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Palm oil is an important economic crop in Thailand and has been used in food and
energy production. Most palm oil is cultivated in the South of Thailand as the conditions and climate is
conducive to growth. The production efficiency of palm oil was lower than that in Malaysia and
Indonesia considering the production per rai. As a result, the sales price were lower than that of their
competitors. The government needed to pay subsidies to help farmers. This research proposed ways
to enhancement production efficiency in Thailand, the economic cost benefit analysis of investment
between the production factors and subsidies and presented a model of resource allocation on palm

oil as an energy crop.

The results of the regression analysis showed that significant improvements in
production efficiency was an increase in the OER (Qil Extraction Rate), extension/farm management
and income. Furthermore, the results of the comprehensive literature review showed that the
investment in the Oleo-Chemical industry is a significant factor for competitive enhancement. The
results from the economics cost benefit analysis showed that the investment in production factors to
enhance production efficiency had more advantages in terms of the long-term positive impact to

farmers and the fiscal burden of the government rather than paying for palm oil price subsidies.

The results of the resource allocation model showed that the water resource factor
in production function was an important factor in the addition of other agricultural product models

related to energy crops.

The proper recommendation for the support policy of production is to invest in
production factors and recommendations for future studies to analyze the impact on resource
allocation as palm oil is an energy crop and should lead to appropriate policy recommendations for

the production of food and energy crops.
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1) NOBLATEFANGATNITNARNNNNITINWAT (Agricultural Production Economics)

(David L.Debertin, 2012)Lma:rgmmm%ﬂﬁimammqmimﬂm

o

WarffunN126@M (Production Function) YNASIDNNITWAANANNAN WUz UINg1TasE

a ] o o a tzll % a A dtﬂld :/I IS
NSEAREN 7 AL uIukandnnifainnszusunisnaninelfinatulag nlegunziu Inad

a

TTadenisuamlufaulsfasy wasNandann AUl ufanlsnIy A N1nRisuANNANNLE 11

AnULaFuUnITNAR &I

Q= f(X}, X,, Xq,, X)) 10 Q AR LUTNIUHANAR LA X, X, Xy, X, AID

n

Tadtnisn@natinsing ) 1w useenu e wazy i

Cobb Douglas Production Functions: y=Ax"x,"“ laa® x =Labor uay
X, = Capital
log y =log A+alog x, +(1—a)log x,

log y =b, +b, log x, +b, log x,+ € nei# < = regression error term
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Tnaitlszannidnisdimeinlinaueilfetinagniiaaunam

Stochastic Frontier Analysis: {HUALLLIATLALLUTEANENINNIUNATALAZANN
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arunsniasuannng DFA waz SFA @afuaunindumnse Ineld Natural Logarithm
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e Ui fe szdunan@n (Output Level) 1098HART |
X, & o a 1 Y a -dl .
A8 UINNUTRENTHAR (Mg U5N0) ARSHHARTN |

T (%2 5) g warsuasuianuanan (iU AT UNANAATRY Cobb-

Douglass 1138 Translog)
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se@nsninlunanid@aeu (Pareto Optimality in Exchange) \AATWINS fd T2

a a v dla/ a v 1 al a a 09// % al o a
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ANaIA LA (Production Contract Curve)



ffade L Mlunnsuandudn Y

Ly <
| .
1 AY
| S\ ¢
' a
1
KX """ o S N_ """ ~-~—-
\\ I \\\ X2
\‘i .
A .\\
. | Y
laqe K 1% ! °
! b
a 1 N
Tunnsuan Xo N X,
1 A
AuA X . : "
N 1 AN
N 1
Y, |
Y, Y
I\\ 2 1
1 AN
1\ N v
1
1
1
(6] L

TTaqe L 1 lunnsnandnan X

nwdsznau 3 Edgeworth Box uazidunisuannmanasiulé

=

2.1.2 WUIAAKASN BN LITRINLUTELIANITAAUYUNIANITINEAS

a

AR ULREINILAT I

'
a A

&

16

lade K 14
lunnseam

AUAN Y

(Dead Weight Loss) §ULH8IN1AINAAIAKNTIA § 2

4115 ABANGIYIRENNLATHGTALURIAINNIINAR BN ENB LA AINE YR ENNAUATEF A

Ha9INNITNARNINAUAINARINIT (Karl E.Case (2017))

LUWIAALATHF ANERTIBINTHANUL

1. faelununn e ulE RuNawmun IMUIITARUAANYUAILIIAT WATAITANIS

98 L‘MaﬂL@W’]ZLﬂHﬁliﬂﬁ‘ﬂ’m@u/‘ﬁﬁ‘ﬁ

1
6 o/

2 MsdatraaInEAsnsaInauAlsuiNesnisasaszidonsianuglidunis

a59inan nlunislsznauandn



17

3 deudsrunndaulunlunisaiedAnan i nlun 1T NanUaINEATNILA Y
IN®AINITN (Productive Capacity) 11w 1atlseniu inalulatiansawmne Tnsiaangmanyy
a dl e dl | a o A a 1 dld
nnzRanssunTu/senTuliiusaglanazawy W nsRdevitegayuianssn il i
D o
AN HUULO LT A NLR NG

4. nM3unInuIRannAednglszasdinaniinaiainisutedunnaunasinenu

5. 1inmmsnsianautiguawnialssadean/anninanas /naanais tug
ianeuazituAiiulasansineigliRuuaiuayu

6.911d0e U N U FuunuNduglsraiuiny §9an1slasanng wasAnnIN
sziliunalasanig

7 MR UA LSRRG AMYUAIITHAINN NI AT LU RN N ATUAS
Uiulaseainanisinemanen

wuamnIge e NAN N IR AnE AN ne

14UNINN9EANRUABNITATIIANLNINNITUINTU AINEANE L WATAIIN
sanwane InedRugauuuiitiymianizutivifidndu

2. andadaunazidafunisgauyuiumarmalilfivunzan wenindebu
gavuulunI9aseAguazamulunineInINIanLR9etingLNe e

" Iy ypa P ' a oA a qgvey A
3.L@‘ﬂﬂ§ﬂ LULNITEANUUATNTT ﬂq/?’]ﬂimmﬂ NARBANITUALLBRUNITHNAR miﬂu‘ﬂﬂmﬂﬂ

q

4. laenAEnIsgavtanaqiunAivulinenioeeuiy Wunisganyungy

U149 WNNANLAE THTU LATNIABNTY

!
=

5. ytreuiglasuunumnaiugnaunuliRuganyu Annudsziiung

o

6.nenInaduffindulaniuuanisdentesmuuniugIuredeyanuinign



18

2.1.3 u,u'aﬁmLmemsf]'ﬁLﬁmﬁmﬁ'umwﬁjuv-iﬁmqLﬁsugﬁ@ (Economics
Cost Benefit Analysis) (Asian Development Bank (2013))

Economic NPV = PV (Workers) + PV (Consumers) + PV (Investors) + PV
(Government)

PVS=s,*PV, +5s; *PV; +5, *PV, +s, *PV,

PVS=(1-5,)*PV,+(1—-5Sg)*PVy; + (1—s.)*PV. +(1—5s,)* PV,

Economic NPV = Financial NPV + (Economic NPV — Financial NPV)

1uLLufJﬁmﬂ’1i?JLﬂﬁ"wﬁiﬂ?\‘lﬂﬁiﬁLﬂutﬂﬁ\‘lﬂ’]?‘l’l’]\‘lLﬂﬁ“]:@ﬂﬁm[ﬂﬁr‘ (Economics Project)
ArUANNLANAAUIATINITNI9NNTIRY (Financial Project) 1ANT33LATIZRAIUN

1
% a

Lﬂmgmmm%ﬁm:ﬁﬁﬁqﬁqm@ﬂizimﬂﬁqmq51’mmm A ANUAYAN LAZAILIAADN

[

5
a9
ABAARBINLLUIAATDY Thirasak Unaromlert et al. (2017) ,Le19L9A IUNUS (2551) Ay

]
a a

Ay 2390911 (2557) lnsazanadannisdann (Social Welfare) NInaL

4
a
S oa
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2.1.4 NMSNRIUINEIEU (Sustainable Development)
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BUIAANTITN [EN‘LL’W]ﬂ\‘]ﬂuLﬂuﬂ?5L®uﬂﬂﬂﬂﬁ‘$°ﬁ’1°ﬁ’1m1ﬂﬂ‘)’]ﬂ’&’]ﬂﬂ_lwiﬂ?_l LRNIENIT

wauauunen1IWmUNNSeEU (Sustainable development Goals: SDG) taendlnuung®
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neandasiueuddaiaaii BWiudladinnauaiunsodintanassuniiade 698 wea s
ANNANAITRURIAI (Affordable and clean energy Targets) lul 2030
v oI/ Y K v a [ 3 dl 1 dl A o o
1) @39ANEulalunisdnDeanNa A ULENINAN U@ DaLaziuas
2) INNAUULNEENININTBIN AN LR U IuN INANN A3 UTAN
3) WNansnsUFudgass@nininnislinaseuialanduaasvin
1 a 1 A 1 dl o ¥ K a o
4) AUFINANNTIINNATENINUILN AN A1 UL ANNAZAIN TN DNNN994AE
wazinalulagnasanugzanasananasunawnuLlszansninnis Mnasanuuazinalulag
d” a a 09: dy 1 a v dgl [ 3
A eaTaduganardranntulasdaaun17a9ululANa 9N UgUNANLUAY

wmalulatinasaugzann
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5) 28 TAgeaseNUgBLaz NN IAmA TLIAEINa S AUILTNINAII T UTTIUE

' !
o A o a o 4

1
wazdatiuduiunnilszmalulssmanidsimunlnoianicludszmanwaui flaangn
dszmannasimuniduinizauaianuazlszmanamimungnaanfieNauAINNg
atvayuresilsunsuwe’
a qﬂl ql kel s 1 ﬂl

2.1.5 LUIAALASN BN NLNLITRINUNITUIAMLUNIZEN

N13ANIMNNZAN (Optimization)

NIUIANTLANIZANABNITUIAN4I4A (Maximum) WIBAIAGA (Minimum) 299
Wartdudngiszatd (Objective function) FINTELAUNNFUBINITUIANUNIZANADNNTABN AN

o dl o ¥ o o ol dl '

294 FivuLsAruANRazin e AduIngLsrasA Anmnnzan Tanszuaunslun1Inismaen
WinNzaNAuLnaaniily 2 ANHEAINITMATIIUNITANLTIATIA (Static optimization) UAY

[ %

NNIUNANTINNNZANLTINATRS (Dynamic optimization) Iaafisneazide el (Houdin Te

a

VWY (2550))

