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Southern Thailand.
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Academic Year 2014
Abstract

In response to Thailand’s southern region increasing demand of electricity, the
Thai Government encourages renewable energy development projects by private sector. Oil palm
industry is a predominate potential because of abundant supply of biomass, both at the mill and
plantation. This thesis presents an investigation of potential power project sites. The study
employed financial mathematical models together with with GIS land use data to identify the site,

capacity and maximum affordable purchasing price of palm frond.

The study provide two scenarios.

Scenario 1. Power plant independent from the mills. This scenario was for
independent investors who are interested in palm frond only. Simulation were based on
the area-based palm frond biomass availability. The power plants are limited to highways having
high-voltage transmission lines. The simulations were based on frond biomass availability of
150-350 t/kmz/y, moisture content 40-60%, IRR 15%. The study gave 5 potential sites having
capacity in the range of 14-32 MW. The total capacity is 112 MW. There are 2, 1 and 2 sites in
Chumporn, Surathani and Krabi, respectively. The average maximum affordable fuel price is
178.98 Baht/ton. The fuel procurement area covers 26-35 km radius and the maximum affordable
fuel prices are in the range of 101 - 263 Baht/ton and sensitive to moisture content but not

the availability density

Scenario 2. The power plans is competitively located at the existing 16 mills in
Surathani, Chumporn and Krabi provinces. There are 3 cases namely, 1) power plant based on
palm frond only, 2) power plant consumes both mills’ residues and palm frond and 3) power plant

consumes mills’ residues and palm frond at fixed price. It was found that,
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2.1 Power plants at the mills and use only palm frond. There
are 5 potential sites with total capacity of 111.02 megawatt. The biomass average price was
178.32 Baht/ton. The procurement area cover radius of 30-35 kilometer. Mill designated M12 in
Krabi has highest potential of 24.07 megawatt.

2.2 Power plants the mills and consume both residues and palm
frond. It was found that procuring cost of palm frond degrades the expected IRR. Therefore, the
power plant should not use external source of fuel.

2.3 Power plant consumes mills’ residues and palm frond at
fixed price. If the external fuel price is set at 178.98 Baht/ton (in order to be competitive to
independent investors). The area 3 potential sites with total capacity of 148 megawatt. Palm oil

mill designated M 15 in Krabi has highest potential of 64 megawatt.
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Y q

TeyansoiRdonazige

A = Factor fiber in 1 ton FFB (ton fiber/ton FFB)

B = Factor shell in 1 ton FFB, ton/ ton FFB

C = Factor EFB in 1 ton FFB (ton EFB/ton FFB)

CI = Annual labor cost (Baht yr—l)

Cls = Specific wage per capital of labor cost (Baht person—l yr-l)
Cm = Annual maintenance cost (Baht yr_l)

Cts = Annual transportation cost (Baht yr_l)

Cts, frond = Unit cost of frond transportation (Baht ' km™")
CW = Annual biomass cost (Baht yr_l)

Cws, frond = Unit cost of frond (Baht t')

(CWS, frondjo = Optimal unit cost of frond (Baht t_l)

CF — Annual cash flow (Baht yr')

E = Electricity output (MW )

Eo = Optimal electricity output (MW )

fe = Electricity export (% or decimal)

FFB = Annual FFB in palm oil mill, ty"

%H = Percentage of hydrogen in fuel (% or decimal)
h fg = Vaporization enthalpy of water at 25 °C (kj kg_l)
HHV = Higher heating value of fuel (kJ kg_l)

| = Discount rate (%)

| S = Specific investment (Baht kW e_l)
total = Total Power plant investment (Baht)
IN = Total income (Baht yr_l)
IRR = Internal rate return (% or decimal)
km = Maintenance coefficient (% yr_lor decimal)
LHV = Lower heating value of EFB (MJ kg )

EFB



I'vaiber

LHV

frond

I_HVsheII

wet, frond

MC

wet, shell

MC

wet, fiber

MC

wet, EFB

(19)

Y q

Yuanuaimgouaz e (Ao)

= Lower heating value of fiber (MJ kg_l)
= Lower heating value of frond (MJ kg'l)

= Lower heating value of shell (MJ kg_l)

= Number of months (months yr )

= Moisture content of frond (% or decimal)
= Moisture content of shell (% or decimal)
= Moisture content of fiber (% or decimal)
= Moisture content of EFB (% or decimal)

= Economic life time (yr)

= Number of workers (person)

= Net present value (Baht)

= Total outgoing finance (Baht yr_l)

= Price of adder (Baht kW)

= Price of electricity capacity, (BahtkW 'month™)

= Price of electricity energy (Baht kW)

= Price of fuel saving (Baht kW)

= Price of renewable energy promotion, (Baht kW)
= Boiler thermal load (MW )

= EFB thermal load (MW )

= Fiber thermal load (MW )

= Frond thermal load (MW ,)

= Optimal boiler thermal load (MW )

= Shell thermal load (MW )



(20)

Y q

Yuanuaimgouaz e (Ao)

= Radius of plantation area (km)

= Optimal radius of plantation area (km)

= Annual power plant operating time (h yr—l)

=Vat (1.07) (% or decimal)

= Boiler efficiency (% or decimal)

= Qverall efficiency (Fully condensing plant) (% or decimal)

= Annual specific biomass frond availability (t km’y ")
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232 mswaszviuazilsziulnsams
s

a o A g =
msaanziaadulaaaulasenislalassmsnialumassygmaasiiu i
v Y
pg1ia187%  luniina1aaisyamilegiiugns (Net Present Value %30 NPV) 113915841
A a 1 1 o’d’ Yo 1 1 Y
NPV flomsnarsanwanvszrinwallse Temin ldsunazyanvesaldaienaoa Tnsans o
= [ A % o 2 d‘ 1 dy
naudeiufe s nailgiiu Taemasiuim NPV aadou luae 11l
A =~ 1 =® 3 1
o NPV Uandluuaniquendalnssmstiviiauleamu
A 1 (]
NPV fisuiluaunaasinIasems hivhaulvasmu
I 1 qgj [ Yo 9 V2 Y]
NPV 111 0 naaed msasnuIassmstiuansonenasovunuldnudasu ldminy
o o a vy y A 0o q Yo S &
ANUMANIS tazansafszRuasulidaula e NPv=0 ilddasineniie () il

onsmanoUuNUNe lu (Internal Rate of Return : IRR)
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233 Gﬁluﬂ@u‘llﬂﬂﬂﬁalﬂﬂ%?ﬁﬂiﬂﬂﬁ (NPV=0)

E4
=

o 1 Y a g S 2 o o
€)) ﬂmuﬂﬂlﬁ'agamﬂﬂénququmﬂugma Fan11onsiaeniile
3 o a P v A Vo ° A
NN ORI INARBD LN Tﬂﬂmﬁamﬁ13wTﬂiqmﬁaJmiﬂmwemwwaﬂemmumqwmsﬂﬂ
19 (Minimum Attractive Rate of Return 38 MARR) lagi2 11/ miua (IRR=15%) #i500a351
NAROUUNUNADINT (Required Rate of Return)
@ Mnuaszeznaduiulasinsuieoigueslasenisnldly
a J
NTAUATIEH
3) MIAINTLUARUIIN IAINNTLUFIAY (CF) = 57951~ 518918
1 =) U % =) d' = d%’ 1
4) mgaﬂmuiuﬂwuu (f) YoInsTuaRUIsINInavu luuaay
FIIANUOATIHAADUUNUYD (1)
5) hanszuadulvadeenguiuyanuiuilagiulude 4)
v
ué’aauﬁ”mmuamuﬁluﬂiﬁuiﬂ (1) ANFUMS

NPV = f,CF — | 2.9

o _@xi)-1

i+i)"
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2.4 HUUSARIMIAMAMIANS
2.41 vnalsalih
Usgansamnvealsdlwidnvundandsarulddusissegrafen

(Fully Condensing, 77_ ) [37] ao T3 IWihnlil4 leshnnudugaldlunszuaumsnisan

9 1 £ A Y [ 1 1% 9 Ay v A o A 31 .
IDUAN 61]’0\115\‘]\1114 G]NLﬂEJ’JEllENﬂ‘]JﬂTWa\‘iﬂuﬂ’ﬂllﬁ’ﬂu‘ﬂulﬂiﬂﬂmﬁENﬂnuﬂll’illﬂ (Boiler

thermal load) tazAMaImsnan Wi (Electrical output) f9aums (2.10)
_E
Mg __QB (2.10)

a 3 ] a g 1 I3 [
avualiIseIlihasegluusnaiunlgnidudousoudlosall R (km) uaz
as 4 o 3; o o v o I Y A
H¥athavnnszurumsanatiniuihdylulseanuanam 1 @3 uia (a15199 2.1) uag
4 3’ % Y &£ a v A dyd a =) = 2 -1, A 1
aau1auiiusouU1e FIUTHIVTAN R (km) HHUSuadwiatles ¥ (¢ km y ) 538N
area-based availability density
a 4 1 14 a
mswaanszua Iz ld nzar nzaredular wazmaluaihduluniswan
aszua lWih Tastigramswaa t (hyr) Jumsdwiwes lidudulenaaiiosnnnuindu
o g’ o 4 [ @ 4 I
lognldnualulsenuadamiiuihdy saluaunisezuaasiledevoudule 1 imeiu
o = 1 % qul o w a d’ o a g‘ d? U
puamelumsih ldnwdely daiu sdsmasnaaveunioaduiialei (@ums2.11) Yue
@ a ~ 1 ° 14
fdSnannudeunld (@uns 2.12-2.15) Tagliaanudeudrvesnaluihdy (@uns 2.16)

1 9y o = s @ A
Llagﬂ'lﬂ')'lllif]u@'l"llf]\ﬂ)"gu'Jal]’laiJﬂTﬂIi\NWuaﬂﬂ (M5 19N 2.1)

QB =g, frond +[QB,sheII Qg finer " 0B, EFB 2.11)
A
53]
AFFBILHV . )7
= shell’’/B
QB, shell = T (2.12)
BFFBXLHV o 75 013
B, fiber = ; '
CFFB(LHV )7
_ EFB/B
QgEFB = f (2.14)
2
L G
B, frond ™= i @.15)
LT

LHVfrond:(1—MCWet)[HHV—9hfg(%H]]—hngC\Net (2.16)
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~ a =2 4 [ oy % 4 1 9
A1519% 2.1 Ysunamathanlulssnuanmihiuthassazmanusou (3]

L ) YTnammiadume Aanudoudizwiaihay
wAFINIA Y
(ton/ ton FFB) LHV (MJ/kg)
manaaduloldu (Fiber) 0.13 18.631 MI/kg — MC,,, (%) x 0.2113
m3naanza1n1ay (Shell) 0.08 19.385 MI/kg — MC,,_, (%) x 0.2189
Manaanzalenlal (EFB) 0.23 16.957 MJ/kg — MC,,,, (%) x 0.1946

