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This project'was to study. on the impact of biofuel production on hydrological
condition from 2005 to-2009. Along the Khlong Phlo watershed. in Rayong, the research
aims to study three kinds of biofuel crops: cassavas and sugarcanes generating bio-
ethanol and oil palms generating biodiesel. The result is that the weather is almost
steady. The runoff becomes lower because there appears to be more sediment load
along the watershed. Based on the Water Footprint principle, we are/to examine on
the water consumption of the crop production; including the biofuel production is in
order to search for the crops with the most effective water consumption. After the
examination, we discovered that the cassavas are the most appropriate crops for the

biofuel production due to the water consuming effectiveness and the least effect on
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U 3.2 wanuaiiusemalnelazguuinaedlng Saninsseed

3.1.2 vhmsiiusauiudaianeaugnieuine

ununudeyanisiaugnlisninedanuandluming 3.1

M5RA 3.1 MsiuTIUTINTeRYaN NAUEALuNINeD

SN Data Type Source
1 Rainfall Daily RID/TMD
2 Temperature Daily TMD
3 Wind speed Daily TMD
4 Relative Humidity Daily TMD
5 Sunshine duration Daily TMD
6 Discharge Daily RID
7 Sediment load Daily RID




3.1.3 Ainwwavsausandeyaiuwdau
o s - I o ol L3 ‘Q’ @l A
vimsAnwuazsiusadeyafivndsau 3 vlialdun Sudends desuazurduiiniu @
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Ugnluituiidinu Anvnszeziattumsaipivln wazduairdoyanandnuosiivndenu lag
Wusunudeyanndiinnuasvgisnainuns  deyadnsinmsivasunantuiniugemas
Fanmuesitundanuusiazviin SnviafnwmuioularAIIIMUILILTBINE U BLNGS
s a ar - a v ot
Fanmidnnnfivndanunnenanssnadensundinu maifiususiudeya dwandlily

msw‘/’i 3.2 3% 34 LLasmiNﬁ a5

P a a - | £ v 5 P
M54 3.2 '5353na']ﬂ'ﬁL'i]5@LmUTﬂmﬂQWﬁLlaﬁﬂqﬂuﬂiﬂaﬂﬁﬂ'ﬁl’ﬁu’]?}'ﬂﬁﬂ'ﬂ

length.of growing period in days
£ Crop Coefficient (Kc)

(tgp)
Cassava 365 days 0.30
Sugarcane 365 days 0.75
Oil Palm 365 days 1.00

*PaANTONVTHAZATT NERTR AU TE R ]

- vl af e ¥ oas W
A1519% 3.3 MslUNEINIsNIsINENTYRIaNLIAGEILNE FMInIsUeY

Landuse Area (rai) Percent
Orchard 17475 21.05
Cassava* 6175 7.44
Sugarcane® 1318.75 1,59
Oil Palm* 700 0.84
Others 4162.50 5.01

Total 83031.25 100.00

* crops used for biofuel production (area =131 kmz, roughly 10% of agricultural land )
Source : Office of Agricultural Economics and department of alternative energy

A19991 3.4 NandnvosiTndanutasdasinsulantuiudemd @ nn

c Average yield Biofuel Conversion rate
rop
t/rai produced L/t
Cassava 3.7744 180°
Bio-ethanol 5
Sugarcane 9.9376 70
Oil Palm 1.9808 Biodiesel 221°

Source: a Department of Alternative Energy Developmemt and Efficiency, 2006 as cited

Martchamadol, 2007 , b Gonsalves, 2007
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M3 3.5 AAnudeugaauarAAILLinYeINE TN W

Higher Heating Value (HHV) Density
Biofuel
kJ/g ke/L
Bio-ethanol 29.70 0.789
Biodiesel 37.70 0.840

Source : Office of Agricultural Economics and department of alternative energy
3.2 NMSATUINAIDNDIHAUTY

JoweiaUsu  (Water™ footprint)  1uf@inUSumnaslinsusiEunauinsugn
n'} - o a r @l &J . | LR el o g W a
qunseimdnaiutumhfudiomBsinmauldawgaeu - msdauasiuegiviadun
- = o = o Lo, v o i & ! af aa o
piimansuaziigrvinnsfine  ssiianisiinlusdasiuiuandeiu, BnsAaneg
AwanaInNasItUIuoansfime -3 Ussian Fsdseneuing -nSwlsmasausu (Green
Water footprint) , ugiewmaswnusu (Blue Water footprint) uazinidiamasnuiu (Grey