!
=

1) NITUVANTUNNZENLTI4T M (Static optimization) UsznausagnisniaAni
WMUNTANTIRDA LUURT R/ ALAZNIMANINNT AN EIa DA uuLldNTasNAn

2) N3vAIWNNZANLEaNadRT (Dynamic optimization)

a o a o A a g v o/ dl = v dl v dl

N3ATIZALTINATATARNIFILAFIZIT UL N DI A L TEHB NN A NI 1NN 897
a 1 6 o = . a el A
(38NIMWNATUIR9NATE Time path N193LATIZUN 2 Uszinnag

[ dl . a L o % o/ a
2.1) wuulssatiias (Discrete) Tun13aAssignisan ldlasn1sa1Aaaunigida
. , . 4 o JN L, -
nam19 (Difference equation) TLTUANNITNLAAIANNANNREIZNINIALLINABINTANEN
4 a3 T, L A

wazaan IneinanNansnseidlusanls luma e

2.2) WULABLIAY (Continuous) Tun193LATIEFaNNT0NN LA IREINT38N ARIdNN19T

. e , o d o 4 . i

aynus (Differential equation) ApaxnN sNasUENTARBUIMeFausTasdan (1) 1Ty
o 1 dl o v a o/ |8 dl dl 4 o U o’ -8 . .
Aauilssiaties Nnliaunia@sayiusiduaunisineadesiuptayiusg (Derivative)
4 v . . 4 . o
\esanneyiudLansgnInsilasunlasresioulssieiiias

09; dg/ a o dgj yvaa =2 % ac . . . . ¥ & o

MatanudeiIsn19AN A998 Dynamic optimization IagItiuiNATULa99a1

W1l continuous LWUAN



20

WUIAATBINITUN AU AN TINAT AT (Dynamic optimization in continuous
time) (Robert J. Barro and Xavier Sala-i-Martin (2004))
nsuftloym ludanadmg (Dynamic problem) 1438n19n19AtiRAARIN TN
LAAAAALBINTFULUTHU (Calculus of variation) Taag u1sautianIsdiAsIzviaantiy 2
=
LUININAS
1) Richard Bellman (1950s) #inAMAAAATI1EUTFRINTNN WRUNATNIIATIZY
dl a I a [ % . . dl [ % 1
N@and n1slisunsui@anadmg (Dynamic programming) Teinunzaniuileyunuuyla
1 dl . . = e o o a g o a ]
FaLieg (Discrete time problem) waridsrlaaddiniunisiiAsnsiuuuanaaadagy
(Stochastic)
2) L.Pontryagin (1962) Wa1g)1]) optimal control

) Optimal control Usznaufaaeiduinglseassuazdedninisstald

Mvayifwumcmﬂmt

Subjectto k = g(k(t), c(t),t)

k(0) =k,
iim (k(t)e ™) >0

[ %

Tnanavualit V(0) As yaen (Value) Tuisiduingilszass r As AIARAAIRAY
k(t) Pesiautlsaniae (State variable) uaz C(t) AasawilsAauax (Control variable) iy
Wariduae9987 (1) Imﬂﬁﬁfmﬂimuquﬁ@ﬁqLLﬂiﬁmemiﬁIﬂﬂ (Consumption) 2184
Uszanssitednsnistiminansunld uazsaudsaninzAesulsiesunasnsing

wasuulasafionaesnu (Capital Stock) vizauanssuIuaRmineInINiag)

4 o o o

dl 1A dl 24
"Wﬂﬂﬂﬂ’]ﬂ\i‘ﬂuiﬂwuqqﬂﬂlﬂ@’mWll‘ﬂ\‘ilﬂ')LL‘]J?'&ﬂ’VJ% nsiasundasluag ABNYILNIN

|
A o

N8N (Stock of physical capital) iatandaswldazauetdumaulsaniay fauls

a

AVLIAN WATLIAT FaulsaniazasiasilafanusnGy (Initial stock) WAL NINUATIANA
(Limit) sesaBanitavasazdedlifinauiienadnlnddneiud (Infinity)
Hamiltonian function Usznausae
H(k,c,t, 1) =v(k,c,t) + .g(k,c,t)
Fewlagufufinile (First Order Condition) 223aun13dnnszasfiafiu

1sznavfas)
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- , “
AANUNIZAN (Optimum) Af

H_p
oc
ANN1340192394 (Costate equation) A@
oH .
E =—H

ge ut) Aefqulsannazsan (Costate variable) %58 Dynamic Lagrange
multipliers

ANN174N192 (State equation) A8

oH _¢

ou
Transversality condition

lim ((t)-k(t) = 0
t—o0
Tnafinuunliadie (Limit) 2e9saulsan1zianuaziudsaninslpwiniuguediie
nadnIndrA11us (Infinity)
1AN199LAT1=Y Dynamic optimization Aavlduann1sue3 Differential Equation

(Frederic Tournemaine (2011))
Max
T —rt
yo [re fox.yadt,

subject to Xt=g (X, yt),

CVH = £ (X, Y)+ 4 %
6CVH :af()Mt o90 _

0.
ayt ayt ayt
OCVH :af()Mt@:/'hH%
OX, OX, OX,
lim 2,x.e" =0.

H = e [f (%, y0) + Ao X1 =€ F (%, V) + 24 Xe,
oH_a0 a0 , H_gnd0, , 00_7
ayt 8yt ' ayt LAY 8X{ aX'[ axt

te



l_afO/ﬁyt —

t_ﬁgO/ayt =-J(X,Y,)

of

AT

ES

©_ofQ/ox  I(X.Y) g0 230/ ox

OJ();(
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0J() ¢

OX,

990 _ 230 _930 ¢
ox _‘J(Xt’yt) 5Xt g(xt’yt)+‘](xt’yt)r ay Yi-

t+ ﬁyt Yi

t

104 |

Vo= aJ(/oy, 83(0/dy, ox,

>.<t =9g(X, Yy) LAY Y = h(xt’ yt)’

of O)/o
h(x,y,) = 3070%

aJ()/ oy,

_ I Y) 690 ad0/ox%

g(Xt,yt)ﬁL&]O/&yt :

J (% W)

a3 ()/ oy,

Linear Differential Equations
y=Ay, + B, y*=_A—1B Z,* = Az,

A2 A A't"
+ +...+
21 3 n!

e =1+A+

M7ZAM =A AM AKM™
e™ 0 . . 0

: .. 0
0 . . 0 e™

Y=Y, —Y )M "M -A"B

Non Linear Differential Equations

)./t =D(y,) D(y*) =0.

ady(y)  ody(y)
oy, o, 0,
ad,(y")  ady(y)
I= oy, o,
ad, (y)

ayl . . ayn

aJ( /oy, ox

ad,(y") |

9%, Y) + o 5T

a3 ()/ oy, oJ()/ oy,

z,x=e"z,

Y 2 I(Y, - Y)
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2.2 SUIIENLNLU DY
2.2.1 UMDY UTDINITHAANINNITNHATHASUSTRNBNINNITHAR

a o o a o

dl dl v a a = d’l

UKL T A LUTLANBENINNNINER TR
Alwarritzi et al. (2015) pvififaseNEINanIENUADLILANTAINNTUARUNA N
WdululsemAfulaflid@ia Aa835017 Technical Efficiency Approach 1131 Stochastic

Frontier Analysis iiaunilasandananeseauilsz@nsninuazszauninuldlsz@nsnin

=

nannsIdanudTadendsnasatlsz@nsninnisuanaa el dininaesdiulidu nns
FINNQNIDAUNHAING NITANHY BILUAT ARINUAINNAE
da/ o o a dl o | QI
wananifaduniedsanuaziAssgiavatalsznisnainisatinllgnisiing

UsANBNINTBUNHAINT LT NEUINEATNT TATINIIRUETNIZALNNIANSI uaZNIINTZANE

- ! ~ B = o A o o
ANUNAINUAELR9NN TN AR NN 19 ARsTINAzIuTayanAReTgLaTunTUT UL
4 . e TS
U NN LNITI8N8 N1 NI AL N ANTINTW

all 1 o n:ll ] ¥ a a dgj % + =
ANA190 5 wudrdadendanalitss@naningeaulssnausqeilaail uazeny

1
o

dl = o v a a Ol % 1 02/ o v &
UBILNTATNG Iumm:wﬂ%ﬂwmiuﬂ@mmmw@mmmimmmuummmuﬂmu nie

FINNGNIDANTAING NNIANHT wazAINUaINUANE TuilszifudiiunisAnenusnyAINg

) A = p % o = M oy R Y o
@Quiﬂmmﬂﬂq?ﬁﬂwq@ﬁqxﬂ LLuQIumV]qﬂqﬁjwuﬂﬂﬂqﬂﬂqﬂﬂﬂm?ﬁqu @Jiﬂ @Qﬂ“]ﬂ@\‘]ﬁi@l'ﬂﬁ‘zﬂu

o

k2
=

N1IANENGITN denaaUsiatlszAnnInnIsuan
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$1914 5 The maximum likelihood estimation of stochastic frontier and inefficiency effect

Variable Parameter Coefficients Std.Error z
Stochastic frontier
Constant ﬂo 0.20 0.06 3.30
In(Fertilizer) B 017" 0.08 2.18
In(Herbicide) :Bz -0.03 0.08 -0.35
In(Labor) ﬂs 0.14 0.1 1.23
In(Weight palm tree) :B4 -1.66" 0.15 -5.16
Lamda A 1.01 0.09
log likelihood function = - 30.33
inefficiency effect
Constant 0, -6.69 13.88 -0.48
Group S, 169 0.76 -2.23
Education S, 744 473 -1.57
Age Oy 466" 2.30 2.03
Divers 5, 2.00 1.08 -1.85
Credit 55 -0.48 0.80 -0.60
Farm Location 56 1.55 1.04 1.49

Note. ~ " are significant at 1%,5%,10% levels, respectively
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0.S.lwala et al. (2006)3LA12HsANAMNNTRARUN FNEN TR szinalua By

a o 1 % dl ] 1 a a a A d’j dl % & %
nanisIaanudnTaseidenasietlsyansninnisuanae Nunmizilgn angfiutdy fiunw

{lenaiuazansalinAndngis angaadnemnINg Neu

£1919 6 The maximum likelihood estimation of stochastic frontier and inefficiency effect

Variable parameter  Coefficients  t ratio

General model

Constant By 2.888 29.98
Farm size B 0.088° 14.34
Age of palm B, 0.230° 6.290
Labour s 0.087 1.71