A A dy = ] <3| ~
e MC_, Ao aNuFUNHIaL % 6lJ’E)x‘l{;‘\j”I‘lﬂlL‘]JEJf‘l

k4
242 WUS1a0IIMsUFFINIA

a 4 4 a qu ya o @ Y
ﬂ’lﬁ’J!ﬂﬁ’lgWi’lﬂ'IGU’ENL%’E]LW'EN'Ll'Ll51]3SLGIYJ%ﬂ’]ii]’la@ﬂ'i)@]iWﬂ’lillﬂamn-’E]'ﬂﬂGUEN
a a a 9y 9 ' ¢ o Y 13
13U (Cash flow) lugsnaIsa Wi IasAaninaieldaudlosients Fasmuald IN Ae 51050
3 I dy A o . = !
Warua (szfieumsdovielwihiuy SPP nsdidaanyseian Firm, 2552) ag OUT Ap510910

3 9 Y o
Navuagauaas ldaaauns 2.17

CF=IN-OUT 2.17)

s101d1sznoulUde
Pee 310140 NMsV WA IWHh (Bath kwh™)

4
pagg T IAMINATVAYUYEITTYIA (Bath kwh') *luauiieiiag 13

Adder @AY UAADADIGYDIIATINS
14 ' a 9 dal a Y = -1
Prep 318 IINduaTuMs IHFemaInd vy widon (Bath kWh')
Pec 5181805 veWA TWldh (Bath kW 'month™)

[

Poc =624.340.5(FX /37)+05) 1ag Fx dastuanilagumiiuimisyansy

L

9
a

AuanuIveiiaai 32 11n)

VAT MEYanuny 7% (1+0.07=1.07)

[ @ 09.11 9
unumesunanua IN 92'ld

IN = (VAT) T E(Pge + P pgq + Prep) + M(feEPgo)| (2.18)

UNUAT E 910 (2.10) 84 (2.19) 92 19

IN =(\/AT){tfe[pee +P pgq *+ PrEP J7EQE)+ M, pec(nEQB)} (2.19)
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UNUA1 Q,2.11) a3 (2.19) 12 14

mp
— ec
N =t (VAT)fe{pee “Pagd " Prep Ty }X{QB, frond +(QB, shell * 9, fiber * OB, EFB )}

(2.20)

UNUAT (2.12-2.15) a9 (2.20) 14

t

2
mp . } paR " (LHV frond)nB
t

IN :tnE(\/AT)fe{pee+ pAdd + pREP +

Ers)’B 2.21)

{ AFFBYLHV 7 X B(FFBXLHV . . J1g , C(FFBYLHY
t t t

o Y A U a 9 1 A [ dy a
ﬂTVi‘Llﬂalﬁ ouT ABNITNUIUYTLNOVAIY 4 AIUAD CW ANUYDINA

A J 1 dy a A "y A o Y A o
CtS A ATVUTIUYDINAN CI A9 A1V INUYAATINT NNIUUN Gﬂ\iﬂﬂuﬂﬂliuiiﬂhh/\hn?

Cm AD ANINFITNH (AT 2.22-2.26)

OUT=Cw+Ct +C; +Cm (2.22)
R
Cu=TCys VORI
0 frond
_ 2
=Cws frondWZR (2.23)
R
Ct=]C, w(l2RRAR
0 ® frond
2 3
7R
3 s frond"[/ (2.24)
N
C, = C N
' Z{ Is ] (2.25)
u=1
Cm=Kmliotal (2.26)

d‘ 1 T A A’ 1 o
Lummﬂmiamuiﬂsqmﬂsq"h/hﬂszmazmemaullmummaﬂu Tums

o = Y a Y a 1 dldyd Y 1 Y ]
190ITUNIT 2.22 IWATLIUNUN Iﬂﬂﬂﬂ?”lﬂ"liﬂﬂﬂlﬂﬂ‘ﬂﬂﬂﬂ NI UAIU Iﬂﬁl‘l’!uﬁ?u

Y
%

Y v
NI aetuUNe AUHAnd LN UAAIAY I
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uny IN gag OUT aqlu (2.17) a1

2
CF = nEnBy/sz (VAT) fe P(LHV frond )+ NEB (VAT) feP(FFB)(A(LHVShe“) + B(LHV ﬁber) +C(LHVEFB))

-c yR2-2eis RS- 3 (CoN)—kn! 027
" frond 3~ frond ol m!total '

ﬁﬁfiuﬂi% mpec
P=1Pee " Padd * PrEP "¢

A
)
NPV = faCF —1, . (2.28)
I@]fj‘ﬁ f :w
i@+i)"
ﬂ'mﬁamuﬁwmmmiz‘uull“vxlﬁw (Fully condensing)
lotag = 'sE (2.29)
Fauveulmiasaums 2.30 Tagunua E (quns 2.10) 1oz Q, (un132.11)
2
| . lsyR UBUE(LHVfrond)
total — t
[ 157 AFFBXLHVG ) 's787E B(FFBXLHV ;o) . \7ggCFFBXLHVp)
t t t
(2.30)

o muald NPV =0 Tu (2.28) 1 i Azt IRR  unuauns 2.27 uag 2.30
mldansadnnusnauromasld 2.31)

B nEnB(VAT) foP
"5 frond yaR2

2 1 N
-z R———— 3 |C\.N
SCtS frond  yaR2 uél( Is )

(FFB{A(LHvshe" )+ B(LHVfiber)+C(LHVEFB)]+77EUB(\/AT) feP(LHV ¢ )

lsngn
_ 15787
g (FFB)[A(LHVShe”)+ B(LHV . r)+C(LHVEFB)](km fo+1)
a

Isngn
—S"BYE (LHV YK oy +1
m-'a
tfa frond ( ) 2.31)
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Wi muam o (Ban) B ud1) uaz ¥ wnswin) laaeuaalugunis

(2.32-2.34) iy aumssnuemasazeglugilediadie (2.35)

_nEnB(\/AT)feP 1 N _ISUBUE
a—T(FFB)D V/—ﬂuél[CISN) WTfa(FFB)D(kmfaJrlj (2.32)
2
--°C
2 3 tsfrond (2.33)
|
y=ngng(LHV ¢ o0 o) (\/AT)feP—i(km fo+1) (2.34)

) dy a 1 J o ] 1
umJ%1aeQﬁWﬂwgsﬁeLwaqagiugﬂWQﬂ%uaquw (2.35)

Cws,  =oR72+/R+y

frond (2.35)

o 3 dal =S 4
243 Lm‘umamsmﬁumammamﬂuﬂmuqqqﬂ

i
S A

Y 1 1 Y
Falimuizanvesiui Ry, N1Hs1IAnFomasgegaaiu1son1ldein

dCys Frond /dR=0 luaunisn 2.35 Iaguaaanaluaunis 2.36

1/3

R :[2706} (2.36)

unuasadAmIzay Ry alu 2.11) vz ldvuamiosduia T nagdiasvlihn

MU AN A9AUNIT 2.37 1AL 2.38 ANa191

2
(Q ) iR (LHV )i {A(FFB)(LHVShe”)nB BFFBNLHV e 7 C(FFBYLHV g )ng
Blo ~ t ! t " t ' t

(2.37)

2

3 WWRO(LHmend)UBnEAFU {A(FFBXLHng“)nBFB(FFBXLHVﬁbeﬂﬁB+C(FFBXLHVEFB)UB

= E
0 t t t t

(2.38)

Y
[

Y Y Y
Wiy anFemasgaga lumsidoanasmssuseremasdos lumy (auns2.39)

C =aR _2+ﬂR +y
{ Ws frondL ) 0 (2.39)
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Y
244 aylunuiiaesnmiuyediuia

aumsiedudiansaldldsulse Iihnldsmaasianed iy Taali

Fawraninnelurhan Taetmuald Qg ghenr- . fiver 0% Qg EFB @ 0 1o aums

4 3 o 1 Y 4 @
ponuuy Bivetluaumanily ualunsaidnuiiiog1d Qg fiper= O inanlsanuana

Y

o w J PE] 9) a [
ihiuhanez lgsmnadulelunsHannasauauviue

aun1s (2.35) uag (2.39) FIWANVUANANDUAIL AU (2.35) 41190

Y v
A A

v Y
811MUATIAITUFO NTUGAUSATINITTUFOTINIA HAaZAINABINITHAADLUNUNIY

4 s I Yo ' o 4
wspgemaas (IRR) aumsiannsalylddulsdlddmavuia uasimsugesuialu

9
A

< A o ~ @ =
quN1T (2.39) L‘]Jusmmmwuamummaﬂm“lﬂﬂmw FIANTULEDFINIAGIFA

A o & a A v o A q gy
C o ﬂWﬁ\‘iﬁﬂﬂJ’OQﬁﬂﬁﬂclf’E]“lf’MJ’mﬂluiz83 ( RO ) MURUITTY N UU !,‘W’leﬂul@
ws frond o e

] k4
pageuunuilulamdouly Suiludgagalumsdesesindennasdedunaluaiuthdy
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UNN 3

ad o A a v
IHAUUUNITIVY

E4 9 '
uniinandiruaeuvesmsinide TassuAnidoyallgugiinaznaegl

Y

dy A AR a A A o
YDINUNNANEI iﬁllﬂﬂclﬂfiﬂ3!Lﬂ§3~l‘V]W€°’M1ﬂ"UU3J111Jﬂ1ﬁJ§ 2IHUANININTINIATINUN A4

so 'l
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d v 4
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3.1.1 Wdavande (U0 3.1)
9 U
- Jadayuns [38] AvgnnouUugaveInIa lduesmeilinzians Tueen
1 = dy A a [ dy A ~ = 9
(811 1n) Titled)szum 6,010 M3 1eRlawns anBuzNUNT VG 1IMULUIYTD-1d

[

Y
anueszinm 222 nlawas Taglioaadanudavialndifes il

a = a 1 v W [ A v I
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3.1.2 Tsanuadeihsidunfnm [41,42]

[

== 9 9 [ g’ @ 4 & A o a
ﬂiﬂ!f”fﬂ‘HTﬂ31%%@Haiﬁﬁﬂ1uﬁﬂﬂu1uuﬂ1aNLLUUNT@]iﬂ"IuGINNﬂ"I dN1THARN

% W d? £ [ ! Y = Yy v
45 ﬂuﬂasvﬂmﬂlullﬂ “]N13QQTU@Qﬂﬁ']'Jﬂ@\ﬁJﬂ”IiﬂiJH']ﬂﬂJﬁgﬂ'lﬂ (Glﬂa!ﬁu‘ﬂ']\iﬁa'l\i 4 148%41)

o 1

[ [ 4 ~ A =) t:'aall a 4
ﬂ1EJGl,Ll!,‘UWN1/i’JWIﬁJWi qINHYIDTIU Llﬁ$ﬂ‘i$‘UIQEJlJ"lJE)iJﬁ@HLLﬁHQ“V]ﬂQ“VINQiJﬂWﬁ@i

U

o = =
PNAITNN 3.1 Uae E‘]J“V] 3.2

A Y 3’ % < ~
M3 3.1 Tanudanathiuthasuuuinasgu aouilen)

Hourly
Geographical location Annual raw material
Mills Province capacity a
(Latitude/longitude) » input (ty )
(th)