Water footprint) faaainisi (1)

WFproduct=WFgreen+WFblue +WFgrey (1)

Tneiidn nwreimesaUiu (Green Water footprint)-patsinmmsliimaniduuay
arutuluiu, uewesiatiu (Blue Water footprint) AeUimmnislurvinivani-dnu
wasuwvani ity wavan mséaama%ﬂml‘%'u (Grey Water -footprint) ‘feUsuaaniilélunis
Urmhide Midnanmsnasliduthiaunsgiu uaeameinaniviu (Water footprint) fi
wildazuanslumize gnuiadimssadu (m®/ton) Msumenemeiiayiuarueenidy 3
drufle Amewmediausutssile (water footprint of crop) AmamainavsuTanudBINas
207w (water footprint of biofeul") wasAIBMWEIATIUTBME I LTDINETINW (Water

footprint of biofuel energy ) Tniidunsunisiunudnmi 3.2, 3.3 way 3.4 fail
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Step 1: Water footprint of crops

Effective Rainfall (Pl

l Green water footprints
Crop evapotranspiration
T »  Evapotranspiration
Reference crop ;

evapotranspiration (ET.)

h 4

Irrigation requirement Blue water footprints

Pollutant emission

»  Grey water footprints

Agreed water guality

U 3.3 Funpun1sAINAT 1BnavinITuYB Y

Step2: Water footprint of biofuel

Greenwvater footprint of crop: - Green water footprint of biofuel

Biofust
— Bluswatec footprintof crop [ Eluewater footprint of biofuel

Conuetsiamrate

Grey water ﬁootpfint of crop [ Grey water footprint of biofuel

= ) ' e 3 ¥ ool a o
U#'3.4 dumpumsundl JawmeinnUsuvetiiueIndaan

Step 3 : Water footprint of biofuel energy

5

Green waterfootgrnt of biofuet Green water footprint of biofuel enerey

r

Blue water footprint of biofuel Blue water foctprint of biofuel energy

b 4

Bicfuel energy

4

Grey water footprint of biofuel Grey water footprint of biofuel energy

o ) ' . s J o o«
JUT 3.5 TuUABUMIIAT FBIABTHAUIUTRIWA LT BINGITIN W
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3.2.1 AwumAnamasHAUTuTaIiNY (Water footprint of crop)

' = [ -
(1) #" Green water footprint @wsamilaainaunism (2)

awuy
green
WF SR (2)
green v '

oM. = ihildlunsmzuan (auals) ldanaunsi(s)

= Effective rainfall x Kc (3)
P = Usinaniruiildluniswén
Kc = AduUszAnsing
Y = wanAATIe (Fu/ls)

(2) 1 Blue water footprint ansavléanasmsn (@)

awu
WE = ——2te @)
Y

H ' [ o

QWU e = u’rﬁl%’lun’mmzﬂ@ﬂ @ua/13) milaenaunisi(s)
lgp
= CWU=1.6x Yo", ET (5)

lep = Swnuiuildlunsnzdan
ET = Y3 s lgunvesie ¥se MsAeseEuINY
ng - ET ) =KexET,

- £
Ke = Ardudssdnan
ET, = Ysunaunisiduiuesivensds
Y = pandenla (/139

(3) A1 Grey water footprint @1u13autaNALN15H (6)
(@ AR)/(Cmax B Cnatural)
srey i (©
Y

a = IAYAUTBIETAIVTELITNTIgNULANAINAIAY
AR = arswdinlglunisimizdan (nn./l9)

v W a = v v v
= anududuvesasivannaaiiveusuls (nn/av.)

max

St = ANUDNTUYBIATYAINETTUYIA (NN/AU.L.)