Cost of fertilizer ﬂ4 0.063° 2.18
Cost of agrochemicals :Bs 0.154" -4.02
Cost of harvesting s 0.012 0.65

inefficiency model

Constant 50 0.118 1.80
Age of farmers 0, 0.00002" 3.96
Extension visits 52 0.019 0.99
Year of formal education 53 0.049 0.88
Year of farmer exp. 54 0.004 0.08
Model of land acquisition 55 -0.084° -2.25
Log likelihood function 141.70

" Estimate is significant at 5% level of significance
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Amaechi E.C.C. et al. (2014)3Aszfse@nsn1nn1snanUnantingdulud sz ineg
TuaGe nanisdunudniladendanasietlss@ninmnisnanae Tadayu usaau nineng
'y o = ca o o—dl 1% o A ~ o
11 WA N1sAnE Uszaunisnd unineaanu sald seAunislfifsesdns aonudu

#1299 NN9RINNgNILTBUNEATNT AWiTe uavdRsInanids

£1919 7 The maximum likelihood estimation of stochastic frontier and inefficiency effect

variable Coefficients t ratio
Intercept 29.6527 41816
in X, 0.0739 2.4799'
In X, 0.0993 2.3039
In )(4 0.0715 3.0114"
In Xg 0.0857 4.1202"

log likelihood function = - 106.2715

Constant 19.2064 6.1525"
Age -0.7913 -1.3159
Education 0.5024 4.8447"
Processing experience 0.1791 2.1815
Capital employed 0.3942 3.5546
Net income 0.2065 3.3687
Mechanization level 0.0892 2.8317"
Petroleum energy 0.0749 3.4516"
Mill ownership 0.0843 24577
Cooperative membership 0.0417 3.6579"
Plantation ownership -0.0955 -1.1718"
Credit 0.0573 2.7681"
Interest -0.0483 231117

Note " are significant at 1%,5% levels
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Lawal Wuraola Latifat et al. (2013)3tA3129Usz@nEn1nn1amaiiauazlss@nanin

Tunnsanasslutlssmeluaizs Taaldiiuanaae Stochastic Production Frontier

19N 8 Production Frontier Model for Palm Oil

Variable Parameter MLE of the production t-value
function

Constant /80 -1.17 -1.20

Quantity of fruit (x,) i 0.15 8.88"
1

Lobour (,) i 0.84 291"
2

Capital (x,) B, 0.44 2.38"

Volume of water (x,) ﬂ 0.55 1.24
4

Khatun, Reza, Moniruzzaman, and Yaakob (2017) AUMLUIN AL NN ZA NS

o ]

nsWaungRaingsN ANt dululsemAn e alasAuaralniunasaundig
pouEEIuTu N Suinululssman i @aaunsa liUselomilananatlszinn THun auns
1 03/ o a Y v a a % . 1 a o s
ki Wsiutlgeaning wenien winfueina laanss v Oleochemicals 1t Wass WS
' = o N < oA . o g a =
ALARUNINAIULAAA LATEIA1D19 LARAUT asuaeat a1 LuAY Lasima waeTanIn
A = da/ a dl a 6V = dl 1 =K
paluladiaa @onasUBATasTU kazAng@anIn luaniz Umar et al. (2013)na1901990
< o o 09/ o = | o A ! 2 dl ¥
wlsrasgaamnIsunasuanihandulssmana@anudinnaiginisdaaduie 1
Anlsr@nEnInn1suanluscALNEAININAAAUIIAITIATBUNANTNETY wanaIni
(Castiblanco, Moreno, & Etter, 2015) 3bA1LWNANTENUAIBIRUAAN YU IUNIAGINALN AT
S =) 3 c” o =2 o ' a = 1 = 1 1
nIUANENNANTNTUW nan1sAnE luuwuuA1aaInug1 ugauyuLinagasinaaea Ll
dl A aid a a o dl o % dal a
wsasdanilsz@nsnanlunisussqulvunsresiguraniiuualilulasanismeinag

= o a
AN lulpaNLie
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Usme] WnenAdun (2556) N19UATILALILANBNINTUATHFARVRINTHARLN AN

D

A o oo A

wduluanesaan Aamdansed ddnguseasinsi
1) ﬁﬂmmmwmuﬁmﬁﬁmm N13AANITNNTHARUIANINNY NIFTRUNLNANAR
AN wazANARiuNgaTUNTNARLUN A NN WYe N EAINT
2) INBATWUNLAZALATNEHIZLLNTUARUNA NN U RIN AN T
dl a 6 o/ o v o A
3) Wiedmsssitlasen e ldredniaizenemsns
4) WalsrH NN UNI AR LN AN TINNY waEARTzsil s Ananinnns MTads
NNTHAR JNINARLUNANTNNLIRINAING
dl o a a a a a o Oy o a s o o
5) iadplsz@nan1widaAsegialunianantdutingiu uazdinssiladaiiuun
Usz@ninmidasrgnalunisnanianinduresnsmnns lnaninisiususandeyalne
Wuuudunieniifslasaieainngudastinanemsnsgilgniduminduanuay 150 918 @9

Ifnanisgusnagnauuuaneduneu n1saszidiaya la AT IIIWT N133ATIEINIg

OADNAEINY LL@:ﬂ’]ﬁLﬂﬁ‘ﬁzﬁLﬁuWiNLLmuﬁ\iLﬂu@:N (Stochastic Frontier Analysis)

M1979 9 NI INNTLsEIRuAN NN TaNTRdAUA T INNTUgN ANt Tu

ANLTR NNZAN ARLENNIZ AN Talimunzan
- AINANYANABDNTY  WANNIN 75 . 40-75 N, UBEINIT 40 T,
a4 e Zaga
ANUNTRTT AU LARY
d” a a 1 RKX a = a 1 a 1 =&
- HaAY ALTIUDIALITIN AL UNIE ALNINILUTIUDG
AUNIE
- IAE319Marn9EaFn  TATNAFNAUWNLIA TATAS9AUANLY  TATASAUN U Ties
a = =® % | el v a
YRIAL AN198AFLNINANY U1unang P EGY R PGP ORI
al = 1% 1
NN9EARALILINAN
Sn i A
dulyisaiiiaa
e o \ o VoA \
- FUARN a8 Fulsisaiiiaq w0 PUUININNGT 30 TH.
- M oA
15-30 %N, UIAIUTUNLNABLTAS
- ANNLTTUNIA-FINg 4.0-6.0 3.2-4.0 {ia8ina 3.2
- AMHNBIUDITURY 0-0.6 N, 0.6-1.5 . H{INN3N 1.5 .
a &
Aunae
o [~% = v [~% = v
- AYNENNNTD lUN9TU 11unang 139 999961 B3NN UTBEININ

TNUBIAU
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FIN374 10 NANNTIAIIEINIDAnesnTesiariduelfaasaiaiewnumng

G

piatkle ANdulszans mmﬁmmﬂ?{@umm@m anmn Prob.
ﬂ"lﬁ\‘i‘ﬁl -466,112.60 325,005.60 -1.43 0.15
AGE 1,954.91 3,640.63 0.54 0.59
STA 73,122.70 79,674.31 0.92 0.36
EDU 22,701.42 12,785.10 1.78 0.08
MEM 24,828.11 22,769.16 1.09 0.28
TOT 13,727.70 3,675.68 3.73 0.0003

R =0.7543 R?=0.5690 AdjustedR? =0.5541 Durbin-Watson statistic = 1.88 F-statistic =
38.0239***

A1979 11 NANITAAIITANITDANRENYIBIRIATUNITNARL AN NN

ZeIGIE Andtlszdne mmmmmﬂﬁlﬂummgm anen Prob.
AT 7.57 0.32 23.89 0.00
INn(ARP) 0.75 0.08 9.45 0.00
In(LAB) 0.14 0.08 1.75 0.08
In(QCH) 0.04 0.05 0.95 0.34

R =0.8414 R?=07080 AdjustedR? =0.6999 Durbin-Watson statistic = 2.02 F- statistic =
87.2997***

TQP = ARP®7LAB®“QCH %
st f(aARP,alLAB,aQCH)

(aARP)0.75 (aLAB)Ol4 (aQCH )0.04

— a0.75 ARP 0.75a0.14 LABO.l4a0.04 ECH 0.04
— a0.75+0.14+0.04 (ARP 0.75 LABO.14 ECH 0.04)
— a0.92 (ARP 0.75 LABO.14 ECH 0.04)

— aO.QZTQP
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In (TQP) = 7.57 + 0.75In(ARP) + 0.14In(LAB) + 0.04In(QCH)
TQP — e7.57 ARPO.75 LABOl4QCH 0.04
Tnefl e = 2.71828

ARP  =20.29 13 ou Saiusun A
LAB = 64.72 Ju-a1upall ol SN aia
QCH =2,514.92 Nlan5usall o ToNUNATIA

NNFANUI TN N LTUNAELATLBNI AR NTHAR
1

In X, ==(n X, +In X, +In X;+...+In X))
n

TQP = (2.71828)"% x(20.29)"" x (64.72)"" x (2,514.92)°%

1,939.13 x 9.56 x 1.79 x 1.37
45 460.94 nlansusail

v

nsAUIIRANRRLANANNNT I TadtNsuA s TtindgRs Al

MPP, = t;(—Y
Toeii b, wngE AdutsravareqadunendnTied
Y waneie nananRALald Tnafnvueliitadesu aefi o Sl
L9UNALLA
X, Ve AsadlsrnAdineesasansNARTanT | = 1,2,3,4
MPP, ., - O.75><2£(1).5;;60.94 _1680.42 S
MPR,,, = 224 X6f7";60'94 =98.34 Alansusied
MPR,,, = 0'042>’<54154’2620'94 =0.72 Alanfusiatl

NANIFILATIZTL L ANTANNTINATATRINIT M1Ta A8 N1TNAR I UNTHARLN AN

v
o 1 a a

o + A a a dll = o o a dl dl
UINUNLAN ﬂqilLﬂNNﬂ?ZZﬁWﬁ.ﬂ’]WL‘NLV]@H?]@J\?@{@ LN@LV]EIUﬂ‘].Iﬁ@@EIﬂW‘J‘N@W@M”] LANRN]A

b

o

71 MPP = 0 iluqanfszaunsliadenisnanet 9l tsrAnsnindanatingegn nanane
a QI + = 1 [ a o 1) dl a v % Lo 1 a QI
HaNARNTRstleARwinAY 0.72 Alanfusel daiiA1dnlndauduinndiuananinees
fadeunisuanau] uandn wainilawni 1 Alaniusel azinWinananidutindiuiuau

a o 1A [ ¥ o dl a dl v A a A
0.72 Alanfusdell Tnadvuualiidadedus HAAN W STmulsrIAtiA $890911AE

