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ABSTRACT

Aguatic animals, particularly fish, play a main role in the life and livelihoods
of the people in Thailand, especially living in rural areas for whom fish is a staple of
their diet and the chief source of animal protein. Aquaculture is the fastest growing
food production industry, and the vast majority of aquaculture products are derived
from Asia. Thailand's statistics stated that aquatic exports ranked 1st in 10 countries
all over the world. However, there are culturing fish problems during the rainy and
winter seasons that impact farmers daily life. This study was analyzing thermal
performance of greenhouse fish cage integrated with (1) hot air aerator and (2)
without hot air aerator compared to normal fish cage, as well as the development of
a mathematical model for predicting water temperature in greenhouse fish cages and
assessing the economic value.

In this research, foam was used in the design and development of fish cage
size 2.1X 32X 1.5 m’ and covered with bamboo to reduce heat loss. The parabolic
roof structure which was made from poly ethylene (0.15 mm, UV 7%). Culturing 2
species of fish include Climbing perch (Climbing Perch, Anabastestudineus, Bloch)

and Nile tilapia (Oreochromis niloticus-mossambicus) in a lagoon (18° 53" 24" N 99° 2'
16" E). During the rainy and winter season with low ambient temperature affected the
growth of fish. The study results were divided into 5 parts, included.

Part 1: Test for culturing fish cage under 3 different sets of experiments.
Comparing with the measured water temperature was significantly different among
the treatments (p<0.05). From the experimental study greenhouse fish cages using
foam and covered with bamboo have average water temperature of 30.24%0.68 °C
and 27.58+0.81 °C that tested during the rainy and winter season, respectively; this
temperature is higher than during normal fish farming being equal to 1.23 °C or 4.09%
and 0.81 °C or 2.99%, respectively.
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Part 2: Study of performance focused on greenhouse fish cage integrated with
hot air aerator and without hot air aerator. The depth of the water surface 0.8 m it
was found that performance of greenhouse fish cages were 23.66% and 32.65%,
respectively. Average water temperature was 29.94+0.23 °C and 31.82£0.68 °C,
respectively. Filling hot air into greenhouse fish cages revealed that the water
temperature is consistently at each level of the depth. The difference between the
maximum and minimum temperature was 1.57 °C. The temperature was optimized
for culturing the fishes.

Part 3: The study was to compare growth rates and nutritional quality in
culturing fish cage. Culturing Climbing perch during the raining season it was found
that greenhouse fish cages using foam and covered with bamboo system showed the
growth rates was higher than normal fish cage and fish cage covered with greenhouse
(p<0.05) was 15.93% and 6.24%, respectively. Culturing Nile tilapia during winter
season it was found that greenhouse fish cage using foam and covered with bamboo
shown growth rates higher than normal fish cage and the cage covered up with
greenhouse (p<0.05) was 30.91% and 11.79%, respectively. It also found that
greenhouse fish cages using foam and covered with bamboo can produce fish
cultures 3 times/yearly. In contrast, normal fish cages can culture fish 2 times/year.
Water quality and nutrition showed that there is no difference compared to normal
fish cage.

Part 4: Development to a mathematical model used for predicting the water
temperature in greenhouse fish cages integrated with hot air aerator and without hot
air aerator. The model was developed for this experimental study. It can be used to
predict the water temperature for the fish cages. The predicted water temperature
error presented not is more than 5%.

Part 5: The economic cost analysis was examined. The greenhouse fish cace
was developed with an investment of 10,400 baht. It was found that the payback
period was 1 year 7 months and 14 days; and the internal rate of return (IRR) was
58.00%. Accordingly, the return on investment in greenhouse fish cages verified the
investment attractiveness.

The research concluded that culturing fish in greenhouse fish cages integrated
with hot air aerator provided the best performance and most economical benefits
compared with culturing fish in normal fish cage. Consequently, the entire study
results deliveries detailed information and promotes the transfer of technology and

knowledge to the farmers and efficiently applicable for the society.
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nssnedesdeiidugramnssufifinsas givlnegsmiuanduumasensil

guntvguazarulngiivvanisuanaglunivieile (Gedem and Rye, 2012) Uaq0unis

o
& o s ot =

wnedesdarithildnniseefmansegiadutununszuanisuilanemailegunin
(Naylor et al., 2000) ﬁgﬂﬁmlémwﬁﬁlﬁﬁ‘U‘i%ﬂﬂU%ﬂ’iﬂﬂL“ﬁ@ﬁﬁ’laa’j’]LﬂuLLﬁﬁﬂﬂﬂ%ﬂiﬁﬁﬂmﬁ’lﬂ’N
TUshuge dnndunasussmiisidusesnegeulushelewn-s enaldem nsslusiulsidus il
ANEA RN a8 Us¥a A1 Jabeen and Chaudhry, 2011) anadfusznalnglud) w.a.
2556-2557 fvmmaifissernadesay 1 sl fuiurnudesnislunisuilaremsiilusdu
g dmududuteussrdluios fuasdevaduitoiiuwmae s zaudmsuay
wedemniisavhnintledaiulind uuavandmisemsgs egrulsfinuioseaningd
Ussinmmamaimiievesssmalne dugengaiilieinmesiaamaiishddlugguuniades
i 15 °C Usgnevfulutnansiuieznanfuiaziigaumaiusnsnsiudssana 15-20 °C (Aud

=

anilosinenmawmile, 2557) Ssdmaliinunsnatiussnevendmdssuailansodesanléii
sensuilnauasdinsanitdivannanmedmindmalinauanivgdusazandmad
2NNTANA

NnATEgRINERaRaE NIRRT RN aungagnAn denalitisumaneasng
Jensrneuandnnssassdaitdiuanntu 1l we. 2556 Usundlneiinandanisiaes
dorihaaindu 435,765 du uazmamitavsssundlneiinandadu 23 38 % vassnnunanan
avae udiinananantiesas 6.41% Wieflsunananainaesdfiniun (mdvdesdfiseUszas
e, 2556) Wiafiassdnitaaviasemned 2556 S5y 1,056,007 13 anasanTnountiifa
i 5.89% Wuilefidedudes o 93 75% asasmntiinuendadu 5.14% uideilidsdy
w1 4.14% anasntiinusnasndiu 19.45% Wuteilidedusesaufndy 1.99% anaw@ndi
sinusnAniy 10.320% uasiduileiasslunseda 0.129% (62,396 nsed) WisAuAUREULAR
\Uu 50.33% (Department of Fisheries, 2015) wulumsésneadinmsdssdaitg et fiinu

wunwasnsliemuaulaiusndeslanlunsgdaufiamnntu iewnnisguasnwnde azeanly
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Pnidanidminsndsssmaiieutueg 1ty Ussmean wazUssmemsi [y
Hesanammafismegaumgiin vawiesfudrulngiivnadnsarliduifenveuslaa
Uszneurunauminmnunasdufisimasutnags Tnslamnsdugguunmeuanidnazg
Asalut B Ul 50-80% Lilnsinnandalatanas (Whangchai et al., 2007) 1ndl
Fnsusydvsnmamiunsdesanihde aadumsmeifdenwsnsdviumaiusenan
Tileanesonnudenisvesiuilng

Tnelunemsnstreddsvemamumamnaissaiussne: 6-8 iewseunsudn il
annsoamsezailumsdsdiivieyssana 3-5 dou/seunsudn Tagisnsmunigamndl
vonividlndvioaglutag 28-32 °C luggvunuazngiy '3%'m'i§%6maaméfunuﬂﬁwﬁ ANAE
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Suade (n3/5) ﬁﬂ'ﬂqﬁu Samnssaiulasuneiads (efidud/fu) andivty daals
Uanfiassiiesifudnissenmeiiviu uasgomnichlumadosanfiistudsmasdegmmmi
Wiianasngasdviunadesalunssdsmgrun madugamgiitvedesaringld
TsaFoundanuuasending iiudninalulagiivsvaunadiiamnudauasiieaudululsias (Wisely
etal, 1982 Zhu et al, 1998, Tiwari et al, 2003) danansafisuazauaugamgilugg 28-32 °C
UanedidhmmsaiyduleR f8mnsdsuten Wsresnalumsidesduas Geazyilingn
Uaniiugeauldfe 60-70% (Audidendanu unfinerdouls, 2559 dafuimiAdeiasune
mﬁﬂmmammiﬂis@ﬂﬁ‘i%Wé’qqqum@LLmuLﬁaLﬁmﬂizﬁm%mwﬁm%’umiLWWngaqanﬁﬂﬁﬂ
uaraNsIIuEIA U TE i Assanfounsrandamiunisiueniaien Tasnisii
Tseeundanuimeniindinyssendlddmiunsifiuamn it live nwaurensaiydivlnme:
o uardliriesaranestislumsfuensmaeuiegmelulsadeunseduiosaasgiily
59U 0.8 m Trasansedviia iethafiuaamgiitnmelunssdadsaalioglutaed
smnzan Anvuarinssidsraninmnisies aiiulnvesaiidedunseddsaSoundany
Laseding nsiasivlavesUaniifliminfiutusefuades (1§50 sanisaiydule
Sunziads (Uosidud/Au) Sasnsseams 06) ingetusgratldidaiou nsinsesiaaumm

gasinluassiansnusssudauiudmangaulunmsdesdan imswseuiisuammgil
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1. ilefinwaussnuzresssuunssdadssanSounsransmiunaiuomesouditled
meluSsunssandiovimmigumgiuaresndaudmiuidssailunseds

2. viteaduuuseesmsedinmanslunisviunegamgivh (aussousvessruUnsds
Aesadounssansmiunafuenedon)

3. letssiummudualudassvemansvessvuunssdadseandounssansauiy

mMstiuaInFAsau
YDULWAVDINITIVY

TrssnsivhmsAnmadssourmarudeuesnsefuassandeunsyansauiunisiia
amesoriied e luSeunszaniiormaiiveumgihuaseonioudwiudosalunszda
TnensUssgndltinaluladndanunaunudiange I%ﬁuﬁlumiwwaauaswag}jﬁmxﬁwLﬁa
NS Indavavendowild Yerindednl dveuslunsisosd

1. sruumaiisgamgithieuseifeunszansmiumaitemeseu

1.1 Twana@neman 0.15 mm. UV 79% Tunsasnaounszandisivnna n319 3.5 m
81 4.0 M kagg 1.75 m ﬂquﬂ'ﬁaﬁ%’alﬁ gaUan
1.2 1% Blower @mmmﬁ%fauma‘iui‘i&k’%‘aumqﬁﬂunw%’qLgmﬂm
2. nszfudsaan
21 nsedadvanfivinaning 2.0 mem 3.0 m uagdn 1.5 m
2.2 lenadnviiduatuitefiumuseuliiunsydadowailoum 3.5 m
#7155 m wazan 1.5 m

2.3 ldlamuelnelasyanyiuiulunsinsdeessazinanivln 2-5 hau



3, WUUTARINSPEIAFERS
3.1 NISAIIMLUUINABINASIRANERS LAANIS B18MAIILSBUUS I g
Uspereadeanennisastan ilesniuinnduduiioamniflndifesty
32 lilfenaUavslnemnedlmtesinndlefipuiunave nitlunsed e

UJan
Uszloviinanainazlasu
1. leszuuiagaatlunsedadsswansaunszansasfiumsiiuennmasau

2. Ifuudnasmeadineans e yinunyaussausreessuUnsedadgalansaunsyan

FWAUNSRLDINASDU



Uni 2

%qwﬁLLﬂﬁ;’ﬂ’ﬁﬂi?ﬁ]L@ﬂﬁqi

seuunsideanlunsedgnidetuiniedssandldnalulagaiundrmmawnuidnm
1 = a v o o 2/ L P
e fnsdamsseuuliiduvuuunmsimdsnumawnudinussgnaldlunisUssansnmnns
desalunszds indsnudmusewilianuaserindinguiniielvlagamginuvinzasly
NSLEEIUaT MIPMUANBAMNIMEITaUNTEAN WasMiNeINIAeINATe UL eRN T UAlY

Qs c‘;} =l s e -:%f
nevdadeslan Fulivannisuasngulawaluil
ar o o a  d A a
wawmi\‘imma'mmﬂuuwuwﬂan

lamsefindlauisadiniatuusseimavedanauinnsaanaus duaznsu S edlag
fngluussennie awensuuenlangnluanavesing dnsaevious derindintuiiullugniluses
aauwagn1sNIEIevR LAV AL padUsznauTesElUans LA iAn1esedoniing

wasuwUadluglawisuiusdafiedwmiiaussennia (39303, 2541; Hirunlabh et al, 1994)

1. Uszunnsedenfing
1.1 $ednse WurddoindNueniaineaefndlaensannnsenuuuRuRISuLea 3
Hemasduauludinainaaaningivanlanainils

'
I = = & =l

1.2 $@nsyane [uenderfisdffinsasvieuninussennielanwazingeigs Tukuamni
\AdeuTiveaInaunNNsENUgNURS ULER NN TIANsve o e

13 $edya unasuvesidnsuazsdnssareiiannsznuasnuiasusas lunsdiiui
a w ol o o Al o Al o PR - |
AasunanuiudeslsenausieSedasuazSadnsyarennissihsiuiuialaniienin Total

Radiation @ulunsiissd@nsesuiusadnszannviewiniieses1adenssnii Global Radiation

2. 1A q’%ax

A

o i

JunaniTuegiudumiasrieinduuipsi vaniiesgSes (Solar Noon) fa 1381

U

N9 1MRg Prndu o R e UV AT WNe @vnIlIaNEs88INIIaNIRsTIu At U

(Standard Time) L‘fja&mmﬂ



21 duedifisuresiunisfifemnismnaigies sefuiuiduseiiiouild
Fwaannassuiesiu awefindlinauszann 4 wifl e 1 sesdgailivdsuly

2.2 nnaunisveaunumyuveslan dudliadenaiineriinddiudusesifeuves
Fulafiduna Sensninundsiansnsorildainaunsiaa (Equation of Time)

PsFITUST eI IANES s T LAz Ia RS YA N TR IRR NGNS

Solar Time = Standard Time & £I(LSt = Do )-l- E (1)

dSULATRINLNY “+” itnaNassntioldu (+) dusuidnlannzTusn way

() d@nsvanlansgiuean

Tnedi
E =299.2 (0.000075 + 0.001868 cosB — 0.032077 sinB
-0.014615 cos 2B - 0.04089 sin 2B) &
uaz
360(n —1)
B=—— (3)
365
o
L, = Wuwedifeuiliduanannasgiusiesiu
i — Lﬁuma%l,awumﬁﬁmeﬁéfmmmmaﬁaz
E = aun1san (W)
n = Sudduil n veed

3. ALKL9Y0IAI91RARE

Pudniuinendinmansseniunssuiunsyueedaninailag fufdng

WIpALUUITeInsefedilefiauiuszuiu ausaesurelaaenanaluning 1 waz
Usenaumeyuengeg fail
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PROJECTION OF
SUN PATH

AT 1 FLLILAYNISAARUNURIN9BARNE

3.1 azfiga (Latitude, 0)

= =

fie yuineilduonsuwnisuuiulanuassisenanzenelae InaniduaLEdges

=4 o 1 = = ke £ & o I I o = o o o
viseyufiegmaficvilouasfidliveudurudgns avfigailasening 90 6990 lneiviualy

anduundiedalunefimmile wasiwualranduaudieialuymaiald

3.2 AAsiissdansaniing (Solar Constant)
Tanlnasseumiindlasiidlerasvedansaumeniindifiunsnasiniussesvig
srdlanuazamefinddsdiallwiiuiinatla nefianudsunuasseann 1.7% syazving
Wdpsewindaniazmefindiirlssna 8 x 106 m Aenadusdorfindiinnnsenuiiunis
whemdoussenniAlaniivnassiuddialivingy aasiuasefing Ao Aanaduvesd

o ga | i | @ a = ol 2
fngfsrervinapdeseInalaniuaeing deilAUsEanm 1,367 Wm



3.3 yuglug (Hour Angle, )
yuiwnudiumiazesnveindaniueiifeuiesiulunenz fusanuianis
s I 1 1 = o [ o = i & 1 =%
pzfumn flenduaulutiaimnewiissdios wanluvinvduieiey Taedld 15 °C Aani

F9lag

3.4 31884 (Slope, B)

4 I

A yuszveiufinvesseuuiulasulnTesiu flegseving 0° 8 180°

3.5 yuAPaLUTY (Declination Angle, )

< o

Ao yuserhndwaseninddlafissgeziussunugudgns dvuelrdandy

U
L=

vindletalumsiiamile wardidwJuaudiotalunfieled yuaadiudutandfeuluyaiu

FEWIN -23.45° §4 23.45° enusaruiaildanngns

360(284 + n)
0 =2345 dAlge— e G

365

3.6 3NdARIAAI9INAY (Solar Altitude Angle, o)

o a a

fio yuszniniusuivewakanenfind yudafganierfindiinailag

U

anunsamuInllaIngns

sin O Scos¢cos§cos®+sin(|)sin6 (5)

3 quax%gﬁﬂuﬁu (Surface Azimuth Angle, v )

Ao yuszyineiialafiuiemesnsiuhvesiuisuas deegluyas -180° fis 180°

s

ToawJuguddlonulumaitald \Quuandiomilumaiiase Tusn uasduauileriulumangJusen



3.8 yNaz¥y5n29917ng (Solar Azimuth Angle,y )

= I

AD UUTEWINTLUIVLNFDIRND TRdkazTsUIUTe L5 IAsuioddu oy
Muualiiranniidldvesssunuinfineiingiumss Tusndanduun Jalumemziuseni
Anduau wazilanduaudnfidls yuosdssmeniindiiitaglutag -180° fv 180° annsadom

lpanans

cosO sin
Bl (6)

cos(ﬁlS

3.9 yuANNsENU (Incidence Angle , 0)
Ao YuIENIUIa A ARd ULl AukwiRRInvesiula Auduwus

TEVUANATENURALYUEUT aansamuléan

cos@=5’m651n¢cosB~sin6cosd)sin Bcos’y
+c056cosd)cos[3cos(0
+cos§sim¢sinﬁcos}/cos(ﬂ

+ cos O sin Bsin Y sin @
nsNusIU (B =0°) damnnsenu Ao yudds

cos 92 =cos(|)cos§cos(1)+s'm(1)sin8 (8)

Huifunaaryueneg Mnerdes anansamyudalasnszorfindnn (Sunset Hour

Angle, ) 1ilo O wirdu 90°
cos M, = —tan (|)tan o) 9)

LLaBE’WMW?QMWF]'J’]NEJ’V]M']U’?MUL&%’Wﬂﬁfﬂﬂ’ﬁ
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& —
N =—cos 1(—tan(I)tanS) (10)
15

£ [
s

AU (Day Length) MuNBfiessesiInIf AN ARgUuAUN I V9nn LU

azTuvesaziigalan Mmillenuuusiduegivyudlunisturesnisending

U 9

4. FedorfingNannsenulunuisiunieussennie

1%
(3 & =

Anfsdonfindidloaguanussenniavaslanluwsiasiu annsvenfindduiianszending

AN a@nansauInlaaIngaunis (Duffie and Beckman, 1980) fsil

cos (1) cosOsin o, aF
24 X 3600

360N
¥ = AT 1+ 0.033 cos X 270, _ (11)
T 365 sm(l)sme

360

[
=

Ausuniantunisiy aunsavansadiennsenulunuusiumdaussennialagadl

cos(l)cos&sin W, —sinM,)+

12 X 3600 360N
lp =————G,.| 14 0.033 cos S| 24Gy— o,) S (12)
T 365 SRy | sm(I) sinO
360
Sl

H, = mideriindilleaguenduussonmeavaslan (Mi/m - day)
o = miduenusssinalaniiuwiadeaiuiuuulan (M)/m’ b
G, = mnsiigiey (Solar Constant) Fsfientssana 1,367 (W/m?)

5. 9AT1EUYBIAMULLNSIENTIVUNULDE9RDTIT ATIULNUIIU

o o 1

999N 9dns il iAMNa 7O WD UG LA LagTuAudIuNLIveInteind Uy

o
Y

iesihdsanunsadwanme R, ldainyuannsenuasaiwasuuiuialag ded

Cose
Ry = (13)
Cos 92

B
as

un 0 uay 0, awnsodunaldaniduasigeuediss sumismsonfiadluosih
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6. N15MNATIANfingsIuULNUDYY

nsleandaganfindsiuvufiusivaiuisauiuiAidadstuvuiudualalaala

2
ot =

AU ISR Liu and Jordan (1963) @il

totle rediationon tilted surfaced I -
i 14
totle rediationcn horizontal surfaced l

| |
R=L2R, +2R, (15)
| |

o/ ol

Tunsalinefunudenfindvinyaudesiuiuissaudadlfeddndruniliay iewnnan

Aunndangaus finusE aansaAnlean

1+cos B 1—cosf3
lr =Ry Hly = F P4l -Hd)(#j (16)
2 Z
o
L = federfindsausedilusiinnnsgnudseinuunuassuiuifes
(MJ/rn” i)
L = Sednseetalusluingedu (My/m’-hn)
Iy = feAnszaresediluduiuaszdu (My/m’-ho)
D, 4 wininesveafidenfindfiazfouuiaindsuandean (Ground

Reflectance or Albedo) fiFUszunm 0.2 LilesAvTadaniing

Mdpguuiiufurienan uag 0.8 e ey uuiiuABuns

Beem and Diffuse Components of Hourly Radiation (funnsusyuiamian$sd
AszanalagldauniseuduRus T RIS 8nTEaNe ASIESILULALSIU warAviinasiiu

S892LUT AT
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1.0 — 0.9k ¢ for k; < 0.22
2
| 0.95 —0.1604k + 4.388k
4= T T for0.22 <k, <0.80 (17)
| — 16638k +12.336k;
0.165 forks > 0.8
LS
|
oy ky =— (18)
lO
do k= fudwasiedalus

WUUIABIR MUY IRINA

nsAwamaangiieiniaiaudnluegradaiefiasihuldluiuuitas g
adlnenansvislldaaasguningatargeeatuia wa. 2557 vedanindedl duwandly

399 1 inananglunisnsiwanngamgiianiafvales)

A15197 1 Anaduumngiingawayeegalutig wea. 2557 vosdanindedn

we, WA, e ne. .0. Y. AA. W, ..

Wow WA, AW HA.
2041 2813 2413 2110 18.06

T.C) 1533 1550 2000 2379 2471 2529 2483
38.83 3283 3250 3250 3360 3198 30.19

Tl 28.88 30.60 36.51 2718 35.46

M Audggtonineininmile (2557)
nsfnameaugienAauisadiaedlilaenisiAguunifmgauayouinin

gegaunAImgamgiienniaiiiailag awisaA1ululaanaunisves (Nars

q 9

Pratinthong, 1996) il

1 27T
TO==|(T_ +T )+ —T_ Jsin —(t—9)) (19)
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it
T = qmmqﬁé‘mmé’@mﬁnmt(“c)
= gamgilussemadisgalutu (O
T = sampiusseimaigegeluiu O
t = 1381 (h)

A5UsEHUUSZANSATWYBITEUUNS LT RassUansaunszanilaedy

A5USELIUUSEENBNINUDISEUUNTL UL OUNTEAN AUIRIUTERNTAINYD

YUUAINAUN1SAIR UL

Qoutput
= —— X100 (20)
Qinput
= = aoa
LI T AD UseEngn
Qe 0 MEVWALG UM sGUINTUL50T0U
Q. Ao wauARnnTENURuTnTEds
= m I
Tae# Quutout = — CPAT iy W (21)
put
At
dl =3 goJ @
We  m Ao wareailunszds (ke)

2

=

AT @9 anuaddiiuay (°0)

q U

D

1 as

Cp A ANPINTOUTWWIZUDIUN 4,187 J/ke-K

At A T Nnsun (s)

G Qinput =TIA. + Ppump 1 W (22)
. ' o a Z
A AD ANAULUNLEIDIRNY (W/m')
= j ai os :?l/ 2
A A9 NuUNNseFagelal (m”)

Aa malndheestuiuainia (W)
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9 P=IVcosO (23)

o | Ao nsewalvyii (A)
vV Ao wsaruladd (V)

PF e Awiusenaumaslui >0.85 (W)
N1TALATILANUATHIAAS

MIIATIENTANU (Investment analysis) vosnsiadssaFounssansaiumsif
omrteu Tesimsimusdeauud nsdmmmduyuiassield evnislinuresssuuiisl
fusnszdadsaiiounszansufunmaiiueiniadouiiongnisldouiniu 10 Y Nty
AruaRuamuiw Y uazseldluwiasl warmanTHanauwnu NPV, IRR uaz B/C ratio (Wiy,
2544,)

mmﬁm,umﬂﬁfﬁiaaﬁm?{ﬂaﬁmﬁamu%ﬂuﬁﬁ APNNANAIYRalATINTTE 4 FTTR 4

flaga LUl

1. yaA1tagduans

ﬂﬁﬁ'}u';mmuaffi’wﬂ%qﬁmjm%ﬁu (Net Present Value: NPV) fia Hasinsszningiarlaqdu
vanszualiuaniinaiaglsiuluudazd aaapenglasinisivyariagiuvesnsuuatuing
panld mnedeqiuiduail#fidunnnivssindugud waneidnsnansusnuitldul

AtdpaninduyureaiuamusanareuLuiidasnsithinsdadulaasu anunsarium

Fangnsdalud
B T
NPY = 3 ——— L +¢, (24)
t:1(1 - I) til(l + |)
e
NPV = warnUagUugnd
B = pamouwnululfi t = 1,2,3, ., n)

C = éfunuiuﬂ‘ﬁ tt=1,23..,n
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C = aunuluisausn
i = Snsmanily v3e ans1diuAnan (Discount rate)
n = 91ELATINIG

o A = = i LY aa [ 1 2/
nailunsdnauls Ao msamudlioyardaglugnsiidnduun waghinsasmuii

s

yaraglugrdiianluau

2. dnsdruvawmalstluiiaiuasu (Benefit-Cost Ratio: B/C Ratio)
mspsduildfiesadulasenindasanisdies Send1 sesdnemalsylovine
[Fuaavu (Benefit - Cost Ratio: B/C Ratio) fle 8nsdhuszninyaridaqiuaessiglanasa
onglasanisiuyardununaeneiylasenis lnsunfiddninduremadszlovineiduamu
gadlasanisladidnunnnimils feilasamstiniegldfuanuale Guds uag g, 2545)

samdiuvemalsrlaviieuamuiianslunisiuim dail

n
.
Sl ()
: t
B/Cratio = +C, (25)
S+t
t=1
e
B/C ratio = dnsauveralstlevisoivau
B, = nanauwlludn t (t = 1,2, 3, ..., n)
o = ﬁm@u’lu%ﬁ tt=123.,n)
Gy = éfmquluﬁﬁfmm

i = Jnseanile vise ansd@IuRnan (Discount rate)

n = 91lATINg
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b 3 1

wnasiunsdndulanlassnnsieumngaiuazdnilunisasmuy Ao

9

B/Cratio = 1 WAAIIN NMTAIWUALYUWOR
B/Cratio > 1 WAAI31 Nsasvuasiinils

B/C ratio < 1 WER9T NIIAINUISVIAYIU

3. DRSINANDULNUVDILASINIS (Internal Rate of Return: IRR)

st 1

JulsnsiuamaiuanmiliyariaiuvesyarfdnsminnuyaaJaguuves

U
yarildsu wievinliiyardagUugvsvindurud lnefednsidiuiidunlanfe dns

NaRRUWNUAINNITaU Tgnslunisanuia el

n n
IRR vi3® r vils ZB—tt— Zc—tt+c0 =0 (26)
t=1(14r) t=1(1+71)
e IRR = 95 INARDULNUVILIATING
By = namouunuluift (t=1,2,3, ., n)
C, = dunuluf t = 1,2,3, .. n)
Cod 2 funsludiFunsn
i = Sasends wis dnsnddnan (Discount rate)
n - 91glATINNT

a

wnailslun1ssnaula fa wisuifisuan IRR AsunalsfumivesdnsIAnanisamn

1 =]

= a A o = Vv ¥ o [ v v A o 2] A o
delonaduaanuilumiasgrudslaivualineuuds 61 IRR iewalageniniidmuni

gausulpsensuu fMdnanufiasiasinig Taedald 61 IRR winnindnsieenidenildsgsia

AgmngaulunTamu

4. msUszdiulaeAnsseziatAunu (Payback Period)
@ el =Y ! 10 = =t A = & 2/ a § o v '
JuiSussiiumlasanisieelimihiluasuazaenideinaniiasivsivinlidese

MIAMRAMSTEZIIaAWNY (Payback Period) ansnsaduanlldan

JrEsaAuNy = [Wuamu/ Hailsgnisned (27)
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Fuamu fe yamdagturesiuamulunsteussieaiwanszdadesatounsean
UL INIFTeU

o |

Harlsavssned fe nasnanlsanssed Nlaannisvielatveeanseduasauansau

9
[ e

nsgansmiunsfnennAsousaznszdedesuUng dnanaldaneviavan Aniugan uaz
993

| =] @

¢ = v o = = 50 = | = l = | o oo
wnaifllunmssiaguls Ao Ardtnadimhedut SRwu wenrnquusednsnim

1

Tunsfiumu sausululasanis
Foyalarldlunmsmeasuazanuiitesiunerfiuaunmusailunisieswan

1. afaUaidiaeslunszduasslarsounsgan

1.1 Yanviuolne

o
I =1 v

Uamue lne (Climbing Perch, Anabastestudineus, Bloch) Wulanihdefiudnuwes
Tneddeuuslnatuimnme vamuefieteedaemela (abryrinth organ) ludesvienlsignm
Usznausmedunszanu (amellae) Sruunnidastouiu uasgnvievusmenisune Adidu
Besrloeimnunn wiutlztegedusaniauluenia uazhudigidudendesiiolvaum
guenFvideini fdnwardfasudauuy Unaquenendaulauuy Ctenoid dnianie
wiassluivedeaush wailiidmarivsduiuiad indausnalndviedidanndidumds

