAAIFININT 5 lagzaandunadlaslugie 430-480 nm
Fadugruvaanasdindunasludig 630-680 nm Wudukasdwndtazidutiasninasa

ANSYINBNVDINY

Chlorophyll b
80l ophy

Chlorophyll a
Carotenoids Phycocyanin

e ’f\

AN Phycoerythrin
\ \
‘ \

Chlorophyll a

Chlorophyll b

40

20

Relative absorption (percent)

Wavelength of Iighi (nanometers)

AT 5 AUFNINUSTENINNNTTRANAUYBILERTUY AN IATUIES

fiun: (SEOS, 2020)
ssuunanNINasULEIR Hing

WaMULERTIng WundsuInsIsuAniauazeInUrINuaiy Jaaanign

wnnnldegrsunsnaeilan Fadundsnunawnunddnenmasamnsauunldodslivun

[

AU Teeln1N15UINA19UREIRI RRgUINAR WAL U I NANNTsES U AU UAS ST U

T vesusswalnenazdsivantymlaniauladnnanileniey

s o

\waduaIe1fing (Solar cell) luasUsERvgnssun1sdiannselind Nas1stuiioiduy

gunsaldmiulasundsusatofindlidundasulni Tnanisihanshasdaidi wu Janeu
Fe5IAQN WATNUNINVUNUTANUIHIUNTEUIUNITNIEINGIMEanS orAn T duweauung
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U3gns warviufifiuasnnnsznuuulumad fedvenasiifoyniaveandsulsznaud
Fun31 WWsneau (Proton) azdamndsaulvifudidnaseu (Electron) Tuansfadiiiaud
nasuANefiaznsylaneonunaInisafegavetozaon (Atom) wazindeudilaednidass
ﬁﬂ‘lffu Lﬁ’e}’?}LﬁﬂmauLﬂ?ﬂlauﬁ'ﬂimﬂ%%ﬁﬂﬁlﬁml‘vﬂﬂWﬂizLLﬁG}’ix‘i (Direct current electricity,
DO) WAntu wanadenind 6 efasandnvaznisndnliinansaduaoiiind wui wad
waseindariisyavnmnsnasivlingsianiudisnainansiy dsaenadoazvinzasly
msteaduatefindunldndalni Weudlodymnisvinuaaundsaulnihlugana

Na193U [NIUNAUINSIUNAUNULAZBUSNYNAIY, 2562]

Sunlight
(photons)

Glass with anti-

reflective coating Top electrode

P-Type semiconductor
(electron holes) \

P-N Junction

(depletion region) ~——__

Electric
current flow

N-Type semiconductor ———
(free electrons)

Bottom electrode

AN 6 nszuUNsHARNsEialiinvewadwaID1fing

fian - (Engineering, 2019)

seuunan bl mdenusaseinduuusadniuszuudminglnii (Grid-connected
photovoltaic system) uszuusdnnszualwiivheunawaduaofindfignesnuuudmiy
nannszualidiugunsaluvasiiiinszuansadulniinszuaadu (Alternating current
electricity, AC) iWrgszuudmglnil lneass lnedindnnisyiauuiieendu 2 939 fie
Tugranainaeiusngaduateinglasundanunaiiing aunsondanasaulniiou
TuAgunsalluiinlflaenss Inerugunsalivdsussuulninszuansadulniiinsuaady
wagnniinszualiinfiudeninudeinisvesgunsailiiinazgnloutissuudmungliin
dlutinanshuunawaduaseingliauisandanszualniile szuvasdinszualniingn

seuvdmhgliiheulvwnaunsalluilaenseuny wanadanmi 7
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Grid-connected .
inverter —» =
— Utility meter

DC output . - Main grid
 —

—_—
Inverter

AC supply

Photovoltaic panel

Indoor cultivation system

AN 7 BHUAINSZUURAR INANAI ULaID R wuUmABNAUSEUUI e LN
= 73 %3 Sa
N3UTELAUYINTUIN

n13Us2uTY$n3%3n (Life Cycle Assessment, LCA) utaasiiliiinszvinay
Uszifludmansenureandn s isinansenusodsndounasntinveanandng neld
Hu1u03ANT581319UIeMAIIAI8uIM T4 (International Organization for
Standardization, 1SO) auayNsuAYQIIASFIW 1SO 14040 TUN358UNINUTIVTINLAY
Uspiliurvasansnidiuaransuioon Seiansanduisuiunszuauns enfiiu nsldunds
fngAu nszuIuNSHAR n1sruds Msldoundadu uasnismiesnideduanengnisly
uvesdndusitu 4 lnsssyfUinuiagivuasndanuilituiaeadeivdesoong

GHIRLRLH
TUndUN1TUILIUININTTIN

n13Uszdudndnsiineuuinsgiu 1SO 14040 lawuatunsunisadunusendu 4

JuRUNAN Aawandlunny 8 Tnelisnvazidunnitunaunaluil
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1. msamuatdung e
waztdmansuazvouiun [

i

a & dl o
2. NITUATIEVNANT — 4. n1sulanauay

'
= =

n@sansdaiondan [ dszliunanisisulge

i

3. N19UssNUNANTINL —]

A AN B Y

AR 8 NTOUNTALTUIIUNTANYINTUEUTNINSTINAIUNINTFIN 1SO14040

gj d‘ o =
TUADUN 1 N15AIRUALTINUIBLAZUDULYAYBINITANEI (Goal and scope
definition)

nsimuadrnewarveulwaveIN1sAne Juneutilunissey

[

CHMEEGEGERE
nsAnwaganwazniIsimavesnsfnwlvldeusntwsualulasnisimualinue
294n13ANW (Goal) Vo ULANISANY (Scope) MuuANLIEWT (Functional unit) v84
NAn S u9iTedesdonadasfunuIBLAz O UATZUY (System boundaries) Tnanadnsi
iéfmﬂﬁasJLﬁmimﬁ?wﬁuagjﬁumsﬁmumLi’]mmmamaummmﬁﬁﬂm
NIAMUAYDULYALUULNTLAG-Y-4n5N (Cradle-to-grave) JzSuRuATunaUNISHAR
fnfv (555u71R) auistunounshatssin nMsmuaveuwakUULsHa-y-nn T
dmsundadasifiansadeseinansenulugianisidauldegadaan

JUABDUN 2 N15IAVINUTI18N15F9LNaRA (Inventory analysis)

[%
A v

ﬂ’]i%’mw"wﬁ’fy%iwmﬁ?qLL’mé’au (Life cycle inventory, LCl) Ao Jumauni1siiy
sndeyaiiiedavigiudeya NerfunszuIuniseing q MAerdesnelurevivauay
Wmneveanisine TaedoyaiiliannsifusiusiuaisazaseuaguissasiBonves
NILUIUNIINEALAZUNUAY (Flow chart) ¥8an5eUUNTNER LazUSuaansvdinagansun

DONVDITEUUVNNUA
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[
v

TJupauil 3 n15UsziliunansENudsindeunaanininstinndaiun (Life cycle

impact assessment, LCIA)

nsUszfiunansenuaanndounaoningdnsTinudndu Wunsduiuionas
Foyatinydsenisiliannnssunudinamsviiuasasvieenvosssuunansusiuas
MndumeunistinsitydsenisiuianadenlvoglusUvemwansenuiuandon e
osugAaasalunsnelinsansenudedandondunarsioaemafiintuly
wia Y NWINLALnaan i INTVeINANAMY N1TUTEUNANTENURNARATNINTTINVDINGN T
annsasuuneentdiuduneusg 9 vanetumeu Tuiitsndnduneundnsd

1. MssuunUsziandeyaifunduresuanszny (Classification) Wudunounis
Fuunsansznudoyaasvidiuazansueenifivedandonlusuming q wu Medimy
(Methane) gninloglunduvasansiivhlmiAnnmslanfeu \Wudu uenaniasaiiviei
Iolvteelunguuesansiidsuansenusedsuindoulsannndt 1 Uszian Téun msdalidames
lpeonlan (Sulphur dioxide) LﬁuaﬁﬁﬁﬂﬁtﬁmwaﬂﬁwmGiazjsumwsumwwéuamwaﬂis‘vm
sodsundeuludnuuzaeinisielfiinarudunia fedfegnmansenudenyuduas

AUNAIUVDIETVLAAN o) LARIAINING 9

Greenhouse gas

Ozone layer

Acidification

Eutrophication

Benzene Heavy metal

Carcinogens

Photochemical smog

Winter smog

Pesticides

~— S

AT 9 NMTTMUNETATANUTELANVDINANTENU

2. ANFATUIUNANTENUVDINITATNUAUNUINTUNAIS (Characterized value of
midpoint impact, CFm) {un1suansAansenuiitaainnisauinveslusunsunseison
AAUNIVUATIT VUIAFIAUAUNUN (Characterized value, CV) @11n5aa1uIadlaaInaunns

[%

AapelUll
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v, = CFx, aunisn 4
CFm, . = ZC\/J Aun1n 5
J
oy CQV,  fiB AUIANISMINUAUNUINTDINANTENUAUAIN 9 V8dans x (Unit
eq)
CF,  f® AMNISAMUUAUNUIMVBINANTENUAIUAN ) 989875 x (Unit eq)
X; Ao USunauans x lunsguauniseng 9 (Unit)

CFm,. AD NIIAMUAUNUIMTUNANVBIRANTTNUAIUAN 9 9INEAT X VB

a [ ¢ A .
NAMNUNNTDNTZUIUNIT (Unit eq)

3. N1TMVUINVDINANIENU (Normalization value of impact, NP) n15WSeuLNeU
Armmuaunundilaluduneuiiiiuan fusuiadveswansynuniedwandoudu 9 lu
syfulszmaniesiulan TnonsiiieUAINaNsENUIINTURBUMSHIUAUNUNE LT U
AN919899WaNI¥NU (Normalization reference, NR) nslFinin (Weighting) Ain n15lw
mmd’wﬁ'iymawaﬂswuma?ﬂLLamﬁauﬁLﬁﬂéﬁu 18 UIANTUIAANYATWHAN TENUNI
?%aLL’Jmé’auﬁlé‘tu%’umaumimmmmmmamzmm@mﬁ’m@hmﬂﬁﬁmﬁﬂ (Weighting
factor, WF) fifiAsefuaudfauetuiaznansgnuiivansiai Tnedntmdn (Weighting
point, WP) fiftwualaludunoui snluAmauszifiugainevasnisussduininstinwse

ATLLLLTUADY (Sigle score) aunsaAmuanlaanannsaolull

CFm, . .

NP = ] aun1sn 6
NRJth

WP, = WFNP, qunsn 7

WE. = Cme,c,Reference year Elllﬂ’]i‘ﬁ 8

ocr
mx,c,Target year
— N

I pd Total = ZWPJ Aun159 9
J

oy NP, AB A1UUIARNEANNANTENUNNEIWINGOUVRIHENSAMY (Person-y)

NR;

, fiR A99BINIIAIMIUANANSENUNNEIWIAGOY | TIIAINATSNTEYI

Yospudal (Unit eq/person-y)
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b

tg  AB ©1UNTITIUVDINERA N (y)

3

WP, fia Ardnan nnstiimvtinuansenumedaiindey j (Pt)
WF, 79 A1dndiudminainud Ay ueanansenun1asinaey j N9

e ()
lnpa B ANHANTENUNNEWINGOUADUSUNUNARERVINUANA DABIELNTT

19911 (Pt)

v
v

TuURoUN 4 N13AAULALNITIATIETNEN15USUUTIAUEIAGDY (Interpretation

and improvement analysis)

N3AMINNLAENITIATIBNNDUTUUTIAUAIMINRBUVRINAATUINVININTIUTT ¥

cal i

Tinlavoandniuainneliiianansenudo At IndounINign ALTULTIVIHANTENUAD

' $%
aa v o W Y '

dwndeunazUssnulgmasindeunfideddgyaan saunwunaanuvesUssnulomn
LATNANTZNUADAINGBNTY 9 MTAATIzNansynURdwIndenag 1 lussuuaziilug
NFIATIEANRUSTUUTIUANINRaNINUSEAVEA NLas USeavanagean vsinnsinuuas
N15HUIHARITYIAIEAINTEITRTE Tauaagd UUNUE UV ULYANISAN Y Wanue
TrgUszaeAnfinyven1sUssliuininstinvesnanine gnaziideyantaussyndldiie
U5uuganssuiunsndnnasiaundndud wayrn1sdnnisduindeulued1afidauise
A [ - (Y < v a 1% | a [ 14 1 =
HoNkUINNNITINNITIIUSUUTIUsTIIUT YA uAILInG e YR ShAaYHEN el LapE9d

YLANTNN
nnsdudu

nstiudry unsudsdutiinamsuidiuasansmeanveanszuauntsiintuly
szuuvasnAnsne lasnistudiuasintulunsdidndafusvarseialurisanfeaty
waziinisldsruvansisyulnasiniunatendndueisig 4 dnwugnisludiuliognany
Ussiamuififenldiu fio nsfiansanmudadiueeasia Usung wsanu Lasyammumg
LATHEANARS (31ANEUTRAUNUENS) Lasn1TRITUINILTILINVBINEASueidSa3U 1T
fu nsidenldussinmvesnistudumisussunalilndifsaduanuiduaivesdoys uay
é']gqaguuﬁugmﬁuaammé’uﬁuéé’wmmaamiﬁm%LLazmaaﬂ nsAuIMEnFIuYeIN1siu

AUVDILARLNANA N LEAAIIUEUNITNA 10



16
PP =—"— AUn157 10

o |

g PP, Ao dadiuveswdniufl i (Unit)

A Aa AUUEIUANUSTLANTNITUNVRINERS e (Unit)
P, A USUeum3 891U UVRIRaRA e (Unit)
n D IMUIUTLAVDINANN UTNIUA (Unit)

N13AATIXNAINANAININATYFANENS

NTIATIEIANNANAIMILATEEAERS 1938019015 EIN1eN1sRuvedlasanis
a9 U (Financial analysis of investment project) gadunisSeuifivufusening
waUselovi nienanauunuyedlasenis lileRTAUIAMMNIZENLAYAINALAIYDY
lasenisiagarfendninaminisdndulalunisuseiiiulasan1snisamu fie dunusieniie
HaK&R (Production unit cost, PUC) lagasAusenauvesuyuuaznalsyleyivenisanu
Ugnitwayulnsyarige uuseeniu 2 Ussam e

1. ldanelun1sasyu (investment cost) iudlddeiieatunisie wiosdle uas
gunsniflilunisasu dsfiangnisléaufadenans? sauvisarlddrefiielfuntsiau
Iﬂiﬂﬂ%ﬁﬁugmmaﬁuﬁwazﬂqﬂ

2. AlgInenasnanisugn (Implantation throughout cost, ITC) Dualdareifnt
Fefinmsdiufnssumsdnuazaldaelunisguainuinasnnisugn

HaUselevUnTaRana UNLlUNTaIUUaNNYLAATIEY UsENaume N15ansuyung
Inihainssuundanliimanusaseiiind lunisuseliusunuseniignandndononvasiey
aulnsyarngaUiinm 1 kg annsadmnaldanaunsi 11

Inv - +ITC 4
PUC, =G b AUNTSN 11

MCf

lng  PUCq, P Auvusismiienandnvenanvesiivayulnsyarigs (Baht/ke)
Inve, A8 Yar1N15AeU (Baht)
TCo, A8 ANl¥ANEnREANTTUgN (Baht)

M PR adatenenuiavasiivayulnsyamias (ko)
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N13NIIVADULDNATT

TuMTIATIEAANILALAMLATEIANARSATUNE UL AN TENUABAILIAGDNIN
msUgnitwayulnsyaramianisunmg nsfnedeyaiiivduioduwwimnidunising
13T IneliseasiBunniolull

a v (3 a v -d’l o 12
5UINT wazlEIWMWINLY (2557) ¢uddeiiiauaniseenuuuasnassuuAIuAy

a & o o A =] va [ [ v ad
PRI MLL@S?‘W’J’]M%UE?@JWVI%IUI%‘]Li@uLW’]gﬂ’QﬂWﬂiiﬂu LUUNITVIAITULEUAIYITNITTELNAY

0¥ %

vsthnfunisalsdaressiuuusnlulf® deldlusunsumdaaeinaealnsaians
(Programmable logic control, PLC) {ugunsalniuau lnesudgyaaeundonaniduises
imqmmﬁLLazmms?gfué’mﬂ’ma‘muqﬂmai%fué’ﬁyzyﬂmam?ﬁaﬂLﬁ@lﬂﬂﬂmmmmﬁaaa%ﬂﬂaa
nsawaefUssinanauarliRdvaladinesuansiaangiiuazarutudiivsniglulsadou
fnthgaauan sruumuauioonuuuaitamavheuldtuuunsmuaudsiieuasuuy
§nlusl® nansmeaounUI szuUmUANEAlusTRaansaELazngannsYulFALnand
fuauazanusadsliszuunsrhnubufeinisssmevesiuarsruuad sdagessin
yhowmudeulvgamniiuaznaiidmuald esnulvieamainelulsaSoulaiiu 30 °C
FadugampiiiuugihdmiunsdgnitdlfavlulseSeu Tnegamginelulsaseuads 3045
°C anuudiimsvasemaniglulsadounde 80.50% sruvasdareostivhauais 10
min/d szuunsviaradudieiBnissmevosivieiade 6.37 h/d Gesuaudaluenis
yhautessruumAMBufeiin1sssmeresintued fuaniwernanisuen Wunisan

Astonasauluin dinazauaule LanafenIngd 10
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ater tank

Se

ing pad

5

All dimansons n om

] .:4 <
AN 10 I’ﬁﬁ LIDUITUUILLRYUAMINULY U

P31 : (5UINT wareAns, 2557)

Na Lu et al. (2012) s7e91unan1siduasuszhvgainlaloailaiwasiiioiunanan
= o A a P aa ' ' A
uzWamakuvtinie Nugnluaninwingeunfiaunuiuiugs Ineldlaloaduas 3 ¥in
& =) = = 96’ a I~ 1 o a a 3 1 4 =l
Ao Awna dv17 wazauRudulrasn ke IWeRnfI1IINAULLIYBINA 25 cm NAaadlu
52821781 28 d NANISIVEINUIMHANAAAALNLTY 14% NTALAIEUIILALLAIFLAINILEIN U
LAZNANISIAAIAIUMITULALNIALDAADSUN WU LIWANAI9AY tanainlalasUadkasdund
LA ALAYINARONANDNVDIULLUDLNA LALUINLTLAIAVIINANNULAIF LA AL AUIEUIY
wingauinnlunsiiunandadmiunisugnuuuinnesluanmuindeuiianuvuiuiuyes
=1
Naa
Y
nszas wazlnua (2559) laAnwisunuuaznanauunuvedlasanIsuantnfindsny
wasefinduunaaieldnelulsaugnainnssy lavinnisenwdunukasnausele ¥y
1A5INSNAR A NS ULAI AR UUNEIAT TA8TATIZINIINITRULALAINUD DU WUIN

wayaA1U9gtuans 4,843,865 Baht dnsmanauwnuniglulasinisivindu 13.47% dnsn

q
HANBULNUADVUAANMNAU 1.54 LagSraglIanAunuUYinngu 8.63 y n153tAszANeeulng

9 9

994lA5IN15 USLNaunie 2 NSl @amsSunsaiksnirualimiateaglunisuamvinnu 4 h/d

wuin lasamsdadianuauaisenisasulaedyacdagiuansvindu 3,304,244 Baht 18051
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Hanauknunely Wiy 11.82% Udnsrdrunanauinudenu 1.37 wazlssusiiaiauyu
Winiu 9.54 y dmsunsainaesiunvualiiunulun1samuiiudy 20% Nan153nsien
WU nsasuilauRuAlagiyariagduansvindu 3,135,660 Baht §nsmanauwny

Aeluinfu 11.06% das1drunanauwnuianuiifu 1.29 waziszegaiauyuminy

5z wavan (2014) lvhmsinwmsusediuiginsiinveses eimasssnnd 5
(RDF-5) fifldaudsenouresesiinunssuiunisthinidanalanin uagninagneuinduiy
Tngvinsfmuaviiasmavhauressseimasssand 5 surmduihugudnats 25 mm
813 30 mm 31U 42.18 ton ﬁmémmﬂ%wmuwammﬂmﬂauﬁwﬁuﬁuﬁm%’ﬂ%ﬁamﬁq

[ a 1

wanlih FvinsfiTsandudmslduBengiu nsvuds msndn aunseiinisdanisiay
ginvondomanienuneny gneuanlaeds Ecoindicator 95 Ladnn13AIILTULSS
nansEnUdeAanden Hanud1 vesdamasszianil 5 indnnnsiitaveryadosidna
107 (Mechanical biological waste treatment, MBT) NaunnRZneulsuRUTishs Y
80:20 (%w/w) ﬁm’mmmzauﬁﬁ'}mammﬁamémﬂm%jamaawé’wmmLmuu,axlff]u
madenmilsihauladmiussuuianisvezaanes

MnnsAnwnuidediedunuit Silifdouidelavinis@nwuieafunisugniia
ayulnsyadigeiantuszuusdalfindsnuuasendng fdu Juduiiunvesnisfing
AnsevinanEn NEMY Iesvgmans warnansynudsndesveanisugnitvasulnsyadgs
Tuszuuugnlusy svuuvgnnanauds uwagszuuugnidlusuuensussufuszuundaludi

PRI ULAIDTINE



[ a

WNIANTUNWITEIDINTUATIZINANT LATYEAERT Lasdainaeueinsugn

fvayulnsyantgesiniuszuurdaliilmdsnuuaseing lnetunauni1snnliua wanan

SUAU

Anwmnguazidemieives

AN 11 wariisvazdunndmalull

Anwoeniuukavasayn iz ides
AnwieenuuuszuUUgnitvasulnsyanigs
v v v
4 : szuuUgnislusy
IZUUUGNNAIILAY szuuUanlusy ,
LaguaNTy

A
Anwidenaneiugivvayulnsyaraivanyay

v

nageuszUUUgnitvayulnsyange

v

WATILVNANGSN WAIIU LFITHFAIERT LAZHANTZNUAIY

AR BY

v

U5zl ussUuUNAn INAINE 1 ULaEIHing

v

ayunansfnen 30 unANiYe wagineinus

[

dugn

AN 11 RURITUNDUVDINITATIUITU
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Tunauil 1 Anwmguiuareifeiifstomomisugnivayulnsyargaani
JeUURAR NI uLaIeing saudansussdiumsldndanu wsugamans wagkanseny
yadaIndonyeansugnitvaslnsyangs

Sunaudl 2 Anwdonaeiuivesiivayulnsyadgeiimnzansivanmuindon
svazianweensafiuauie waeiuiivesudfedivhnisdnw Inglaonaneugnay
51319 BCN Critical XXL waganesiug Gorilla glue

Yupaui 3 Anwieanuuy aiuazindaalimizidesivayulnsyarigedimsu

seuulgnlusy uazszuuugnislusuuensy lageanuuuyalninistdesuin 1 mx 1 mx 2

a A

m dwsunisiwizdgniivayulnsyadiasdiuiu 4 plant lnedndslaloadsiaedied
Uhawnuuu waglaloalasasdumnnusunsudivesgalinizdes Faa1unsauiuseau

IomnupgavesivaulnsyarIgs LannanImi 12

LED violet

i/

LED day light

. 'nnabis . .