Y = wanAnTIle Giu/ls)
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Tagmsmen instrewmeiaUsu (Grey water footprint) favualy dadiunisuzans
(@) naasgundniuviniy 10% vesdarnislile warlunsifuesfnymansznudaanm

g o
gnmingiiannyolulasiouwingy

3.2.2 ﬁ'lu')mmfiwama%?\lmﬂ%wmﬁwﬁuLﬁalwﬁq%m’m (Water footprint of biofuel)

o P
annsamilaainaunsn (7)

WF___ X1000

crop

Whidet 7

conversionrate(L /1)

17t conversion rate azénuisaunandcuansldaanmimei 3.4

L 4 LS : e 4’ -
3.2.3 fAnaumanemesiaysuTsma s uemainm

(Water footprint-of biofuel energy) ansomlinnaunsi (8)

1 Whiofuel X1000
WFbiofuelenergy [

(8)
Energy / L

Tne?l Energy /L azgnansnmldannasnisi (9)

Energy.  HHV X Density
L 1000

TniAn Higher Heating Value (HHV) uazd~ density ansnsanalfiannaaieh 3.5
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4.1 wan1sAnwmMeaugnileuinen
mnmﬁnmﬁagamqﬁwuqqﬁauﬁmﬂu:—imfwﬂaaﬂwé’ Jminseeed nsugailuning

ar s 0’; |4 1 s ‘Dl v o
Jwrinszooaisogd 12.63 °N war 101.35°F wavegwilesziuhmzia 2 wes livimsiu

o W -
VOLAMINITN (M50 4.1)

4 1 A e 'I/ - U J’ ar ar
M3 4.1 ANRATIBRDUTBY UTinamw avad, ANANNTUFUWNS LU N,

e =

ANANLLEI8Y, ATLEIETTIRdLaTAT5IduLaIRNRE

il Temperature Relative  'Wind L Solar

Month Minimum —  Maximum— , humidity  speed radiation

mm i 7 Percent  km/day hours MJ/ mz/day

January 23,71 21.7 Py 75 70 A9 18.4
February 38.59 243 32.8 76 98 8.0 19.9
March 74.00 26.1 334 77 111 7.8 21.0
April 81.83 271 34.5 76 102 8.0 21.9
May 188.30 26.8 338 79 125 589 184
June 156.91 26.8 33.0 78 175 4.7 16.4
July 161.42 26.4 32.6 79 170 4.8 16.6
August 11585 26.4 32.2 80 184 4.5 16.3
September  266.83 25.4 222 83 100 4.5 16.0
October 204.07 24.4 32.6 82 61 5.7 16.9
November 40.02 23.3 33.0 74 73 1.5 18.1
December 6.13 21.2 32.4 69 19 Tl 17.6

4.1.1 USinaniey

nndayalsminansnwnlainninmaiuvdeyaanmeinialdlaisundasiuuin

s g :J = dl ' L '.’ '
in nnsmivinaniruedssedou (U7 4.1) sviuiuuiliiwesySinaindulug gy

& & -l N _ v a W I w Y] ) P
Tuituil (wquanau - aaiA) Husunanlnadesiubiseiunnin avavaaieeaslutifiou

noAINUY TGV

- - v o o A o o
vUSuandussiiveslUuGesqaufufouuwieu  wagiiions

o £ ot : t
Woungumeuliuggey  Usinanhdufazanniudnads  anmsfinwwuinuSinanddull

| 1al o o ° o e )
Agegnagiiiouiueeu uavsaaiiousuiay
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300 Rainfall (mm)
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U7 4.1 Ysinahduiadeediou quuiaseddng Swminszees
4.1.2 gomall

u

v

A a ' -l ' ' - = 1 o
mmLﬂ'swumu‘uauaaquiﬂuﬁumwm1 ludandeuunnluinggiou  gaum

u 9
= & A4 0% =l - e = o @ ) - = o
wadluiuiguniavilgungingeaad 34.5 C ndsmduanmyiisranadlson WMgnIze
o Y ' v & A = a W
Weusunpude  21.2°C - ndeyanuiinuniwesgungiuiuidululufimiudeiude
= i 0 Y a ' ¥ o ¥ ow =
FUEATiFeULIY LAIAREARAITUNTYVINABUNLAINUS WYL ADE (GITUDNATY Aaguil

4.2

= Temperature(°C)
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JUT 4.2 Yhnagamaliedesiodiou guuirasing Jminszees
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¥ 4
4.2 ANSMUNUN

