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lkjka’k

lw{etho bZa/ku dksf'kdk,¡ ¼Microbial Fuel Cells - MFCs½ uohu tSo&oS|qr jklk;fud ;a= gSa] tks
vif'k"V ty ds 'kks/ku vkSj lrr fo|qr mRiknu dks ,d lkFk laiUu djus esa l{ke gSaA ;g v/;;u MFC
ds çn'kZu esa gkfy;k çxfr;ksa dh iM+rky djrk gS] ftlesa e‚Mfyax] çk;ksfxd çek.khdj.k vkSj vuqdwyu
fof/k;ksa ij fo'ks"k cy fn;k x;k gSA ,d lexz –f"Vdks.k viuk;k x;k gS] ftlesa —f=e cqf)eÙkk ¼AI½ vkSj
e'khu yfuaZx ¼ML½ vk/kkfjr ,YxksfjFe & tSls fd ,MsfIVo U;wjks&Qt+h buQjsal flLVe ¼ANFIS½ rFkk
ikfVZdy LokeZ v‚fIVekbts'ku ¼PSO½ & dk mi;ksx iwokZuqekukRed lVhdrk c<+kus ,oa ifjpkyu n{krk
dks lqO;ofLFkr djus gsrq fd;k x;k gSA bysDVªksM lkexzh esa uohurk ykrs gq,] xzkQhu&vk/kkfjr feJ /kkrq,¡
rFkk ykSg&la;ksftr mRçsjd ¼iron-doped catalysts½ dks lfEefyr fd;k x;k gS] ftlls tSofQYe fuekZ.k]
fo|qr pkydrk vkSj v‚Dlhtu vip;u xfrdh ¼oxygen reduction kinetics½ esa lq/kkj çkIr gqvk gSA
çk;ksfxd iqf"V xfrd cgq&mís';h; vuqdwyu e‚My ds ek/;e ls dh xbZ] tgk¡ okLrfod le; fuxjkuh
midj.k vkSj Mhi yfuaZx ,YxksfjFe dk ç;ksx dj] fo|qr ?kuRo ¼power density½ ,oa jklk;fud v‚Dlhtu
ekax ¼COD½ fu"dklu dks çHkkfor djus okys egÙoiw.kZ ekudksa dh igpku dh xbZ gSA

,d 15&yhVj dh lw{etho bZa/ku dksf'kdk ¼MFC½ ç.kkyh dk e‚My rS;kj dj mldk vuqdwyu fd;k
x;k gS] ftlls fo|qr ?kuRo ço`fÙk;ksa] dqy dksf'kdk foHko rFkk lClVªsV xfrdh dk ewY;kadu fd;k tk ldsA
laosnu'khyrk fo'ys"k.k ¼Sensitivity Analysis½ }kjk ;g Li"V fd;k x;k gS fd lClVªsV lkaærk] bysDVªksM lrg
{ks=Qy vkSj i;kZoj.kh; ifjfLFkfr;k¡ tSls çeq[k dkjd ç.kkyh ds çn'kZu dks egRoiw.kZ :i ls çHkkfor djrs
gSaA MATLAB rFkk —f=e cqf)eÙkk rduhdksa ds mi;ksx ls iwokZuqeku e‚Mfyax dks ,dh—r djrs gq, ÅtkZ
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mRiknu n{krk esa mYys[kuh; o`f) ¼fiNys v/;;uksa
dh rqyuk esa yxHkx 30%½ çkIr dh xbZ gS] tks e‚My
dh –<+rk ¼robustness½ dks çekf.kr djrh gSA ;g
v/;;u ;g n'kkZrk gS fd lax.kdh; midj.kksa rFkk
uohu lkexzh uokpkjksa dh Hkwfedk MFC ds çn'kZu
dks l'kä :i ls c<+kus esa ifjorZudkjh fl) gks
ldrh gSA ;g ,d ,slk ekxZ ç'kLr djrk gS] tks
Hkfo"; esa vif'k"V ty 'kks/ku vkSj uohdj.kh; ÅtkZ
mRiknu ds fy, ekiuh; ¼scalable½ vkSj lrr lek/
kku çnku dj ldrk gSA

Abstract

Microbial Fuel Cells (MFCs) are innovative
bio-electrochemical devices capable of
simultaneously treating wastewater and
producing sustainable electricity. This study
explores recent advancements in MFC
performance, emphasizing modeling,
experimental validation, and optimization
methodologies. A comprehensive approach is
adopted, integrating AI and ML algorithms such
as Adaptive Neuro-Fuzzy Inference Systems
(ANFIS) and Particle Swarm Optimization
(PSO) to enhance predictive accuracy and
streamline operational efficiency. Advanced
electrode materials, including graphene-based
composites and iron-doped catalysts, are
incorporated to improve biofilm formation,
conductivity, and oxygen reduction kinetics.
Experimental validation is performed using
dynamic multi-objective optimization models,
where real-time monitoring tools and deep
learning algorithms identify critical parameters
influencing power density and chemical oxygen
demand (COD) removal.