AN 12 LU NG LNISLEe

Fumaud 4 vinsnsaatadaumuuduliireuresnisdieseiasiinnnssuuy
fufnvedufindewrdomnainanasu Ju PGLOON Tneviinisasiata 6 sefu eszosving
Y9353 UTInTIaTAUsEINA 30 cm TnlsuduaInsefuvenszatamizUgnluiesziuves
Ioleadsuasiifindafuuuresyaliimizides iesniivmnganiuszduaugafiuamn
nsgnuvuivagulnsyadge Lazuiazseaurinn1snsiain 36 9n lagszerrineseninega

Uszanad 20 cm x 20 cm FadlanuwmnngauiurwianunntidavesgaliinizifesUseu 1

m? LAARINING 13 3 09 14 Uz 1eawdengUnsalns v TInkanInimITen 3



LED violet

30 ch

Layer 6

Layer 5
LED day light Layer 4

Layer 3

Layer 2
30cm]
Layer 1

AN 13 LRUAINNITHTIDTAAIANUAUILUUINADUVDINITHUAT LA A AL TEAU

20 cm
o ® @ O () 0O
1 2 3 a 5 6
20 cm
([ o O o o ®
7 8 9 10 11 12
[ ] O @ o [ ®
13 14 15 16 17 18
@ @ @ [ ] ’ ®
19 20 21 22 23 24
[ o @ ® [ ] ®
25 26 27 28 29 30
o o @ o o ®
31 32 33 34 35 36

AN 14 A uisveagan I InAIANNTUIRULINA D UYBINTHUATIZIILES
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M19199 2 SEazidunvetgunIainTvinanumiuuulinoureInTFLATIZIkES

aunsal AENYE

1. invesmsrafnanniu (Spectral 1 UPRtek PGLOON
PAR meter) - F3AUENIARULAT 380~780 nm
« 9N137152979

- ANANNETN 70~150,000 x

- A998 0.5~1,000 W/m?

- PPFD 1~3,000 pmol/m?:s

. Amyandeuiildem 23 °C + 3, <75%RH

« AnuLduglunsdedadng 5%

« AULUUENE T+ 0.0025

Yunaun 5 Anwinisugnitvanulnsyariasmessuuugnnaiands lngviinisiden
funnfimnulasndeuasiinaiaiinainsssugfnaenraiuy liinismuauan1iswingey

LANIAININA 15

Outdoor cultivation

A 15 ssuudanitvayulnsyadigalussuudgnnanauds
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g’ d' = =l 1 v 1 v Y I
Yunaui 6 Anwinisugnisayulnsyadiasnessuudgniusy lnerdwisaluauiu
fuausou 1vlalanuasmasduwnasiidalasainad nsun1sdauasIziuaaiy waztlseuy

Ysuemednunldnismivanan1izwinaeuneluied Waneian g 16

Isolator (Isowall)

Air conditioning

Indoor room Indoor cultivation

Wi 16 ssuudgnitvayulnsyaadlussuudgnlusy

Sunauii 7 aauuuiiaemnandinaans WiovunengAnssunisvinaiuvesans
yaulussuuusuennia wanssanindg 17 Ineldlusunsy Microsoft Excel, TUswnsy
Psychro logger [Chaiyat, 2019], wazluswnsu Refprop 9.0 [NIST, 2018] iieidenansyinau
fimnganiuszuuuiuemadniussuutgnlusy Tneidenansviie 3 vila Ao R-32, B-
452b, Wag R-466a Fafiansannuantinisnienim Ysnoulusie gamaiings, sy
Angin nguauUasadfoy mansznudunsvhaeduleleu Wiy 0 wasdnanmaeliiie
amzlanfeuiifidnenmnelimannmzlandous wansfansed 3 wasdmuadouluzudu
dmsunsiiassnisiauvesasyhavlussuuliuanefianiswn denmanausonts
wnzdgnitwanulnsyarigslusy wanstouluGudunsdraedusimssil 4 el
Snsnisiradanavesansinudeusunaaudeuiindald Usuiaansyauluszuy

Usununmsuassfnamsuasulnesnlensausuiuarsinaulussuu wasduUssansaussouy



Input
Working fluid
v

Given
QE: Tref,C’ SH,SC: ns,Comp’ Va,S’ Ta,db,Sr Ta,db,Yf RHa,Sr RHa,Y’ H
v ]
Barometric pressure Pressure
Pa‘tm = f(H) PH = f(Tref,C)

Vapor saturation pressure
vas,s = f(Ta,db,E,S)
vas,7 = f(Ta,db,EJ)

Partial pressure of water vapor

va,s v f(Ta,db,E,S’ RHa,E,S)
va,7 = f(Ta,db,E]r RHa,E,7)
Humidity ratio
s = f(Ta,db,E,B: RHa,E,SrH)
@, = f(Ta,db,E]’ RHa,E,77H)
Enthalpy
ha,s = f(Ta,db,ES; RHa,E,SrH)
ha,? = f(Ta,db,EJ’ RHa,E,YrH)
Specific volume
Va,S = f(Ta,db,E,Sr RHa,E,S:H)
Dew point temperature
po,? = f(Ta,db,E]r RHa,E,7)
Enthalpy of condensation
hfg,W = f(po])

PL = f(Tref,E)
¥

Evaporator
Tref,4 = Tref,E + SH
h4 = f(Tref,Ll’ PL)

Sq = f(Tref,lb Pl—)
Compressor
51= 5
h,. = f(PH, s,)
h1 = [(hls . hll) / ns,Comp] + hll
Tref,l = f(PH, hl)
Condenser
Tref,Z = Tref,C - 5C
h2 = f(Tref,Z; PH)
Expansion valve
hs = h,

Mass flow rates
r:nref =Q; /(h, —h,)

Air and condensed water LIV, S - m, =m,
i, =V.. / v, Weight of refrigerant
rhw — rhda (,0)7 ! 0)5) Mref:pzvref
Output
WComp = rhref (hl - hﬂ)
> MPH =1/(h, —h)) |<

CDEref = MrefGWPref
COP_, . =Q, /W,

Cooling Comp

End

AN 17 LHURILUUINADIFNNISN AR ANEATUD 5L UUUSUBNA
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AN5199 3 AUUANIINILATNYBIATVINY

318821980 R-32 R-452b>  R-466a’

gaunnHIng# (°C) 78.11 77.1 83.8

AUAUINGA (MPa) 5.78 5.22 5.91

naxANUUARAY A2L A2L Al

nansenugiumsaneduleleu (CFC11 eq) 0 0 0

Fnanmnelminnizlanieu (CO,eq) 675 698 733
B9 'g1983%0ya9n ASHRAE (2009)

a v

“8198379a3n Honeywell (2020)

*8198379a91N Atilla and Vedat (2020)

M15°99 4 Foulunsvinuvesansvitnulussuudivennmedmsussuudgnlusy

318a21980 daya
YUIAAIINALNTANITINAEY (KW) 3.517
gn31N15lvaLgasuInsveseInIAvIeen (m?/s) 0.187
ATINTER UL (m) 310!
pamgiivesenauisiaiesszineg (°0) 22-28
Artuduivsvesen AT asEIve (%) 55
qmmﬁmaqmmmﬁamaaﬂLﬂ?aﬁzma (°O 12-22
AutudivEueteINIAIseNiATeITEYE (%) 50
qquﬁmaﬂmiﬁwmuﬁméaﬁzma 4o 0
qquﬁmaﬂmiﬁwmﬁLﬂ%amuLLu'u (°O) 50
Aledeueinds (°0) 52
Avesvafuds (°0) 52
ANURUANATaNYedansYaUlugUnsaling o (kPa) 0!
Uszavisnmlowunsednvesiaiessale (%) 80’
VB9 '91989U83a91n Chaiyat (2019)

?§1983%9a97N Jin et al. (2019)
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JUADUN 8 YINN15INABINAFNENSVD I MALTIAIUIULNDLADNVUIAVDITEUUUSU
gInATIzauiUReIUgnuIEIn 2.4 m x 3.4 m x 2.5 m wisienduauiuiuaiuiou

YUIAANUNUIUTEUU 2 inch AaRuaTasuTuemeanaNgslssana 2 m LasinAsinay

55U1881NAYUIR 6 inch Arndalniln 16 W, Tnatluiesiinisneas1aognoundr wanisa

Y

(%
Y

a' A a ¢ o o ° a &
AN 18 WDILATILUNITNTLANYAUYBITEUUUTUDINA Wi@ﬂi%qaﬂﬂﬂqiﬁﬂﬂﬂﬁﬂi‘WLquLaEN

aeluvisaugn

Insula’tor\A

Air conditioning

\\

Releasing air =

blower

2m

a aa v/ ] I 1 !
MW 18 nmauiiRvesionzUgnivauulnsyarmgemessuuaniusy

¥ ]
[ I

Yumaun 9 Anwinisugnitvayulnsyarigsiiessuuignisdusuuensy Wunis
Usgynanislduasadnaainsssuyfsiuiunisiduasainsainlalonuas lngiuinlunis

wnzUgneglivdsauasiuaiainminsssumfdesimanniaiy uanananmi 19
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< > Semi-indoor-outdoor cultivation

Rooftop

Cannabis

A 19 ssuudgnitvayulnsyariadluszuuignislusuuensy

Yunaudl 10 FBnsunnzUgniivayulnsyadigeuissendu 5 duneu Feuszneuld
M TUABUNITINIZINEA TUADUNISINIREIFUNET TUABUNITARASNYITINTTYRULR
TURBUNTASIHANARYEREN wartunauniuieNandn lnedsuazidundwioluil

TUNDUNITINIZLUER

< = ' Yo o a o % H

nsinzdnvasivayulnsyadigs Iiisnmsmsudalunsyanuiivyidentgumen

av01n9 U9 21 seed laernldn1vurussyiivuasuazinulingumglivesyssunu 25 °C
Juszeziia 3 d

YUNDUNITLNILLABIAUNAN

o v

dawdnvesfigayulnsyadigedisnnsendszann 1 cm vinisdeaslugamizgisiu
NA1YUIA 2 inch x 6 inch fiussyAufintealssun 240 o/plant Meldlalenauasding

YA 300 W, Fieuiduuassyana 200 pmol/m?s Tngliuas 24 h/d Wuszeziian 11 d

TuUABUNITALASNHTINITYLFULN
MRIDINNIZEERUNAIMINITEONAUNANTAURTIRT LAz ALY TAlTINIY 12
plant vhn1sgeadlunszaramizdagnaimugauin 12 | 1U55988En3N 80 ¢/plant @Sy

sReNUNaN wazAuUgnUseaa 7 ke/plant nduiiieninizugnluszuulgnnalauds
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szuulgniusy wagszuulgnislusuuensy lnewdseandunisinizugniiuau 4 plant se

'
a 6 =

1 szuuimiedan Wendsnmizdesiuly 1 month agvinislidedunsd edsenauly

+

e YoyaTurieuseann 1.5 kg nanfudeyaldneudssunn 1.5 kg dofivayulnsyarias 1
plant lusdsedasldidnisineen (Topping) maqﬁﬁnayulwmamqﬂuiwumﬁ 7 §0.9u
Brsndsdmiunsfiunondn dufunsliuasanlalondsesssuuugnlusibuliuas
18 h/d uazszuuUgnislusuuensuliiuas 6 hd ndsandlifiuaiunnansssuui nasn
328818192913 L AU

YUADUNITAS1BANARIADN

wasaniayulnsyarawingyanisasimandntenan inisudeyadaa i

+

Uszanas 90 ¢ wauiudeyaliuisuseana 90 g deivayulnsyarias 1 plant Anudlunis
Ur3mn 9 15 d lngnstiuasanlaleadsvesseuudgnlusudulvias 12 h/d uasssuy
Ugnislusuuensuaglifinnsiiuasnaenssuziiavisnisiandensn

JUHDUANTAUNEINANER

dloldnanantonenanvesiivayulnsyags awinisdauss (Timming) luduves
Tuitldiimsuandeulasiasueen eandgmearududuiuiilifenisuaranszeznaives
msmnuis Snidsantlymosnininidoritlifivsyasd iwiinisuriudensnanlasnis
aitonenat wagmuaNgamaingluesmnuisUszIn 25 °C eszuuyivennia Ly

szgzlaa 10 d ieliimnudueenainuandniiniign

1%
v A

Tumaudl 11 yhnsUsediuigdnstinvesmsugniivayulnsyadigs dslusuided
wsmsUszifiueenidu 3 svuu iud svuutgnansuds seuuugnlusy wagszuuugnidusy
uandu Tneldvdnnismuesunsusnsgu 1SO 14040 ftumaudsd

1. fvuedmanenisfineil Ae Yseidunansznunisdauindenvesnisugniiy
aulnsyarige uazdivoulvnnisfinu Ae wuuunstna-y-insw Tnefiarsandausinisldngs

moAu N15as1e Nsaliuay laudenismdeaenn wansdanimi 20 uwasiniienisiienu

o Wanantenanite 1 kg
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Input Construction and install phase

Lighting set

Indoor system

Semi-indoor-outdoor
| \ J

[ Energy |

[ Resource H

[ Raw mataterial

[ J|
[ Outdoor system ] i
( )|
( )

Outdoor system

[ Indoor system j

Semi-indoor-outdoor
system

Landfill
[ Recycle ]

AW 20 wnulsveulnn1sAnwresn1sUselindinsiinvesiivayulnsyaias

2. WATenty¥51en1s Ineinisduiinuagsiusiudeyaansviniazansuieeniuy
I d’ o a [ Q’ 14 5’5 U
nTEUIUNISENg 9 Wethlvlieszinansenunsdnnasuludunouseld
3. UsgiluNansgnun1sdsindentunalarein1sugniivayulnsyadigs 3 seuy
InginayalSuiualsvdinazansvieen YIUIATIERHANTENUNIEIRINGUATY
TUs1N33 SimaPro 35113 ReCiPe 2016 Midpoint (H) tW93LATIZANAN I NUADAILINA DT

naNd 18 a1 annsiianansznuluszezal 100 y lagulansfinisei 5



M13197 5 USELVNGUNaNITENUNNEILINADY
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UsENHansznu iy
1. miLUﬁEJuLLUaaaquﬁmﬂm (Climate change, CQO) kg CO, eq
2. Mvanasvastulolau (Ozone depletion, OD) kg CFC11 eq
3. msiinsdviianelosslud (lonising radiation, IR) kBq Co-60 eq
4. nsiinarseanduaunilnlaaiisioaunnvesuywd (Photochemical .

g NOy eq
oxidant formation potential: human health, POF) "
5. midaﬁaﬁumﬂuazam (Particulate matter formation, PMF) ke PM, s eq
6. M3tinanseanduaurilnlaaiinenmninvesseuuiiag (Photochemical

ke NO, eq
oxidant formation: ecosystem quality POF)
7. M3nAnNMzHUNIA (Terrestrial acidification, TA) kg SO, eq
8. MstasiulearaUnAuesirluunasundn (Freshwater eutrophication,

ke P eq
FE)
9. mstasgLAvlsRnUnAvesitlulmzia (Marine eutrophication, ME) kg N eq
10. msiinanzaNUuivdesyuvilnnAuuun (Terrestrial ecotoxicity,

kg 1,4-DCB eq
TET)
11. nmstiannganuilufivnessuuinailuuiia (Freshwater

ke 1,4-DCB eq
ecotoxicity, FET)
12. maiangandlufiuressuuiinanimeta (Marine ecotoxicity,

ke 1,4-DCB eq
MET)
13. amzanuluiivasuywdveanisiinlsauzise (Human toxicity:

kg 1,4-DCB eq
cancer, HT,)
14. amzanandufivdeuyvdvesnainlsaiilaildugids (Human toxicity:

kg 1,4-DCB eq
non-cancer, HT,.)
15. n13l4iAu (Land use, LU) mZa
16. MIAARVBININYINTUITIN (Mineral resource depletion, MD) kg Cu eq
17. MyanaueInsneInsweada (Fossil resource depletion, FD) ke oil eq
18. Mslanswennsun (Water use, WU) m’
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4. wsnansznusedainden Wunnhdeyanisussidiunansznunsdaindend
Antu uvihnsulanansznusedindeuitiniunaontginsTinvesnisugniivanulns
yarga 3 szuu InensiiAsIesinadns afusena wavasUnafiiniy

Sunoudl 12 Yssiusruundnlwilndiuiaorfinduuusedhfussuusming
il ileansuyunslindssmulniinlusisnainaisiu wazannansznun1s@dandonain
nsldndsaulni Fluemuadedlifansanvssfiunisindssvundaluiinday
waveindsauiuseuudanlusy

Sumaudl 13 AnszRiuisuiisudunenin WU AudumMaATYEIARS uag
nansevuseAndouvasivayulnayadgeia 3 spuy

YunauN 14 a3Unan1sANY FAvIUNAY wagINeINUG



uni 4
NAN1SILLaZIR5a]

Tun15AnvIniATIesinanan WaIY LAsegAans wasduandeuvesiivayulng

YaAgaMaNIsmgTaniussuuRan i mdsnukateing dnanisinwidasieluil

HAN1TRBNLUY §319 uasinnsvasyaluinizidssvasivayulnsyargmienisunng

NHANITORNHULYA IMnziFesdian1nUssunamIundie 1 m aue1d 1 m was
AUge 2 m lagdnnslalendeditaidiuuy 1 lamp waglaloauaiuasduiiusiim
Aut19 2 lamp NdANEUsEINN 0.6 m FseenuuudmsunsinzidgaivayulnsTmIy

4 plant ITWIPANNYVRINTEAUTENN 12 L kazansaususeiumuaugeasiivlanme

/(NLED votet

NINUHloVYY UaneRInIng 21

Winch

AN 21 wnaENiiAveyalinzae

sziuldddiosenuuuynlnimizitends agvinisasgalnnigides Inelaseagly

S A 9

I ! Y] v Yy & I a A & v aa wa v o o v va
N BIRRGRNGIYGEMN Cﬂia ﬂ']u@']UUUIGULVaﬂﬂa@ﬂﬁL‘ViaEJ@JNum']V]llﬂmﬁﬂJUms@ﬂs‘Uu’]‘WUﬂ‘lﬂﬂ
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@vhannmanvefainlud anduiiudendsrnoudidiefy wanssan g 22 uay
eazdunuegunIaiuanifinisei 6 nan1snsaninmnuvuuuTineuesnsd AT
a6 S2AU fasLa3esaUnlnsdwmed PGLOON wuia fArAaunuinuulnneuvenis
Huns1zsiuasnniignuszanas 433.4 pmol/mes uazdrsmnusnaiusasiinuegludis
430-480 nm ﬁﬂawmawaﬂﬁuLLﬁQMWﬂqmagiﬁ 453 nm LLazmmmmﬁuum%umasﬂﬂumq 620-

670 nm AANNYIAFULENIINAABLT 629 Nm WAAIRINTNA 23

Color scale
(pmol/mz-s)
434.0
180 cm
379.8
150 cm = 325.5
- 271.3
120 cm
=217.0
90 cm = 162.8
=108.5
60 cm
54.3
30 cm 0

d' d’J U ! L4 3
ATNN 22 ﬁﬂlWLWWSLaﬁJQLLaSi%ﬂUﬂ’ﬂiJVM’]LLUHIWM@WU@Qﬂ’ﬁﬁﬂLﬂi’]%‘ViLLﬁﬂ
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o = ¢ & A A o
M13719N 6 378@3L@ﬂ@Qﬂﬂimm@ﬂﬂWIWLquLaUQLLazLﬁi@quamﬁ'ﬂf\n@

¢ [
aunsa AANEY

1. Inloawasiasdsiag (Violet light . Maelui 300 W,
emitting diode) - AudluN13¥9IU 50~60 Hz
o usgauluiin 85~265 vV

||||||||

« NADALEIALAI (620-630NM) U 84 PCS

NN « VADALAIAUIIU (460-470nm) 971U 10 PCS

''''''''''

))))))))))

« viaanbildu17 (6000-6500K) 3114731 2 PCS

,,,,,,,

e

« MARAKASEY (390-400nm) UL 2 PCS

* BADALAIDUNILTA (725-735nm) 91U 2 PCS

2. loloaasuasdunn (D-light light  « Adaludn 100 W,
emitting diode) o usenuluiia 220 v
« AIAINNEINN 11000 Im

« gunniiInaaNl¥ay -20 °C s 80 °C

380 430 450 530 360 630 630 730 780

AN 23 BIANMULIAAULAINLALDALUAILES
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Han1siaanasIUIMINzaNiuTTUUUTUaIMAsmUsEULUgnlusy