LINUAU TINLINNANRAANUDI LI UALN ANYINAL 98.34 Dlanfumell LAAYTN HaANN
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A o S o ¥ a & og/ o QI dy a o o
AN WIUAR 1 TRUAeT A liNananLUNAaNINTWIANTR 98.34 Dlanfusell Tae

!
o = v Aa

0 > A A a o o a a g -
mwumlﬂﬂﬂ@@mujmmmm T NIAHHLTUNATUR @WM?UN@N@MLWN‘H’ﬂ\‘I‘WHVlL‘W’]ZﬂQﬂﬂ’W@N

dudA1gangn Ae 1,680.42 Alaniusiell uanadn Wainiuimizlgniaduindu 1 19

v '
0o o a

Az Winanantdutinsiuiingy 1,680.42 Alaniusiell Inenivunliitadedu HAA o

o

BENHNLTUA LG

ﬂixaw%mwﬁmLmﬂgﬁwmmﬂ%ﬂ@%mmﬁm

1%

a a a v n:ly
anunsn@anlugilannindntinananslfisan

VMP; = Py
MPP; xR, = Py
MPP,, xR, 1
Pui )
VMPg  _ 1680x535 oo
Page 1,000
VMP,,, . 98.34x5.35 _ .,
P 47371
VMP,
QCH % 0.72x5.35 ~0.19
Poch 19.82

A o 1 o

flasanmunsalfasspialrauinsmnnsaeNluad 1 Atyneaia 1Hun faudssea
= & A o o a B PR, | Ao o o aaly 1o
nsAneuaziunnenses adenuuananantnauninsiuesalitdAnynisana 1Hunsn
da/ a‘l s 091 o all v a 6 oa’ o a degj dl
wlsiunmnzdgniantnsiuiazisseuaun b lunisnantantindu inemnsnsinisldium
wnzlgnianinduuazussnuauluszauandszaun snzan luaneinisldilaniigy
NINFLALNUNTAN
nersnsidszAnininidaAsgialunisnanidutindueg lugdeesas 78-99
a dl v o O a a a a a & 02/ o
wazilAaanesas 95 Jadaniuunlss@ninimdamsegnalunisnaniduiiduaes
InuAINIetielitdAtyn1eadia laun Faudsdszaunisallunisinacuildutinduaes

Lﬂ‘]:fl?]ﬁ‘ﬂ?ﬂ’]?ﬁ")llﬂ@;llL‘ﬁ‘ﬂﬂ'ﬂ?‘ﬂ\‘i?’]ﬂqﬂﬂ\‘im‘iﬂm?ﬂ? mmﬁﬂmLﬁﬂummﬁﬂ%ﬁmﬂm:/ﬁ@

] v ] v
LAUTNTURINUILNIUIITNNT TLULNITHAALNANTNTY LAZUNAINNUBIN AN AN
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Country/Regions Imports Exports

AT ET AT ET
World total 258.7 520.7 258.7 520.7
High-income 310.9 794.2 370.6 934.7
Australia and New Zealand 0.0 0.0 0.0 0.0
Japan -1.6 19.1 0.0 0.0
Canada 65.5 2491 0.3 0.5
United States 0.6 2.3 38.3 163.4
France 153.8 564.8 486.1 1,204.7
Germany 78.9 303.2 873.5 2220.7
Italy 319.7 820.0 0.0 0.0
Spain 362.1 909.6 375.9 1,017.4
UK 1,042.4 2,556.6 472.7 1,096.3
Rest of EU & EFTA 637.2 1527.9 82.7 332.3
Middle & Low-income 203.6 232.6 181.1 2341
China 0.0 0.0 25.9 79.5
Indonesia 0.0 0.0 1.3 3.6
Malaysia 0.0 0.0 1.7 4.9
Thailand 0.0 0.0 -39.0 -17.4
Rest of East Asia & Pacific 54.5 170.1 0.0 0.0
India 420.3 425.8 0.0 0.0
Rest of South Asia 0.0 0.0 306.1 1,134.2
Argentina 0.0 0.0 1.5 26.5
Brazil 0.0 0.0 198.5 250.6
Rest of LAC 0.0 46.2 0.0 0.0
Russia 0.0 0.0 0.0 0.0
Rest of ECA -5.8 -8.1 0.0 0.0
MENA -2.2 -4.9 0.0 0.0
South Africa 0.0 0.0 0.0 0.0
Rest of Sub-Saharan Africa -3.6 -6.0 0.0 0.0
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;19714 18 Change in world prices and multiplier (100*%price change/% world biofuel

output change)

AT % price ET % price AT ET
change change multiplier Multiplier
Sugar (cane & beet) 9.2 11.6 22.3% 12.3%
Ethanol 2.8 4.6 6.9% 4.9%
Biofuels 2.7 4.5 6.5% 4.8%
Agriculture 2.2 3.8 5.5% 4.0%
Corn il 3.7 2.7% 3.9%
Biodiesel 1.1 3.3 2.7% 3.5%
Oilseeds 1.5 3.1 3.7% 3.3%
Wheat 1.1 24 2.8% 2.6%
Other cereal grains 1.0 2.3 2.5% 2.5%
Paddy rice 0.8 1.6 2.0% 1.7%
Vegetables, fruit 0.7 1.5 1.6% 1.6%
Livestock 0.4 1.1 1.0% 1.1%
Forestry 0.3 0.9 0.8% 0.9%
All goods and services 0.5 0.8 1.3% 0.8%
Processed food 0.2 0.5 0.5% 0.5%
Other services 0.0 0.0 0.0% 0.0%
Other manufacturing 0.0 0.0 0.0% 0.0%
Construction 0.0 0.0 0.0% 0.0%
Other mining 0.0 -0.1 0.0% -0.1%
Coal 0.0 -0.1 -0.1% -0.1%
Gas distribution -0.1 -0.1 -0.2% -0.1%
Chemicals -0.1 -0.1 -0.1% -0.1%
Electricity -0.1 -0.2 -0.2% -0.2%
Total Industry and services -0.2 -0.4 -0.4% -0.4%
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A1919 18 (5iR)

AT % price ET % price AT ET
change change multiplier Multiplier
Natural gas -0.2 -0.4 -0.5% -0.4%
Transport services -0.2 -0.6 -0.6% -0.6%
Other industrial sectors and service -0.3 -0.6 -0.7% -0.7%
Diesel -0.6 -1.4 -1.5% -1.4%
Gasoline -0.6 -1.4 -1.5% -1.5%
Refined oil -0.6 -1.4 -1.5% -1.5%
Crude oll -0.8 -1.7 -1.9% -1.8%
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$13739 19 Change in food supply relative to the baseline in 2020 — by region

Country/Regions AT ET
US$ Billion % US$ Billion %
World total -6.5 -0.1 -14.1 -0.2
High-income 2.2 -0.1 -5.8 -0.2
Australia and New Zealand 0.0 0.0 -0.1 -0.1
Japan -0.1 0.0 -0.2 -0.1
Canada 0.0 -0.1 -0.1 -0.2
United States -0.9 -0.1 -2.5 -0.3
France -0.1 0.0 -0.3 -0.1
Germany -0.2 -0.1 -0.6 -0.2
ltaly -0.1 -0.1 -0.3 -0.2
Spain -0.1 0.0 -0.2 -0.1
UK -0.2 -0.1 -0.4 -0.1
Rest of EU & EFTA -0.5 -0.1 -1.1 -0.2
Middle & Low-income -4.3 -0.2 -8.3 -0.3
China -0.5 -0.1 -1.3 -0.2
Indonesia -0.1 -0.1 -0.1 -0.1
Malaysia 0.0 -0.1 0.0 -0.3
Thailand 0.0 0.1 0.0 0.1
Rest of East Asia & Pacific 0.0 0.0 -0.2 -0.1
India -1.4 -0.4 -1.2 -0.3
Rest of South Asia 0.0 0.0 -0.1 -0.1
Argentina 0.0 0.0 0.0 -0.1
Brazil 0.0 0.0 0.0 0.0
Rest of LAC -0.2 -0.1 -0.6 -0.3
Russia -0.3 -0.2 -0.7 -0.6
Rest of ECA 0.0 0.0 0.0 0.0
MENA -1.3 -0.4 -3.0 -1.0
South Africa 0.0 0.0 0.0 0.0
Rest of Sub-Saharan Africa 0.5 0.2 -1.2 -0.5
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UNEP (2011) m@ﬁmmwﬁqmuwmLmuﬁﬂﬂzjmiﬁmmﬁ?fqﬁuu@mmmm
gnau agilpe
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2) W ITUN AN LA AL EUESAR A NE SN ING SR W Tan L
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5) muﬁmmuiuwﬁwmmmLmul,flumwﬁqLﬂmﬂﬁ@?ﬁﬁm (Green Economy)

%m\m@ﬁi@miﬁmmmqLﬁ@ﬂgﬁ@ﬁqiaﬂ i LNANITAN99T

;199 20 Average employment over life facility (jobs per megawatt of average capacity)

Average employment over life of facility

(Jobs per megawatt of average capacity)

Manufacturing, Operating &
construction, maintenance/ Total
installation fuel processing

Solar PV 5.76-6.21 1.20-4.80 6.96-11.01
Wild power 0.43-2.51 0.27 0.70-2.78
Biomass 0.40 0.38-2.44 0.78-2.84
Coal-fired 0.27 0.74 1.01
Natural gas-fired 0.25 0.70 0.95

FAO HLPE (2013) 31A312ANN AN R UA T2 U AN AT IN TN AL AN T WA AL

1
4 o

= o & P @ o = o Y iy
anvnsaLdugannananninalanizasiney Lﬂuﬂiummmui@ﬂwmmmimmeu

'
yaa o

WANIL 1117 NTENAU WAZNNTWENLN
TuAnuANIuAIB1Le11T (Food Security) Nissimuifiaanansainlu 4 ARRe 1)

Availability 2) n19dinfaunasaung (Access) 3) Utilization uae 4) Stability



$m1914 21 Land use intensity for selected biofuel crops, global averages

48

Biofuel Feedstock Ma per Mige* Main co- product Co-Product
(yield in Kg/L use
biofuel)
Sugar beet 350 Beet pulp (0.25)
Corn 465 Dried distillers Protein for animal
grains with feed, solid fuel
soluble (DDGS)
Ethanol (0.3)
Sugar cane 300 Bagasse (0.25) Solid fuel for
Heat/electricity
Cassava 420
Cellulosic 470 Lignin (0.4) Solid fuel and
chemicals
Rapeseed 670 Glycerin (0.1), Soy meal
Press cake (0.6)
Soybean 1310 Soybean meal Feed
(0.8)
Biodiesel Palm 310 Empty fruit Animal feed or
bunches (0.25) solid fuel
Jatropha 1540
BtL-Short
Rotation 320 Lower
Coppice temperature heat;
(SRC) pure CO,
Anaerobic 250
digestion Organic fertilizer
Biomethane
(maize)
bio-SG (SRC) 280 Pure CO, (0.6 L)
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$1914 22 Estimated costs of production of different cellulosic biofuels using techno-

economic analysis

Author Feedstock Biofuel Production cost (USD/litre

gasoline equivalent)*

Mcaloon et al. (2000) Corn stover Ethanol 0.95
Solomon, Barnes Switchgrass Ethanol 0.95
and Halvosen (2007) or wood