P ke fala 1 ‘n’ ¥ oar [
JU7 4.3 nsldusvlavinfuvesduiinaeiing 91ninssee

o v ) 1o v o - v
mansiinwnsuitluginnaedng  Idinsfinynsivdsusesiuiilufuaes

i 2/ &l 44 L a = =, 2 =
wnwasnssa U1kl uasuiiagendis Tull w.e. 2548 wasd Al 2552 anTeya (ms1eh 4.2)
o & X ody wwvad o ) 1 '
nuIuAlul we. 2548 AuntlEIRuTIANI LRI ISINYRSN TN WAT WA, 2552 wu

o ady vad o -k o el & ¥ A W o = =

AU LITNuNaAa uARUTIIIN NN TsuENuRNInGy  duiuiegadeiinsidsuudas

] o W
PWENLENUBY

M1l 4.2 WeslwudmsldusTominduvesdminasawdlul we. 2548 uay w.el. 2552

mnanan1sliiau .7, 2548 W.A. 2552
Unlal 19.46 16.94
ﬁuﬁmwsﬂ@n 78.34 80.45
flegjondiy 2.2 2,61

U 100 100
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100 -

m Ul

&
i Wunwmazugn

ol i
W Vetendy

2548 2552

U 4.4 Wesdudnsliuseloniaulul wa. 2548 uaz e, 2552

o g o 4
4.3 aﬂﬁmﬂummu'ﬂuqum

MAnsAnwdeyasermsinaiadssedeurasauinrasdng ~@1519d | 4.3) wui
dnsmslvavesquinasiidunnlutinfeungunauideunates Seglutvenesu uag
Adanmsivavesguinzdseananiatludsungrdniou uasisdusnilutadeunmoy
MnHanIsAinudnsInisivaesdy Mnnsd (Uil 4.5) silidnsisdlEdrusinanivinvesqu

® & v oo - o w
inuliRnezanasdnanaaNeuantes

al as 4 1 ‘o‘ bl c}
A13°99 4.3 dnsimsivavaniluguihasedlnandssasieu

Months Average (m/s) Max (m/s) Min(m/s)
Jan 0.21 491 0.00
Feb 0.08 0.68 0.00
Mar 0.03 0.54 0.00
Apr 1.08 27.30 0.00
May 1.78 25.60 0.00
Jun 4.37 39.24 0.00
Jul 5.38 51.40 0.00
Aug 6.88 56.60 0.00
Sep 11.94 81.20 0.20
Oct 9.54 105.91 0.00
Nov 2l 33.60 0.00
Dem 0.41 3.49 0.00

*nsugadsenu
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14
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m3/s
(<3} oo

0 L d———
Jan Feb Mar Apr May Jun Jul Aug - Sep Oct Nov Dec

= aa w S d o | 15 VI )
Ul 4.5 afRsniamsivaveninaduuesdinipaedng Sininsvees U w.a. 2508 - 2552

4.4 nsannenau

Legand
= Strzam Gauge
¥ Rainfall Station

Straam

D Basin boundary

sU 4.6 annilimin (218) vesnsuvausznu lugmiinasdlng Yaninizees

PNAMSANNIANATNEUYENEY Mnantiimi Z18 wveansuvadszniu 9nN13
SunaSunamenovluusariilugi®  2548-2552 #ldmnannsusaseviu wuin Usenm
= 3 X an i o ' v W P ' i A 1l
pznouRisvoguUIiAegn 11488 Ay, Aaududuipdsvesnsnaulunsiazl  daegi
' | = |
Uszaa 126 me/L ua::mﬂ"‘smmmznauazaumaaquu"mu’quﬂ'lumuﬁaw]mﬂu NN5
a el | a v = - &
AATIZENTANALNDUYBAGHN AasenlanmsanaznauiiuuiliungiinsnnRENauLINTUY

Wesmnmsavauvaanznaulugani
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EUW 4.7 altagusnuwmau ﬂ'w'llnna‘ﬂ LLazuaﬂ?iﬂ'UENlﬁu']mmxﬂauﬁsau‘ﬂaﬁﬁjﬂu’]
W.f. 2548 - 2552