A 15-liter MFC system is modeled and
optimized to assess power density trends, total
cell potential, and substrate dynamics. Sensitivity
analysis highlights the influence of key factors
such as substrate concentration, electrode
surface area, and environmental conditions.
Integration of predictive modeling using
MATLAB and AI techniques achieves a
significant increase in energy generation

efficiency (up to 30% compared to previous
studies), validating the model's robustness. This
study underscores the transformative role of
computational tools and material innovations in
enhancing MFC performance, providing a
scalable and sustainable roadmap for future
applications in wastewater treatment and
renewable energy production.

eq[; 'kCn % lw{etho bZa/ku dksf'kdk,¡] —f=e
cqf)eÙkk] e'khu yfuaZx] vuqdwyu] vif'k"V ty
'kks/ku] tSo&oS|qr jklk;fud ç.kkfy;k¡] lhvksMh
fu"dkluA

Keywords : Microbial Fuel Cells, Artificial
Intelligence, Machine Learning, Optimization,
Wastewater Treatment, Bio-electrochemical
Systems, COD Removal.

ifjp;

lw{etho bZa/ku dksf'kdk ,d mUur çdkj dh
oS|qr&jklk;fud dksf'kdk gS] ftlesa fof'k"V :i ls
la'kks/ku fd, x, gSaA ;g ,d uohdj.kh; ,oa lrr
ÅtkZ lzksr gS] ftls gky gh esa dkQh /;ku çkIr gqvk
gSA lw{etho bZa/ku dksf'kdk ,d tSo&jklk;fud
fj,DVj ds :i esa dk;Z djrh gS] ftlesa lw{ethoksa dh
lgk;rk ls jklk;fud ÅtkZ dks fo|qr ÅtkZ esa
:ikarfjr fd;k tkrk gS [1]A MFC çfØ;k dh
çkjafHkd voLFkk esa cSDVhfj;k vif'k"V ty dh Hkwfedk
fuHkkrs gSaA ;g ,d jsM‚Dl vfHkfØ;k dks çkjaHk djrk
gS] ftlesa lClVªsV ds v‚Dlhdj.k ds dkj.k çksV‚u
rFkk bysDVª‚uksa dk fuekZ.k gksrk gSA blds i'pkr
çksV‚u] çksV‚u ,Dlpsat esEczsu ¼PEM½ ds ek/;e ls
dSFkksM dh vksj c<+rs gSa] tcfd bysDVª‚u ,d cká
ifjiFk ¼external circuit½ ds ek/;e ls çokfgr gksrs
gSaA lw{etho bZa/ku dksf'kdk,¡ nks çdkj dh gksrh gSa%
¼I½ ,d&d{kh; MFC rFkk ¼II½ f}&d{kh; MFC

[2]A ,d&d{kh; MFC esa dSFkksM gsrq iF̀kd d{k ugha
gksrk vkSj ;g ok;qeaMy ds laidZ esa jgrk gS] tcfd
f}&d{kh; MFC esa dSFkksM vkSj ,uksM dks vyx
djus gsrq çksV‚u ,Dlpsat esEczsu ¼PEM½ dk mi;ksx
fd;k tkrk gS [3]A
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Fig. 1. Microbial Fuel Cell Outline.

lw{etho bZa/ku dksf'kdk ¼MFC½ ds eq[; ?kVdksa esa ,uksM] dSFkksM rFkk f>Yyh ¼esEczsu½ lfEefyr gSaA
lw{etho dksf'kdk dk js[kkfp=kRed fp=.k fp= 1 esa çLrqr fd;k x;k gSA bu çeq[k ?kVdksa dh lajpuk
dksf'kdk ds lexz çn'kZu ij fu.kkZ;d çHkko Mkyrh gSA ,uksM rFkk dSFkksM dh dk;Zdq'kyrk dks vuqdwfyr djus
gsrq fofHkUu çdkj ds lClVªsV~l dk mi;ksx fd;k tkrk gS [4]A dksf'kdk ds Hkhrj fo|eku thok.kq leqnk;
mRiUu fo|qr dh ek=k rFkk vif'k"V ty ds fu"dklu dh nj dks dkQh çHkkfor djrk gSA dSFkksM lkexzh
tSls fd xzsQkbV IysV] j‚M] dkcZu isij rFkk diM+k çk;% dkcZu&vk/kkfjr inkFkksaZ ls cuh gksrh gSa] ftUgsa
thok.kqvksa }kjk tSofQYe fuekZ.k dks çksRlkfgr djus rFkk i;kZIr pkydrk ¼conductivity½ çnf'kZr djus dh
{kerk j[kuh pkfg,A v‚Dlhtu vip;u vfHkfØ;k ¼Oxygen Reduction Reaction – ORR½ dks csgrj cukus
gsrq IysfVue&ysfir VkbVsfu;e ,oa CySd IysfVue tSls mRçsjd inkFkksaZ dk mi;ksx fd;k tkrk gSA ,uksM i{k
ij] lsY;qykst] Xywdkst] lqØkst] ÝqDVkst] tk;ykst vkSj ,Fksu‚y tSls vfrfjä lClVªsV~l dk lekos'k fd;k
tkrk gSA ;s lClVªsV~l thok.kqvksa dks iks"k.k çnku djrs gSa vkSj vDlj lajpukRed :i ls tfVy gksrs gSaA
loksZÙke n{krk çkIr djus ds fy, ,uksM ij ,d vuok;oh; ¼anaerobic½ okrkoj.k cuk, j[kk tkrk gS] tks
fo|qr lfØ; tSofQYe ¼electroactive biofilm½ ds fuekZ.k dh vuqefr nsrk gS] ftlls tSfod inkFkZ fo|qr ÅtkZ
esa ifjofrZr gks ikrk gSA

Fig. 2. Classification of Microbial Fuel cell based on Model.
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Xywdkst vfHkfØ;k esa ,uksfMd QhM bl çdkj çnÙk gS%