Y [ i 0w =N Qs s = = as .:4' ] 2/ s =
afhgmuszanaE e srLnIEn Uinudurddaunduta 17-18 A uagiuaiy
foudINEE AT 9-10 A A3 UAUAIUAUIAUASURTY 9-10 AU wazAuAT UBRUAILNY

v & v W o v A v oo Ay a4 | o Y o v

10-11 i A3 uTieatipRINAS UAAULUNeAUTN AT UL 2 U wagnuATUBaU 5 Nu
daunduaniegmilersuiealiinursugeou 15 N dumisvesaiunas ATUen Auviedeyly
e i siudsenadu 2 aeu nssgnnserauduieiuld dnumelidnuasdunun

] 1 2/ 14 & @& o @ = l = ! =
wauAs wazauaensegnnIeawiukenilunsegnudsdmiutudig 1Sandn Ichy feet w3a
imefufiuilewdoudludnme asuniidnuuenay wudntdes vialaumaligadsinas

<4 lel @y v ! ! @ o =l & 2w a o 2 M oW v
wioowlIAld Uneggavatdnsi lidnunsideuantos Suilundavalsila dusniuuven

Ay pnildnwansanay dadegnsna (allansidesdrmiwazeansyiugdng, 2558)
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m‘wﬁ 2 Yanuualne (Climbing Perch, Anabastestudineus, Bloch)

1.2 Uaviviiy
Uansiuia (Nile tiapia) Side3nenmansn Oreochromis niloticus-mossambicus \u
anitannenanneneviug Uanila dawiviudutaiimunaeiuginanuania Asnswearig
auusfulanfauneiissevefieglunsenaiivatiu auldvaniuiiiuguiindusng
AnNwaEIANLA? ﬁc—qmmw*nmlﬁaﬁmm Yt wardidensas maiann uasAndenaneiuglan

LAY £ [ 4 s

yuinaulFaeiusiinunmiovangs siilianrrudedludifuvenlataunsiousiiiug fe &

Ao o =

nsefiids T evusudutaraneiuslminfidunseumuys efldvdessou flasududuns o
Lazniliosiondudum Seamumiiliiiiennn uaslidauiaudn venani duldfinvenan
Fusisiuianiadauns LLas‘E]@mmwmmLﬁaﬂaﬁﬁﬁﬂawmﬂ’aﬂuLgazﬂgmﬂd1 Uaiuiisiinaen
yraenamadulusi Tus wianu uadlowin3  weuilavaanivii laguidn ngaunm
Wsamnsassdnii S1im wuih BanaluhduievaiuiisiviiasinindlenBsudieuiv
dedniufinsun Tnefiuinallahuiios 0.9% vilvilnedineduilan Ao liiansavauluiily
wifvaoniden anmnudsdsarala lsarnssulain IaeAlownin-3 Tulaviuiiusannga 4.0%
yniiilidniaun linuaevienutiosunn yanand fawudn Uiinaunsaleiuliduiaviele
WA1-3 ﬁmq&n’jwmﬁlﬁm dandessmasssuandiialy e 4 wih (nadansidssderinazansy

Wugdnd, 2558)
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1.3 mylaTeidaya
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mauTuTudeyawaznsiinssiteyanisaigiuls sinstalminues

Javurnvaaan lnsmsgudnedialanainganivaaesnaenssezlaatae lnedalmiindae

{ ] ' s [y o as ¥ 2 o ] =4 a i
Lﬂ%@ﬂﬂﬂﬁu?ﬁlLﬁUﬂiu LLa&i'Jﬂsﬂuqﬂﬂ'J'mEl']'l‘ﬂ@ﬂa']@]’lﬂ’]ﬂ‘luili?ﬂﬂmu?&]LﬂﬁL"UUWLNﬁli Lflﬁ]

fuganseaesihmsmuindn M aasyiulnvesamiaodisil
n. dmtinUaiifivdusieodunag (nTu/u)

ihwindainaassgaring - thaiinUainaaeisum

SEUTIAINISHABY

@ a a o = )
3. dnsnsasaduladuniziany (Uasidus/ )

(In thwifuamagassgaying - \n dvtinUa naaesud)
= 3 X100
FZUTLIAINTSLRYA

A. 9R5159R91Y (%)

Pulamaasuiloduganisiaes
= X100

LU AR USUAY

(28)
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o

2, aadaLﬁaaé’mﬁa'aﬁuqmmwmaaﬁﬂumn‘gmﬂm

@mmwmaqﬁﬂuaimﬁ@ﬂﬂiLﬂwmiﬁi%Lgaaﬂawrliz%’a \Judaduiadvinanesnsins
@S aiuln mafelsawasysdn manauiugnaliuagmsmevesan Eanlsondveyluthiad
AuNA danumngauseviiauasauinvesan Aagvinlilarmiludinladuund wigduls
fusirnnlspuarUsan

Faumsidesaniioyminglitiussavsamnsnang gty psenileiemsdon sl
Hunsidswandiaan i uazdirmumngausonsisdinvesandudiy efls nsiiay
v nnasiadu aummieedls Srsiimmumneasdensiasan vdeniswamlarl
WiusgavBnmaaiiy udesigendudeufuninadlaliuide wnziiadeiiedestu
nsisivlmesanduiiinnineviaieegn 1wy owns anumnutiuvesan fugdar n1adin

Tsauazsdn anmafionne gounmesth ma uenanilaummaeshfidduegtady fuuvs
vaneegadnAentos iy Usunafneiianian ﬁ@gﬂuﬁ'} Ussnasedurdeanshuth Usina
Suvidenshuni “av

PN IR T Adan BA saaTian e 1 Fgududoddinann
wieyauazysvaunsal tiednndsulilfgnieswmnyay AR TluUaidewanti &
anuduusiiendeatunnadimenenm il uas Fanmmasiluevan

2.1 AnEutANIIMBAMYEN

1. gnunil (Temperature) uasuneTideansemuiuiiog widldifu 2 Ussom A

LALAATILNNMIang lapnsanulasazviau Fadunasnandaensenudslavuluussenna

o 1
o= o =]

uwdazieuasgiiuiah uandlensevuiiuiind drunilnrdemegumadlluh dilnhsou
wazyufnaviiy Andua wazdesihuadluladn uadndumilaazazeunau YSunuves

wasazviounduil Jusgiuyufiuasnnnsenuiuini silaveuas dnwuzvesiuian uaz

=

an e wasdauiidesiuaduluh dasnngnganduleei duiivdessunsnszansly
th uasduiignaendussidsugunmndanuuaandundsnueiiou wdsmumnsdeuioasa
ogliniunne fazvilihseuiunenamniged wasananiliAnsduth Seelirnudon
Figandulinszangluh

mamaagmmﬁﬁﬁﬁaﬁwﬁw gauvgiivesiiduliadodfnsunieiiiidvina Tnensouas
Tnesausomasadinuedeii Imaﬂﬂﬁqquﬁmmﬁwmuﬂmﬂé"aummqmmﬁmaammﬂ 3
%ua&jﬁ’ua@ma FEAUANNGMaraNHAIUTEINA u'@ﬂﬁ]’]ﬂﬁé’fﬁuag’iﬁ’ummLﬁﬁmamaamﬁmé
SRR ATILAN UTINMENILYILARY NT0AIUYY AR TNLINS BT Tvosumasiin Ty

Uszmelnegamgiiaviuuslugag 23 § 32 °C nisiEsuuasgumniiazons Wuldegedng



21

é’miﬁﬂ%Lawwﬁaﬁﬁmagjﬂlumﬂﬁmilﬁamtﬁu ﬁ"ﬁ&hjmmm%’m:nqmw{]ﬁma&iwmalﬁmﬁ

wiloudniidengu Srwesdrithasueuadly muguvpiivesi waganmuindeuidueg

U

07 wiiteselurauimiivingay Uanasnumu sensiudsuacesgamgiilutaiin i
qmmﬂﬁ@aﬁuﬁﬂmimmﬂhﬂﬁﬁﬁﬁ%‘mzqﬁu uanidlegamniianas Aanssusey waTuR
anadlusne Fuduilumumanguasiausenyi (Van Hoff's Law) fsnanadndas wuaumsieiui
F11 (Metabolic rate) vesdaiiiTinazfiadudu 2-3 i Lﬁaqmmﬁﬁuﬁu 10 °C wazanasly
vinuaadeniu (s wagangassa, 2528)

gUaLNETUATTid ey Wud msmela mMyheth mafiu n1sgegens nstuang
mswumeiale Wi edrdlsimudnmuesianssuimaniozunandrsiulululausazuling

FuetiuruunImethuaiinglusanie wazanmuwweasy Uarfidanalugnieelidnima

u

£

anluadaniesnitUanstiaderiuiivwadnnin mnseanudensiuGeuuiagamoiivhvena
aAuegiurin vune warergvesual Usinaueendiauiiazansluth amnufungvesaiuas

vanmeveaidusiu Tnevnlvgnuawazanuinelvg) ansnsneanusenisidsullasgumgil

=

Wl Tursnenindnesu Umblanansanumudemsisuamaumaiivenihegans i

ol gj d" 2/ 1 Cﬁ" s = ! C!! Qi‘d =3 1 at = 124
G]\‘iuuiuﬂ"lﬂﬁﬁ@u&l’lﬁlﬂﬁflﬁ]’]ﬂLL‘MQﬁM\ﬂ‘L]EJQ@ﬂLL%Q%UQWNE]EMWJW&J wan@19i U Jamslagang

% U

Vo s

sefasziadufive Insadedivares s Uiuimlididunsidsunasgumpiietnedng

=Y 1

Tnevznanthuananfiifieamgiivninludmndigaumaiigendt aslinasulsennniinisii

q LUV

niigamniigslugmamaiion (Alabaster and Lloyd, 1982) 518U 5%%@@14@3?%@&%%
200 °C U4 300 °C é’mﬁﬁammﬂaﬂuﬁ@hgﬁﬂﬁﬂﬁaﬂqquﬁmaaﬁ’mﬂ 300 °C &0 200 °C

arlmuaniteglugliomemnidu wdydvlstnianfiendesgluumeuguiazion
Sou freghadutiszernameiandisauvewadly fgumagivenit 300 °C wwdies
ﬂszmmﬂ?awﬁwmqmmﬁmmﬁﬁ 200 °C Lﬁaqmwgﬁmmﬁ’]ﬁmﬂ luregeuunl nsiu

WNIVRIUAIRTAnTiBYaY RS UNIHATEIMNT (Metabolic Rate) anas Ussdvsainnisiinesn

L 1

yaslianad 1y snsinisHneenvedluuanlulirtesnit 60% Nigungil 220 °C LazenIIAIL

AnUnAvesgnuanlulifngendn 20% Agamaiith 200 °C

a o I

wonanflgaumglifaiidnsnadenisazargvesinwaiiadieg lushdnsag 1y Ane

sandlau Arwesusulaeanlad azangurliunndu Wegamgiveniansias uasgausnilil

U

= 1

SyBnaroN s EANTRIENTIUNEE MIazangraundalT i gaumiigansuiaaisuaznis
gngveundausAinTulfigs venanthudgamnlidaiidvinase udiTindug Fuluomns
yaslalngamzunasmauiv maas uiulauasiindnnululBinunanu vistisveuade

aglugaumng e wu ninlaegmeu (Diatom) aansalaigyladlugumgiisening 1525 °C
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awieAden (Green algae) vouanfuaglugaumgiiszying 25 -35 °C anvs @il unutidy
(Blue green algae) vaus dveglugamniias Ussanam 35 °C vivesnnndt (Andide, 2536)

2. @veai (Color) Msnsdvesluunasslauufuany iloanaunsonans
TiuaguAsne enfuindwdn (Productivity) anmwindenuagenswuiuaeeiiiogluumasiy
& = Y A a2 & oAy = & @ | = A 5 S = £ a =2
wue) dveshueanuludnligetugadudnurtennuaiidoaa UuTEnseses) egaa

paisznovvewarlimun fufuhusavstditadnahluivd shessumnaalufiiudoug
e TuRrannsasiaunas anfuiideslsituetfuesiussnotmassasuvani
3. AU (Turbidity) ernruve i nUSinoansuunesiomaditeyli
Farpefinremsdomiureias ansuiuasedna leun wnasmeuiis wwawendn euna
YOIAU BUNALDINTIE WUATILTY UIFINANIT 28" AT UTE T AANTNUNAIABLTY Lnas
peudniidufidemisdwiunisinaaedorii daueyniavesiu eynavemste dnasiili
Aaenudameunaiiidluh dhidauguann liuaseinsdesadlulflidn msduasizi
wasvnsfivanasvinliinnsmdenisuaatudiu (Primary Productivity) veskmastianas fuali
USinmenssssavivesdnithanasie (unn, 2536)
wiaathilsinanasmianissensiis msaziidulinumsuiuass aglugassning
25-80 mg/L weignoglugasening 80-400 me/l HAKAAILAAAILATINNINAI 400 Mg/l By
Tuhlvinsidesualildng wiefidreulussuaseglusesing 30-60 cm tmnzausions
WEysdulavesdarith Aaulussuasiind 30 cm wansithegusnniiuly vieiuiinn
wnasnaunAuly Feanavsilfunaneausendiauld draalusuaadidngends 60
aufastuly waavihuaahihiliresgauauysal mansmmemiusureasni nseiililae
inSeailotnnnugu i 1iedes Spectrophotometer w3aviimiinussansuyiuass
wavmeluth Tagasnnssametiliusts vie Sarulusauas(Transparency) Tngld Secchi
Disc avidheusinlsl wielanznavvunaduriigudnats 20 cm mdvnadumnsanansdly
dwsugnifien ialiveeuaduluthauds sefuanudniisunedsiviuusiudvnvs e i

Juiinanuanainiai iduaanulusaeas (unun, 2536)

2.2 AauURnIuniivei
UsqidUsenaudgariey 3 avsey Ao axmoutadlalnsiau 2 evmeu Lazoznow
¥9900nELaU 1 avmeu s1aviaaetazdainiziulaeusesas (Covalent bonding) U dudai

azangliflaaanziuduisgans Matinseawnunihiluenaveshiislssquinuaz Uiz
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Tfhay (Usedies, 2534) iesnduduivinazansldddiesdewinliiinsdouudas
ARl Fraonnm anauTRimaalififmuddydmsunsdonmiifsieluil fe

1. eandiauitazaneti (Dissolved Oxygen) sandiaudufeiiiuesiussneundnuas
omelegluenmeluuBann 20.95% WWuswsiuasssesanlulpsiuiileg 70.08% sandiawiiy
ﬁwﬁﬁmméﬁﬁmmaﬁaﬁaﬁﬁ%ﬁmmuwﬂwﬁm wiswdognilUldlusuaumssine wersl¥idn
WU WU Tidedldeandiaudenda Aerobic process figponduufeiiasaoi
I¥idenann s aildvid fsemaadifuth ﬁqﬁumiazma%aﬁﬁua@ﬁu ANUNARUYD
UssINA guungdiveniy Yanaundeusfiiteglunh mwainsovesmsazanetveeendiaey
Tuthesewing 14.6 my/l figaumgdl 0 °C uay 7.04 me/l figaumgi 35 °C Tuammanunadu 1
UsIeMA lemunaduussenamUasuadl asanusalunisazateifasuwdasly
fo TuggfeuBinaaseendauitazameluhiiosaansyhiilonmgiiae vnsdeaiufinsdes
aeuarURASewe andfiuanniy ﬁﬂﬁmmé’aamﬁaaﬂ%mw,ﬁahﬂ%ﬂuﬁaﬂﬁmma'm?uﬁa”l:u
e FediuaviliAnanmnisvaueauoendiauluiduls liAemsnuiivesiluende
asz Lesnoondiauliinedwduliiin Aerobic condition lumnssiudnuunens wvaniens
Usngindleendiauiugedudi Wesnniniskdneendioudiumnn wu nsilffisddesludhann
AUl IiAsan el Asuudaegnsmdiludunsesedaiildidui sondaullermy
Fududenmsnsaiinvasdndi fafunsmuaunazdesiuliliuSnasendiauarateluth
anasauegluseiuiianiusunmesedaivh Safuddidniuileduasedidnith annsaonde
sgladuund sonduiiavansluth imsilandinin 3 me/L (5551509, 2541; Campos et al.,
1992)

ﬁﬁﬁi#’ilﬁmﬂmé’;ﬂmﬁ 1AdURnTLaLINNNTTLATIETLEIvRILNAIROUTY kAL
oandaugnldluiiensmelavesdadl@in wasnszurunstesaaedunidasegnaanaan Tu
nanansiulBinueendiauiiinnnnszuiindanseiua waaliisnnsldeendiauie
mamglanaseegaaeuvadans ﬁ“ﬂuﬂ‘%mmaaﬂﬁ‘i‘mﬁmﬁluﬁﬁ@é’wwﬁmﬁaagj Tunannansiui
$i$usanfiuannsiieandiavlusniraransusuiviniu axiu Binaeendauiiazanely
ilwetandsaradunanansiu Giuay uaglwmssal, 2539)

2. miusnlapenlas (Carbondioxide) mivaudusmiinuiulrevlulusssumi way
Dusuiiavesdsiidinuenain dfamu afuenluansusenaudseian afuvad Tnaane
ag by sUmMIvaluaiuwAadgnAS UBLUA (CaCOs) lifeaasuaiun (NaCOs) Tunsasng
ownsfiwunldmmensveumnieaiueulneenledlueina dafimitlismensueuaning

asvaulaeanlufifiazaeiin
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pnsuaulaveniad (CO,) iufwiilsifiduazndu Tnsundodluussurnialudnsdon
Useana 0.049% fenuananseazanethléd asusulneenledusingegluwmasthily ddlu
seauunfAveileglaliiu 10 mg/t durnuimanierldau engaziiuinia 200 me/l iflesan
PuNsEagaEazeLnATua A tiluaziimsavan fsensuetlseenluddiuoumiln
pmAEuAnT U 1 dnsariimsveulasenlefagussinm 0.6 mg. N3TIFIVBS
mivarllneenlasiurhagilimAnnsemiveiin faiunsasou nsamsveiinfannsaunnsls
Telasaudeau (H) waglumsuaimdesu (HCO ) dasdmuainanmsvadatulunsuaiunas
it lerrmdunsaiiuse (oH) anauvdeauiia pH 4.3 luadvemiamuaezidsuly
Wunsamsueiin

3. amanunsadusng (pH) Ansdiunsadusnsaat (Positive potential of Hydrogen
ions) vefiFent) pH uedssandiismsuiniwisamsarasihiisinum A dunsevie
Jusna m5a pH e Wunsfememnuduiuwedalasiau Sesudisley seduanudunsa
wiaiJusnaiiAnagsening pH o 89 pH 14 Tassesu pH 7 asdinnudunanedall H'=
1/10,000,000 mol/l ¥ie = 10-7 molA fensvenemududuwes H meduauiunisliagan
Fafsvenenudunsausnawesilfiedu miedsends pH (Positive potential of
Hydrogen ions)

thsssunilaeialudl fn pH 2YILIIN 6§19 9 Fepuuansingvesnl pH %ua&jﬁu
ANz IiiUsHMA LazaMNWINAIVAEUTENNT LY Snvnwvesitufuwasiiu USunasuen
neaRTUNSlEARUUS navE 1 s¥U pH veniavUdeuudamna pH vesiugig wenniy
Aafifigaetui qAuv3d uarunawnaufivianansavinlie pH yeatnUasunlas LU
(Usiiins, 2534)

dwsulasdsaane pH suaqﬁwﬁmaﬂ?iaul,t,ﬂma@:maamﬁ;m Togluriaungunainou

4 =

e waz R lres vaulpeon lnamsunsduaseinasinliiusina msvaulneanlonluwmas

or

'
o

Wi A1 pH vesihaziiArgaiu dndutiadriiafiewiniinas melavesdaddinlulidl

Aanssumsdanszsiuas vinlimeasueulaeenluneenin Usunu msveulaeanleniiusinm

gt Weemsuelaeenledsuiniuiasililfiansamivetin /1 pH voniaanma Avee
ﬂﬂl o L2 C’ﬂ, a/ L3 !(; 1 1 L 1 g

pH Tz s untsiwsIwdedninegsening pH 6.5-9 uarluseuiu A pH veshmsay

wWasuwatliiiu 2 mheluseutu edduusiseduanumnzauved pH sdemamsdiesdnd

2
Ve al

UlARadl
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A1 pH 4 3o \ugadussevililaimeld
A1 pH 58418 4.0-6.0 Uanunawteluse wesindinandadasqyivlatiseuunis
Auitugvgavedn

o
3

A1 pH 5834 6.5-9.0 [ usERUMNzaNd s unIsaeadn i
A1 pH 581319 9.0-11.0 Liwngasdmniunsinzidesdaiin vilvinandnem

A1 pH 11.0 #3esnani Wuhiuselal

4. ansdusng (Alkalinity) mnsdudnswesi e Anuanisasulusneu vse
lalasaudenurani e uanisaveai Avitlnanmennudunsanatedunans anudu
. s w ¢ ¢ ¢ & | | -
ANTEIIUTENBUMEY A1SUBLUA luamsualus wazloasenlediludiulng enadmnueise
(Borate) T@uAm (Silicates) Woann uaza1sdum3dane Yuegtnududuutios apnudusng
Youhluwnias 1sssumnd wusssnlauimatesesliadniudeing daulugArnnudunig
vt widweiags anuduibiduivwdlinanendesrivaueaud@dug vea
1 =1 = 1 o =3 o =2 1 !6' 1 ) W 1 ao’ =
wiu Aandunsadusng anunseang Wusiu anudusnwesiiieaiuauhiliureaswndinis
Wasuwlas mnudunsaduangesnasinsa thndananuduanssaziduiis sunaziiaiaau
2 o i S 2 o ow i ey RS, & o \ 5 | : y
Wunsaduanami feinbiwanitinandssn dindianudunsedua1esiinii 4.5 agldnuan
o, I i AP & 1 a 1% 5 | P 'Y & |
ernuidusng dfisianensdusnsgauariinnnnunszanaa Tudanaidnisdunseiiaa
(=2 [~ 1 mif" [ @ Cf! 3 LY 1 ) rg 1 I 1 s 1
enudunsaduizgadunnegmmidadudunsiededniul Arpmaduaiaiumaiy
nszANTRhilaNdusA U UvnzgauRunsias iivlnvesdniun masiiAtaaadunng
wagArrnunsznsegluseaulndlfeaiy Aomsiirnauduniadsyanm 100-120 me/l wazlsl
AITARANANNATUNGLNY 25% gﬂtmuﬁﬁmmﬁwﬁwmﬁﬂ p5Tmpanutu 5 wuu (lues way
91539504, 2528) Ao
io} r-‘ial 1 2 I = £ = 1 = = =1 F=3
4.1 Wdsamenudusaiannlensenlediesetiuien daianudunsaidy
Anagq sinifiy 10 Juld
5 ddew I | a & al | = ~ o, o
4.2 1NVUAANUUUAUNAINANTUDLUALNEIDE19L087 LAAMULdunIaLUY
#9591 8.5 Yuly
4.3 hidaenudumainanleasanlad wazasuatunsiuiy dataudy
nsafnsAutnsgafiund 10 Juld
4.4 1hfsiaenudusmaiaanaisuaiun wazluasualunsiuiu ety

asaLuaauszunn 8.3 ulU waluiy 11
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S da ] i a I3 | al A & =1 l
4.5 U']Vlmﬂ"\@rnu'aﬂu@qqLﬂf”lﬁ]']ﬂvLUﬂqinUﬂLum@ﬁﬂﬂﬂﬁn e U uUn Ity uUeNg

AN 8.3

5. eudunsavesii (Addity) anudunsaveai luesihluSeuiisulasduauny

o o =l

amuiunsadiusing (pH) e ganhiidemenandunings usenaasdian pH lieglusedud
Hunsauan wnthianan anansamuaunisaguudas pH 166 luunaani ffiresaiun
Tafloien pH wWasuwUadluin 9 Vinaeniueulaeenlas unsmsueiun (CO5) ushmuna
aHunsaveshifeanaiunshen fail

5.1 psuatilaeantad (Carbondioxide acidity) thfiilen pH #nih 8.5 agiiAnaan
DunsauzUungiaue

52 w359 (Mineral acidity) emnandiunseitil pH iindn 4.5 awfinainnanveaus
51UNTia LU nIaiugdy naagadin Wiendeuiviviaiiagansiudfianmdu nsn
yenamnilfainanvondefidieannainlssnugaannssa wu 159010831 1591u05903
Tsamsdnasdunidsun witsssunafienesiingeanuisgld iy asdihlvariumilos
e GadlussgsiliiAense wudalwinanndnlnlsd (Fes,) Feazgnivdsuluidunsaiuziu

U

wazdndamnlreende Sulfur oxidizing bacteria melfian1sndoandiau

navasraLdunsafidedadul anudunsalaedliues lifedasuaiuindl
sunesediiiiowdldiueastlowandiiuiwndumusserinsansusenaudigg 4 3

g q{' =S d‘f 1 o & ,5’ i [=4 [ 1 1 =@

oefluth afAstustede fhdunnasinglugdvesarndunsaliudng egnalsiau e
=] S‘u} = o E2) = a =y =9 | & -d!' 1 !o’
Hunsevaainaaasiinaridanudufwieensfivuneiiswdsuaddla Wesmnluvanh

a Y] - | ' ey i o ' % a a
s3suvAlagsaluilen pH egszwing 4.5 fa 8.5 Aanubunsadulngiainandsuiu
ansvaulneanied Felmmddsensmainvesdait malessimaiaadunsavinls
Taenislamsnnslaidesinanudunse

6. AUNSTane (Hardness) TnaunfaziinainUBinaaanasmnueaidan (Ca ) uay

PR P a { | ++ o |
winiden (g™ saulluislansunstiafduszquanidu A, Fe™ Mn", St Zn T eusieu
1 = [ ++ [l '6' =y as gj =3 1

Tugiaeifinan 2 fausn A Ca ™ way Mg wanediegluuniuuiunasnn feluladedne
nszdsveninunmanifveniumudemaduduiovsnves Ca” uag Mg Faguoniugy
294 Tadndu/Ansvaaumaiauensuaiun Tulrasuindnusnaueadouilinnniuunidaiae
Trsundenenndusuaraiunseasvesinaziinnuduius i lumadeniulemndeoures
weaey wunthdey luasueiwn wazaduas Tuthilusuna TndAeeiy wiluueasanuinen

AN UUAN9EINIAIANNNTEANS AnunszasesUalady 2 Usean fe
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6.1 AMuNsginetansy iinanindsuradeuluansuaiunndowuniidenlu
m’%umumazmaﬂuaqiuﬁﬂ Lﬁagﬂﬂ'm%faul,ﬂ?ﬂ'aﬁazmaasﬂuﬁwsmﬂmﬁauﬂmaLﬁuﬁugu
vilsrenunsednsvestmely

6.2 AUNsEANEMSIinIInInGekeateuraelse wuniliiouraalsa uwaaldey
dauin wunfiFeudan weaidouaiuaiun visuuniilouaiueiun avareUuoglun Lile
gnauiou AunsEaneseglamely

ﬁaﬁummmxﬁwﬂmmﬁﬂ (Total hardness) 3aunei HATINTBINTNNTEH 19T IA5 1
wazPINTESTS AnAnueeninlusUues Calcum carbonate (CaCO’) MsiuauszAmes
shmaseiuesmunszinsld daelld

1) sheauflrnunszing 0 - 75 mg/las CaCO,
2) thasysnsUiunans fanunsedng 75 - 150 mg/l.as CaCO;
3) thnsedndeudnann danunsedns 150 - 300 me/l.as CaCOs

4) WINTEONUIA ANUATEANS 1IN 300 me/\.asCaCOs

NaveIPLnsEANTlilsedmith Aeunseandeessuwedsifioindutiasy v
THArsuasBsods it winmansznwenininasinuduiussuaaiusig (Alkalinity)
wazemulunsaiiusng (pH) vewuh anunsyinwenhdsasivweaisiiuvatssiia Wy wan
Tavigwiingnag 16w Usen sz uamiilen daduirfifienunszinatiunan wiegedediany
ngaudan1sf1ssdinvesdnd Femasazarlutag 50250 me/l thgaulnsamgiisiilyl
snnzEusenTzdssderiin uihiitaudussh ennsadivanunsysnwenilglaents

FLYua (Ca(OH),) Yuun (CaC0s) w3 ot (Ca0) dannniadusinvgegus difamon

' '
= e

gu%ﬂaﬁ%ﬁﬂﬁmﬂm‘ﬁumqgﬁﬁﬁu NRzRUWINLAATaLEaING (CaSO,) F9ilaan19n15AIN
Ut wenanasdiuAsnszinudad iheananudusadnge msldguduindnnnsdes
Aoldgudlulssnainneiasyiilfaunsysmeshilrwifuanudusng

7. lulasiau (Nitrogen) dwsunisdiudszasagfnululasiauly 3 jUsuu fe
wosllanile (NHs, NH. ) lulasyi (NO,) wagluasn (NO) iissanlulasiawussdusznaundn
yaslusiu Juduasdusenaviidfnuededliiin dwsuivannsoldansusznaululnsauld
vianeguwuuvimsdaasieidulusiiv wj'u‘Lﬂii’luimwuﬁaaﬂ,ugﬂ%qLL@&JI@JL@EJ (NHs) 38l
591 (NO, ) dududaililansnsaldlulasiouainenniasiuisansedunddlulasiou tnsinns
Fuargilusiumiloutuiiadsiinarninuds faifosdelusiunniiavdeandaisun uldly

nssafiule Wedaldinvanineas ansuszneulusfiulusnnie fAezgndesaaefouly
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LT;JuLLauTmﬁauaﬂmﬂﬁmaqLﬁaﬁgﬂﬁumaaanmmﬂﬁmi agdlasusenauminlusiumi adunsd
lulnsiauiigedonliuun afumsmanifasgnuueiiGedesameliifuenlinie wouluie
Antuetagninitiidusdlend Tunsasulusiulul dafindnuuda uiiiuzinasnniiazgn
aandlad naneiduansusenaululasy (NO,) wazlumsn (NO;)

uenanilveuanaglssulilasiauanonialossse TngsuunsaemuenUasusyng
oneftuthuds SsiluuaiiBelufviuloaunsassslulssiou (Nitrogen fixation) 99na1nAdn
manilesne wafidenduiivsiinardvegldfidluiudute warluh uenain uwuailizeudy
amdendeunniiuiannsonssulrsauldisuiu dnlvaflfud amsreluana Nostco ana
Anabaena Wazana Anabenopsis snuzierdululasauihitudeualdfu azgndeiddisldly
msasalusiulusienie Beaeiiilulamauguidsluandeuan uenanidsiuuaiiZedah
viflanoandiau luesnlmidululasd anlulasilidulussnesnladuasinglulasiau
PUATFIU ﬁﬂ%luimLﬁ]u%wmmdjugjmﬂw YUIUNT 58091 Denitrification STnuAatuluanIw
PINDDNTLIU (Anaerobic)

8. lelestaudalls (Hydrogen sulfide) luanmitluthl foondwunuaiisuavdseaans
Suradanshuth Tnefaeneendiau anasussneumndamtn (50~ lUldvilsAn dalwd (5)
waclalasiaudalis (H,S) lolasiausaliddufeiidndumiu SaSonidelani Sasiaie
lelosidaliidasidmanduasiindundy sUuuuredalasaudalid lalnseudaludnuly
uwisetnazdl 2 JULUU (S, 2536) Ao

8.1 lelesiudalsiluguliunngn (Unionized form) laun H2s Sanuindufiusie
ﬁmiﬁﬁe_ja Faaznuldluan1edidl pH dhni 8 wuafiSedenunsasendladinglalnsudalisly
nanedunsafuziu (H,50,) vl dianmmdunss

8.2 lelamaudalisluguiunndn (onized form) lsiun HS wag S Gasilufivsio
doitheazsngilesn pH ﬁuaqﬁéﬂqij 8

9. ArAue (Salinity) vianedis USinauneanssnnmnag Tneamelufesnas Ly
azmaaaﬂuﬁw myieRndiumbedmdnvesensinan Wundusderlaniuvesh videdniluiy
du (Part per thousand #age ppt) ennfsesiazuansheiuesnld 1hdnasiidanuiy
Wity 0 vhmmadirnennfeasusvana 35 @ndui lughunisussssenansauUaheen s

sesuALLAL AR

1An (fresh water) HAnuANsEIg 0-05 ppt.
wnsoy (brackish water) dAnsAnsening 0.5 - 30.0 ppt.

