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ABSTRACT 

 

Optical ienergy iis ione iof ithe imost iubiquitous iform iof ienergy iavailable iand ias isuch, ihas ibeen ithe isource 

iof iabundant iresearch iinto iunderstanding iand ideveloping iapplications iusing iit. iThe iadaptability iand 

iaffectability iof ioptical ipowers ihave ipermitted iit ito ibe ibroadly iapplied iin iboth iminiaturized iscale/nano 

iscales iand ilarge iscale iscales. iThe iadvantages iof ithe idainty ilight iways iand iuniform ilight iappropriation 

iaccomplished ibecause iof ithe istacked iwaveguide idesign iare ishown iby iresearching ibiomass idevelopment iand 

iethylene icreation ifrom ihereditarily ibuilt icyanobacteria. iDevelopment irates iare iseen ias ieightfold imore 

inoteworthy ithan ia icontrol ireactor, icontinued iethylene icreation iis iaccomplished ifor i45 idays, iand iethylene 

icreation irates imultiple itimes imore iprominent ithan ithat iof ian iordinarily irun iphotobioreactor iare 

iillustrated. iThese iabilities iare iadditionally iimproved iby iadvancing ithe ifrequency iand ithe iforce iof ithe 

iepisode ilight. iThe islim ilight iways ipresent iin ithe iphotobioreactor itake iinto iconsideration ienormous 

iconveying ilimits iwith ioptical idensities iof imore ithan i20 ifit ifor ibeing icontinued iin ithe iphotobioreactor. 

iStreamlining iof ievery ione iof ithese iparameters iprompted ia ifurther itwo icrease iimprovement iin iethylene 

icreation irates iprompting ia igeneral ifourfold iincrement iover ian iordinarily irun iphotobioreactor. 
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 INTRODUCTION 

 
Optofluidics iis ia irapidly ideveloping ifield iin iwhich ithe icombination iof iprecision, isensitivity iand iversatility iof 

ioptical ifields iis ifurther icombined iwith ithe iability ito ideliver imicroscale ivolumes iof ifluids ifor iinteraction iwith 

ithe ioptical ifields. iThis ihas iprompted iwide iassortment iof iutilizations iparticularly ifor iinvestigation iof inatural 

ielements iof ipremium. iBe ithat ias iit imay, ithe ipresent idevices ifor ithe imost ipart istay ilimited ito ithe ilabs iwith 

ijust ia icouple iof idevices icreated ifrom idelicate imaterials iwhich ican ibe iutilized ifor iimplantable iin-vivo 

iexperimentation. iThis iis iprogressively isignificant iconsidering ias iof ilate icreated iinnovations ilike ioptogenetics 

iwhere iit iis iimportant ito icorrectly itest iexplicit ineural icells. iIn imy iwork, iI ipropose iand ishow ia isignificant 

iadvance itowards igrowing isuch ia igadget. iOptofluidics iis ilikewise ibeing igradually iacknowledged iin ithe ifield iof 

ienergy ilook iinto ibecause iof iits icapacity ito iconvey ilight idecisively iat ithe irequired iareas. iThis iis iparticularly 

isignificant ibeing ideveloped iof iorganic iphotobioreactors iwhere ithe ipresent iact iof icarrying iscience ito ithe 

iwellspring iof ilight iis iincompletely iliable ifor icurrent iunviability iof iphotobioreactors ifor ibiofuel icreation. iThis 
ipaper icenters iaround ia ipotential ianswer ifor ithis iissue iby ibuilding iup ian ioptical iwaveguide ibased 

iphotobioreactor, iwhich iuses ithe iadvantages iof imodest iand ivery imuch icreated itechniques ifor ilight iengendering, 

ito iaccomplish ithis iend i[1]. i 

 