M1 Chumphon 10°50'27.913" N/99° 13' 19.056" E 60 190,000

M2 Chumphon 10° 41' 44.732" N/99° 12' 14.796" E 120 380,000

M3 Chumphon 10°25'31.8900" N/99° 7' 55.851" E 60 190,000

M4 Chumphon 10° 17'37.492" N/99° 5' 22.671" E 60 190,000

M5 Chumphon 10° 11' 28.730" N/99° 6' 1.854" E 45 142,500

M6 Surattani 9°36' 19.425" N/99° 7' 24.704" E 45 142,500

M7 Surattani 9°30' 33.328" N/99° 7' 55.545" E 60 190,000

M8 Surattani 9°19'9.462" N/99° 7' 46.930" E 60 190,000

M9 Surattani 9°16' 54.285" N/99° 8' 23.586" E 45 142,500
MI10 Surattani 9°1'24.628" N/99° 10' 35.446" E 45 142,500
Ml11 Surattani 8° 57'42.854" N/99° 13'29.182" E 60 190,000
M12 Krabi 8°22'57.126" N/98° 42' 58.388" E 45 142,500
M13 Krabi 8°23'6.716" N/98° 43' 45.624" E 45 1425,500
M14 Krabi 8°6'11.203" N/98° 56' 48.879" E 45 142,500
MI15 Krabi 8°9'9.583" N/99° 1' 23.898" E 60 190,000

M16 Krabi 7°51'49.752" N/99° 8' 49.750" E 45 142,500
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3.2 mesasnanvuaaazangadlWihusags (115 saz 230 kv) [43]

v Ay

y 3 [ IS @ 1
Lﬁ@\‘]iﬂﬂ’ﬂ\? 3 WHIadFUN AN UM uran Tﬂmﬁ}umﬁmsmum

4

NNUNFIIHANNAINITOFOUADAUN 3 TIHIA AD NNUAWINNILIAY 4 (YUWTHAZNTZ)
7 s {
NHAWNNIBIAY 41 (FUNT-FINHYTFIN) HATNNHAWHUIAY 44 (43187 T511-NI2D)

19317 3.2 swdsszuumedadiihusege Ao szuuiiinsednliihge (115 1az230 k)

u E')

v 4 v
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9

szuveeds i sganni

3.3 w319l s:TewriNaY (Land Use) [44]
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A 9 P Ao o @ Aa & 9 1 4
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a o 4 1
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<3| A A Ao o o a A a @ 9
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o A Y @ o o Y 1 . A a o
favunazaeanassnuaniumsal luilogiiv Tasveyasglugivea Shape File NNszuUNAA

a J [ =
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I

F4 2 H H F4 H
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4 1
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Gllf]lluﬁ‘lﬂﬁ)'@ﬂﬂhlﬂ Gluﬂ'l‘i'Jl,ﬂi'l$ﬁﬁﬂflﬂ'lW°lf'JiJ’Jﬁ1/]'NGl‘U1J1ﬁ3J
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3.4 1)sunsu ArcGIS [35]
s a 7 A o
ArcGIS fio 9ga Tsunsulszgndszuumsaumagimaas e l4ianisdoya
a 1 o ) (% a o Y
giidsaumaldaeuduosaondwdoinisvesnsiszgnd 19d1msun1s3del ArcGIS
4 o
UsgnoudieTisunsulszgnd 3 Tusunsu @1eru Ao ArcMap ArcCatalog 1ag  ArcToolbox
£ :(3 A v 3 2L = [ dy
FaTdsunsulszgnansanuaunsodon Teasnuni sailiseazidoansae Ui
2 o w vy v A & da oy o9
- ArcMap Ao Tilsunsudrmsunaasnin ud ludoyaiFaiun duaudoya
H k4 2

asaunud vazsrsnugudeya GIs Taoudaarauusudoya (Layer) Tuudazdu

- ArcCatalog fio Tsunsuadegiudeya uazalsuud lusieazidenniey

= A Y
TIVNNVIVDIVDYA (metadata)
A ) v A 4 a 4 =\ A A
- ArcToolbox A9 T1sunsudmivansizinagiicnaas lasiinsoie
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M98 3.2 Autlsmanadauagasugmansuoalsevlih

parameter symbol value unit
Fully Condensing Plant
Running time t 8,000 h yr_]
Overall efficiency 77E 20 %
Boiler efficiency g 75 %
Electrical export factor fe 90 %
Number of months m 12 month yr_l
Biomass
Moisture of oil palm frond MC et frond 50 %
HHYV of oil palm frond aay 17,033 kJ kg
%H YoM 0.0575 %

Unit of transportation cost of chipped Oil palm frond Cis, frond 2.44 Bahtt' km' [46]

Shell generation A 0.08 t-shell/t-FFB
Moisture of oil palm shell MCqpe 15 %
Fiber generation B 0.13 t-fiber t-FFB"
Moisture of oil palm Fiber MCriper 30 %
EFB generation c 0.23 t-EFB t-FFB"
Moisture of oil palm EFB MCgrg 40 %
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parameter symbol value unit
Economic
Specific investment Ig 60,000 Baht kW' [47]
Internal rate of return IRR 15 %
Maintenance coefficient Km 3 %
Economic life time n 20 yr
Price of electricity capacity pec 582.15 BahtkWh month’
Price of electricity energy Pee 0.88 Baht kWh'
Price of renewable energy promotion pREP 0.39 Baht kWh'
Price of adder support by government Padd 0.3 Baht kWh'™
Vat VAT 7 %

v
. . o Y 1 Y " % [l
* Specific investment mwuﬂcl,ﬁmﬁmmnuﬂaﬁinmmuwqmaﬂaﬂﬂﬂwumiwmuaz

<3 1o a 4 < ! o w a
yuraan Tasldardriganinena1ssreds ilesnimiulse i dananiisridinisnaa

GRIEANGE

A1319% 3.3 wazPeaiasnud sy Tsa v

) AAYAaINg, C,
HIUYAAINT N (person) 4 4
(Bath person yr )

Plant manager 1 1,000,000
Shift leader 5 650,000
O&M personnel 12 450,000
Operator 12 400,000
Secretary 5 200,000
Fuel handing 6 250,000

Total 41
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r+(R) -r)
i ) i

Land Use .
High voltage
transmission
> Software ArcMap
highway . P
\
Map district Assume radius ()
\
Calculate fuel availability
/4
r
4 1
Calculate optimal radius
(RO )W (eq. 2.36)
No
le,) «
07, i
YES
h 4 \ 4
. Calculate maximum
Calculate size of power plant
Affordable fuel price

(QB )0 , (E)O (eq. 2.37 and 2.38)

Cws o (eq.2.39)

19 3.4 uwudsms$raealasems Tsa i (nsdifnen 1, 2.1 naz2.2)
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MC,, v R, (CWSpegna), Qp, E,
(%) (tkm” yr’) (km) (Baht t") (MW,,) (MW )
150 35.36 101.27 7431 14.86
200 32.13 109.16 81.79 16.36
60% 250 29.83 114.78 88.11 17.62
300 28.07 119.07 93.63 18.73
350 26.66 122.50 98.57 19.71
150 35.36 171.81 102.26 20.45
200 32.13 179.70 112.55 2251
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200 32.13 250.24 143.32 28.66
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64

A 1 o w a A A d?’ J ] a

Waiu@'ﬁ%‘]‘ﬂ 4.2 W‘]J'J']ﬂ']fl\‘lfniWﬁﬂuh/‘lﬁ']ﬂL“WﬂJﬂJuﬁ']ﬂJﬂ']ﬂ'J']iJﬁu']LLuul“lf\i
zﬂy A dy a ld? % 1 dy 1 A A = = dy A
WH‘VI‘U@\HGB@LW@QulﬂJelluﬂTJﬂWﬂ’NﬁJG]fu nNa1ne WolTeuNeUANNFU 40 tag 60% NANININY

] g a 1 a3 o o a A 4 [ Y
wumum%mm 150 uag 350 t/kmz/y @]'Nﬂflﬂ'] QﬂWﬁWﬁﬂlWNﬁHl‘ﬂWﬂu (72.5%) Tﬂﬂﬂ']ﬁ
A 7q Y I 1 o w a A ] a Ay A tﬂy a 1 o u’/‘ n v
Wq%u1ﬁl°ﬁu31ﬂ1@QﬂWﬁW@ﬁulWﬂTVlﬂ'J']JJﬁH'ILLuULG]NWHVIEIJfN!GD"OLW'ﬁ\1@‘]1\1‘] NH UU ulllvlﬂ
E4 Y Y 9 k4
ﬁuﬁumm%m%mwaﬁ ﬁﬂllﬁﬂ\‘lﬁlUﬂWﬂNu?ﬂ V. A9UU Lﬂ‘wwmﬂmuﬁumuummt%mm
"o Aa ' A 2 o w a A 9 g & A

miu Aunomaemsiuiuvessiasnmsnana lilih e ledszauil gua 4.1

o v o Jdo 1
ueradavauazkaliith lannuduiusainann

Eo

s
v

®)
w
A\ 4

f

DA

Cws,frond), _ N
(Cus.rona) RIET TR
1 l ........ > uilswHaRu
LHVfrond
t .

B

3 (O R

1 4.1 iwudamgrailademiimesaieg veelseluihdumnanluhds

U

dy A J A ] A a3 a =
‘H1ﬂ‘W‘L!‘VIﬂ@.ﬂﬂmuuﬂ’nuﬁumuumﬂ (w NY) 52INITINULNYIFIVI

Ed 1 Y
(R) vzanas i ldsmsude (C ), awsomiuduld mszdealdelunsvuds

ws,frond

9 9 9 4
dooas AnuduvsuFomasdinaidononunin KldlseldihdesdSusimsudoas s

dy ] dy a 1A A ' o w a o_w
mmwua:ﬂ’nwumuuwmwammJwamﬂuammzmﬂmmaqmswam“l%lﬂmmmﬂu



65

3 tﬂy til a A
432 1MIULDLYDIWAIBINID

1 zﬂy zﬂy a d' A [ dy = o
FIANTULDIYDIWAININUISTY AD iWﬂWiU“ﬁﬂ‘F’JﬂJ?ﬁiﬂUﬂIquWﬁ"l Tagin

=

Y
PoAnaq ”mumﬂfﬁemaﬂmmaiumumaﬁlu“l,wmmmmu( sl luszezSamuzan (Ry)

Y

1n319 4.2 ilefvuasanmuinFemad 200 vkm’y wuhnmTugeanadlugan
' 3 < & v v A L o o o

7-9.5 1maenna WlesiFudnnury  uazdidedntswanouuny (IRR) tiuIuInludetan
4 4 v U 4 [ 4

IINTUFOTOINAITUBATT 28.27-12.42 VINADAUADNN % IRR ANTY AU 60%

Y =

ldy A I 1 A dy <3| [ :/l o dy dy a
tazmiaznuilu 2.09-2.3 M WonNuyUanauily 40% ANUULNUNTUYDIBDINAIADIN
ﬂTi“]_Iii mumm%uimmumnaumﬂawm‘lvh?hwmmnﬂmqmmmwusluwmwﬁw‘h

v
Gluﬂimmﬁvmwammm&nu 60% LAZHINGIAINAADULNY IRR ]‘1’3‘1/] 15% hlllﬂ')ﬁi‘]ﬁ’]ﬂfﬂ

Y
L%E)L‘Wﬁ\‘llﬁ‘h!ﬂ’ﬂ 109.16 LNADAU

500 A
o o IRR = 10%
400 4 v } ——v-—— IRR=12%
~ L
< o — —A— - IRR=14%
v—<A A \\
R ~ N — &% — [RR=15%
+~ .\ ~ V\
< 300 A ~ 0~ ~_
m ~ ~ ~
= ~ AN S o)
,\O \l\\ ~ S
§ ~ ~ A S
~ ~ o
@)
N 200 - ~ A ~ o
~
\.\\\\ \\\O
~ Y
~ A
100 - .
30 40 50 60
0,
Mcwet,frond (%)