WAL (sea water) firnafuunnh 30 ppt. FulY
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10. Woawasa (Phosphorus) waaefavevpasiinyluwna s sumnAtianudiy
semsusza ieseniianudduwazdludenisenssdneafivuazdo Toaiamzfindayldiy
msduasieias lnoUniviearteSasazaueyluiiu fuusvieuvdwazasdug svanUdoseonsn
ELugﬂﬁazawﬁﬂéﬂ@ami%é'N fnardmrithazhluldlunsadydulawarains Protoplasm
Lf‘immmwgaWa%’aLﬁumﬁ}mmsﬁﬁmmﬁ%ﬁu@iaﬁﬂeﬂ,maLa‘wwu:wa@mauﬁﬁwmﬂuﬂﬁa%'wmm
aouauysallsiuiuani widfunninluasilmAsanmdeulysureawmah Tsenui
ynnuvasthsssinATloavedaguiund 0.1 me Soriuvaatitiufiomnssssumsnninly
wazunanihi dymuanie giinlpavleaganin 0.6 mg/l woedlsimuBinameanesalin
LilglARa TRy Fowidunnstunmsilisemnsasyivlaesfivihgdlunsmun
ﬂaaﬁ’uﬁagmmsL?%aﬂmmaawéa{fﬁqﬁwumﬁ:ﬁiﬂm'ﬁﬁU‘%mmmaMaaWa%’aLﬁuﬂ’jﬂ 0.03
ma/l Usznnvaseanedaiinuluwvani V\IaaWa%’aﬁwﬂuLmeﬁﬂﬁag 2 WU A9

10.1 ansusznauminduvidweaina (organic phosphates) laufasusznay
Woanosaminan mmumﬁmﬂ%amasWaaWa%’aﬁmmgﬂifi’uaﬁﬁuw%’éﬁwE] W Tséu a3
Tulawsm s userasiaeanesaflegfuanniivanndord

10.2 @susznaumneiunsgnpains (inorganic phosphates) 1uasusenay
weasaiinulumasiniag 1 eldzumnaminfisnAanssaeineg

11. Are3u (Chlorine) Undluunasiisssuwifarlifirasiulrduay udlunis
wnzdsedaiuneda musniiudesdinnsldnaeiulunissndelsevians dunsudslule
Uan w%aiumm%ﬁqﬁmw Yaliiszufainaniuvzuey \HesanAassulsuaniie
Entlesfannsavisunsededaitild amnnanismeasduiesjifinisiuvansnanniuas
Aeiunsia wunasesuluszAuanadududszanm 0.2-0.5 mg/l anansadilidninnaag

a o d o o OnG

aemulu 48 Tl u,azﬁ’hammﬁqﬁumflmﬂuﬁwmﬂaa‘%uﬂ%awuma PRUUUINRL

3 U L

dhanldlunismnzies daiinddsiansiinasiunasndeagias dimnazdilimsiiundi

0.01 mg/l M3rdnnaeiuiildlneindilidnseeviauaziinislionma raesuiinasvios
AgyuAseny ansUsEnaudug ’Luﬁmaz%gﬂﬁﬁmﬂimLLmaiw%mmwi"lé’mimam‘i
Buenslasren lslatawn (Na,S,05)

35y (Toxicants) ﬂ%@ﬁuu‘tﬁﬁﬂﬁﬂﬁi‘iu‘maﬁﬂﬂSﬂULﬁ@uﬁ’Jﬂﬂ’ﬁ‘ijﬁﬂﬁN‘] Bl
Sunsesednithlag \inamirfsvedsaugaaunssy nsinwmsnssy flgendle ieaann
anedeadaithies evfounasisssumnd asfiuvadssdinanssnudenisidoadniin

Taense Usunnuesasfie ansiuiaznanted 2 Usenn fe



30

|
=

1) Tangwiin (Heavy metal) Juasfiwfignuassannlsanuemamnssuduanlng

U

|
a

W Uson (He) naauad (Cu) wanwilaw (Cd) nzia (Ph) &ned (Zn) uaglasidlew (Cr) a3
wenilannsavnsunsesedaithlussiuemundudush azazazaneglusimednd deas
meneaurduilaald

2) ansiaiiinuag (Pesticides) @eldunannsrinnens Tnanisldansmidnuuas
#gfie (Insecticides) ansusiuivit (Herbicides) ansidndesn (Fungicides) Fafiinnsne
nane3esviln uaviinaangdanda unviinaansfag

2.3 AuANUANITIN YR

2
&/ 1 I

TuuassTud e1aasuwlamanineenididu 2 uaalve) fe uwiasida laua wsih

=

SPaed Thovuesraasls kasuaadnds Tawn vea wnays Tuuvaalmanilaeiidiiitie

2
ot

o o ! = T w98 =l 1 [ ] =4 ] @ &
ﬁWﬂQJIIWLLﬂ LWEIRD U WUUT SFHIUT WASYATNANE EL‘I,J"V]’N'Ui3&@1@J’AW%]%LUMLLW@GWJU WYUT &R

=

1 ieqatw axilviadsslomivasnwiensmsaesdeiin Faweasuus namladselul
& a Ada o i - 4 as

1. wnaseau (Plankton) wwasseududditiniuruasyaglni leswnanwuzni
mMumazaarill wnasseulianinsasnmnsadsufisiusenszuaild Jwaealuniy
firvnavednszuani) unawmeuiiog 2 wila Ao uwatmeuiia (Phytoplankton) WazuwaIne e
(Zooplankton) ﬂ'ﬁmuqmﬂ%muwamaﬂﬁmmzau%mﬂué‘%eé’wﬁmLLazaﬁLﬁuﬁm%'Uﬂﬁ
wnzideean fadudsmseaunsrmnuyulalieglusydu 3060 am

2. fwwnelvg) (Macrophyte) evunalvadufiehffilassasrmansigagdatanuale
=4 1 &
Wi 3 Ngu A9

'
| sles

2.1 Floating plant Lﬁuﬁm%uqaﬁluLLazﬁwm‘f"{LLﬁﬁﬁa Ingasgagfifiag iy 98N
INTRAGEN e

2.2 Submerged plant Huiteiitsnud dnaeiuteniiluenaediuatuniiini
vieaneglaidlsl 1wy avisemansysen

2.3 Emerged plant Lﬁuﬁﬁuﬁﬁmﬂwﬁqﬁﬂaaﬁﬁuﬁaaﬁwa@iuw%nmmﬁﬂﬁyw%a
U%mm%ﬂaﬁqﬁﬁﬂam%ugq Wy U2 NN Uau

Jaduiiiisvanasensiadaiulnvesiivunaluailiun arsduueainilunnfies

lﬂumﬁ’ﬂmﬁeiaqmwaau,ﬁqaafgjLméﬁﬁmmmimw'ﬁf’i’iaa:zﬁmaiﬁﬂ'mﬂ‘%fyLﬁﬂmamwaqmau
ffiuasnianisieiudulavosiivvunelvg)

[ a/ '

3. dwiliifinseandundswunelug (Macro invertebrate) dnilaifinsggndundarunalug)

U @
2

fenunsousniiugiealan Falivaminuuad nueu wesway ASaLALTEUAI3 dainanddl

b

rud R lugiuzenmsvesatluwme s wasdarinan dagiianulwonsidaunlames
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o E
o e & = =

Suandenlnoianivegeds wanasuafviivuieulud daimnilannselddusyid
anmnaivesnsvafie e idriindiedeuflogaiTasita uazAeudieivaiefien
frfunsinviimansenuiifienniafivuesi Juinve@nunludaUsnauasaunnuasdr
Wi

1. Uan Wusaiimetanwitddglunsusiaunmii yardnegludduduganas
a0le 9mnsdagldsunailaonensauasmdansoninuisuutasesganmddady
e tiAsuwUasauiliEdiFind uluaaledusiiniudsusasfiagdamal fan
innnaldsy wasmulusesiclusiauninsasiing darusiadanusioasuafivi
Vudoufsemannsalivandudviidaanminldlussdunis

5. 1@a9 (Fungi) Shunzvnatesiiuansainaviiewadiionfide amsiovad
ienavilnaslsitad (Chlorophyll) dawustlaifinaelsilad deusiddlianinsaduaseiuasld
\Fessaiuiiaduini Vegetative cells fiftamziiludidon (Mycelium) dasenausaele
InUanadu (Cytoplasm) dvanadiinies L%aiﬂﬁauiw@jagilﬁﬁgﬂuﬁuua31141319?13@%%151’61’18
nslinasnuanUunIElavienaninaalsve a1 s unsdazatslusssumfuiseila
MITInuUUUSaR (Parasite) aq’uuﬁw%é’mﬁu desiluhinasysiadaluiiiisundd
ﬁ’r:tmmL%lai?ﬁﬂumm@;ﬁﬂﬁﬂa%ﬁﬂiﬂa@uaqa Saprolegia Lag Achlya

6. wuAise (Bacteria) lnsunfuuriioaslugadnwad e Hgusiaduwis (Rod)

el o e Al i

naul (Coccus) Wiaidunien (Spiral) wafidrdfigaazdizusraduuinndoululs vrenss

91RgagTunguvsaslugnly wuaisedinnudiAgdenisusyus iiesainilugadniiaoe

dagaaedunidansniinazarstmazliazaisin eunsonzelulnsiauaIneInIe wasyie
wWaguanrzvelulasiauliiAnanueaunaniasssued vanainduuaiiieunedadaiu

awaueinsulsavedninn wagvlAinannznisvaurausandiauludianae an

'
] ot =

msfinwinu wuadiseluihdavarsuiaduanuaddgiivihldivanihdafalsawuadise

i

fana1n Lawn Aromonas Hydrophila, Edwardsiella tarda, Pasteurella sp., Flexibacter

5 o)
columnaris, Pseudomonas fluorescens Wag Pseudomonas sp. Wusu
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AIADNEAT

Etienne Baras et al. (2000) Anwaamgiiuiluvaidsalafiddninasenisiaigivle
gasUana sansneassdiulddaauinlandasvaninsasaiulalafludisgumgil 28-32

°C Jagaumgiifigniomnintiazdansznusodnnisiadyiulalianas duenduning 4

Growth (G)

1.0 b -

0.9 -

08 .

0.7 1

0.6 _ 5
G =-3.990 [0.688] + 0332 [0.050] T - 0.0055 [0.0086) T d A
0.5 - F=30.98; P<0.0001; B =0.826, df=13 5

(1,4 ~fremmprmeprmempeeee e e e S
20 25 30 35 40
Water temperature (T, °C)

Al 4 navasgaunrgiisedasinisiaTyiulavewan
71311: Etienne Baras et al. (2000)

Doaa et al (2011) lad1aiuusiassnnpmiaaanswarlyd MATLAB SIMULINK Tunas

=)

nageunfigagiithsenduuaeingdellssuuussananavuialvgiiion aaauluy

nstasade 91nran1snaaesnudgamgiidunilsluladendniifinansynusessuunis
wngiaesdnitn sampfivesidusudsiidfadmivnmseigiviavesiuiuegiann

w1 irgamgiamnsailiiuinanueiaauarae gumgiifunzaudimiunis
uAulavasiegi 34 °C Sroamafidisduds 38 °C apviliAnnsmeveira Faenanatl
AsuRsgmMniveniTainnudAyds

Dilip (2007) ¥asrawuustaemadinmandiitevinnedssansamnemiuseuly
mmﬁmqmmﬁﬁaLgawmﬁfgaawuﬁaumzf\m ﬁflmﬁé’amuﬁuqmmﬁﬁﬂuﬂaL?iymﬂm

Messuuisounsrantagauun (unsiax) ludlewnd Delhi (Latitude: 28° 35" N) 14
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b2 b3

AMATsrn MUsEInAB ULAY eanuuUUaIasIlaTliisnu B NAILANANLTLAIESEUULS DU

nsvan wauandluninil 5 mﬁ'-'{'faLﬁamﬁummﬂ@ﬁmmzaﬂum'ﬁjuqmmﬁﬁﬂuﬁaL?‘?&J&Um
Tnediarshuaguilddeoulunuuiiaswmiendamand lawn auning anue anuan
muEpwemiivetamarnisasuenmealulsuiewaesan Kaannsnaaesnuinye
sufmnganfimae 30 m nda 16 m an 1.25 m ladilutedn 1 m wiwveserin
Bo 75 °C warnsidsuvesomamaludeunszan 8 asadedlusaniililigangiigan
SUsEanE nwlumsuaudeu uaziinisAsuulatanenannuseutiey annsvaaes

ansariivguugidiedi 20 °C uasgamgliiigaegi 11 °C naaathuisuunsiny 39
6:0

u 9

gamgiithluvevangeanuazeingalutiaam 16:00 U uaz 7:00 . Y8 usaz UM E1AU

Ground level

Water leve] —ee
Bottem level

awd 5 nsiiugamgiiluveidsslandesyuuseunszan
iu7: Dilip (2007)

Tribeni et al. (2006) 9340 uazadruwuuaewendarmansifioviunegaminiiule

desUandsgguumvessuneduie (Funes) aiamsaugandnuifiansentwanszny

=

YBINFUIANUTOU NISMIANUTOU N5 IE LLﬁSﬂW‘i‘iSLWEﬂJ’E}Qﬁ{Luﬂ@Laﬁldﬂﬁfliﬁ"u‘Uﬁ%}u

nsvansaufunmsvimifoulaendlunsifingamgiutiuteuan Awandlunwi 6 waznis

=Y

munalumuuiaeswnsediananslilusunsy MATLAB 7.0 lumsviwnegaumniidiuazgumall

U
'

aelulsadeu nansvnasanuindis ldssvus ounszansmiunsyitinseuwatenfindlunisiiu

sampiludevanidlaamgiliintu 4.13-6.29 °C uasidlelfiamyszuuiounszaniil
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pangiliisdiy 3.12-5.64 °C MyRBGsadEaesszuuiminnnnimsdeduiaiena

Unf

Green house

Ground

|ININEENEN)

adl 6 sTUUBaunSZanImAUNISYNLNSauaIeRing luuadsalan

fis1: Tribeni et al, (2006)

dsuluysundlng ns¥and wazaaiy (2553) naseunismuaugnmgithluyeide
YalpgladnAusdainduuuirmsau 2 @7 da1 Fa( TOL )e wag FRUL agjﬁ 0.72 wag 10.52
W/m’ - K mugniu uiazusuifiuiiiunasending 2 m” seuuurunuiu waslvienuseunnds
ih¥ourunmNg 0.3 m’ Tnafigunsallemudouwasuduiuanuiouilld R22 7
anuannsatunisiimnusauyseann 3.5 kKW 5ﬂ§au1u5&gﬂﬂéaaiﬁﬂaL§HQﬂawﬁﬁﬂ%mwm
thuszana 20 m’ enuavgampitluieliesi 28-30 °C fuandlunnd 7-8 ¥in1sddoes
Uanniings Usag 1,000 2 nageulas g (Heusuneu) wazdigedy (Feu
Aemay) anansanuaseamgilutsidesailiiogdl 30 °C wag 20 °C My nans
neaemuininhresanningsluediiimsmunuaamgiifiiunandeilsifinsenun

gamndl 1.6 waz 1.7 v fauanslunmi 9 lugguruniuazggluniuaiu



——
Ground

4+

Heat Exchanger

___OQCN,“O'I

Ground

25

WA 7 LLNuﬁamﬂﬁmm%ﬁJugﬂaLﬁmﬂa'ﬁ,mEJwuw‘hﬁﬁauuaﬂmﬁma‘m%uﬁumm%au

u: NIl Lazae (2553)

v

*“To ref ~" To heat ST

w w
=] (3]
|

n
(3]
|

Fish pond temperature, °C
)
o

15

10

5

0 —— ‘ ; ———T
=] (=] =2 (=] L =] (=] o =] (=1 o o (=] o (=] o (=1 (=] (=] [=]
co (=] w (3] o o (=] o™ == (=] w o~ =] (=1 w o~ o (=] w
- = st - {52 - - L

Time

4

2

Andl 8 gaungiiUeiaeaUaiuaeiing

A7 NULNESH wazAe (2553)



36

250 T—————— —¢—Weight_ref —e— Weight_heat l
200 +

?
= 150 - 7
T 4
= ./"'f
= 100
r
r ‘y/‘ - /

” < = /

“yh

60 15 90

Time.Day

Al 9 Mswieufisudnnsiasgiulnvesdatiiniunsioumngil
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3.32+0.05, 2.23+0.08 4a¥2.20+0.06 N51/1U é’mﬁamawmaﬂ%ﬂﬁmaﬁ'a 95.00+2.00,

87 66+2.089 Uav89.00+2.00% snaldndu sauandluniwd 10-11
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Uﬂaqmﬁﬂuﬁmanﬁ']%’ilumaﬁwuﬁﬂﬁﬁauu,maﬁmﬁ%agj%izmm 50-60 °C Fauansiiaz
ansoranilvilgamadodosnislsvszna 10-12 whrandauindeld uenanilud
ilisruundmieuaefindmugiunismsdedulsaounsyan avhliiniignimgs

\isTuunsdhusgida Aagshildnaslifiuiussinifeunmeniindiosas n1sldlsuiounsyan

= 1

aguda zhliiaanisgadermuseumenismanuiounazunsdg o FilnraaLan

nanspudsldlasualusaua N kaseing U gedla g

£
s

1

sEINeNaALLazNatsiule

U

figeey ilvanguugiuanae

a1s19fl 2 agunansAnwAuAiIMBIRAEUNAILINNTINE

Aa v

H39y (U3de)

ANINARDL

NANITNAaDY

Ftienne Baras et al. (2000)

Anwgamaiiutludoideslal
fgnswasamsiasgiiulnues

Janila

Uanflaazarursatasgravlaleas

lugagaumnii 28-32 °C

Doaa M. Atia et al. (2011)

s RNguu) e naY
A  ast =
LEEINRORINIEUUUTELIaNE

. ¥
ynalvaiionageulunstis

=e

4

gauvaiifunilsluladendniil

2
I3

NENTENURDTZUUNTLWIZLAENAR 11N
gunaiiivuizaudiniuais

[

WwigAulpvasieeyi 3¢ °C 01
gaumpiiiuAuda 38 °C awvihliin

QUETIRERLNG

Dilip Jain. (2007)

a$ 19U UIARIN N ABINAERT
WevhweUseandnimmaaa
%’au’[,uﬂ’mﬁuqmmvﬁﬂm??m
Ua1al83suuLIaunNIzan w1
guiavadimuizanlunisgy

gaungiuiluveidssan

YaTUIANL MU ANTAI8YT 30
WAs 1114 16 RS an 1.25 wes 1d
wiluuadn 1 1wes wrkvesiayiyu

W@ 75 °C




15799 2 (99)

24

i er Y

A (Uin39y)

A1TNAnad

HAaNIINaaad

Das Tribeni et al. (2006)

b o

19y wagadIwuuIasanig
AdlneEns R oNIUIg MYl
iludeaidealaldnggrun

yoaUsEAB LAY (SUAL)

dieldszuuiFounszandiufiunisi
WFounaienfinglunisiisgumng i
Tuvsvanriigungiliiuiu 4.13-

6.29 °C waziloldlanigssuutiou

'
a oo

nszanuilguvgiiuidu 3.12-5.64

°C

n3dani AN wazAuE

(2553}

VREDUNISAIUANE MY TIINLY

U

vorassvanlaelgdiused

AT WUULNWSEU 2 67 AAn
Fe( TOL ). wae FRU 8l 0.72

way 10.52 W/m’-K sadnsty

NANIINAABINUITIUINLATDIUAN

o

antngeluvafiiinsniunugmngiil

=

AN NLUsin1sAUAsIg MUY

1.6 uay 1.7 winlugavuniuazggiu

AUAIRAU

Niwooti Whanechai et al.

(2007)

nagounslgnanainAguUafAu
divsuideafaiiunsau
wWisuisunsdedludefuil

AQUWATERN

miadulsuSaunanafinaquusyinli

5. "y . <
Wi Iiiudy 5 °C TA9INTEeY

(]

1

- D o vy w
amgiiange Vinlvifsimniiule

allfl. 7

Fanindedlulelinguanananadin

Wirawut Temprasit et al.

(2015)

managsuliugamgiiunlule
UaiunaeauLan 1 Andiing
sanistasgAulnveslainn

o

= & o o '
FauGe \dpalananiadylude

=p

wywanafin vediuud uazue

Flualulswsounatadin

aiuldgumginluvedunsly
TsaSaunanadinginimnue MsLasa
vanqniafuluvediuudlulsauiou
wanadnsimssadulalazdnsson
ganiUeRuynanain uazuadiuue

(p<0.05)

AudIdbnd

IIeSuuly (2555)

& | &
nadauLaIlalluuoTiuua il
STUUNARMUNSDULAIRTAY
mugiunswzaedulsuiou

NI&IAN

T

qquﬁma@ﬂﬁ’awmwwﬁﬁﬁ’w%’au
wavorindazegiivsyanm 50-60 °C
Fauantinazarursanautnl#s
gaumglianuasnmslalseann 10-12

Wiraatn S aunkan e




UNN 3

ABn193venserunInluazdsng

MnsRamIRnEALTIIuENIILfeuvansEdudssaounsransiuiunis
Guerniedeu lnsmsinendsnusaionfindidundanuazeiauaylidwmanssnusie
amamnmé’aumLﬂuwé'amuwé'nﬁm%'umxqﬂﬂ%‘lumﬂﬁymﬂaﬂuﬂwﬁ’q ieuAluliam
gamafithalugguuniihlivalifiuemsdwmalivariimaniydulaldd wiglwiduly
aadetinuaseazidonilénuenliuaviielfnisinuluadidniagdisedaad
Uszansam audeinguagasanlénninausenns aureunnuiimuualfudnuinas
ﬁ’m'ﬁ'am%’aaﬂam'ﬁﬁﬂmammusmqmm%famaqmzifqLgmﬂmL.%auﬂiza]nﬁ"mﬁ’umitﬁm%'au

warmInadeuiasaUal ganuiluufnuaiinsaniduaudall

Experimental set-up (18° 53’ 24" N 99° 2' 1€" E) ‘

oy
e <
not air inside the greenhonse // —

—é’"f% Systern desien i - 4——“ Irvastivating rese&lchj

‘ ¥ : v
Greenbouse [bl) Cage  Comaare wath | Ou‘doorﬂsh GHRARE) | CoParein Greenhouse fish Lages R
{ i ntecrated with hot air aeator
A 4
Temperature g Growth Perfarmance Viater gquality analysis
determination #
Ini atar uality

lead hat & droven 1o the wates

08 m in lagoan deoths from water surface

’ Hot ar aeiator higher

Parlomnanze agsessmeant of lagoon fish cace

NN 12 ﬂi?J"ULL‘L!’JﬁﬂLLEW’EFLN]@UH“]W]O’]Lﬁu\‘]’mﬂ’]ﬁ‘ﬂﬂa@\?



q1
ASnsandiunisa9e

1. MuRnuILE 35’31}‘5’311‘?]}@%?3 STUULTDUNTZANSIAUNITLAL 2 MAsSauLazNSIAYaUan

Anwnaznusndeyasruudeunszansaufunsifieniaieulazmndealag

eZe

= k24 !

sefnwdouaniag 91N uliie 909 N5ENsMANIU ATIUTELN vusudiGesUanly

U

[ '
=4 =i

fudisnag drihauasegianisinees n1sAnwaingiudesan1unisnigg lngasdne
PIUAT LU

gl éEJ}EJﬂ_:Iaﬁ’lUﬂ’W‘iUi&&gﬂﬁLﬁ'ﬁ%UUisUUﬁE)‘Llﬂi%i]ﬂL‘ﬁI@Lﬁh@ﬂiﬂqﬁﬁﬂﬁmmwﬁﬂuﬂ’ﬁ
dewarlunseds wvihmsnuraenguteyainmaniieg msfinwUsednsnimuazengnsly
NUTBIsTULTEUUGaUNSEan SuiinsAnwaridorindlulsemalve uagnsdnaesgumgil
21nA

12 ﬁmsﬂm5Lauaﬂmﬁ%fauimamsﬁ’lLaflmmﬁ%fauﬁaaaaﬁ_jmstuﬁauﬂigammgjﬁﬂu
nsrfadsaniiodumafivgaugiitwasnisifivesndiouivanzan Anwmenaniaud
wmzasdlunaiesndiadlunssdadona

1.3 Anwgduuy waursedflelunisinviinTsindsunaeiinduaziaiaslsluns
pyanazmuaNgnmniinsefadsmBsunsyandmiunsinemesoulagasius
Hudoyaieniia fu s1en Auanzey Wedndemisrildlumiide

1.4 damelne FEnawsdes AUNUNSHER Wias e Jymguassn a0

1.5 Yawiufia Bnsiwieidien sumunnsude wiasdwihe Jgwiguassa =me

2. sfnweenuuunszduisslanEounszandrufunsinenniadou
msvRspUTRLNeRnIUUsL U SRR sruUnsEi b anFaunsran s funsLy
ometeu axiimssenuuunsvereUAB AT seSaabsa ianmsuansafuii 3 gans
yaaes Uszneusne yamsmaaesil 1: nszdauuunafinunsnsliilu yamsmeaeit 2: navds
Fewauwuuiluiignaquéneieunszan uazyansveaesil 3: nszdadBsUatiaunsranty
auannsgardermiudougmeuendeinyiiveriusay il wielddusunsideauy
sunui Tasvanfids e dulamuelneuazuaniviia luudasnsedadosarmolnels
Uszanes 300 5/nseds (Nedaving Ade 2.0 m 812 3.0 m g 1.5 m) uazAEa Ui
50 f/nseds (nsedennm 13 1.0 m em 1.0 mgs 1.5 m) lunsesniuudesidsarindeya
gUn3aline Wy sruueunszan warmaiineniaieu iannuuudiasamndinmens

dwsuldvihuegamgliunseulunseds



42

Al 13 MIsennszfudsslan 3 ganmeaed dinduidisuiisunsiaiayiulavesan

3, muﬁmumazﬁﬂé‘\gaqﬂﬂinﬂumiﬂﬂﬁﬂwﬁ\mwmmﬁmeﬁuaxmuquqmmﬁﬁfﬂuizw
nssdufssUaGeunszandamiunaifvenmeiou
puvaunnuitelinuiakasiadgunssllumsnsafandinuiaening
LLazL‘IT\JINQmiﬁgf_]ﬁﬁﬂﬁmu’wE{QJIUﬂ’1‘3Lg‘aﬂUaﬂiu53UUﬂisﬁﬂLgH@UaﬁL%@‘Llﬂ‘i%%ﬂﬁ?ﬂﬁUﬂﬁLﬁﬂJ
91N1FSBU éﬁﬂ‘lﬂ’lﬁLLU?ﬁmLaxagﬂﬁﬁ’]Lﬁu&ﬂuﬁﬂﬁ
Q’ﬁﬂwwzﬁﬂL,ﬁumﬁﬁmmuazﬁmmg\iquﬂ'ﬁﬂﬂum'ﬁm‘na"i@LLasmuamwwaLgmﬂm
waaenfind sruunsydaisaUaFeunszandaufunisifisenniasou laun
1) 38UUNTIVIPLAYATUANGMINIL
2) szuuinanudiudseing
3) sruuiadnsmsiavoa
4) syuuamnaingam)lanmeInIALIndey
5) 3esiamniauedeaineinidiou
6) szuuiutuiindeya