,uksM vfHkfØ;k%

6 12 6 2 2C H O 6H O 6CO 24H 24e    

dSFkksM vfHkfØ;k%

2 224H 24e 6CO 2H   

lexz vfHkfØ;k%

6 12 6 2 2 2C H O 6O 6CO 6H O Electrical Energy   

lw{etho bZa/ku dksf'kdk ¼MFC½ ds fy, igyk xf.krh; e‚My >kax vkSj g‚Yes }kjk fodflr fd;k
x;k Fkk [5]A MFC ds çn'kZu dks csgrj cukus ds fy, e‚Mfyax çfØ;k ds nkSjku ç.kkfy;ksa dk fuekZ.k vkSj
lw{e lek;kstu vR;ar egRoiw.kZ gksrk gS] tks vuqHkotU; vkadM+ksa ij vk/kkfjr gksrk gSA MFC e‚Mfyax dks
eq[; :i ls nks çdkjksa esa oxhZ—r fd;k tk ldrk gS% çfØ;k&vk/kkfjr e‚My vkSj vuqç;ksx&vk/kkfjr
e‚MyA çfØ;k&vk/kkfjr e‚My vfHkfØ;k çfØ;kvksa dks le>us esa lgk;d gksrs gSa] tSls fd /kkjk vkSj foHko
dh xfrdh] lClVªsV miHkksx nj] vkSj tSofQYe pØ [6]A nwljh vksj] vuqç;ksx&vk/kkfjr e‚My vf/kxe
vkSj fu;a=.k ij dsafær gksrs gSa] vkSj fo'ks"k :i ls fo|qr e‚Mfyax esa fo'ks"kKrk j[krs gSaA vf/kxe vkSj
fu;a=.k dh –f"V ls] mís'; gksrk gS vkmViqV vkSj dqy‚fEcd n{krk dk vuqdwyu] vDlj fcuk iwjh vfHkfØ;k
çfØ;k dks iwjh rjg ls /;ku esa j[ksA fp= 3 esa e‚Mfyax ds vk/kkj ij lw{etho bZa/ku dksf'kdkvksa ds
oxhZdj.k dk –';kRed fu:i.k çLrqr fd;k x;k gSA

lw{etho bZa/ku dksf'kdk ¼MFC½ ,d ,slk ;a= gS tks ÅtkZ ds dq'ky mi;ksx ds ek/;e ls ÅtkZ mRiUu
djrk gSA ;|fi çfØ;k&vk/kkfjr e‚My ifjpkyu fLFkfr;ksa vkSj foU;klksa dk vuqdwyu djds i;kZIr fo|qr
mRiknu çkIr dj ldrs gSa] ijarq buesa x.kuk esa vf/kd le; yxrk gS vkSj ;s O;ogkfjd :i ls mi;qä ugha
gksrsA ;g 'kks/k i= vuqç;ksx&vk/kkfjr e‚Myksa ds mi;ksx }kjk e‚Mfyax ij dsafær gS [7]A MFC e‚Mfyax esa
x.kuk le; de gksrk gS vkSj ;g fof'k"V vuqç;ksx {ks=ksa ij dsafær gksrh gSA vuqç;ksx&vk/kkfjr e‚My nks çdkj
ds gksrs gSa% fo|qr e‚My vkSj vf/kxe ,oa fu;a=.k e‚MyA lVhd e‚Mfyax ifj.kke çkIr djus ds fy, cM+h ek=k
esa çk;ksfxd vkadM+ksa dh vko';drk gksrh gSA fo|qr e‚My mi;qä fo|qr iSjkehVjksa dk mi;ksx djrs gSa vkSj
vko';d ?kVdksa dks lfEefyr djus okys ljy rqY; ifjiFk e‚Myksa ¼equivalent circuit models½ ij vk/kkfjr
gksrs gSaA nwljh vksj] vf/kxe ,oa fu;a=.k e‚My rhu ewyHkwr ?kVukvksa & jklk;fud] tSfod] vkSj fo|qr & dks
lekfgr djrs gSa vkSj MFC e‚Mfyax esa ,d cgqfo"k;d –f"Vdks.k viukrs gSaA

lw{etho bZa/ku dksf'kdk ds Hkhrj ?kfVr gksus okyh vkarfjd vfHkfØ;kvksa dks fp= 3 esa Li"V :i ls n'kkZ;k
x;k gSA
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Fig. 3. Internal Reaction in Microbial Fuel Cell

lw{etho bZa/ku dksf'kdk dk e‚Mfyax fl)kar

vif'k"V mipkj ç.kkfy;ksa ds ledkyhu ifj–'; dks vc lrrrk dh vksj c<+rs #>ku }kjk ifjHkkf"kr
fd;k tk jgk gS] ftlesa tSfod mipkj lajpuk ds Hkhrj rduhdh çxfr ds ,dhdj.k ij cy fn;k tk jgk
gSA vif'k"V ty mipkj esa tSfod çkS|ksfxfd;ksa ds lekos'k ds ek/;e ls vif'k"V ÅtkZ dks fo|qr ÅtkZ
esa :ikarfjr djuk laHko gks tkrk gSA fo'ks"k :i ls] lw{etho bZa/ku dksf'kdk,¡ ¼MFCs½ n{krk ds –f"Vdks.k
ls vU; oSdfYid tSfod rduhdksa dh rqyuk esa csgrj çn'kZu djrh gSaA MFC dks vU; vif'k"V ty mipkj
fof/k;ksa dh rqyuk esa vuqdwy cukus okys çeq[k dkjd gSa & fo|qr mRiknu vkSj çn'kZu ewY;kaduA ,uksM i{k
ij] vuok;oh; okrkoj.k tSfod :i ls vi?kVuh; inkFkksaZ dks fo|qr ÅtkZ esa :ikarfjr djus dh çfØ;k
ds fy, vko';d gksrk gSA MFC ds Hkhrj laiw.kZ vfHkfØ;k Lor%LQwrZ :i ls gksrh gS vkSj blesa fo|qr
mRiknu gsrq vuqdwy Å"ekxfrdh gksrh gSA blesa NADH ,d bysDVª‚u nkrk ds :i esa dk;Z djrk gS] tcfd
v‚Dlhtu vafre bysDVª‚u xzkgh ds :i esa dk;Z djrh gSA Nernst lehdj.k dk mi;ksx djds lS)kafrd
:i ls mRikfnr foHko dh x.kuk dh tk ldrh gSA

,uksM vfHkfØ;k%

NAD H 2e NADH    

 01
and 0 2

NADHRT
E E n 0.32V

2F NAD H 

 
   
