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Cost Analysis of Biomass for Cogeneration Power Plants
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Abstract

Biomass from palm oil milling process is an interesting fuel for renewable energy power plant.
However, the power plant project needs special fuel procurement strategy which depends on project
site and biomass availability. This study reports the strategies fuel price along with the power plant
location. It was found that the fuel price should take into account of moisture content, annual area-
based biomass availability, investment return and type of the power plant. The cogeneration plant
affords higher fuel price than the fully condensing one. The power plant of 22 MW capacity should
be supported by palm biomass within a radius of 11-14 kilometer of oil palm plantation.

Keyword : fuel cost, Biomass cogeneration, Biomass.
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C annual labour cost, Bath yr’1 Eo optimal electricity output, MWe
Cy specific wage per capita of labour f, electricity export factor, % or decimal
cost, Bath persor{1 yr’1
Cn annual maintenance cost, Bath yr_1 i discount rate, %
C annual transportation cost, Bath yr’1 I specific cogeneration investment, Bath
MW
CtSsphall unit cost of transportation of shell, |l total cogeneration investment, Bath
Bath t km’
CtSeiper unit cost of transportation of fiber, IN total income, Bath
Bath t km '
Ctsers unit cost of transportation of EFB, IRR internal rate of return, %
Bath t km '
Cw annual biomass cost, Bath yr’1 Ken maintenance coefficient, % or decimal
CWSgrg annual EFB cost, Bath t LHVshey  lower heating value of shell, MJ kg71
(Cwsgrg)y  optimal unit cost of EFB, Bath £ LHVeper  lower heating value of fiber, MJ kg_1
Cwsghe  annual shell cost, Bath £ LHVerg lower heating value of EFB, MJ kg-1
CWskier  annual fiber cost, Bath t m number of months, month
CF annual cash flow, Bath yr-1 MC,et moisture content (wet basis), %or
decimal
E electricity output, MW, R radius of plantation area, km
n economic cogeneration life time, yr Ro optimal radius of plantation area, km
N number of workers, person t annual cogeneration operating time, h
yr'
NPV net present value, Bath Mg boiler efficiency, % or decimal
ouT total outgoing finance, Bath Neo cogeneration efficiency, % or decimal
Py price of thermal energy, Bath kwh' v annual  specific  biomass  waste
availability, t km ~ yr
Pec price of electricity capacity, Bath kW (Qg)o optimal boiler thermal load, MWy,
month”
Pee price of electricity energy, Bath kwh' Qp process heat demand, MWy,
Qg boiler thermal load, MW, Qsphetl Shell thermal load, MW,
(Qripero optimal fiber thermal load, MW, Qs EFB thermal load, MWy,
(Qspedo  optimal shell thermal load, MWy, (Qerao optimal EFB thermal load, MW,




AEC 2018

ogdlsfiony Wemdsdunaasliyadesfio funuuay
Avugs fatun s uvnalselniiuas s
winngandsianudndudmiunisiauilasenis
15alidmnaannunau

sandendaiudunuddyuindaasd
svsnanonisindulanalseludlh fedunsiaun
Tasinissenasldsnandenasiieonsuld
(acceptable fuel price) \dugmaizudu Fasian
Houmdsigdutuszoznisnisvuds Fununings
114 LLas@mmmfgaLwaq Feifudranudounagen
AuvuLtuBuive udemasdadudasondnly
msimuaiaalsaliii

2. LUU1299919AUAANERNS

2.1 aualseluiin

Frnadildannszurunsatnuntuudy 3
agvanfie neatguray nearUau waziduleunay
Ya9tu Fanamardazgnimdudemadiisy

MsUssAnMaaIeTgimnssuaIsinawisUsemelng Asan 26

a4 ‘H

159l %108 Teeuszansninnieadusauvas

AaAY 2555 M IATeI1Y

Tsslauuy cogeneration azduegifu fdsnsan
il (electricity output, E) fpudesnisleti
(stream demand, Qp) ua MFINTHARTD9LAS D
fudialeth (boiler thermal load, Qg) TuduaAn
aruFasnisleduarliinafiurasiuegfunanan
voslsssundonudesnislotn (unsdndnloth
gligldd1ane) lngusz@nsaimnieninuiou

S¥UU cogeneration LaAIRIALNITN 1
_ E+Qp (1)
Qs

auyfgrulilsslaiidiogluviinaiivgnuidy
dousoudiedail R (km) wazundumadugninun
afmiululssnuadaiiuuiduildlddna
9o 9UTian R (km) dndndaunaday o (tkm”