7) Teelutesdusanuuulaazlnsiunisnsiainnadl



a3

Temperature Control
= and Monitoring
Solar PV A i A
i I's o Canopy cover
\ x~ Blower /

Temperature

Inrensity

ASrVelogity o

Lagoon

A 14 Tpezunsunsfasagunsaidmiunsisy

4. suvedeuLazUsfiuasTausIeALSauTansrfaFsanFeunszansautunsiiy
91MATou

1) yedeulazUsuduassauz s SauresnsEtaas anEounssansufiumsia
a1nAsaud wTEanE nmanssausaussulsziiuny gudidendanunauni (2555)
unshaesfnda sl adsmatlunsed

2) msAnvmsnszneitenmilunsyiadsan Gounsransuiumsifvemeaiou
éjﬁﬂmﬁ]aﬁlﬁﬁ’]mia@ﬁgqqﬂmgﬁm’aﬁmqmmﬁmﬁuu‘%nmﬂ.uﬁauﬂizaﬂLLazﬂqa‘LUﬂiz%’ngaa
a1 L‘ﬁlaaLﬂ§1$ﬁ5ﬁ§1ﬂ’]‘iLU?iEJ‘LlLL‘LJaﬂ’qm%gﬁﬁﬂﬂﬁﬂﬂﬁ@ﬁﬂiﬁﬂﬂLLﬁ%ﬂWﬂiUﬂ‘it“fﬁJdLgﬁJﬂﬂm
AipswAE e uuansneszrinsgamgfiveiisany suiagamgifiinisasuwadulussioy
LNl ‘iﬁ'am'iﬁ’uﬁﬂﬁ1Lﬁaﬁé’w%mﬁaﬂ%’uﬂqaﬂ'ﬁxmumﬂﬁuqmmﬁﬁwmlﬂ

3)  frgsvernailunsiiienirseutareandiau neaeuiudeyaledamguunily 2
nsdl 18 sruunsrdadsaneunssanitlsiiimaiuenmadeu wasfiiinsfuenmeseuadiy
naedadusuaFounsean

4) %Lﬂ‘ﬁ’l:ﬂﬁﬂ’l’ik’i}%ajuLaUIWU@QUE]”l‘WlIE]bL‘V]EJLLa:i‘UmﬁUﬁEﬂUﬂiS%Lgﬂx‘lﬂﬁ’lﬁauﬂ‘izﬁlﬂ
sufumsivemeseuiteutunadsauunssdanly

5 Tnwinumwiilddmiudesiailunseds Anvmuansgnunnadssaily
ﬂim“j’uLgaaﬂawL‘%@ummﬂﬁamimﬁauuﬂawmqmmwﬁw

9
1 =

Jadpdanedeuiinansynunanisidsslams Aeendiauluad gamgiiui 415813

= '

warALUDIE wazann il aninasenaiyiulaveial minmsneasaEuaulih



44

msinsiaanneeniluaszienisinuas nstiviedishanuinaivhnismeass

dmsunsiesigaunmine IS Imegey Fakanalupngnan 3

A151991 3 AN15RSVINAMUNIN

Parameter Equipment or method
pH pH meter
Alkalinity {(meCaCOs/L) APHA, AWWA & WEF, 29™ ed.,2005, Method 403
COD {mg/l) APHA, AWWA & WEF, o ed.,, 2005, Method 5088
Turbidity {meg/l) Turbidimeter
TKN {me/l) APHA, AWWA & WEF, polf ed., 2005, Method 402A
DO (me/l) APHA, AWWA & WEF, 20K ed., 2005, Method 4218
EC (ds/m) Conductivity meter

e nseseiaitesgiudniunsinszigunmiluiswauneaes

ls1: APHA-AWWA-WPCF (2005)
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Fuyu BumnmFeTeidunuiasianeuLRnlasinisteuuddndunsiinsgidng,

A

HANDULIUYNLASEEAERT GennsfinyiwasUsulunaneuwnuniaasygrmansd 4 @ sl
1. yarndagUuans (Net Present Value, NPV)
dnsHanauLnLlasINig (Internal Rate of Return, IRR)

HaUsrlevunaiiuasyu (Benefit-Cost Ratio, B/C)

SRR Y

maUszifiulaeAnseesiaanAuyu (Payback Period)

gunsaluasiesasilonldlunmagay

Fefifuntsdnendimaasddunisussgndlindsnunaunuandaeifiu
UsvAnnmnsidowarlunsedinessuunsydudsnaniounszan Tnsvhnisissluiiud
Fwindedvl Salimamedeussuuiaenanenissammelnglutigey svesanlunis
yagau 120 Tu yan1snnaesiiuansefiu 3 gn gAnsNaand 1 nsidsaanlunseduuy
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adornudounquinelsudounmadinillassaiavanldsgumsluamazlangusauiiu
Foudndiofidu (0.15 mm, UV 7%) nszdadsiauuusisauiuannisgey domnuioud
meuanselnuiviediudieliiled aurm 0319 2.1 m &1 3.2 m uaggs 1.5 m uazldnssds
o InAVLIREIY 2.0 mm M A3 2.0 m 873 3.0 m wargs 1.5 m Pdnulunsedades
Jamuuuauau wagvhnisvaasuiasariuiinludagguundililissuunsnaaes
w§rnUszaumnudisslunsdssaielng wiiedivanuwsnsauasdeyaiindedio
sni hnsides 3 91 Tu 1 ganismaaes (nsedeaulndnnaoiu 2.0 mm wwa n$1e 1.0

m 8717 1.0 m aggs 1.5 m) szuunvinnsnegavlunuideiianwarluninsiuaaanslu
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1. devingnmpiimesludimes (Lega Ju TM-947SD memedluduila vila K) 11Tn

gamniigante lumaiiudeyassuunszdadesaiseunszan

A 18 wesludines (Lega 3u TM-9475D, anawesiuduila vila K)

| W o= P a = ar o = 2
2 AYeAuLaseAnglas I AANLAS 2T AR LLEIDIRE Solar Power Meter 1 W/m

Resolution, BTU w/m’ (3u DT-1307)

And 19 teseriannuuLEIefing (Solar Power Meter)

3 e sRAIEIan Anemometer (Model: YK-80AM) & msuinensnnisluavsian

Soudwiudvasgnszdauional
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4. ipsesinnInealiaffiines Disital Multimeter (Model SD 201) Td¥nanmndalvil

Ausaeuldiln wazAnsealn

7707 21 Digital Multimeter (Model SD 201)

5. Judsermeafeu dnwuzmsiinuivetsiniadouiiassiieglusaunizanasg

sz adpanFeunsyan (Pressure 17 kPa, Speed 2,800 r/min and Max flux 68 m /h)

MNT 22 Shwaiensiansluiinenrsaud s uiLaINIAsauaInIETIdssUan

6. TAUVUINAINLYNVDIUAIAIETEAUNITIA LUNUILIURLIAT TIUIAINABLAT DT

Aanoamiaeidundu (Charge 31 HX-Z1 15kg 0.59)
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aaﬂLLUUm’:ttﬁuqmmﬁﬁ‘ﬂumz%’qLgaqﬂawiﬁﬁgmmﬁﬁwwsau msliwanainlamquludou
nszanaseunszdudsstan MwanmsifleFsdnnefinddemearmudilulugounszan
asfuszneudi fegaeluargandundandsulioglusundanuaudourinisuisdsy
vusneenuusliannsavgaruesnnlél demalFermaneluiseunszanigamgligtiuins
wwmm%’aua&éfﬂinﬂ'ﬁﬁ@ggaaﬂm wazanflunisdnwuivdayaudiasiesd nsenwld
Anflunsvegeusyrinaieunsngiem 2558 e ieunangiau 2559 luassiuilenmsinens (18°
53'24''N 99° 2' 16 "E) aglndusviverdewlid Sarinledl mamtevesUszmelne wus

Asfnw U 5 sty nnseneSinanisanwsadalui

= o -1 =
ﬂ'ﬁﬂﬂiﬂﬂ’6'1Ni‘iﬂugﬂ’]\iﬂ?'mia‘w{laﬁﬂﬁz"ﬁﬁLa‘éN‘UEi"ILU%IEJUL‘V]Efll 3 YANIINARDI

= 1 (=) = 124
NEANTIICATT9 ﬂiﬁlﬂ]ﬂﬂ’lﬂﬂﬂﬂ’!ﬂ’lﬁﬁau

ndeyaluiuil 31 nanen w.a. 2558 Midufunuveagasy yhmstuiindeyaiu
06:00 u. @13 18:00 u. naaasreza1lunsiuvdeyaiidmuiduuaseniindinde 414.8
W/m” gaimnfiennindon 29.48 +0.30 °C wudqqmmﬁﬁﬂuﬂw%’aLﬁawmﬁauﬂwaﬂ
visawIuann 1 sgadsanuseudnesusnmeliuivieiuseliild (yanisveassi 3) i
aaumpfithlunsydadesanaty 30.24+0.68 °C sesaunfensydadsauuiludign

2
2/ L =

AR UNsEan (YAN15Maaesn 2) Taamgii lunszdadeslanade 29.39+0.43 °C

9

'
o

uagsngansidesdalunseduuuundfingmsnsidesmll (gansvaaedd 1) gamgiithly
nszdudeadaiiedy 29.01+0.21 °C anmansvaaeseamgiithlunsedadvaisounssan
wuRuLannsgadennuiaugmevendglvuiivieiume lilifioumgiulunssdabes

Uangandgannsveaesdu 2.84% uag 4.09% AUaISU 991NN1SIRaaUSInuUIIANLANATY
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' 7= o

FEMNIQUNNHigIaaLarignve tLsasYAN1sSAaouniY 0.74 °C, 1.49 °C uay 1.90 °C

9 Y U
2 '

yoansnsissUatlunsedauuuunifinuasnsidssialy ﬂia%ﬁLgadUmL,wuﬁ'alﬂﬁgﬂﬂqu
Feideunsvan wagnsedadesanFeunsrantiuauiuaanisgy denuieugniouendoe
Tntuiviestusnelilll snudndu arnnisazaundanuanudousasiinsedaiiuauiuiunis
aydornafeuiiiniwednszduivnaniounssanviipuiuasnisgderioudmenan
Felnuiivieviusneiliamalvigundidilunssdadeiatganinganisnnassdu duandly

A9 4 WAZAITNWA 27

AN9199 4 namIeaeuvenszdudeandivuiigy 3 yansnaass ldvayadiunuves

nsnaaadlutiggsy
8N Mean+S.D.  Minimum Maximum
padusaefing (W/m') 414.5+242.1 68.0 868.0
gamgiameawindau (°C) 29.48 £ 0,30 29.08 30.00
Qmmgﬁﬁﬂms:ﬁ%’aL?ﬁyaqanawmm‘wmaaqﬁ W) /29,0158 | 28.54 29.28
aaumgiitilunsefadsalarvemamsneaasii 2 (0) 29.39+ 043 28.49 29.98

4 a 3

’eJm‘Vmﬁ"j’ﬂUﬂ‘iBﬁdLgﬁNﬂﬁ’W‘Uadfﬁﬁﬂ’liiﬂ@amﬁ % (G0 30.25+ 0.68 29.08 20.98

a4 Y] ol
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Compare water temperature in fish cages

3200 - 1000
i e TA el B 7L T2 e it |
i 31.50 . 900
31.00 ~ 86O
Y 2050 - 00
| "o =
| 5 32000 600 =
| ,— <
£ c
L 2950 - 500 ©
£ L B
L 2000 IS a0 T
B 5
5 28.50 : 300 B
= e nd i 3
‘ 2800 - # H L 200
Gy ol NP ¥ Lk 100
o e e W T -S—— R ..
6:00 T:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time (hr)
| T-A - Normal fish cage.
T-B : Greenhouse fish cage.
T-C : The greenhouse with insulation fish cage integrated with hot air aerator.

Ta : Ambient Temperature (°C)

| # : Solar radiation (W/rm?)

d’ IS !nl o C;!} =l = 1 2 = L3
aIWn 27 qquwuﬂumzmmaaﬂmmia‘umau 5 TYANIINAADY ATAINHLVLLLEIRIN AR

wazeamaiionniawindes Todoyadunuvengey

ndeyalutuil 10 Auarius wa. 2559 Tdludunuvasgguun innnstuiin
Fagasaus 06:00 u. fiv 06:00 u. (24 falue) wudludrsaainarsiunaensseziiailunis

%) P o a i 2 = o d'
LﬁU‘Uaaﬁlauﬂ’lﬂ’J’%;JL‘UiJLLﬂQE]'WW\ﬂuLQ%& 429.0 W/m Qm“ﬂﬂuuaqﬂ']ﬂlanﬂaﬂul@aﬁ] 2 A=k

a =

4.99 °C uarguugiiiafuiaeds 26.2040.59 °C wudrguugiinlunszdfudeaiiou

v = 9 | o a0 v v | o P
nsvanvuRuIuann1sgadsruioug neueningluiviovunaslili (yan1svaasei 3) i

TR

ar
=

gamgithlunssdadsswanade 27.5840.81 °C sesaunAonszdauassauuiludign
ARUMIEIEoUNTZAN (Yn1svaaesdl 2) dgampiinlunsedudsslaiedy 26.7230.71 °C

U
o

wazsnaanisiassUatlunsgdauuuundfiineasnsidesiall (@ansmaaosd 1) gungiithly
nszdadesanads 26.3640.72 °C wuirguuadsa 3 gan1smnans dninangaumgiiv
asTLEmSUNMTAEan waswuhgamginilunsetudssanFeunsyaniuauauanns
guidseuiougnausnmeluaiivieriudg il (yansvnasail 3) dendnlndgungiin

wmsgufimsnzasluniseiydulaveslannniign Auwansluns1an 5 uasnmi 28-29
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= o X = o Py o
157199 5 NanN1sVAgUYRINTETagsUaUTauLnay 3 ﬁ@ﬂrﬁ“ﬂﬂa@q I%‘U'ﬂﬂéﬁm'ﬂuwusﬂaﬁ

N15nAaadluY VU
378N19 mean 15.D. Minimum Maximum

AzEwanden

- ANANLTLLEN R TIRE (W/m?2) 429.01324.7 0 815.0

- gaunnieImaALInaas (°C) 27.4244.99 18.21 33.10

- gaungiifiu (°0) 26.2030.59 25.50 27.80
YAN1TNARD T 1

- gauvgithsydu 0.1 m Mnfath () 27.4011.25 25.20 28.80

- gamgithsedy 0.3 m Mnfiath (10) 26.3330.68 25.10 27.30

- gamginhsesau 0.8 m Mniad (°0) 25.3620.40 24.60 26.30

9 U

YAN1TNAGDI 2

- gauugiienmangluiounsyan (°C) 36.0519.98 21.40 48.50
- gupfithszdu 0.1 m winAnh (0 27.7741.35 25,50 29.70
- qquﬁﬁﬁzﬁu 0.3 m 9nfinh (<C) 26.5440.65 25.50 27.40
- gamgithsedu 0.8 m 1infiath (<) 25.8440,33 25.20 26.50

YANTNARDIN 3

- paumgiinmaneluseunsgan (°C) 35.3119.29 21.60 47.40
- guuugisydu 0.1 m 9nfiath (<) 29241177 26.00 31.80
- qquﬁﬁﬁgﬁu 0.3 m anfah (40) 27.4610.73 26.10 29.10
- Qquﬁﬁfﬁ:ﬁﬁu 0.8 m gnfiath (°C) 26.0610.34 25.50 26.80

NAMH 28 WUIRUUNTFWINADTE NN TURAENANAUGFALAZHAE R

%
v
o

uanenauUsEINa 14.89 °C flanviniu 44.98% Turisnanansiuwagnansiy uazgamgiiun

=

wAsusnAefsEINM 0.2 °C diafisunngamnfithluassaiienisinwasaaesvisiufignmad
iads 26.26 °C msidesalunssdudesanieunssanviuauiuananisgadeomiuioug
meuendnelvieriuseliile (wnsmeaesd 3) asanansaiigamgiitinaentieild 0.81
C Aondu 2.99% uaznszdudsslamuuiluiignaguiteideunszan (wmsvaaedd 2) ey
ansnsiugaumgiinaentiaiuld 0.29 °C Aaidu 1.09% vesgampithluassiflansinunsiivh
MsNARRY

N o 8 ¢ Y A& § A a o | 1 Y |
eWasaniiindnszau 0.8 m anihdaduszauivanlgnaidwingendeed

wuheamaiitlunsedauienandeunseanvuauuannisgadeanuisugnauandiglv
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Mvienanaelilll (yan1snaassi 3) fonmgidnlunseduifesla 26.0640.34 °C s999987A0

U

nsvdadesanuuinluiigneaudtedaunsyan (gan1svaasi 2) dgumpiihlunssdades

Uan 25.8410.33 °C wazanganisieavarlunsydauuuundnineasnsiaesnald (yanis

2
a0

vaaedi 1) gungiiunlunsedaaesan 25.3640.40 °C uandliiiudnna 3 gan1snnaes @

U

gamgiiliegludenmgiininasguiivanzaulunmsdesuaadssidymnninuuanig

Tosgan v luuAsEAuTuANENINAN Awansluniwd 29

60 - r 1,000
—4— Greenhouse Fish Cage
£ 900
5 | ... Greenhouse Fish Cage Integrated with Reduce Heat Loss System
; L 800
-~ Soil Surface in lagoon l
) L0 X |
10 4 —— Anbient Temperature £
O & = = SolarRadiation o0 S
o
g [
PR L0 o
jd +
J ERERAdRERRRRANN , 3
E 20 A tt444 ;
& . \ 4L 30 &
£ i : &
@ ; \ Fo200
L ’ i
o’ . - 100
,’ l
" -
01‘:T]lll[\\\lll]\FuFI\\\'il:il\\if\\\llll—(lell\ElO
600 730 900 1030 1200 1330 1500 1630 1800 193¢ 2100 2230 000 130 300 430
Time (hour)
= = v a =y
AN 28 ﬂ']'.]gaﬂLL'JﬂaaﬂJkLﬁgﬁ)mWQNﬂ'}ﬂiuL'ﬁ@uﬂ'ﬁgﬁ'ﬂﬂ
30 -
—@—Normal fish cage
—@— Greenhouse fish cage
29 at _¢— Greenhouse fish cage integrated with reduce heat loss system
#
O [ "
T g | i Fdl ad 3
2 e
3
frary
g
g 27
§
| =
| B oz
' =
25 T T T T
6.00 7.30 9.00 10.30 12.00 13.30 15.00 1¢.30 18.00 19.30 21.00 22.30 0.00 1.30 3.00 4.30
Time (hour)

v

AT 29 gruiidnndenaennviuieuiiey 3 4An1IMnaes Tutanguu
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NSANEANTIAUZYDINTETUAB AT auNsZaNTAUAUNISANBINIAS Y

PNNsAnwgMAlitTsuguIa 3 gantsveaes wulgumgiilunsedaudesan
Sounszaniimnuaanisgalderuseudmeneneeliluivieriuaeliilil (yanisvaaesil 3)

]
o =

Wlndgamgiivhwenzaslunisidenaninniige uwidwennuwimafiasiisgaumgsiifissa

@
o £

AuEn 0.8 m 91 Willgaumgiinilndideeugiiahddasuanuieulasnsminiseu

Y

£y
o v o

nsgan yinmaiigaumaiithisedumudn 0.8 m andatmensihenaieuiiaesieylu

\SounsEanawl nmvaeslanadissia Ul

1. asUszidfiulseAvinmsyuurasnssadesanSaunsyandauiunsiiuanniedou
ATINNIsYRRBINsEiIAstUaIE punsrannTAuT i un1semefaulurag g
desarilunssdeduaioumng 013 2.1 m o1 3.2 m uaggs 1.5 m Willugeeinedidddlii
345 48 W geeneioumsludeunssanasginlunssdadesiardnaniah 08 m a1nms
Ussiulsyansnmenesyuy $anan 10:00-14:00 W, Wisuifleunsedadeslandounszaniill
Fuomatoulas i NS Ui ANEATWIEIIEUUGAY 23.66% WA% 32.65% AU 61

LaRIlUAIS19N 6

A19199 6 LanINAN1TUIIEUUSEANS NNUBITLUUNTLTLALIUa T aUNTEANI IWAUN TR

INAS DU
amwgﬁﬁﬂu Qmﬁﬁﬁﬁﬂ‘ﬁ Iy Input Output  UszBuEaw
e nssdia (°C) vindu (°C) (W/m% (W) (W) 125y (%)

nsailadinsifivainiaAdou
10:00-11:00 u. 31.06 0.01 754.66 5,071.31 62.81
11:00-12:00 . 31.07 0.01 668.83 4,494.55 62.81
12:00-13:00 u. 31.36 0.29 896.00 6,021.12 1,821.53 760
13:00-14:00 . 31.90 0.54 817,52 5,493.73 650181
nsaifinsiinenadou
10:00-11:00 . 35 0.27 TS 5,396.04 1,702.19
11:00-12:00 wu. 31.67 0.16 623.43 4,534.92 986.14
12:00-12%:00 u. 32.06 0.39 849.43 6,053.64 2,024.52 e
13:00-14:00 4. 3243 0.37 879.57 5,889.48 2:330.31

VNeWwe: Mass/flow = 1.503 kg/s wag Cpy = 4,180 J/kg.°C
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2. wamsnaaasmsfueimadeulunsedaissarFeunszaniifinsviauauiieannis
gapdeannufoudneldili (yannsvasesi 3)
pansrpaesnsismMEsauTiogmeludounsranasguniisyduemdn 0.6 m e
sysuasiiani shetluaufinennid (Pressure 17 kPa, Speed 2,800 r/min and Max flux 68
m/h) sk uefiEuthdannn 1.0 h asgthseduemudn 0.8 m Wuamasausensius i

aaa Y | 3

aguWoMITLAUNIAUGNa19vIA 5.5 mm. Jufindeyaial 6:00 w. 819 18:00 w. 11013

WReuieussrinszdadaniadeunsraniitinshanuioaansgydsanuiauselil
(annsveaedl 3) Himsiienrsaunarlifisenfueniaieu luiuiiideyaneldany
Aunedonilndifesiu wuimdaenfindidsluuiivageunsefads sanFeunszandi
miﬁﬂammﬁaa@miaj;mul,ﬁamm%auimalziﬁmﬁlﬁmwmﬂ%faumaamwmmLﬁusﬁai&a 531
W/m? uagSuisinmessunmafiuemedouasgiilunseiirnenszosnaniudeya 490 W/me
APy eIMARaRdeuaR 32,53 °C wag 32,52 °C aud iy wasgumniifiegmeludau

NsEANRAY 46.69 °C uaz 46.01 °C MUAWIU Alayaviuanwniem 7



58

o =3

A15197 7 qamQﬁﬁwﬁim‘ummaﬂﬁLmmﬂ'wqﬁ’u‘Luﬂixﬁi’al,é’mﬂmﬁauﬂimﬂLU%‘EJULﬁsmmgﬁ

AlifinsiueiniasaulaznsaisiununsiivenAsau

NN ALY mean = S.D. Minimum Maximum
1 Lifwdenfivernmeseu
ANAINILDNLEIDHIRG (W/m2) 531.3%283.3 9.8 978.0
guvgTomAdawiadon (-0) 8955 3,57 24.30 38.00
gamniiaamanisluTounsyan (°C) 46.69 £9.44 24.40 60.20
Qquﬁﬁnmﬂumz%’aﬁmﬂm (°C)
- fisysupmdn 0.1 m 91n@a 33.49+1.99 30.00 36.90
~ fisgdumnudn 0.3 m ﬁ]’lﬂﬁ’nf’l 31.62 141,23 29.80 33.40
_ fisgduanni@n 0.8 m a1nianin 29.94 £ 0,23 29.60 31.00
aqmw‘]“ﬁwmauamw%’uﬁmﬂm O
- fsedueuEn 0.1 m 9nAni 31.49+1.18 29.40 33.00
- ﬁ‘ﬁ% AUAILEN 0.3 m mﬂﬁ'ﬁ'\ 20.69+0.77 29.20 31.90
- fissumnadn 0.8 m ;AT 30.13 % 0.39 29.20 31.10
e 1“5Lﬂ%@dLﬁummﬁ%fauaqgiﬁﬂums%’q
ANANUTLLERARY (W/m2) 490.6 + 321.4 9.2 952.0
648.4+243.4° 61.5° 952.0°
RN RRDY medawndes (°C) 32.53+4.44 24.60 41.60
34.14+ 351" 26.50" 41.60°
gaumpiiainangluFaunssan (0) 46.02+ 10.77 27.40 62.00
50.99 +7.78° 33.40° 62.00°
qmwnﬂﬁﬁfﬂmﬂunw&’q Aastan (°0)
- fisuduprnu@n 0.1 m 91nfA 32.20+1.27 30.40 36.10
32.08+0.76" 30.70° 33.80°
- fissduaudn 0.3 m 91nAath 31.54+0.84 29.90 32.70
31.65+0.77° 29.90° 30.00°
- fiszsumnadn 0.8 m anfia 31.66+0.71 30.00 33.20
31.82+0.68° 30.00° 32.20°
QquﬁﬁﬂmauaﬂﬂixfﬁqL,?ﬁvmﬂm (°C)
- Fsvdumnndn 0.1 m anfiath 31.60 % 1.00 31.27 3112
31.72£0.90° 29.80" 33.50"
- flszdupudn 0.3 m i 31.27£0.77 29.80 32.50
31.30+£0.70° 29.80° 32.50"
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ANSNAdDU mean 1S.D. Minimum Maximum
313440.70° 29.80° 32.50°
A157199 7 (519)
N1sNAgau mean 15.D. Minimum Maximum
_ fisguannudn 0.8 m anith 31.1240.59 30.10 32.30
31.0640.51° 30.10° 32.30°

wnewn () mstuiindeyalugasan 8:00 w. 3 16:00 w. Aevraniiiaiesfuemaiou

Y9

91nami 30-32 wudnisneaesuiinteualuium 27 dquisu we. 2559 uay 28

19 a

figuieu w.A. 2559 nsnaaetegnigldniazdunadeunlndifsstuyilvasniadiieyad

U

IasnUIauiiisumnunanaanini s ueIMaseukazlliipseafueiniasauasluns ey e
Janle

1000

Solar Radiation (W/m?)