        

l

dSFkksM vfHkfØ;k%

2 2O 4H 2e 2H O   

 
 

01
and 0 20.5

2

1RT
E E n 0.84V

2F O H

 
   
    

l
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01 01 01
tot cat andE E E 0.84 ( 0.32) 1.16V     

lw{etho bZa/ku dksf'kdk ¼MFC½ esa ckgjh lClVªsV dks lfEefyr djus ls dksf'kdk ds lexz çn'kZu esa
lq/kkj dh laHkkouk gksrh gSA bysDVªksjklk;fud e/;LFkksa ¼electrochemical mediators½ dk jsM‚Dl vfHkfØ;k
foHko eku thok.kq dksf'kdkvksa ds NADH vkSj dksf'kdk ds ,uksfMd Hkkx ds e/; ikjLifjd fØ;k }kjk
fu/kkZfjr fd;k tk ldrk gSA ;g jsM‚Dl vfHkfØ;k ?kVdksa ds leorhZ v‚Dlhdj.k vkSj vip;u dks n'kkZrh
gS] tks iqu#Riknu çfØ;kvksa ds lkFk laiUu gksrh gS [8]A MFC ds ,uksfMd i{k esa tfVy dkcksZgkbMªsVksa dk
mi;ksx bZa/ku ds :i esa fd;k tkrk gSA bu bZa/kuksa dh ek=k dksf'kdk ds dqy fo|qr mRiknu dks fu/kkZfjr
djus esa egRoiw.kZ Hkwfedk fuHkkrh gSA tfVy dkcksZgkbMªsVksa esa ls lsY;qykst] lqØkst] ÝqDVkst] Xywdkst]
tk;ykst vkSj ,Fksu‚y lcls lkekU; :i ls ç;qä lClVªsV~l gSaA gkyk¡fd] MFC dh fof'k"V /kkjk ?kurk
¼specific current density½ vHkh Hkh vfuf'pr cuh gqbZ gS] ftldk çeq[k dkj.k mPp vkarfjd çfrjks/k
¼internal resistance½ gS] tks ç.kkyh dh fo|qr mRiknu {kerk dks xaHkhj :i ls çHkkfor djrk gSA ;g
vkarfjd çfrjks/k dbZ dkjdksa ls tqM+k gksrk gS] tSls fd ,uksM vkSj dSFkksM ij ç;qä lkexzh] çksV‚u ,Dlpsat
esEczsu ¼PEM½ dh lajpuk] rFkk lClVªsV QhM dh lkaærk vkSj xfrA

fiaVks dsl v/;;u

;g v/;;u lw{etho bZa/ku dksf'kdkvksa ¼MFCs½ ds fy, fofHkUu e‚Mfyax rduhdksa dk ewY;kadu djus
dk mís'; j[krk gSA MFC ds çn'kZu dks csgrj cukuk vkSj ç.kkyh ds dq'ky fMtkbu ,oa vuqdwyu dks l{ke
cukuk vR;f/kd egRo j[krk gS [9]A

;g v/;;u lw{etho bZa/ku dksf'kdkvksa ¼MFCs½ gsrq fofHkUu e‚Mfyax fof/k;ksa ds ewY;kadu ij dsafær gSA
MFC ds dk;Zn{krk esa lq/kkj rFkk ç.kkyh ds çHkkoh fMtkbu ,oa vuqdwyu dks l{ke cukuk bl {ks= esa fo'ks"k
egÙo j[krk gS [9]A

MFC ds fy, æO;eku larqyu lehdj.k

,uksfMd d{k ds fy, æO;eku larqyu lehdj.k

e e n n

dG
q x q x dG

dt
   ...(1)

tgk¡]

eq  bysDVª‚u mRiUu djus okys lw{etho dh miHkksx nj

nq  xSj&bysDVª‚u mRiUu djus okys lw{etho dh miHkksx nj

ex  bysDVª‚u mRiUu djus okys lw{etho dh lkaærk

nx  xSj&bysDVª‚u mRiUu djus okys lw{etho dh lkaærk

d  iryhdj.k nj ¼dilution rate½] RF

V


RF QhM ¶yks nj
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V  vk;ru ¼o‚Y;we½

G  ,uksfMd d{k esa Xywdkst dh lkaærk

e
e e e e 1 e

dx
x Dd x x

dt
    ...(2)

e  bysDVª‚u mRiUu djus okys cSDVhfj;k dh of̀) nj

ex  bysDVª‚u mRiUu djus okys cSDVhfj;k dh lkaærk

eDd bysDVª‚u mRiUu djus okys cSDVhfj;k dh {k; nj ¼decay rate½

n
n n n n 1 n

dx
x Dd x x

dt
    (3)

n  o`f) ds dkj.k tSofQYe esa cSDVhfj;k dh òf)

nx  xSj&bysDVª‚u mRiUu djus okys cSDVhfj;k dh lkaærk

nDd xSj&bysDVª‚u mRiUu djus okys cSDVhfj;k dh {k; nj

tSls gh tSofQYe dh eksVkbZ fLFkj voLFkk ¼steady state½ ds lehi igq¡prh gS] ml fLFkfr dks LFkk;h
pj.k ¼stationary phase½ ekurs gq, tSofQYe çfr/kkj.k ¼biofilm retention½ ds fy, fuEufyf[kr lehdj.k
çkIr fd;k tk ldrk gS%

1 0  ¼4½

vFkok]

   e e e n n n
1

e n

Dd x Dd x

x x

    
 