‘]Jﬁ 4.2 s"m”riucy’e)wamammm ﬁllV]ﬂTﬂ’JHJ%HEU’ENLGD"EJLWﬁQﬂ‘UﬂW IRR @]Nﬂﬂu

(y=200tkm yr')

4
ANUAHUILUUYBUFOINAY (availability density) Ina lagaTanUAIVHES 110

Y Y
v A

v Y Y 9
wunlatiomdmuniugs diwaldszeznamsyudeduas hldaunsodenasudoe

tﬂy a d? [ 3 z A A 1 Y 9 @ dy
(BDINAIFIUVY A UU qumimTiq"lvxlﬁmnmmwumuuuaﬂ PZADIANTIAITUNED

U

v Y
(317 4.3) AnunuFemautudsuevaTsa lulih



66

[ zﬂy zﬂy a 1 19 o w a I'd a
IMsuFaFemasgege (), lulsdedinansinszimstuueslnsans
2 v 1
Tsaluih ua (C,), Ao mrsausomdsgeganoonusuldlutoulvdmua Tseluihiiac,
Y o ] zﬂy A 9}0‘/ = 1 9 A o 49] ,;
1t muasimsude e ldiulehiinaneuunu (RR) lutesnindimua Tsalvihludug
IndiResnudondonasiudiea C Tsldihladiiia ¢ gendegldwSeulumsuadu
o & 2 o ’ ’
SUFRIFOING
1 a' ] dy a o Y d' d! 1 [
a1 C,, e nuriuemaandaa lalugli 4.3 Fawunludes
. Y ' o ' A= i 2 = '
sensitive AUANUUUIMUUNINTN TUBWAANBIT (100-400 tkm'/y) BANUUANAILTZU
4
36.55 maeAu Junna IRR ldsinsudegegaoglugia 114.77% - 122.93% 1995191
[ dy ° 1 [ dy dﬂl A A 1 9!4? (Y
Sudediga  anuuanaves IS uFaFonasimnzan T 1dvuediumanouuny (IRR)

a < v
I@ﬂWgﬂuﬂﬂlLﬁﬂﬂiuﬂ’lﬂNu’)ﬂ fl.

350 4 ——@—— IRR=10%
(@] IRR=12%
——-%—— IRR=14%
300 -
— A — IRR=15%
~~
1
o 250 A
=
<
M
p—
o
PR
;’ 200 -
@)
e
150
100 T T T T T T T 1
50 100 150 200 250 300 350 400 450
2.1
w (tkm “y™)

A o dy dy a A A ] dy a o A [
'g:‘]J‘VI 4.3 9117 UEDBDLNAI VNS TUNA NV HUUUUUDIUFDINAINT IRR NA1990U

(MC,,=50%)



67

Y
a 4 J a
433 msaangranueen lnivesnuiemas (sensitivity analysis)

v v k4
Taenatladeanag Ndvualumsnas o lunen dadu arsnswda

[ 1

1 1 [ o =S a Jd 1 d" a
anueoulnanieteladiagediels lunsanuidinsigiaioeulnail agiorsan
a L 1 { 4 {
W5 1R05A199 18 A1 (15197 4.3) ienlasu 11) 5%
= 1 d‘ ] dy a ] Y 1
msanynuNMsasuulasveannuruuivyemas lulddnanesian
o dy = = = ' ) I ' A 1 +
Sudormin Fuiluwadmszmravndinernih luulsghiluedredu wu fJoluaiunay
o 2 1 ' vy 9 ) Y o Aa v o A
21Msdad  saudamvudaazadamiinaulildinaun  fadeniinanin 5 dudu A
v 1 v Y
(1) dadrunasan liihidsesnviedelasna ldvuegdiuaiudesnisaiuggniadie
2) mﬁgaﬁuﬁumﬂmimm%\hﬂw (3) miamuiﬂ"lwﬂwiawﬁw (4) WAaRdBUUNUNI

4 d” dy a o Ay Y o o =
IIYIAITAT Uy (3) ANUTUUDIUFDIWAY ﬂﬂﬂﬂﬂﬁ@ﬂﬂ!taiﬁﬂ’)’lmt‘mﬂ‘iy 1D ATN1INNU
dy = A 42} 1 Y [ dy dy a A
15\111‘1/\]1?1'] UASAINUFU L‘wi13miyﬂaﬂuuﬂaﬂumuwmm a Naiﬂﬁ’lﬂ’lﬁﬂ%@!%'ﬂw\lﬁﬁﬂ
a 1 4 9 g a d { I
mimzawaaas mindsziiuaasulsddihgaie Aun simndemasinldsumlasiuay

0 < ! 910 Y g a 3
@anag) Mlmduwad mszmadeunlasdiiIveensugomacusnmgeaiula



{ a J 1 [ g { a A
A15190 4.3 ﬂ?i’)tﬂi?%ﬁﬂ?Wﬂ@ﬂuqﬂﬂﬂlﬂﬂﬁ1ﬂ13ﬂ“§6l%@LWﬁ\1ﬁlﬁN1$ﬁM

68

Parameters Chang of optimal
parameters Standard
variation specific unit (Baht/ton)
Running time -5% -4.59
. t 8,000
(hyr) +5% +4.15
Fully Condensing plant efficiency - -5% -6.96
E 20
o, decima +5% +6.
(%, decimal) 5% 6.96
Boiler efficiency n -5% -6.96
75
(%, decimal) B +5% +6.96
Electricity export factor f -5% -17.62
90
(%, decimal) € +5% +17.62
Moisture content Oil palm frond MCW -5% +9.51
et 50
(%, decimal) +5% -9.51
Oil palm frond distribution -5% -0.68
o v 250
(tkm’y™") +5% +0.63
Unit of transportation cost Oil palm C -5% +1.3
0o ts, frond 2.44
frond (Bahtt km ) +5% -1.27
Specific investment | -5% +10.66
i S 60,000
(Baht kW, ") +5% -10.66
Internal rate of return -5% +7.41
15
(%, decimal) IRR +5% -7.49
Maintenance factor -5% +1.68
Km 3
(%, decimal) +5% -1.68
Economic life time -5% -1.77
n 20
(yr) +5% +1.51
Price of electricity capacity -5% -6.3
B ,l Pec 582.15
aht mont +5% +6.
(Baht kW h ) 5% 6.3
Price of electricity energy -5% -5.77
B Pee 0.88
(Baht kWh ') +5% +5.77
Adder support by government -5% -1.44
| PAdd 0.3
(Baht kWh ') +5% +2.86
Price of renewable energy promotion -5% -2.89
’ PREP 0.39
(Baht kWh ') +5% +2.89
Annual labor cost -5% +0.66
., Z(C|S N) 16.950
(Million Bahty ) +5% -0.64
VAT 7% -5% -16.47
VAT
(%, decimal) (1+0.07=1.07) +5% +16.47
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{ 091’ 4 o 1 1
M1319% 4.4 m3Seuieudalsa IihFamaluthauvesdwmiianieg IRR=15%)

Power ‘// Radius of biomass MAP Capacity
competitors Province (,.)
Plant tkm’yr)  supply (R) (km.) ’ (MW)
(Baht/ton)
P1 Chumphon 177.00 35 176.46 21.6
P2 Chumphon 180.2 35 176.93 21.7
Group 1 P3 Chumphon 142.45 35 170.32 20.1
P4 Chumphon 101.9 40 159.94 17.9
P5 Chumphon 110.08 40 162.44 18.4
P3 Chumphon 142.45 35 170.32 20.1
P4 Chumphon 101.9 40 159.94 17.9
P5 Chumphon 110.08 40 162.44 18.4
Group 2 P6 Chumphon 143.53 35 170.54 20.1
P7 Surattani 156.90 35 173.10 20.8
P8 Surattani 146.29 35 171.09 20.3
P9 Surattani 157.61 35 173.23 20.8
P7 Surattani 156.90 35 173.10 20.8
P8 Surattani 146.29 35 171.09 20.3
P9 Surattani 157.61 35 173.23 20.8
Group 3
P10 Surattani 174.01 35 175.98 21.5
P11  Surattani 153.43 35 172.46 20.6
P12 Surattani 130.38 40 167.69 19.5
P13 Krabi 244.33 30 184.76 24.0
Group 4
P14  Krabi 219.16 35 182.06 23.2
P15  Krabi 251.3 30 185.45 24.2
P14  Krabi 219.16 35 182.06 23.2
Group 5 P15  Krabi 251.3 30 185.45 24.2
P16  Krabi 264.67 30 186.69 24.7
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Geographical Radius of
MAP (C,,) Capacity
Position  Province location biomass supply
(Baht/ton) (MW)
(Latitude/longitude) (R) (km.)
P2 Chumphon 10° 35'3.9084" N/ 35 176.93 21.7
99° 8'8.754" E
P6 Chumphon  9° 50'41.5644" N/ 35 170.54 20.1
99°2' 53.6676" E
P10 Surattani 9°6'8.1288" N/ 35 175.98 21.5
99°10'12.767" E
P13 Krabi 8°20'10.4316" N/ 30 184.76 24.0
98° 45'45.6084" E
P16 Krabi 8°0'8.6796" N/ 30 186.69 24.7

99°12'15.5016" E
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Radius
of
Power Geographical location ,  biomass vap Capacity
competitors Province (t km (C,.,)
Plant (Latitude/longitude) » supply (Baht/ton) (MW)
o wy
(km.)