Tico

-l 2 oo i . .- . S|
y ) @938n731 area-based availability density %73
189NN TANAUNTUUIALLANIRIAT 1

A15197 1 USunaudnanadmngkasaanusaunbaainnssuiunsannisulidy

o A . USurudiuaadnmng AANSaUTIaUaY
FUNTINIAUIAN
(ton/ ton FFB) [4] MJ/kg [2]
nsuasiduleunauy (Fiber) 0.13 18.631 MJ/kg — MC,er (%) x 0.2113 KJ/kg
nsudnngarunau (Shell) 0.08 19.385 MJ/kg — MC,,; (%) x 0.2189 MJ/kg
Msuannzaeiuan (EFB) 0.23 16.957 MJ/kg — MCyet (%) x 0.1946 MJ/kg
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AN5197 1 Swagdeamasaudnsulselidndiuia
U1y [3]

LAy MATiFosnnsAn IRR atuaniaaldlamulsslain U A1dayAaIng, Cls
ynvun wisedomadluannis 32) Husendi yaans, N | (Bath person” yr
YuALsIlfindl (Cwsgrg)o 7O ANEEATOI Cwserg (person) )
fousulaues sofulunisresesidonnasie Plant 1 1000000
L%@Lwaaﬁaqiﬂﬁswmquﬁu (Cwsgrs)o manager

3. NAN153NARIMAMRAAENS Shift leader 3 650000
3.1 nsalAnen O&M 8 450000

auyAlRinns3Bulasamsasialasludiags | personnel

aUdy Imingstugiondl leefideyamiamada | Operator 3 400000
wagfdsaulsngluased 1 wag 2 audidu Tag Secretary 1 400000
foyauredniensdenn (2] (31 14) uae [6] udu | Fuel handing 4 450000
Joyavaslselnihdmiagans ludwmineeal uaz | Total 20
M99 2 Fuusamedauagiasusmansveslsdlulihdunaudurs]
Parameters Unit
Cogeneration Plant
Running time t 8000 h yr’1 (3]
Process heat demand Qp 27.2 MWy, [3]
Cogeneration efficiency Nco 60 % [3]
Boiler efficiency N8 80 % [3]
Electrical export factor fe 90 % [3]
number of month m 12 month yr71[3]
Biomass
FFB distribution v 775 -FFB km “yr - [2]
Amount of shell A 0.08 t-shell t-FFB " [4]
Nominal lower heating value of LHVga 5.81 MJ kg-1 (2]
shell (MC,o; 62 %)
Amount of fiber B 0.13 t-fiber t-FFB " [4]
Nominal lower heating value of LHVEiper 553 MJ kg-1 (2]
fiber (MC,,ot 62 %)
Amount of EFB c 0.23 t-EFB t-FFB [4]
Nominal lower heating value of LHVErg 4.89 MJ kgf1 (2]
EFB (MC, o 62 %)
Unit cost of transportation of CtSghal 55 bath t km '

shell
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Unit cost of transportation of ClSriper
fiber
Unit cost of transportation of EFB Ctserg
annual cost of shell CWSshell
annual cost of fiber CWSkiper
Specific investment I's
Internal rate of return IRR
Maintenance coefficient Km
Economic life time n
Price of electricity capacity Pec
Price of electricity energy Pee
Price of thermal energy (steam) Pg

4 bath t ' km"
3.5 bath t ' km"
1500 Bath t ' [2]
250 Bath t [2]
122290000 Bath Mwe " [6]

15 % [3]
3 % [3]
20 Yr [3]
960.36 Bath kW month’
'[3)
2.7 Bath kWh™ [6]
0.8288 Bath kWh " [3]

3.2 aualselnffimunzay (optimum)
ANz aNvesvualselwinlunsaldnw
iAo wuelsslwihilfnademasisensugean wa
nsdnaesmsadinmaniusingluased 3 lu
nsdidnwnil Foens IRR 15% wavusvadndifies
Tssliiilsien availability density = 340 ffu/m1519
w1/ (AAn 775 +-FFB km yr - x (0.13 tfiber t-
FFB'1+O 08 t-shell t-FFB'+0.23 t-EFB t-FFB")
miwm 3 v ldiuInA avallabmty density LL’du
ﬁuumwuwﬂaﬂmam GR R o) umﬂuammumm%u
Fowds uiruturesdemadinansenuievuini
wazauvedlsalui Tnedadeiifinanevuin
TsslnlihAe Aruduas availability density azifiu
Fomdsiinnudumuaziian availability density
g andutladnansovunslsslnih Aoanusaiuile
Foudslusaiigs luniseenuuulssldy 1414