@ Wnitout Hot Air Aerator  J Hot Air Aerator

6:00 7:00 8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:.00 5:00 6:00
AM AM Al Al AM Al PM PIA PM P P PM P

Time (hr)

Al 30 ArAadiLuasendind (W/m?) aesiui 27 liquigu w.e. 2559

LAy 28 a‘]qmau W.A. 2559



Ambient Temperature (°C)

= 3

6:00
A

b

~dp—\Without Hot Air Aerator

A Hot Air Aerator

700 800 900 1000 11:00 1200 1:00 200 300 400 500 600

AN Al A AN AMA PM PM P P P14 PM P

Time (hr)

AW 31 gamniienniAdawinden (°C) ¥BeIud 27 diguipu WA, 2559

70

60

50

40

30

20

Inside Greenhouses Temperature (°C)

way 28 fguiau w.A. 2559

600
A

- Without Hot Air Aerator

—A\— Hot Air Aerator

700 800 9:00 10:00 11:00 12:00 100 200 300 400 500 600
AM  AM AM  AM  AM PM PM PFM PM  PM  PM  PM
Time (hr)

i 32 gaumgiiennienialuiieunsgan (°C) veaiuil 27 fquieu wel. 2559

uay 28 fguigu w.e. 2559

60

NATNA 33 (n) Nﬁﬂ’lﬁﬂﬂﬁ@ﬂﬂiﬂ%ﬂﬁﬂQﬂﬁﬂﬁauﬂ‘wﬁ]ﬂﬁﬁﬂﬁ‘iﬁ?ﬂU’JuLﬁ@aﬂﬂ’l‘i

= 2

grLdenILs
il

Meuenyansneass 2.0 °C Andu 5.97% Nsgduanasainidal 0.3 m

ousldll (ganiameaesdl 3) isgduanasniniia 0.1 m dnlunsedadesan

a A

U
¥

2

gampiinavnasassevaanisiudeyaegfl 33.4941.99 °C iflgrvgiiadegeniniiney

Plunsedadeavan

flqumgliedonaensveznainisiivleyaoy 31.6241.23 °C flgugiwduiininhiey
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MUUBNYANITNAGBS 0.07 °C Al 3.03% wasNsEAUANasRINGALN 08 minlunssdadey

Uanflaamglindenaonizeziiain1snaasogi 29.94.+0.23 °C mednvurnssduiesal

usuudaiiliaamgiinnielunssdaiigamgidnigumagiidiedefiegaevenyanis
yaseInenszssanIakiutosa 0.19 °C Andu 0.63% esandhlifinnsindeulwainl
UszAniammnismianuiouainuvs mdsnumsusnmnitssuuiadadaalifnany
Lmﬂm’ﬂwmqmmﬁmaﬁ13ﬂumiazigﬁu%’ummﬁﬂmﬂﬁaﬁn
nansneaesnszindssandounsraniifimsiawuiteannsgadennuousie
il (gonsvaaesil 3) guvniviluganisnaaesdidniade 31.68+1.98 C flgugiigandi
aghailtindrdnmeaia (p<0.05) gumgiinadeiognisusnyanisnaass 0.91 °C Andy
2.87% MnKanIsnaaesmmoulagmelueunssanannsadieimarudeuasgihdnue
Uszana 0.3 m 910 gurgiithifistudunsfundsnuanudeuazasluifaunsyan

a%aR1tNlnems

u



Temperature (°C)

Temperature (*C)

Temperature (*C)

Temperature (°C)

0.10 Meter Depths From The Water Surface
(Withoul Hot Air Aerator)

37
- Greentouses | 5= Lage &
36
o - 0.t ce frraennoLses Fish Tage
34
. G i i S
32
30
79
E
§00 700 500 O 10:00 1150 1200 100 2000 300 £00 50T £0D
AV AM AW AWM AM AM PN PM BM M A B PM
Time (hr)
0.30 Meter Depths from The Water Surface
(Hot Air Aerator)
+ Outside Greenhouses Mish Cage
—a&— Greenhouses sk Cage
600 700 £00 000 100C 1100 1200 190 200 300 400 500 400
Al Ard ArA AM AR AN PM P Lt} Frd FM L PN
Time (hr)
0.80 Meter Depths from The Water Surface
(Hot Air Aerator)
37
35 _4 Outside Greerhouses ish Cage
28 #— Greenhouses Fish Lage
EE)
3
EF]
31
30 ¥
29
28
600 FOC BO0 P00 1000 1LUL LZQQ 100 200 300 400 QU 60
AW AR AM Ak ARt Al FM P PrA K PM PiA P
Time (hr)
Without Hot Air Aeretor
—- QUi Greos il iy Fish Gags
A Gresthouzes Fish Cage
»
€00 TE0  60C 0 1000 1L00 1ZX0 100 201 300 200 300 690
e 250 AN abi A AR P ™M W (2] A rn [t}
Time (hr}

(n) n3ciflu@seniasou

Temperature ('C)

Temperature (*C)

Temperature (°0)

Temperature (“C)

9

bl

500

e

010 Meter Daptks from The Water Surface
(Hot Air Aerator)

——Cuts de Gresabouses ish Cage

A Crecnhouses Fish €age

o @00 10D 1100 1200 100 200 200 L0
AW AM AV AM AM M PM PIA TR M
Tre (hr)
0.30 Meter Depths From The Water Surface
(Without Hot Air Aeratar)
o Cutsicke reenhouses Hsh Cage
—a—Groonhauies Flsn Cage
L
700 S00 900 iS00 ILCO 1200 100 200 200 o0
ARL AL AN AM Al PN Fia P PM L8
Time thr)

0.80 Meter Depths from The Vvater Surface
(Without Hot Alr Aerator)

4 Outsice Greenhouses Fish Cage

& Greerowes Tish Cage
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S AN L P

6:00

00

720 60¢ 820 1500 1100 1200 100 200 300 A0
AM, AW AM AWM AM B R PM BRL P
Time (hr)

Hot Air Aerator

—— (ats de (-rdeahcyses | sh (age
—h—(reenmuses | sh Lese
Pioghe]
T3 300 900 00} ILOO 1200 100 200 200 ]
A Arp Ard Akt Al i i P P e |
Time (hr)

(@) nsalfsinisiuainiedau

Awi 33 Wisuifisuaamgiinanelunsrdudeslansounsyan

= VR = Y = ~ o A a
ﬂimmluuﬂqﬂ,ﬁi}@'} NIASDULUTHIULNEUNUNTUNUNITLAL

2NMASaUNSEAUAINNANTEILEIN 0.1, 0.3 wax 0.8 m

waziIsuiieugnmaiilndevesivaeensdl

502

=4

620
B
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NN 33 (1) HANTIINAEDINTETUAUANTUNTLANTHNITNIRUILLNDARNNT
aidsanuioumalilil (genameaes?l 3) SuiunsiieniaseuiiegmeluFaunszasns

a
U
gunamelunssdudeeanfisesiuanudn 0.8 m 9nihih Yinmsveaaugiaan 08:00 u. 4

16:00 u. wuiiszdudnateiniag 0.1 munlunsedudesUarfigungiunadenasa

a

szevaInsiuteyaeyfl 32.08+0.76 °C Teaumaiinfeganinhfiegneusnyansmaaes

Y
o ar

0.36 °C Annilu 1.129% Psgdudnasniniia 0.3 mihlunssdadesanligumgiiinionaan
segznAINRAuTayaagi 31.65+0.77 °C Teamgidugininhfisgaeuenyanisnaaes

031 °C Ay 0.98% waziisgaudnasainiaul 0.8 m irlunsedadsalaniigamgiilaie

] ' v '

=l I

fADATEYLLIAINITYINGERYN 31.82£0.68 °C gaugiindeganinifiegaieuenyanis
o

U 9

U
naaed 0.76 °C Anlu 2.39% gamaiitnlunsedadewandounsvandguglivunzaudu
agedadmsunsideslanssda

HanIsnaaeInsedudeslaniounsraniinsihawiuiioannsgoldeanuioume

=

Tlisaufunsifiseniasou (ganisveaesh 3) saumniihluyenisveaesdiaiaiy 31.80+

0.75 °C ilgaupilgenineehalitfeddneaiiil (p<0.05) guuyiithiiegn1guanyanisnaaes

q u

0.47 °C Anlu 1.47% augiinilunszdudeslaniounssaninuadiauonaennuEn e

nszdadeaval anmsnaaesdanuieagiilunsetudsslansaunszanilguuniiuifigann

2
@  as =f

samgiihneuennasannsrduiuanudnilesandunsiiveniadouniazauagnielu

w o

L'%'@ummﬂm@jwﬁum*mﬁﬂﬁﬁ'uﬁuaQﬂizﬁmwﬂﬁlﬁmﬂﬁmmm%'au’[,uﬁwmﬂﬁ’uﬂis%’aﬁﬂﬁﬁ

PNLLANANSsEISRUYIingsaalaEsan 1.57 °C wasilguugilmunzadlunisidesan
nsAneBnsINsIyAulauazAMAINAIULAYLINTS

vaslafaeslunssdasaslanisaunszan

1. mamsvadeuLisamnelne
1.1 8nsnstasgivlavesUarnuelne
nananaaendeamuenelunseadswafiaamenansatuiis 3 YANTNAAD
Usznausie gan1snaaesdl 1: nszdauvuundfinunsnsliily ganisneassil 2: nsed
Buwawuuilufignaguéieideunsyan uasganisnaaesil 3: nsedudseanisunszan

L4 1S

Vuawuaansgiydernuseugnisuendmelnuivieviumelsild vimsnageuidesdaivue

9

Tyeffuhvunisusuade 2.54 £ 0.11 nSU/67 wardlanueIiiade 2.54+0.16 cm Uaey

Uandiuau 300 #/4nN15neaed naaauldedlutieganusenIneiudi 14 nsngieu e 14
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ngeRnEL WA.2558 Wuszezaan 4 e Taglierms 3 ada/3u (06:00-7:00 u., 12:00-
13:00 11, wae 17:00-18:00 1) 3% vosuimiinua ansomsilidu Tusiulaitdesnin 25%
lushilaitfesnth 39 mnlalinnni 8% waseuduliiunndy 129% iffeduganismaassmudy
msdpamuelnglunssadssandeunseansaufunisifuenadoulagiinisvhauiy
Joannsgapdoniudou (ymsmaased 3) ftuindedsinniige Wity 143.87£5.07
nsu/ sesmandunisidedunseduissafignaqushedounszan (yanisnaaesd 2)
Wiy 135.05 +5.66 n$u/i wazn1sideslarlunsedauuuundifinunaidesiialy (ganns
NAABAT 1) AU 121.35+ 5 33 a3/ sy Sanusnadagavheuiniu 17.49+0.33
uRlAs/fa 17.31+ 0.4 lwuRans/f uag 16.68+0.36 LouBlums/f augidy Vil
thwihdaniliiudustefuads vy 1.18 ndu/% 1.10 n3u/3u wa 0.99 Afu/u audidy
fidnsnsasaiulasimziads Wi 2.36 Wesidui/Su 3.31 Wesdud/u uag 3.22
Wosidud/Au augau wazildnsnTanany windu 90.3%, 86.0% wag 87.7% MIUATRU A4
kanslum3n99 8-10 wazamil 35-36

gampilinaraanvugnisiuemsveasal LﬁaamﬂLwiazsqﬂmﬁwmaaﬂﬁqmmﬁﬁﬂﬁ
wnssfudsasonsiaiaudulivesafiusnsnafureusidzganisnaass wuinisdssan
%ualmluﬂwﬁ'aLgmﬂumﬁauﬂigﬁmimﬁumiaﬁmmmﬂ%’@uuazﬁm‘iﬁmmwﬁaaﬂmiQqglﬁa
padou (yansnaseail 3) anansas pivlaldFninmsdsdunssiuuuuniinemsides
7hlU (yamsvnnesil 1) uarmsiedunsedudosanfignaguineieunsean (yensvaaesi 2)
22,52 n3u Aandiu 15.93% way 8.82 nfu Aniiu 6.20% mud iy uardanuiinsidedlunssds
Aesaniigneaudeieunssanaunsnisyiulaldinhmadedunssfuuunifineesdes

U 13.70 n5u Andu 10.34% Fensvnaeaiukamnsuandiaweinmsias giulalaodrsdaau



A15197 8 SnsnsSudulmihwindundsveslamelng (nSu/é)

oo . nazfadssanFounszan+
nszdaduslaniay

nsedfanuusialy auuliilianni1sgayde
72821787 718013 (%mm‘syﬁzimﬁ 1 (?gﬂm::;ar;aﬁ ) mm%’aud
N3U/M9 /i (ﬂqmmsjmimw 3)
NIuM7
mean £ S.D. 2.50+£0.11 254011 2 Bt gl
Gy min 2.34 2.3 2.34
max 2.69 2.69 2.69
mean £ 5.0, 5.48=%0.61 G e (OITAL 11.14x£0.72
1094 min 4.50 8.10 9.99
max 6.91 10.14 12.18
mean * S.D. 12.68 £ 5.05 16.40 £ 3.87 25,9555
20 Tu min 5.90 13.40 18.10
max 22.00 27.40 38.10
mean = S.D. 2899+ 572 4494+ 10.28 50.02 %+ 15.20
303 min 22.30 29.30 34.60
max 38.70 62.50 98.70
mean + S.0. 67.04+£10.27 83.69£6.22 95.38+9.08
60 7w min 51.20 74.70 82.20
max 88.40 98.70 113.90
mean £ S.D. 8427+ 926 102.36 * 8.00 119.66 + 5.55
0%  min 72.60 89.70 111.19
max 103.10 116.60 128.70
mean + S.D. 171965 + 5. %8 135.05*£ 5.66 143,87+ 5.07
1209  min 113.60 122.70 132.90
max 132.30 143.80 185750




A151991 9 DrsInssafiulaanugfedsesUaus e (wuRluns/f)

. & . nszdadssaniaunssan+
nssgaY AT

nszdauuuiialy aunliflHannisgayde
FEREAN 970N13 (ﬂﬂmimaaaf'i 1 (qﬂmf;z:m i 2 f=1’.rm'%'a*i.zni
MIURLIA /A7 o (wm‘iﬂﬂaaa:'l 3)

LUALIN 507

mean £ S.D. 254+0.16 250016 250 S
S min 23 2.3 2.3
max 29 249 2.9

mean £ S.0. 4831+ 058 5.68+0.39 6.48+ 0.38
109  min 4.1 4.9 5.6
max 59 6.4 2

mean £ S.D. 6.62'%1.08 7.63 1+ Ol 8.43£0.98
209U min 4.8 6.5 6.7
max 8.3 8.7 10.5

mean £ S.D. 9.14+0.71 10.38 £ 0.84 10.25+0.61
307 min 8.0 9.2 9.2
max 10.2 13.0 11.2

mean £ S.0. 14.46 £ 0.87 1530+ 0.70 1549+ 0.77
60 min 131 14.2 13.9
rnax 16.2 16.3 16.7

rmean % 5.0, 1584+ 0.51 16,76+ 0.48 17.02+0.48
909  min 151 16.2 16.2
max 16.9 17.6 e

mean =+ S.D. 16.68 = 0.36 .31+ 044 17.49+ 0.33
120 3 min 16.3 16.4 16.7
max 17.6 178 17.9
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A15199 10 aguminngideyanmsiipdulavesavuelngluusiasyanismaaes

v ou . . nsn19
UWIAUNH AN 2MN3IIN13 " - "
Ak o & = REAEIC) 303 INT50ANY
YANINARDA STHENY! STRI PRGN . (b
. b B . WL wasun
(nsu) (lutns) (n3a/91) il
WUaILYUn/ U
gan1Ineaes 1 118.81 14.14 0.99 329 87.7
YAN1INAReI 2 132,51 14.77 1.10 3.31 86.0
YANISNAaasi 3 14133 14.95 1.18 3.36 90.3
160
Ll Climbing perch
120 -
IC) 100
E 80 |
-
40
20 |
o A
Initia. 30 days 60 days 90 days 120 days

Time (day)

Nermal fish cage
B Greenhcuse fish cage

B Lreenhcuse fish cage integrated with reducs heat loss system

AW 34 msigiulasuimineslamuelngveauiar suluuNsIae

Length (cm)

15

10

(5]

Climbine perch

—

—gp—Nowrral fish cage
—- Grzenhouse fish cage

—&—Groenhouse fish cage mtcerated wath roduce heat Loss systom

~itial 30 days 60 days 90 days 120 days

Time {(day)

awdi 35 msiasaivladumiugniiveamiemAre ez JULUUMSEY



1.2 namsaswinpmunniiildlunisneasudeslamuelne
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nnmsasinanmilunssdadsanFaunseansiumsiisemeseunaginig

vhawufivannisgasdurmiuiou TnuTinaue pH TudineudesUamuelne nszdadesa

wewaeglunusiung e nnisindSinaes DO AnsuAuMTNAaeuissa1asiiuTim

DO TuinilUFanaud Sagavinensdasantaneieni 3 asiuTann DO egluinusisnnssu

mﬁ@m’mﬁﬂﬂﬂﬂuﬂw%’aLﬁaaﬂma&ﬂumm%‘ﬂﬂﬁa‘]m’mmuwauﬁiamﬂﬁmﬁmiﬁﬂ LaLnITIa

anagureiTiunsyiudena wuieglunamivinzauden adesdaiul nnHan e g

A wRaesszaza N IeesufssUaiuRdluassiiensinwesitinuamvNzan

annsaynsiaesuanls deuandlumnsied 11

o . . z & 2
A15799 11 HanTAsIEARaA TR INEIRE A MLENg (YAN15MARRIN 3)

Han1Inagdau {’qﬂﬂﬂiﬂﬂaaﬁﬁ 3)

8NN AU L%Nﬁuﬂ’]iﬂﬂﬁ@@ ﬁuqﬁnquﬂaaa

{(mean £+ 5.D.) Min Max (mean = S.D.) Min Max
A dunsn-ang 6.46 + 0.08 6.38 7.09 6.96+ 0.12 6.86 7.09
AP usng 25000+ 000  250.00 250.00 200+ 70.71 150.00  250.00
(megCaCO4/L)
Flad (me/l) 78.00+ 2.83 76.00  64.00 62.00 + 2.83 60.00 64.00
AU (NTU) 24040+ 2690 22050 25050 629.00%30.61 600.00  661.00
Tulpsiuiianue 0.80£0.07 0.75 0.85 22.42 % 0.00 2242 ./ 9,47
(me/l)
USuimeangiau 1.50+0.17 182 1.65 8.25+ 0.05 8.20 8.30
avaneih (me/l)
AIMs Ui 13.07£0.25 1280 e IEEEH I RE i 0% g1 7RSI 22.00
(ds/m)

WA YNNIITRIAAMMAUNANIZYANISNAGBIN 3 vaned nsedufssUanieunszan

Pufumsiuenaseusasiinsyhawuieannsagdoruiou
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2. wamsnagaUAs AUy

2.1 dnsnsiaseiulaveslaniuiy

nNsveaeasaURNRtimTnasEusuR 3,14+ 0.07 nSu/f wasdeny
gnafade 5.70 + 0,10 wuiwns/in Tunsmeaeadlsvhnisidaaviufisdussezaan 3
e senetudl 10 unsaeu B9 10 wwoy WA, 2559 dmsvenmsildlunisnaasnduy
pnsdisagUansthdmiuarvuanans Tusiulaidndt 300 Tua 2 33 finan 08.00-
10.00 . ua 16.00-18.00 u. Tauds vhns.Aedlunameaesiideiu 3 gan1meass fe

ﬁqﬂm'ﬁmaaqﬁ 1 maidswatlunsedauuuunafinessiasaill nedeudesnatiunseds
wuuialy nsedieaulndeuinenu 2.0 mm 2a 1319 1.0m e 1.0m uaygd 15 m(@mnu 3
)

yon1snaaeafl 2 nsxdudssuanignequiieideunssan aquselsadeunanadni
TassasramdnlasgunisiluakasUargussunumeudulndiaidu (0.15 mm, UV 7%) 1d
nsedoninauume 2.0 mm un A58 1.0 m am 1.0 m uazad 15 was (31 3 90)

ﬁ@ﬂqimmamﬁ 3 pszdudgslanieunsransauiunisiinen s ausasiinsr
atnuileannisaandennusou raudelsadeunaraindlasiaiamdnlfagumnsiluauey
pPaTaUFuRIswALINELRfiAY (0.15 mm, UV 7%) nsedadsiainuusiiauiuanns

£ 1

giuanusoudnieusnielruiivieiumeldli wuin 0919 2.1 m 812 3.2 m wazgas 1.5

9

Pt I i

m wazldnsgdiarulndauineiu 2.0 mm Yu1A 2114 1.0 m 817 1.0 m wazgs 1.5 m
($1uau 3 1) VBdndlunssdadeauuusiiaun
nnsauFiedsUaiufnanyanisaaesay 30 91 (nszdeay 10 #7) Aaan
sy 3 hew Tneduhwineeiosdunhaduniy wagsavnamiugnivesdiise
hussvianhefumuiiung 9:1nmsvnassiesariufislud 3 YANTNAABINETATIAIY
Uty 50 d/nseds ileduannisneasssrasina 3 ey Yaniuuiivntingavineiads
WinAU 7212+ 3.44 n3u/6, 92.09 £ 6.05 nSU/62 way 104.40+ 5.78 nNSu/F1 mauaau i
ﬂﬂmanﬁaa@ﬁ'}ma?{ﬂ WINAU 15.96 + 0.56 WURLLAT/AY 16.57 £ 0.37 loufluns/f7 Lag
16.90+ 0.87 WwuRLLAS/f Mudsu seitimtiUaiiadusiofuaeds 1indu 0.75+0.02
nfu/Su, 1.02+0.09 n§u/5U uay 1.14+0.06 n3u/du muandu fdnsin1siaseiule
Fumzds Wity 3.51+0.07 wWeodidud/Su 3.81 +0.08 Wesidud/fu uay 3.94+0.08
Wasiiud/Ju muansu wazidnsnsannie Wiy 85.33 + 3.06%, 90.00 + 3.46% uay 92.67
+ 1.15% galdiu anmsmaaesdanusnnnnsidswamiufislunsedudeclaniounsean

adumsfueiniassunasiinishauiuiioannisgaidsainuieu (Yan1snaaesil 3)
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aunsaasydvlaldinhmadedunssfuuunifinunndenialu (yanismaassdt 1) uay
msidedlunsedudssafigneagqusneifeunsean (ganisaassd 2) widu 32.27 ndu An
iy 30.919% way 1231 n3u Aeu 11.79% pudsu wasdmuhnisdsdunsedadssan
“ﬁgﬂﬂqyéhaL%‘aummﬂmmsal,a}%?ﬁylﬁuimlﬁﬁﬂ'hﬂﬁLgaaiuﬂsa%aquﬂﬂaﬁt,ﬂwmﬁmﬁaw
19.96 n3u Al 21.67% Fansneaesiiunamauand1seInsiaTyivlnldegadniay

dleflananuanisias yiiulaesaniuiuvesurasyanisnaassivtiminisudy
wuth nnnsnaassduuliiunined vl iy Tneamznsedatoaniounsean
saffumsifisernaieuiasiinshawuioannisgyderusou (swnsmaaesd 3) fnns

Wsiivlafiannyansveaedus faens1ed 12-13 waznwil 37-38

A1599 12 Aiade (mean = S.0.) Yayansiaiyiulamisveslaniviidluusasynnisnaaes

YANITNARDS EHLT 30 60 U 90 Ju

Pvtnmasvealatiuiy (nsu)

ﬂgﬂmimaaaﬁ 1 3.14£0.07 1473+ 371 52271926 7213+ 344
‘qmmsmaaaﬁ 2 3.14£0.07 221186521 61.96+6.20 92.09 £ 6.05
‘qwmwmamﬁ 3 314 £0.07 2795 % 538 i 55 + 528 104.40 £ 5.78

ALY MARATRIUA VAN (BURLLAT)

gmvagesdl 1 570+010 9.57+0.79 14,15+ 0.80 15.97 £ 0.56
yamsveaesdl 2 570£0.10 10.42 £ 0.94 14.70+ 0.81 16,57+ 0.37
ﬁg@m‘mmamﬁ' 3 £, 7 er (0110 11.13+£0.62 14.69 £ 0.43 16.90£ 0.87

A15199 13 asunistiesigideyanisivsyiulavesdaiufiuluusazyanismaass

B oo i . ANIINT y
UIAUNN AL 2ATINTG g - BATING
= ¥ o A N TGN
YANTNARDY STEGTY] SRECTY] eI . 9ARNY
ot = ar LY ﬁ]'][,wflg q & a4
(h53) (LYUALINT) (nFu/91) i (Uastun)
(Wodtgun/au)
ﬂgmmimamﬁ' 1 68.98 10.27 0.75+0.02 3,51+ 0.07 85.33+ 3.06
Eqmmsmamﬁ 2 88.95 10.87 1.02 £0.09 3.81£0.08 90.00 £ 3.46

‘Q@ﬂ’l'ﬁ%@ﬁ@xﬂﬁ 3 101.26 11.20 1.14+0.06 3.94+0.08 92.67+1.15




71

1200

1000

Nile tilapia
80.0
£, 600 %
40.0 % o1
200 I % % 0
00 a5 S 4 ] % :
Initial 30 days 60 days $0 days
7 Normal fish cage Time (day)

& Greenhouse fish cage

B Greenhouse fish cage integrated with reduce heat loss system

i 36 nssiRulasulviinvesdaiuiiwetday uLuUN1TIEEY

20.00

Nile tilapia
15.00
£
&
£ 1000 4
t
o
@
ad
500 ! —a— Norinal fish cage
= (eenhoise fish cage
- Greenhouse fish cage integrated with reduce heat loss system
000 -
Initial 30 days 60 days 90 days

Time (day)
Awd 37 MmaesgAulaniunuenfvetlaiuinvesudas sULUUNIIGYe

2.2 wamsnsavianunimihnldlummeassdesuansiviu

Jaddunndeuiinansznusensifeadia areendiaulni gnmniith @15e1mns
wazANTUTRI (Bhatnagar and Devi, 2013) wasAmumnihildvsnasanisiasgiiulnves
Uan (Swann, 1993) amnmsvaasasudulavinnisiiassinaninvesiluassiion1sinens

@

AR Yl kR uandlunsei 14
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A1599 14 Aade (mean + S.0.) Han1siAs iR nThve ISR saUa iU

NAN1IVAdaU
318N1INAGHDUY aqﬂmimam‘ﬁ 1uaw 2 ﬂﬂmimaaaﬁ' 3 AN8198 ¢
Fudu qavine Gudu gaving WASFIY

manudunse-ans - 7.43+0.01 8.45+ 0.05 7.46 + 0.05 7.44+0.09 6.5-8.5
AR UUANg 117.50% 103.30+£2.40 122.50+3.54 101.80%1.27  50-300
(meCaCO,/L) 10.61
Flod (me/l) 140.0+ 2828 192.0+ 4525 220.0%28.28 160.0+ 2263 >50
AHYU (NTU) 102.67+0.58 23633+4.16 106.33+0.58 311.00£458  20-30
Tulasiautens 1681 +396  29.42+198 15414198 2522+ 396 ;
(me/l)
USurmoeendian 845+ 005 7.60+ 0.30 8.10+0.10 .53+ 0.1 8-10
avaneth (me/1)
A v 0.1453 1.1326 0.1493 1.1341 0.1-1

(ds/m)

Wnewn Yensnaaesi 1 wag 2 innsesndamuilurinanaieriudeminnssdadean

ar

= a =y 1Y)
HanuausiUailauny

YANSVAaDIN 1 nunede nszdaluuun@ninuasidesinld
YANINAGOITN 2 vnehs AsedudeslangnAguAlelTaunTLan
YANISNAADAN 3 Muee nszdadsslaniaunszaniiuiunisiiuenmaseunayil

nsvihatnuiieannisadeanuiey

PnnsveeaseArIdunsa- e s uassite MsinuRsAivnzaus U TS
Aoavan ﬁaﬁﬁwﬁwmmL"f]umﬂ-@mﬁ‘mmsauﬁm%’uﬂmagjizm"m 6.5 WAz 8.5 HAAINNIT
59 inedlunmeiannsgnu (Araoye, 2009) eeundumsimnsauiunadenaresi 50300
meCaCO4/L (Bhatnagar, et al., 2004) ﬂ'wmflm%umﬁa’Lumsﬁwﬁﬁ'}m‘immamagﬂumﬁmmaau
Lazefimnzanve Wlafidmsunsinsdesarmsaiosndt 50 me/l (Bnavimani and
Puttaiah., 2014) asuinannnisitluthilansilsiazasihaunmdnumusesdadululfis

ansBuvdduaranseiunid Afmvinzanegsewing 20-30 NTU (Zweigh., 1989) Tuasgiihiivin
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= 1 o a 1 L& a = 5 o = & LY
nveaesienugugianfudulnfduiunien asshiluuula uasiinsiiaryiae

oA

Wwidaan1an1sinwesadluinvewnening wazAdanudiaydenisaigivlnvealan

”LiﬂmLf\mﬁwmﬁa@ﬂﬂﬂiﬁummﬁﬁuuaséi’mi%%aﬁLﬁ@mﬂmzmumwmﬁaﬁ%ﬁm WU RN

Fueveade wulullaame Amusunuesndiauazaistiinansznunan1Bas i ulnwasnIog

a

'

500 WeRnsTULATER SIMENUa Ui FalSnaeendauaraehivensadlunisidissategd
8-10 me/L (Svobodova et al,, 1993) mmsthlinduintiinrfurend Wivauseniuems
el Y 1 ! ! o 3:; as & a1
ayilodtiosnin 0.8 ds/m wulAmmMaliiveeia 3 YaN1sNAREME R INFUAANTVNAAD AT
gaheusegIudmsuNsdesainties MnkanseTEiRuMMInAenTTEENAIYINTS
nassdssaiuidlugsziiensinersannsUssdiunms e mimngaud iy

desUanlunssds

2.3 Myl IEinanilauaviuiiy

~ A o

nnmeaeasnindeUandauaaniiuiuialusfiuaden 17.23-17.86% (giifni

wayAni, 2553) HamsnsainannideUarviufinveswsidrgnnisaassdiadasialuil

q

M13197 15 Aade (mean £ S.0.) N15AAsIARumiaUa Uiy

anniiaUaiufis
A TUsfiu Ty
nsEdaUUUNAT AT EE 29.10+ 1.01 1.42+ 0.31
ﬂiz{:’aLgammﬁgﬂﬂquﬁwL'%auﬂimﬂ 26.54 £ 0.51 0.61+0.11
nsedadsalaniounsranadunisiiuemaseunasiinnsin 22,16+ 0.51 1.95+0.23

punueanMIgadsnuTou

wuuIaBIneAtinAaRsAsUTInue gt lunsEduisaUanseunsyan

Ay 1A a I 1 o a o
ﬂimmu‘uﬂ’l‘iLmJa’lmﬂiauLLaz'i'mﬂUﬂ’l‘imu’e}’lmﬂiau

Y |
s 0 Y =l

msiaLUUTasmademansamiuldivinunegamngidseuiniuuluseuy

au

nsidsalarlunsedeniissuuiaunseanaaull Fuilringlun1svinenisidsuudasees

gamglurlunsedadesdaiivianle avanadlinsedalanfigumpiiaiausliinisuendu
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liithnnsseweyeatinnan walsidmnavasannsgiatesunileisufusnavaniily

nsedadsanZounsransanfumsiteniaien
m‘iﬁ’llﬂﬁiﬂ’lihﬂﬁlﬁmLLﬂﬁﬁ‘U@ﬁQﬁmgﬁﬁﬂuﬂi%éﬁ)ﬁLgﬂﬂﬂaﬂﬁLZ]EI’]I@"] YADIATUIUN

Asas ATt EmaL S ouTIse N A an U reanszdaaswaniounszan B

wldandulszansnisgardonnuiousiuvetnsefuiselaniiiu 2,782.87 W/ C 1l

t+At

~ 2 o o t » a1 &
fnsandeyanieuls |, >80Q T, >T, wex T, > T, asldanssisialdil

? AT
AUAANAINTY |t’CAW = chp K.{. UA(Tw,i ~W O)

t
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Ambient Normal Greenhouse Greenhouse fish cage Solar

Time Temperature  fish cage fish cage was integrated with  Radiation
O Q) *Q) reduce heat loss (°C)  (W/m°)