 ¼5½

;fn e n max1x x x 

max1x tSofQYe dh igyh ijr esa vf/kdre tSoHkkj ¼biomass½ dh lkaærk

bysDVª‚u mRiUu djus okys lw{ethoksa ds fy, æO;eku larqyu lehdj.k%

TOTAL Re d OXN N N  ¼6½

TOTALN  çfr lw{etho dqy e/;LFk v.kq ¼arbitrator½ dk va'k-

RedN  bysDVª‚u mRiUu djus okys lw{etho çfr] vipf;r e/;LFk dk va'k

OXN  bysDVª‚u mRiUu djus okys lw{etho çfr] v‚Dlhdj.k voLFkk esa e/;LFk dk va'k

OX MFC
ae

e

dN cI
Eq

dt Vx F
  

 ¼7½
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aE  e/;LFk ¼arbitrator½ dh mit

eq bysDVª‚u mRiUu djus okyk lw{etho

  e/;LFk dk eksyj æO;eku

MFCI lw{etho bZa/ku dksf'kdk ¼MFC½ }kjk mRiUu /kkjk

  LFkkukarfjr bysDVª‚uksa dh la[;k

F QSjkMs fu;rkad ¼çR;sd eksy bysDVª‚u ds fy, pktZ½

xfrd lehdj.k

MFC ds fy, xfrd lehdj.k uhps çLrqr gS%

0X
e max e

se N 0X

NG

H G K N
  

  ¼8½

n max n
sa

G

H G
  

 ¼9½

0X
e max e

se N 0X

NG
q q

H G K N


  ¼10½

n max n
sn

G
q q

H G


 ¼11½

max e  mRiUu djus okys lw{ethoksa dh vf/kdre o`f) nj

max n xSj&bysDVª‚u mRiUu djus okys lw{ethoksa dh vf/kdre o`f) nj

max eq  bysDVª‚u mRiUu djus okys lw{ethoksa dh vf/kdre miHkksx nj

max nq  xSj&bysDVª‚u mRiUu djus okys lw{ethoksa dh vf/kdre miHkksx nj

sH  v/kZ&lar`fIr fu;rkad ¼Half-saturation constant½

fo|qr&jklk;fud lehdj.k

uhps mfYyf[kr lehdj.k dk mi;ksx djds MFC dh /kkjk ¼current½ fu/kkZfjr dh xbZ%

TOTAL
CCP

red
MFC

int ext

NRT
V ln

F N
I

R R





¼12½

CCPV  DyksT+M lfdZV oksYVst

intR  vkarfjd çfrjks/k
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extR  cká çfrjks/k-

MFC dk oksYVst

act ohm concenV CCP      ¼13½

fn, x, lanHkZ esa] CCP dk vk'k; Dykst&lfdZV oksYVst ls gS] tks ml oksYVst dks n'kkZrk gS tc
ifjiFk esa dksbZ /kkjk çokfgr ugha gks jgh gksrhA dqy lfØ;.k gkfu ¼act½ ds nks mi&?kVd gksrs gSa & ,uksM
lfØ;.k gkfu vkSj dSFkksM lfØ;.k gkfuA oksYVst lfØ;.k gkfu;ksa dh x.kuk VSQsy lehdj.k ¼Tafel's
equation½ ds ek/;e ls dh tk ldrh gS] tks lfØ;.k vf/kfoHko ¼activation overpotential½ vkSj /kkjk
?kuRo ds chp laca/k LFkkfir djrk gSA blds vfrfjä] nks vU; çdkj dh gkfu;k¡ Hkh gksrh gSa & ohm]
tks fd vksfed gkfu ¼ohmic loss½ dks n'kkZrk gS] vkSj concen] tks lkaæ.k gkfu ¼concentration loss½ dks
lwfpr djrk gS [10]A

act ca an     ¼14½

an an
0

i
b * ln

i
  ¼15½

ca ca
0

i
b * ln

i
  ¼16½

;gk¡ b
an
] b

ca
] i

o
]  vkSj I Øe'k% ,uksM dk VSQsy <yku ¼V½] dSFkksM dk VSQsy <yku ¼V½] fofue; /kkjk

¼A½] vkSj /kkjk ¼A½ dks n'kkZrs gSaA lfØ;.k gkfu ¼activation loss½ dks lehdj.k ¼14½ esa lehdj.k ¼15½ ,oa
¼16½ çfrLFkkfir djds çkIr fd;k tkrk gSA

act ca an
0 0

i i
b * ln b *ln

i i
   ¼17½

act
0

i
b *ln

i
  ¼18½

vksfed gkfu dks lehdj.k ¼19½ }kjk fu:fir fd;k tkrk gS

phm onmicR i  ¼19½

Rohmic () MFC esa vksfed çfrjks/k dks n'kkZrk gS] tSlk fd lehdj.k ¼19½ esa çnf'kZr fd;k x;k gSA
lkaæ.k gkfu ¼concentration loss½ dk fuekZ.k lehdj.k ¼15½ ds vuqlkj fd;k x;k gSA

i
concen

i

i
C*ln

i i
 

 ¼20½

lehdj.k ¼20½ esa] lkaæ.k gkfu dh <yku ¼V½ vkSj lhek /kkjk ¼A½ dks Øe'k% C vkSj Ii }kjk n'kkZ;k x;k
gSA lhek /kkjk ¼limiting current½ MFC esa çkIr dh tk ldus okyh vf/kdre /kkjk gksrh gSA lkekU; /kzqohdj.k
lehdj.k ¼general polarization equation½ dks lehdj.k ¼18½] ¼19½ ,oa ¼20½ dks lehdj.k ¼13½ esa çfrLFkkfir
dj çkIr fd;k x;k gSA
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i
n onmic