Group 1 Ml Chumphon 10°50'27.91" N/99° 13' 19.05" E 166.58 35 174.79 21.18
M2 Chumphon 10°41'44.73" N/99° 12' 14.79" E 230.48 30 183.32 23.61

M3 Chumphon ~ 10°25'31.890"N/99° 7'55.85"E  150.06 35 171.82 20.46

M4 Chumphon  10° 17'37.492"N/99° 5'22.67"E  108.06 40 161.86 18.34

M5 Chumphon ~ 10° 11'28.730"N/99° 6' 1.854"E  102.28 40 160.08 18.00

Group 2 M6  Surattani 9°36'19.425"N/99° 7' 24.704"E  155.54 35 172.85 20.70
M7 Surattani 9°30'33.328"N/99° 7' 55.545"E  147.51 35 171.33 20.34

MS Surattani 9°19'9.462" N/99° 7' 46.930" E 155.00 35 172.75 20.68

M9 Surattani 9°16' 54.285" N/99° 8' 23.586" E 159.75 35 173.61 20.89

M10  Surattani 9°1'24.628"N/99° 10'35.446"E  173.69 35 175.93 21.48

MI11  Surattani 8°57'42.854"N/99° 13'29.18"E  158.29 35 173.35 20.82

Group 3 MI12  Krabi 8°22'57.12"N/98°42'58388"E  244.58 30 184.79 24.07
M13 Krabi 8°23'6.716" N/98° 43' 45.624" E 235.61 30 183.87 23.77

Ml14 Krabi 8°6'11.203" N/98° 56' 48.879" E 227.54 30 183.00 23.50

M15 Krabi 8°9'9.583" N/99° 1' 23.898" E 312.66 30 190.55 26.13

M16  Krabi 7°51'49.752" N/99° 8'49.750"E  166.08 35 174.69 21.16
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Power W biomass (C,.o) Capacity
Province location
Plant tkm’yr')  supply (R) (Baht/ton) (MW)
(Latitude/longitude)
(km.)
M2  Chumphon  10°41'44.732" N/ 230.48 30 183.32 23.61
99°12'14.796" E
M6 Surattani 9°36' 19.425" N/
155.54 35 172.85 20.70
99° 7' 24.704" E
MI10 Surattani 9° 1'24.628" N/ 173.69 35 175.93 21.48
99° 10' 35.446" E
Mi2 Krabi 8°22'57.126" N/
244.58 30 184.79 24.07
98°42' 58.388" E
M16 Krabi 7°51'49.752" N/
166.08 35 174.69 21.16

99° 8'49.750" E
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FFB v R,
(t yr_]) (tkm” yr-l) (km)
142500 100 -19.29
142500 200 -15.31
142500 300 -13.38
190000 100 -31.44
190000 200 -25.21
190000 300 -22.03
380000 100 -50.86
380000 200 -40.37

380000 300 -35.26
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Power 74 Radius of biomass  Capacity
competitors Province 2 4

Plant (tkm yr) supply (R,km.) MWw)

Group 1 M1 Chumphon 95.35 55 34.81
M2 Chumphon 62.79 70 40.27

M3 Chumphon 102.42 55 37.14

M4 Chumphon 97.65 55 35.57

M5 Chumphon 92.40 50 27.71

Group 2 M6 Surattani 109.11 50 32.26
M7 Surattani 103.40 55 37.47

M8 Surattani 131.19 50 38.28

M9 Surattani 120.84 55 43.22

M10 Surattani 141.39 50 41.06

M1l Surattani 142.89 55 50.49

Group 3 Mil1 Surattani 142.89 55 50.49
M12 Krabi 180.00 50 51.59

M13 Krabi 184.95 50 52.93

M14 Krabi 202.37 50 57.68

M15 Krabi 225.08 50 64.71

M16 Krabi 119.13 50 34.99
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Power Geographical location 74 E
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Plant (Latitude/longitude) (tkm yr) (MW)
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Chumphon 10°41'44.732" N/
M2 62.79 70 40.27
99°12'14.796" E

Surattani 9°16' 54.285" N/
M9 120.84 55 43.22
99° 8'23.586" E
Krabi 8°9'9.583" N/
M15 225.08 50 64.71

99°1'23.898" E

373U 148.2
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13197 1.4 MasaeandalsdInihdinia o duwuan P1 (10° 47' 6.295" N/99° 11' 33.72" E)

R (Assume) |  (tkm yr ') | R (km) | (Cws, ) (Batht) | (Q,) (MW,) | E,(MW)
30 222.13 31.03 182.40 116.61 23.32
35 177.0032 33.46 176.46 108.08 21.62
40 144.63 35.79 170.77 101.04 20.21

A1319% 1.5 MIsaeandalsaInihdmaa o duwian P2 (10° 35' 3.3504" N/99° §' 8.530" E)

R (Assume) | y (tkm’yr) | R (km) | (Cws, ). (Batht)) | (Q,) (MW,) | E,(MW)
30 220.6 31.10 182.22 116.34 23.27
35 180.2 33.27 176.93 108.75 21.75
40 152.49 35.17 172.29 102.87 20.57

A1319% 1.6 MIsaeanaalsaInihdmna o dwwaian P3 (10° 24' 13.708" N/99° 7' 11.35" E)

R (Assume) | w (tkm yr ) | R (km) | (Cws,,),(Batht) | (Q,)(MW,) | E,(MW)
25 161 34.54 173.83 104.70 20.94
30 154.45 35.02 172.65 103.26 20.65
35 142.45 35.98 170.32 100.52 20.10

A1319%0 1.7 M3daeandalsa i diuia o S P4 (10° 12' 57.045" N/99° 4' 6.027" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht) | (Q,)(MW,) | E,(MW)
25 125.801 37.50 166.60 96.44 19.29
35 113.69 38.79 163.46 93.24 18.65
40 101.9 40.23 159.94 89.90 17.98

A13199 4.8 M3dravanaalsa lnihadiua & druman P5 (100 11 49.087" N/99° 3' 36.730" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht') | (Q,) (MW,) | E,(MW)
35 133.54 36.76 168.40 98.38 19.68
40 110.08 39.21 162.44 92.24 18.45
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A13197 1.9 MIsraeendaalsdIihainia o dumai Pe (9° 50" 41.564" N/99° 2' 53.66" E)

R (Assume)

w (tkm yr")

R, (km)

(Cws,_.,),(Bath t )

frond

(Qp) (MW,)

E, (MW))

35

143.53

35.89

170.54

100.77

20.15

A1319% 1.10 M3s1aeanaa 159 lWihFuna o §umia P7 (9° 40 18.415" N/99° 6' 0.655" E)

R (Assume) | y (tkm°yr) | R (km) | (Cws, ). (Batht) | (Q,) (MW,) | E,(MW)
30 186.33 32.90 177.83 109.93 21.99
35 156.9 34.84 173.10 103.81 20.76

A1319% 9.11 Mysraeanaalsalwihduna a §umiaf P8 (9° 29' 3.30" N/99° 7' 37.3044" E)

R (Assume) |  (tkm’yr ') | R (km) | (Cws, ) (Batht) | (Q,) (MW,) | E,(MW)
30 172.151 33.78 175.69 107.07 21.41
35 146.29 35.06 171.09 101.41 20.28

A15190 4.12 M3srasandalseIWihanna a dumiain P9 (9° 17' 56.47" N/99° §' 10.248" E)

R (Assume) | w (tkm yr ) | R (km) | (Cws,,), (Batht) | (Q))(MW,) | E,(MW)
30 168.74 34.00 175.13 106.35 21.27
35 157.61 34.78 173.23 103.96 20.79
40 148.48 3548 171.52 101.92 20.38

A15199 9.13 M3s1aeandaIsa lihdua a dwmai P10 (9° 6' 7.98" N/99° 10" 12.802" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht) | (Q,) (MW,) | E,(MW)
30 190.23 32.67 178.38 110.69 22.14
35 174.01 33.66 175.98 107.45 21.49

A1319% 4.14 M3sraeanaa 15 TiihFuna ar §umiiaf P11 (8° 57' 44.49" N/99° 14' 38.6" E)

R (Assume) | w (tkm yr ) | R (km) | (Cws,,),(Batht) | (Q,)(MW,) | E,(MW)
30 174.53 33.62 176.06 107.56 21.51
35 153.43 35.10 172.46 103.04 20.61
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A1319% 4.15 Mysraeanaa Isa lnihFuna ar §uman P12 (8° 46' 45.01" N/99° 19' 14.4" E)

R (Assume) | y (tkm’yr ) | R (km) | (Cws, ) (Batht) | (Q,)(MW,) | E,(MW)
35 133.64 36.75 168.43 98.40 19.68
40 130.38 37.05 167.69 97.59 19.52

13197 4.16 M3s1aeanaa 159 T Funa a1 G P13 (8° 20 10.43" N/98° 45' 45.6" E)

R (Assume) | y (tkm°yr') | R (km) | (Cws, ). (Batht) | (Q,) (MW,) | E,(MW)
25 263 29.33 186.54 123.31 24.66
30 24433 30.06 184.76 120.32 24.06

A1319% 1.17 M3sraeanaa 15 TihFuna a1 §rumiiaf P14 (8° 10' 19.36" N/98° 50' 27.6" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws,, ) (Batht') | (Q,) (MW,) | E,(MW)
30 214.09 3141 181.46 115.14 23.03
35 219.16 31.16 182.06 116.04 23.21

A1319% 4.18 Mas1aeanaa 15alhFuna a1 drumiiaf P15 (8° 4' 25.9104" E/99° (' 23.68" E)

R (Assume)

w (tkm yr )

R, (km)

(Cws,,,), (Bath t')

(Qp) (MW,)

E, (MW

30

251.3

29.78

185.45

121.45

24.29

A15199 9.19 M331a09naa 159 T Fu0a & dwnai P16 (8° 0' 8.679" N/99° 12' 15.50" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht) | (Q,)(MW,) | E,(MW)
25 314.65 27.63 190.69 130.91 26.18
30 264.67 29.26 186.69 123.57 24.71
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pamssnandlsalivhdnamaduihduiiasedafed s Tsenuanarinaiuihdy

A1319% 1.20 M3sraeanaa 15a T Funa & T599u M1 (10° 50' 27.9" N/ 99° 13' 19.056" E)

R (Assume) | y (tkm°yr') | R (km) | (Cws, ). (Batht) | (Q,) (MW,) | E,(MW)
30 204.85 31.87 180.33 113.50 22.70
35 166.58 34.14 174.79 105.91 21.18

A13199 9.21 MysraeanaalsalwihFuna ar Tsaau M2 (10° 41' 44.73" N/99° 12' 14.796" E)

R (Assume)

y (tkm yr )

R, (km)

(Cws,, ), (Bath t)

frond

(Qp) (MW,)

E, (MW))

30

230.48

30.65

183.32

118.05

23.61

A1319% 4.22 M3s1aeanaa 159 T Fau1a o 15991 M3 (10° 25' 31.89" N/ 99° 7' 55.85" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws,, ) (Batht') | (Q,) (MW,) | E,(MW)
30 160.47 34.57 173.74 104.60 20.92
35 150.06 35.36 171.82 102.32 20.46

A1319% 9.23 M3s1aeanaa 15a liihFua o 15990 M4 (10° 17' 37.49" N/ 99° 5' 22.671" E)

R (Assume) | y (tkm’yr) | R (km) | (Cws, ). (Batht) | (Q,) (MW,) | E,(MW)
35 116.94 38.42 164.35 94.16 18.83
40 108.06 39.44 161.86 91.68 18.34

A15199 9.24 M3s1aeandalsaluihd e a Tsaa1m M5 (10° 11' 28.730" N/ 99° 6' 1.854" E)

R (Assume) | y (tkm’yr') | R (km) | (Cws, ). (Batht)) | (Q,) (MW,) | E,(MW)
35 114.25 38.72 163.62 93.43 18.69
40 102.28 40.17 160.08 90.02 18.00

A1319% 9.25 M3s1aeanaa 15 liihFuna o 159971 M6 (9° 36' 19.425" N/ 99° 7' 24.704" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht) | (Q,)(MW,) | E,(MW)
30 179.44 33.31 176.82 108.56 21.71
35 155.54 34.94 172.85 103.51 20.70
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A13197 .26 M3s1aeanaa s luihFuna a Tsaau M7 (9° 301 33.328" N/ 99° 7' 55.545" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht)) | (Q,) (MW,) | E,(MW)
30 171.87 33.79 175.64 107.01 21.40
35 147.51 35.56 171.33 101.69 20.34

A1319% 1.27 M3s1aeanaa 159 T Fau1a o 159971 M8 (9° 19' 9.462" N/ 99° 7' 46.930" E)

R (Assume)

w (tkm yr )

R, (km)

(Cws,,,,), (Bath £

(Qp) (MW,)

E, (MW)

35

155

34.98

172.75

103.39

20.68

A13197 9.28 MIs1aeanaa 15aluihFua ar T5a91u M9 (9° 16' 54.285" N/ 99° §' 23.586" E)