NHANITIRBIRNATINUTMIgaNiuTsuuUT U N Ad M UsEULYgnTusy
1avinnsdaenansyinay 3 sim A R-32, R-452b, Lay R-466a WU BRSNS MaLTILIaUD
asvinnudenilsmuSounnanta (Mass flow rate of refrigerant per unit heat output,
MPH) a1ngns1nisivadiauiavesansvinunldlussuudiuenia wieslTeuieuiudunm

v A a & a ¥ Y] < P o a d‘
Auseuiiaduludsuuauiouviniu asiiuladtansvineu R-466a dA1unigaly
SrUURgUTEINM 0.0064 ke/kJ Waliigufiuansviaueiindu mndefigsdsdsvenisrodly
ansviuIuNn Jedwaliasedalelidulsznavuininguasauiudngs luvaed

a9vhau R-32 flentfesgnogiivsyana 0.0037 ke/k) uansssnini 24

0.007

0.006

0.005 L
0.0044

0.004 0.0037

MPH (kg/kJ)

0.003 |

0.002 |

0.001 |

0.000

R-32 R-452b

dl L a o ! a ¥ d‘ a ¥
A 24 snsnisivaldisnavesansinaureUsunuausoufnanla

U3U100u89a715Y197U (Weight of refrigerant, M) d1misuussqluszuudiuainie
1AgANUTUILIUYRIENTYINNULAA YA N8N YR UATBIATURL LT AU ILLNES

Wesandanugiureanal Fevauandausuiaatsvinaulussuulsuenia a1nuanis

'
' o

1aINUIIUTNIUEITVY R-32 TAWaaUseuad 0.65 ke Turaeiansvineu R-466a il

YSunaansuinianussanad 0.79 kg Landsan i 25



1.0

0.8

0.6

Mref (kg)

0.4

0.2

0.0

0.65

0.68

0.79

R-32

R-452b

R-466a

AN 25 Ysuuarsinaulussuuusuennie
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YSununisuasufivaisuaulaeanlanfeniavedansyineiuy (Carbon dioxide

emission per mass of refrigerant, CDE,¢) Nilnansznulagnssnodnuninnslminniglan

$9U (GWP) 989815V uwiazeinluszezial 100 U winianissitnavesansvinaulu

TEUUGAIIAGDY WUT1 @15%191U R32 war R452b AUTu1un1sUdeefing

anfuoulapenlafroud1eiussun 438.75 ke CO, eq/kg waz 476.94 ke CO, eq/ke T

YUz INUATINNIU R-466a HUSunaun1sudeeiwarsueulaeenlengeuseunn 580.52 kg

CO, eqykg WARIRINING 26
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600 | 580.52

500 476.94
438.75

R-32 R-452b R-466a

a 1 [23 s 13 o ! a
AN 26 ﬂ’?’i‘UaEJEJﬂ']“dﬂ’li‘UEJ'L!I@@EJﬂl"?Iﬂ?J@Qﬁ’ﬁVI'N'WULLG]ﬁ%“UUﬂ

JuUszansaussnug (Coefficient of Performance, COP) n15%1A3 1§ uvaaans
vy dmfunisianaduiifiinnsgnisiianmdu 3.517 kw wazgunginieluies
Nz UgnegsEning 22-28 °C wud1 annzwandexgunniinigluies 24 °C duuszans
AUTTOULVDIANTNIIU R-32, R-452b, Ay R-466a AA1USTU 7.53, 6.56, hay 7.21

ANUAIAU LARIAINING 27
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10
9 | O
2%
8 O
< O
[a W O A
ST o
Lo A
6 L A
@—=R-32 —=p=R-452b —¢—-R-4663a
5 1 1 1 1
22 24 26 28
Ta,db,E,7 (OC)

AN 27 dUUsEaANSaUTIOUY

PMANANITIATIEMUTIUT B UEIIY9UNS 3 vTa WUl @15V auny
sruudiueniadmiuszuulgnlusy Ae @19vneu R-32 Lile931n duuseansaussous
Useana 7 waslivSunanisuasefitesueulaeenlenagil 438.75 kg CO, eq/kg wanns

A15197 7 In8LanINaNITIATITIkarSausuTatansinaulussuuUSuanne

ANS199 7 NaNSIASIEaZlUS s U UAN SN LML s AU USEUUUSURINAG NS USTUU

Ugnlusy

s1gazLIen R-32 R-452b R-466a

9R51N5 ALTIUIAVDIANTYIUABNUILAINUSD UGS
191 (ke/kJ)
U998 391197u (kg) 0.65  0.68 0.79

0.0037 0.0044  0.0064

Usununsuaseingasusulaeenlas (kg CO, eq/kg)  438.75 476.94  580.52

HuUseavisaussoug () 753 656 7.21
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NAN1SRNUUY wazdtasswaransvaslnaldeinulinvasssuulivaniAilinunzay

dmuszuuugnlusy

NnHanseenuUULEansEUUUSUs ATz andmussuuUgnlusu Tiviinns
28NLUUNBLNIEUgNUUIAYTENIU AFIUNTIN 2.4 m AINYNT 3.4 m UAZAIINES 2.5 m
Tngldauuiunnufouruinarumuiuszan 2 inch uasindagalilnzidssunassanm
AMHNTI 1 m ANETT 1 m wazANEs 2 m dmSulgnitvanulnsyarigediuiu 4 plant

WU aunsofnfagalilinnzifesladnuam 5 9n wanadan i 28

Insulator (Isowall)

=] aa 4 A ! !
WA 28 nwaauiiivesieunzUgnivayulnsyadgessuuUanlusy

WiseanuuukavaswuuTaeieumzUgnitvayulnsyarasssuudgntusy lavin
N1FIATIEINITUINAMUSIANTIMLZANIINVUIANTIIAEUTB1ATRIUTUINATE Y

AnanATeIUTUBINAlARY (Daikin, 2020) IngReulumrualumsiAs1Eiiandninisei 8
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o « a v a ¢ &
M99 8 LQ@U‘LGULﬁmﬁumii’ﬂuﬂqiﬂLﬂiqgﬂf’nqlﬂﬁﬁam

YUINAMNFINITANTIIANMMEY  BRsINT5InaBeUSunnsvesenid

(kw) (m?/s)
2.7 0.165
3.6 0.187
4.4 0.197
53 0.215

NN HATIERAUSIANVBUATDIUTUDINATIIMUNZ AL tAgRANTANIINEATINNG
InaldsUsunsvesennimisrun 4 vune Usenauluse 2.7 kW (0.165 m?/s), 3.6 kW (0.187
m>/s), 4.4 KW (0.197 m?/s), waz 5.3 kW (0.215 m*/s) G9anwaign1SNIE18aUVDILARY

YUNR WEAAIFININT 29 D9 NINT 32

3.627
3.325
3.022
2.720
2418
2.116
1814
1512
1.210
0.908
0.606
0.304
0.002

Velocity [m/s]

4.100
3759
a4y
2.076
2734
2392
2.051
1.709
1.368
1.026
0.685
0.343
0.001

Yelocity [mfs]

AT 30 N1NTENLALTRLASEIUTUBINNA 3.6 KW (0.187 m?/s)



a2

4736
4.341
3847
3583
3188
2784
2389
1876
1.881
1.186
0792
0.398
0.003

Welocity [mis]

5.663
5191
4720
4248
T
2.308
2833
2.362
1.840
14149
0.947
0476
0.004

Velocity [mis)

AT 32 NNSELALYRLASEIUSUDINTA 5.3 KW (0.215 m?/s)

NNANTSINABINISNTEITANTELATEIUTUBIN AT 4 TUIA WUT N15NTEIEAL
YeaLAdesUSunIMAvLIn 2.7 kW weliiduinisnss meauiiduay lilashiauesiaies Tu
AsflveuA3oslsuInNIATUIn 4.4 kKW haz 5.3 kW aziiulddinsyatvanldsaiuas
asaue 6?5@mimzmaé’waaaudaﬂmpjagﬁﬁLaméfmﬁé’waaﬁaqwazﬂgﬂ Junauiain
peiiAuvenaTasUSuaINATs 2 U duAesUTuInIEvLIn 3.6 KW ezl fins
nsyanefveaNirELaLazThR s aeq

Fatu YunvesAIsUSus AT AL Ao SIS UBINEILIN 3.6 KW AiSHN
nslradeUsunmsyesonmalsEanal 0.187 m¥/s deiinudaauade 0.19 m/s uenaniids
wansliiiuiannususiosads 101.322 kPa sauanslunini 33 delndiiasiuainusiu

Aawandey 101.325 kPa



101321.93
10131942
101316.91
101314 .40

r 101309.39
101306.88
101304.37
101301.86
101299.35
101296.84

101291.82
Pressure [Pa)

F 101311.90 ¢

10129433 &

43

Al 33 anuduedengluviesmzUgnueaasesuuaimavuin 3.6 kW

wazdanudningamgiingluieamizugniadsegmussuna 25.41 °C luvazunds

AnufeuniinanlaloaUduasagfiuseanns 49.25 °C LanwianImi 34

Temperature [°C]

49.88
4762

T 4537

43.12
40.86
38.61

- 3636
3410

3185
296D

27.35
25.09
2284

i 34 gaumgiideniglusanizlgnuesaiesliuaMmavun 3.6 kw

WAZUINANITINABINNANNANERSUIVENENE WEYIINTSIEaNTEUVUSURINANITaNS

vinAaLE R-32 89 Daikin g1 Sabai inverter (FTKQ) Aauanssieasidengunsaling o lu

M15199 9 WwhnsnedeuReulynsviaungamgilaeluiesussinn 25 °C uazguunil

dawIndnuyszann 30 °C

dl o a 1 d‘ U
A3199 9 ANBFUIYAIUUITLNDUYDIATBIUIUDINA

d9udsznavu

=
INYATLYN

YUINANNANNTONITYINAILEY (KW) 3.6

wulen1ely (Fan coil unit)

U FTKQ125V2S
} o High 0.18
@G]i’]ﬂ']ilﬂ/im‘li\iﬂi%ﬂ@i

Medium 0.14

(m3/s)

Low 0.11




a4

dqudsznau SN8aLL98n

YU (H x W x D, mm) 285 x 770 x 223

nien1euan (Condensing unit)

U RKQ125V2S
Uszlnniedessnle wuuaviuln
dalihfidavun (kw,) 1.2

YU (H x W x D, mm) 550 x 658 x 275

'3
a

PNNANITNAABULAZLUTUUNBUNITTIIUUDITEUUUSUDINIA WU FUUTEEND
dussaugdmlnalAssuszanu 7 lneAnussansninlewulnstnminu 70% wagUszansnin
NNAYINAU 60% (Chaiyat, 2019) LazSmusniUSinanifiaunduresssuuUSUen AT
AR udusinsvosenAnieluesUseann 55% Uszunal 18.302 U/d %58 0.76 Uh uand
Famn5197 10 FadinalndlAssiunanissaesdnaneuasfanunsatluiauseseadussuy
spthemluiRlasndae

M13199 10 NanIIAdBUYRITTUUUTUR N Ad S UTEUUIUgn Uy

S18aL28N WNAN1537889  WANISNAdaU
HuUseavisaussaug () 7.36 6.94
Jsunaudeusuy (/d) 18.742 18.302

NANISA319 LAZANNITEUUIAUIDALUIIR

NHANTIATIERUSIN AN A ULLUT895EUUUSUBINA YIN@5958 UUSATN
Salusffdmiufivayulnsyaaigaieszuutmen Tnedoulunisvieuresssuusai
SalutAusznoulude 3 Tnua fe Tnunddasatndiesies nunddsdassuusetn uwas
Tnunddasainsmlulf® ulseendu 3 Inuades Usznaulude 24 h, 48 h, uas 72 h ile

PeulUdiivayulnsyamas LanInanmi 35



a5

/

Select mode

Shutdown Man>

\ 4

Y

y

¢

Select mode

><>

Solenoid valve

Close

Solenoid valve

Open

v

Y

Drip emitter

Solenoid valve
Open
v

Open 40 minute

v

Solenoid valve

Close

End

AN 35 LEURINISYINUTDITEUUTAUIDR LU

NNaUTEENUSIIMUTmN g auduigayulnsyadias wudn Ysuiadi

AuLUUYTEIL 18.302 UVd laganudvenissadinn q 3 d awnsaldlunisimgdgniy
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ayulnsyargelaussann 23 plant LanssgazdeatunnIan 11 waswansfanndg 36 lag

a ¢ o =
LLﬂﬂ\‘ﬁ']EJﬂgL@EJWGU'ENQUﬂﬁmLLﬁﬂ\‘ifﬂ\imqiqﬂ'ﬂ 12

M13199 11 T1wazdeavesUSinanhnmungdmiunsmguaniivayulnsyanigs

318115 daya
Y3Um3ANUVRINTEAN (M) 0.0106
Ysuasiuld 90% wesuTunsnszans (m?) 0.00954
Fanuusinasisionsyansld 25% vesUsunasau (1) 2.39
mnualunssntsionss (d) 3
USnanheuutiusiou (Vd) 18.302
inaiwiaiiintunasn 3 d (1) 54.906
Srunuduliivivssdiuls (plant) 23.02
Snuduliifiuunzau (plant) 23.00

AN 36 STUUTAUOA L ULRALUUIINERA



o a ¢ Y wa
M99 12 if]ﬂagLE]U@QUﬂﬁmsUa\‘iig‘U‘Uiﬂur]@ﬁIumm

aunsal ABENYE
1. vaudwmen (Drip emitter) « U33uIBgM 0.1-0.2 MPa

v

« SANNISNTZNEFAIVIUN 0-30 cm

- dsINTshvavestiegh 1-70 Uh

IS o
* 43UNBBN 8 nad

2. 1l (Solenoid valve) * 34 2W-200-20
« UM 0.75 inch
o b5anulnia 220 v

« NUWIRULA 0-8 bar

3. lulasmaulnsaaas (Microcontroller) . j:u Arduino MEGA 2560
¢ WSIPU 5V
* NTSLEENER 40 MmA

= 3 v 1
 4BUNABNYNVT 16 YD

4. aindiden (Selector Switch) - 5 XB4BD83

< @nle 3 dumla




Han1saanaeNugNYaLUlWIYaA1gmINISUNNg

v
av A

48

lunuddeilavinisfnwrareiusvesiivayulnsyadrganianisunndniianiig

Y} & A 2 a a = vyya = I
LﬂquﬂllﬂUﬂﬂ']WWUVW]LW']%UQﬂLLagigEJgL"Ja'VU@Qﬂ’]iLﬂULﬂEJ'JNaNaG] C\]Q‘l@La@ﬂﬂﬂUqﬁ’]ﬂWUﬁq

WElIENINEgNUS BCN Critical XXL waganeiug Gorilla glue laguansnaudffinis

i 13
M5l 13 AriadRvesaeiugiivanulnsyanige
Detail BCN Critical XXL"? Gorilla glue?
Yield of THC (%) 22 27
Yield of CBD (%) Low Low

Gene

Indica 50%: Sativa
40%: Ruderalis 10%

Sativa 50%: Indica
50%

Type

Autoflowering

Photoperiod

e | 91989910 Seed-city (2020)
? 919849910 Seedtockers (2020)

3 91989370 Zamnesia (2020)

ilesananesiug BON Critical XXL uag Royal Gorilla iluaneiusiiuinaansinnii
lelasuaunuosdgaia 209% Favmnzuimsiilulisnuilunduesernisnduiionands
aneIn13Un Tsaudn anornisaduldenisunneiivat fudininievessaduzdouns
viin uaziinawesIne st uUsuzi3anaziond Insanewus BCN Critical XXL 3

sreziiatlunisinizyaneguszuias 4-5 month Wesanladniswauiaigwusinay

9

A

WUgNIIUVeI Ruderalis Nfigaaulusunishinandafiianinaeiugdudiefeengnisudn

9
(%

Fonan waziivegiidumuizdenisiiuinemandnilidldszezinaiuiu ldmuigdenis
inlUlrauiisvisednns Inetuasliifinadetiessaznisasgdivle dwaneiug Gorilla glue
[ o sa v ! = ! = ' !
Juaeiusiidesnisyiuamasnssegnisugnilivuivan lnedisuaddsiinasedianis
WIAulakarMngnsEUIUNTHERYenen

Aty Tunuadeiidslaifananeiiuguansynine BCN Critical XXL wag Gorilla glue 11
ldlunisnaaeusruuinizanie 3 seuu NiigaauluduTinaaswadilalasuauuid

wasanasdmiuldUsglonilumnsunnd uazanunsalvinaninireudaldssugiaiduy
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NaN1IVAaUsTUUIIZUgNUa s va U lnsyaAgemIsnIsunNg

NNANITNAFBUTEUUINIZUGNNG 3 52U Fausenauluiig seuuUannatands seuy
Ugnlusu uagszuuugnislusy wudi dumeunisiniziude wasniswmizidesdundl 1du
TupsunsnziRsivagulnsiumusnieudluinizUgnaiussuuns 3 seu wagyiinig
v A @ = i ] = ¢ A o
AntdandiunuvesivayulnsyafA1aIvesLAar SeUUNNAINANY TAILTILTS DU

WiuWeunayliasgvinananile Inelseavidendssialuil
namstwzwdaivayulnsyafgmanisuwng

Mnuaniszdavesivayulnsyarmgilutuneuiilavinsmiswdanmun 21
seed WU H31IUVBRUAAIDN 20 seed 3NTIUNUA 21 seed UTaAALTUSHIINITIBNVDY

waawiiu 95.24% ntuiwdnvesiivayulnstendigtunsunismizidessiunaisely

LAASPININT 37

(n) (@)

o @ A J 1 [ [ <
A 37 mamnzidaiivayulnsyadizs (n) teuwzludn uag (V) naunzlide
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Nan1stWILagaRuna W TaLUlWIYaAgIaNISUNNg

Tutumeuilimiwdaseniildnndunsuiniuundiuim 15 seed Ugnaslugamizdnlag
Tguiinuealunismigdundussuna 240 g/plant esanauinueadudunieingan
a aou 2/ ! | ' <3 & vYal A [J
555090 ddnwarlaseadaluse Yeedneiniags anunsaiuaudulag da1anudunse-

i o oA & L S VR o W 9w o v
Aadn Usieanniviiguazidelsaanvsveslsaiy JuduiagnmunzdmsuldnizUgnaunad

¥
LN

dnlagreLiugnsNssentaryglunisiasyiulalinundtauysel antuilumnzidesdy

a

viesUTuemangamiiuszana 25 °C wagvimsiviuanaen 24 h/d lagldlaleaduasd

Y

1299119 300 W, naaanszeziaiiull 4 d wud weayulnsyargealinissayiulauas

a5719lULREIANSUAILATIE AT N ARIAINING 38

= & E T
AN 38 YUADUNITLNIZLALIRUNAN

devhnmswmizidesdunaduluidussoziian 11 d wud dundndinisaseyivin
assluwrmiaudgwmsunisiasaivlaludunsunsl uaglafndenaundaidiuiu 12 plant

) ¢ @ = v a Y} o a{'
Nﬂ'ﬂﬂﬁuuimu‘ﬂﬂLLi\TLLaSNﬂjqﬂJaﬂiﬂaLﬂﬁNﬂu‘Ui%ﬂJ']m 6 cm LAAIRININY 39
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a Y v ! cal v o A
AINN 39 WUﬂaWWsﬁﬁHUIWiHaﬂ']QQW'Nﬂ'ﬁLLWV]EJV]lﬂﬁnﬂﬂ'ﬁﬂﬂLa@ﬂ

wasnnuiunamkunsAadenyanasiunseanuuin 12 lagldyeueninges
Aunsza1elseua 80 g wienAudmSulgnUseual 7 ke/plant WaneAenIng 40 uaz
ntuilumigdgnlussuuugnnaneuds ssuudgnlusy wasseuudgniclusu lnawus

sanunsmnzUgniussuuas 4 plant lutupeusely

AN 40 AUNANYELULNTLAANEIN N TWINE
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nan1sUgnivayulnsyadIgmensunndvasszuuUannanuds

Ievinisesnuuuiiuiinizdgndmsussuudgnnansudeniiuaswandesisnasniu g
awdavipsmeusulndnsuaiunuulUsasiaugeseann 2.1 m iivedsaiudunsien
fnadonivayulng nfoudnnsinauszuigainiAn1sluia 1od1a03@n MwINGNAY

sysumAnarantyanuiouarauiiiavungluiuinizUan wanisnini 41

AW 41 NudnzUgnitvayulnsyarigewesssuuUannanauis

nnsnzUgnitgayulnslussvuugnnansuduas Andendaunuvasigayulng
yarngsluszuulgnnanaudeiidanuanysaindauss wuin Mezeznanlunmamizuan 130 d
YUIAAINEIVBIRUUTELIU 120 cm BuALEURILAUINA19TasdAUUTEIN 1.1 cm wag
NANARTOABNAAUTENN 316 ¢ uanIIn N 42 uazdanudnindvusunsasdngividian
yhansnananluszvianisngdes uansfanmi 43 Sadutedevesniaimizlgniialy
szuuwuuda udsenuilunissatmn 9 1 d Wesananudulufusoudiauisdahls

o

szuvtiinslduinaninaeanisinnzUgnussanu 79 Uplant



~] Y N ! %
AINN 42 GlumLLV]U?J@QW%&S{&WW@MQW@QiS‘U‘U‘UQﬂﬂaNLL‘-J\‘I

53

Al 43 MuauuNaIR FYYRINTIEUgNsTUUUINNA1LAN
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Han1sugniivayulnsyargmisnsunngvasszuulgnlusy

Tunisnzdgnitvayulnsyarigelussvudgnlusulainisaiuananiswingey
Tugan 15T AUlnLas YN TASINaNES Tneuanafansnei 14 lnglissoeinaseninegn