4.5 ':ama'a’ﬂml'%’u (Water footprint)

mnmsfnwlevhmssamuanamstih  Tagldndnnsdunnmyinumsléi
TnemeAmenasatsu (Water footprint) Inumsdunciidtesnitiu 3 daude 28mosyaUiy
YoINuwa 111 (Water footprint of ‘crop), 'mmns‘ﬁmﬂfi‘vwaaﬁwﬁumﬁmwﬁﬁamw (Water
footprint ' of biofuel) u,ax':aLmas'v!mﬂéuvaawﬁaaﬂutgaLwﬁqﬂvnﬁw (Water footprint of

biofuel energy)

4.5.1 AnewmesHaUIuuosianaIu (Water footprint of crop)

PNANMSANIUATIBINB A UTUTOIRYNASU (Water fostprint of crop) Yia 3 vilnfAe

at Qs L

udUzuae 9oe waztrduiiiu duanisaruiunail (mse 4.4)

AN 4.4 AMBWSHIUTUYBINYNENU (water footprint of crop)

Green Blue Grey
Total
Crop Water footprint  Water footprint  Water footprint
m’/ton m’/ton m’/ton m’/ton
Cassava 5.2363 188.2248 1.3565 194.8176
Sugarcane 4.9720 178.7213 0.2898 183.9831

Oil Palm 332592 1195.5371 2.8497 1231.646
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MnmamsAnymUinansihwesiondinu  TagldiBnsdunudmnemedvauiu
yoaamEIY (water footprint of crop) HaaINMsARARBud M ivsInansTdthly
mswzUgn 194.8176 m’/ton Sesiuuunisléiilunisimzugn 183.9831 m/ton uay
Wdnsusiinaumslddlumamizugn 1231646 m’/ton 3nmansAwINRsTiulAN
Uainaumslthlumsimzdgnuasiudwevduardos  Sufimamislithlumsimzdgnidu
Indidsstuann  witrduthiuiviinunslidlumsimzdgnunniigailefieufusiudivends

b3 P v =t 1 8 g ar 5 [
warday 1nJUR 4.8 aruansliviufisauuansnvesiununisiidivesiandsnu 3 viia

gy 1231.65
1200 -
1000 -
800 -
=
S W Cassava
-~ 600
E 3 Sugarcane
400 -
194.82 183.98 [ ] Oil Palm
200
0 - |
Cassava Sugarcane Oil Palm
crops

JUN 4.8 wasmAMamaiaUTuraR Ny
4.5.2 Fi'naLma%ﬂmﬂ%waaﬁwﬂ’mﬁamﬁq%amw (Water footprint of crop)
o 1 3 ‘: :;l L7 A’ . | - .
PNNTANNIUATIBDADINMUTUYBIUNNULYBINGITINIW (water footprint of biofuel)

INNYNS 3 BAAD TuaLnal 008 kasUauinu duanisaiaasail (m1519 4.5)

AN 4.5 AnameiinUIuveniudandsdinn (water footprint of biofuel)

Green Blue Grey
Total
Water footprint ~ Water footprint  Water footprint
Crop Biofeul
L of H,O/ L of H,O/ L of H,O/ L of H,O/
L of Biofuel L of Biofuel L of Biofuel L of Biofuel
Cassava Bio- 29.0906 1045.6933 7.5361 1082.32
Sugarcane  ethanol 71.0286 2553.1614 0.414 2624.604

Qil Palm Biodiesel 150.4941 5409.6701 1.2895 5561.4537




29

TnnansinsmUinunisidivenihiudemdadanm lasldismsdunnanemes
vavSuvenhiudomasdanm (water footprint of biofuel HAINMIATUINUIIY
Suendsliilunsuamhsudamadinmluloloniueadiuau 108232 L of HO/L of
Biofuel dosldthlumsnanthiudamastnmlulolenueadnuiu 2624.604 L of HO/L of
Biofuel warUrduihsiuliilunsnamiviudamddhnmlulefiwasuiu 5561.4537 L of
H,0/L of Biofuel 91nwamsAwInaziulad Uanaunstithoesiudendddumskanisi
Fomdstnmilulatenueaiiviunumsldiiosiian warUSinaumsiiivesdosluniswdn
diudemdsianmiluTolemusaivinanisidiisesan uithduthsusiusnansidily
nsamisudemasiinmlulefwaiiuimannilgaslaieutuivie 3 vin anguit 4.9
ssnandidiuiiruuansteetiinansidilunmsuamidindomddanmuesiondsau