Salix (willow) Ethanol 0.90-1.09
Sassner, Galbe and Zacchi Spruce Ethanol 0.82-0.87
(2008) Corn stover Ethanol 0.84-1.08

Yellow poplar Ethanol 0.63
Frederick et al. (2008) Loblolly pine Ethanol 0.71-1.03
Wright et al. (2010) Feedstock Hydrocarbons 0.58
Kazi et al. (2010) Feedstock Ethanol 1.41-2.38
Swanson et al. (2010) Feedstock Hydrocarbons 1.10-1.37
Brown et al. (2013) Feedstock Hydrocarbons 0.68
Haque and Epplin (2012) Switchgrass Ethanol 0.66-1.08
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71379 23 Net energy return on investments for different fuel types

Fuel EROI Countries/regions

Included in the evaluation

Cellulosic ethanol 2-36 (5.4) United States (switch grass)
Corn ethanol 0.8-1.7 United States, Colombia, China
Wheat ethanol 1.6-5.8 United Kingdom, Netherland,

Switzerland, Australia

Sugar-beet ethanol 1.2 United Kingdom

Soybeans biodiesel 1.0-3.2 United States, Argentina, Brazil,
China, South Africa

Sugar-cane ethanol 3.1-9.3 Brazil, Mexico, Southern Africa
Molasses 0.6-0.8 Thailand, Nepal

Cassava 1.3-1.9 China, Thailand

Sweet sorghum 0.7-1.0 China

Rapeseed biodiesel (Europe) 2.3 United Kingdom

Waste vegetable oil biodiesel 5-6

Palm oil biodiesel 2.4-2.6 Southeast Asia, Thailand
Jatropha 1.4-4.7 China, India, Thailand, Africa
Algae 0.01-7.01

Eneggy Balance %38 AYNaNAaN A 1unasnuilasuwlaslilunnaiinin la
' o = = Py o Yy
dnazifundsameniues visalulenina ludounasnansznududszimalne Taun
NNINANA JHud1enas Unantidis uazaynn
P/ = o a I ! a 2=
wananilulemadadenansia Greenhouse gas balance ARTIEaANANE LAEN

< g
NINNUIAE (ANT1Y 24)
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$1979 24 GHG emission reductions of select biofuels compared with gasoline and diesel

excluding land-use change Impacts

Biofuel Emission Biofuel Emission
Reductions (%)* Reductions (%)*

Sugar-cane ethanol 65-105 Palm oil biodiesel 30-75
Wheat ethanol -5-90 Jatropha biodiesel 40-100
Corn ethanol -20-55 Soybean biodiesel 52-70
Sugar-beet ethanol 30-60 Lignocellulose diesel 5-120
Rapeseed 20-80 Lignocellulose ethanol 45-112°%
biodiesel

£1919 25 US 2011 biofuel consumption and US 2022 projections

Subsector 2011 (billion gallons* 2022 (billion gallons
in ethanol equivalence) in ethanol equivalence)

Biodiesel 1.2 6.0

Bioethanol 0 9.9

Renewable diesel 0 2.6

Cellulosic ethanol 0.006 6.7

Other crop diesels 0 2.6

Imported sugarcane ethanol 0.17 1.0

Subtotal advanced biofuels 1.35 28.5

Corn ethanol 12.6 7.5

RFS totals 13.95 36.0 (RFS2 target)
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Chakravorty (2015) 3tA31einanseny luszese11189n13 N TNA99IUABTIAN

IS o v . .
213 IALHLLLANA89A28N1392 Y3 uLILT99 Ricardian
MAX

r r r r
LnquJ'JnyX

qrj

{e_pt Z J-Dr_jl(qrpt)dqrj_zcr(Ll:)Irn_Zer(zkrr}Lr:j) —g(X)Zxr dt

O ey 8

Subject to :
S =L <,vn LE)=rEvn  XO)=Xx1)
j r

o -1

Q. = 7Z'r|::urgqrg(f‘r’rl + (1_ Hrg )qrba;f1:| "

;1974 26 Land allocation to food and energy production (in million ha)

usS EU MICs

BASE REG BASE REG BASE REG

Land under food 2007 166 167 138 136 789 789

production 2022 166 107 137 129 905 980
Land under 2007 12 11 5 7 4 4
biofuel productior 2022 12 71 6 14 7 6
Total 2007 178 178 143 143 793 793

cultivated land 2022 178 178 143 143 912 986
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A9 Judnleuas des Tl LY I Ta b AN i Auilzem
(CA) (SC) (RI) Wwesdnd  (SO) (BE) (PI)
(MA)

Constant 1,371,687 5,726,546 28,451,321 1,358,869 -88,667  -528,258 257,826
(2.478)*  (5.246)™* (2.919)** (1.203)  (-0.990)  (-1.089) (3.054)***
A_CA, 0779
(12.751)***
A_SC, , -0.025
(-0.146)

A_RI 0.468
(2.548)**
A_MA 0.810
(7.115)**
A_SO, , 0.944
(15.512)

A_BE, 0.991

(15.512)***

A_PIL 0.482

(3.641)**

Pea, 1,430,769 1,194,196
(6,567)*  (3.986)***

Psc . 3,485,974
(-2.321)*
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pautls Tudrdeua. dat STal d1alwa davhe dutlean
(CA) (SC) (RI) Aeadnd  (SO) (BE) (P)
(MA)
Pay 519.54  566.507
(-7.085)*** (2.211)**
PMA[_I -2,317,755 123,898
(-5.698)***  (1.409)
Py, 460,846 687,879 17,614
(3.712)*  (2.280)** (1.120)
Pae,, -103,134 150,943 569,240
(-4.682)*** (3.094)*** (4.013)***
Por,, 182,261  -167,198 17,109
(2.676)*** (-2.393)* (3.203)***
AU 20 20 20 20 20 20 20
FNDENg
R-Square 0.89 0.77 0.81 0.80 0.95 0.96 0.44
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pauds  dudnienas dew 417 d1ainm Yanve Autlesm
(CA) (SC) (RI) Aeednd (SO) (BE) (P
(MA)
Constant 2,006,935 6,818,696 387,002 488,314 218909 182,929 4,008,344
(17.073)™*  (7.254) (20.634)™* (17.339)** (20.41)"** (41.260)"** (28.73)"**
Pea, -448,754
(-3.318)
Psc, 1,476,830
(0.525)
P, -0.008
(1.430)
Pua, -27.535
(-2.090)
Pso, -2.405
(-0.420)
Pee, 0.444
(0.609)
P, -92.723
(-1.349)
T, 102,763 132,878  8.662 17.795 4673 1,236 5.445
(8.819)"*  (1.906)*  (4,540)"*  (5.683)™*  (3.242)*** (2.735)**  (0.370)
AU 20 21 21 21 21 21 21
faat1e  0.85 0.49 0.76 0.89 0.73 0.85 0.21

R-Square
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Yo+ Y+ = A (RN (L)™.U))™) =0
Ca[d +Ca[ex +Ca[E _A:a((ktCa)iz.(NtCa)jz.(Lfa)mz.(UtCa)nz)SO

Suf +Su +Suf — Ag, (k) (NE) B.(5")™.(U)™) <0

E, — A ((k5)"*.(NF).(Car)*.(Suf) ™™ (Su")*™.(U5)™) <0

SuM =By, (Suf +Su®)

k, —k! —k& -k —kF =0
N-N)-N#-N*-NF=0

[-L -1 -1 =0

Um+U2 +E -U)-UZ -U*-UF =0

BC&\'C:a‘tex + BSuex'SuteX + ytex Byex = A\Jim'Utim

K=K  _



61

HANITANHIAINULLANA8NEAIANITIANIUNNTI IUEUIARNLF NITLAH
Prnnunisnanenuea liesneiuglasdieniuealuauinn deanansznuuaznaliia

= : o
naidasuidassanianisinems nanail

uanafnsldnased C, =0,C, =3.066,,, =8.230e — 06,v,, = 0.9999,k
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Anae

NINWLFIERIINNTTRNFRTINTsRARTUAN U nAsHuun tiungandanisuaadies Taanns

NARNUANU T UAIHERIINITULN AN NAUEAAY 0.23 Fall LAZNITHARGAUNARIIN1T

o QI dglsx P~
YA NTUTBLA 0.18 FRL AININ

value
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4.65
4.60
4.55
4.50
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4.40

4.35 | |

Growth = 0.2306 %
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1 1 v
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Growth = 0.6721 %
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3000 7
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value

1 Growth = 0.7576 %
} } } } } } } } } — time
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S a % dl v 1 a dl v
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Labor
|
| Growth =-0.1629 %
} } } } } | } L 4 | time
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Area

4.34
432 t
430 +
428 +
426

Growth =-0.1014 %

424 1

422 +
420 +

4.16 : — : : ! — — time

0 5 10 15 20 25 30 35 40 45 50

dl ”d‘Q dl a a % a
nwdsznau 10 ﬂ’]?Lﬂ@HuLLﬂ@\‘lﬂ'ﬁI‘H‘VIﬂuLW@ﬂW?N@m@uﬂql‘u?gUULﬂ?‘]&fﬂﬂ@

A2 1A9 Lazdas ANATFL

Analasulasaaants Ml NAN W IUAA NN ZLNINLINSAFIINTULIN LB

{
o a

mmmﬂ?ﬁwﬁmusl,ummamauﬁﬂm:umﬁmﬁ@ﬁ AN ULNEIANNTURALFRUAL 0.42

a

| ' alle o oo A = a v L a v
platl LLmﬂﬁI?N@mﬂuﬂqﬂzuﬂﬂﬂﬂqﬁ‘i‘ﬁw@QQWHLWN?UL@@E?@E@ﬁ 0.24 AL NITNANDDE

a K a v 1= a QI dal dl 4 S B
WWHAULDALTAUAY 0.24 AL LAZNTNARENIUDALNNAULRALTALAY 0.32 FDL] AININ

Unit

136

134 |
132 1
130 Growth = 0.4262 %

128 t
126 1

124 4
122 4

120 71

118 : I } } } } } } } } time

0 5 10 15 20 25 30 35 40 45 50




71

152 +
150 1
148 1

Growth = 0.2394 %
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Ubolsook Aerwadee (2010) lFatas1zsin1suananivaaainiudlznaalne 14
ISIICRY LN Dynanm:genemﬂequmbnunwQEUﬁﬂ@xﬁﬁﬁuwuqumluﬂqﬁiﬁiﬂm NTHAR LAY
mﬁmmwﬁwmnﬂm:uuLﬁmgﬁwmﬁuzﬁqﬂwﬁqL‘ﬁfamiLﬂummﬂmuﬂuwﬁwmmu
WarfuuL Cobb — Douglas