A1t 62 % (g1uden) uag IRR 15% a9ld
swnaiosindnlothlsdwindivunn 83 Mw Tne
ranlwiiile 22.8 MW uaglerh 27.2 MW usnanil
WelUSeurfloufussuunanndasiusay
(cogeneration) ﬁmmuwﬁmwé’w}ulw%ashqLﬁsn
(fully condensing) WUINNSHART 2 quumaﬁm
yuaitufiaungs uas maqmimammmaqmmm
Tothlnddesiy drvnnidomadiauiuunn ssuy
cogeneration avudnlniladeenin uadiuin
Fomauriesyuy cogeneration Ana @edu
INsIENsIReIUUNsaIRn TlalRANANEe NS
loth
fualiUszansamlnesuaesszuuUnffianedid
30%  Fansiseldiuainnsielen il

(process steam) Asiifl 27.2 MW uas

32UV cogeneration @1313080LTULYBNGAINTIAES
nirssuuUnAlausEaM 7%
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A157199 3 Han1seanwUUlsITN Az andmsulssliihdsnaudusuundsndanusintaswuunan b
pg1afen (Wradv) NAAnudulayaunULLUEaIWAR199 U (RR = 15%, Qp = 27.2 MW,

MCet v Ro (Cwserg)o (Qp) Eo

%) | (tkm yr ) (krn) (Bath t ) (MW,) (MW,)
250 13.87 (14.19) 142.23 (137.93) 78.60 (82.31) 19.96 (22.18)
300 13.05 (13.35) 153.11 (149.06) 83.52 (87.46) 22.91 (25.28)

58 340 12.52 (12.81) 160.20 (156.32) 87.08 (91.19) 25.05 (27.51)
400 11.86 (12.13) 168.98 (165.30) 91.93 (96.27) 27.96 (30.56)
450 11.40 (11.67) 175.05 (171.51) 95.61 (100.12) 30.17 (32.87)
250 13.87 (14.19) 56.53 (52.23) 75.33 (78.89) 18.00 (20.13)
300 13.05 (13.35) 67.41 (63.36) 80.05 (83.83) 20.83 (23.10)

62 340 12.52 (12.81) 74.50 (70.62) 83.46 (87.40) 22.88 (25.24)
400 11.86 (12.13) 83.28 (79.60) 88.11 (92.27) 25.67 (28.16)
450 11.40 (11.67) 89.35 (85.81) 91.64 (95.96) 27.78 (30.38)
250 13.87 (14.19) 2.75 (1.05) 72.88 (76.32) 16.53 (18.59)
300 13.05 (13.35) 3.13 (2.14) 77.45 (81.10) 19.27 (21.46)

65 340 12.52 (12.81) 10.22 (6.34) 80.75 (84.56) 21.25(23.54)
400 11.86 (12.13) 19.00 (15.32) 85.24 (89.27) 23.95 (26.36)
450 11.40 (11.67) 25.07 (21.54) 88.66 (92.84) 25.99 (28.50)

3.351A15UYLYBLNAY

600

500 -+

400 o

300 -+ >~

200 -

(Cws), (Batht?)
/

100 A

—e— MC,,=59%
O MC,,=62%
—w9— MC,,=65%

13.4 13.6 13.8 14.0 14.2

14.4 14.6 14.8 15.0 15.2

Expected IRR, (%)

JUN 1 nSugedamaaivangauiiannuuamaasen IRR 699iu (4 - soter2y )

Ul 1 wansieBninavesninuiuves
FondsiinsEnusosalomwas (Cwserg)y LU
sademasseulmiuanutuLaza IRR Tngsian
L?gal,waaﬁEJam%’Uié’ﬁmqqﬁmﬁaﬂ’mu%umaaL%al,waa
fidanatuas IRR udy feduisianunsaUseidiu
sraveadewmadlimnzaunnuiuld luduves

augaulmsenutud IRR Awideiu nuirlugas
AMUTURANYY 1A eEneiY 21 vInsesu
sonnuuiidsul 1 % 91nguil 1 asdiuléd
WunsmAeud19azIuILiY wanTitALeaulnves
sesemuAUllTuRy IRR
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