Y4 3 9Un

6000 5561.45
5000 A
4000

B Cassava

3000 -
§ Sugarcane

2000

1082.32 | Oil Palm

nE e

Cassava Sugarcane Oil Palm
Crops

L of H20/L of Biofuel

< ! g : ': a dy a =
JUN 4.9 masiuABme InnUIuTsnhulsmaTIn M

453 ﬂ"namas’vjm*d%u‘uaawé’qa'\w‘gal,w%a%amw (Water footprint of biofuel energy)
PNMsAuAMBmeIIUIuTemaNTaImin . (water  footprint  of
biofuel energy) N 3 vilafe dudendy doy wazurduniiiu fuamseuaudail

(m1512 4.6)
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4 I ﬂv s -1 - - .
M990 4.6 m'mma%ﬂmﬂsuvmwaamm%amaq"&'qmw (water footprint of biofuel energy)

Green Blue Grey
Total
Crop Biofeul Water footprint ~ Water footprint ~ Water footprint
m’/GJ of biofuel  m/GJ of biofuel ~m/GJ of biofuel ~m’/GJ of biofuel
Cassava Bio- 1,241,421.3960 44,624,244.1312 321,597.8970 46,187,261.4242
Sugarcane ethanol 3,031,096.7725  108,954,411.0305 17,677.1660 112,003,174.969
Oil Palm Biodiesel 4,752,245.1686 170,824,494.7581 40,719.3381 175,617,459.2648

INNANSANHIMIUSUIUNS LHUIVDINEIUBBLNAITIN N

Tagle3Ign1sAuINAD

(3 nv s A’ - o= - - o
NBINAUTUVDINGINUTDINGITINN (water footprint of biofuel energy) NAINNNIIATUIN

. o el ”‘0‘ = o &J a s o
nwududilenaltdnlunsuanna s nudsinastining iy 46,187,261.4242 ms/GJ of

¥ yg = a J - o
biofuel do8lHuAlUNISHAANS I TUWOINEIT AN NI WY 112,003,174.969 'm /G) of biofuel

wazUhduhsuldilunswammEsnuipingsdin ey 175,617,459.2648 m’/GJ of biofuel

o Ll £=Y bl :; a 9 L “a o é’ - e
?’]ﬂNﬁﬂ’]'ﬁﬂ’lu’]ﬁU%&Lﬁﬁlﬁ?’l YSinnts diveaivd iz naslumsudandsnusemdadonin

HUTaM sl eenida

SIS a9an

Usinansldinvesdaslunisnaanasu@smasdanimilusuin

walndiuiivsuiunistgin luntsuaandsnundamdsdinmduuS e

4 ‘J a L l‘; o Ell L% - 1 < k24
Nﬁﬂﬂﬁ.ﬂkuaLﬁBUﬂUWﬁﬂd 3 Yun mng’d‘w 4.10 ruanslviiuisanuLenaweUiunanisly

U UNNTHENUINULTDINE ITIN TNV INTRAWIUNY 3 Yie

m?>/GJ of biofuel

Millions

200 -
180 -~
160 4
140
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100 4
80 -
60 -
40 -

20 +

175

112
B Cassava
1 Sugarcane
46
H Oil Palm
Cassava Sugarcane Oil Palm
crops

d 1 a o 4!1 -
JUN 4.10 wasiuAmBnesiaUTuTRInEIUdBIE I N
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INMSANIHANTENUIINNTHAMT BN T N MARANTWNENNTINGT  nSlAnwIGN
witheaeddng Yminsvens Tutaed 2548 - 2552 aannsugniiingiu 3 vilade dudwevas
Fou uaztrdmiiu lngldudnnisvenawmedrausu (water  footprint) lun1siAsizyin
Vimaumsliin esnuSunaunisliu uaivnuowanssnusean mgnningl Insiens
Tinduviinuuinlunisdgn szdwaliifansauuiudgs d15zere12019dwaiin1sAaIN
waauh SnvsRvhiuduigisensasemslunmsugnidudiuaunn yiliaunldludgn
' a o = 1 Ve v v & a
2_3:yLﬁULLiﬁmmaamn'l:um’lum'sﬂqnmn ANAIAULIN YT ENALLAANITUANTZUNIVDY
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AIANUIN N