IrlngiteauasiivayulnsyagaUsyanns 30 cm wanaianIni 44

M990 14 T19azIBANTAIUANANIEIIARBNYBITEUUUgN U

51881980 Uaya
Y9NTHTYLAULN

gunnil (°C) 25
AT LEUT S YRIINA (%) 50
AANURUIL LU R UTDINSEUATIETRES (Lmol/mZs) 434
syyzlianslvleas (h/d) 18
F29N156519MaNER

gaunnd (°0) 22
TSNS YE 91N (%) 40
AP ILLULIN B UYBINTELATIZIRLES (umol/m?s) 434

SEgzaINTTLEs (h/d) 12
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AW 44 NunzUgniivayulnsyarigvesssuudanlusy

nnsnzUgnitvayulnsyariadlussuuvgnlusy wudn Jvuinaiugevesiu
Usa1ad 125 cm YUIALEURIUANENa19YeIa1AuUTENIN 1.5 cm WazNaKAnYanendn
Uszanal 250 g lagldszesiianlunisinnzdan 185 d wansdan1nd 45 uazainudlunisin
S . & = = = & a DN Y A H
WA 9 4 d ilesaniinisgyideanuruluaureudied laglduSuialinasanis

wizdanuszunu 41.5 Uplant
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AN 45 Ausunuvesivayulnsyarasvesszuulgnlusy
nan1sUgniivayulnsyagmensunndvasszuudgnislusuuansy

19’1"1/1’@mnwwﬂgmu%nmﬁuﬁius’uLLazﬁLLmLmﬂmﬂﬁﬁmwaiwﬁ’umsLﬂmsqmlw
wzides 6 h/d nd91nian 18.00 u. wleliivayulnsyadigeldiasyivlnogieieiies
Tnglszorvinasemrinslning B sasivayulnayarigessana 30 cm WuiReassuy
wngidssuuulusy uansdaniwd 46 mnnsneUgniivayulwsyadngdlussuud wui 4
YUINANUGIVBIRUUTEUIN 167 cm YUIAEURIUALINa19YadRIUYTEIIM 1.4 cm Uae
nanAndenonanUszaas 261 ¢ lagldszoznanlunsmizuan 219 d uansfan il 47 uay

ANNRtUNTTIAIAEATINN 9 3 d FallANUWLITANRDAINABINITYDIUIVRINY tneUTun

1% '
o

ildmasanisinizUgnuseanm 55.5 Uplant wazdamudninlugiessegiviinisinzdanidy

TVUBULLAIAN U UNANES WARININTN 48
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a ¥ U L] ! = ! !
AN 47 WLW]’JLLWN%@QW%GHUIWiN“aﬂWQQ“U@\ﬁz‘U‘U‘UQﬂﬂﬂIUﬁJu@ﬂﬁJ



WA 48 vupULNaIAnsTvrasNITIEUansEuLUgnAslusILensy

PNWaNSUTBUTgUAUGIUNUYasTE UUUgNNATeHAY seuuUanlusy wagszuulan
Adlusuuensy wansseaziBendannsned 15 nuin nandntenenanvesszuuUgnnaauds
mﬂﬁqmﬂszmm 316 ¢ LLaziszaamaamiUQﬂagjﬁ 120 d %aﬂaaﬂdﬁzwﬂ@mwuﬁu
oA uesiivayulnsyargaiuidufndosiunetyiiulnvesiy wiluns
ndufumsUgnuuunasudsiazAslusuuensufionaaziuuasdngfimdunsuniunagsieiy

g lAnuNanan

A1399N 15 S1wazBensuilnuLazanntonananveIivaulnsyadig

- szuulan . szuuugnisly
JYaLBYn . szuulgnlusy | .
NAUIS JuuaNIY
AAES (cm) 120 125 167
LEuugUgNaNveIEIAU (cm) 1.1 1.5 1.4
S¥eELIaUgn (d) 120 185 219
NANARYanDNER (g) 316 250 261

HansunEIkazMINuiNananvaulnsyaAgamIenIsuwng

lelanandntonananvesiivayulnsyarias axviin1sanuss (Trimming) Tudiuves

Tunludinwdnmeulaslasueen eandgymeanutudiuiuiludesnislazanssuziaues

(%
v o

NIANWAY BnvisdaantleyueInisiine lUNUIEaIADNIY LERIFINING 49
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N e - " -

AN 49 NAKNANYDABDNAATIHIUNITARALAI LU

FelunszurunsannuialminismvangamgiinigluriesUszanm 25 °C fagseuy

USuonie Wusseziia 10 d Wisbimudiusenainuandnuindian Lansan1ni 50

WA 50 NITUIUNIINUHARAR VB NTaL UL NTYar1E
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PAIINNIUNTLUIUNITAINWIAILAZYININITAALAIUININIUDDN NUI HANAATDADN
Wit minvenandntonanuisuaIivayulnsyanzang 3 ssuu Laneianisid 16 loy

WAL UL N YD N AN AN YDA DN D UAINLAILALNAIINAINWIAS

A1519% 16 UINUNVDINANANTDADNNDUAINLAILATARIDINAINLIAG

- szuulgn . izuuﬂgnﬁﬂuéu

FNYALLDYA . szuulagnlusy .

NANGLIY uansy
NandnYtananan (g) 316 250 216
HANAATDADNLIA (g) 66.7 46.3 55.8
ﬁmﬁfﬂmm%uﬁq@,ﬁs (%) 789 81.5 74.2
Umtninauissolminma

21.1 18.5 25.8

Wen (%)

HAN1TUTEAUANUANAMINATEFANENS

HAN13UTEEUANUANAIMIAUATEFAIEATIAEINUAUNUABNUIUHANTAVD T Y
ayulnIYAAIGINNNITUNNEG UARIAIRNTIN 17 83 115297 19 T8UanINITATLINLAAINTS

NuvaINTzanitvayulnsyaasdiuu 1 fu

A1399 17 nsAwInsuuienilenandavesivayulnsyargslussuuUannan s

518M3 UTuna
HANARTOADNLIAY (g) 66.7
51PN (Baht) 50
31A1NTEONNIEUgN (Baht) 35
31A1Rulgn (Baht) 16.3
1YJedunidseninmsauainel (Baht) 34.2
wassnlwihideulungunsalluliiem (kwh) 8.22
Anaanuliii (Baht/kwh)! 2.9882
Amdsaulwiidideuliungunsallatit (Baht) 24.56
1aAIN13amU (Baht) 135.5
Aldinenasnn1sUgn (Baht) 58.76
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18NS U3ueu

Auusielgnandnvesivayulnsyadgelusruulannaauds (Baht/kg)  2,912.49

FGURT '9198etoyan msliihdiugiinieg (2561)

M58 18 NMsAuIuduUienhuraninvesivayulnsyadgdlussuuUgnlusy

318N13 Usuna
HANARTOADNLIA (g) 46.3
FIANUAANUG (Baht) 50
31A1NTENWIEUgN (Baht) 35
s1mAuUgn (Baht) 16.3
sagalizides (Baht) 2,385
inJedunidseninmisauaine (Baht) 68.4
waslwihitoulviungunsallutiea (kwh) 507.6
AnaIulni (Baht/kwh)! 2.9882
mwé’qmulvxlﬁwﬁﬂauiﬁmqﬂﬂiiﬂﬂ/\lﬂﬁ (Baht) 1,502.8
YaAIN15amU (Baht) 2,486.3
Aldanemaennisugn (Baht) 1,571.2

suvusievhurananvasivayulnsyagilussuuUgnlusu (Baht/kg) 87,937.59

U '9198atayan Msliihdiugiinieg (2561)

M13199 19 NsAwInAuYUrenileNandnvesivayulnsyarglussuuUanidusuuensy

519013 Ysuna
NANERTOADNWIAY (g) 55.8
1A UEAITLS (Baht) 50
31A1NTEANINIEUgn (Baht) 35
s1mAuUgn (Baht) 16.3
iwmsqmlvxh,wwmgm (Baht) 2,385
iUJedunigseninmsguainel (Baht) 85.5
wdanulniideulfudgunsallaifiasin (wh) 106.47
Amaaaulali (Baht/kwh)' 2.9882

Andaaulaiinfitoulungunsalluii (Baht) 318.15
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S19A15 U3ueu
YaAIN15a9vuU (Baht) 2,486.3
Aldanemaennisugn (Baht) 403.65

suvusieviherananvesivayulnsyadgilussuuUgnislusuuensy

51,791.28
(Baht/kg)

QU '9198etoyan mMsliihdiugiinieg (2561)

NNANITUTEEIUNNATULATEFANAATAUN UADNUIBHANER WU AUNUsienIY

(%
o

NarAnYesTEUUUgnAanaLdsudunusUssanm 2,912.49 Baht/kg Faidudefivesnis
wnzdgnluszuugnnanauds daudunuuesssuvgnlusuidunugesuideanainnisly
nFaulnfigenagduuangaliinizides Seddunuuszana 87,937.59 Baht/kg way
funuvasszuulgnidlusuuensuyszana 51,791.28 Baht/kg FadidugannaalulinigAes

waznsldnasauliiidesninssuuugnlusy uwanesieazBenfan1snem 20

M19199 20 NansUsTLTuAUUAeMeNananvasasuLnsyarIas

» 3zuulgn 3zuulgn ﬁuuﬂgnﬁﬂuéu
EAseEn NANILAS Tusy uansy
YaAIN13amU (Baht) 135.5 2,486.3 2,486.3
wasulii (kwh) 8.22 506.7 106.47
A& Ul (Baht/kwh) 2.9882 2.9882 2.9882
yaAmaeAn15Uan (Baht) 58.76 1,571.2 403.65
HANARTOADNLIA (g) 66.7 46.3 55.8
AUNUROMUIENANES (Baht/kg) 2,912.49 87,937.59  51,791.28

Han13UszliUInInsTInvasiyayulnsyadgeInIsunng

PnuanUsEdindnInstinvesiivayulnsyaraimenisumdlussuudgnnanauds
seuuUgnlusy uagszuudgnidusuuensy wud Auiinued Audan Auyaldifieu Joyadn
wine Jeyalnwis uazlegadnsnnawis feldinlifinansenusedwndouduiiounaindu
o Idl

a dy a = - & av v o = & o = LY o/
AQVILNATVULDINIUTITUYIN i'JlIOQ‘LJTI/IQVIVL@"\]’]ﬂESUUUi‘UQWﬂWﬁ"NLUUﬂ?iu’]‘U@QLﬂﬁﬂa‘UNﬂ%

Uszlowidness nedluanisanwinase bl



63

nan13Uszliuindnsiinvasivayulnsyadrgamamsunndluszuudgnnanauds

Wmanerean1sAine Ae Useliudgdnsiinvesiivayulnsyarigamienisunmgly
TEUUUGNNANLAS

YOUIIANISANE Ao LuuLnIIRA-Y-nTw Tasfisnsandauinisldundelagiu wianu
n3NeINT nsrUIUMIAIUIIL uazidaen uanfan i 51

NUWNITNNU AD NaNERTaABALAS 1 kg

Outdoor system

[ Raw material ]—>i
[ Energy ]—>I
[ Resource ]—>i

I Landfill
: [ Recycle ]
L

AT 51 YauluAMIUsEluRansEnumsEsIndeNvasitvayulnsyadgamansunmely

FEUUUgNNaaAY

HaN1TIATIENUY YT sTwIndenva N vaulnsyadgemensuwngluszuulan

14
ALY

Tunstuiindeyasiunudsunuasudiuagansvisenyasnisugnitvayulnsyac

gaemsunndluszuulgnnansdsnaenininsiin waneseasidenminisnen 21

A13197 21 Ygdisenisteyavesmsmeiivayulnsyadigelussuuignnanauds

579013 vilningau Y e
YUABUNISINLLUAR

E74
#1594
NIEATYY 0.05 g
NavINANERN Twalnsiau 3.33 g

UNALDA 2.5 ml




318A1T viadngau Usuna w2
Lanug 1 seed
d1591989n

NIEAYNYY 0.05 g
NADINAERN Twalwsiau 3.33 g
i 2.5 ml
wanugeen 1 seed
FuRBUNSINIZIAEIEUNEY

a5

Aunined 240 g
UNIBTIRUNET InGleiiauy 3.5 g
WAINaERN WoRlNAUWLIHY AN 12.25 g
azon 160 ml
wasaulniin 5.28 kWh
Lwaniugsen 1 seed
d159199n

UNIBEIRUNAT Indloau 3.5 g
WAIWAERN WoRALAULLINYLAS 12.25 g
AUNA 1 plant
%’umaumi@ua%’ﬂm

a5

AUNA 1 plant
nsEaIamIzUgn luasu 66 0.77 kg
Aulgn 7 kg
Auyaldiou 1.5 kg
Jagadung 1.5 kg
Jayalnus 450 g
JeganenILig 450 g
gwazam 79 (

64



578113 AINQAY Y widae
FupsuMsHiuiauazanue
a5
YORBNALYYIAR 316 g
wasaulnvin 2.94 kWh
a1359199N
BOADNALY VIS 66.7 g
n133 l9LAA
Twalwsnau 2.99 g
NAERN WORALENAWLYLINI LA 12.25 g
luaou 66 0.69 kg
n1sienau
NIEAYNYY 0.05 g
GRGERPREY 3.58 g

NATTIVTINTO AU TS

Y

65

1ENITVDIINYAY NINEINT bagnasuntglunssuIunis

19 9 danisimizUgniivayulnsyarige 1 plant wudt Insldndsnulinludiuves

[
o

X v Y & & o o & =
YUNDUNITINIZLAYIAUNALAZYURDUNITLAULNYILAZANLIAITININUA 8.22 kWh Lhazdl

n1sldtanUsziannaainsiuviavda 87.82 ¢ Fediulnguiainnszarunizugnuseian

luaou 66

Han1sUszIliunansEnuNBewIndauvasiyayulnsyargmisnisunnglussuudgn

AA9LAY

NMNNANTIATINTYTTIEN1IaenTnInstinvesn sz Ugnitvayulnsyadig sy

sruudannanadslunisem 21 WeanussdunansenuneduIndeudunalafiie

18 NAUNANTENU UAAIFINNTIN 22

[
o

N
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a a a 1% 1%
AN 22 NafﬂﬁﬂﬁgLlluwaﬂ§$1/|U°V]'NaQLL'J@a@llGUENﬂ’]iLWWSUQﬂIU§3UUUQﬂﬂaWQLLQ\‘]

Impact Cultivation Harvest Decommissioning phase  Total emission
category  phase Bl Recycle Landfill  Lifetime  kguy

CC 1.02E+01 2.17E+00  -6.86E+00 6.75E-01 6.18E+00  9.22E+01
oD 7.44E-06 6.51E-07  -6.56E-05 6.30E-07 -5.69E-05  -8.49E-04
IR 1.19E-01 551E-03  -2.81E-03 5.53E-04 1.22E-01 1.83E+00
POF, 1.71E-02 2.99E-03 -1.43E-02 1.18E-03 7.01E-03 1.05E-01
PMF 9.99E-03 1.84E-03 -5.47E-03 5.93E-04 6.96E-03 1.04E-01
POF: 1.76E-02 3.05E-03 -1.49E-02 1.22E-03 7.04E-03 1.05E-01
TA 2.717E-02 4.85E-03 -1.68E-02 1.91E-03 1.77E-02 2.64E-01
FE 2.44E-03 1.36E-03 -1.60E-04 3.73E-05 3.68E-03 5.49E-02
ME 2.09E-03 8.83E-05 -2.21E-04 1.89E-04 2.14E-03 3.20E-02
TET 5.96E+00 2.88E+00  -1.56E+00 1.57E-01 7.44E+00 1.11E+02
FET 2.24E-01 1.42E-01 -1.92E-02 2.29E-03 3.49E-01 5.22E+00
MET 2.88E-01 1.79E-01 -2.67E-02 3.15E-03 4.44E-01 6.62E+00
HT, 2.66E-01 8.78E-02 -1.08E-01 1.26E-02 2.58E-01 3.85E+00
HT, 3.75E+00 2.01E+00  -4.24E-01 4.74E-02 5.38E+00  8.03E+01
LU 2.71E-02 8.38E-03  -4.14E-03 5.29E-04 3.19E-02  4.75E-01
MD 5.75E-03 2.41E-03 -71.57E-04 1.76E-04 7.58E-03 1.13E-01
FD 3.07E+00 6.35E-01 -1.75E+00 2.14E-01 2.17E+00  3.24E+01
Wu 1.92E-01 8.98E-03 -4.80E-02 1.75E-02 1.70E-01 2.54E+00

NNuaNIIRTN WU luduseunisguasnwiransenuiindudiulngdunaun
nnstdnszatamizigndaluianussinmmataiinluasy 66 91wt 0.77 kg lngdina
NTENUNNFWINGBUFIMNAUNITAaRasvestulalyy n1siinsidvinnelasalud n1s
WwigivlaRnunAvesialuldmeia waznsldnineinsua Tudunaunisniziaesnunanag

Y a ¥ L2 -d! | Q‘ 4 ;4 a a a a
n1smnwisinsldndsanulniy Fedamansenunidauindonaaiiun1siasyiulainung
vasiluurasniidn MainnnganuduiivaessuuinaAuuun Msnanmneaulufivie
syuuilnadludda msiiannganuduivdessuuinamimeia waznnzanulufivie

¢ a o < o & ) & & o o
wywdrain1siatsanlilduese wazilioduganisldau Fadunseuiunstuanynevesiy
[ aa |

Jns5tim wud Piaquisdinanunsoudsguazihnduaildvililaefnluiosas 90 veaian

faursainldudssuing wagludruilidawsanduunldlnilaaggninlullanauaiundn
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a a < 1% [y P v o 4 ¥ 1
guiaualagnluosar 10 veedaniignldeu vilvinansenudiusing 9 anas lneaniy
nansznuUszNIsanasestulolsutuiinaiiuau Tnenanssvuveanmslainghuusasiu

U o aa - ' v = 9 ™ =
nagndninstInveansugnivayulnsyacaduszuulgnnansuds rauanafanini 52 f

AN 69

Polypropylene
0.09%
Tissue paper

0.001%
Polyethylene
0.1%

Polyethylene
terephthalate
0.22%

a %

A 52 nansenuven1sldingRvsesunsilisuwlaanmeInAnaenininstinves

9

nmsUgnitvasulnsyagsluszuulgnnaiauds

9 U

Polypropylene
0.04%

Tissue paper

0.001%
Polyethylene
0.043%

Polyethylene
terephthalate

0.13%

MW 53 wansenuvesnsidingusesunsanasestulelaunaeninginstinveinisugn

fvayulnsyarasluszuuUannanauds
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Electricity Polypropylene
9.82% 0.49%
Tissue paper
0.007%

Polyethylene
0.67%

Polyethylene
terephthalate

1.88%

MWA 54 wansenuveIn1sliingavnesunsiiniidsiinnelessludnasninginsdinves

nsUgnitvayulnsyadigaluszuulgnnanauds

Polypropylene
0.12%

Tissue paper
0.002%
Polyethylene

0.15%

Polyethylene
terephthalate

0.3%

a Yo a1y a a A
AINN 55 Naﬂig‘VlUSUENﬂ'ﬁi‘ﬁ'lﬁi]@‘U(5]'&]WWUﬂqiLﬂﬂﬁqiaaﬂ‘ﬁLL@u‘ﬁIWTWLﬂlmafjmﬂf]wsﬂa\‘i

wywdnaenininstinvesnisugnivwayulnsyarmaslussuuugnnanauds
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Polypropylene
0.14%

Tissue paper
0.003%
Polyethylene
0.17%

Polyethylene
terephthalate

0.48%

AN 56 HansenuraInsidingAusanunsnafiiveluareaInaeniInTTINVeINS

Ugniwasulnsyargelussuugnnanauds

Polypropylene
0.12%
Tissue paper
0.002%
Polyethylene
0.15%

Polyethylene
terephthalate
0.29%

a Yo a1y a a a
AINN 57 Naﬂ§3V|U7J'E]Qﬂ']{LGU']fﬂqﬂ‘UG\@WWUﬂqiLﬂﬂﬁqiaaﬂ‘ULL@U‘WKIWIG]Lﬂum@ﬂmﬂqwsﬂﬂﬂ

szuuilnanaenininstinvesnisugnivayulnsyamadlussuulgnnatauds
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Polypropylene
0.1%

Tissue paper
0.002%
Polyethylene
0.12%
Polyethylene
terephthalate

0.27%

AWl 58 nansenueINsiEingRudenunsiinnlziunsanaeninInsiInvensugn

fvayulnsyarasluszuuUannanauds

Polypropylene
0.08%

Tissue paper

0.002%

Polyethylene
0.1%

Polyethylene

terephthalate
0.27%

a Yo a1y a a a a ~ YA
AINN 59 Naﬂig‘WU"UENﬂ']{LGU'JmQWUG]EJW']Uﬂ'ﬁL'ﬂiiyLWUIWNﬂUﬂG]GUENW%IULLV]aQU'mﬂ

naenindnsTinvesnisugniivayulnsyadigelussuulgnnanauds
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Electricity Polypropylene
9% 0.023%

Tissue paper
0.001%
Polyethylene
0.03%
Polyethylene
terephthalate
0.17%

AN 60 HanseNuraINsidingausenunssywulaRaunfvesilutmsianaandy

InstInvesnsugnitvayulnsyariaduszuuUgnnatands

Polypropylene
0.2%
Tissue paper
0.003%

Polyethylene
0.24%

Polyethylene
terephthalate

0.98%

mMudl 61 nansznuresnsldingiusermunisiaazanuduiivsessuudnauuun

naenindnsTinvesnisugniivayulnsyadigelussuulgnnanauds
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Polypropylene
0.1%
Tissue paper

0.001%

Polyethylene
0.11%

Polyethylene
terephthalate
0.5%

MW 62 NansznueINsiEingAuseunMsiannsauluivsesyuuinailulia

AReninanITinvesnisugniivayulnsyargelusyuulgnnaiauds

Polypropylene
0.1%

Tissue paper
0.001%

Polyethylene
0.1%

Polyethylene
terephthalate
0.6%

Mudl 63 nansznuresnsidingaudemunisiaazanuduiivressuudnammeia

naenindnsTinvesnisugniivayulnsyadigelussuulgnnanauds
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Polypropylene
0.01%
Tissue paper
0.001%
Polyethylene
0.12%

Polyethylene
terephthalate

0.35%

a Yo a % [ a 1 L3 a <@
AN 64 Nﬁﬂi%‘V]‘U“UENﬂ’]iI?I'JG]QWUGI’e)WWUﬂ'TJ%ﬂ’J’m LiJUW‘HGl’EJQJHHEJWEN nsLAnALsANELS

