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Abstract

This research assessed economic worthiness of a microbial fuel cell (MFC) for wastewater treatment in order to provide
information for investment guidance on new renewable fuel. Key financial parameters were incomes from electricity
production from microbial activity and carbon credits earned from burning released biogas, which reduces greenhouse
gas emission. Researchers operated a laboratory-scale reactor of MFC model, with a volume of 7.8 liters, for landfill
leachate wastewater treatment, filled with Bioballs as bio-filter (10% void ratio) and then varying hydraulic retention time
(HRT) in a range of 24-96 hours. The results showed that the reactor with HRT of 96 hours, operated with a filtration
rate of 16 liters/day, had the highest efficiency of COD removal and electricity potential difference, which were 76%
and 41.67 millivolt, respectively. Therefore, the reactor with HRT of 96 hours was selected to assess incomes from
electricity sale and carbon credit from the MFC. The analysis pointed out that the most profitable revenue from the
MFC was caused from only carbon credit, 1,079 baht/reactor/year, derived from greenhouse gas emission reduction
of 2.2 ton-carbon dioxide equivalent/reactor/year, while electricity sale did not significantly make revenue by producing
electricity of 0.03 watt-hour/reactor/year. From the results of worthiness analysis for the MFC system, to meet criteria
of net present value (NPV) and internal rate of return (IRR) for 10-year operating period with an constant discounted
rate of 7.73%, it was concluded that the MFC reactor was not worthy of an investment with NPV and IRR of -27,106
Baht and -22%, respectively, from all equipment and operation costs of 35,000 baht. Nevertheless, when considering
the analysis of an investment, it would be more worthy by increasing the number and improving treatment efficiency
of reactors. Increasing the number of reactors to 10 reactors (equivalent to a filtration rate of 160 liters/day) effected
a change of NPV and IRR to 37,537 Baht and 16%, respectively, from all investment costs of 41,404 upon 10-year
operating period. If increasing the number of reactors featuring improving COD treatment efficiency from 76% to
86%, IRR would increase to 22%. From the abovementioned results, the researchers suggested that those interested
in MFC investment, for now, should consider factors, such as treatment capacity and efficiency of the system for
purpose of wastewater treatment together with a biogas collecting system for utilization, as information for an

investment decision making.
Keywords: Economic worthiness analysis, Microbial Fuel Cell, Greenhouse gas assessment
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Table 1 Scenarios of Microbial Fuel Cell (MFC)
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Investment Cost (C) Return (B)
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Microbial fuel - Equipment cost for -Electricity power

cell without microbial fuel cell quantity

biogas holder - Labor cost for system

operation
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cell with biogas microbial fuel cell quantity
holder - Equipment cost for - Carbon credit
biogas holder quantity
- Labor cost for system
operation
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Figure 2 Configuration of water replacement biogas holder
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Table2  Equipment and labor costs for microbial fuel
cell investment
ost Salvage Depreciated
Item List unit cost® cost
(Baht)
(Baht) (Baht)
Investment cost for microbial fuel cell
Plastic bucket 7.8 1 60 6.6 53.4
liter bucket
Wastewater 1 tank 183 19.8 163.2
influent tank
120 liter
Wastewater 1 tank 45 4.9 401
effluent tank 10 liter
PVC pipe 8 me- 87 9.6 774
ters

PVC pipe 10 units 102 1.2 90.8
components
Computer 1 unit 3,000 330 2,670
Voltmeter 1 unit 390 42.9 347 .1
Currentmeter Tunit 23,040 2,534.4 20,505.6
PH and ORP meter 1 unit 8,200 902 7,298
Tank iron stand 1 unit 300 33 267
Total depreciated cost 31,512.6
Investment for biogas holder
Check value 1 unit 490 53.9 436.1
PVC pipe 5 units 57 6.3 50.7
components
Total depreciated cost 486.8
Labor cost for operating system
Lump sum 10 3,000 - 3,000
payment times