Nitrogen (N)

Phosphorus (P,0s)

Potassium (K,O)

Crop
kg/rai kg/rai kg/rai
Cassava 16 8 16
Sugarcane 12 6 12
Oil Palm 16.8 5.6 212
Rubber 4.8 24 4
Orchard 17.6 11.2 16

Source : Office of Agricultural EConomics and department of alternative energy

M5 n.2 YoyauSinaslulinig anengTueen Ysunalne

35

Effective Rainfall for the crops.(mm.)

Jan Feb  Mar - Apri “Total avg July Aug Sep-—Oct Total avg

Chantifabus 82 [0 7 79 . 189 I8k \88 = 16Gc a1yl 07 - "68 § 354 &8
Chachoengsao ' 7 RGO~ AT 84 Bl SR INTO 68 | 383 96
Chon Buri 1 1g7 83| /20 VT 96 W (B LT 137 B 412 103
Trat 16 "94nY 55 S83) Q88 (AL JTIonSS 1% BF 393 98
Nakhon Nayok ~ 6 5= PR[LE 87 22 7768 123 Y0/ P35 363 91
Prachin Buri 9 17 S48\ 140003519 143N 1384 73 422 106
Rayong RN S1Y, 48 42 138 35 860974080 80 395 99

- fUSueueluldnng (Effective Rainfall) 1agaaninsegaadaivinniu 65.875 mm.
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JAN FEB MAR APl MAY JUN JUL AUG SEP OCT NOV DEM
Chanthaburi 372 371 408 435 344 285 285 284 267 3384 383 395
Chachoengsao 3.85 3.83 4.19 431 388 356 346 3.26 RAR G4 357  50F
ChonBuri 409 455 483 514 448 4.13 412 374 343 349 409 416
Trat 380 383 417 428 339 335 332 287 322 335 36838
PrachinBuri 387 404 450 4h2.88 350 345 343 327 379 4.1 Q0¥
Rayong 375 434 454 483 433 4.15%4,08. 403 355 351 377 3.78
. UBnanhwetite b uaidaninssess feniidu 4.055 mm./day
A1379 N.4 Tayaan nenIal W.m.2548 — W.A.2552 NsNgRLLNIL
Year Month MEAN MEAN Total Rainy Mean
max.temp = mintemp Rain day temp
2005 1 1 218 50.6 q 26.4
2005 s 32.6 26.6 0 0 29.6
2005 3 32.4 25.8 65.3 T 29.1
2005 q 337 26.8 158.6 10 30.2
2005 2 329 281 76.1 8 30.5
2005 6 32 20.3 142.4 15 29,7
2005 7 31.2 27 84.9 14 29.1
2005 8 ., ] 26.8 104.6 10 29.1
2005 9 2.2 25F 303.3 22 28.5
2005 10 32.6 24.6 126 19 28.6
2005 11 223 24.2 56.1 8 28.2
2005 12 30.6 it 34.7 6 26.3
2006 1 32 22 12 1 27
2006 2 2.0 24.3 1429 5 28.5
2006 3 25.3 26.3 78.6 5 29.8
2006 q 34.1 26.8 1324 ik 30.4
2006 5 429 265 265.5 16 29
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Year Month MEAN MEAN Total Rainy Mean
max.temp  min.temp Rain day temp
2006 6 31.8 26.2 102.5 18 29.3
2006 1 Sl 27.4 1153 14 28.9
2006 8 3L 26.9 116.9 I 285
2006 9 31.6 255 268.7 20 28.1
2006 10 32.8 292 1123 18 219
2006 il 34.2 24 25 1 28.3
2006 12 229 218 11.8 4 26.6
2007 1 327 22.4 9.4 2 26.7
2007 2 33 24 0 0 205
2007 3 35.4 20 1.6 1 30.1
2007 4 34.9 26.3 85:9 12 29.5
2007 5 329 26.6 416.3 16 289
2007 6 332 26.9 227.8 19 29.4
2007 7 323 26.6 192.7 18 28.8
2007 8 33.1 26.8 128 14 29
2007 ., 30.9 26.2 2422 21 28.4
2007 10 314 254 76.9 13 27.8
2007 11 31.6 23 156 1 26.5
2007 12 BR1 RZ.2 0 0 26.4
2008 1 30.7 22.6 1y 5 26.4
2008 2 30.8 24 585 8 269
2008 3 31.3 256G a4 3 28
2008 4 52'9 26.7 104 10 29.2
2008 5 314 Zi.T 104.9 8 29:1
2008 6 311 274 144.8 16 28.8
2008 i 30.8 26.5 235.3 15 285
2008 8 314 26.6 123.8 14 28.7
2008 9 30.9 26 182.3 14 28.1
2008 10 324 248 166.6 16 27.8
2008 4 & 239 553 5 26.9
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Year Month MEAN MEAN Total Rainy Mean
max.temp  min.temp Rain day temp
2008 12 31.1 21.2 0 0 254
2009 1 299 20.5 0 0 24.7
2009 2 31.1 244 18.2 1 215
2009 3 3.7 25.9 60.6 6 28.4
2009 4 32.7 26.5 124.5 10 29.3
2009 5 32 26.3 378.4 16 28.8
2009 6 31.2 e 63.6 10 293
2009 7 30.9 26.9 283 13 28.5
2009 8 31.6 269 89.6 12 289
2009 9 30.9 259 257.1 23 283
2009 10 31.6 24.9 2379 20 212
2009 11 32 23.2 13.2 3 27
2009 12 35 22.5 1.5 1 26.7
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AMARUIN U