Ordinary imicrofluidics iis ithe icontrol iof ifluids iin ithe imicroscale, inormally ion ialleged imicrofluidic ichips, ion 

iwhich iliquids istream iinside imanufactured imicrochannels. iMicrofluidics iexhibit ia icouple iof iquite icertain 

iproperties, ithat iare inot ifound iin ithe imacroscale, iin iparticular ilaminar istream i[2]. iIn ilaminar istream, ias ican ibe 

ifound iin iFigure i1, idifferent ifluids istreaming iin ia isimilar ichannel iblend iby idispersion ias iit iwere. iFurthermore, 

iin ithis iway, isharp iinterfaces ibetween ithe ifluids ican ibe ikept iup. iFrom ioptofluidic iperspective, ithis iis isignificant, 

ias iit iimplies ifluids iwith ivarious irefractive ifiles iand ia isharp iinterface iin ithe imiddle iof ithem ican istream iinside 

ithe iequivalent imicrochannel. iThis iis ifundamental ifor ithe ihigh itunability ipresent iin ioptofluidic idevices. 
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Figure i1: iLaminar iflow iin imicrofluidic ichannels 

 

Introducing ithe iintegration iof ioptics ito imicrofluidic ichannels iis irelatively ieasy, ias itypical imicrofluidic idevices 

iare ialready idesigned ifor ioptical ianalysis. iTherefore, ithe imaterials iused iin imicrofluidic idevices, imost iimportantly 

iglass iand ipolydimethylsiloxane i(PDMS) iare ialready itransparent ito ioptical ilight, iand ithe ifabrication iof 

imicrofluidic ichannels, ipumps, ivalves iand imixers ihas ibeen iwell ideveloped i[3]. iFigure i2 ishows iarchitectures ifor 

icommon imicrofluidic icomponents. 

 

 
 

Figure i2: iMicrofluidic idevices; ia) ia ivalve, ib) ia imixer, ic) ia ipump 

 

 

LITERATURE iREVIEW 
 

Researchers ihave icreated ia inumber iof ioptofluidic idevices iby iutilizing iwaveguiding itechnology iand imicrofluidics 
ito isimultaneously ilocalize ioptical ifields iand ifluid iflows ito ismall ivolumes. iExamples iof ithese idevices ihave ibeen 

iutilized ito imake ibiosensors iatomic isnares, iand idevices ifor imoving imicrometer iand inanometer imeasured iarticles. 

iWhile ia iconsiderable ilot iof ithese idevices irequire ia ilot iof inanofabrication iand imay inot iyet ibe iprepared ifor iuse 

iin ithe icreating iscene, ivarious ilate iworks ihave ibeen iplanned ifor imaking iless iexpensive iand iincreasingly 

ireasonable iadvances, iincluding ithose idependent ion ipolymers. iPerhaps ithe imost ipunctual iwork ion ipolymer 

idevices iwas ifinished iby ithe iGuo ibunch ifrom ithe iUniversity iof iMichigan iin i2002 i[4]. iFrom ithat ipoint iforward, 

ihis igathering ihas iexhibited ithat ithese idevices icould ibe imanufactured iinto ihigh iQ-factor iring iresonators, iand 

ihave iutilized ithem ifor ibiosensing iapplications. iAlso, idifferent igatherings ihave iendeavored ito iaugment 

iassociations ibetween ithe ioptical iand imicrofluidic isegments iof ithese ipolymer idevices iby imaking ipermeable 

iwaveguide istructures iand iring iresonators, ior idelicate igel iwaveguides(Ding, iBlackwell iet ial. i2008) i[5]. iDifferent 

igatherings ihave iutilized ipolymers ito imake iphotonic iprecious istone istructures imade iof ipolymers iand iutilized 

ithem iin ibiosensing iapplications. iIn ione imodel, iMathias iet ial. ishow ihow ipolymer iphotonic igems ican ibe iutilized 
ito idistinguish itumor icorruption ifactor-alpha i(TBF-α) iat ifocuses ias ilow ias i1.6 ipg/mL.(Mathias, iGanesh iet ial. 

i2008) i[6]. iThese idevices iprofit iby ithe ibenefits iof ipolymer idevices, ifor iexample itheir iminimal ieffort imaterials 
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iand imanufacture, iand igive iextra ipoints iof iinterest iby imaking imaterial ibuilds ithat iexpansion ilight-matter 

iassociations inot ihandily imade iin isilicon idevices i[7]. i 

 