0 i

ii
V CCV b *ln R i C*ln

i i i
   

 ¼21½

lehdj.k ¼21½ vafre lehdj.k Fkk ftls /kzqohdj.k oØ ¼polarisation curve½ ds e‚Mfyax ds fy,
mi;ksx esa fy;k x;kA bl lehdj.k esa ik¡p vKkr iSjkehVj Fks & B] io] Rohmic] C] vkSj IiA bu iSjkehVjksa
dks oksYVst&djaV ds çk;ksfxd MsVk ij vk/kkfjr djrs gq, vuqdwyu ,YxksfjFe ¼optimization algorithm½
ds ek/;e ls lek;ksftr fd;k x;kA vuqdwyu ,YxksfjFe us mís'; Qyu ¼objective function½ dks U;wure
djrs gq, vKkr iSjkehVjksa dk lek;kstu fd;kA orZeku v/;;u esa iSjkehVjksa ds ewY;kadu gsrq lkis{k oxZ
=qfV ¼RSE½ dks mís'; Qyu ds :i esa ç;ksx fd;k x;kA

 Model Ex

Ex

V V
RES

V


 ¼22½

/kzqohdj.k oØ ¼polarization curve½ dk e‚My rS;kj djus ds fy, MATLAB l‚¶Vos;j dk mi;ksx
fd;k x;k] ftlesa iSjkehVj ewY;kadu gsrq [kkst Mksesu dks ,d Lohdk;Z lhek rd lhfer fd;k x;kA vKkr
iSjkehVjksa dks lek;ksftr djus ds fy, tsusfVd ,YxksfjFe ¼Genetic Algorithm½ dk mi;ksx fd;k x;kA bl
,YxksfjFe esa 1]000]000 O;fä;ksa dh tula[;k] 5% ,yhV x.kuk ¼elite count½] vkSj 0-8 Ø‚lvksoj eku
¼crossover value½ fu/kkZfjr fd;k x;k FkkA bl fof/k us vuqdwyu çfØ;k dks ljy cuk;k vkSj e‚My ds fy,
loksZÙke iSjkehVjksa dh igpku dks laHko cuk;k [11]A

ifj.kke vkSj ppkZ

çdj.k v/;;u

fiaVks }kjk fd, x, ,d dsl v/;;u esa] iwoZ mfYyf[kr e‚My dks dqN iSjkehVj lek;kstuksa ds lkFk
e‚My lR;kiu gsrq ykxw fd;k x;kA lClVªsV] bysDVª‚u mRiUu djus okys lw{ethoksa rFkk xSj&bysDVª‚u mRiUu
djus okys lw{ethoksa ds ewy iSjkehVj eku Øe'k% 450 mg/L] 80 mg/L vkSj 5 mg/L fu/kkZfjr fd, x, FksA
;g fleqys'ku 8 fnuksa rd pyk vkSj lehdj.kksa rFkk iSjkehVjksa dk fo'ys"k.k MATLAB l‚¶Vos;j dh lgk;rk
ls fd;k x;k] ftUgsa ckn esa gy fd;k x;kA

fp= 4 esa le; ,oa fnuksa ds lkFk ntZ dh xbZ lkaærkvksa dks çnf'kZr fd;k x;k gSA

fp= 4a esa lkaærk ifjorZuksa dks n'kkZ;k x;k gS] ftlesa çfrfØ;k ds çkjafHkd pj.kksa ds nkSjku lClVªsV ¼S½
dh lkaærk esa Øfed fxjkoV ns[kh xbZA NBosa fnu rd ;g lkaærk ?kVdj 275 mg/L gks xbZA blds i'pkr
FkksM+h o`f) gqbZ vkSj v/;;u ds var ¼8osa fnu½ rd ;g 280 mg/L rd igq¡p xbZ] tks vi?kVu nj esa deh dks
bafxr djrk gSA

fp= 4b bysDVª‚u mRiUu djus okys lw{ethoksa dh lkaærk esa mrkj&p<+ko dks n'kkZrk gSA budh lkaærk
esa Li"V o`f) ns[kh xbZ] tks 7osa fnu rd 485 mg/L gks xbZ] blds ckn ;g 'ks"k vof/k ds fy, fLFkj cuh jghA

fp= 4c xSj&bysDVª‚u mRiUu djus okys lw{ethoksa dh lkaærk esa gq, ifjorZuksa dks n'kkZrk gSA NBs fnu
rd blesa rhoz òf) gqbZ vkSj lkaærk 11.2 mg/L rd igq¡p xbZ] ftlds ckn 8osa fnu rd blesa rsth ls fxjkoV
vkbZA

varr%] fp= 4d esa MFC e‚My dk oksYVst ¼E-cell½ çLrqr fd;k x;k gSA çkjaHk esa E-cell esa of̀) ns[kh
xbZ] tks 5 fnuksa ds ckn 0-38V rd igq¡p x;kA blds i'pkr ;g eku dsl LVMh ds var rd fLFkj cuk jgkA



Formerly UGC-CARE Listed Journal ISSN: 1549-523-X, VIGYAN PRAKASH : Research Journal of Science & Technology, Year: 24, Issue 1, Jan.-Mar. 2026

32 iwoZ esa ;wthlh ds;j lwph esa vuqeksfnr 'kks/k tuZy foKku izdk'k , ISSN : 1549-523-X, o"kZ% 24, vad 1, tuojh&ekpZ 2026

Fig. 4. (a) Substrate concentrate, (b) Anodophilie (Electron generating microorganism)
concentration, (c) Acetolastic (Non-electron generating microorganism) concentration,

(d) MFC Voltage

fun'kZ izkpy

fp= 5a vf/kdre o`f) nj vkSj vfHkfØ;k nj ds chp ds laca/k rFkk muds }kjk mRiUu /kkjk ij iM+us
okys çHkko dks n'kkZrk gSA xzkQ ;g Li"V djrk gS fd vf/kdre /kkjk mRiknu ds fy, lcls vuqdwy iSjkehVj
bysDVª‚u mRiUu djus okys lw{ethoksa dh vf/kdre of̀) nj vkSj mlls lac) vfHkfØ;k nj gSaA gkyk¡fd] tc
ckr xSj&bysDVª‚u mRiUu djus okys lw{ethoksa dh gksrh gS] rks bu iSjkehVjksa esa ifjorZu dk mRiUu /kkjk ij
dksbZ çHkko ugha ns[kk x;kA