Tnanvueaunisdnglszasduasdadninissialii

Maximize W = [e"u(y!), (f,")dt
0
= [etu(y!) () dt
0

je‘”u(ytd ), (f.9)dt = Warffuessntlsslamivesdany
0

yt" = Domestic composite commodity consumption
ftd = Domestic food consumption
e " = Discounted factor
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dk,

dt
. R a — Y o o ] 6 o
capital) Wirun1saanugna (1,) auAudensimaeanu (k) wazdeadnsine luieidu

=1, -k Aanisilaaunilasluafionyunisnianan (Stock of physical

NNTNAR
Present Value Hamiltonian
H =eu(y!, )+ 9[R! (K NZ LU |-y -y -
State variable : Kk, = F " () =y — y™ — &k,
Costate variable : 4, = (r + 8) A — ¢,
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uANAINI Reiner Kummel et al. (2008) 1l3¢ns Economic growth model 31Tz
ANMNIZAN (Optimization) TB4NITNAANANUNENIROUILAALNNTBITELLIATIHTTIA
TneldWeridun1sn@nuuy Cobb — Douglas INBAMWIIMIANNE ANEUIBINANRS (Output

A o dl 1 o a dl = .

elasticity) lutszinAieasduil (ilu uazanigelaidni NUAAINY $1A1WY (Shadow price)

v o 1 a dsj 1 o o a v 1 [
289019 lEnInenswuInananazavagfufadanisnaa laun Tadeyu (K), useau (L)
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lunsalAnen 3 dsvmna nuandAnuuansnanii

Tudruwarudsenineadeadiusiuni1slaiandsdrunmw (L) luwuusaiaad
Chakravorty, Magné, and Moreaux (2008)

Subiject to

L-L, -L,>0.

ui(f)=c, +7,

/
u(y)=c, +7,
and

720 and 7|L-L, - L,|=0.

MAX [ {u (F)+u,(y)—c, L, —c L Je dt
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fmm'a'?%jmw?”uﬁ (Water footprint) tlusradannslitinannisuanaufnuazisnag
naanvagltgUnIuy Feansasnansldimnensauasmeden

TaeRansAuadtanlunsvanendusanisaes Water Footprint Network (WFN)
Fudunsfuamannuamuiunans i s dszam deznevliéon nsusanasYAn
S (Green WF) FuBunninslinanninduuazanuiuluiu ugq@LM@§vﬂmw§uﬁ(Blue
WF) utBununisliiannunasidsdunazunaainldau Lmuﬂ@fifmm'a?nlmw?uﬁ
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AN979 32 UFHIUNITANETLMEINN ANNABINITHN WATLFNIINT MLNATNAARATINNT

wnzlgnindunindu

NI Amsegszetn  Aasadesnsltinaedi WFR.e WFen
(au.2./13/2)
EToe ETgeen  CWU,,., CWU., (AL1.1./51)

VIENITE 389 864 622 1,382 1145 2,543
Wenglan 513 792 821 1,268 1.606 2,480
f) fasnil 336 893 B 1,429 885 2355
THNT 102 1,124 163 1,799 60 663
FLUB 296 900 473 1,440 188 572
zgma:rg%mu 101 1,098 162 1,757 59 638
1397 204 975 326 1,560 144 687
bl 202 1,084 324 1,735 196 1,049
ﬂﬁ‘xfl‘l 390 894 624 1,430 216 495
Zb8 108 o875 172 1,877 67 732
UATATHIINTT 31 1,117 49 1,786 19 680
WVVI'Z\N 201 1,009 322 1,615 147 738
ANKIIN 288 985 461 1,576 202 690
ana 189 1,062 302 1,700 135 759
BIEAN 205 935 328 1,624 253 1,254
UINTING 205 1,015 211 1,638 102 797
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F11979 33 BununslfauaniBunaninnfiaanisivaiaeannsydeilande luuraann

Anin Pasnasns e lulnsian Andaunnanrdng WF,,.,
) () (AL.N./F1)

\Teresnel 20 2 1,893
Woylan 2 0.2 2,012
frinsT 6 1 1,695
TUNT 6,892 689 409
EATLN 611 61 373
qaun3ei 8,538 854 453
W 937 94 622
kel 12 1 356
nawl 8,754 875 401
n39 1,010 101 391
UATATEITNIN 1,162 116 470
WNQa 74 7 450
A9UA 223 22 459
ana 986 99 966
RIZA 50 5 794
U84 289 29 500

IS !

TIHAINUANAIATHAN HDIELRIAN N R NVATBUAATNUN AINNAnI19AN®"

WUL1 ATLRAE Water Footprint aa4i1antinsdudnviunanlulemaaiAwindy 2,139

QNUIATNAIARFY
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A1379 34 ANLaAs Water Footprint aadtantinsiudviunan lulemma

HHNA AnLaRE Water Footprint (a1l.4. / Fild)

WFgreen WFb\ue WFgrey Total
AAWTe 2,459 1,212 1,867 5,538
na’l 750 138 511 1,399
Lfilalf;l 1071 339 729 2,139

VN1 ANUUN LABTYAT UATATY (2555)

¥
=K K o [

Lme\immmﬂ?mmmﬂ%%ﬁLﬁmmmqmmuﬁumﬁﬁﬂwﬁ HUATNITWENUN
st i Wil RVE A MEANEsaY e s RINE LN U AU LatinsdE luaunAn

u@ﬂ@’mﬁ” Lukkanaporn Seewiseng (2011) THAN LT NN L Water Footprint
mﬂﬂﬂ’}ﬁmﬁ”ﬁﬁu‘ﬁlﬂ@ﬁ w Tasanisignilyaiisdeiimun -uiinnans asudanass Tutasdl

W.A. 2549-2553

WI:oilpalm =WFgreen +WFque +WFgrey
WF =CWU,../Y

proc,greem green

CWU g " ye=10*Y PPET . or blee
In rain-fed scenario: ET g, (rain — fed) = ET,, .(rain — fed) =0
In rain- fed scenario: ET., (irrigation supply) = ET,(rain— fed)-ET,,
(irrigation supply)
ET,. (irrigation supply) = (min total net irrigation or actual Irrigation

requirement)

WF, . ={(@*AR)/(C,.. —C..)}/(Y)

grey —
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;19 35 Water requirement for oil palm cultivation in 2006-2010

CROPWAT option  ETgeeq * EToie” CWUgrer  CWU,,,  CWUy,, (CWU yeenit

mm/growing  period/year

Irrigation schedule 288 1,006 2,880 10,060 12,940

option

WFs oil palm (m°/ton)

4500 1
4000 | 3989
3500

3000 4~
2500

2000 4+ 1829 1636

1500 1~

1000 + 524

500 +

0

nwdgznau 13 Green, blue and grey WFs of oil palm in 2006-2010 periods
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£1919 36 The WFs of Qil Palm in 2006-2010 periods

CROPWAT Palm fruit WF WF WF WF

proc,green proc.blue proc.grey proc.total
option (ton/ha) m/3ton) m/’ton m/ton m/’ton
Irrigation 55 524 1,829 1,636 3,989
schedule
option

AN Lukkanaporn Seewiseng (2011)
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A11130998anR1 Water Footprint 289t 1@ntinsulununAns e
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B39 43 UNUWT 3.2 dudsugRamnssuAnan wlananvisiaialaiail End User viaTugdau
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dl 1
B98N 43 (p19)

LN1TCEIZENT nangIu whuane

1uIN4 Biorefinery concept U3A3943199AA1MNITHAN
WM sz uun1IHAR Standalone ‘ilg Biorefinery

concept
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=

a c = & o’l o = a = =)
ANTN 44 ﬂ’]ﬁ")Lﬂi‘WZ‘MLLE‘EI‘LIL‘VI‘EI‘LI'E!ﬂ@qﬁﬂﬁ‘ﬁ‘ﬂﬂ’]ﬂﬂu’muﬂi‘zmﬁVL‘VIEI—N’]L@Leﬂﬂ—'ﬂutﬁumﬁl 1

2559
$181N17 Inel WAy aulpiiide
1. 7849 (1,000 19) 4,384 31,259 58,334
2. NANAB (1,000 B11) 11,420 86,325 160,136
3.namn3snlaialaLpiingea - v v

4 132 ANTNINNITUAR

nananmals (nn./19) 2,605 2,762 2,745
8RTIN19 NN (Fauaz) 17 21 22
5.91A 5.41

lﬂl aa
NH: @ﬂﬁ]ﬂﬂﬁ‘mﬂﬁlﬂl’mﬂizmﬂiﬂﬂ (2560)
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o” % & a dl’l a dl -] v dl” a L v
PNHUNANTUNNTHAR TRMWASTANN TAean1ENRINA M WA NAITD WA 451909
o/ 1 dl dl v 1 U 9/0” o 6 a o/ rdl 1 a o/ 'S
nesusatiasannlflseniAsasinunis I dundul A luNARATUTAY 111 NARS TN 11T
1A3R9A1a74 uarduAngllnaLsing
avnnglsthiungudszmanldiniulduunignaesian Inaadslgindu
1anilay 6.3 &1usu
uwlaunsasnanaazdanansenusainaniidunidusnalungjseslanlaun
a al a = 09/1 dgj a al A o 1 v
aulatlidy N uazlszmalng vistilszaansdulatid@aniaulugaaingsunda 3 d1u
pw doulunyilugasuinilgniduningu
a al a = dl Yo v [~} dld
yananauladide wardnadeRlFFuNansenuLal Usemalnafdiaananuisni
dnutlsznavaaingiuldnllialan AaglFFUNANTTNUNIATY LATNINEAN A0 LIETLNY
nngsusnaaslsymnalne
1) @9L@3une b e lulssmd T9A 1 UNITUTINA WA NI LT BAIUNA N
9 1 ¥
I TANRITINNAREAGIUNINTY 114 TulaRma B10 ilusu
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1 a o 1 A dl =8 o dld 1 AI
AINANNLNNNETBINTAITEEIULINAR 1) LNBANEITAENHHAFRRN1TLAS
132 ANTNINNINAAUNANUNTY WAL 2) Lﬁfaﬁmmzﬁmmv’imfwmmmgﬁmwdwmi