AReninanITinvesnisugniivayulnsyargelusyuulgnnaiauds

Polypropylene
0.14%

Tissue paper
0.004%

Polyethylene
0.16%

Polyethylene
terephthalate

0.79%

a Yo a 1Y Id a ' & a A 1
AINN 65 NﬂﬂiSVI‘U‘UENﬂ'ﬁIﬂJ'W]QWUG]@ ATUNTITAITN LiJUW‘HG]E)NHHEJ‘UEN N3N @Iiﬂﬂhﬂ%

uziSmanndndnsTinvesnisugniisayulnsyarasluszuulgnnalands



Polypropylene
0.33%

Tissue paper
0.19%

Polyethylene
0.4%

Polyethylene
terephthalate
1.79%

74

] Yo a1 v yaa U o Aa =
NINN 66 NaﬂSSVI‘UsUENﬂ']{L%’JG]QWUG]@ﬂ']‘Nﬂ']{[ﬁU‘V]ﬂu@]a@ﬂjﬂsﬂﬂ?ﬁ'ﬂﬁaﬂaﬂﬂ'ﬁﬂﬁj’ﬂwsﬁﬁl‘]u‘l%ﬁ

warasluszuuUgnnanauds

Polypropylene
0.3%
Tissue paper
0.004%
Polyethylene
0.28%

Polyethylene
terephthalate
0.8%

ANA 67 HansENUTBINISIEINGAUADAIUNITANEITBINTNINIUITNAGDAIINTTINVDY

nsUgnitvayulnsyadigdlussuulgnnanauwds
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Polypropylene
0.18%

Tissue paper
0.001%
Polyethylene
0.19%
Polyethylene
terephthalate
0.17%

AN 68 HansENUTBINSIEingAusenUNITanaIUBININEINTNEETaNARN TN INTTINVRY

nsUgnitvayulnsyadigaluszuulgnnanauds

Electricity Polypropylene
9.96% 0.047%

Tissue paper

0.001%

Polyethylene
0.069%

Polyethylene
terephthalate
0.087%

AT 69 wansenuveINsiEingausesunslininensiinaenininsInveinisuanity

ayulnsyargelussuuUgnnanauds
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Han1suLUsHANSENUNINEIwIndaNvaINsUgnTayulnsyargeluszuuUannan sl

Mnnsudanansenunisdanndennaonininstinvesnsugnitvayulwsyanigdy
TEUUURNNAINULAS detunlinseiuasudanansenuiiielu wansdanmd 70 wudn
wansenuiiindusis 18 fu dlugidunansemuanduneunsmizdgnuagnmafiuiien
nanAniiAleABUTEINAl 58.17% F99a917 A nsvUILAUALIRABUTEIN 16.82% LAY
nszvumMIidnendloduanengnslinualeyssana 25.029% utaguisdiuannni
ndvsldanldlul iliRauansenuiiietuanasadeussaia 22.47% Jedsmansenuly

NsrUIUNITMIRYINoeNanUseanm 2.54%

100%
80%
60%
v
£
:&_j 40% [ Cultivation phase
3 Harvest phase
20% fZ Decommissioning phase (Recycle)
@ Decommissioning phase (Landfill)
0% o R P e ] R ] ] P
T & W o< Wow F - Y Y Do o D
SEbFEERREEEEISES

Environment impact category

a a 1% v o _aa - i
AN 70 ﬂqiLLﬂaNaﬂ33V|'UV|'NﬁﬂLL?ﬂa@NmaaﬂjﬂﬂﬂTﬂmesﬂ@Qﬂqiﬂﬁjﬂwsﬁaﬁéuvl,w3u“aﬂ']€jﬂ1u

FEUUUgNNAaUAY
nan1sUsEiudnInsiInvasivayulnsyadrgmensunndluszuudgnlusy

Wunevesnisfine Ae Uszlinininstinvesiivayulnsyariaamisnisunmgly
seuuUgnlusy

YBULIANITANY AB WUULNTLAG-Y-LNTN Imaﬁmsmé]’jmﬁimﬂé’mﬁﬁmqﬁu WA
VINEINT NITUIUNITAS nszurunIsuey uasmdnen wanasanInd 71

NUILATYINU AD HaKanTononLis 1 kg



r

Output

[ Energy H
[ Resource H
I

Indoor system

Landfill

[ Recycle ]

AW 71 vaulansUssliunanseunnedsnsonvesigayulnsyangeanenisumely

sruuUgniusy

NaN133LATENUYTTensRwIndenvanvayulnsyadgmensunngluszuulanly
gl
TunmsdafiuteyasiunutSinuansvidiuagasueenveanisugniivayulnsyasn

ganenisunmdluszuuignlusunaendninstin sieasidendiuaninisni 23

A15199 23 Ugydsienisteyavesnisineiivayulnsyamaduseuuugnlusy

a o a

I8N YUAINOAU Usuau U8

9

A
[

Y v a =3
VYUNDUNTIEAITY LLazﬁﬂﬂQ?‘ﬂ‘lw LNISLa8N

9

#1599

3 viowdnyudaned 55 ke
JGERGERR —

WIANNANANSUDY 2.25 kg

dnuaiiy 50 g
Nas Ul 0.38 kWh
YUADUNITINIZLUARA

v
#1590
NIEAYNYY 0.05 g

NADINAERN Twalwsnau 3.33 g




518113 ¥AINQAY Y widae
ﬁwazmm 2.5 ml
Lanug 1 seed
d15919890

NIEAYNYY 0.05 g
NADINAERN Twalwsnau 3.33 g
dhide 2.5 ml
LwdaugIen 1 seed
Funaunsnzasiuna

#1594

Audivied 240 g
AUNIBEIRUNST Indeiiau 3.5 g
WAINANERA woAleNaWLIHLEN 12.25 g
ffwazmm 160 ml
waseulniin 5.28 kWh
\anugsen 1 seed
d15919890

QUM IETIAUNAT Indlenau 3.5 g
WAINAERN WoRLAULINYLAN 12.25 g
FUnA 1 plant
%umaumsﬂu,a%'nm

A15947

AUNAN 1 plant
nszaImIzUan luaou 66 0.77 kg
Aulgn 7 kg
Auyaldiiou 1.5 kg
Joman (3atiusi) 1.5 kg
Joyaln 810 g
Jeyarenn 810 g

78
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518113 ¥AINQAY Y widae
nazan 41.5 L
nasulni 499 kKWh

YUABUNITAULNYILAZAINIA

a5

Yonannyv1an 250 g

wasulvin 2.94 kWh

d1591990

YOADNALYTILI 46.3 g

n155 lgLAa

WMANNAHE 6.98 kg
Twalwsnau 2.99 g

WaNERN WoAlNAULLIHLEN 12.25 g
luaou 66 0.69 kg

nselenau

NIEABNYY 0.05 g

WAARNTIY 3.58 g

LALUAN 0.78 kg

PNMITIUTINTeYATYIT9NSTRLIngRU niwens wavwaeuildlunseuiums

#1149 9 fian1sizaniivayulnsyanigs 1 plant wuii ssuuiwizUgnidnislandanulngi

v v v
0% IS

ADUTNEITINYINEY 507.6 KWh maeaindns®in esainsyuuiiinisldssuuuiueniad
wmuANanrIndenwaznsidvasalidmiunisduaseinadiunfivayulnsyanias
paanszEAaINITNIzUgn wazlinsldianuseinnmvan S1ua 7.76 kg dmsunisadnaye

TwnzLaes
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Han1sUsEiuransEnuNIsindanvasiayulnsyargmisnisunndlussuuuanlu

PNHANITIATIZI Y

=

o

YINYNITIRADAI

KLY

[

INITINVBINITHIN

R

gUgnivayulnsyadgdly

szuudgniusuluaisedt 23 Wethinusziduransenunedainaeudunaieiiiinduns 18

NAUKNANTENY UARIRINTIN 24

M13197 24 wansUsEIUNANSENUMSATARBNYBIN Tz UgnluszuuUgnlusy

Decommissioning

Impact  Construction Cultivation  Harvest phase Total emission
category phase phase phase
Recycle Landfill  Lifetime kg,

CC 3.13E+02 2.87E+02 2.17E+00 -1.91E+01 1.94E+00 5.85E+02 1.24E+04
oD 2.26E-05 9.07E-05 6.51E-07  -9.78E-06 6.33E-07  1.05E-04  2.23E-03
R 2.38E+00 8.23E-01 551E-03 -5.77E-01 2.62E-03 2.64E+00 5.61E+01
POFH 4.18E-01 4.00E-01 299E-03 -4.68E-02 254E-03 T7.77E-01  1.65E+01
PMF 2.35E-01 2.46E-01 1.84E-03  -3.73E-02 1.35E-03 4.47E-01  9.50E+00
POFE 4.24E-01 4.08E-01 3.05E-03  -4.94E-02 2.58E-03 7.88E-01  1.68E+01
TA 6.92E-01 6.47E-01 4.85E-03  -6.23E-02 3.86E-03 1.29E+00 2.74E+01
FE 3.32E-03 1.77E-01 1.36E-03  -9.21E-03 3.66E-05 1.72E-01  3.67E+00
ME 3.39E-03 1.34E-02 8.83E-05 -2.48E-03 2.09E-04  1.46E-02  3.10E-01
TET 1.77E+02 3.74E+02 2.88E+00 -1.16E+02  6.02E-01 4.39E+02 9.33E+03
FET 9.68E-01 1.84E+01 1.42E-01 -2.86E+00  2.39E-03  1.66E+01 3.54E+02
MET 1.32E+00 2.32E+01 1.79E-01  -3.67E+00  3.11E-03 2.11E+01 4.48E+02
HTc 3.31E+00 1.15E+01 8.78E-02 -1.01E+01 1.12E-02  4.82E+00 1.03E+02
HTnc 2.88E+01 2.61E+02 201E+00 -3.67E+01  5.84E-02 2.55E+02 5.42E+03
LU 1.77E-01 1.10E+00 8.38E-03  -2.80E-01 1.09E-02 1.01E+00 2.16E+01
MD 7.10E+00 3.14E-01 241E-03  -6.37E-01 5.17E-02  6.83E+00 1.45E+02
FD 6.92E+01 8.42E+01 6.35E-01 -5.13E+00  6.01E-01  1.50E+02 3.18E+03
WU 5.62E+00 1.34E+00 8.98E-03 -2.90E-01 1.05E+00 7.73E+00 1.64E+02

NNANITATAN WU TudunsunisasiuasAndsyalinnsidemansenuiinyu

dwlngdunasnannislddagussiavmmowmaniainlug s1uau 5.5 kg wazivan §1udu 2.25

ke Ingdenansenunsduinsengelssiannisiinsedviinnelosslud nMsanasvemsnens
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w3579 karn1sldninensun dnlutunsunismizidesaunaiwasnisnnuwieiinasly

was i Federansenumnsdandeugelulssinnnisanasvedulelay nsiasyiule

a

Apunfvesivluwnasinds nisadgulaiaundvesialuimeia nmsiinnneauuiiy
roszuLinAuuun nsianzanuduiiviessuuineailuiide nisiiannzanuduiy
Roszuulinanmza nneanuduivionywdvenisiialsausiss neauluiivee
uywduaanisialsalulduzise waznsldnau Weduganisldau Fadunszuiunisiu
L% v v aa 1 a o ! o [ I a I $ 4
gnveveainins®in wud TTanursdivaunsandsjuuaziinduanldlnilalaednduioy

az 90 vesianiatnsatnluudssuing wasludrunluanansanduanldlnylazgniuiluile

[ i [ ~ O’Lil o

naumumdnavivialaednilusesas 10 vesdanignldeau vilvdinansenulususig 9

a 1 ¥ e

ana lngnansenuvesnsidingiuusasmunaenininstinvesnisugnitvayulnsyasias

q

Tusyuuugnlusy Inauanafan1ni 72 89 Al 89

Steel, low-alloyed Alkyd paint
0.7% 0.06%

Welding arc

0.01%
Polypropylene

0.002%
Tissue paper

0.00002%
Polyethylene

0.002%

Polyethylene
terephthalate
0.004%

1.24%

a 1 v

AA 72 wansenuraenslidingAusesunisidsunlasanmeinianaenininstinves

9

nsUanitvasulnsyadigaluszuulgnlusy
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Steel, low-alloyed Alkyd paint

Welding arc
0.01%

Polypropylene
0.003%
Tissue paper

0.00008%

Polyethylene

0.003%
Polyethylene
Nylon 66

5.82%

terephthalate
0.009%

(%
a Y (%

MWN 73 wansenuvesnsidingausesunsanaestulelsunaeninginstinveinisuan

9

=

HwayulnsyaradlussuuUgnlusy

9

Steel, low-alloyed Alkyd paint

Welding arc
0.15%

Polypropylene
0.019%
Tissue paper
0.00028%
Polyethylene
0.026%

Polyethylene

Nylon 66
3,389, terephthalate

0.073%

MWA 74 wansenuven1sliingivnesunsiinisdsiinnelessludnasninginstinves

nsUanitvayulnsyadigdlussuulgnlusy



Steel, low-alloyed Alkyd paintWel ding arc
1.43% 0.09% 0.01%

Polypropylene
0.003%

Tissue paper

0.00005%

Polyethylene
0.004%

Polyethylene

Nylon €6 terephthalate

1.63%
0.007%

a 1 ¥

A9 75 Hansenuvesn1sliingiunesumsiinaiseenduauilnlaaiiseauninves

q

L3 v v Sa A ! !
wywdnaenininstinvesnisugnitvayulnsyariaddussuuugnlusy

Steel, low-alloyed Alkyd paint
2.14% 0.14% —Welding arc
0.03%
Polypropylene
0.003%
Tissue paper
0.00007%
Polyethylene
0.004%
Nylon 66 Polyethylene
1.58% terephthalate
0.011%

A9 76 HansENUTRINIsliingRutesuNsnefvaluazeatnaoninInsInveInis

Ugniwayulnsyaraslussuudanlusy



Steel, low-alloyed Alkyd paint
Welding arc

0.01%

Polypropylene
0.003%
Tissue paper
0.00005%
Polyethylene

0.004%

Polyethyl
Nylon 66 ovetnyiene

L 655 terephthalate
. (o]

0.007%

A 77 wansenureen1siEingausasunisiinaseanguauilnlawaiidenunmues

sruulinAnaaniginstinveanisugniivayulnsyargslussuudgnlusy

0.00006%

0.003%
Polyethylene

Nylon 66  terephthalate
1.61% 0.007%

Steel, low-alloyed Alkyd paint
1.09% 0.12% Welding arc
0.01%
Polypropylene
0.002%
Tissue paper

Polyethylene

84
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Galvanize roll Steel, low-alloyed Alkyd paint
1.58% 0.06%

0.08%
Welding arc

0.02%
Polypropylene

0.002%
Tissue paper
0.00004%
Polyethylene

Polyethylene 0.002%

Nylon 66 terephthalate
0.41% 0.006%

AN 79 KansEnUTeINsiEingAuseuMasyularaUnAvesiivlulrainde
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Steel, low-alloyed Alkyd paint
1.5% 0.35%

Welding arc
0.01%
Tissue paper
0.00019%
Polypropylene

0.003%
Polyethylene
0.004%

Polyethylene

terephthalate
0.022%

85
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Steel, low-alloyed Alkyd paint
6.7% 0.14%

Welding arc
0.21%

Polypropylene
0.003%
Tissue paper

0.00005%
Polyethylene

0.004%

Polyethylene

Nylon 66 terephthalate
0.42% 0.016%

Muil 81 wansznuvesnsidingiudermunisianzanuduiivsessuudinauuun

naendninstinvesnisugniivayulnsyargslussuuaniusy

Galvanize roll Steel, low-alloyed Alkyd paint
0.06% 4.71% 0.08%
Welding arc
0.03%
Polypropylene
0.002%
Tissue paper
0.00003%
Polyethylene Polyethylene
Nylon 66 terephthalate 0.002%
020 0.01%

= Yo a1 v a 2 a a T A
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Galvanize roll Steel, low-alloyed

4.75%

0.38%

0.08%

0.03%

0.002%

0.00003%

Polyethylene

0.002%
Nylon 66 terephthalate ’

0.26% 0.011%

Alkyd paint

Welding arc

Polypropylene

Tissue paper

Polyethylene

a |
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AN 83 NaNTENUVRINITITIRaRAUsamIuUNITAnN AT URERRsZUUTANIIZLA
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Galvanize roll Alkyd paint Welding arc
0.35% 0.06%

0.14%

0.02%

0.00003%

0.003%
Polyethylene
Nylon 66 terephthalate
1.05% 0.008%

Polypropylene

Tissue paper

Polyethylene

a Yo a 1Y [ a 1 & a <3
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Galvanize roll Steel, low-alloyed Alkyd paint
5.63% 4%

0.11%

Welding arc

0.03%
Polypropylene

0.003%
Tissue paper

0.00008%
Polyethylene
0.003%

Polyethylene
Nylon 66 terephthalate
0.42% 0.016%

Ml 85 mansznuvesnsidingiuserun s e duiivseuywdvosnisiialsanlly

< v @ aAa A ! !
Uzi3maeninanstinvesnisuaniivayulnsyadgelussuulgnlusy

Galvanize roll Alkyd paint
0% Steel, low-alloyed

Polyethylene

6.7%
Welding arc

0.07%

Polypropylene
0.009%

Tissue paper
0.005%

Polyethylene

0,
Nylon 66 terephthalate 0.011%

1.24% 0.049%

=] Yo a1y vala U o Aa =~
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Steel, low-alloyed Alkyd paint

0.37%

2.76%

Welding arc

0.02%
Polypropylene

0.0003%
Tissue paper
0.000004%
Polyethylene
0.0003%
Polyethylene
Nylon 66 tarephthalate

4.23% 0.04% 0.001%

Electricity

a |
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Steel, low-alloyed Alkyd paint

0.68% 0.05% _ Welding arc
0.01%
Polypropylene

0.004%
Tissue paper

0.00002%
Polyethylene
0.004%

Polyethylene

Nylon 66 terephthalate

1.48% 0.004%

AW 88 NansENUTeINIsIEIngRUsarUNTanaIewmsHnEINTNeaTanaaninINsTIne
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Steel, low-alloyed Alkyd paint
0.05%

Welding arc
0.01%
Polypropylene

0.001%
Tissue paper
0.00003%
Polyethylene
0.002%

Polyethylene
Nylon 66 terephthalate

2.59% 0.003%

0.62%

AN 89 wansenuveINsitingausesunslininensuinaeninginstinveinisuanity
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inTudie 18 1w drulugifunansznuainduneunisguasne swillesunainnisld

nasulninrsudiegs lnedanadedseunu 54.14% ardusionn Aotunaunisasiuay

Y

AnsagaliinidesnldiagussinnmaniianefeUszann 33.75% wagnssuiunisidngin
Wedugrergnisidauadessuna 11.71% wadaguisdiuanunsatinduinldanlalm vin
Iianansenuiiinduanaadeussuin 10.73% Jedsransenulunseuiunisnidagin

Weegnuszuna 1%
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100%
80%
s i L 5
o 60% ’ P ction phase
-% Cultivation phase
£ 40% [ Harvest phase |
B8 Decommissioning phase (Recycle) E
20% B Decommissioning phase (Landfill) E
R
o Dl DD G077,
b FEYEELe 2202
& T
Environment impact category

a a v v o _aa o i
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NILATYINU AD HaKARYEABALAS 1 kg



|
: Construction and install phase
|

)

[ Raw material H [ Lighting set
I

[ Energy

[ Resource H

Semi-indoor-outdoor
system

Landfill

[ Recycle

Output
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A 91 YaulaNIUsElunanseumsdsnaenvesivaulnsyangenenisunmely
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a dv_ o Y v o ' =
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578M3 ¥AINQAY Y widoe
YUABUNTATIN Uazhiangalniniziaes

v
GUPRTRILTY)

., viomanyudanga 5.5 kg
[GRRGERE —

Wianna1ASuau 2.25 kg

dnuaily 50 g
wasauliin 0.38 KWh
YURBUNIINIIUAN

174
GUERTIR
NIEAYNYY 0.05 g
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a

518N13 AINQAY s wioe
NADINAERN Twalwsnau 3.33 g
‘13!;’168@'16] 25 ml
wanug 1 seed
d1591990

NIEAYNTY 0.05 g
navINaNEAN Inalwsiau 3.33 g
vhide 2.5 ml
LwAnUGIeN 1 seed
FupsUNSINIZAE B U

d13941

Aufinied 240 g
aNIETIRUNAT IndLeau 3.5 g
WAINAERN woRLeNAULILINYLAe 12.25 g
‘13163@’1@ 160 ml
Wasaului 5.28 kWh
wanugeen 1 seed
d1991990

QamEdIAuUNan Inaleviau 3.5 g
WAINAERN WORLNAULIHLAN 12.25 g
AUNA 1 plant
%umaumsgua%’nm

A15947

AUNA 1 plant
nszamzUan luaou 66 0.77 kg
Aulgn 7 kg
Auyaldidou 1.5 kg
Jopan (yadum) 1.5 kg
Joyaln 990 g
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5789M3 AINQAY Y widoe
Joyafnannd 990 g
‘13’1?18@'16] 555 (
wasaulnvin 98.25 kWh

YUADUNITAULNYILAZAINLIA

a5

YonaNngYv1an 261 g

wasa Ul 2.94 kWh

d159198n

YOADNAY VI 55.8 g

N33 l9LAA

WANNAHE 6.98 kg
Inalwsiau 2.99 g

RUGEN WodlaauwLIHN AN 12.25 g
luaou 66 0.69 ke

nselanau

NILAYNYY 0.05 g

NANERNTIU 3.58 g

LAWLUAN 0.78 kg

NnMsTUTIdeyatydsenisvesingiu ninens wasndsnudldlunszuiums
§19 9 sonnzUgniaulnayadigs 1 plant wud seutimnezugnifimsldndseldi
FoutnsgeTIsisau 106,47 kwh saeatnins®in esnnszuudfifteamsldndanuluidi
Pnaeal dnsunisduesviasliunfivayulnsyarmgemasnsseziaInIsisUan waz

finsladanussiamman S1uu 7.76 kg dmsunisasnaaliinnzibes
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NMNUaNTIATIENUYTTIEN1IRaeninIntinvein sz Ugnitvayulnsyadigaly
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Decommissioning