Gold inanoparticles ihave iadditionally igotten ia ilot iof iconsideration iin ithe imost irecent idecade ifor itheir iutilization 

iin isandwich-based iantigen iand iDNA iidentifications ithat idepend ion inearby isurface iplasmon ireverberation i(SPR) 

ishifts, ijust ias isilver-testimony iimproved ilocation imeasures ithat ilook ilike icompound iconnected iimmunosorbent 
iexamines i(ELISA). iThe ilast iidentification iplans ihave ibeen iutilized ito idistinguish iboth ioligonucleotide iand 

iprotein ibased ifocuses iin ichemical iconnected iimmunosorbent imeasures idependent ion igold inanoparticles, iand 

isilver itotals ican ibe iconformed ito ithe igold iup ito isizes ithat ithe iunaided ieye iand icameras ican iidentify ithe 

iligand's iquality i[8]. iAs iof ilate, iChin iet ial. iutilized ithis isign iintensification imethod iin itheir iplace iof-care igadget 

imade iof iinfusion iformed iplastic. iAlso, iFu iet ial. ihave iapplied ia isign iintensification istrategy ito ipaper 

imicrofluidic iframeworks iby iutilizing ia igold-testimony irather ithan isilver. iBoth iof ithese iongoing imodels iexhibit 

itechniques ifor imaking idevices ithat ican iwork iself-sufficiently iwithout ithe irequirement ifor iexpensive ifoundation 

i[9]. i 

 

In ispite iof iadvancement iof isuch ilarge inumber iof ioptofluidic idevices, ithere istays ian iabsence iof idevices ithat 

ipermit ithe isolid ioptical ifields iinside ian ioptical iwaveguide ito icommunicate ilegitimately iwith ithe iorganic ielement 

iof iintrigue. iThis iis isince ilion's ishare iof ithe ioptofluidic idevices iare imanufactured ion ihard isubstrates iwhere isuch 
icollaboration iis idifficult ito imake. iThen iagain, icurrent istrategies ifor icreation iin imilder imaterials ilike ihydrogels 

iare icontrary iwith iscience ibecause iof ithe ibrutality iof ithe itreatment irequired iduring imanufacture. iBe ithat ias iit 

imay, imanufacture iof isuch idevices iwould ibe iimportant, iparticularly iin irecently irising ifields ilike ioptogenetics 

iwhere ithe iapplication iis ion ia ivery ibasic ilevel idependent ion icommunication iof icells iwith isolid ioptical ifields ifor 

iexcitation. iIn ithis imanner, iso ias ito igrow iexceptionally ifocused ion ioptogenetic idevices ifor iin-vivo iapplications, 

iit iis iimportant ito iresearch idevices iable ito ido ilive icell iembodiment iinside ithe iwaveguides ithemselves i[10]. 

 

OPTOFLUIDIC APPLICATIONS FOR RENEWABLE ENERGY 

 

It iis iestimated ithat iaround i1.6 ibillion ipeople icurrently ilack iaccess ito ielectricity, iwith ia imajority iof ithese 

iresiding iin ideveloping icountries, iwhich ileads ito ia ipoor iquality iof ilife. iFurther, imost iof ithe icurrent ipower iage 
iin icreating inations iis ithrough inon-inexhaustible isources ilike icoal iand ioil–assets iwhich iare igetting iprogressively 

irare iand iin ithis iway icostly. iAlso, iextra iutilization iof ithese iassets icould iessentially iintensify ian iunnatural 

iweather ichange ibecause iof iexpanded icarbon ioutflows. iIn isuch ia isituation, iit iis iin ilight iof ia ilegitimate iconcern 

ifor ithese inations ito icreate isustainable ipower isources ithat ican ibe ieither ichanged iover ito ipower ior iutilized ifor 

iwarming iand ilighting ipurposes istraightforwardly. iSunlight ibased iforce, ibeing ithe imost iinexhaustible iand ibroadly 

iaccessible iresource,(Jacobson iand iDelucchi i2011) iis ia iconspicuous idecision ito iinvestigate iand icreate. iDespite ithe 

ifact ithat isun ibased iphotovoltaic icell iinnovation ihas ibeen igrown iessentially ithroughout ithe iyears, ithe iexpenses 

irelated iwith iit iare istill ienormous, iwith iinfrastructural iand iupkeep icosts imaking iinfeasible ifor ihuge iscope 

iselection iin icreating inations i[11]. i 

 