AU luTadtN1IUARTUNNFANARUAAULLINANARARUNANLNNY NaN1T3LAINZTR AT

5.1 NANISANELIARENNNaAan1sINNLsERNENIWNsHARLNANTNN Y

AINNTNUNIUTIEIIU LANAITATING uwmm%’mﬁ@ﬁLﬁm?‘ﬁmﬁﬂuu@:

1 v v
o o o o

AnatssimANNga UL auTindwiauum (Comprehensive Literature Review) Wa¥n17LAL

a

b4 o o dl 4 dl 1 dl dl 4 !
mmqm@g@ﬂgmmmm‘lzrmﬂﬂu@\‘mqmmw LL@%HLT%I’J‘H’\EQIMVMQE\‘NHV]Lﬂﬁl'l?.l'ﬂ\‘l‘W‘]_lfJ”l

a

[

w19 luN AN AN N NN TRARIWNN s a N LNl 2 Sasadl
1. HANT9ALATIZRANNIINANBY (Regression Analysis) mnfﬁm@ﬂguqﬁm@q
b2 6 09-/ % [ % o dl
inmmIngEgnianinsiuludandansed
NANTIILATIZHANNTINANAY (Regression Analysis) m@q%m@ﬂgmqﬁMﬂLﬂEMﬁ‘ﬂi
Tusandansednudntlasaninasailsc@nininnisuanmadqulsfusalsd (INC) nsg

6

Hnausn/n133an1229ULN AN (EXT) wazdmniini31sitindy (OER) tnaa1unsnilszunninng

o

Harfdunisuaniautndwlsisai

InQ =1.755 - 0.007 InEDU + 0.009 InINC — 0.01 INS + 0.016 EXT — 0.003 InEXP
+ 0.989 InOER + 0.009 WTR - 0.015 InFER

m"wﬁuﬂizaméﬁiﬁmnﬁqﬁsﬁummamﬁ@mmﬁmuﬂummﬁwﬁ“ﬂmmam (Output
Elasticity) ffadtfinusalilaoutiauguiios wugANdiiaselEresinenng
Wasuwlaafinibanas 1 asininanandutindudsunla induminfienas
0.009 tTadafun1IRNeUTN/N19aANITAuLduRANE AuE uTiat wungANg e
nemsnslEFunsinausu/nissansaaut a1 fnanAnn g uinufinduiesas
0.016 ‘LummzﬁﬁfﬁﬂG”rm@”mﬂmﬂﬁﬁ”ﬂﬁuﬁﬂfmuﬁmuﬂ;umﬁu 0.989 wangdINUaN

oyu/ai = yo’jvaldgjw 1 ¥ a o‘oglvald”y
undgnuensn1s lndiuinauiesas 1 azdsnalin1snantaninduinuauseuas

a

0.989



AN9N 45 HANNTILATIEAANNNTOANAY Scenario 1

Variable Coefficient Robust Standard Error P-Value
Constant 1.755 0.111 0.000
InEDU -0.007 0.008 0.394
ININC 0.009 0.003 0.002°
INS -0.01 0.008 0.238
EXT 0.016 0.007 0.023"
INEXP -0.003 0.004 0.536
INOER 0.989 0.015 0.000
WTR 0.009 0.006 0.120
INFER -0.015 0.01 0.133

R’= 0.977 F — statistic = 567.90 n = 120

A = aad o A AN o oo oo la aad o
* ARNTALIULIAN UNNADNFANTEAL 0.01 LA e ABANTEALUANATUNNADNFANTEAL 0.05
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Variable Coefficient Robust Standard Error P-Value
Constant 7.606 0.396 0.000
INEDU 0.106 0.05 0.04**
InINC 0.008 0.02 0.709
INS -0.019 0.041 0.649
EXT 0.067 0.057 0.248
INEXP 0.021 0.027 0.423
WTR -0.0.12 0.035 0.733
INFER 0.017 0.087 0.843
R’= 0.058 F - statistic = 1.29 n = 120
 ReflazAuriidnAnynnaadnnes s 0.05
T Soenario‘ﬁ 2 Q =f(EDU, INC, INS, EXT, EXP, WTR, FER) uumuﬂ?ﬁﬁmrﬁi@
UseANEANNITHA AU FNtinsTuAR s L LN AN EA MunEA NI AU T ANEA

dl QI d” E o A a c 09/ % ai QI d” I v Y
Waguudasuninausesay 1 aznlinananlautindulasuudasnuawminubesay

0.106
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Variable Coefficient Robust Standard Error P-Value
Constant 5.195 0.05 0.000
InEDU 0.114 0.02 0.024**
ININC -0.001 0.042 0.966
INS -0.009 0.06 0.833
EXT 0.051 0.026 0.392
INEXP 0.024 0.035 0.360
WTR -0.021 0.089 0.543
INFER 0.032 0.41 0.715

R*= 0.057 F — statistic=1.46 n =120

1
aaa

* AalsTALIAN AN NEDFNIZAL 0.05

Scenario i 3 OFR = f (EDU, INC, INS, EXT, EXP, WTR, FER) 1usaudsninasia

1192 ANTNINNFUAMUNANINTY F118RI1N17 15180 (OER) ARILALINIIANTI MNIEIAINH

oo o = = P o § v = e O o o a
TNeszAunIsAnlasuLlawiNTuEeaas 1 asniliinanantianinduilaguias

QI d” (R 4
WNZUNNNLTRUAE 0.114
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5.2 KANTITIATIERAMTNANAINUATHFNA
o [ % dl ] 1 a a a % o’/l 1 A a g
nagannnIvilaseidenasnalsz@naninnsuanuan duneusallaan1s3iangi
-4 . . . al =
AUNU NARDLLNLAa9LlszmnA lne (Economics Cost Benefit Analysis) wRaueunstinig
auludasenisuan (With Project) il nnganeiuganyu (With Subsidy) Tasinnsindade
a dld 1 a a a dl dgl dld o % 091 o
N1INARNHHARUTERNTNINNITUEANINNGAAINNITAINUNABERIINIT IHENTUNAN
Azi Ingainnisduniwnlinemsnsijlgnidutndunudiineasnsiananan luglues
natdunzane TelisAnedanaldunzateilaninas 4.06 (dinauAsEgRanIsInEns,
2560) Tuanieisaraaialanvini 4.82 UmMAaRIANTNATNIIDATUIINARD LN UANT
= o a al o 1 a o dl ¥ a 1
natdasnululadunisnannFauauiuNIa18 RULANYLAIANTINN 48 (TeyanaNARsa
19 uazbiuyusialsfinedeann nuaTun wisiin uazandAng aunsan (2559))
AmFunizAtuansiunulunnen 49 dusiunuselsreunwnsnsdsznauldfoy
1 F 7 1 s 1 1 v o o a v 1
A ldanelunteaenu @ ginsninnanisinemesng wazAtlanalunisauiiunisldun
AT AARTASENIIAR TuEA AU Project Cost ATNUNBYIUINITNITWEN W
ANENINNITNARNANERITNLLTEN0L 2561 (A1nandseannd (2561)) Autdnsindu

WINAL 143.22 &11u1n And 31.380 wansials waz Subsidy Cost 1L 3,000 &11L9

AnLilu 657.32 UNsals

F1979 48 N9AUNaneLunuNsiasuluadan sudnFaumeuiun1sane [

UL
With Project With Subsidy
i — =
NANARFDS 7IAN HARAULNY  NANAR 31A" HARALLNU
4 2,325 4.82 11,206.5 2,325 4.06 9,439.5
5 2,675 4.82 12,893.5 2,675 4.06 10,860.5
6 3,162 4.82 15,240.84 3,162 4.06 12,837.72
7 3,367 4.82 16,228.94 3,367 4.06 13,670.02

8 3,440 4.82 16,580.8 3,440 4.06 13,966.4
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With Project With Subsidy

aly — _

N@N@ﬁlﬁ]@iﬁ‘ NARRAULLNY NANAR TIAN NARBALILLNU
9 3,490 4.82 16,821.8 3,490 4.06 14,169.4
10 4,057 4.82 19,554.74 4,057 4.06 16,471.42
11 4,375 4.82 21,087.5 4,375 4.06 17,762.5
12 5,011 4.82 24,153.02 5,011 4.06 20,344.66
13 5,273 4.82 25,415.86 5,273 4.06 21,408.38
14 5,350 4.82 25,787 5,350 4.06 21,721
15 5,592 4.82 26,953.44 5,592 4.06 22,703.52
16 5,181 4.82 24,972.42 5,181 4.06 21,034.86
17 4,862 4.82 23,434.84 4,862 4.06 19,739.72
18 4,510 4.82 21,738.2 4,510 4.06 18,310.6
19 4,260 4.82 20,533.2 4,260 4.06 17,295.6
20 3,375 4.82 16,267.5 3,375 4.06 13,702.5
21 3,500 4.82 16,870 3,500 4.06 14,210
22 3,110 4.82 14,990.2 3,110 4.06 12,626.6
23 2,945 4.82 14,194.9 2,945 4.06 11,956.7
24 2,827 4.82 13,626.14 2,827 4.06 11,477.62
25 2,710 4.82 13,062.2 2,710 4.06 11,002.6
9N 411,613.54 346,711.82
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With Project With Subsidy
oy
Funusials  Project Cost  Hiuvus funusials  Subsidy Cost  fiuyu

1 3,190.00 31.38 3,221.4 3,190.00 657.32 3,847.32
2 3,190.00 31.38 3,221.4 3,190.00 657.32 3,847.32
3 3,190.00 31.38 3,221.4 3,190.00 657.32 3,847.32
4 5,951.00 31.38 5982.4 5,951.00 657.32 6,608.32
5 6,010.00 31.38 6,041.4 6,010.00 657.32 6,667.32
6 6,727.00 31.38 6,758.4 6,727.00 657.32 7,384.32
7 6,434.00 31.38 6,465.4 6,434.00 657.32 7,091.32
8 6,978.00 31.38 7,009.4 6,978.00 657.32 7,635.32
9 6,520.00 31.38 6,551.4 6,520.00 657.32 7,177.32
10 6,765.00 31.38 6,796.4 6,765.00 657.32 7,422.32
11 8,596.00 31.38 8,627.4 8,596.00 657.32 9,253.32
12 7,537.00 31.38 7,568.4 7,537.00 657.32 8,194.32
13 7,635.00 31.38 7,666.4 7,635.00 657.32 8,292.32
14 7,563.00 31.38 7,594.4 7,563.00 657.32 8,220.32
15 8,434.00 31.38 8,465.4 8,434.00 657.32 9,091.32
16 10,304.00 31.38 10,335.4 10,304.00 657.32 10,961.32
17 6,497.00 31.38 6,528.4 6,497.00 657.32 7,154.32
18 6,464.00 31.38 6,495.4 6,464.00 657.32 7,121.32
19 6,317.00 31.38 6,348.4 6,317.00 657.32 6,974.32
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With Project With Subsidy
ﬂﬁ 4 ! 1 4 4 ! 1 4
funusials  Project Cost fiunu funusials  Project A
Cost

