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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/kmzlyear). 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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C| Annual labor cost, Baht yr>1
C|5 Specific wage -p:er capita of labor cost,
Baht person yr
Cm Annual maintenance, Baht yr'1
CtS Annual transportation cost, Baht yr'1
c Unit cost of frond transportation,
ts, frond Baht t-1 km_1
CW annual biomass cost, Baht y-1
Cus frond  Unit cost of shell fuel, Baht t'
(Cwsyfrond jo Optimal unit cost of shell fuel, Baht t_1
CF Annual cash flow, Baht yr '
E Electricity output, MW,
EO Optimal electricity output, MW,
fe Electricity export factor, % or decimal
%H hydrogen in fuel, % or decimal
h Vaporization enthalpy of water at 25°C,
fg k kg
HHV Higher heating value of fuel, kJ kg™
i Discount rate, %
lg Specific investment, Baht kW, '
Itotal Total Power plant investment, Baht
IN total income, Baht yr~
IRR Internal rate return, % or decimal
K Maintenance coefficient,
m % yr or decimal
LHV ¢ g Lower heating value of frond, MJ kg_1

m Number of months, months yr_1
MCwet’ frond Moisture content of frond, % or decimal
n Economic life time, yr
Number of workers, person
NPV Net present value, Baht
ouT Total outgoing finance, Baht yr-1
Padd Price of adder, Baht kW'
Pec Price of electricity capacity,BahtkW 'month”
pee Price of electricity energy, Baht kW_1
pFS Price of fuel saving, Baht kw
p Price of renewable energy promotion,
REP Baht kW'
Qg Boiler thermal load, MW,
QB, frond Frond thermal load, MWy,
(QBJO Optimal boiler thermal load, MWy,
R Radius of plantation area, km
(HO Optimal radius of plantation area, km
t annual power plant operating time, h yr_1
VAT Vat (1.07), % or decimal
’78 Boiler efficiency, % or decimal
77E Overall efficiency, % or decimal

Annual specific biomass frond availability,

tkmy"
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a7 1 ez 2 NI %uﬂu%gmﬁmmﬁmmn Plant manager 1 1,000,000
Ts9lWindauaaldonomws 7] waziilelduuusnans Shift leader ° 650,000

v , O&M personnel 12 450,000
mamﬁmma@ﬂumsf{haaa:vs;mwwu%mwﬁagaq@ﬁ Operator 0 400,000
pouiuldudy wuihdunbnaslss Wi 5ainety  secretary 5 200,000
Fogauran19lutnduriudouns  nsdiiez1%  Fuel handing 6 250,000
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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 fe 90 % 7]
Number of months m 12 month yr'1 [71
Biomass
Oil palm frond distribution v 937.5 t km yr 5]
Moisture of oil palm frond MCet. 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 htq 2,442.3 ki kg
Unit of transportation cost of chipped Oil palm frond Cis frond 2.44 bahtt' km' [10]
Specific investment I's 75,000 baht kWe_1 [7]
Internal rate of return IRR 15 % [7]
Maintenance coefficient Km 3 % [7]
Economic life time n 20 yr [71
Price of electricity capacity Pec 582.15 baht kW month” 9]
Price of electricity energy Pee 0.88 baht kwh" [9]
Price of support fuel saving pFS 0.36 baht kWh'1 [9]
Price of renewable energy promotion pREP 0.39 baht kWh'1 [9]
Price of adder support by government Padd 0.3 baht kWh'1 [9]
Vat VAT 7 % [9]
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Radius of
Power Geographical location 174 biomass MAP (C,o) Capacity
competitors Province 2
Plant (Latitude/longitude) (tkm yr ) supply (Ry) (Baht/ton) (MW)
(km.)

Group 1 M1 Chumphon 10° 50' 27.913" N/ 99° 13' 19.056" E 166.58 35 172.26 21.18
M2 Chumphon 10° 41' 44.732" N/99° 12' 14.796" E 230.48 30 180.79 23.61

M3 Chumphon 10° 25' 31.8900" N/ 99° 7' 55.851" E 150.06 35 169.29 20.46

M4 Chumphon 10° 17' 37.492" 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' 29.182" E 158.29 35 170.81 20.82

Group 3 M12  Krabi 8° 22' 57.126" N/ 98° 42' 58.388" E 244.58 30 182.26 24.07
M13  Krabi 8°23'6.716" N/ 98° 43' 45.624" 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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