2.1 A2981935MsAUINAIBMDSHAUIUVBINYNEIIU (Water footprint of crop)

- sludUevas

(1) Green Water footprint

Sol
wu
WFgreen - o
¥
CWUgreen = Effective rainfall x K¢
65.875%0.3
WFgreen > —— -
37744
Wkhgreen = 5.2363 m /ton
(2) Blue Water footprint
Sol
WU,
WFblue e
¥
QWU o = CWUR1 6% 3 BT
ET = ETox.Kc
=4.055% 03
365
WU = 16X 2(4.055%0.3)
1
365
16X 2(4.055%0.3)
WFblue = 1

3.7744

WFblue 188.2248 m’/ton



4]

(3) Grey Water footprint

~ (0.10%X16)A5)

37744
= 1.3565 m’/ton

v
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Xz = v o Y o = = el i v o W e ) & v
wagrstiluenansianulidmsumsldanuiionsiinwiviiuu ldeygalmiildlgusslosimunism
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(Water footprint of biofuel)

Vw:biofuel

- fiudznas
(1) Green Water footprint

Sol

WEgreen

(2) Blue Water footprint
Sol

WFblue

(3) Grey Water footprint

Sol WFeray

WFtotal

WF__ X1000

crop

conversionrate

5.2363%1000

180
=.29.0905 L of H,O/L of Biofuel

188.2248% 1000

180
1045.6933 L of H,O/L of Biofuel

1.3565% 1000

180
= 7.5361 L of H,O/L of Biofuel

= 29.0905 + 1045.6933 + 7.5361
= 1082.32 L of H,O/L of Biofuel

42
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1.3 Frogeiimsfuanaameiatiuremdtnudawaadanm

(Water footprint of biofuel energy)

WFbioﬂ.lel %1000

\NFbiofuekenergy = Energy /1
HHV X Density
Energy /L B T
1000
- sudUenas
(1) Green Water footprint
Sol
29.0905>X 1000
WFgreen =
(29.70X0.789)/ 1000
= 1,241,421,3960 m /GJ of biofuel ANS
(2) Blue Water footprint
Sol
1045,6933X 1000
WEblue 2
(29.70X0.789)/ 1000
= 46.:626,248.1312 M /G) of biofuel ANS
(3) Grey Water footprint
Sol
7.5361X1000
WFgrey =
(29.70X0.789) /1000
= 321,597.8970 m /GJ of biofuel ANS
WFtotal = 1,241,421.3960 + 44,624,244.1312 + 321,597.8970

= 06,187,261.8242 m’/GJ of biofuel ANS
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(2) 988
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