R (Assume) | y (tkm’yr) | R (km) | (Cws, ). (Batht) | (Q,) (MW,) | E,(MW)
30 170.87 33.86 175.48 106.80 21.36
35 159.75 34.63 173.61 104.43 20.89

A1319% 4.29 M3s1aeanga 159 T Fau1a o T599711 M10 (9° 1' 24.62" N/ 99° 10' 35.446" E)

R (Assume) | w (tkm yr ) | R (km) | (Cws,,), (Batht) | (Q))(MW,) | E,(MW)
30 190.05 32.68 178.36 110.66 22.13
35 173.69 33.68 175.93 107.38 21.48

A15199 9.30 M3s1aeandalsaluihd e a Tsaa1u M1 (8° 57' 42.85" N/ 99° 13' 29.18" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht) | (Q,)(MW,) | E,(MW)
30 178.51 33.37 176.68 108.37 21.67
35 158.29 34.73 173.35 104.11 20.82

A1319% 9.31 Ms1aeanaa 15 liihFuna o Tsaau M12 (8° 22 57.12" N/ 98° 42' 58.38" E)

R (Assume)

v (tkm yr ")

R, (km)

(Cws,,,,), (Bath t )

frond

(Qp) (MW,)

E, (MW

30

244.58

30.05

184.79

120.36

24.07
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A1319% 1.32 Mysraeanaa s luihduna an Tsaau M13 (8° 23' 6.71" N/ 98° 43' 45.624" E)

R (Assume)

w (tkm yr")

R, (km)

(Cws,_.,),(Bath t )

frond

(Qp) (MW,)

E, (MW))

30

235.61

30.42

183.87

118.87

23.77

A1319% 1.33 M3s1aeanaa 1aliihFuna & 15991 M14 (8° 6' 11.20" N/ 98° 56' 48.879" E)

R (Assume)

w (tkm yr )

R, (km)

(Cws,,,,), (Bath £

(Qp) (MW,)

E, (MW)

30

227.54

30.78

183.00

117.50

23.50

A13197 1.34 M3s1aeanaa 15a T Fua ar T59971 M15 (8° 9' 9.583" N/ 99° 1' 23.898" E)

R (Assume) | y (tkm’yr) | R (km) | (Cws, ). (Batht)) | (Q,) (MW,) | E,(MW)
25 314.55 27.63 190.69 130.89 26.18
30 312.66 27.68 190.55 130.63 26.13

A1319% 4.35 M3s1aeanaa 159 T Funa o T59971u M16 (7° 51' 49.75" N/ 99° §' 49.750" E)

R (Assume) | y (tkm yr ) | R (km) | (Cws, ) (Batht) | (Q,) (MW,) | E,(MW)
30 179.4 33.32 176.81 108.55 21.71
35 166.08 34.18 174.69 105.79 21.16
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wamsaaadlsdlwvhdnathay (msluithau nzarthay saznzaehaula)

(Y] Z Y d o o A
3t} Tiaamﬁnﬂumuﬂmu m‘r‘mﬂﬂmi‘uéﬁ@ 178.98 +3 Baht/ton

A13197 4.36 Ham 3919969 159 173090 159911 M1 (10° 50' 27.91" N/ 99° 13' 19.0" E)

FFB (tyr )

w (tkm yr")

R (km)

(Cws,_,).(Bath t )

frond

(Qy), MW,)

E, (MW

190000

95.35

55.00

180.59

174.05

34.81

A13197 1.37 wamIaada 159 I 8 o 159910 M2 (10° 41' 44.7" N/99° 12' 14.79" E)

FFB (tyr ) | w (tkm’yr ) | R(km) | (Cws,, ) (Batht) | (Q,),(MW,) | E (MW
380000 71.16 65.00 189.11 197.52 39.50
380000 62.79 70.00 180.31 201.35 40.27

A1319% 4.38 HamIt1aeda 159173070 & 153911 M3 (10° 25' 31.89" N/ 99° 7' 55.85" E)

FFB (tyr ) | w (tkm yr) | R(km) | (Cws, ). (Batht) | (Q,),(MW,) | E (MW)
190000 115.89 50.00 186.95 174.76 34.95
190000 102.42 55.00 178.38 185.71 37.14

A15199 9.39 Han1391a09aa 153 W18 & 159911 M4 (10° 17' 37.49" N/ 99° 5' 22.67" E)

FFB (tyr )

w (tkm’yr ")

R (km)

(Cws,_,),(Bath t )

(Qp), MW,)

E,(MW)

190000

97.65

55.00

178.78

177.84

35.57

A1319% 1.40 Hamsaande 153 W e & 133911 M5 (10° 11' 28.73" N/ 99° 6' 1.85" E)

FFB (tyr )

y (tkm yr )

R (km)

(Cws,,,,), (Bath t )

(Qp), MW,)

E, (MW)

142500

92.40

50.00

180.59

138.54

27.71

A13197 1.41 mamsaeande 15 I d e o 153911 M6 (9° 36' 19.42" N/ 99° 7' 24.70" E)

FFB (tyr )

w (tkm’yr ")

R (km)

(Cws,_,).(Bath t )

(Qy), MW,)

E,(MW)

142500

109.11

50.00

180.21

161.31

32.26
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A13197 1.42 wamssaande 153 I du0a & 153911 M7 (9° 30 33.3" N/ 99° 7' 55.545" E)

FFB (tyr )

y (tkm yr )

R (km)

(Cws,_.,),(Bath t )

frond

(Qy), MW,)

E, (MW,

190000

103.40

55.00

178.30

187.33

37.47

A15199 9.43 wamssaoanaa 15 Wi uaa ar T5a91 M8 (9° 19' 9.462" N/ 99° 7' 46.93" E)

FFB (tyr )

w (tkm yr )

R (km)

(Cws,,,,), (Bath £

(Qp), MW,)

E, (MW)

142500

131.19

50.00

179.85

191.40

38.28

A13197 1.44 ram3aanda 153 I d e & 153911 M9 (9° 16' 54.28" N/ 99° §' 23.58" E)

FFB (tyr )

y (tkm yr )

R (km)

(Cws, ) (Batht')

frond)o

(Qy), MW,)

E, (MW,)

190000

120.84

55.00

177.12

216.09

43.22

A15199 9.45 wamssaoanaa 15 Wi uaa ar T53911 M10 (9° 1 24.6" N/ 99° 10' 35.46" E)

FFB (tyr )

y (tkm”yr ")

R (km)

(Cws,_,),(Bath t )

(Qp), MW,)

E,(MW)

142500

141.39

50.00

179.73

205.31

41.06

A13197 1.46 wamIaanda1sa Wi du0a o T59911 M11 (8° 57' 42.8" N/ 99° 13' 29.1" E)

FFB (tyr )

y (tkm yr )

R (km)

(Cws,,,,), (Bath t )

(Qp), MW,)

E, (MW)

190000

142.89

55.00

176.03

252.45

50.49

A15199 .47 wamssaeandalsa lihFuaa o Tsaau M2 (8° 22 57.1" N/ 98° 42' 58.3" E)

FFB (tyr )

w (tkm yr )

R (km)

(Cws,_,),(Bath t )

(Qp), MW,)

E, (MW)

142500

180.00

50.00

179.38

257.93

51.59

= o 42
A15199 9.48 HAM531009NA9 15

alufhaua a 199970 MI3 (8° 23' 6.7" N/ 98° 43' 45.62" E)

FFB (tyr ) | w (tkm’yr ) | R(km) | (Cws, ). (Batht) | (Q,),(MW,) | E (MW)
142500 203 45.00 187.50 232.37 47.31
142500 184.95 50.00 179.34 260.47 52.93
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A13197 1.49 mamsaeande 153 W 0 & 159911 M14 (8° 6' 11.2" N/ 98° 56' 48.89" E)

FFB (tyr )

y (tkm”yr )

R (km)

(Cws

), (Bath t)

frond

(Qy), MW,)

E, (MW,

142500

202.37

50.00

179.24

288.41

57.68

A15190 1.50 wamssrasanaa I5d Wi Fma ar 139910 M15 (8° 9' 9.58" N/ 99° 1' 23.898" E)

FFB (tyr )

w (tkm yr ")

R (km)

(Cws

frond)o (B ath t- 1)

(Qp), MW,)

E, (MW)

190000

225.08

50.00

182.66

323.57

64.71

A1319% 1.51 wamsaeande 153 e o 153910 M16 (7° 51' 49.75" N/ 99° 8' 49.7" E)

FFB (tyr )

y (tkm yr )

R (km)

(Cws

-1
frond)o (Bath t )

(Qy), MW,)

E, (MW,)

142500

119.13

50.00

180.03

174.97

34.99
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J AAo

o o 1 [ : v [ a Y 1 q'/ a 4 Y 1
uHU3$1a041A59013 159 Tihadurathdus i o Tsenuadaiiuilduniisidamsnan 60 duaeda g (wananihduaadi 190,000 dudsil)

13199 4.52 uru 1asams 15 ihdunathdusiu meareihdunlar nzanaznialuihdy)

¥ (ton km” yr')
100 150 200 250
Cws
IRR
(Baht/ton)
R(km) E(MW) R(km) E(MW) R(km) E(MW) R(km) E(MW)
178.98 76.00 66.34 75.00 95.36 74.00 122.77 73.50 150.61
200 64.00 48.02 63.00 68.27 62.00 87.18 61.40 106.12
250 41.00 21.69 38.00 26.98 36.00 31.62 35.00 36.75 13%
300 27.20 11.43 23.70 12.55 21.40 13.35 19.80 14.05
350 20.50 7.94 17.10 8.14 15.10 8.33 13.70 8.48
178.98 55.00 36.34 53.00 49.30 52.00 62.33 51.50 75.66
200 44.00 24.47 42.00 32.21 41.00 40.02 40.00 46.97
250 27.00 11.31 23.80 12.63 22.00 13.92 20.50 14.82 15%
300 18.80 7.22 16.00 7.55 14.10 7.70 12.90 7.90
350 14.85 5.77 12.35 5.86 10.80 5.91 9.80 5.98

0€l



¥ (ton km” yr_l)

100 150 200 250
Cws
IRR
(Baht/ton)
R(km) E(MW) R(km) E(MW) R(km) E(MW) R(km) E(MW)

178.98 34.00 15.97 32.00 20.11 31.00 24.32 30.00 27.89

200 26.00 10.73 23.50 12.39 22.00 13.92 21.00 15.38

250 16.00 6.15 13.50 6.34 12.00 6.50 11.00 6.66 17%
300 12.00 4.93 9.95 4.98 8.70 5.01 7.85 5.04

350 9.90 4.43 8.15 4.45 7.05 4.45 6.38 4.47

I¢l
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° a d o :
suudraesnendiamansgnmudlaglilsunsy Microsoft Excel @9

= LY ' J qq'
518%13!?)816]9]@9]3@81\191?)“1]1«1

=

o) o v dd’ o w a v dy dy a
AIUNITIIADIHITANNN IS T Y ﬂ"lﬁ\‘]ﬂ?iWﬂG]]lW‘ﬂ"l HAZIIATUT DLFDLNAIGPIYA

gousu 1dvue 15 ¢ I wnaniludhduiesed1aufen (NTdN 1 1az2.1)