Remark: *Referred from The Army Comptroller (2015) %38 &U%.
(2558)
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Figure 4 Financial returns of electricity and carbon credit
sale from a microbial fuel call with biogas holder
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Figure 7 Relationship of Internal Rate of Return (IRR)
and electricity production from a microbial fuel cell,
not including carbon credit return
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Figure 8 Relationship of Internal Rate of Return (IRR) and
electricity production from a microbial fuel cell, including
carbon credit return

CEH

3:1_|1Jmaﬁ%mwﬁaqﬁuﬁﬂﬁgnaaﬂmeﬁ‘al%
Tumsthdaindsuiumanaalnidsinlinelwfa
sldnmsmelwiussdusn Iiu el duidonss
matdanluawiaa FeviliiAuisanusdgaasaii
duamaassgemaailunisssulasinsannaldan
m*?uaumsﬁmmﬂmsammwuLﬁuﬁ"w%ammﬁaa@
HANTENUNIEILadoNINey mMydszduneldan
Fagnsnlduuunifethdairsasewodn Fafnsall
sansaaengldnnmsuaalningslamnas e
0.03 Jad-t2 lu/dad) uaseldnamuaunanuanauLn
nnmseaitewasaa lasdadjnsnfazlianuduen
@iamsammﬁaLam:uuﬁé’@mm‘smaaﬁgaﬁu%m@i 160
5a3/3% 3wl %m:ﬁﬂﬁi:uuﬁgamﬁﬂi 37,537 U
uazlmanauunuely 16% luszoziaduszuy 10 1
AsaTan 7.73%

e

6

msﬁwmi:uuLsnaﬁl,%al,wﬁagﬁuw%mﬁal,ﬁu

'
o

Uszansmwmstniaduiladefiersfinsaniiaiiung
ldannsudalWituazaisuauiasaa winUs=ansaIw
msthdedledvasszuufindwezyinlwdumwa ke IRR
RuTn ijaLﬁm:uuLmaﬁL%aLwﬁaﬁ;’ﬁuﬂ%ﬁﬁé’mﬂmin
589 160 Aa3/4% lagifndszansaiwmsiidewindy
90% azvnlienanouunumsluddRuTwrnTy 22%
mswanLRatiuias Wi finaaldnszuuiaasge
LwﬁdqauﬁﬁﬁlﬂuﬁﬂLmemﬁalumiLﬁ'umwmj?mh
FanNIIRING mn kiR Tanldnnaiueuadasin
AIUWLIN m_mLﬁnaﬁl,%al,wﬁdqauﬂ%ﬁﬁé’mwmiﬂiaa 16
3039% arswamININaaias i lileade 25,000 Ala
Sad- sl uamninsanmoldneniuonasintiy
fhamwamnsnaarmas i lilad 3 Alavad-5aluy

179



180

pl mﬂNamiﬂﬂaaﬁnéfumﬂ;jﬁau‘[mmmm:ummﬁ
L%aLwaaﬁgau‘n’%ﬁluﬁﬁ]gﬁumiﬁﬁmmﬁ@5&5wmﬁuﬁ"nm
Frmwiaiunldanmseansueuasia sanams
Lﬁmmw%aé'mwm'imadﬂumizuuLﬁalﬁi:uuﬁmwﬁm
@h@iamiamumﬂﬁ'q%u LL@iﬁv'qf'Imu%'yﬁﬁ%f@qﬂszmﬁ
Tunsinyssansmwuazmsuda Wi duassdwde
ﬁ@ums:uuLsmﬁL%aLwaaqauw'%sﬂﬁﬁmwumam%aLWE@
NALNWTIM Az uauaa

naanssnlszne
mu%%'ﬂf:vlﬁ%'unuaﬁua%umnﬂm:
FJenTsueaas vwInsnasumansany muldlasinig
nuq@m&mmﬁ%’smmsﬁéﬂm sudszunodune e
Uszdnl 2562 uaz0UaUNITAM HA.ATIWTT LWITE
WHANMPIYINN WagNUh Uaz wIFIENI6 fiten
Lﬂuaﬂ'wgaﬁLgan‘ﬁaﬁagaﬂﬁ:naumiﬁﬁ%’mﬁ’uﬁ

LaN&15219D9

AupTail lnazgn uazamue. (2554). mm’zif“yamﬁdgmﬁw
3wy nsHAa IWinBuFy. WmInenay
VAL,

o
& A a

viiwgn nylafia. (2554). ioadiFainas: unamalniie
MINFAWAIIIH. WAINDALIUATITIN.