Fig. 5. Current relative sensitivity with respect to: (a) Maximum growth rate and
reaction rates, (b) Half rate and decay rates, (c) Operating parameters, (d) Design

parameters
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gkQ jsV vkSj lw{etho {k; nj%

/kkjk ¼current½ ij gkQ jsV rFkk lw{ethoksa ds {k; çHkko dks fp= 5b esa n'kkZ;k x;k gSA

H
A
 ¾ e/;LFk dk v/kZ&nj fu;rkad

H
R
 ¾ çfrjks/k oØ dh rhozrk ¼<yku½

H
Se

 ¾ bysDVª‚u mRiUu djus okys lw{etho dk v/kZ&nj fu;rkad

H
Sn

 ¾ xSj&bysDVª‚u mRiUu djus okys lw{etho dk v/kZ&nj fu;rkad

H
de

 ¾ bysDVª‚u mRiUu djus okys lw{etho dk {k; fu;rkad

H
dn

 ¾ xSj&bysDVª‚u mRiUu djus okys lw{etho dk {k; fu;rkad

ifjpkyu ekunaM

fp= 5c fofHkUu ifjpkyu ekunaMksa ¼operating parameters½ ds /kkjk mRiknu ¼current output½ ij çHkko
dks –'; :i ls çnf'kZr djrk gSA v/;;u ds fu"d"kZ bl vksj ladsr djrs gSa fd DyksT+M&lfdZV oksYVst ¼V

CCP
½

vkSj lw{etho bZa/ku dksf'kdk ¼MFC½ dk rkieku ¼T½] /kkjk mRiknu ij egRoiw.kZ çHkko Mkyrs gSaA gkyk¡fd]
dqy e/;LFk Hkkj çfr'kr ¼N

TOTAL
½] nkc ¼P½ vkSj vkod çokg ¼Fin½ dk /kkjk mRiknu ij dksbZ fo'ks"k çHkko

ugha ns[kk x;k] tSlk fd eksysVk ,oa vU; }kjk fd, x, v/;;u esa ik;k x;k Fkk [12]A

fMtkbu ekunaM

fp= 5d ;g n'kkZrk gS fd ,uksfMd d{k dk vk;ru ¼V½ vkSj ,uksM dh lrg {ks=Qy ¼A½] /kkjk mRiknu
dks dSls çHkkfor djrs gSaA ifj.kkeksa ls Li"V gksrk gS fd ,uksfMd d{k dk vk;ru ,d egÙoiw.kZ dkjd gks
ldrk gS] fdarq ;fn ç.kkyh esa dkcZfud ;kSfxdksa dh ek=k vf/kd gks] rks ;g çHkko lhfer gks ldrk gSA nwljh
vksj] tsax ,oa vU; }kjk fd, x, ,d v/;;u esa ;g fu"d"kZ fudkyk x;k fd ,uksM dh lrg {ks=Qy ¼A½
dk mRiUu /kkjk ij vR;Yi çHkko iM+rk gS [13]A

MFC çek.khdj.k

,d ç;ksx fd;k x;k rkfd fiaVks ,oa vU; }kjk çLrkfor ,d iwokZuqeku MsVk e‚My dh lVhdrk dk
ijh{k.k fd;k tk ldsA bl ç;ksx esa ,dy cSp] Xywdkst&vk/kkfjr lw{etho bZa/ku dksf'kdk ¼MFC½ ls çkIr
MsVk dk mi;ksx djrs gq, mu çeq[k iSjkehVjksa dh igpku dh xbZ] tks MFC ds çn'kZu dks çHkkfor djrs gSaA

laosnu'khyrk fo'ys"k.k ¼sensitivity analysis½ fd;k x;k] ftlesa fiaVks ds e‚My esa dqN iSjkehVjksa dks
la'kksf/kr fd;k x;k] tcfd vU; dks fLFkj j[kk x;k [14]A fd, x, ifjorZuksa dks fleqys'ku esa ykxw dj
okLrfod ç;ksx ds ifj.kkeksa ls rqyuk dh xbZA

fp= 6 esa le; ds lkFk Chemical Oxygen Demand ¼COD½ ds :i esa ekih xbZ Xywdkst dh fxjkoV
dks n'kkZ;k x;k gSA xzkQ ;g Li"V :i ls fn[kkrk gS fd le; ds lkFk Xywdkst dh lkaærk esa mYys[kuh; deh
vkbZ] ftlls çkjafHkd vkSj vafre COD ekuksa ds chp Li"V varj ns[kk x;kA

fo'ks"k :i ls] çkjafHkd COD eku 1000 mg/l vkSj vafre COD eku 115 mg/l FkkA fp= 6 fleqysVsM
vkSj çk;ksfxd COD ifj.kkeksa dh Li"V rqyuk çLrqr djrk gSA
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Fig. 6. Behaviors of COD for simulated results and experimental data.

e‚My ljyhdj.k

laosnu'khyrk fo'ys"k.k ls çkIr ifj.kkeksa dk mi;ksx MFC ds fy, ,d lehdj.k rFkk ,d ljyh—r
fo'ys"k.kkRed lehdj.k fodflr djus gsrq fd;k x;kA bu lehdj.kksa dks vafre ifj.kke çkIr djus ds fy,
ykxw fd;k x;kA

eku ysrs gq, fd H
Se

, H
Sn

, H
de

, H
dn

 'kwU; gSa] fuEufyf[kr lehdj.k çkIr gq,A

e max n   ¼23½

e maxnq q ¼24½

;fn e n max1X X X 

0x
max e e max n n

A 0X se

NdG G
q X q x dG

dT H N H G
   

  ¼25½

e 0X
max e e

A 0X se

dX N G
X

dT H N H G
 

  ¼26½

n
max e n

dX
X

dT
  ¼27½

max n t
n n,0X X e ¼28½

0X MFC
a max e

A 0X e

N CI
0 E q

H N Vx F
  

  ¼29½
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TOTAL

red
MFC CCP

int ext

NRT
ln

F N
I V

R R
 


¼30½

;fn e n max1X X X 

max e max nn
e n

max1

dX
X X

dt X

 
 ¼31½

e max e max n
e n

max1

dX
X X

dt X

 
 ¼32½

maxe max nt

maxe max nt

eqe

max1 max1 eo eo

X eX

X (X X X )e

 