Impact Construction Cultivation  Harvest phase Total emission
category phase phase phase

Recycle Landfill  Lifetime  kgg,
cC 3.13E+02 7.65E+01 217E+00 -1.91E+01 194E+00 3.75E+02  6.69E+03
oD 2.26E-05 2.74E-05 6.51E-07 -9.78E-06  6.33E-07 4.15E-05  7.41E-04
IR 2.38E+00 2.88E-01 5.51E-03 -5.77E-01  2.62E-03 2.10E+00  3.75E+01
POFH 4.18E-01 1.09E-01 2.99E-03 -4.68E-02 2.54E-03 4.86E-01  8.68E+00
PMF 2.35E-01 6.65E-02 1.84E-03  -3.73E-02  1.35E-03 2.67E-01  4.77E+00
POFE 4.24E-01 1.11E-01 3.05E-03 -4.94E-02 2.58E-03 491E-01 8.77E+00
TA 6.92E-01 1.76E-01 4.85E-03 -6.23E-02 3.86E-03 8.15E-01 1.45E+01
FE 3.32E-03 4.42E-02 1.36E-03  -9.21E-03 3.66E-05 3.97E-02 7.09E-01
ME 3.39E-03 4.79E-03 8.83E-05 -2.48E-03 2.09E-04 5.99E-03 1.07E-01
TET 1.77E+02 9.42E+01 2.88E+00 -1.16E+02 6.02E-01 1.59E+02  2.83E+03
FET 9.68E-01 4.57E+00 1.42E-01 -2.86E+00 2.39E-03 2.82E+00  5.04E+01
MET 1.32E+00 5.78E+00 1.79E-01  -3.67E+00 3.11E-03 3.61E+00  6.45E+01
HTc 3.31E+00 2.95E+00 8.78E-02 -1.01E+01 1.12E-02 -3.71E+00 -6.63E+01
HTnc 2.88E+01 6.53E+01 2.01E+00 -3.67E+01 5.84E-02 5.94E+01 1.06E+03
LU 1.77E-01 2.84E-01 8.38E-03 -2.80E-01  1.09E-02  2.00E-01 3.57E+00
MD 7.10E+00 7.95E-02 241E-03 -6.37E-01 5.17E-02 6.60E+00  1.18E+02
FD 6.92E+01 2.25E+01 6.35E-01  -5.13E+00 6.01E-01  8.78E+01  1.57E+03
e 5.62E+00 4.66E-01 8.98E-03 -2.90E-01  1.05E+00 6.85E+00  1.22E+02

INHANITRANTUT WU FTUADUNITAS 1AL RA

o

(%

AAYALHLNIZEIHANSENUNLARTY

dlugilunaunannislitanUssianviewandanlud $1uau 5.5 ke uazinan 1wy 2.25

kg Tngdaransznunedawindeugelszinnvainisidaeunlasanimennia msiinsdvilane

loaalud n1siinanseendunuililnniidoguainveduywd n1snedivesiuazoes N154in
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TNABAAIFININA 92 D19 NINT 109

Steel, low-alloyed Alkyd paint

Welding arc

0.09%
Polypropylene

0.003%
Tissue paper
0.00004%
Polyethylene
0.0033%
Polyethylene
terephthalate

0.007%

Nylon 66
1.91%

MNN 92 wansenurensiEingAusemuMsUasuLUatEn INARREA TN INTTINVRN

nsUgniiwayulnsyaaigalussuudgnislusuuensy
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Steel, low-alloyed  Alkyd paint
2.63%

0.56%
Welding arc

0.03%
Polypropylene

0.006%
Tissue paper
0.0002%
Polyethylene

Polyethylene 0.007%

terephthalate
0.02%

(%
a Y (%

MW 93 wansenuTeINsiEingAusesunsanaetulelsunaenininstinveinisuan

9
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Steel, low-alloyed Welding arc
0.18%

7%

Alkyd paint
0.42%
Polypropylene

0.023%
Tissue paper
0.00033%
Polyethylene

0.031%
Polyethylene

Electricity \-Nylon 66 terephthalate
6.78% 4.06% 0.087%

MWA 94 wansenuveIn1sliingavnesunsiinisdsiinnelessludnasninginstinves
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Steel, low-alloyed Alkyd paint
2.21% 0.14%

Welding arc
0.02%

Polypropylene
0.005 %

0.00007%
Polyethylene

0.0056%

Polyethylene

Nylon 66 terephthalate

2.52% 0.011%

Tissue paper

A 95 HansENuTeINIsLiingRuResuMsiina1seenduauilnlaaliseaunnyes

uywdnaendninstinvesnisugniivayulnsyamaslussuudanislusuuensy

Steel, low-alloyed Alkyd paint Welding arc
3.41%

0.22% 0.04%

Polypropylene
0.005%

0.0001%
Polyethylene

0.0064%
Polyethylene

L Nylon 66 terephthalate

2520 0.017%

Tissue paper

98
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Steel, low-alloyed Alkyd paint
2.32% 0.14% _ Welding arc
0.02%
Polypropylene
0.005%
Tissue paper

0.00007%
Polyethylene

0.0059%
Polyethylene

terephthalate
0.011%

MWN 97 wansenuvreInsiEingausesuMsinaseenduauilnlaaiidonanmyes

szuuiinanaanininstinvesnsuanitvayulnsyadigdussuulgnislusuuensy

Steel, low-alloyed Alkyd paint
1.67% 0.19%

Welding arc
0.02%
Polypropylene

0.004%
Tissue paper
0.00009%
Polyethylene

0.0044%

Polyethylene
Nylon 66  terephthalate

2.47% 0.01%

AN 98 HaNTENUTRINISLEIRgAUsRIUM AN IENUNIARREATINITInveINTUan

A 1 = ! !
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Steel, low-alloyed

Galvanize roll Welding arc
5.87%

0.06%
Alkyd paint

0.21%
Polypropylene

0.006%
Tissue paper

0.0002%
Polyethylene

terephthalate
Nylon 66 Polyethylene

1.53% 0.008%

0.021%

A 99 mansENUTRINISIEIngRUAanuNsasRULARAUNAvesivluwannIg

v v Aa A ! d! ! !
naendnInstinvesnisugnivayulnsyargslussuudanislusuuensy

Steel, low-alloyed Alkyd paint
3.05%

Welding arc
0.03%

0.71%

Polypropylene

0.06%
Tissue paper

0.00024%
Polyethylene
terephthalate

0.045%
Polyethylene

0.007%

a 1
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Steel, low-alloyed Alkyd paint
13.53% 0.28%,~ Welding arc
0.42%
Tissue paper

0.0001%
Polypropylene

0.007%
Polyethylene
terephthalate
0.03%
Nylon 66 \_Polyethylene
0.8% 0.008%

Mnil 101 nansznuvesnshiingavsemunisiinnnzanuduiivsessuuinauuun

naendnInstinvesnisugnivayulnsyargslussuudanislusuuensy

Steel, low-alloyed
16.14% Alkyd paint
0.27%

Galvanize rol

Welding arc

0.11%
Polypropylene

0.006%
Tissue paper

0.00009%

Polyethylene

Nylon 66 \-=Polyethylene o hinalate
0.849%  00071% 03504

a Yo a 1Y a [ a ! a T &
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Galvanize roll_ Steel, low-alloyed

2% 16.14%  Alkyd paint
0.27%
Welding arc
0.11%
Polypropylene
0.006%
Tissue paper
0.00009%
Polyethylene
Polyethylene terephthalate
0.89% 0.0073% 0.036%

Nylon 66

Ml 103 wansznuvesnshiingausemunsiinnnzanudufiviessuuinammeia

naandnInstinvesnisugnivwayulnsyarmgelussuudanislusuuensy

Alkyd paint  Welding arc
0.15% 0.33%

Polypropylene
0.006%
Tissue paper
0.00008%
Polyethylene
0.0064%

Polyethylene

L Nylon 66
247 %

Galvanize rol

0.83%

terephthalate

0.019%

a Yo a Y [d a 1 & a <
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Steel, low-alloyed Alkyd paint
0.30% Welding arc

0.09%

12.18%

Polypropylene

0.008%
Tissue paper

0.00023%
Polyethylene

.0096%
Polyethylene 0.0096%

Nylon 66 terephthalate
1.28% 0.047 %

Ml 105 nansznuvesnshiingausemunnzanuluivieuyedvasnisialsaillly
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Galvanize roll Welding arc  polynropylene

] Yo a1 v vaia U o Aa =~
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0.19% 0.025%
Tissue paper

0.014%

Polyethylene
0.03%
Polyethylene
terephthalate

0.14%
Nylon 66

3.38%

anulnsyadgdlussuudgnislusuuensy
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Steel, low-alloyed Alkyd paint Welding arc
0.39%

0.017%

Polypropylene
0.0004%
Tissue paper
0.000004%
Polyethylene
0.0003%
Polyethylene
Electricity LNylon 66 terephthalate
1.11% 0.04% 0.001%

MWN 107 KANTENUVDINISLEINGAURDAIUNITANSIVBINTNEINTUITMAGRATNINTTINVRY
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Steel, low-alloyed Alkyd paint  welding arc
1.14% 0.09% 0.012%

Tissue paper

0.00004%
Polypropylene

0.007%

Polyethylene
0.0075%

Polyethylene

Nylon 66 terephthalate
2.46% 0.007 %
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Steel, low-alloyed Alkyd paint

Welding arc
0.012%
Polypropylene

0.002%
Tissue paper

0.00004%
Polyethylene
0.0023%

0.06%

0.71%

Polyethylene
Nylon 66 terephthalate
2.96% 0.003%
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Kan1suUsHANSENUNEILIndaNvaIn sUanuaLulwsyargeluszuuyanislusuuen
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PnMsulanansenumsdsnaeunasniginstinvesmsdaniivayulnsyargsly

seuuUgnislusuuensy WethulaseiiasiUananssnuiinlu WanssanIni 110 wuii

¥ v
== (2

nansgnuiAatuiie 18 ¢ diulua dunansgnuandunsunisaiiauazindeyaln
wnziAsdlneianadoUsyun 48.85% ddudeun fe Junsunisquainy iesainieon
wulnilFuAgelingideadiesesnafer danadeussanm 29.60% nszurmmsmin
ginidoduanengmslinuadeussunn 20.72% utfanuisduaunsatndunildnuldlngg
yhliAnnansznuiiAnt uanasadeUszana 19.48% Ssdsuansznulunszuaunisiidagin

wasUszann 1.24% uazdunaunisiiuiieddnanssnumaniadeyssuna 0.83%
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o -
qE) 60% é % z % é Z Consﬁcﬁn phase %
E 10% / / / / / % [ Cultivation phase
3 / % / / / / / [£] Harvest phase
/ / / / / % / Decommissioning phase (Recycle)
20% /////// - —oner ”
/////// B Decommissioning phase (Landfill)
w DI kI
S8 EELEFAEEEEE L2883

Environment impact category
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POFH
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HTnc POFE

HTc
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--------- Outdoor Indoor - — —Semi-indoor-outdoor
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Han1sUsEiusTuuRan N IndsuLasefing saufussuuUgnlusy

1§vinsuszidiussuundnlaifmdseunasendfing ioannisldndsoulndily
Hianasiuvesseuulaniusy lneiasliiinvesgunsaiuseuna 1,700 W Usznauly
fe masliirveslalendasuas 500 W Ualdew 18 h/d wazmidslnilivesssuudsu
g1n7a 1,200 W i laldau 24 h/d dleldmuannistdndsanulnidildluusaz Tu wuin 149
warulniuszana 37.8 kwh/d Tnedalusnisudnndsnulnihvesss vurdnlifimdseu
uasafindiadooglutag 09.00 u. fv 15.00 u. vieUszunm 6 h/d ey arunsnannisld
nasulnivesgunsallugranaidanailauszana 10.2 kwh/d 1aguanin1sAuInng

ANFI52UUNAR LT NAI ULAID AR FIRNS19N 27
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A51991 27 WEAAINITAIUIINITAAAITEUUNAR INTINNESULEeTing

518az1880 Uaya
ﬁ’]ﬁﬂl‘lf\lﬂ’]ﬁqﬂﬂiiﬁéfmmi (W) 1,700
sl findnseuns (W./panel) 300
Usgvdnmnisuantidln (%) 85
SMIULRTIRnRS (panel) 7
ﬁﬂé’ﬂWﬁﬁﬁLmeémlﬁqﬂqm (W) 1,785
w&alnifunandaldneu (kwh/d) 10.71

MnuansUszdfiusyvundnlifimdasnunasending wuin fadeunsndelniiann
W@I017R 91U 7 panel @rwnsanannasulniinetulauseuna 10.71 kwh/d Tuaag
wanataiu lngaanistindesnulniivesnisvgnitvayulnsyariadussuudgnlusula
Uszann 10.2 Kwh/d fadu nsliwdanulnihuesnsugniieayulnsyadgdussuulgnly
JunaenTuanmdeLiies 27.6 kwh/d

Tuauddedldvhnsussfiussuundnliiimdsnuuatoring vesszuutgnlusy
whiiu flesanssuutgnnanaudaiimslindanulnihdeudnetion warszuuugnislusuuen
fu fnslindanuludisnanarsiiusiitu fedu mndinsiadessuundaliiindsny

Lae1induiuszULaIng liAuasianisaulunisindessuundnliiingsau
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1. M3dasansinuresashauinzaufusruufuemadmiussuuUgnlu
34 fio @9¥9 R-32 wazvuIAANALNTINNSYNANLLEUTINZaN Al 3.6 KW AIgAs1
MslvalaU3nsuedenia 0.187 m¥/s mudusieaads 101,322 kPa wazgavgiivies
\ady 25.41 °C

2. spUUUSUBINIATLIN 3.6 kW Tigaumgiivies 25 °C uagarmduduivdvesoinia
50% fUSinafimuntiulsesn 18.302 Vd asnsnsntilifuiivayulnsyergdlévssan
23 plant

3. galiin1zideru1an21und19 1 m A219819 1 m wagAIugs 2 m Anda
IalonUasuasdineuuin 300 W, 3913w 1 99 wazlalaawauasdunauin 100 W, 31wy
1 90 TAranunuiulineuven sduaszinasuszana 434 umol/m?s

4. n1IneasuuazinIIzinandntenanwisvasiivayulnsyadtasluszuudan
nansudalinandnuszana 66.7 g ssuuUgnlusuuszuna 46.3 ¢ wazszuuugnadlusy
Yszuneu 55.8 ¢

5. melnszsindsulwihldfmuadmiumamzgnitvasulnsyadigdlussuy
Ugnnanaudeuszana 8.22 kWh szuudgnlusudszana 506.7 kWh wagszuudgnisusy
Uszunn 106.47 kWh

6. NM5IATILAANUANNIFULATEFAARTIA IR UFUYUA DML BNANEATD NS
wngUaniivayulnsyarigeluszuudgnnaraudeddrdunudeniisUssuin 2,912.49
Baht/kg sruuvUgnlusuilrdunusiemiiouszanas 87,937.59 Baht/ke wagszuuugnislusy
fAnsunusenyisUszun 51,791.28 Baht/kg

7. wansgnududanndonits 18 fu vean1sUgniivayulnsyadigdluszuulgn
na1aude iaNansEUFuNsAsULaIEn MnTia1nTa 9.22E+01 kg CO, eq/kgyy N3
anasvostuleley -8.49E-04 kg CFC11 eq/kgq, N1siAnsadviinnelosalud 1.83E+00 kBq
Co-60 eq/kgy, NsiinanseanduauyilnlaaiiseaunInvesuywd 1.056-01 kg NO, eq/kgyy

N13N8F0INUALEBY 1.04E-01 kg PMys eq/kgy, N1ssinanseanduausilnlaLaisenunin
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V935¥UULELIA 1.05E-01 kg NO, eq/kgy, NMINANMIENUNTA 2.64E-01 kg SO, eq/kgyy N3
WsaiuleRnunfvesiialuuvaningn 5.49E-02 ke P eq/kggy, NMIATYAUINRAUNAVRINY
Tuhanzia 3.20E-02 ke N eq/kgq, NMstinnMzAmduivdessuudnauuun 1.11E+02
kg 1,4-DCB/Kgyy, mstinnmzeuduiviessuuinailuida 5.226+00 kg 1,4-DCB/Kgqy,
nsiinnzanuluiivsessuuiammeia 6.62E+00 kg 1,4-DCB/kgy, N1xAMTUY
AouL¥EUDINITANLIANZLSY 3.85E+00 kg 1,4-DCB/kgy, NMizmuiluiiudonyudu09nIg
Anlsailalvugide 8.03E+01 kg 1,4-DCB/kggy, N5ldIAY 4.756-01 mPa crop eq/kgy, N
ANAIYBININYINTWITW) 1.13E-01kg Cu eq/kgy, NTANAIVBININEINTHBEATS 3.24E+01 kg
oil eq/kgyy, N15MENTN 81N5U1 2.54E+00 m>/kgary Fenansznuiing u drulug
mamwuma%ﬁmaunWiwaﬂgmLazﬂmﬁuLﬁmmamamﬁﬁ%a?{wﬁzmm 58.17% 5998931
fio nsruiuAuieanieyssana 16.82% LLazmzmumiﬁﬁmmﬂLﬁ'a??uqﬂmqmﬂ%’mu
\deUszunal 25.02% widanuisdruansadinduainldaulelu vilhAanansenu
AatuanasadeUsyinm 22.47% ﬁaa’amaﬂﬁzwu’Lumzmumaﬁﬁmmﬁaaﬁqmssmzu
2.54%

8. NaNIYNUFUAWIRdaNTT 18 1y vaansUanivanulnsyarasluszuudgnlusy
Lﬁmwaﬂiz‘wuéﬁumiLﬂﬁauLLﬂaaaﬂﬂwgﬁQWﬂWﬂ 1.24E+04 kg CO, eq/Kgary sanAIYDITY
Tolau 2.23E-03 kg CFC11 eq/key, N15tinsedvtinnalooalud 5.61E+01 kBg Co-60
eq/kgy, NTAnENTERNTULANIHINATADFUN NYRINYYE 1.65E+01 kg NO, eq/kgy, N3
fofveEuazeRd 9.50E+00 kg PM, ;s eq/key, N1sinanseanduauilnlaiaiiseamninyes
SEUULLIA 1.68E+01 kg NO, eq/kgyy N15AANILHUNTA 2.74E+01 kg SO, eq/kgyy N9
WSeyiulnfaunivesfivluundstingm 3.67E+00 kg P eq/kggy, MIATYHULARAUNAYDINY
Tudhaneia 3.10€-01 ke N eq/kgqy N1stARNMIzAMuTuivsassuudiAuuun 9.33E+03
kg 1,4-DCB/kgyy, mstinanzanuluiiviessuuinailuida 3.546102 ke 1,4-DCB/kgyry
nstinnmzeulufivseszuuinaniameia 4.48E+02 kg 1,4-DCB/kgy, N1I3AM YUY
oy wdraInIsinlsAuzie 1.03E+02 kg 1,4-DCB/kgy, AMzaulufivnsnyvduainis
Aelsaitldlauzids 5.426403 ke 1,4-DCB/kggry msl47iRu 2.16E+01 m?a crop eq/kgy, N3
ANAIYBINTNYINTUIER 1.45E+02 kg Cu eq/kgy, NMTARAIUBININEINTHEATA 3.18E+03
kg oil eq/kgyry nsldnsnennsun 1.64E+402 m>/KSary Fanansznuiiintudiulung 1 fu
mamwumﬂeﬁ'u’umaumi@ua%'ﬂm é’mﬁaqmmﬂﬂWﬂﬁi’fwé’wmlw%ﬁﬁauﬁwqa ToeiAnade
Uszanal 54.14% ddusiesn Aedunountsairauasinsamliling GeaildTagUssinmman

fAuafgUszunn 33.75% wagnseuiun1smineinileduanaignisidanuaisUssuimn
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11.71% wifanudiuannsniinduanldauldln slfAemansenuiiiintuanasads
Uszann 10.73% edawansznulunszuiumsindnentesiianyszana 1%

9. nansenudLAIAdoNT 18 ¢y vasmsUgniivaulnsyacmaslussuudgnisly
JUUBNTY Lﬁ@mamwuéfmﬂﬂiLUﬁauLLUaﬂaﬂﬂwgﬁQWﬂWﬂ 6.69E+03 kg CO, eq/kgyy NS
anasvastuloloy 7.416-04 kg CFC11 eq/keq, NaAnsdviinneleaalud 3.75E+01 kBq
Co-60 eq/kgy, N15tAAEISTRONTUAUY N IALATADdUNINUBINYYE 8.68E+00 kg NO,
eq/kgyy, N15NBFAIVBIEUAYEDI 4.77E+00 kg PM, 5 eq/kgy, NStAnasaonduaunilnlaadl
ﬁia@mmwmﬁzuuﬁnﬂ 8.77E+00 kg NO, eq/kgyyy, N15LARNMIZHUNTA 1.45E+01 kg SO,
eq/KSary nsissaiviaRnUnfAvesiigluundinda 7.09E-01 kg P eq/kggy N15LATQYLAULA
AnUnfvositeluthevzia 1.076-01 ke N eq/kgq, MstinnMzaduivsaszuuinauy
un 2.83E+03 kg 1,4-DCB/Kgyy, nsianmzmdufivdessuuinailuinde 5046401 kg
1,6-DCB/kgyy, N15AANIZAMUITURYAOTzUUTLIANIIMZIA 6.45E+01 ke 1,4-DCB/kgy,
amzanuluiivionyvdvaansiinlsnuzise -6.63E+01 kg 1,4-DCB/kgy, NNzALTURY
GiamgwésuaqmiLﬁ@IﬁﬂﬁlﬂGﬁmL%q 1.06E+03 kg 1,4-DCB/kgqy, N5MAAY 3.57E+00 m’a
crop eq/kggy, NTANAIVBINITNYINTUITR 1.18E+02 kg Cu eq/kgy, NITANAIVBINITNYING
Woa@a 1.57E+03 kg oil eq/kgyy Ansldmsmensin 1.226+02 mM>/kSary FanansznufiAniu
dulngifunansgnuaintuneunisadisuasfndegalnmizidedasdaiadeyssaia
48.85% ddfusieun fo Tuneunisguasny esnntoundaulriliugelnmzdes
FissegaiReafianadeUszanm 29.60% nsrurunisiidneinidiodugaengnislisuads
Uszanal 20.72% witaguisdananuisntnduaildaulalug vliAenansenuiiing u
anauadeUszanm 19.48% Fsdwmanszyulunszuaunsmdaeiniodeuszana 1.24% uaz
funeunaifuifedinansenumaniadeuszann 0.83%