Running time=C4

Fully Condensing plant efficiency = C6
Boiler efficiency = C7

Electrical export factor = C9

number of months = C10

Biomass

Oil palm frond distribution = C13
Moisture Content of Oil palm frond = C14
HHV of oil palm frond = C15

%H =Cl16

h,@25°C=C17

lower heating value of Oil palm frond = C18
Unit of transportation cost of Oil palm frond = C19
Economic parameters

Specific investment = C22

Internal rate of return = C23

Maintenance coefficient = C24

Economic life time = C25

Price of electricity capacity = C26

Price of electricity energy = C27

Price of fuel saving = C28 *(NHUA=0)
Adder support by government = C29

Price of renewable energy promotion = C30


mailto:hfg@25๐C
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Manpower
Total employees = C32
Average wage per capita = C33

VAT =C35

f (B37)=(((1+(C23/100))*C25)-1)/((C23/100)*((1+C23/100)*C25))
@ (B39) = - (1/(C13*(P1())))*(C32*C33)
P (B40) = - 2*C19)3
7 (B41) = ((C18*C6*C7)/(100*100))*((C35)*(C9/100)*(C27+C28+C29+C30+(C10*C26/C4)))
- (C22*(((C24/100)*B37)+1)/(C4*B37))*(1000/3600)

My sATiRmz A

Ro (Ca4) = (C32%C33%3)/(C19*C13*(PIO)(1/3
masmuamisiiialorhiiming aw

QB (E44) = (C13#(P10)*(C44"2)*C18*(C7/100))/(C4*3600)
mssnamdawan iz

Eo = ((C6/100)*(E44))

Y Y "
MIMUIUTINSTUF OB DINAINH N ALY

(Cws, frond )0 = (B39*(C44/(-2)))+(B40*C44)+B41
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dtﬂ‘ o 2 dti' o 2 a w zﬂy zﬂy a
ATUN 2.2 NITADINTITAUNIUUISTY ﬂ"la\‘lﬂTiW’dﬂul‘V\IﬂT HASITMAITUBDLIFDINAN

[

qagaiveniuldueslsdlwihFanathdusw (pva1 neate naznaluthdw)

Running time = C4

Fully Condensing plant efficiency = C5
Boiler efficiency = C6

Electrical export factor = C7

number of months = C8

FFB distribution = C10

Shell

YT shell @0 t-FFB = C12

Moisture Content of Oil palm shell = C13
lower heating value of shell = C14

Unit of transportation cost of shell = C15
Fiber

U514l fiber A9 t-FFB = C17

Moisture Content of Oil palm fiber = C18
lower heating value of fiber = C19

Unit of transportation cost = C20

Empty Fruit Bunch

13119 EFB @9 t-FFB = C22

Moisture Content of Oil palm EFB = C23
lower heating value of EFB = C24

Unit of transportation cost = C25
FROND

frond distribution = C27

Moisture Content of oil palm frond = C28
HHYV of oil palm frond = C29

%H = C30

h,@25°C =C31

lower heating value of oil palm frond = C32


mailto:hfg@25C
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Unit of transportation cost of chipped = C33

Economic parameters

Specific investment = C35

Internal rate of return = C36

Maintenance coefficient = C37

Economic life time = C38

Price of electricity capacity = C39

Price of electricity energy = C40

Price of support fuel saving = C41 *(A1UA=0)
Price of renewable energy promotion = C42
Price of adder support by government = C43
VAT = C44

manpower

Total employees = C46

Average wage per capita = C47
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miﬁmamﬁmﬁw‘gms‘gemﬁaqaqmmzﬁmmwiaﬂﬂﬂw (n3912.2)

£ (B50) = (((1+(C36/100))"C38)-1)/((C36/100)*(1+(C36/100))*C38)

P (B51) = (C40-+C41+C43+C42+((C8*C39)/C4))

D (B52) = (C12*C14)HC17*C16*C19)+(C22*C24)

& (B56) = (C44*(C7/100)*C10*(C5/100)*(C6/100)*(B51*B52*1000))/(C27*PI()*3600)
- (C47*C46)/(C27*PI1()) -
C35%C10*(C6/100)*(C5/100)*B52*(((C37/100)*B50)+1)*1000)/(C27*PI()*C4*B50*
3600)

B (B57)=-2%C33/3

7 (B58) = (C5/100)*(C6/100)*C32*((C44*(C7/100)*B51)
~(C35*(((C37/100)*B50)+1))/(C4*B50))*(1000/3600)

mssnasaiifimuzay

Ro (D60) = (2*B356/B57)7(1/3)

masmuamissiiialorhiiming aw

QB (F60) = (C10*C12+C14*C6/(3600*C4*100))+(C10*C17*C19*C16*C6/(3600*C4*100))
HC10*C22*C24*C6/(3600*C4%100))}HC27*PI()*D6142*C32*C6/(3600*C4*100))

mssnaidamsean ihfimme ey

Eo = F60*C5/100

Y Y v
MIMUIUTINSTUFOFDINAI NN AL

(CWS, frond )0 =B56*(D60"-2)+(B57*D60)+B58
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[ v A [ dy [ 1w [ 49’ a S R A
N1531809MITAUNTS LT 1RO IHUATIAUNIAUSIAISUFoIRAUNTUANEIN 1

(NIAANYI 2.3) tazdndnenimsidenisnaa 1 veelsa Wi maathdusau (nean

neany Llﬁgﬂ']\iﬁhﬂhﬁ'u)

Running time = C4

Fully Condensing plant efficiency = C5
Boiler efficiency = C6

Electrical export factor = C7

number of months = C8

FFB distribution = C10

Shell

YT shell @0 t-FFB = C12

Moisture Content of Oil palm shell = C13
lower heating value of shell = C14

Unit of transportation cost of shell = C15
Fiber

U311 fiber A9 t-FFB = C17

Moisture Content of Oil palm fiber = C18
lower heating value of fiber = C19

Unit of transportation cost = C20

Empty Fruit Bunch

13119 EFB ¢19 t-FFB = C22

Moisture Content of Oil palm EFB = C23
lower heating value of EFB = C24

Unit of transportation cost = C25
FROND

frond distribution = C27

Moisture Content of oil palm frond = C28
HHYV of oil palm frond = C29

%H = C30

h,@25°C =C31


mailto:hfg@25C
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lower heating value of oil palm frond = C32
Unit of transportation cost of chipped = C33

Economic parameters

Specific investment = C35

Internal rate of return = C36

Maintenance coefficient = C37

Economic life time = C38

Price of electricity capacity = C39

Price of electricity energy = C40

Price of support fuel saving = C41 *(A1UA=0)
Price of renewable energy promotion = C42
Price of adder support by government = C43
VAT = C44

manpower

Total employees = C46

Average wage per capita = C47
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é’hat’iNmiﬁmamimﬁw‘gaﬁgemﬁaqaqmazﬁ”ﬂﬂmwiﬂ"mﬂw (N394 2.3)
£ (B50) = (((1+(C36/100))"C38)-1)/((C36/100)*(1+(C36/100))*C38)

P (B51) = (C40+C41+C43+C42+((C8*C39)/C4))

D (B52) = (C12*C14)}+H(C17*C16*C19)+(C22*C24)

O (B56) = (C44*(C7/100)*C10*(C5/100)*(C6/100)*(B51*B52*1000))/(C27*PI1()*3600)
- (C47*C46)/(C27*PI()) -
(C35*C10%(C6/100)*(C5/100)*B52*(((C37/100)*B50)+1)*1000)/(C27*PI()*C4*B50
*3600)

B (B57)=-2*C33/3

7 (B58) = (C5/100)*(C6/100)*C32*((C44*(C7/100)*B51)
~(C35*(((C37/100)*B50)+1))/(C4*B50))*(1000/3600)

Aav A 4 ' ] J
AUUATAN R u,ﬁammmmwumuumm%’maamﬂ‘uﬂmu
R (D60) = Assume
o [ da' dﬁ a Y 1w d‘ dd’ 9
ﬂTL!’JT;Ll‘51ﬂTiU%@!%’@!Wﬁ\ﬂ‘ﬂ!ﬂ?ﬂﬂiWﬂWmaEJGU’ENﬂ‘i‘mVI 1 A8 UNIT (2.35)

—_n—2
Cws frond_aR tRYy (2.35)

178.98 = B56*(D60*-2)+H(B57*D60)+B58 AuUAA1 R aneg18msudedemauiiud

Muua

1951 R Anoanamnissiiiialoi

QB (F60) = (C10*C12*C14*C6/(3600*C4*100))+(C10*C17*C19*C16*C6/(3600*C4*100))
+(C10*C22*C24*C6/(3600*C4*100))+(C27*P1)*D61/2*C32*C6/(3600*C4*100))

msmudamaanmsean i

Eo = Fe0*C5/100
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. .
miﬂizquﬁmmsmﬁmnﬁumam*fzu‘nﬁ‘nmayawm%ﬂ%%n{ A39n 11

19-20 Anunew 2558

N133AI TR AT AIBaNIan 19 lud s nuoelse I

nuUNAa NN asag1eL R
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Abstract

In the past, Thailand’s strategy for biomass-fired
power plant has ignored palm tree residues left unused
in the plantations. This work presents the mathematical
model of palm frond procurement for power plant

establishment. The study leads to the optimum farm-gate

biomass price. It was found that the proposed price
depends on moisture content, area-based availability and
the internal rate of return (IRR). It is possible to set
power plants of 14-32 MW capacities having sufficient
supply of biomass fuel within a radius of 26-35
kilometers. The fuel prices are in the range of 100-260
Baht/ton for moisture 40%-60% and fuel availability of
150-350 t/kmzlyear, if IRR of 15% is expected.