6:00 29.20 28.54 28.49 29.08 79
6:10 2945 28.64 28,65 290 90
6:20 2905 28.54 28.6 29.12 86
6:30 29501 28.66 28.67 29.08 141
6:40 29.15 28.66 28.73 29.13 sz
6:50 291 7 28.67 28.73 29.20 97
7:00 29.15 28.69 28.73 29.20 105
7:10 29.18 28.71 28.79 29.22 125
7:20 2915 28.75 28.85 29.25 146
7:30 29.13 28.73 28.82 29.28 116
7:40 29.18 28.71 28.82 29.28 249
7:50 29.18 28.79 28.88 29.33 270
8:00 29.20 28.82 28.92 2985 248
8:10 29.18 28.78 28.90 29.34 161
8:20 29.18 28.73 28.89 295 184
8:30 29.18 28.85 28.89 28 25l 243
8:40 29.18 28.84 28.91 955 200
8:50 29.16 28.98 29.09 29.36 271
9:00 29.18 28.91 29.12 20835 179
9:10 22858 28.81 29.08 29.37 300
9:20 29.18 28.97 29.11 29.40 340
9:30 29.34 28.92 29817 29.79 456
9:40 29.50 28.96 2913 30.13 566
9:50 2925 28.96 2048 30.13 487
10:00 29.15 29.04 29525 30.23 362
10:10 29.36 29.04 29.24 30.24 520
10:20 29.30 29.06 28 o8 80.29 461
10:30 2985 29.08 29.26 30.26 310
10:40 29.51 29.04 29.30 30.30 512
10:50 29.61 29.06 2931 30.31 436
11:00 29.38 29:00 29.35 30.35 504
11:10 29.35 29.02 29.29 30.29 335
11:20 29.26 2897 29.23 30.23 361

11:30 29.46 29.02 29.30 30.30 508
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Ambient Normal Greenhouse Greenhouse fish cage Solar
Time Temperature  fish cage fish cage was integrated with  Radiation
() ¢ O reduce heat loss (°C)  (W/m")
11:40 29.41 ) 2982 B52 571
11:50 29.54 2907 29.50 305 851
12:00 29.60 s 2950 30.5 739
12:10 29.76 29:0.7 29.54 30.54 868
12:20 29.75 29.17 29.55 30.55 716
1.2:30 29.98 29.09 29.51 30.51 824
12:40 29.78 29.12 26.59 30.59 e
12:50 29.85 29.15 29.64 30.64 748
13:00 25.66 29.20 29.73 30.73 741
13:10 29.92 29.18 29.76 30.76 780
1520 29.87 29.18 29.76 30.76 699
13:30 29.86 29.17 29.78 30.78 704
13:40 29.97 29.20 29.78 30.80 720
13:50 29.79 29.18 29.80 30.81 674
14:00 29.69 g 29 29.81 30.89 691
14:10 29.72 79.27 29.89 30.87 693
14:20 29.69 20.77 29.87 30.81 667
14:30 29.80 29.24 29.81 30.91 680
14:40 29.85 29.22 2o | 3091 642
14:50 29.83 2922 29.92 30.92 604
15:00 29.72 22 29.96 30.96 622
15:10 2896 29.20 28:92 30.92 608
15:20 29,97 29.22 29.94 30.94 396
15:30 29.91 29.20 29.94 30.94 402
15:40 29.76 29.24 29.96 30.96 542
15:50 RIGE 29.20 29.92 : 30.92 527
16:00 30.00 29.22 e 30.92 603
16:10 29.74 29.28 29.96 30.96 411
16:20 SAZETE 29.26 29.98 30.98 457
16:30 29.73 29.25 29.92 30.92 a4z
16:40 29.71 29.24 29.89 30.89 376
16:50 29.64 29.24 29.88 30.88 114
17:00 29.68 29.23 29.87 30.87 220
17:10 29.18 29.18 29.75 30.85 123

17:20 29.20 28.98 29.56 30.83 112
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Ambient Normal Greenhouse Greenhouse fish cage Solar
Time Temperature  fish cage fish cage was integrated with  Rpadiation
("0 O (O reduce heat loss Q) (W/m)
17:30 29011 28.87 29.53 GO 108
17:40 29.12 28.85 29.49 30.75 89
17:50 29.11 28.64 29135 30.64 98
18:00 29.08 28.64 2929 30.51 68
S.D. 0.30 0.22 0.44 0.68 242.05
Average 29.48 29.01 29.40 30.25 414.85
minimum 29.08 28.54 28.49 29.08 68.00
maximum 30.00 29.28 29.98 30.98 868.00




ASNKUINT 2 AvaeunsETadsslaniounszanitiouiiouiia 3 yansveass Nsenummana1nidain 0.0 m, 0.3 m way 0.8 m aaumnil Fundew

sne) T wiunudeyalutnggvun

Greenhouse fish cage was

Normal fish cage Greenhouse fish cage InBRaidsadith raAlideSI: Soil Surface Ak SI4F
Time ¢ O3 (°C) in lagoon Temperature Radiation
(°C) o) (W/m?
Tioem  Tsgem  Tionem  Tioem  Tsoem  Tiooem Te Tiocm Tsgem  Tiooem Tez
6:00:00 255 | 253 56 /255 254 216 26.0 26.1 256 217 256 18.2 0
S 252 [NEEE 251 Vsis Bl 28l 255 214 26.2 B2 2508 216 25:5 183 14
+.66:00 253 (NEE 251 256 \ W25 254 217 265 By 05 SN 01.7 255 18.2 25
7:30:00 253 251 249 25.5 255 258 238 26.8 26.8 255 233 25.6 20.0 57
8:00:00 253 252 24.7 257 25.7 252 26.1 27.6 2% 258 255 258 21.0 79
8-30:00 26.4 26.1 24.6 264 26.1 25.5 28.0 284 277 26.0 30.1 26.3 251 146
9-00:00 26.4 26.1 25y 26.8 26.1 26.1 32.0 294 28.0 263 354 268 26.5 248
9:30:00 26.8 26.5 251 2.5 271 26.3 349 29.8 283 26.5 37.4 20 263 486
10:00:00 205 26.5 254 28.1 274 26.5 41.0 30.6 28.9 26.8 40.2 27.8 28.1 655
10:30:00 27.8 27.0 2541 28.1 273 26.2 424 317 251 264 42.9 27.6 290 696
11:00:00 27.3 26.2 252 27.4 26.2 26.1 44.5 29.5 27.0 26.2 443 264 30.0 743
11:30:00 27.5 26.2 252 20 26.3 259 46.6 29.6 26.8 258 453 26.1 314 761
12:00:00 28.0 26.1 25:3 28.0 26.3 2515 a7y 29.9 27.0 25.%) 46.4 26.1 314 782

¢01



AN519RUINT 2 (a)

Greenhouse fish cage was
Normal fish cage Greenhouse fish cage

integrated with reduce heat loss Soil Surface Ambient Solar
Time Q) €Q (°Q) in lagoon Temperature Radiation
°C) ) W/m?)
Tioem  Tsoem T100 cm TEey  Vsoem T100 em Te1 Ti0em Tsoem  T100cem Ta2
12:30:00  28.1 26.3 253 284 263 259 48.5 31.0 27.0 259 47.0 26.1 3% 796
13:00:00  28.1 26.5 £5.5 289 265 26.0 48.1 31.5 1Y 259 46.9 26.2 323 815
13:30:.00 284 265 254 284 265 254 48.0 31.8 2118, 259 47.4 26.0 33.0 808
14:00:.00 286 26585 255 294 26.6 25.9 47.6 3145 2l 26.0 46.0 26.0 353k 761
14:30:00  28.8 26.6 255 297 269 259 45.5 652 27A5 26.0 ai1.7 26.0 31.8 681
15:00:00  28.8 26.7 25.6 294 27.0 258 437 30.7 281 261 38.9 26.0 g2 638
153000 28.6 26.7 256 29.2 27.0 26.0 a1.4 29.6 2 261 35.9 25 | .2 425
16:00.00 287  27.0 2545 29.2 272 259 36.2 292 29 261 334 26.2 29.8 348
1630:00 284 269 25.6 28.7 27:1 23 29.8 28.7 27.8 26.2 29.8 26.1 29.1 269
17:00:00 282 272 26.0 28.5 27.2 26.0 2748 28.4 218 26.3 2Tk 26.0 27.4 44
17:30:00  28.1 213 26.2 28.2 27.3 26.1 26.3 28.0 27.8 26.4 26.3 26.0 2l 15
18:00:00 278 273 26.3 28.2 278 26.0 25.6 215 278 26.6 25.4 26.0 239 0
18:30:00 27.5 272 26.4 208 27 3) 26.2 258 27.8 27 26.6 2 Sl 26.0 234 0
19:00:00 274 27.1 26.3 21.6 2.2 26.2 24.9 27.6 205 26.6 24.9 26.0 231 0

pOT




A519NUINT 2 (si)

Greenhouse fish cage

Greenhouse fish cage was

Normatoijh Cest o integrated with reduce heat loss Soil Surface Ambient Solar
Time o) in lagoon Temperature Radiation
' 0 O W/m”)
Tioem  Tsoem T100 em Taoes  lsodm T100 em Te1 Tio%m Tsoem  T100 em Tez

19:30:00 273 27.0 26.4 25 207 26.3 24.7 27.4 27.4 26.6 24.6 26.0 22 9 0
20:00.00 270 2638 26.2 27.3 27.1 26.3 24.6 27.3 27.2 26.7 244 259 2240 0
20:30:00 268 26.7 26.4 26.9 26.9 26.3 24.2 27.0 2.0 26.6 24.1 259 221 0
21:00:00 26.6  26.6 26.2 26.9 26.8 26.2 239 27.0 27.0 26.5 24.1 259 21.6 0
21:30:00 265 265 26.3 26.8 26.7 26.3 237 26.8 26.8 26.5 23.8 259 212 0
22:00:00 264 264 26.4 26.8 266 26.4 28K/ 26.7 26.8 26.7 23.6 25.9 200 0
22:30.00 264 264 26.4 26.6 26.6 26.3 23.6 26.6 26.6 26.6 237 2550 216 0
22.00:00 264 264 26.3 26.6 26.5 26.4 234 26.6 26.6 26.6 238 259 21.6 0
23:30:00 263 263 26.2 264 264 26.3 Zevs 26.6 26.6 26.6 23.6 2508 2.6 0
0:00:00 263 26.3 26.1 266 265 26.4 230 26.6 26.6 26.6 23.4 26.0 20.6 0
0:30:00 26.2 26.2 26.0 264 263 26.2 230 26.5 26.5 26.5 232 26.0 20.1 0
1:00:00 26.0 26.0 259 268 W70 26.2 2 26.5 26.5 26.4 Z28.0 259 20.0 0
1:30:00 26.0 259 257 263 2653 26.2 22.8 26.4 26.4 26.3 229 26.0 195 0
2:00-:00 259 25.8 257 262 262 26.0 22.4 26.3 26.3 26.2 227 26.0 19.4 0

GOT



ANSIHUINT 2 (519)

Greenhouse fish cage was

Normal f o o use Jish Gy integrated with reduce heat loss Soil Surface Ambient Solar
Time CH Ul ¢O) in lagoon Temperature Radiation
Q! 0 (W/m?)
Toer TEAEEELC A N a8 iy 1., MANE TRl T [
23000 259 257 957 261 261 260 222 263 263 261 226 26.0 19.3 0
30000 258 256 256 261 260 260 224 262 262 260 224 25.9 19.4 0
sag00 258 |NCEIENNNGEIENNN 7c 1 560/ ))260 WWidpg 26/ JEEBE.1 T 268 22 2538 19.1 0
aooge 257 IR D 5o \ V258N 256, WA 2605 Ladey, 25 222 25.7 18.8 0
sagon 256 MECIRA N WM o9 2580/ @iy, | B SediiNk o 25 201 25.7 18.7 0
50000 255 255 253 258 258 257 217 260 260 258 221 25.7 19.0 0
sa000 255 (il 286N c o’ o5t RIGUNEEERSEOEERNOT7 209 25.6 18.7 0
Average 26.9 26.3 25.7 22 26.5 26.0 29.9 28.0 27.0 26.2 29.7 26.1 24.2 411.4
maximum  28.8 27.3 26.4 29.7 27.4 26.5 48.5 318 29.1 26.8 47.4 27.8 33.1 815.0
minimum  25.2 25.1 24.6 255 255 b2 21.4 25.9 25.8 2585 21.6 255 18.2 0.0

901



A1519NUANT 3 UsyaviSA1neesszuunsstadsslaisaunszansiudunisifiveinieiou nsdinldinisifueiniasou

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time (1€} with Reduce Heat Loss (°C) Temperature Temperature ROter Radlation
(W/m”)
T Tsoem Tiooem T Tsoern U0 cm Q) Q)
6:00:00 30.2 30.3 30.3 30.2 30.1 593 27.1 21.3 10
6:10:00 30.2 30.1 30.2 30.3 30.1 30.4 27.1 24.4 19
6:20:00 30.1 297 30.4 30.3 30.2 30.4 24.4 2 25
6:30:00 30.1 29.5 299 30.1 30.0 30.2 24.4 27.1 36
6:40:00 29.9 2955 29.8 30.0 30.0 30.0 24.7 27.6 60
6:50:00 29.8 29:2 29.8 30.0 30.0 30.0 24.7 28.1 92
7:00:00 29.8 29,7 30.0 30.2 2085 30.1 28.5 24.4 167
7:10:00 29.8 2971 29.1 30.2 298 30.1 29.8 25.6 203
7:20:00 29.7 29.7 29:8 30.4 29.9 28.3) 324, 24.9 168
7:30:00 29.8 29.7 28 30.6 30.0 29.9 34.3 255 370
7:40:00 29.8 250 294 30.5 30.1 29.6 E32 A 415
7:50:00 29.6 29.4 30.0 31.0 30.0 29.6 T ) 29.0 4a7
8:00:00 29.4 292 30.5 Bl 29.9 29.6 41.9 29.7 474
8:10:00 29.4 29.6 B85 B 30.4 297 aa.7 2o 496
8:20:00 29.9 29.9 30.6 32.4 30.6 29.6 47.9 207 502
8:30:00 30.2 29.5 30.6 520 \ 30.5 29.8 48.0 29.9 521

/01



ANS19RUINT 3 (FD)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time e with Reduce Heat Loss (*C) Temperature Temperature o er fad Laﬁon
(wW/m”)
Tigee Tsg em Wionerm T Tsgem T100 cm (O Q)
8:40:00 30.1 30.1 30.6 32.3 30.7 30.0 48.9 29.8 567
8:50:00 30.4 30.5 30.7 32.4 31.0 30.1 47.0 30.6 593
9:00:00 30.8 30.5 30.6 324 30.8 30.2 44.4 30.2 643
9:10:00 30.9 30.3 30.4 326 30.5 29.8 50.3 31.6 678
9:20:00 30.7 305 30.6 32.7 B0 30.0 52.5 31.4 654
9:30:00 31.0 30.6 30.8 2.7 30.9 30.0 51.5 31.7 718
9:40:00 31.0 30.3 30.7 320 30.7 29.9 50.2 31.4 129
9:50:00 30.8 29.9 30.5 32.4 30.6 30.0 525 30.9 798
10:00:00 30.3 29.9 30.3 52.2 30.6 ZELE) 524 SULT 733
10:10:00 30.4 30.2 30.3 32.6 01 29.9 522 e, 832
10:20:00 30.9 30.1 30.1 32.4 30.5 29.7 54.5 33.4 903
10:30:00 30.7 30.0 30.0 32.7 30.7 29 5571 34.2 869
10:40:00 30.8 30.3 Sl 32.8 30.8 30.0 529 32.9 897
10:50:00 31.0 30.4 299 32.9 30.8 29:9 532 Si5E) 493
11:00:00 a1 30.2 30.0 32.8 30.6 29.8 524 851 529
11:10:00 31.0 30.3 30.3 32.6 30.9 30.1 48.0 32.8 613

801



A519UINT 3 (519)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time (°O) with Reduce Heat Loss (°C) Temperature Temperature solar Red iza’cion
(W/m”)
Ti6iem .- Thiem Hodi Tsoem o [N 0 29
11:20:00 5.2 30.3 30.1 Gk 31.0 30.0 ar.4 31.6 922
11:30:00 31.2 30.4 30.2 33.0 31.2 29.8 50.0 34.7 483
11:40:00 31.4 30.4 30.1 33.3 31.1 29.8 54.6 34.3 340
11:50:00 314 30.7 30.0 2311 3 2 30.0 51.8 34.2 687
12:00:00 31.4 30.6 304 BB 31.4 30.1 49.2 382 963
12:10:00 31.8 30.5 30.4 82.9 31.4 30.0 46.0 3o 346
12:20:00 31.§8 30.7 30.4 333 SIS 30.0 55.0 B15.5) 942
12:30:00 31.8 31.6 311 5.1 ) 320 5.2 36.8 948
12:40:00 32.8 176 30.8 35.1 329 30:5 58.9 365 955
12:50:00 33.0 31.2 30.5 34.9 32-3 30.2 58.0 SiEd} 895
13:00:00 32.8 31.1 30.4 34.9 32.0 29.9 60.2 5 TeE 790
13:10:00 323 S0 29.9 34.5 52.5 29.6 5671 358 812
13:20:00 322 30.9 518}, 5 34.6 32.0 29.9 58.5 36.1 826
13:30:00 322 31.0 30.3 35.0 32.1 30.0 551G 36.4 309
13:40:00 32.3 30.9 30.4 25\ 5 32.1 30.0 552 34.9 978
13:50:00 3241 51.2 30.2 35.6 5218 30.1 48.9 34.0 204

601



ASIUINA 3 (5i0)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time O with Reduce Heat Loss (°C) Temperature Temperature o Radization
(W/m”)
T g i . 1 Noi Tichion 7 ) O o)
14:00:00 32.3 30.8 30.5 5" 32.4 30.0 49.3 S50 625
14:10:00 322 31.0 30.3 36.0 324 301 56.3 S 328
14:20:00 324 311 30.4 36.1 H2ul 29.9 54.7 36.6 687
14:30:00 3Z2g 212 30.3 36.4 8247 30.1 48.5 34.4 858
14:40:00 32.4 31.4 30.0 36.5 32.9 29:9 49.4 35.2 7@27
14:50:00 32.6 311 30.0 36.6 327 29.8 52.0 36.0 464
15:00:00 32.5 311 30.2 562 33.0 29.7 529 36.7 243
15:10:00 327 Sl 3 30.2 36.9 38,1 29 53.4 55:9 200
15:20:00 32.8 31.4 803 86.5 33.1 30.0 a7.5 34.1 180
15:30:00 32.8 31.6 30.0 35.8 Sl 30.1 43.3 B 7 377
15:40:00 32.9 815 30.0 55.5 330 30.1 42.0 32.2 718
15:50:00 32.8 31.7 30.0 35.4 380 29.8 43.2 3815 726
16:00:00 32.9 315 29.9 556 33 29.8 473 33.8 603
16:10:00 32.9 31.8 29.6 38.5 331 29.8 555 38.0 142
16:20:00 B2 3.l 2,957 35:9 832 ZET 5545 g1 636
16:30:00 32.8 31.4 29.9 358 832 798 45.7 33.0 564

011



ANSIRUINT 3 (919)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
o ; 4 Solar Radiation
Time Q) with Reduce Heat Loss (°C) Temperature Temperature 5
(W/m”)
TlO cm TSO cm TIOO cm TlO cm TSO cm TlOD cm (OC) (QC}

16:40:00 32.9 gih 29.9 354 332 9.8 49.7 35.8 512
16:50:00 32.9 S 29.7 354 33.4 29.8 52.0 Bifio 456
17:00:00 33.0 Bing 29.6 852 3353 29.8 51.0 34.6 a1z
17:10:00 33.0 il ie; 29.6 34.7 353 29.8 48.5 34.4 368
17:20:00 32.8 8146 29.5 34.2 33.1 29.8 45.8 386 317
17:30:00 32.9 31.8 29.3 3.1 33:2 29.8 41.2 &5 T 304
17:40:00 32,7 3l 29.2 33.8 S35 29.7 38.9 32.6 244
17:50:00 32.7 31.8 29.4 33.6 5152 29.8 37.8 Sl {5 147
18:00:00 32.5 219 29.2 98.5 329 30.0 3548 Sl (5) 68
Average 31.5 30.7 30.1 33.5 Silké 29.9 46.7 325 BE1
minimum 29.4 29.2 29.2 30.0 29.8 29.6 24.4 243 10

maximum 33.0 )il 2 319 36.9 33.4 31.0 60.2 38.0 978
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A1SI9NUINT 4 UsEanSnnaedsyuunsetaisslaniaunszansiuiunisifideiniadeu nsaintnsiiseniasau

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time ) with Reduce Heat Loss (°C) Temperature Temperature .l Radization
(W/m’")
j i i . oo Tspem g i () O

6:00:00 30.7 30.7 31.1 Bil.3 3142 314 27.4 24.6 9
6:10:00 30.6 30.5 31.1 31.3 308 el 27.6 24.7 10
6:20:00 30.5 30.5 31.0 Bl 2 30.8 31.2 27.9 24.9 10
6:30:00 30.5 30.5 309 31.0 30.8 Sl 28.0 24.9 12
6:40:00 30.5 30.4 30.9 30.9 Sg 3.1 28.3 25.1 13
6:50:00 30.2 30.2 30.5 30.5 30.2 30.8 28.0 25.1 18
7:00:00 301 502 30.3 30.4 30.3 B0.5 28.1 25.1 31
7:10:00 30.0 30.0 30.2 304 30.2 30.5 28.3 2548 48
7:20:00 30.0 30.1 30.2 30.4 30.0 30.3 28.9 255 59
7:30:00 30.0 30.0 30.2 30.5 sjoL 1l 30.3 2956 258 82
7:40:00 30.0 30.0 30.2 30.5 30.0 30:5 239 26.2 117
7:50:00 29.9 30.0 30.2 30.6 30.1 30.2 30.6 26.3 246
8:00:00 29.9 30.0 30.2 L] 29.9 30.0 33.4 26.5 435
8:10:00 30.1 30.1 30.8 31.4 30.1 30.3 35.5 27.8 731
8:20:00 29.8 29.8 30.2 30.7 30.2 30.5 4z2.4 28.4 783
8:30:00 30.3 30.2 30.7 314 30.9 30.9 47.0 29.2 815

Fo g\



AS19NUINA 4 (51D)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time ¢a with Reduce Heat Loss (°C) Temperature Temperature wul Radization
(W/m”)
Tz i T100cm Toorem Tsoem o e O °C)
8:40:00 20.9 30.7 8.1 31.9 31.4 2112 50.6 30.7 496
8:50:00 319 510 31.4 BRI 314 316 47.4 30.8 624
9:00:00 31.0 30.8 31.0 31.9 215 a0 5i18.0 g 742
9:10:00 314 30.8 30.1 S5 S0 i1 53.6 32.8 657
9:20:00 30.6 30.4 30.7 GHls) 30.9 30.8 56.2 32.2 636
9:30:00 30.8 ST 30.8 31.2 210 3l 51 53.6 34.6 402
9:40:00 30.9 30.7 30.7 57 30.9 51.3 46.1 31.4 762
9:50:00 30.8 30.6 30.7 Sl 30.9 3055 44.9 324 472
10:00:00 30.9 30.8 30.8 S 30.9 Sl 5 535 354 492
10:10:00 30.9 30.7 30.8 30.9 30.8 31.4 558 34.8 689
10:20:00 31.0 30.8 30.8 314 31.0 31.5 550 320 783
10:30:00 311 30.9 30.8 31.3 31.0 3155 55.4 34.6 796
10:40:00 2.2 310 31.0 31.6 31.0 51.5 56.2 37.0 476
10:50:00 31.4 311 il 31.5 Bil..7 31.6 53.0 355 365
11:00:00 CHES 31.0 30.8 B1a3 3.2 31.6 45.1 32.8 763
11:10:00 31.2 30.8 30.8 31.6 31.0 3.5 54.8 36.5 816

e1l



ASIBRUINA 4 (619)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time b with Reduce Heat Loss (°C) Temperature Temperature o2 Radiation
(W/m?)
T o fLET e oo Tso.cm T100 cm (e O
11:26:00 3.3 30.9 30.8 2.5 31.0 31.4 555 34.4 864
11:30:00 31.4 Gy 30.7 31.6 31.2 31.6 55.7 34.8 922
11:40:00 3.0 3.4 30.8 21.9 31.6 silAe 58.9 36.3 924
11:50:00 3140 il %) 31.0 3202 314 Sl 60.3 38.0 842
12:00:00 318 S 31.0 B 31.8 il 54.0 36.1 815
12:10:00 31 Gill 5 30.8 823 3105 S0 2.9 36.3 852
12:20:00 32.0 313 30.9 3239 31.6 31.9 56.6 37.5 896
12:30:00 32.0 31.5 30.8 Sps) 38 32.0 57.6 37.4 871
12:40:00 32.4 32.0 30.9 g1 32.3 322 49.8 354 922
12:50:00 321 Sl 1 30.7 32.4 G)l. 5! 32.1 5744 5812 931
13:00:00 32.0 31.8 30.7 528 323 324 3890 383 870
13:10:00 32.6 323 Sl 1| 32.6 3256 32.9 59§ 39.6 952
13:20:00 324 32.0 31.3 525 328 32.4 60.1 38.6 924
13:30:00 32.6 322 31.1 S B2.5 32.4 62.0 a1.6 946
12:40:00 324 321 314 32.6 32.6 325 52 8 25,7 650
13:50:00 324 31.8 311 3246 52.3 57.3 56.9 36.8 704

p1l



A519HUINT 4 (s)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time Q) with Reduce Heat Loss (°C) Temperature Temperature Wl RadiEation
(W/m’)
Tigem Tsg o g Koe Tsocm 00 cm (O (O
14:00:00 32.4 321 31.2 32.4 324 3243 50.5 36.1 729
14:10:00 32.3 31.8 31.1 32.4 32.6 223 57.8 37.10 690
14:20:00 32.0 Sl 31.6 52.2 32.6 82:8 59.4 38.9 620
14:30:00 32.9 825 323 33.4 B2:5 53.2 59.8 37.0 610
14:40:00 338 S 5 323 33.8 3247 881 537 36.9 B3
14:50:00 334 kiZ 2 31.8 84.8 324 G, 45.0 552 182
15:00:00 33.0 32.2 31.8 332 32.6 52.5 41.0 331 203
15:10:00 32.9 32.2 31.8 32.9 32.4 3256 ‘ 41.0 31.4 245
15:20:00 32.6 S 21.5 32.8 32.6 328 43.3 il 5 94
15:30:00 32.8 32.0 Sl 32.9 398 323 37.4 29.4 62
15:40:00 32.8 Sl ST 528 823 32.2 35.6 28.8 513
15:50:00 32.4 Sl e 31.6 32.6 B2¢ 2y ) 35.3 28.5 126
16:00:00 32.6 31.8 3t 33.2 324 519 39.8 29.9 574
16:10:00 323 31.8 31.6 855 221 31.8 45.6 Silei 627
16:20:00 324 31.9 3176 36.1 Sl 1.7 a9.7 34.6 561

16:30:00 323 31.9 31.8 354 21.9 S il 2 56.3 470

G11



ANSI9NUING 4 (519)

Water Temperature Greenhouses Fish Cage Integrated Greenhouse Ambient
Time Q) with Reduce Heat Loss (°C) Temperature Temperature e Radization
(wW/m”)
Tioem Ts0 cm T100 em T Tso em T106 cm QO ey

16:40:00 32.4 S1%E) 32.0 351 310 3240 50.8 34.3 467
16:50:00 32.5 32.0 32.0 34.4 3203 31.8 48.4 36.2 40z
17:00:00 32.5 Sz {0 31.9 34.2 32.3 Sike 46.4 36.3 163
17:10:00 32.6 32.0 32.0 3347 528 31.8 43.4 3516 342
17:20:00 32.6 S 32.1 34.2 323 aile 41.2 32.6 102
17:30:00 32.5 32.1 32.0 35,1 378 32.0 38.1 31.5 82
17:40:00 32.6 2.1 31.9 32.8 S (1.9 25.7 30.9 69
17:50:00 32.4 32.0 32.0 226 323 5262 34.1 30.3 54
18:00:00 32.4 8270 e1.9 E7°5 32.3 32.1 33.5 30.1 51
Average 31.6 313 311 32.2 3155 31.7 46.0 325 491
minimum 29.8 29.8 30.1 30.4 29.9 S 30.0 27.4 24.6 9
maximum 33.5 32.5 323 36.1 3 Zail 33.2 62.0 41.6 952
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A1IHWINA 5 ninminda e neve WAz YANISNAG 0AIUASUAY LaXYIIANTIANAIINNTTIAES 10 U 20 U wag 30 Ju (h51)

- 10 A (nFn) 20 Ju (nw) 30 U (nFu)
Yo U
a1eu 2 ‘q@ﬂ"l‘i "qﬂﬂ’]i “Eéﬁ]ﬂ"li ?!ﬂﬂ'ﬁ “qﬂﬂﬂi ﬂﬂﬂ'ﬁ ‘quﬂﬂ"li ﬂﬂﬂ’]i ‘qﬂﬂ'}‘i
(a9) Lmjm NARDY VG0N NARD NAEDY NARDY NARDY VGGER NAADY NARAD I
0 gy io is i1 io 43 i1 i2 is
1 2.5 54 8.9 10.5 12.9 16.6 w35 36.1 39.8 46.5
2 2.7 5.7 8.2 11.2 8.1 27.4 30.8 23.3 61.8 70.9
3 2.4 a.7 Q.2 10.8 3.7 25 35.3 30.2 5.5 38.2
4 2.7 4.5 8.2 1193 158 20.6 b, 5 25.6 46.8 98.7
5 2.6 5.6 10.3 10.3 185 18.9 30.5 24.1 (1178 o 38.6
6 2.5 Sl 25 1T 19.8 20.4 38.1 23.9 29.3 a3.2
T 2.3 5.7 9.3 1242 2L 15t 2F T 38.7 36.8 a435.3
8 2.6 5.5 9.6 1Li 3.0 14.7 19.8 34.4 62.5 40.1
9 2.4 6.9 10.4 11.6 14.3 20.3 27.3 38.2 56.3 40.8
10 2.7 4.6 10.1 10.8 8.7 263 LN 36.0 59.7 63.6
11 2:5 e 8.7 1,188 59 e 341 29.7 525 40.5
12 2.5 55 8.1 10.0 il 57 8.5 21.0 36.2 52.7 34.6
13 2.6 5. L5 it2 5 11.6 i ZERTA 19.2 7%5 354 41.1
14 2.6 5.8 8.8 11.4 6:5 13.4 18.8 26.6 B5 7 a5.2
15 i 6.2 8.1 10.9 18.8 14.4 18.1 2551 a4.2 50.5