20 5,783.00 31.38 5814.4 5,783.00 657.32 6,440.32
21 7,589.00 31.38 7,620.4 7,589.00 657.32 8,246.32
22 6,383.00 31.38 6,414.4 6,383.00 657.32 7,040.32
23 5,577.00 31.38 5,608.4 5,5677.00 657.32 6,234.32
24 5,656.00 31.38 5,687.4 5,656.00 657.32 6,313.32
25 5,5673.00 31.38 5,604.4 5,5673.00 657.32 6,230.32
U 161,647.5 177,296

3. vl With Project iU With Subsidy 4anstiiladaaiuduaininndniu

Tnen1sAuIniyaA1Taq iU AR LUNUANS SRsINaRaLuNUNe Y Lazdnsdausuu

! o a dl Ql a a a A
NARBLLENL WUQWﬂqiﬂﬂnuluﬂ@@ﬂﬂ’]?N@MLW‘ﬂLWNﬂ?%@WﬁﬂWWﬂ’]?N@MN nadselamiilu

THLHNIFRINHATNT WATNITENIIARILBNTTLNG HANNTINTTANE RugauYWeIAT Daudidnlu

srezduninigiiosasululadanisuangs uiaziianadseloning luszazan wesanly

09// IS4 dl dl Vo o dl 4 Y & 1 1%
FLUTAUNRAUNUAIN LL@:LN@Lm:rmm‘immm‘wwumgﬂmmLmezmmmTuﬂmﬂmim

m1979 50 NPV IRR Lay BCR 284 With Project fiul With Subsidy

Optimal Policy yarnaqiii ansNaneUwunel SRsdIusunu
HARBLUNUYE NARBLUNY
With Project NPV = 128,686.66 IRR=7.21% BCR=1.8
With Subsidy NPV = 86,063.34 IRR=5 % BCR=1.49
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f«mnmm34;\‘1‘1/1mwmmﬁ%%na’qwﬁqﬁ@L‘ﬁﬂﬁﬂmumwuﬁmmmﬁmmaﬁ
ninennsdiothdutisiuiluiandam
5.3 LULANNDINITANRTTNTNENG
Tun1sundnAmasaes Continuous time optimal problem vhiduneuusnazinvun
a7 Bendn Present Value Hamiltonian function aafnual&aad
H=v,((C}),(PO"))e™ + 1, ((f. (kS,NS, LS, ES WE)—(C! +CX +k,)) .. (1)
Taan1nun’lit 4, 1 Costate variable 489 The state variable k Wa LN 19U A
Present Value Lagrangian function sl
L=v,((CY),(PO))e* + u ((f. (kS, NS, LS, ES W) —(C! +CX +k,))
,Llpo <( fpo (ktPO, NtPO, LFO,WtPO, E(PO) _ (Potd + Potx + POtBD)>
+ Ugp ((Tap (ktBD, NtBD, POtBD, EtBD) -BD,)
+¢k (kt r ktC R ktPO _ ktBD)
+¢N (N_ NtC _ NtPO _ NtBD)
+@, (E = L(t: = Lfo)
+ ﬁ/\/ (\W_WtC _tho)
+¢. (EM +E! +BD, —-EF —E° —E®)
+¢, (R°CX +P°PO* —-PVEM) (2)
Largrangian multipliers %38 Costate variable
ANUA L , Hpo . Map. P, Pn . B . By, P , do unU Costate variable 2389N1INAR 1L
Tommaantnduingi
91N Present Value Hamiltonian function wae Present Value Lagrangian function
¥ina1A"149047 First Order Condition #4t)

oL ., oV,(C!,PQOY)

=e -u=0 3
actd actd Hy (3)
oL ¢ OV, (C!,POY)
e TV 2 =0 4
oPO; opos ‘o “
C C C C C

a';:;ztafC(k"N"';"Et W )—¢k=o .................. (5)

ok, k|
aL afpo (ktPO' tho, L[PO,WtPO, EtPO)

8ktpo = /upo 8ktpo - ¢k = 0 .................. (6)
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aij;D L Gt NatEB'DPOtBD’ B 4=0 (7)
a?\ll_f _ Tk, Nt;,\llt-cf,Ef W) 420 (®)
% _ p,, Heolk” Nt:l\’I:;ZO’WtPO’ &) =0 . )
as% _ g, Teo . '\g;DtB’f OB 420 . (10)
;LI% u ﬁc(ktC’Nt;Lt':C’Etc’Wtc) 4 =0 (1)
ai';o _ g Trok”, th;’_tgo'wtpo' 5D 420 . (12)
a\?\ll_f =7 ofe (ke Ng\}vlt_g’ ECWE) =0 e, (13)
- \(/?/I:PO ay, £ ok, Nt;/;/t';zo’wtpo’ E) Gy =0, (14)
;E':C AP o (kf,Nt;,Elt_cf,Ef,Wf) ~$e =0 (15)
% = Heolk” Nt?ét';go’wtpo' ) g =0 (16)
% _ i Foo(k”, '\(';BEE:E;DPOFD’ B 20 (17)
g BlENRPORE
%:_#Powpaczo .................. (19)
oL

e (20)
%:—%D+¢E=O .................. (21)
aﬁEI:M g —gPM =0 22)
% O (23)
L ON-NE-N-N®=0 (24)

oy
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sz—Lf—lj’O:o .................. (25)

L

% =W-w°-wf=0 (26)

al— M d C PO BD

J=Et +E'+BD,~E°-EF°-EP=0 ... (27)
E

al— Cr~ X PO X MM

szt CY+P™PO*-P"EM=0 (28)
P

luPO(POtd + Potx + POtBD - fPo (ktPO, tho’ Ltpo’tho’ Etpo) =0..... (29)

Hpo >0

U (BD, — fop (KPP, NP P WBP EPP)=0 ... (30)

Hgp >0
oL

_6725,,1_@:%_@ .................. (31)

t
K-8 22" € ok L |, % T o0 (32)

Current Value Necessary conditions Wartuaiuiaerlanadulunsas

131981 T uUAlH Costate variable 4 =e*y, uay 4, = &%y, +e%y,

wananRlAnIuuAAT Current value Lagrangian multipliers sssialdil Tng
0 _ .0

Voo =€" thpo ,Vp =€ tgp

o, =e"g o, =e"d, o = egt¢|_7w\/v =e’dy , o :eet¢E , Wp :e0[¢P

o

dl o 1 ! ¥ ¥ K dl dlc ] | A
LHANTUUARTRR DRI 1@LL@QQQ’&WN’]?QV’]N@MVL?IVW’]LﬂuiuLLm@Z‘ﬁ"J\‘iLQ@’]Mﬁ“ﬂ

u

First Order Condition 41}

u =-4=0 (33)
Uo=Vpo=0 (34)
AMPe =y (35)
Veo=MPe =y (36)
Vo =MPoo =7 (37)
AMP =y (38)
Veo=MPo=7y (39)
Voo=MPo =7y (40)

AMPo =y (41)
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Veo=MPro =y (42)
AMPe=ye L (43)
Veo=MPo=re (44)
Voo =MPw =7 (45)
Voo =VeoMPooeo (46)
Veo=re (47)
A=y (48)
Veo=re (49)
YESYe e, (50)
k. —kS—k™°-k*=0 (51)
N-NS-NP°-N*®=0 (52)
L-LS-L°=0 (53)
W-We0 | | B | % N o (54)
EY +E'+BD —ET-E°-E?®=0" T @ | ... (55)
R°’CX +P°PO -P"EM=0 (56)
oo (POY + PO +POP° — f,0)=0 (57)
B B0 f.hs0 | NN O N (58)
A=4O0+8)-y. (59)
f.-C'-CX-&k. =k . (60)

Maximum principles

Maximum principles Lﬂumﬁﬁmuﬁmmmﬂm:mmq (optimal time path) i
ARl luLAAZ 98N HaTLEBaNdn The optimal path 184AULITFN"]

Amaendsznaullsng k| 4 o, oy, 0, @y, 0, @ Ve, Vap
k=f.—C!—C* -k @%uwiﬁdﬂﬁmmm?Lﬂ?ﬁlﬂuuﬂmmmmmmunuslwwim
PN @yu@au'ﬁummamau%ﬁﬁwmﬁ@uﬁqmmmq@@ﬂme"u?q'fau TneAnuunaliiang
mmuw‘umﬂﬁ;m (Initial stock) TAB@nIUTAAREAINTIEHZED ki=0,4 =0 iy

f.—Cl—CX =k,
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Functions & output elasticity

gﬂLL‘Ll‘LI"]Jﬂ\‘muﬂwﬁﬂ Cobb-Douglas function

MaxV = [ v(C,“.PO.”)e d, a+p=1

C.OR
Co+C + 1= f (k). (NS (L™ (ES) ™. (W, )™) =0
PO! + PO + PO — f.o ((kFO).(NFO)I2 (LPO)™ (W,”°)™ (EF°)*) <0
BD, — oo ((k™)".(N")=.(POF)" .(EFP)*) =0
k =1~k
k(0) =k,

N-N°-N°-N=0

L - L& 1#° =0

W —W,° —-W,”° =0

EM+E’ +BD, —-ES —Ef°~E° =0
PCX +PP°POX -PMEM =0

Tmﬂ'ﬁ a, B Aa Preference parameter
I, —i; A Output elasticity 193rad1)1
Ji — Js A8 Output elasticity 1a9rlaqaILTITY
Z, — 2, A Output elasticity 2a9tTadenacy
m, —m, Aa Output elasticity gasifadeiiny
n, —n, Aa Output elasticity patfademnennsiin

Y, A8 Output elasticity 1a9tfaqalndnringduluntsuanlulesisa

Mallluuanaeenananadudneuy Empirical Model MmN univenauiant

Aa & o o o = ANy A o y
ﬂtyu’]mLﬂ@‘ﬂuﬂUﬂ?:ﬁW]ﬁiV]ﬂ @qﬁ?Uﬂq?ﬂﬂ‘]ﬂ’unﬂuqﬂmﬂ"lﬂﬂ"ﬂ@ﬂ;{@‘VIW?@N LY NATLEIN

Uszinnaeaninginsiieg1edniau n1suthdiureanislinaseulunanssun1amsegia

597 fiazannInMn Optimal time path MwNzan 1A
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