 
  ¼32½

fp= 4 gekjs e‚My esa mi;qZä lehdj.kksa ds vuqç;ksx ,oa ifj.kkeksa dks çnf'kZr djrk gS]tgk¡ ljyh—r e‚My
vkSj iw.kZ e‚My ds chp mYys[kuh; lekurk ns[kh xbZ gSA ;g lQy lek;kstu ¼fitting½ bl v/;;u esa fodflr
fd, x, lehdj.kksa dh lVhdrk vkSj çHkko'khyrk dh iqf"V djrk gSA

lw{etho bZa/ku dksf'kdk ¼MFC½ dh ÅtkZ mRikndrk dk vuqdwyu

ÅtkZ mRikndrk c<+kus ds fy, vxyk pj.k lcls vuqdwy cká çfrjks/k ¼external resistance½ dk
fu/kkZj.k djuk FkkA blds fy, geus ç;ksx fd, vkSj ifj.kkeksa dk vuqdwyu djrs gq, 'kfä mRiknu ds
vf/kdre ;ksx dks rkfydkc) fd;kA cká çfrjks/k dks lek;ksftr djds lw{etho bZa/ku dksf'kdk
¼MFC½ dh vf/kdre mRikndrk çkIr djus gsrq MATLAB dk mi;ksx fd;k x;kA

bl vuqdwyu çfØ;k ds ifj.kkeLo:i ge 0-38V dh vf/kdre foHko {kerk okyh MFC rS;kj djus
esa lQy gq,A

fu"d"kZ

laosnu'khyrk fo'ys"k.k ds ifj.kkeksa ds vk/kkj ij] lw{etho bZa/ku dksf'kdkvksa ¼MFCs½ ds fy, ljy
fo'ys"k.kkRed lehdj.k fodflr fd, x, gSa] tks tSo&oS|qr jklk;fud ç.kkfy;ksa ds {ks= esa ,d egRoiw.kZ
çxfr dk ladsr nsrs gSaA

çFker%] lw{e 'kks/k ,oa laosnu'khyrk fo'ys"k.k us MFC ds O;ogkj dh tfVy xfr'khyrk dks Li"V fd;k
gS] ftlds QyLo:i iwokZuqekukRed lehdj.k fodflr fd, x, gSa tks e‚My dks ljy cukrs gSa vkSj bldh
iwokZuqeku lVhdrk esa lq/kkj djrs gSaA ;s lehdj.k MFC çn'kZu dks çHkkfor djus okys dkjdksa dh egRoiw.kZ
var–Zf"V çnku djrs gSa vkSj ifjpkyu ekunaMksa ds vuqdwyu ds fy, ,d O;kogkfjd midj.k ds :i esa dk;Z
djrs gSaA

f}rh;r%] fiaVks ,oa vU; ¼2010½ }kjk çLrkfor ,d iwokZuqeku e‚My dks çk;ksfxd vkadM+ksa ds ek/;e
ls ekU; djuk bl ckr dh iqf"V djrk gS fd ;g e‚My MFC O;ogkj dks lVhd :i ls çfrfcafcr djrk
gSA blds i'pkr MATLAB dk mi;ksx djrs gq, fd, x, vuqdwyu us MFC ç.kkyh esa ÅtkZ mRikndrk
vf/kdre djus gsrq b"Vre fLFkfr;ksa dh igpku dhA
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vuqHkotU; MsVk & fo'ks"k :i ls le; ds lkFk lClVªsV lkaærk esa ns[kh xbZ deh & dks e‚My esa lfEefyr
dj fodflr lehdj.kksa dh iwokZuqeku {kerkvksa dh iqf"V dh xbZ gSA blds vfrfjä] vuqdwyu ifj.kke ;g
n'kkZrs gSa fd ç.kkyhxr lek;kstu ds ek/;e ls ÅtkZ mRiknu n{krk dks vkSj vf/kd c<+k;k tk ldrk gSA

;s fu"d"kZ MFCs esa lajpukRed ?kVdksa rFkk lw{etho ikjLifjd fØ;kvksa dks ifj"—r djus ds egÙo
dks js[kkafdr djrs gSa] ftlls mudh fo|qr ?kurk ¼power density½ vkSj uohdj.kh; ÅtkZ lzksr ds :i esa
çfrLi/kkZRedrk esa o`f) dh tk ldrh gSA lkFk gh] mUur lax.kdh; rduhdksa ds ,dhdj.k ls laHkkfor
çxfr vkSj foLr`r vuqç;ksx {ks=ksa dh laHkkouk,¡ mtkxj gksrh gSaA

lkjka'k :i esa] ;g lexz fo'ys"k.k lS)kafrd le>] çk;ksfxd ekU;rk vkSj vuqdwyu j.kuhfr;ksa ds e/;
,d lsrq dk dk;Z djrk gS] tks ÅtkZ mRiknu vkSj i;kZoj.kh; mipkj lfgr fofHkUu {ks=ksa esa lw{etho bZa/ku
dksf'kdkvksa ds vf/kd dq'ky ,oa lrr mi;ksx dk ekxZ ç'kLr djrk gSA

çfrLi/khZ fgr

ys[kdksa us fdlh Hkh çdkj ds çfrLi/khZ fgr gksus ls budkj fd;k gSA
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