10. nan15UszidiusruundnliimdnunaeinddmiunsmzUgniivayulnsyan
giluszuulgnlusy Andaunandnlnihainuaserfinduutn 300 W, $1uau 7 panel laed
Usgandamnisudalnili 85% anunsandandsnuliitseJulaussuia 10.71 kwh/d
Tugrsanasiu wavaanisldndanulnfiwesnisugnivwayulnsyaraddussuudgnlusy

WL 27.6 kwh/d
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UNAIUNIIYVINIGNA 1 (7D)

173
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Study of Suitable Refrigerant of Air Conditioning System for Cannabis

= & w o =13% 3
Fusy ndugdand dgws leennda’”" waedTan vinend™

Watchara Klancoowat Nattaporn Chaiyat® and Preeda Nathewet®

Mnprdmdasunauny iinendowld 2 ausnBeanssumsineas uninedoudld
3 Quﬁﬂj’lnlﬁuﬁﬁﬁwmﬂIuIﬂﬁwﬁuﬂuvlmu:ﬂuu,asLﬂmié’ﬂﬂ‘%uzﬁlﬂuﬁmdﬂﬁ:amwﬁﬂm
! School of Renewable Energy, Maejo University “Faculty of Agricultural Preduction, Maejo University
® Excellence Center on Environmental Friendly Smart Agriculture and Renewable Enersy Technology
(ECoT), Maejo University

*E-mnail: benz178ti@hotmail.com, +66(0) 882523088

unAnta

mAteifinwmadenanharuduivansalussvuuivemAnnansianudy 1 TR (3,517 kw)
dmudgnineioer TasimswSsudisuasiaiubu 3 ol fe R-32 R-4528 uag R-A66A aelddeulunis
vugamgiveseimaneluisamzdssegluton 22-28 °C waseaBudmimiszan 50-55% Tngfinsan
Fuvssulsznaulie aansmudaianadaunmamiinnion inavasmsiaaniueUsinua o
sdold Uinweansanudulussuudiuania wasdiUssAniaussous winnansfinsmudt asianudu R
32 famunvanitanldlussuuuivemadmivdge asndviinunisusasieaivaulasanlen
Aoudslionfiussann 438.75 kg CO, ea/ks,. damautinisfalisn deduvsedniaussauzninianubu
Uszna 7 Sranhildnmsmusivsesssuuuiuemayssin 18 Vday amrsadiluldimnzdgndyeilé
23 i

Adndny: arsvhanudy, ssuuliuone, sansenusedwndoy

Abstract

This research studies a suitable working fluid in air conditioning at a cooling capacity of 1 TR (3.517
kW) for planting cannabis. Three refricerants of R-32 R-452B uay R-466A are considered under the operating
conditions of air temperature in closed system at the ranges of 22-28 °C and relative humidity at the ranges
of 50-55 % by considering 4 parameters of the environmental impact, physical property, mass of refricerant
per output heating capacity, mass of refrigerant in the air conditioning system and coefficient of performance
(COP) respective. From the study results, R-32 refrigerant is the suitable working fluid in the cannabis closed
system, because of carbon dioxide emission at a low value of approximately 438.75 ke CO, eg/kg,., low-
flammability property, COP at a value of approximately 7, and condensed water from air conditioning
system at a volume of approximately 18 l/day, which can be used to cannabis cultivate of 23 plants.

Keyword: Refrigerant, Air-conditioning system, Environmental impact
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1. unih

namzdgnigilulsaieuduitnsaiugy
annzwmasulibmnzaunanaadgdvindynla
aai*uaﬁ*uaunmaaﬂwuxnmwmmiﬂa“n Taedmiu
maUgnigululzaden imahszvulivameada
u‘l'i.i'luﬂ‘l*:ﬁmﬂua'mw{‘lﬁuﬂsﬁ‘rlu'i'jfun‘m'luisql.“’mu
izUgn FelussuudSueniaiansyinond ui
wiifluianatsdiemaadeuUdsuaniugann
saawananediule nduasadsunduany
YBAUMAWILATIZUNBAI IS DU Lﬁan'hejnszmun'ﬁ
werududnadilalasldenanus

Tumsidenansviaududmdussuudiu
pmmadmiun1sUgniiy arsA1dededuam
Usenstlunisieds VssdvBamiamudou uas
aansgvusedwnden dosenaaunisallanly
taydu IiAnamelanfaunnmsiiudiuvasGina
finglSaunszan uﬁsﬁﬁﬂﬁfyﬂfuuﬁmmnT.angn
vihans msdeanldansvhenududadasiasunis
Basiienn

Tauluaruidvaas Chaiyat and Kiatsiriroat
(2015) lAvhn1sdnwaussouznisianuduees
srvuliuonelagldansianudiu R-32 Woudu
asviruiu R-110a melddeulvfauauanin
piimarasdsavalne wanisdnwmudn a1svin
Ay R-32 anunsavinanudulaidininasi
Aamuiu R-410a Tnsaussousnisvnabues R-
32 gani1 R-410a vinan1e wazasianubu R-32
Hulinsdedwndomnnnin R410 lusnwidoras
Taira et al. (2016) 18N neraussouzveady
anuiaulaldasiiiu asviudunausznin R
32/R- 125{‘R-lz34yf(67/7f26) uag R-32/FR-
1234ze(E) (70/30) dial¥naunuansyianudu R
410a wag R-32 wudl a1sviamud unay B-32/R-
125/R-1234yf anunsanaunuansynaiu R-410a
wae R-32 ¢ uiduysydvisaussouedasiooninans
wialutdu R-32lusruTdeveq Dalkilic and

Wongwises (2010) Tavin1sAneussdnsaida

174

nquideatvssunherdusuusalaitani
ﬂTl:JLﬁweiumuiuuﬁugmmm R-13da R-152a R-32
R-290 R-1290 R-1270 R-600 uaz R-600a ﬁﬁﬂi‘lﬁ'}u
A q wazthwaIsudsuivasitanaiu R-12
R-22 ua¥ R-134a tiaunmadennaunussuuria
anuiusuuiady sams@nsmwuihanin iy
maSanimuatufidduussindaussauzsindi R
12 R-22 uay R-134a W@ntaedmivaamgiinis
AU 50 °C uargumpdsumpatszying 30 f
10 °C ansvirAufunansewing R-290/R-600a
(40/60) anunsaunuasyianudu B-12 liuas R-
290/R-1270 (20/80) enunsaunuasviiAuiu R-
22'q
nauddefinadnundradurii g deday
aulsluns@neyuuudasudenarsiianuiu
wessrvuliunnmdwmiugningm warUSinai
muuu’uLi-T'm.'hm'[i'ﬂw‘lwﬁﬁ’m%’umsl.wwﬂﬁun
iy Fudufnesanuidedisenisdmnitans
msviweEnsnanuiy Tnsfinswuidenaisin
anuduldimuizaudvssvudivenindniu

wzdgnigmn

2. uudnuasnguiiiiivades
szuudiuamadmiui e

n1sUandyen iugduvunisinuasaisly
Tsaﬁaw?aﬁaﬂqnﬁ%’ﬂaﬁUﬂﬂquﬁmamuﬁ’umm
Fouwvufiuuas uasuaaisussdvsgnldidu
wwasninuasdmiumsissgiulavasigfiosatig
e Smusomusuan et andn
Tlanuuanzausonissgiulaazinuinisons
fiv lmanizodedafitlunguasulnsfidanuay
AuMnLasanaMuiuruRandalafinINsinyas
wuudai [Kozai, 2013] [Niam et al., 2018] dmsu
msdgniguuuulaiinsissuuduameanlily
msmuﬂ_uqquﬁuﬁgﬂﬁufunw'luisaﬁ’au
wzUgn Luﬁmiqgﬂﬁ; 1 uazgdnsmsyhanudu

uaRIAFUT 2
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wanN1sMeuTesszuY Ae arsviaAudu
amurlalugail 1 fammgitasanudugagnadluds
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Type fluid
Air :
Electricity i -
Heating f
Refrigerant N

Phase states
Liquid
= =Mixture L
e 3 poUr

Evaporator

Compressor

Explansion
valve

- @ ¥

U 1 wiunmnsiheueasssuudiuamauuugala

" Heal soUrce

Qe
Py 2 Condenser ‘\ 1
—_ ] /
a
= Expansion /
@ | Compressor
5 valve Q: {
d y [
2 P Evaporator la
JY -

7
T

Enthalpy (ki/ks)

3U7 2 wrunmAnuAuwssewialuasssuuyiuamawuudale

3. 3andiumaie

$8n1sandunuided wanidesvazidon
sasigluil

3.1 ynsidenarsinaudu 3 via 7id
Ananmnalitinniaslaniau (Global Warming
Potential, GWP) ¢ Fnansznudiunisyiaedu

lolwu (Ozone Depletion Potential, ODP) WAy 0

uarlinuautAnsfalid wisussgnadimiuszuy
dFvammdmivdgnimilu

3.2 adnuuiiasssadamans i oviune
ngfAnssunisviniauvasssuudsvainia lasld
Tusunsu Microsoft Excel TUsunsu Psychro logger
[Chaiyat, 20191 uazlUsunsu Refprop 9.0 [NIST,

2018] uamadiaguil 3 WisdnseiiAIaYeans
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3.3 dmanldannsdiaamadinaians va
AMsLE aNAISYA I UT L zaY 11YInas
Wisufnudunanimagauadaf ldannisinda
syuuliunmad miuizUgnrig

3.4 SrsginUinanhfirunivwesssuuuu
DRGRT Eﬁm"ul'ﬂumimﬂsﬂq_mﬁ"lmuﬁ'cg'mﬁ

(ST H

il 1 Gaulumsvieuuesssuuuamadwsulgniiviywilu [Chaiyat, 2019] Uin et al, 2019]

swaziden Hioua il
snntalvalisUimnsresonanioen (\:fa_E ) 0.182 m¥/s
m'luqm'mwﬁmfﬂwma H) 310 m
E!mwl:l.i"ﬂaﬂEI"IﬂWHLIﬁd‘EIWL‘lIy"ILFI%:Eﬁ;‘;',l.lﬂf_l (Tegber 22-28 °C
m"lu%uﬁuﬁwﬁ'maamn1mru.°i'1|.ﬂ%ia-ﬁzmﬂ (RH. ) 55 9%
qqui‘ﬂmmmﬁuﬁuﬂaaﬂm?mssmﬂ (Toszs) 12-22 °C
m"lu%uﬁuﬁwﬁ'ﬂa:mmmrlaanm%imwmﬂ (RH, £ 5) 50 9%
a‘quﬁ‘ﬂadaﬁﬁwﬂmﬁuﬁm%ﬁmwa (T, 0 °C
a_quﬁﬂma"lsﬁ"m'nmﬁuﬁl.ﬂ?a‘:muuﬁu (T, 50 °C
A1 Superheating (SH) 5 °C
71 Subcooling (SC) 5 °C
anususnaseuraahanmiulugynaaian 4 (AP) 0 bar
UssAvnmilowunselnuausiadnle Mscome) 80 %
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Input

Working fluid

Given
O T, T SHSCM, Vs

T

=db5 "

_uh"RH,E’RH,'-'H

!

Barometric
Petm =

Pozs = il ces)

Pus = ﬁT:.:l:S'RHz.S}

s = AT, 5RH.5H)

h,s = fiT, &5RH, 5.H)

W

Vapor saturation pressure
Partial pressure of water vapor
Humidity ratio
Enthalpy

Specific volume
V5= AT, 45.RH.5H)
Dew point termperature
Tapr = filoaenRH. )
Enthalpy of condensation
he = fiT,.7)

Mass flow rates of dry air and condensed water
m,, =V,

rm,, =m0, —,)

'

pressure Pressure
fH) P =fT:0)
P = fTete)
Pusr = AT, zr)
Evaporator
Puz = fTocenRH.) Tute = Tae + SH v
hy = TP Condenser
©; = AT.r RHAH) 5= AT P Tt = Trc = SC
Compressor h = f(T P
hys = T, &-.RH,-H S, =S Expansion valve
h,, = filP.s,} hs =h,
hy=0h, —h/ he ]+
hy
Teery = fiPy,hy)
! v

S'IIVQE

Mass flow rates

m_ =m =m =m,

M, =0, /th,—h)

=m

—

\

Qutput
W, =m_(h —h,)

MPH=1/(h, —h,)
CDE,, =M_GWP,,
COP,

Cooling

=Q,/W,,

M =PVt

Weight of refrigerant

]

4, HANNSIAE

Ui 3 wuudiaesaunisrdnmanivadszuuyivenia

4.1 madananieluszuudivainia

PINE15199 2 wanistdendrsvianuLg ui

winzavdmivszuuliuomadiaUgninelu fe

R-32 R-452b Waz R-466a MiidnenmAalfiinans
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Tanfaursuinates Tnsansyeudiu R-32 uay R-
452b finquautianisfali

M99 2 audFEmaman sy

TLAZLBYA R-32' |R-452b° | R-466a°
waluana (ke/kmol) 52.03 635 80.7
aunningi (°0) 78.11 771 83.8
ANUALINgGA (MPa) 5.78 5.22 5.91
JaLian (°C) -51.65 -51.0 517
nauATIUaRAE A2L AZL Al
wansEURuNTsIaneTelelou (ODP, R11-ralated) 0 0 0
finunmnaliiinn1izlaniau (GWP, CO-100 y) 675 598 733
visnewag  de8adayanin ASHRAE (2009)
*ieBefayanin Honeywell (2020)
*#afletayasin Atilla and Vedat (2020)
4.2 wan1sitaneadindnansluszuuySuennis raudauinanls

mn*g‘ﬂﬁl 4 uarsfauravasasiauiude
wihspSauiinanld (Mass of refrigerant per unit
heat output, MPH) 9anUSuInivesan sy tubuil
Tilusruudivamadiawisuiisuiuuimaany
fauiifetuluUhinaua$outininiy

szuiuldiansiauiy R-as6a dAmnniian
'[u'izuua;jﬁdwmm 0.0064 kg/k) wilenteuiuansyin
aufuniingy Wln:ﬁﬂ"lﬁqﬁqﬂwanﬁw’im'lﬁ'a"ﬁﬁ'l
arududiuaunan 4 waldie aednlad
dulsgnavmunaluguagnududaga Tugawiians
Aiy R-32 ﬁﬂﬁﬂ'ﬂuqmz‘jﬁlﬂismm 0.0037
ko/kJ

0.007

0.006
0003 00044
0.004

0.003

MPH (ke/kl)

0.002

0.001

0.000

R-1528 R-a66A

mnzﬂﬁl 5 uansfaSunnvasat ALY
(Weight of refrigerant, M, dwiuussglussuuiiv
a1ma Tasanuvnudurasensirnuiuusazsin
ﬁ'mman‘umLﬂ?aqmuLn.iuﬂm‘m»ﬂrmmiuﬁq
dWosnfanmsfveearsr FnwvenfalBuimens
Wrrudulussuuuiuonia ankanmssiaamuii
USinmuansyirnandu R-32 fandranyseano 0.65
kg Tumausfiansyamndu R4s6a fiUSinaeansinn

ﬁqwﬂismm 0.79 kg

R-4528 R-466A

FUT 4 snavasasyiAnuiusiaUinu

U7 5 Yainassvhanubulussuy

1INy UT 6uannalTutmmsUaseiy
asuaulpsanledrauiavasdsyaudiu (Carbon

dioxide emission per mass of refrigerant, CDE, ) #i
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fuanssnulasnsaradnanmnalviianelaniau
(GWP) e svianudusrazyiinluszosia 100
bl mﬂLﬁﬁn'l‘ﬁ"'ﬂwaﬂmﬁ'ﬁﬁwmwmﬁu’t‘u‘ixuug:
Fawndau
INHANIITIRBINSI LT IENSTIA ALY
aUSinnvesiemiveulasanled uanadmisi
2 WuEsiANaLiy R-32 uay R-452b TUSum
Asvaesfivatsvaulneanlesddoudtem lu
YA eI uasvaudy R-dé6a JUTumnns

Uasufiwariveulraanledgs

o0
A 580.52
& s00 476.94
<
g,
o ano
é‘% 300
N
o 200
=

100

R-4528 R-466A

37U 6 msddasinensuaulaeenledvasatsi

AmiuLsaswiin

mn;ﬂﬁ; 7 uanan1sidsuwlasasdulszdni
Aussous (Coefficient of Performance, COP) n13¥1
arnduvasaninudy dmiumahanudud
famzmaviniudu 3.517 kw uazgumnfinagly
veawgUgniivagsewing 22-28 °C gumgilauuiy

ar w o " = & =
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JUT 7 duseAnBaussaus

PMnuan1sIIassinedy wuasya i R-
32 duzaudmiuszuudiuennid tiiasannd
dudsedntaussouzadsgainiiatsimnd uriia

P = = v v
EI‘U'ﬂﬂ.Iﬂﬂi]NE!ﬂiE‘,-‘VIUWEIENLL']ﬁﬂEIUuﬂEIVI?jIﬂ

4.3 Wisuiisunanisnagauvasszuuliueinia
imansinaaviadamansinveisna laavin
nsdanssuvdiueniadldaisienudu R 32
& Wa Daikin 3, U Sabai inverter (FTKQ) A 14&A4
srwavifuagunsaiiig q lun1s1ad 3 uvianng
wﬂﬂauﬁ'l?-auhnﬁﬁﬂaw'ﬁ"a‘quﬁmuiuﬁm

Uszanm 25 °C uavgmuvidindauyssans 30 °C

AN 3 AesuisaulsznauTaATaaliuaNA

daulsznav suazidun

. . kw 35
ANUFATTOMIAUEUY

BTU/h | 12,300

vitiemelu (Fan coil unit)

U FTKQ125V2s
. ~ High 9.6
amwmﬂwawuﬁmm
R Medium 81
(m*/min)
Low 6.7
uUIA (H x W x D, mm) 285 x TT0 % 223

vidsneuan (Condensing unit)

AMuLbuYl R-32 gegnluvasil AudseAvdaussnuy U RKQ125V2S
484 R-452b tusiian . Hermetically
UszLAniATaddn e
sealed swing
10 :
, aalafadirun (kw,) 1.2
5 PUIA (H x W x D, mm) 550 x 658 x 275
" L
LU .
. g AT T 4 HanIIMAARUTBITEULUIURINIA
—oR32 —a R452B R4664
5 : o . Han1s | wWams
swazdun .
22 2 26 28 d1ans | wedau
T, e 50

FunseAvisaussaus (COP) 7.36 6.94
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18.742 18.302
Vday)
MnuaNSagaULasUIsufisunIsYInaIues
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U7 8 syuusmiuuuneadmiumzdgnig
WAy 70% wazuszAndamvienawvinany 60%
[Chaiyat, 2019] warfiuSu1IAAULLLTDISTUY 5. d@3Uunamsivg
YSusmafiaut uduinsvasenianislunes NnransAnwIEsnasANUiuTivansanly
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- - - .
4.4 wan133AszRUS I ATULLLYasTUY 466A
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NNRAMSANY WUl USinaal 18302 Vday Tusruudiuenia esnfidudsyans aussous
Tavagyimssmirduiymn q 3 day awnsaldlu dSEITR 7 lAsT AR U e g
manzUgniguld 23 eju GI’JEIi::UIULL\JUu’MUﬂ M avsuerlaeanlusiogit 438.75 ke CO: eqvke,
uanesrwazdoalumsneil 5 uazguii 8 3. Ysinaniiildainnismauuduressyuulsy
21MAUTEIN 18 Vday wagAudinissaumn 9 3
M50 5 swazdavesUSuanhimuigdmiunis day et Rt 54.91 Lawisn
wzUgnimn Wduigyuld 23 fu
318M3 doya
Yinesanuguasnsyan (md) 00106 | 6 NAANTTAUSZMA
Ysumsauld 90% vesdSumsnszans (m®) | 0.00954 VIVBUAL INYIRENAIUNAUNY UNINBIAE
SR nasanszansly 25% vas wild meld “Tassmsudnauasimudnonmindin
239 ¥ g i g v
Yamsau O mundnunaunulunguuseinaendoudmsiu
rlumssatsenss (day) 3 UnAnwszaulndindnw” Wesidumseanuuuuay
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TR 7. R T waluladndanunaunuuazinunssaadoriluling
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S e =t fadawndey Iveununsatvayudmiuniseiiiu
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Fwnudulifivngay (plant) 23.00
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Abstract

This research presents thermal simulation of selection working fluids of air
conditioning from R-32, R-2452b, and R-466 for cannabis process. R-32 is a suitable working
fluid in terms of a lowest mass of refrigerant of 0.63, a lowest mass of refrigerant per unit heat
output of 0.0037, and a highest thermal COP of 7.53. The testing data from a Dailan R-32 air
conditioning medel of 12,300 BTU/h also shows that the simulation results are nearly with the
experimental data in terms of a COP of 6.94 and a condensed wastewater of 18.302 litre/day.
A cannabis lighting set is designed at a sizing of 1.0m x 1.0 m x 1.8 m, one-violet LED of 300
Wa. and two-daylight TEDs at each of 100 W.. A plant watenng system is developed from
Arduine board, solencid valve, selecter switch, LCD meonitor, and drip emitter.