Keywords: biomass power plant, fuel cost, palm oil
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Nomenclature
C| Annual labor cost, Baht yr-1 m Number of months, months yr'1
C Specific wage per capita of labor
Is 44 Mcwet, frond Moisture content of frond, % or decimal
cost, Baht person yr
Cm Annual maintenance, Baht yr'1 n Economic life time, yr
CtS Annual transportation cost, Baht yr'1 Number of workers, person
Unit cost of frond transportation,
Cts, frond 4 4 NPV Net present value, Baht
Bahtt km
CW annual biomass cost, Baht y'1 ouT Total outgoing finance, Baht yr'1
Cys frond  Unit cost of shell fuel, Baht t' Padd Price of adder, Baht kW'
(C ) Optimal unit cost of shell fuel, P Price of electricity capacity,BahtkW’
, frond - R
ws, frond } Baht t1 ec 1month 1
CF Annual cash flow, Baht yr Pee Price of electricity energy, Baht kW~
E Electricity output, MW, pFS Price of fuel saving, Baht kw'
Price of renewable energy promotion,
EO Optimal electricity output, MW, pREP P
Baht kW
fe Electricity export factor, % or decimal QB Boiler thermal load, MWy,
Percentage of hydrogen in fuel,
%H QB, frond Frond thermal load, MW,
% or decimal
h Vaporization enthalpy of water at
fg ° 4 (QB) Optimal boiler thermal load, MWy,
25°C,kJ kg 0
HHV Higher heating value of fuel, kJ kg_1 R Radius of plantation area, km
i Discount rate, % (R)o Optimal radius of plantation area, km
IS Specific investment, Baht kWe'1 t annual power plant operating time, h yr-1
Itotal Total Power plant investment, Baht VAT Vat (1.07), % or decimal
IN total income, Baht yr_1 775 Boiler efficiency, % or decimal
IRR Internal rate return, % or decimal 77E Overall efficiency, % or decimal
K Maintenance coefficient, Annual specific biomass frond
- 4 2.
m % yr 1or decimal availability,t km 2y1
LHV Lower heating value of frond, MJ kg_1
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parameter symbol value unit Reference
Fully Condensing Plant
Running time t 8,000 hyr' [5]
Overall efficiency 77E 20 % [5]
Boiler efficiency Mg 75 % Assumed
Electrical export factor fe 90 % [5]
Number of months m 12 month yr-1 [5]
Biomass
Oil palm frond distribution v 937.5 t km'2yr'1 [4]
Moisture of oil palm frond MC et frond 0.5 *100 (%) Assumed
HHV of oil palm frond HHV 17,033 kj kg'1 Experiment
%H %H 0.0575 % Experiment
h@25°C h fg 2,442.3 ki kg
Unit of transportation cost of chipped QOil palm frond Cts, frond 2.44 Baht £ km” [8]
Specific investment IS 75,000 Baht kW; [5]
Internal rate of return IRR 15 % [5]
Maintenance coefficient Km 3 % [5]
Economic life time n 20 yr [5]
Price of electricity capacity Pec 582.15  Baht kW~ month” [7]
Price of electricity energy Pee 0.88 Baht kwh™ 71
Price of support fuel saving pFS 0.36 Baht kwh' [7]
Price of renewable energy promotion PrEP 0.39 Baht kWh'™ [71
Price of adder support by government pAdd 0.3 Baht kWh-1 [7]
Vat VAT 7 % (7]

3.Naﬂ'l$i‘i'laﬂﬁﬂ']dﬂiﬁ(§lﬁ'lﬁ(§l§

3.1 NIMANEA

A13197 2 uazdsaraiaudnIuls Wi g et sy
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dandagruegind laslidayananafiauaziidsan

Uswnglumiwﬁ 1 U8z 2 @usau %aﬂm‘?a;&amaa
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wwudasameadiacaaslunisitaesmmangeinaa
gaqﬂﬁﬂau%’ﬂﬁ Fsazlvinavasdn anudn (%MC ) WA
AMURUILUY (Availability density) Hudiulsdase law
fRuaNanaLLNG (IRR=15%)

FIUIUYANINT ﬂ'ﬁﬂmﬂmns, Ci
N (person) (Bath person”' yr
)
Plant manager 1 1,000,000
Shift leader 5 650,000
O&M personnel 12 450,000
Operator 12 400,000
Secretary 5 200,000
Fuel handing 6 250,000
Total 41
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MC,.. v R, (Cws, ), (Qp), E,
(%) (tkm?yr™) (km) (Baht t") (MW, (MW,)
150 35.36 99.43 74.31 14.86
200 32.13 107.32 81.79 16.36
60% 250 29.83 112.94 88.11 17.62
300 28.07 117.23 93.63 18.73
350 26.66 120.66 98.57 19.71
150 35.36 169.28 102.26 20.45
200 32.13 177.17 112.55 22.51
50% 250 29.83 182.79 121.24 24.25
300 28.07 187.08 128.84 25.77
350 26.66 190.51 135.64 27.13
150 35.36 239.13 130.21 26.04
200 32.13 247.02 143.32 28.66
40% 250 29.83 252.64 154.38 30.88
300 28.07 256.93 164.05 32.81
350 26.66 260.36 172.70 34.54
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Oil Palm Frond Price Scenarios and Potential of Power Plants

: Case study for the mill-owned power plants
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Abstract

In the response to the increasing demand of electricity, biomass from oil palm
plantation is a potential source of fuel for renewable energy power plant. This paper presents
mathematical models of oil palm frond price, if power plants to be installed at existing palm oil mills
in Chumphon, Surattani and Krabi provinces, southern Thailand. GIS data of land use was analyzed
with ArcMap program to estimate the frond availability density (ton/ka/year). It was found that 3
power plants of total capacity of 71.22 MW, are feasible with the biomass price of 180.74 Baht/ton.
This should covers area within of 30-35 km radius.

Keywords: fuel cost, biomass power plant, palm oil frond
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3. HANTINRAIN A HAFITAS W% @iﬁwqﬂmﬂi,
sundldlasanmssisls Wi daasnisly yAaINT N Cie

REY Iwﬁ‘*ﬁa;&amomﬂﬁﬂLLazﬁwé'muﬂimglu (person) (Bath person”’
a997 1 waz 2 ML %&Lﬂuﬁaﬁmﬂﬂmﬁm yr')
nnlssWidnaldorews 71 wszideld  plant 1 1,000,000
WUUFIABINIABAAIRATIUNI391989WII1A1 manager
L%@Lwﬁagaqﬂﬁmaw%'uvlﬁuﬁa WU NG Shift leader 5 650,000
Tsa Wi S5ainssudegvnanslutduriy  osum 12 450,000
Fouru  nydtiazlwlse Wi AT suseia personnel
mamuluﬂwﬁumﬂﬁ'qﬂ 113069159 WA et Operator 12 400,000
WA NEI 90 lUNITUTITUNINEIUINAT  Secretary 5 200,000
Fawdennnin  wamsieseiugesluasef  Fuel handing 6 250,000
3 Total 41
a3 2 Mesndoamiasaulss Wi Fauns
RLEY
197 1 “ﬂ’agamamﬂﬁﬂmiaaﬂLLquiaVLWWW%';maLLUUN’&MWW’]LﬁmaLi'mam

parameter symbol value unit Reference
Fully Condensing Plant
Running time 8,000 hyr' [7]
Overall efficiency e 20 % [7]
Boiler efficiency g 75 % Assumed
Electrical export factor 90 % [7]
Number of months 12 month yr [71
Biomass
Oil palm frond distribution 937.5 tkm yr 5]
Moisture of oil palm frond MC et frond 0.5 *100 (%) Assumed
HHV of oil palm frond HHV 17,033 Kj kg_1 Experiment
%H %H 0.0575 % Experiment
h@25°C htg 2,442.3 kj kg
Unit of transportation cost of chipped 4 1

Cys, frond 2.44 Bahtt km [10]

Oil palm frond
Specific investment 75,000 Baht kWe_1 [7]
Internal rate of return IRR 15 % [7]
Maintenance coefficient Km 3 % [7]
Economic life time 20 yr [7]
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parameter symbol value unit Reference
A
Baht kW
Price of electricity capacity Pec 582.15 A [9]
month
. L -1
Price of electricity energy Pee 0.88 Baht kWh [9]
. . -1
Price of support fuel saving PEs 0.36 Baht kWh [9]
. . -1
Price of renewable energy promotion PrREP 0.39 Baht kWh [9]
. -1
Price of adder support by government Padd 0.3 Baht kWh [9]
Vat VAT 7 % [9]
A o a & & o ¥ o & %
A3 NN 3 Nﬂﬂ’liﬁ]'ma{i“n’l{iﬂm&ﬂﬂﬂﬁ@iﬂﬂi@miiﬂﬂﬂ’] [3%3 Immuam@muumawmamﬂlm
Radius
of
% MAP
Power Geographical location P biomass Capacity
competitors Province (t km (Cwo)
Plant (Latitude/longitude) 1 supply (Mw)
yr) (Baht/ton)
(Ro)
(km.)
Group 1 M1 Chumphon  10° 50' 27.91" N/ 99° 13' 19.05" E  166.58 35 172.26 21.18
M2 Chumphon  10° 41' 44.73" N/99° 12' 14.79" E 230.48 30 180.79 23.61
M3 Chumphon 10° 25' 31.890" N/ 99° 7' 55.85"E  150.06 35 169.29 20.46
M4 Chumphon  10° 17' 37.49" N/ 99° 5' 22.671" E 108.06 40 159.33 18.34
M5  Chumphon  10° 11'28.730" N/ 99° 6' 1.854"E  102.28 40 157.55 18.00
Group 2 M6  Surattani 9° 36' 19.425" N/ 99° 7' 24.704"E  155.54 35 170.32 20.70
M7 Surattani 9° 30" 33.328" N/ 99° 7' 55.545" E  147.51 35 168.80 20.34
M8  Surattani 9° 19' 9.462" N/ 99° 7' 46.930"E  155.00 35 170.22 20.68
M9  Surattani 9° 16' 54.285" N/ 99° 8' 23.586" E  159.75 35 171.07 20.89
M10 Surattani 9° 1' 24.628" N/ 99° 10" 35.446" E 173.69 35 173.40 21.48
M11  Surattani 8° 57' 42.854" N/ 99° 13' 29.18"E  158.29 35 170.81 20.82
Group 3 M12 Krabi 8° 22'57.126" N/ 98° 42' 58.38"E =~ 244.58 30 182.26 24.07
M13  Krabi 8°23'6.716" N/ 98° 43' 45624"E  235.61 30 181.34 23.77
M14 Krabi 8°6'11.203" N/ 98° 56' 48.879" E ~ 227.54 30 180.47 23.50
M15  Krabi 8°9'9.583" N/ 99° 1' 23.898" E 312.66 30 188.02 26.13
M16 Krabi 7° 51' 49.752" N/ 99° 8' 49.750" E 166.08 35 172.16 21.16
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C Annual labor cost, Baht yr '
C Specific wage per capita of labor
Is R
cost, Baht person  yr
Cm Annual maintenance, Baht yr'1
Annual transportation cost, Baht
CIS -1
yr
Unit cost of frond transportation,
Cts, frond -1 -1
Bahtt km
CW annual biomass cost, Baht y—1
Cus, frond Unit cost of shell fuel, Baht t”

Optimal unit cost of shell fuel,
[ ws frondj
! o

Baht t'
CE Annual cash flow, Baht yr
E Electricity output, MW,
Eo Optimal electricity output, MW,

Electricity export factor, % or

e decimal
%H hydrogen in fuel, % or decimal
Vaporization enthalpy of water at
o
heg 25°C,
kJ kg
Higher heating value of fuel, kJ
HHV kg'1
i Discount rate, %
Is Specific investment, Baht kW,
| Total Power plant investment,
total Baht
IN total income, Baht yr~
IRR Internal rate return, % or decimal
Maintenance coefficient,
km -1 .
% yr or decimal
Lower heating value of frond, MJ
I‘varond -1

kg

m
MC

wet, frond

n

NPV

ouT
Padd

Pec

Pee
Prs

PREP

Qp

QB, frond

Number of months, months yr'1
Moisture content of frond, % or
decimal

Economic life time, yr

Number of workers, person

Net present value, Baht

Total outgoing finance, Baht yr'1

Price of adder, Baht kW'

Price of electricity capacity,BahtkW
1 -1

month

Price of electricity energy, Baht kW'1
Price of fuel saving, Baht kw'

Price of renewable energy promotion,

Baht kW'
Boiler thermal load, MW,,

Frond thermal load, MW,,

Optimal boiler thermal load, MW,

Radius of plantation area, km

Optimal radius of plantation area, km
annual power plant operating time, h

-1

yr
Vat (1.07), % or decimal

Boiler efficiency, % or decimal
Overall efficiency, % or decimal
Annual  specific biomass frond
availability,

t km_zy'1
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