LT



ANSIEUINT 5 (61D)

10 91 (n5W)

20 1y (51)

30 Ju (nFW)

A19U u:w:m YANIT YANS YANT YANTT YANTT YANTS YANS YANIS YANT
Cet) mem EGEN NARDY nAaRs NARBY NARDS NARDI NAADS AR NAFDY
(e i1 ii2 fi3 i1 2 il 3 i1 il 2 i3

16 2.5 5.2 10.2 10.8 22.0 19.2 27.2 5.3 36.2 45.7

17 24 4.8 10.2 11.4 11.5 18.5 23.4 26.4 39.8 66.3

18 2.6 5.1 8.6 10.3 T 203 20.2 235 B2 56.9

19 2.6 6.4 8.8 124 6.7 24.2 Sha | 31.6 34.7 53.6

20 2.6 5.9 9.2 10.9 211 19.8 23.6 26.6 36.8 42.0
8.0 0.11 0.61 0.75 0.72 5.05 3.87 5.95 5.72 10.28 15.20
Average 2.54 5.48 9.33 11.14 12.68 19.40 25.95 28.99 44.94 50.02
minimum 2.34 4.50 8.10 9.99 5.90 13.40 18.10 22.30 29.30 34.60
maximum 2.69 6.91 10.40 12.48 22.00 27.40 38.10 38.70 62.50 98.70
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A1IHLINT 6 Ui UamLe e vaasiazYANITIAGBIAASNAL WagyinN1TIANaIIINNIEIEEe 60 JU 90 U wae 120 Ju (N3Y)

o 60 Ju (N5u) 90 Ju (nFu) 120 U (n5%)
. Untin
adu L AN YaNIS YAN15 2ANTS 4TS >ANIS YANIS YANS YANTS
() wau VARDY EGEE NAaDS NABDY NAAD VEGEE EREK NAADS NPADY
= i1 ii 2 i3 fi1 it 2 ii 3 i1 #i 2 W3
1 25 57.4 85.5 104.1 775 111.2 122.8 117.6 126.9 143.4
2 27 512 77.6 85.8 81.5 105.6 128.4 115.9 134.9 139.8
3 2.4 53.2 79.6 98.3 77.8 102.1 116 125.6 139.3 144.7
4 2.7 78.4 82.4 82.2 95.7 101.6 113.6 126.8 132.9 142.9
5 26 73.2 91.7 83.9 85.0 98.5 111.8 118.3 128 142.8
e 2.5 2.0 87.0 106.1 86.2 97.3 124.8 1i28.5 eyl 136.7
7 23 70.1 85.5 91.7 103.1 112.6 117.9 122.3 143.8 148.7
8 2.6 81.6 89.4 91.1 72.6 97.4 121.4 117 14 {5 143.9
9 2.4 66.3 78.0 99.9 77.9 116.6 123.8 113.6 135.2 148.1
10 2.7 66.6 82.6 102.1 95.3 95.6 129 127.8 141.8 147.7
11 25 81.3 89.6 87.2 88.3 107.5 119.4 114.8 138.8 147.1
12 25 58.6 91.7 111.8 81.9 89.9 111.1 126.9 138.5 157.3
13 2.6 72.7 77.6 91.5 74.9 92.9 124.6 119.7 136.7 1437
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ASINUINT 6 (518)

5 60 du (n3w) 90 Ju (nJw) 120 9y (%)
. Umln

[3M1210] 2w ‘q@]ﬂ']‘i “l!ﬂﬂ']‘i “Eéﬂﬂ"l‘i “l{ﬂﬂ"li ‘quf"lﬂ'ﬁ ?qfﬂﬂ']‘é ?J:ﬂﬂ'ﬁ ?!ﬂﬂ']‘a' ‘igﬂﬂqi
(a9 wau NARD S NARD Y NAaD Y NAADY NAFDY NAAD S NARDY NAGa Y NAADY

=0 S iz i3 i1 i 2 is i1 iz i3

14 2.6 60.4 82.9 85.9 914 98.4 121.9 ESULS T 136.9

15 2.7 88.4 78.6 113.9 78.3 100.S 116.7 114.3 129.9 142.9

16 2.5 58.3 4.7 99.8 74.9 89.7 119.6 126.9 139.9 138.7

17 2.4 60.8 83.6 85.5 101.6 104.9 128.7 121.6 142.1 15229

18 2.6 58.8 80.7 87.2 76.8 98.9 112.5 116.4 134.9 145.6

19 2.6 60.4 76.3 3.9 53 109.2 126.4 120.8 128.7 145.6

20 2.6 70.4 98.7 85.7 89.4 116.3 118.8 124.8 139.2 144.9
S.D. 0.11 10.27 6.22 9.08 9.26 8.00 5.55 5.33 5.66 5.07
Average 2.54 67.04 83.69 95.38 84.27 102.36 119.66 12085 135.05 143.87
minimum 234 51.20 74,70 82.20 72.60 89.70 111.10 113.60 122.70 132.90
maximum 2.69 88.40 98.70 113.90 103.10 116.60 128.70 132.30 143.80 157.30
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AS1WUINT 7 ﬂaﬂuﬂﬂaﬂawwualmamauna3ﬁmﬂ73wmaaqﬁéusﬂ%mﬁﬂ LAZYINISIANAIRINAISLAE 10 33 20 JU A 30 FU (lYUFLLAT)

10 Ju (LWURLURT)

20 2 (UURLUAT)

30 M (LUURLUAT)

d1Au dmindudu YANS ¥ANTT YANT3 YANTS YANIs 4aN13 YANT3 YANT YANT
(i) (LURLUAT) NARD 9 NARD NARDY NAAD I NARDI NARD Y NARDI NAAAY NARDY
i1 fi 2 ii 3 fi 1 2 i3 i1 it 2 i3

1 2.5 4.6 5.6 6.1 7.0 i 8.2 9.7 13.0 11.1

2 2.4 5.2 5.0 6.5 6.5 8.5 8.7 10.2 11.6 11.2
3 2.8 4.2 6.3 5.6 7.5 7.6 8.5 911 9.2 10.6
4 2.3 5.6 5.6 (.2 2@ 7.4 8.1 8.2 s 10.9

5 2.6 4.1 5.9 6.2 Tz 8.2 9.2 9:5 1H05) 10.6

6 2.9 4.4 53 6.5 8.0 &, 10.5 8.9 9.6 11.2

T 2.6 4.2 5.8 6.6 6.0 6.5 9.1 8.6 10.2 9.7
8 2.5 4.6 6.2 6.5 6.3 6.9 fiis) 9.2 10.6 10.7

9 2.6 4.6 6.4 6.3 e 8.2 8.6 10.2 BT 9.4

10 2.5 4.1 6.1 6.2 5.6 8.2 e 9.6 14e] 9.8
11 2.5 4.1 6.1 6.5 502 i 9.6 9.2 10.4 10.8
12 2.4 Bl 5.9 7.1 5 6.8 8.4 10.2 11.1 10.2

13 2.5 4.9 53 6.6 6.4 6.5 7.4 8.6 10.1 9.7
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A5IEUINTA T (7D)

10 9% (URLUAT)

20 YU (URLUAT)

30 2 (LURLLAT)

Adu dwidndudu  yanig YANS Y4ANT YANNT YANT YANS YANT YANTS YANS
GED) (LrURUaS) NARD NARDA NAAD Y NARD I NARDY NARD S NAADY VAR NAEDI
i1 2 3 i1 72 i3 i1 il 2 i3

14 2.5 Enl 5.7 6.6 55 6.8 6.8 8.6 10.1 9.9

15 2.4 a4 5.4 5.9 7.7 7.0 1.2 8.2 9.9 9.7

16 2.5 4.7 5.4 6.8 8.3 8.5 9.0 8.0 10.3 9.2

17 ) 5.8 5.4 6.6 5.8 8.1 8.6 9.1 9.8 10.2

18 2% 5.2 5.6 6.4 ] 83 7.8 8.4 8.6 10.1

19 2.9 5.4 5.2 6.7 4.8 8.7 9.1 9.8 9.7 10.2

20 2.5 5.9 5:3 6.9 =5 7.9 6.7 8.4 9.9 9.8
S:B; 0.16 0.58 (0559 0.38 1.03 0.71 0.98 0.71 0.84 0.61
Average 2.54 4.81 5.68 6.48 6.62 7.63 8.43 9.14 10.38 10.25
minimum 2.30 4,10 4.95 5.62 4.80 6.50 6.70 8.00 9.20 9.20
maximum 2.90 5.90 6.40 722 8.30 8.70 10.50 10.20 13.00 11.20
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MIRUINT 8 AnssUa LD IneveLazyANsVaaD R AELAY Waein1sInnaRINnIsIaes 60 U 90 U way 120 T (Wusiing)

60 M (LWURLURT)

90 Tu (WURLUAS)

120 9 (LURLUAT)

andiu dwindudu  yans  ganis YANTS YA AN YANT YAN13 YANT YANIT
(ﬁ?‘ﬁ) (%”?juatllﬂi) nRaad NAADI NOADA iil9G R NAaB NAABI NAAD Neaad NAADN
1 it 2 i3 i1 72 i3 §i1 it 2 #i3

1 2.5 15.2 16.3 16.7 16.6 17.1 17.2 16.3 17.2 17.9

0 2.4 13.4 15.6 16.1 15.8 16.2 17.2 16.7 16.4 17.8
3 2.8 16.2 15.2 16.3 15.7 17.2 17.6 16.4 17.9 17.8
4 23 13.5 14.9 15.9 16.2 16.3 16.9 16.4 17.4 17.4
5 2.6 13.7 167 14.7 15.1 17.3 17.4 17.2 16.9 17.4

6 2.9 14.1 16.1 15.2 16.2 16.6 17.8 16.9 17.5 17.8

7 26 15.0 670 16.3 15.2 17.6 17.7 17:6 17.5 17:2

8 2.5 16.2 14.9 14.9 16.1 16.5 17.1 16.4 17.6 172

9 2.6 14.1 14.6 15.7 16.1 16.2 16.8 16.8 16.7 16.9
10 2.5 14.4 14.8 15.7 16.1 16.2 16.8 16.4 17.8 17.2
1 2.5 143 14.3 16.1 15.1 17.4 16.6 16.7 17.4 17.8
12 2.4 156 14.7 15.7 15.3 16.5 16.7 16.4 17.3 17.6
13 25 14.1 15.7 162 15.7 16.3 16.4 16.4 17.9 16.7
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A1HUING 8 (91D)

60 U (LUURLUNT)

90 U (LUURLUAT)

120 2 (WURLUAT)

A dwiindudy  yanns YANT YANT YANTS YAN3 YANT YANT AT YAN3
(i) (WuAAs) AR NARD 4 NAAD S NPaDd NAEBY NARDI NARD NAADY NARDY

i1 72 i3 i1 it 2 s i1 fi 2 W3

14 2.5 14.2 16.2 152 16.6 16.8 17.3 17.1 7 17.8

15 2.4 its 1 14.8 14.5 15.9 1571 16.7 17.2 178 17.8

16 2.5 14.9 15.6 15.2 16.9 16.9 17.8 16.3 17.1 ¥i:5

17 2.9 136 16.1 13.9 15.8 Lh 16.6 16.6 16.9 17.4

18 7 142 15.2 15.2 16.2 16.8 17.1 16.5 16.6 17.8

19 2.5 13.1 14.2 14.2 16.5 e 16.4 16.8 Nl 17.4

20 2.5 13.9 14.5 16.1 156 16.3 16.2 16.4 17.4 17.4
S.D. 0.16 0.87 0.70 0.77 0.51 0.48 0.48 0.36 0.44 0.33
Average 2.54 14.46 15.30 15.49 15.94 16.76 17.02 16.68 17.31 17.49
minimum 2.30 13.10 14.20 13.90 15.10 16.20 16.20 16.30 16.40 16.70
maximum 2.90 16.20 16.30 16.70 16.90 17.60 17.80 17.60 17.90 17.90
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ANTSEUANT 9 WviinUaniuTitre WAazYRNNTNAGEINAIINNTISEYY 30 TU 60 T Uay 90 Ju (wuALLAS)

Faa1 Ui nszdesssua (n3u) nszdaEaunszan (n5u) nsrddlsasou+auau (nFu)
1 15 10 14 13 25 20 29 36 29
2 13 g1 15 30 20 25 29 27 30
oud 1 3 18 13 23 19 21 33 20 31 22
4 10 12 13 25 26 19 2 40 29
5 12 21 15 16 20 20 23 21 26
1 48.5 47.6 60.4 64.8 64.3 63,1 78.4 78.4 71.5
2 61.4 63.2 58.7 62.9 63.2 56.7 65.9 72.6 69.8
Lﬁaui?'i 2 3 49.2 65.4 51.9 65.7 68.7 58.7 7.6 85.4 79.2
4 S840 52.7 54.8 65.7 57.4 65.7 72.1 il 72.4
5 36.8 47.9 42.9 71.2 49.8 49.9 70.9 70.6 66.4
1 68.9 1.0 79.6 89.6 85.3 86.5 105.6 104.9 94.8
2 735 i 5 65955 96.4 89.4 96.4 1155 98.7 103.6
Lﬁau‘iﬁ 3 3 69.7 2.5 e 104.2 924 et Ji 109.6 108.6 112.7
4 68.5 (ol 71.4 995 97.4 92.4 99.1 99.7 109.7
5 1% 72.8 68.3 83.5 95.3 89.8 102.3 96.8 106.4
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ANSIUINT 10 mmmaﬁaﬂmﬁuﬁmaaLL@ias:-?;ﬂmimaawé’amﬂmﬂﬁ'm 30 U 60 U WAy 90 TU (LUUFLUAS)

Y8 A N52Y45354A0 (VURAUAST) nszdaSaunszan (WUALLAS) nsrdalsaEau+aulu (YURLLAT)
1 10.6 8.2 10.9 8.7 12.9 10.4 Thilds J T2 134
0 2 9.9 8.9 9.6 11.4 10.9 102 11.7 11.3 11.8
AaUN
3 9.7 g.9 8.7 104 10.9 9.6 11.2 11.4 10.6
1
4 8.2 9.7 97 10.9 10.2 10.1 10.1 1 288 10.7
5 9.4 105 9.9 9.8 10.1 9.8 10.4 11852 11.0
1 14.3 14.7 14.6 16.5 14.9 13.9 15.1 it 14.7
i 2 i 13.4 14.4 5.1, 14.6 4.5 14.7 164 14.3
WROUN
3 14.2 14.1 % 15.2 15.2 14.5 14.6 14.6 151
2
4 13.6 14.3 ka2 14.7 ey 14.2 15.3 e 14.4
5 125 15, 61 12.9 S 134 13.6 15 13.9 14.2
1 15.5 15.5 L6.3 16.5 6.3 1.5 1l 16.0 15.9
o 2 16.0 5.3 il 1474 16.7 1618 16.9 515 16.4
WADUN
3 15.4 16.5 16.3 .65 16.9 16.7 16.8 16.9 16.9
3
4 15.6 15.9 16.7 16.9 LT 6.5 16.4 i3 102
5 15.2 liGe 15.9 16.4 165 16.4 16.8 le.7 19.7
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NN AATISINNWATE AN RS

1. yaA1agiugns (Net Present Value : NPV)

9

n
NEEDY

1=1{1—0)

B,

B

a

panauLuluUN tt= 1,2, 3, .., n)
supuludnt (t=1,2,3, .., n)

suulutiFunsn

at :5’ = o i =y 5
dnsmeniley 58 ensnaruAnan (Discount rate)

918lATIN1S

2. 9nsdruvesnaUsElevidaiuamu (Benefit - Cost Ratio : B/C Ratio)

B/Cratio =

B/C ratio
Bt
Ct

Co

>

R

dnsrdruvenalslavisotiuay
namauwuludn t (t= 1,2, 3, ., n)

dundlu®i tt=1,2,3, ., n)

Funulutisauusn

sasmenide vie Snsrdufean (Discount rate)

91glAsaNg
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3. 9ASINANULNUYDILATINTS (Internal Rate of Return : IRR)

= - o i Bt L Ct
RRvide r il ), ———| 2 ——=+C, |=0
tzl(l A r) tzl(l + r)

IRR - FNTIHANDULNUTDILATING

B, = panauundludi t (t = 1,2,3, .. n)

G, = it (t=1,2,3, ., n)

7 ﬁunuiuﬂﬁ?'mm

i = Snsmanidy vie Sasidudnan (Discount rate)
n = 2181ATINT

4. m3UszdiulppRnszeziiatAuu (Payback Period)

srgznaAwY = Wuawu / Hailsgrgsnet

o Ruaenu fo  yarlaturesiuaamulunivelas
1 14 o/ r.gi’ =
foasvenTzdudeaiseunsean
FfunsiteInAsau
nanlsandsnel fie  wasamlsgrssiel Alaannsvevaives
as cai/ [~ ' s a
nsggadfsansounszanTIsiun1siiy

AINNASOULAENS T TIALIONUUNG 9iNaN

enldanenanun AiugUan uazems
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As1eHuINdl 11 nszuarunusaznIziaeiunaenegreInseiuiesianiounszan 10 U

'
e as

0 9P ARaNT 6.275% (Wihe:um) vasnsrdunly (¥wn1svaassi 1)

) . . . dandau

o AUNU 185U FBFUHND B PV 284
un ARAA PV @184 C PV 2994 B
Q) (B) (B-C) B-C

6.275%
0 800.00 0.00 -800.00 1 200.00 0.00 -800.00
i 2,464.20 4150.53 1686.33 0.94 2316.348 3,901.50 1585.15
2 2,414.00 4150.53 1,736.53 0.89 2148.46 369397 1545.52
B 2,414.00 4150.53 1736.53 0.84 2027.76 3,486.45 1458.69
a 2,414.00 4150.53 1,736.53 0.79 1907.06 3,278.92 1371.86
5 2,414.00 4150.53 1788.53 B.75 1810.5 3,112.90 1302.41
6 2,414.00 4150.53 1,736.53 0.71 1713.94 2,946.88 1232.94
7 2,414.00 4150.53 17356¥55 0.67 1617.328 2,7180.86 1163.48
8 2,414.00 4150.53 1,736.53 0.63 1520.82 2,614.84 1094.02
9 2,414.00 4150.53 1736358 0.59 1424.26 2,448.82 1024.56
10 2,414.00 4150.53 1,736.53 0.56 1351.84 2,324.29 972.46

394 24,990.20 41,505.34 16,515.14 18,638.37  30,589.44




130

AN1aRUINT 12 nszuaduuLaznszLaTiuRaengvasn sefuiesUaniaunsean 10 U

o FR91RRAAT 6.275% (MU18:U ) B89N lUTuA U aUATEAN

(yan1naaei 2)

) 2 L. BasEou
o AUy FWTU STuENS S PV w83
(@) (B) (B-C) B-C
6.275%
0 9,000.00 0.00 -9,000.00 1 9,000.00 0.00 -9,000.00
1 4,427.55 7,839.65 3,412.10 0.94 4,161.89 7,369.27 3,201.88
2 4,213.44 7,839.65 3,626.21 0.89 3,749.96 (6 9T T PR 3,227.33
3 3,862.80 7,839.65 3,976.85 0.84 3,244.75 6,585.31 3,340.56
4 3,862.80 7,839.65 3,976.85 0.79 3,051.612 6,193.33 i 1L Tl
5 3,862.80 7,839.65 3,976.85 0.75 2,897.10 5,879.74 2,982.64
5] 3,862.80 7,839.65 3,974.85 0.71 2,742.59 5,566.15 2,823.57
7 3,862.80 7,839.65 3,976.85 0.67 2,588.076 5262.57 2,664.49
8 3,862.80 7,839.65 3,976.85 0.63 2,433 564 4,938.98 2,505.42
9 3,862.80 7,839.65 3976.85 0.59 2279.052 4625.39 2,346.34
10 3,862.80 7,839.65 3,976.85 0.56 2163.168 4390.21 2,227.04
J94  48,543.39  78,396.53  29,853.13 38,311.77 57,778.24
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o 1y o o A o =
TN UINN 13 ﬂiﬁLLﬁWUVJULLaﬁﬂi3LL55']EJ'§UW'§1@@@(]EJEU@QﬂﬁgsﬂjﬂtaUﬂﬁﬁqkﬁaUﬂ'ﬁgﬂﬂ 10 U

04 FRINARANT 6.275% (MUIE-UM) VBN TEBAIaUNTZANTIUAUNTTHRY

91N1ASeU (YAN1INARRT 3)

p i L dnsadou
45 v F5U FIWTUENT N PV 284
) (B) (B-C) B-C
6.275%
0 10,400.00 0.00 -10,400.00 1.00 10,400.00 0.00 -10,400.00
1 5,321.28 11,107.70 5,786.42 0.94 5,002.00 10,441.24 5,439.24
2 4,958.18 11,107.70 6,149.52 0.89 4,412.78 9,885.85 5,473.07
3 4,668.68 11,107.70 6,439.02 0.84 3069 9,330.47 5,408.78
4 1,668.68 11,107.70 6,439.02 0.79 3,688.25 8,775.08 5,086.83
5 4,668.68 11,107.70 6,439.02 0.75 3,501.51 8,330.77 4,829.27
6 5,568.68 11,107.70 5,539.02 0.71 5953.76 7,886.47 3,932.71
" 4,668.68 11,107.70 6,439.02 0.67 3,128.01 7,442.16 4,314.14
8 4,668.68 11,107.70 6,439.02 0.63 2,.941.27 6,997.85 4,056.58
9 4,668.68 11,107.70 6,439.02 0.59 2,754.52 6,553.54 3,799.02
10 4,668.68 11,107.70 6,439.02 0.56 2,614.46 6,220.31 3,605.85
94 58,928.87 111,076.99  52,148.12 46,318.25 81,863.74
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Abstract: At present, careers aquaculture has gained attention in Thailand. Cage fish farming are the most popular cultivation in the
Northern part of Thailand which has contributed substantially to livelihoods, food demand, employment and income. However, the
temperature is relatively low in the Northern part of Thailand especially in winter, the air temperature drops below 15 °C and the
temperature difference between day and night about 15-20 °C. In general, the suitable and optimum temperature for the fish culture
was 28-32 °C. Therefore this study aim was focused on increasing and provides the optimum temperature using thermal performance
of greenhouse fish cages integrated with hot air aerator through solar energy. In this study, Climbing perch {Anabas testudineus) fish
was used. The study system was developed for heating the fish cages with hot air aerator by greenhouse cage design equipped with
insulation to reduce heat loss by used foam and covered with bamboo which is economically helpful for fish farmer. Fish cage was
allowed to depths of 1 meter from the water surface of lagoon. Therefore, the study results demonstrated that possible to apply and

increase water temperature by greenhouse with hot air aerator set up using solar energy through the solar panel system.

Key words: Climbing perch, Fish Cage, Greenhouse, Temperature, Solar Energy, Hot Air Aerator

1. Introduction

Aguaculture is the fastest growing food production industry,
and the vast majority of aquaculture products are derived from
Asia. The quantity of aquaculture products directly consumed
is now greater than that resulting from conventional fisheries
(Gjedrem et al,, 2012). As aquaculture production continues to
increase and intensify, both its reliance and its impact on ocean
fisheries are likely to expand even further (Rosamond et al.,
2000). Fish are a source of high quality protein, vitamins and
essential minerals but, above all, a virtually unique, rich source
of omega-3 long-chain poly-unsaturated fatty acids (Jabeena
and Chaudhry, 2011). Thailand has a growing population (1
percent growth rate per annum in 2013-14) and needs large
sources of protein foods. The present per capita availability of
protein is necessary in daily requirements, Fish is an excellent
and relatively a cheaper source of animal protein of high
biological value.

Since there are many freshwater farms were increasing
yearly basis in Thailand. Freshwater fish as a protein source is
very importance source especially Northern part of Thailand.
On 2012, freshwater fish farm areas containing 936,553 acres
at Thailand, northern region freshwater fish farms had 142,055
acres, It was producing 673,700 tons with total value of
approximately 36,264.9 million THB {1,032.81 million USD)
in the northern part of Thailand (Department of Fisheries,
2012). Recently the using poly cage net on the river or lagoon
have been increased, moreover in the nation poly cage net
culture on the river or lagoon up to 703 acres and in northern
part of Thailand up to 103 acres. In addition, farmers very
interested in the freshwater fish farming and increased 14.56%
last two years (Department of Fisheries, 2014). At present, the
climbing perch fish have much successful business due to the
development of improved varieties in Thailand. Because
climbing perch have high growth rate, grow big size, resistance
to disease and popular in local markets.

However, the influence of water temperature affects the
fish growth. The fish will thrive in temperature range of
28-32 °C. If temperature is higher or lower it could affect the
growth rate of fish (Baras, 2000). Especially in the Northern
part of Thailand, temperature is relatively low. In winter, air

temperature drops below 15 °C and the temperature difference
between day and night about 15-20 °C (Temprasit et al., 2015).
The fishes were cultured in the winter and raining seasons there
was dwindling number. In contrast, the price of fish was
increasing during this season 50-80% from regular price.
Farmers have to manage and increase the quality for culturing
fish in cages. The temperature is effects of culture fishes in the
winter or raining season directly. Low water temperature is
affecting the fish growth rates, If low temperature occur fishes
could not eat. That’s main reason, fish had a dwindling number.

According to Tribeni et al. (2006) open and inside
greenhouse condition can identify the influence of water
temperature on fish growth during winter period and
temperature can increase (3.58 — 6.79 °C) compared with
outside tanks. Zhu et al. (1998) stated that from the simulation
results, in a 1-m pond, a passive polyethylene greenhouse pond
systems can be achieved 5.2°C increasing in water temperature
compared with outside air temperature.

Tn general, farmers have to cultured fish until growth to
mature around 6-8 months to be sold But it can shorten the
time to culture with about 3-4 months which must to control
water temperature is in range of 28-32 °C at winter and rainy
seasons. This approach could reduce production costs and save
time. However, different types growing methods and detailed
information of culturing climbing perch still not fully
developed. Cultured cage fishes in river or lagoon for
space-saving and water usage studies needed. In addition, the
solar energy could be applicable for low-cost energy to keep
the water temperature maintenance around culturing area.
Several researchers reported open air-pond temperature system,
greenhouse or plastic shelter pond and greenhouse thermal
environment under both steady and transient condition (Wisely
et al., 1981; Zhu et al,, 1998; Tiwari, 2003). Furthermore,
greenhouse fish cages by integrated with hot air aerator using
solar energy along with insulation to reduce heat loss by using
foam and covered with bamboo. Bamboo is very strong and
can use in side river or lageon for long time. and can find in
area which is economically helpful for fish farmer.

Accordingly, this paper describes an experimental study of
the impact of net cages culturing, detailed information of
calturing climbing perch with outdoor fish cage, greenhouse



fish cage and greenhouse fish cage with hot air aerator. In
addition, in this study applied solar energy as a source of
low-cost energy to keep the water temperature increases using
plastic greenhouses 1o raise the temperature.

2. Materials and methods
2.1. Location of experimental area and fish cage setting

The study was carried out between July and August 2015 in
a lagoon (18° 53' 24" N 99° 2' 16" E), near to Magjo University.
Chiang Mai, Northern part of Thailand. Figure | demonstrated
the layout diagram of experimental greenhouse with lish cages.
And the experiment cages were shown in figure 2.

The experiment was divided into three units including 1)
normal fish cage i.e. outdoor fish cage (Treatment A, T-A),
spread a poly cage net, nylon net was used (pour size= 2 em,
length = 200, width = 300, height=150 ¢m), 2) greenhouse fish
cage (Treatment B, T-B), was construct by parabolic roof
structure made from poly ethylene (0.15 mm) and  four blue
plastic tanks (keep UV 7%) for floats on water surface. The
system size (width= 330 c¢m, length=400 ¢m, and height= 203
em) along with covered and spread a poly cage net (layer =2
mm, size length= 200, width =300 and height =150 cm). Inside
greenhouse fish cage was allowed to 1 meter depths from the
water surface. and greenhouse fish cage was integrated with
hot air aerator (Treatment C, T-C), Furthermore, treatment 2
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(T-B) was used foam and covered with bamboo to reduce heat
loss and size including length = 210, width =320 and height
=150 cm; as well as in side water having hot air aerator using
solar energy.

Figure 1. Layout diagram of the experimental greenhouse with
fish cage.

Figure 2. Experiment Cages: Outdoor fish cage (A), Greenhouse fish cage (B) and Greenhouse fish cage with hot air aerator (C:

2.2 Organism

Climbing perch (Anabas testudincus) was used. The initial
weight of fish average was 2.55 £ 0.15 g/fish. Three hundred
climbing perch fishes were used in this experimental study.

2.3 Experimental diets and feeding

Climhing perch fish were fed by floating food (manual)
method during the entire experimental period. Fish feed was
formulated with locally available materials including soybean,
rice Bran, compressed coconut meal, steamed soybeans and
corn. Feed containing protein 25%. fat 3% and other nutritious
8% with humidity 12%. Feeds were supplied to fish at a
frequency of 3 times per day (06:00-7:00 am; 12:00-13:00 pm:
and 05:00-06:00 pm).