Kevwords: Wastewater recovery; Air conditiening; Cannabis production; Thermal simulation
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The Third International Conference on Environmental Development Administration 2020
“Environmental Struggles and the Way Forward”

Introduction

Cannabis and smart farming topics are a popular topic in the present medication in
Thailand. Internet of things (IOT) 1s implemented to enhance cannabis cultrvation such as
temperature, humdity, lighting, and etc. Cannabis 1s highly promoted for medical products to
cure cancer, Alzheimer's disease, and etc. Indoor and outdoor techniques are several discussed
for cannabis cultivation. The advantage of outdoor method 1s low cost, while the main point of
indoor method is controllable conditions. The indoor and outdoor cultivation methods are
presented 1n the various research works of design, simulation, construction, and technology.
Vanhove et al. [1]. Zhang et al. [2], Niam et al. [3]. Lim and Kim [4], and Yongson et al. [3]
presented a computational fluid dynamics (CFD) technique to design the optimal temperature,
relative humidity, air veloeity, air flow pattern, and pressure drop for indoor planting room.
The CFD was also used to evaluate the suitable conditions for reducing the crop period,
investment cost, and operating cost from indoor plant cultivation. In addition, Charyat and
Kiatsiniroat [6] presented a thermodynamic simulation for selection the suitable working fluid
in heat pump and air conditioning. R-290, R-123 R-32_ and R-410a were used to contain in
both heat engines. This work was supported by Taira et al. [7] and Dalkilic and Wongwises
[8]. which also represented a new type working fluid by using mixed refrigerants in heat pump
and air conditioning.

From the above study works, thermal simulation was the popular technique to
wnvestigate the obtimal condition in air conditionmg system, heat pump system, and air
ventilation for the closed system.

The objective of this study aims to:

1. Evaluate the optimal conditions for cannabis cultivation by using thermal

simulation technique.

2. Design a cannabis lighting set for cannabis production.

3. Develop an automatic plant watering system from wastewater of air conditioning.

Conceptual framework

Figure 1 shows schematic diagram of an integrated system of air conditioning cycle,
wastewater recovery system, and plant watering system. Cooling load (Qg) from the closed
system (indoor room) releases heat into an evaporator at a fan coil unit of air conditioning. A
low boiling temperature refrigerant absorbs heat from moist air. After that, refrigerant at the

mixture phase transfers to be the pure vapor, which 1s increased enthalpy, pressure, and
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temperature by a compressor (Wcemg). Then, the high-energy flmd 1s rejected heat to the
environment by a condenser (Qc) at a condensing unit of air conditioning. The vapor phase is
condensed to be the liquid phase, and sent through an expansion value for decreasing pressure
in form of the mixture fluid. At the evaporator, a condensed wastewater from the moist air is
kept in a wastewater tank for cannabis process. Cooling efficiency i terms of a coefficient of

performance (COP) can be defined as follows:

E

CC.P.—xc = - s )
Comg
Qe =myg(h,g;—h.¢,) _ﬁlwhfg_w: ()]
My =M p(O,; ~0,¢,). (3)
Releasing air blower Aur conditioning (W amp)
Evaporator Ccug:?ssm
(Qe) [ Condenser
S — Q)
Yk &
i :l- .-')- .J'll {I
A RN
\ ; ;"; & - o Y
) L / i
\\\\l i I/)Jfr . r r |
Wastewater Plant watening system
tank

Figure 1 A schematic diagram of wastewater recovery system from air conditioning.

Methods and apparatus

The methods and apparatus of this study are as follows:

1. The suitable workmg fluid of air conditioning 1s investigated by using a first law of
thermodynamic simulation. Three new environmental refrigerants of R-32. R-2452b, and R-
466 are selected 1 this study, which are focused on an Ozone Depletion Potential impact, as

shown n Table 1.
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Table 1: The properties of 3 type working flmds.

Descriptions R-321 R-452b* | R-466a°

Molecular mass (kg/kmol) 5203 635 80.7
Crtical temperature (°C) 78.11 771 838
Cmntical pressure (MPa) 5.78 5.22 5.91
Boiling point temperature (°C) -51.65 -51.0 =517
Safety group® A2 A2 Al
Ozone Depletion Potential (ODP, R11-ralated) 0 0 0
Global warming potential (GWP, CO2-100 v) 675 698 733

Remark: ! ASHRAE (2009) [9].
2 Honeywell (2020) [10].
* Atilla and Vedat (2020) [11].
YAlis nontoxicity and no flammability, A2 1s nontoxicity and lower flammability.

2. The thermal simulation result is implemented the indoor room to verify the
simulation and testing data. The COP and condensed wastewater from air conditioning values
are mnvestigated and compared between the stmulation and testing data under the controlled
conditions at a room temperature of 25 °C and a relatrve humidity of 50-55%.

3. The cannabis lighting set for cannabis process 1s developed from the comparison
results. Daylight and violet light ematting diodes (LED) are used to implement the lighting set.
In addition, the wavelength, spectral irradiance, and photosynthetic photon flux density (PPFD)
parameters are measured by a PG100N handheld spectral PAR meter.

4. The plant watering system 1s also designed and constructed from the venfied data to

support the nursery, vegetative, and flowering stages.

Results and discussion
1. Thermal simulation

Four thermal mdicators of mass of refrigerant. mass of refrigerant per unit heat output,
carbon dioxide emission per mass of refngerant. and COP are used to select the suitable
working fluid in this study.

Table 2 shows companson of the thermal simulation results under the control
conditions of a room temperature of 25 °C, humidity ratio of the inlet and outlet air from
evaporator of 55% and 50%, respectively. R-32 reveals the advantage points m terms of a

lowest mass of refrigerant of 0.65, a lowest mass of refrigerant per unit heat output of 0.0037,
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and a highest thermal COP of 7.53. From the above data, R-32 shows a low value of working
fluid, which directly effects to the working fluid cost and power consumption of compressor.
In addition, R-32 can save the operating cost under a same cooling capacity of 3.517 kW.
While, R-452b shows a best environmental impact of 5.22 kg CO»kges Thus, the suitable
working fluid 1 arr conditioning from the simulation results 15 R-32_

Table 2: The properties of 3 type worlung flmds.

Thermal value R-32 R-452b | R-466a
Mass of refrigerant (kg) 0.65 0.68 0.79
Mass of refigerant per cooling capacity (kg/kT) 0.0037 0.0044 0.0064
CO; emission per mass of refrigerant (kg COx/kgres) 5.78 522 5.91
COP(-) 7.53 721 6.56

2. Comparison results of thermal simulation and testing data

A Daikin commercial R-32 air conditioning model of 12,300 BTU/h (a fan coil unit
model of FTKQI125V2S and a condensing unit model of REKQ125V25) is chosen for
experimental process in an insulator room at a sizing of width 2.4 m = long 3.4 m x high 2.5
m, as show 1n Figure 2. The comparison results found that the real performance of COP 1s 6.94,
which 1s lower than that of the simulation result of approximately 5.71%. In addition. the
condensed wastewater from R-32 air conditioning 1s found approximately 18 302 litre/day.
which 1s slightly with a sunulation result of 18 742 litre/day. The wastewater recovery value of
approximately 18 litre/day 15 used to design the plant watering system in the next part.

The different values of COP and condensed water of the comparison results are
occurred from the uncontrolled cooling load of cannabis room. In the simulation, the cooling
load can be fixed to be 3.517 kW. On the other hand, the real testing process cannot control the
cooling load as steady state.
3.Cannabis lighting set

The cannabis lighting set at a sizing of approximately 1 O m x 1.0 m x 1.8 m 1s designed
for four cannabis pots at each volume of approximately 12 L. One-violet LED at a power of
300 We and two-daylight LEDs at each power of 100 W. are selected for generating a
wavelength of approximately 600 nm, a spectral irradiance of approximately 200 mW/m®-nm,
and a PPFD of approximately 100 umol/m”-s, as shown in Figure 3. The violet LED can adjust
the high level following the sizing of cannabis.
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The measurement data indicates that the lighting set should be enhanced all light
intensity parameters, especially violet LED. The spectral irradiance of all lighting area should

be increased to be 200 mW/m>nm.

e |

’

Figure 2: A photograph of indoor room and air conditioning system.
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Figure 3: A prototype cannabis lighting set.
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4. Wastewater recovery of air conditioning

From the thermal simulation. wastewater from the 12 300 BTU/h air conditioning at

approximately 18 L/day can supply for 20 plants and 5 cannabis lighting sets. Thus, the plant

watering system 1s designed for three modes of 24 h, 48 h, and 72 h. The control devices of

Arduno board. solenoid valve, selector switch, LCD momnitor, and drip ematter are used to

develop the plant watering system, as shown n Figure 4.

r

Solenoid valve
open

Solenoid valve
close

Solenoid valve Solenoid valve
open close

aes

Figure 4: A conceptual design of plant watering system.

From the testing process, the plant watening system 1s found the error point from

electrical power outage. Timer system on microcontroller board 1s automatically reset, which

directly effects to overall plant watering time. Thus, in the next version, timer system of the

plant watering system 1s programmed from the online imternet system.

Conclusions and recommendations
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From the above study results, 1t can be concluded as follows:

e R-32 15 the suitable working fluid of wastewater recovery system from air conditioning
for cannabis production in terms of the low-mass of refrigerant, low-mass of refrigerant
per unit heat output, and high-thermal COP.

® The testing data from the Daikin commercial R-32 air conditioning model of 12 300
BTU/h shows nearly with the simulation results in terms of the COP of 6.94 and the
condensed wastewater of 18.302 litre/day.

e The cannabis lighting set is designed at the sizing of 1.0m [ 1.0 m [J 1.8 m, one violet
LED of 300 We. and 2-daylight LEDs at each of 100 W..

# The prototype of plant watering system 1s developed from Arduino board, solenoid
valve, selector switch, LCD momnitor, and dnp emutter for three modes of 24 h, 48 h,
and 72 h, respectively.

For the future study, the economic (levelized product cost) and environmental (life

cycle assessment, LCA) impacts will be investigated and reported in the next work.
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Abbreviations and symbols

Nomenclature

EER energy efficiency ratio, (KWa/kW.)
h enthalpy, (kl/kg)
M mass, (kg)

m mass flow rate, (kg/s)
P pressure, (bar)

Q heat capacity, (KW)
T temperature, (*C)

W Power, (kW.)
Abbreviations

AC air conditioning

Greek
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W humidity ratio, (kgw/kgda)
Subseript

a moist air

C condenser
Comp CoOmpressor
da dry air

e electricity
E evaporator
f lLiquid flmd
g vapor fluid
1 inlet

o outlet

ref refngerant
th thermal

w water
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ABSTRACT

This research studies an optimal process of wastewater recovery from air conditioning for indoor
cannabis production. The thermal selection working fluid, computational fluid dynamics (CFD), and
microcontroller techniques are used to design a wastewater recovery system. Indoor cannabis room at a sizing of
24 m X 3.4 m X 2.5m 1s used to contamn five highting sets at each sizmg of 1.0m X 1.0 m X 1.8 m, which
consists of one-violet light emitting diodes (LED) at a power of 300 W_ and two-daylight LEDs at each power of
100 W_. A commercial of R-32 air conditioning at a cooling capacity of 12,300 BTU/h (3.6 kW) 1s selected from
the optimal thermal behavior. The CFD simulation also supports the thermal result in terms of airflow pattern,
pressure drop, and temperature at an air flow rate of 0.182 m’/s, an average pressure of 101,322 kPa, and an
average room temperature of 25.41 °C, respectively. Wastewater recovery at a volume of 18 L/day 1s supplied to
20 cannabis plants by using Arduino board, solenoid value, and drip emitter. These controlled systems can
produce a harvest time of approximately 4 months, which 1s lower than a greenhouse system of approximately 6

months.
Keywords: Wastewater recovery; Air conditioning; Cannabis production; Computational fluid dynamics

1. Introduction

Smart farming topic is a popular technology and a hot 1ssue in Thailand, especially for the high-value
medicinal plant. Interet of things (IOT) is used to control and monitoring the optimal conditions for plant
propagation and cultivation such as air temperature, relative humidity, lighting, and fertilizer. Cannabis is
promoted for using in the medical process. Indoor greenhouse 1s general technique for cannabis cultivation. The
advantage of this method is low-investment cost, low-operating cost from solar energy, and low-maintenance

cost. However, the disadvantage in terms of the uncontrollable of air temperature and relative humidity, light
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intensity, wind speed, and harvest time. Thus, a new concept of wastewater recovery from indoor cannabis
cultivation is presented in this study.

Various research works of design, simulation, and construction of ndoor cultivation technologies were
presented such us Vanhove et al. [1] reported a computational fluid dynamics (CFD) method to evaluate the
suitable condition for indoor planting, which was corresponded with Zhang et al. [2], Niam et al. [3], and Lim
and Kim [4]. The CFD is used to analyze the air contribution and uniform, sizing and position of air conditioning,
and reducing harvest time. In addinon, Yongson et al. [5] used the CFD technique to design the optimal condition
of operating cost for plant cultuvation. In the topic of air conditioning simulation, Chaiyat and Kiatsiriroat [6]
compared thermal performance of R-32 and R-410a air conditioning units by testing process under the controlled
conditions. R-32 refrigerant revealed a higher thermal behavior of approximately 5%. Taira et al. [7] presented
heat pump performance by using the mixed refrigerants of R-32:R-125:R-1234vf (67%:7%:26% by weight) and
R-32:R-1234ze(E) (70%:30% by weight) to compare with the pure refrigerants of R-410a and R-32. Both mixed
fluids could replace instead of R-410a and R-32 at a lower energy efficiency ratio (EER) compared with R-32
working fluid. Dalkilic and Wongwises [8] simulated mixed refrigerants of R-152a, R-32, R-290, R-1290, R~
1270, R-600, and R-600a to replace instead of the banned refrigerant of R-12 and R-22. Tt found that R-290:R-
600a at a mass ratio of 40%:60% could be used in the R-12 vapor compression air conditioning, and R-290:R-
1270 at a mass ratio of 20%:80% could be replaced in the R-22 unit.

From the above study works, it could be found that the CFD and thermal simulation techniques were
popularly used in the optimization process of air conditioning. These methods were not represented for indoor
cannabis production. Thus, the objective of this study is to investigate the optimal conditions for cannabis
cultivation by using the CFD and thermal simulation methods. In addition, a new conceptual design of the control
and momitoring systems are also developed for automatic plant watermg system from wastewater of air

conditiomng.

2. Conceptual framework

Figure 1 shows a schematic diagram of wastewater recovery system from air conditioning. Cooling load
(Qy) from cannabis production in the insulator room releases heat mto an evaporator of air conditioning (fan coil
unit). After that heat from the returned air transfers to refrigerant, which changes phase from the mixture (liquid
and vapor) to be the pure vapor. This fluid is increased pressure and temperature by a compressor (W ), which
is driven from electricity. Then, the high-temperature fluid rejects heat to the ambient temperature at a condenser
(condensing unit, Q). The vapor refrigerant is condensed to be the pure liquid refrigerant, and sent through an
expansion value to be the mixture fluid. After that the new cycle of air conditioning is restarted. At the evaporator,
1 the transfer heat between the moist air and refnigerant, the condensed water 15 found as wastewater from air
conditioning. A wastewater tank is used to storage the condensed water, and supplied through a plant watering
system for cannabis production. An air ventilation system n the cannabis room 15 controlled by blower of the

evaporator, and rejects a part of moist aur by a releasing air blower. In thus study, this waste fluid 1s considered by
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using the thermal simmlation and CFD techniques to select the suitable refrigerant for indoor cannabis process.

The cooling efficiency of air conditioning unit in terms of EER,, . can be defined as shown follows:

E

_Q
EER, = ,

Comp e

Qe = rhda,E(haE i—h.r u)_nlawhfg.“"

g =m, (0, -0 ;).

Releasing air blower
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Figure 1 A schematic diagram of wastewater recovery system from air conditioning.

3. Methods and apparatus

The methods and apparatus of this study are as follows:

3.1 The indoor cannabis room and lighting set are designed by using a Solidworks program [9] in form

of three dimensions (3D) model.

3.2 The air ventilation in the cannabis room is simulated by using the CFD technique from the

Solidworks program (flow simulation). The airflow pattern, pressure drop, and temperature parameters in the

controlled room are considered to select the suitable size of air conditioning. A Daikin R-32 commercial types

are used to refer the specification data, as shown in Table 1. The CFD process is assumed under the initial

conditions of a room temperature of approximately 25 °C and a relative humidity of 55%.

Table 1 Specifications of commercial air conditioning [10].

Cooling capacity (BTU/h) Volume flow rate (m)fs)
9,200 0.165
12,300 0.187
15,000 0.197
18,100 0.215
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3.3 The thermal and CFD simulation results are used to design the microcontroller system of plant
watering system.
3.4 The new design concept of indoor cannabis room, air conditioning, lighting set, and of plant

watering system from the previous part are constructed and tested to evaluate the system performance.

4. Results and discussion

4.1 Conceptual design of indoor cannabis room

A 3D drawing of indoor bis room is d in Figure 2. Cannabis room at a sizing of

from I 11 at a thickness of 2 inch. The

approximately 2.4 m X 3.4 m X 2.5 m is designed by using 1

ptimal sizing chamber of ¢ bis room is designed for 1-unit small sprit type air conditioning unit at a sizing

lower than 24,000 BTU/h. In addition, lighting set at a sizing of approximately 1.0 m X 1.0 m X 1.8 m is
developed for using with four cannabis pots at each volume of approximately 12 L, which consists of one-violet
light emitting diodes (LED) at a power of 300 W, and two-daylight LEDs at each power of 100 W. The LED set
1s specially designed for generating a wavelength of approximately 600 nm, a spectral irradiance of approximately
200 mW/mEDnm, and a photosynthetic photon flux density (PPFD) of approximately 100 umol/mzl:ls. Air
conditioning is installed with the wall at a high of 2.0 m, which the suitable sizing of cooling unit will be optimized

in the next part. The moist air is d by a 6 inch-releasing air blower at a power of 16 W, that installed at

the opposite of cooling unit.

Insulator (Isowall)

Figure 2 A 3D drawing of indoor cannabis room.

4.2 CFD

Four Daikin c 1al air conditiont dels are used to 1 1 the suitable sizing cooling unit,

as shown in Figures 3-6. An air conditioning of 9,200 BTU/h reveals a low-air ventilation and nonuniformly. In
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the cases of air conditionings at the cooling capacity of 15,000 BTU/h and 18,100 BTU/h, the results imply that
a high-air ventilation (nonuniformly) 1s found from the over size of both air conditioning units. Thus, the optimal
size of air conditioning in this study is a 12,300 BTU/h model, as presented in Figure 4. The air flow rate of

approximately 0.212 m*/s or 0.19 m/s is suitable for the indoor cannabis room of 2.4 m X 3.4 m X 2.5 m.

4720
4248
3777
3305
2833
2362

0.004
Velocity [mis]

Figure 6 An air ventilation of 18,100 BTU/h-air conditioning.

The 12,300 BTU/h model also shows an average room pressure of 101.322 kPa, as shown in Figure 7,

which is nearly with the environmental pressure of 101.325 kPa. In the temperature profile in cannabis room is
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found that a LED temperature is approximately 49.25 °C, while an average air temperature is approximately 25.41

°C, as shown in Figure 8.

10132193
10131842
101316 91
101314 40
10131190
10130838
101306 88
101304 37
101301 86
10129935
101296 84
10129433
10129182

Pressure [Pa]

N . e
| = ?
22
Temperature [°C]

Figure 8 A temperature profile of 12,300 BTU/h-air conditioning.

4.3 Wastewater recovery of air conditioning

From the thermal simulation, wastewater from the 12,300 BTU/h air conditioning is approximately
18.302 L/day or 0.76 L/h. This volume of water can be used to supply for the 12 L-cannabis pot of 20 plants (5
lighting sets). Thus, the conceptual design of control part for plant watering system 1s set as three modes of 24 h,
48 h, and 72 h, respectively. These setting times are programed for various kinds of cannabis, as presented in
Figure 9. The control elements of Arduino board, solenoid valve, selector switch, LCD monitor, and drip emitter

are selected to develop plant watering system.
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Select mode

Shutdown @

Solenoid valve Solenoid valve Solenoid valve
close open close
End
Selector switch Arduino LCD monitor
Selection _ Monitoring
 —
Solenoid valve
Drip emutter

Figure 9 The conceptual design and control devices of plant watering system.

4.4 Prototype of wastewater recovery of air conditioning

A prototype of wastewater recovery from air conditioning 1s illustrated in Figure 10. All conceptual
designs of indoor cannabis room, air conditioning, lighting set, and plant watering system are considerably
performed. The cannabis production from the controlled cultivation can produce output production at a harvest
time of 4 months, which is lower than the cannabis greenhouse at approximately 2 months (6 months for general

process of greenhouse system).
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Isowall room

Figure 10 A prototype set of wastewater recovery of air conditioning.

5. Conclusions and recommendations

From the above study results, 1t can be concluded as follows:

- The cannabis room of 2.4 m x 3.4 m x 2.5 m 1s design, which uses for the lighting set of 1.0m x 1.0
m x 1.8 m, cannabis pot of 12 L, violet LED of 300 W, and 2-daylight LEDs at each of 100 W,.

- The optimal size of air conditioning 1s 12,300 BTU/h (3.6 kW) model for supplying the air flow rate
0f0.212 m’/s, average pressure of 101.322 kPa, average air temperature of 25.41 °C.

- The 12,300 BTU/h air conditioning generates the wastewater of 18.302 l/day, which 1s suitable for
supply for the 12 L-cannabis pot of 22 plants. The prototype of plant watering system is developed from Arduino
board, solenoid valve, selector switch, LCD monitor, and drip emitter.

- The controlled system can produce the harvest time of approximately 4 months, which is lower than
the greenhouse system of approximately 6 months.
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Abbreviations and symbols

Nomenclature
EER energy efficiency ratio, (kW /KW )
enthalpy, (kl/kg)
mass, (kg)
mass flow rate, (kg/s)
pressure, (bar)

heat capacity, (kW)

H o % g2 "

temperature, (°C)

w Power, (kW)
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Ahbreviations

AC air conditioning
Greck

w bumdity ratio, (kg /kg,)
Subscripr

a MOISt air

C condenser

Comp compressor
da dry air

e electricity

E evaporator

f Liquid fluid

g vapor fluid

1 mlet

o outlet

th thermal

w water
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