230N WarNUA Uaz §N1A @3LTENN. (2560). AAYEY
SamgmgasiTunsasiddamsthiadladuasile
ﬁ'?mfm‘:?/z/m”awmaiﬁymwﬁdglﬁun?yfﬁ'ﬁ%ﬁnnﬁd
nsasdanmliidvermeuvynadu. uaniinug
AMLAFMNTINAEAT NANINLNABNAENTANY

ﬂm:ﬁwmmﬁaﬁmimwﬁmu@mqmﬂ’ﬁmuauﬁwﬁ
PRI DWA. (2562). ﬂ%’ﬂi/qsmﬁ'mnmsz/fmiﬂ“mamm
LEauTIM BN W13, W..2562. 31N http:/www.
WVO. thaigov.net/mi'mmqnwﬂ%&m%m%’wﬁmﬁ
289%208K¢1.pdf.

At naswna. (2540). msanmanuulylalunis
wrssgmanslummintuFeisumsihganduanls
st lpmillwamitniidosine somiazays. wde
YN AN Ine.

T3 AMNLFIATIV UAziuETAL Iﬁazq@l. (2558). NIHAG
ﬂ‘s:LLaVLWWﬂmmmaﬁL%aLwaaqa%wiﬂﬂ%ﬁunnm%u.
AMINIINRIINAIVINEINL YD WU, 42(1), 117-124.

Wajussakorn Kanjana, Thitiphong Promjom, Warin Meesat

J Sci Technol MSU

ahgF3 URIBITNDT. (2552). mawAanszua Wi ndugy
[@ﬂ?ﬁﬁaﬂiz%azwﬁa?aﬁw. UAIANERUNBATAEAS.

U389 LN N, (2562). TIA1Y8INTILAULATARN. W.41.
2562. ; 91N http://siamcarbonmarkets.blogspot.com.

mand daafanusol. (2554). szEnEn WYL Tasi 99
Awﬁa?a%wgwuﬁaazﬁﬂ:v?ummﬁwnmza'ﬁi«/%mn
dudswhsugn. Uiygniwus eadmnswmaad
wammtﬁum%ﬂmﬁm.

NI UWULI U LA LN UNFIITUNTENTIINAIINU.
(2562). EJfNﬁwYV\/W'zﬂ/u'zmﬁnmn. W.71.2562. 91N
http://www.eppo.go.th/index.php/th/electricity/private/
vspp.

funnuldadaTnesiwun (8U.). (2555). U3L/onan
NI A UFIUTININIWEEUAT2T. LN
Ty inTwdauuaziiunasnu nua.dyl.

8371 qnififdia. (2553). msuaanszug Wi lwsasise
LWﬁa?ﬁun?y’uuu%”mﬂ@ﬂfzfuz’fr’mmnBwvu
gaamnysuna linsedas. Syanfiwusymainsol
VAIINLRE.

Buna’ N uaztigdIIas Nw. (2561). Ha8IERTIFIN
FavtunsasidaemsthianaamWausssainalu
u”nfm/z/m”uzuézrﬂaiﬁymw§d§§uw§yfﬁ5§7\7a7nﬁ‘anmd
FanwluitduarmauuyInais. Anoinwsams
AAINTINFIRAT: WHIINLIRBURIRITAY.

Bateman, |.J., & Turner, R.K. (1993). Valuation of the
environment, methods and techniques: The contingent
valuation method, Sustainable Environmental
Economics and Management. Principles and Practice,
Belhaven Pre.

Main, M.A. (2019). Project Economics and Decision
Analysis, Volume I, Deterministic Mode.

UNFCCC. (2019). Small-scale Methodology, Methane
Recovery in Wastewater Treatment AMS-III-H.
Version 19.0 Sectoral scope(s): 01 and 13, United

Nation Framework Convention on Climate.


http://www.tcpdf.org