2.4 Data analysis

All physico-chemical analyses were carried out during
study period and detailed methods were presented in Table 1.
The length of experimental fish was measured in centimeters
with an ordinary scale. Weight was measured Lo the nearest g
by a sensitive portable electronic  balance  (Model
SF-400A AFD), with the  help of small plastic
bucket. Solar radiation was measured by a solar power meter
(Model DT - 1307), and it placed on the roof of the greenhouse
fish cage. Thermocouples (Type K) used to measure air
temperatures and water temperatures. Water temperatures were
measured 30.0 cm depths from water surface of lagoon.
Thermocouples  were recorded every 10 minutes by a
multi-channel data logger ( Yokogawa, Model DX220-1-2). The



experiments were started at 6.00 am and continued till 6,00 pm.
Water samples were collected from the experimental zone at
lagoon for nutritional and physiochemical analyzes. The

3. Results and discussion

Climbing perch (Anabas testudineus) is a freshwater perch
in tropical and subtropical Asia, Climbing perch has high
fecundity. It is an anabantid which occurs mainly in lakes,
swamps and estuaries sluggish flowing canals, medium to large
rivers, flooded fields and stagnant waters in most tropical and
subtropical Asia (Perera et al., 2013). Climbing perch is an

Table 2 Fish growth conditions and physicochemical parameters.

1. Growth condition (20 days)

Table 1. Physiochemical and fish growth parameter in lagoon,
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sample was transferred to the laboratory at the Faculty of
Fisheries Technology and Aquatic Resources, Magjo University,
Chiang Mai, Thailand.

3.1. Growth Performance of Climbing perch

economically important fish species in Thailand, Fish growth
conditions and physicochemical parameters results were
presented in Table 2, Fish average weight and length of this
study experiment cages shown in Figure 2,

‘Fish weight (g), T-A 12.68 % 5.05 s O 220

Fish weight (g), T-B 19.40 3,87 o 13 27.4
Fish weight (g), T.C 259950500 § 18.1 _ 38.1
Fish length (cm), T-A 6.62 = 1.03 4.8 8.3
Fish length (cm), T-B 7.63+0.71 : 6.5 By, 0.7

Fish length (cm), T-C 843 +£0.98 _ 6.7 10.5

3. Water quality in lagoon

pH . 6.46 % 0.08 6.38 6.53
DO (mg/l) llE7 - ES0R, 1.32 1.65
Water Temperature (°C), T-A 29.01 +0.22 28.54 29.28
Water Temperature (°C), T-B 2940 + 0.4 28.49 29.98
Water Temperature (°C), T-C 30.25 +0.68 29.08 30.98
Conduct. (mg/l) 13.07 £0.25 12.80 13.30
Turbidity (mg/1) 240.40 +£26.90 2205 2710
PO,4-P (mg/l) 0.024 £ 0.003 0.021 0.027
NH,-N, (mg/l) 0.121 +0.003 0.118 0.180
Chl-a (mg/l) 0.233 £0.040 0.210 0.280
NO>-N (mg/l) 0.121+0.018 0.621 0.654
NO;-N (mg/l) 0.013 £0.001 0.013 0.014
Alkalinity (mg/l) 5000 £ 2500 2500 7500

COD (mg/1) 1066.67 + 461.88 800 1600



The experimental study, Climbing perch (Anabas
testudineus, Bloch) average initial weight was 2.547 + (.154
g¢/fish and the initial length was 2.541 £ 0.202 cm. At 10 days,
in normal fish cage (T-A), fishes average weight was 5.596 +
0.841 g/fish and length was 4.7364 + (0.643 cm. In the present
observation in greenhouse fish cage (T-B). average weight was
9.6942 + 0.539 g/fish and length was 5.6706 + 0.483 cm.
Furthermore, ~greenhouse  through insulation fish cage
integrated with hot air aerator (T-C), average weight was
11113 £ 0.917 g/fish and length was 6.324 + 0.596 cm. From
the 20 days grown fish in normal fish cage (T-A), average
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weight 12,68 + 5.05 g/fish and average length was 6.615
1.028 cm:, greenhouse fish cage (T-B), average weight
was19.40 £ 3.87 g/fish and length was 7.625 + 0.707 cm: and
greenhouse through insulation fish cage integrated with hot air
aerator (T-C), average weight was 2595 + 595 gf/fish and
length was 8430 £ 0979 cm. In general, the favorable
temperature could make proper process of fish eating and
digestion. From the study results greenhouse through insulation
fish cage integrated with hot air aerator experiments provide
better results than others (T-A and T-B).

14
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60 = Nalm Cage L 12
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Figure 2. Fish weight and length of this study experiment cages
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Figure 3. Water temperatures in this study experiment cages



3.2. Temperature difference in three types of cage system

Temperature may even play a part since many fish species
are known (o become more aggressive under warm and very
cold conditions. Furthermore, survival of fish larvae is
determined by the interplay of various environmental factors,
such as temperature, food supply with a suite of
species-specific characteristics (Amornsakun et al., 2000). The
study results of water temperatures in three types of cages
illustrated in figure 3. The average solar radiation was 414.85 +
242,05 (Wm?) and humidity was 50.8 + 10.0% also ambient
temperature was 29.48 + 031 °C, respectively. From 20 days
study period, normal fish cage (T-A), greenhouse fish cage
{(TB) greenhouse with insulation fish cage integrated with hot
air aerator (T-C) were observed. The water temperature was
shown in difference between these three experiments including
normal fish cage (T-A) 29.01 + 0.22 °C, greenhouse fish cage
(T-B) 29.40 + 0.44 °C and greenhouse with insulation fish cage
integrated with hot air aerator (T-C) 30.25 + 0.68 °C,
tespectively (Figure 3). During growth period, most water
parameters in three types of cages were in suitable ranges for
fish growth, However the greenhouse with insulation fish cage
integrated with hot air aerator (T-C) system experessd the
befter results, due to reasonable higher temperature which is
favorable fish intake more. It could helpful to fish growth rate
higher than others {T-A and T-B). Consequently, this study is
recommended the cage system with hot air aerator.

4, Conclusions

The climbing perch {Anabas testudineus), is a highly priced
air breathing, freshwater food fish species. They are also well
known for their taste, high nutritive value, and recuperative and
other medicinal qualities. Climbing perch is a much demanded
fish in Thailand. In this study, mainly focused on temperatures
on three types of cage systems namely (1) normal fish cage, (2)
greenhouse fish cage and (3) greenhouse with insulation fish
cage integrated with hot air aerator were observed. The study
experimental resulls suggested that greenhouse through
insulation fish cage integrated with hot air aerator could helpful
for higher fish growth rate also helpful for fish farmers.
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Effect of Greenhouse Cages Integrated with using

Solar Energy on the Growth Performance on
Freshwater Fish

Piyaphong Yongphet, Rameshprabu Ramaraj, Natthawud Dussadee*

Abstract— Currently, aquaculture based employment has been
impact on fishery industry and gained awareness in worldwide.
Northern parts of Thailand, cage fish farming are very
important cultivation, It has contributed substantially to
livelihoods, food demand, employment and income.
Environmental factors are significant role in the fish culture
especially, the temperature. It is fairly low in the Northern part
of Thailand during in the winter, air temperature drops below
15 °C and difference between day and night about 15-20 °C.
Generally, the appropriate and optimum temperature of fish
culture was 28-32 °C. The average initial weight of fishes were
2.5440.11 g at cultured for 120 days in 3 treatments, normal fish
cage (T-A), greenhouse fish eage (T-B) and greenhouse fish cage
was integrated with reduce heat loss system (T-C). The study
investigation revealed that average water temperature and
highest value were observed in treatments (T-C) (27.6 °C),
followed by treatments (T-B) (26.7 "C) and treatments (T-A)
(26.4 °C), respectively. After 120 days of culture, fishes in
treatments (T-A) had significantly higher weight (121.35+5.33
g/fish) then treatments (T-B) (135.05%5.66 g/fish) and
treatments (T-C) (143.87+5.07g/fish). Compared with treatment
(T-C) with treatments (T-A) and (T-B) achieved more daily
weight gain, equal to 16.1% and 6.8%, respectively. Also the
specific growth rate was equal to 4.17% and 1.49%,
respectively. Furthermore, the study focused on increasing and
provides the optimum temperature using thermal performance
of greenhouse fish cages integrated with hot air aerator through
solar energy. In this study, Climbing perch (Anabas testudineus)
fish was used. The system was developed for heating the fish
cages with solar energy by greenhouse cage design is equipped
with insulation to reduce heat loss by used foam and covered
with bamboo which is economically helpful for fish farmer.
Consequently, the results confirmed that possible to apply and
increase water temperature through greenhouse fish cage
integrated with reducing heat loss system.

Index Terms— Climbing perch, Fish Cage, Greenhouse,
Temperature, Solar Energy.
[. INTRODUCTION

Aquaculture is the fastest growing food production industry
and the vast majority of aguaculture products are derived
from Asia. The quantity of aquaculture products directly
consumed is now greater than that resulting from
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conventional fisheries [1].  As aquaculture production
continues to increase and intensify, both its reliance and its
impact on ocean fisheries are likely to expand even further
(2]. Fish are a source of high quality protein, vitamins and
essential minerals but, above all, a virtually unique, rich
source of omega-3 long-chain poly-unsaturated fatty acids
[3]. Thailand has a growing population (1 percent growth rate
per annum in 2013-14) and needs large sources of protein
foods. The present per capita availability of protein is
necessary in daily requirements. Fish is an excellent and
relatively a cheaper source of animal protein of high
biological value.

Since there are many freshwater farms were increasing
yearly basis in Thailand. Freshwater fish as a protein source is
very importance source especially Northern part of Thailand.
On 2012, freshwater fish farm areas containing 936,553 acres
at Thailand, northern region freshwater fish farms had
142,055 acres. It was producing 673,700 tons with total value
of approximately 36.264.9 million THB (1,032.81 million
USD) in the northern part of Thailand [4]. Recently the using
poly cage net on the river or lagoon have been increased,
moreover in the nation poly cage net culture on the river or
lagoon up to 703 acres and in northern part of Thailand up to
103 acres. In addition, farmers very interested in the
freshwater fish farming and increased 14.56% last two years
[5]. At present, the climbing perch fish have much successful
business due to the development of improved varieties in
Thailand. Because climbing perch have high growth rate,
grow big size, resistance to disease and popular in local
markets.

However, the influence of water temperature affects the
fish growth. The fish will thrive in temperature range of
28-32 °C. If temperature is higher or lower it could affect the
growth rate of fish [6]. Especially in the Northern part of
Thailand, temperature is relatively low. In winter. air
temperature  drops below 15 °C and the temperature
difference between day and night about 15-20 °C [7]. The
fishes were cultured in the winter and raining seasons there
was dwindling number. In contrast, the price of fish was
increasing during this season 50-80% from regular price.
Farmers have to manage and increase the quality for culturing
fish in cages. The temperature is effects of culture fishes in
the winter or raining season directly. Low water temperature
is affecting the fish growth rates. If low temperature occur
fishes could not eat. That's main reason. fish had a dwindling
number.

According to [8] open and inside greenhouse condition can
identify the influence of water temperature on fish growth
during winter period and temperature can increase (3.58-6.79
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°C) compared with outside tanks. Zhu et al. [9] stated that
from the simulation results, in a 1-m pond. a passive
polyethylene greenhouse pond systems can be achieved 5.2°C
increasing in walter temperature compared with outside air
temperature.

In general, farmers have to cultured fish until growth to
mature around 6-8 months to be sold But it can shorten the
time to culture with about 3-4 months which must to control
water temperature is in range of 28-32 °C at winter and rainy
seasons. This approach could reduce production costs and
save time. However, different types growing methods and
detailed information of culturing climbing perch still not fully
developed. Cultured cage fishes in river or lagoon for
space-saving and water usage studies needed. In addition, the
solar energy could be applicable for low-cost energy to keep
the water temperature maintenance around culturing area.
Several researchers reported open air-pond temperature
system, greenhouse or plastic shelter pond and greenhouse
thermal environment under both steady and transient
condition [9-11]. Furthermore, greenhouse fish cages by
integrated with hot air aerator using solar energy along with
insulation to reduce heat loss by using foam and covered with
bamboo. Bamboo is very strong and can use in side river or
lagoon for long time. And also can find in area which is
economically helpful for fish farmer. Accordingly, this paper
describes an experimental study of the impact of net cages
culturing, detailed information of culturing climbing perch
with outdoor fish cage, greenhouse fish cage and greenhouse
fish cage with hot air acrator, In addition, in this study applied
solar energy as a source of low-cost energy to keep the water
temperature increases using plastic greenhouses to raise the
temperature.

[I. MATERIALS AND METHODS

A. Location of experimental area and fish cage setting

The study was carried out between July and November
2015 in a lagoon (18° 53 24" N 99° 2' 16" E), near to Macjo
University, Chiang Mai, Northern part of Thailand. The
experiment cages were shown in figure 1. And demonstrated
the layout diagram of experimental greenhouse with fish
cages were shown in figure 2.

The experiment was divided into three units including 1)
normal fish cage i.e. outdoor fish cage (treatment A, T-A),
spread a poly cage net, nylon net was used (pour size = 2
cm, length = 200, width = 300, height=150 cm), 2)
greenhouse fish cage (treatment B, T-B), was construct by
parabolic roof structure made from poly ethylene (0.15 mm,
UV 7%) and five blue plastic tanks for floats on water
surface. The system size (width= 330 cm. length=400 cm,
and height= 205 cm) along with covered and spread a poly
cage net (layer = 2 mm, size length = 200 em, width =300
em and height =150 cm). Inside greenhouse fish cage was
allowed to 1 meter depths from the water surface. And
greenhouse fish cage was integrated with reduce heat loss
system (treatment C. T-C) were shown in figure 2.
Furthermore, treatment 2 (T-B) was used foam and covered
with bamboo to reduce heat loss and size including length =
210 em, width =320 cm and height =150 cm.

B. Organism

Climbing perch (Anabas testudineus) was used. The initial
weight of fish average was 2.55 + 0.11 g/fish. Three hundred
climbing perch fishes were used in this experimental study.
The study found that climbing perch have the patience,
afforded and pet-friendly. An area of 1-2 m2 can be fed for
consumption or sell it. Because in area | m x 1 m x 0.8 m
{width x length x deep) can release the fish were 35-50 fishes

Figure 1. Experiment Cages: Normal fish cage (T-A). Greenhouse fish cage (T-B) and Greenhouse fish cage integrated
with reduce heat loss system (T-C)
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Figure 2. Greenhouse fish cage integrated with reduce heat loss system

C. Experimental diets and feeding

Climbing perch fish were fed by floating food (manual)
method during the entire experimental period. Fish feed was
formulated with locally available materials including soybean,
rice Bran, compressed coconut meal, steamed soybeans and
corn. Feed containing protein 25%, fat 3% and other
nutritious 8% with humidity 12%. Feeds were supplied to fish
at a frequency of 3 times per day (06:00-07:00 am;
12:00-13:00 pm; and 05:00-06:00 pm) and 3% by weight.

D. Data analysis

All physico-chemical analyses were carried out during
study period and detailed methods were presented in Table
1. The length of experimental fish was measured in
centimeters with an ordinary scale. Weight was measured to

Table 1: Physiochemical parameter in lagoon.

the nearest by electronic balance (Model SF-400A AFD),
with the help of small plastic bucket. Solar radiation was
measured by a solar power meter (Model DT-1307), and it
placed on the roof of the greenhouse fish cage.
Thermocouples (Type K) used to measure air temperatures
and water temperatures. Water temperatures were measured
10.0, 30.0, 100.0 cm and soil surface in lagoon depths from
water surface of lagoon. Thermocouples were recorded every
10 minutes by a multi-channel data logger (Lega, Model
TM-947SD). The experiments were started at 6.00 am and
continued till 6.00 am another day (24 h). Water samples
were collected from the experimental zone at lagoon for
nutritional and physiochemical analyzes. The sample was
transferred to the laboratory at the Faculty of Fisheries
Technology and Aquatic Resources, Maegjo University,
Chiang Mai, Thailand.

Parameter Equipment or method

pH Method 423 (pH value)

DO (mg/l) Method 4218 (azide modilication)

EC (ds/m)

Turbidity (mg/l) DO meter (YSI Model 59)

TKN (mg/L.)

Method 420A (macro-kjeldahl method) with Method 417B (nesslerization method (direct &
following distillation)) for final ammonia.

Alkalinity

Method 403 (alkalinit
(mgCaCOVL) ethod 403 (alkalinity)

Temperature (°C)

Data logger (Lega, Model TM-947SD), and Thermocouples (Type K)

COD (mg/l)

Method S08B (closed reflux, titrimetric method)

a All processes follow standard method.
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E. Experimental procedure:
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(18- 53 Hf N‘99' 2 16" E)

S—

-

L

i = Input 300 Chmbmg pﬂ‘d} fishes e
i D sy
g , | 4
{ { Tnitial fish weight and length J-
| ]
Fishi foadng e
V. g  Temperatwe detemmination ;»
o ity s o
| o e

.[ Bk ekt od Koo }

Performance assessment of lagoon
fish culture :

g

Figure 3. Experimental procedure

I1I. RESULTS AND DISCUSSION

A Growth Performance of Climbing perch

Climbing perch (Anabas testudineus) is a freshwater
perch in tropical and subtropical Asia. Climbing perch has
high fecundity. Tt is an Anabantidae (family of perciform
fish) which occurs mainly in lakes, swamps and estuaries

sluggish flowing canals, medium to large rivers, flooded
fields and stagnant waters in most tropical and subtropical
Asia [12]. Climbing perch is an economically important fish
species in  Thailand. Fish growth conditions and
physicochemical parameters results were presented in Table
2. Fish average weight and length of this study experiment
cages shown in Figure 4 and 5.

Table 2: Physiochemical parameter in lagoon.

Before feeding fish Aflter feeding fish
o Hlegew: Mean £SD | Minimum | Maximum Mean % SD Minimum Maximum
1 pH 6.4620.08 6.38 7.09 6.96+0.12 6.86 7.09
2 DO (mg/L) 1.50+0.17 132 1.65 8.25+0.05 8.20 8.30
3 EC (ds/m) 13.07+0.25 12.80 13.30 121.57+0.40 121.20 122.00
4. Turbidity (NTL) 240.40+26.90 220.50 220.50 629.004£30.61 600.00 661.00
3 TKN (mg/L) 0.80+0.07 0.75 0.85 22.42+0.00 22.42 22.42
6. | Alkalinity (mecco/L) | 250.0020.00 | 250.00 250.00 20070.71 150.00 250.00
7. COD (mg/L) 78.00+2.83 76.00 64,00 62.00+2.83 60.00 64.00

# Note: water features of Greenhouse fish cage imegrated with reduce heat loss system (T-C) for four mounts.
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Environmental factors affecting fish culture including
adequate oxygen, proper temperature, transparency, limited
levels of metabolites [13] and water quality has influence on
fishes [14]. For understating on the fish cultivation
important factor is water determinations. It could help us
know the success or failure of an aquaculture operation [15].
The study was carried out between rainy seasons (o start
winter on lagoon for agriculture. Form beginning to inspect
water quality analysis before release the fish. From 120 days
culture, the results of water quality analysis show that pH
was 6.46£0.08 to 6.96+0.12, DO was 1.5020.17 mg/l to
8.2540.05 mg/, turbidity was 240.40£26.90 NTU 1o
629.004£30.61 NTU. The optimum pH for fish is between
6.5 and 8.5. The pH distribution of the surface waters
showed that it was slightly alkaline. High pH values of
8.0/8.1 were during the dry season while pH dropped during
the rainy and harmattan seasons. This drop in pH from 8.1 -
7.3 was probably due to the stirring effect of the raining that
have more waters [16]. Dissolved oxygen affects the growth,
survival, distribution, behavior and physiology of the aquatic
animals [17].

Their optimum concentration is 8-10 mg per liter, and if
the level declines below 3 mg per liter could affect the fish
growth [18]. Turbidity is the resultant effect of several
factors such as suspended clay particles, dispersion of
plankton organisms, particulate organic matters and also the
pigments caused by the decomposition of organic matter
[19-20]. Fish culture during 20-30 NTU is suitable. In this
study is observed over more turbidity and during 20-30 NTU
is suitable for fish culture [21]. From the experimental
results were observed over more turbidity because the
lagoon is clay and closed. The alkalinity results were
25040.00 mgCaCOY/L to 200x70.71 mgCaCO3/L. Good
value for fish culture is 50-300 mg L [22]. Higher than
20ppm indicates poor status of water quality, 20-50 ppm
shows low to medium, 80-200 ppm is desirable for
fish/prawn and less than 300 ppm is undesirable due to non-
availability of CO, [23]. The Electrical conductivity of water
was 13.07£0.25 ds/m to 121.5720.40 ds/m, total Kjeldahl
nitrogen were 0.80+0.07 mg/L to 22.4240.00 mg/L. And the
COD of water confirmed that 78.00£2.83 mg/L 1o
62.00+2.83 mg/L: and the ideal value of COD should be less
than 50 mg/l for fish culture [24]. Consequently. the water
quality results were encouraged the fish cultivation in this
lagoon.
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Figure 4. Fish weight of this experimental study
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Figure 5. Fish length of this experimental study

There are very few reports available of common climbing
perch fish rearing in greenhouse fish cage in Thailand and
abroad. The temperature is an important parameter for fish
growth. Greenhouse water showed uniform  water
temperature throughout the day and night and observed that
fish under greenhouse had clevated consumption and
activity [25]. Temperature variation of only a few degrees
represents a proportionally large change for fish growth and
survivability [26]. The growth of the fish on different
sample is consistent with culture for eating food. Water
temperature contributes to the appearance of eating fish.
Cultured for 120 days in 3 treatments, normal fish cage
(T-A), greenhouse fish cage (T-B) and greenhouse fish cage
was integrated with reduce heat loss system (T-C) were
cultured for 120 days in 3 treatments, normal fish cage
(T-A), greenhouse fish cage (T-B) and greenhouse fish cage
was integrated with reduce heat loss system (T-C). Will see
clearly Compared treatments (T-C) with treatments (T-A)
and (T-B) will grow well over 15.65% and 6.13%,
respectively were shown in Table 3. Since the metabolism of
fish is affected by temperature and other environmental
factors [27]. Therefore, using plastic film covering over
ponds resulted in higher growth performance and lower
production cost. It is therefore a promising method for
farmers to culture the freshwater during the cold season
[28].

The initial weight of fish average was 2.5420. 1 1g/fish and
the initial length of fish average was 2.540.16 g/fish for
Experiment Cages: Normal fish cage (T-A), Greenhouse fish
cage (T-B) and greenhouse fish cage integrated with reduce
heat loss system (T-C). After four mounts that finally weight
of fish average was 121354533, 135.05£5.66, and
143.87+5.07 g/fish, respectively. And finally length of fish
average was 16.68+0.36. 17.3120.44, and 17.49£0.33 g/fish,
respectively. So daily weight gain (DWG) was 0.99, 1.10,
and 1.18 g/day, respectively. Specific growth rate (SRG)
was 3.22, 3.31, and 3.36 %/day, respectively. And Survival
Rate was 87.7, 86.0, and 90.3%. respectively.
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Table 3: Fish growth analysis .
. Weight (g) Length (cm) DWG SGR Survival Rate
Simple code " : oL
Start End Start End (g/day) (%iday) (%)

T-A 2.5410.11 | 121.35£5.33 2.5420.16 16,68+0.36 0.99 3.22 87.7

T-B 2.5420.11 | 135.05£5.66 2.5440.16 17.31£0.44 1.10 331 86.0

T-C 2.54+0.11 | 143.87+5.07 2.54+0.16 17.4940.33 1.18 3.36 90.3
* Note: Daily weight gain (DWG), Specific growth rate (SRG)
B. Temperature difference in three types of cage system

Temperature may even play a part since many fish species s o Normal fish vage

are known to become more aggressive under warm and very < ::n:":’“' w: e e
cold conditions. Furthermore, survival of fish larvae is ) ) ' B o2 :
determined by the interplay of various environmental 4 [ -
factors, such as temperature, food supply with a suite of i / S
species-specific characteristics [29]. The study results of é J I e Woia,
water temperatures in three types of cages illustrated in = i BB o "‘E;:.;
figure 6. The average solar radiation was 429 (W/m?) and j L s f "'uafshr._
ambient temperature average was 27.4 °C on day time and 4 “’ Thas aitie
20.7 °C on night time also soil surface in lagoon temperature o T =
average was 26.2 °C on day time and 25.9 °C on night time, P AP F PP PSP PP PPP
respectively. The average temperatures inside greenhouse 2 ";Mh_“"

fish cage and greenhouse fish cage was integrated with
reduce heat loss system was 36.1°C, and 35.8 °C on day
time and 23.2 °C, and 23.3 °C on night time, respectively.

From 120 days study period, normal fish cage (T-A),
greenhouse fish cage (T-B) greenhouse fish cage was
integrated with reduce heat loss system (T-C) were
observed. The average water temperature was shown in
difference between these three experiments including
normal fish cage (T-A) 26.4 °C on day time and 26.2 °C on
night time, greenhouse fish cage (T-B) 26.7 °C on day time
and 26.4 °C on night time and greenhouse fish cage was
integrated with reduce heat loss system (T-C) 27.6 °C on
day time and 26.5 °C on night time, respectively (Figure 7).
During growth period. most water parameters in three types
of cages were in suitable ranges for fish growth. However
the greenhouse with insulation fish cage integrated with
reduce heat loss system (T-C) system expressed the better
results, due to reasonable higher temperature which is
favorable fish intake more. It could helpful to fish growth
rate higher than others (T-A and T-B). Consequently. this
study is recommended the greenhouse fish cage integrated
with reduce heat loss system.
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Figure 6. Temperatures in this study experiment cages.

TG, B = Temperatures inside greenhouse fish cage and

TG,C = Temperatures inside greenhouse fish cage was
integrated with reduce heat loss system.

‘N':ul'éell

Figure 7. Water temperatures in this experimental study.

Adding water temperature suitable for the growth of the fish
by using a greenhouse is the one of the best alternative.
Water temperature attains maximum at 16:00 and minimum
in the early morning 4:00 to 5:00 for greenhouse [30]. Water
temperature can be maintained higher in greenhouse system
[9].(10L[31]. In greenhouse systems, water is an excellent
medium for the collection and storage of solar energy, thus
an aquaculture system can function as a passive solar
collector and heat stored in solar architecture [32]. From our
study, It can be observed that inside greenhouse fish cage
(T-B and T-C) air temperature higher than open condition
(T-A). The rise in temperature due to greenhouse effect and
reduced heat losses from greenhouse to ambient condition
are responsible for the increase of greenhouse air
temperature [26]. Water temperature inside greenhouse fish
cage was integrated with reduce heat loss system (T-C)
showed higher temperature than normal fish cage (T-A) and
greenhouse fish cage (T-B). However, possible to using
foam and covered with bamboo to reduce heat loss in
system; and greenhouse system can provide the favorable
water for fish farming during the winter season [33]. The
water temperature is close to ideal water temperature for
culture fish. Finally, additions of other technologies are
might be assist in raising the water temperature further.
Solar heating systems reduce conventional energy
requirements for water heating in recirculation aquaculture
systems [34]. Consequently, an excellent system could be
display as resource recovery, energy conservation, reduces
time for culturing fishes, water sparingly and maintenance of
high water quality for active fish growth.

IV. CONCLUSIONS
The climbing perch (Anabas testudineus), is a highly
priced air breathing, freshwater food fish species. They are
also well known for their taste, high nutritive value, and
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recuperative and other medicinal qualities. Climbing perch is
a much demanded fish in Thailand. In this study. mainly
focused on temperatures on three types of cage systems
namely (T-A) normal fish cage, (T-B) greenhouse fish cage
and (T-C) greenhouse fish cage was integrated with reduce
heat loss system were observed. Compared treatments (T-C)
with treatments (T-A) and (T-B) results were presented an
excellent growth over 15.65% and 6.13%, respectively.
Therefore, using plastic film covering over ponds resulted in
higher growth performance and lower production cost.
Therefore, our study systems confirm that could be a
promising method for farmers to culture the freshwater
during the cold season. The study experimental results
suggested that greenhouse through insulation fish cage
integrated with hot air acrator could helpful for higher fish
growth rate also helpful for fish farmers.
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Abstract

Currently, aguaculture farming career is the more popular worldwide due to the majority of
consumers turn to focus on the consumption of healthy food. The fish is a low fat diet compared with other
meats, and Nile tilapia is the most popular with consumers. It has fat content 0.9%, the rich source of omega
3 long-chain, poly unsaturated fatty acids contains up to 4.0%. These details are making the rate of economic
growth is rapidly increasing. Rate of economic growth has been impact on fishery industry and gained
awareness in universal. Therefore, increase the productivity to meet the demand, reducing the duration of

the culturing and production costs. Generally, the control water temperature for appropriate and optimum
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temperature of fish culture was 28 32 °C in winter and rainy seasons. That can reduces manufacturing cost
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and time savings, increased production of culturing fish. In this study, the research was conducted to optimize
the application of renewable energy for culturing Nile tilapia in fish cage. The improvements include the
installation of greenhouse plastic parabolic roof structure covered with poly ethylene was integrated with
reduce heat loss system was used foam and covered with bamboo to reduce heat loss. The experiment was
conducted with three replications, cultured of 90 days and compared to raising fish in normal fish cages. The
results showed that the water temperature increased an average of 10.68%, specific growth rate were 3.94 £
0.08 percent/day, and survival rate was 92.67 £ 1.15%. The trial also found that fish reared in the greenhouse
fish cage are growing better than raising fish in normal fish cages 44.76%. The thermal efficiency of the
greenhouse fish cage was integrated with reduce heat loss system was 28.31% and the thermal efficiency of
normal fish cages was 8.86% .This is efficient more than conventional culturing. The used material are easy to

find and cheap, furthermore the application of renewable energy utilization as well. Moreaver, the

greenhouse fish cage was integrated with reduce heat loss system can work well in the winter season.

Keywords: Solar energy, Greenhouse fish cage, Water temperature, Nile tilapia, Aquaculture.
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of Water and Wastewater, APHA, AWWA
& WEF, 22™ ed.,2012, Method 403
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& WEF, 22™ ed., 2012, Method 508B
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