In isuch ia isituation, iit iis ifitting ito icreate i'off-matrix' iassets ithat ican ibe iutilized ilocally iand ithusly imaintain ia 

istrategic idistance ifrom ihigh iinfrastructural icosts. iOne iof ithe imore ialluring ichoices iis ithe iadvancement iof 
iphotocatalytic ifuel icreation i– ia iprocedure iwhere iphotograph iinitiated iimpetuses iare iutilized ito idrive isynthetic 

iresponses ifor ifuel icreation. iOne iof ithe imore iwell iknown imodels iis ithe iparting iof iwater iparticles ito icreate 

ioxygen iand ihydrogen, iwhich ican ibe iput iaway iand iutilized ias ia ifuel. iThis iinnovation ihas ibeen inamed ias i"fake 

iphotosynthesis" ibecause iof ithe isimilitudes iwith ithe iregular iphotosynthesis iprocess ishowed iby iplants. iIn ia 

icomparative ivein, iNocera iand ipartners ihave ias iof ilate idetailed ithe iimprovement iof ia i'counterfeit ileaf'– ia isilicon 

icell icovered iwith iimpetuses, iwhich iwhen iset iin iwater iand ipresented ito idaylight ibegins icreating ihydrogen 

iwithout ithe ineed iof iany ioutside iwires ior iinstrumentation. iAnother igathering ihas ishown ia icounterfeit 

iphotosynthesis iprocess ion ia imicrofluidic ichip iutilizing ithe iproficient ivehicle iqualities ioffered iby imicrofluidics ito 

iupgrade ithe ieffectiveness iof ithe ifuel icreation iprocess. iAs iof ilate, iHoang iet ial. ishown ia iphotocatalyst ithat ican 

iwork iin ithe iobvious irange, iwhich ican iprompt ia ihuge iimprovement iin ithe iproductivity iof ithese idevices iunder 

iencompassing isunlight.(Hoang, iGuo iet ial. i2011) iWe iallude ithe iperusers ito ian iongoing iaudit iby iErickson iet ial. 
ifor ia ipoint iby ipoint iconversation ion ithe ibest iin iclass iphotocatalytic iinnovation iand iits idifferent ioptofluidic 

ipossibilities i[12]. i 

 

Photobioreactors, iwhich iare idevices ithat iutilization iphotosynthetic imicroorganisms, ifor iexample, igreen igrowth ior 

icyanobacteria ifor icreating ihigher ienergy ipowers iutilizing idaylight iand icarbon idioxide, ispeak ito ianother 

isignificant ihotspot ifor icreation iof ibiofuels. iBiomass ipowers iare isignificant iwellspring iof ifamily ienergy iin 
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icreating inations iand iparticularly iin inumerous iAfrican inations iwhere iit iis iassessed ito igive ienergy ito iabout i90 

ipercent iof ithe ifamilies. iBe ithat ias iit imay, ipresently ia ilarge iportion iof ithe ifuel ineeds iare imet iby iconsuming 

iwood ior icharcoal, ineither iof iwhich iis iuseful ifor inature, iand iis iin iexpanding irisk iof ibeing iexhausted. iFurther, 

ithese ienergizes iare iexceptionally iwasteful iand iproduce icontaminations ithat ihave ibeen iconnected ito icountless 

ipassings. iDifferent ichoices iincorporate iutilizing iyields, ifor iexample, icorn ior isoybean ifor ithe icreation iof 

ibiodiesel. iIn iany icase, ithis iwould iplace ithem iin idirect irivalry iwith inourishment icrops ifor ithe iconstrained iarable 
iland iand icrisp iwater isources iaccessible ifor iagribusiness, iwhich iare ias iof inow iinadequate ifor itaking icare iof ithe 

ideveloping ipopulaces iin icreating inations. iPhotobioreactors, ithen iagain, ican ibe icreated iin inon-arable iland iand 

igreen igrowth iand imicrobes ican ibe ideveloped iutilizing iseawater ior ieven iwastewater. iFurther, ivarious igreen 

igrowth iand imicroscopic iorganisms ihave ibeen irecognized iand ihereditarily iadvanced ifor ithe icreation iof ifills. iOne 

iof ithe ifundamental imechanical idifficulties iis ithe istructure iof iphotobioreactors iwith ithe igoal ithat ithey ican ibe 

istreamlined ifor iboth idaylight icatch iand iconveyance, iand icreating ieffective ifluidics ifor iproficient isupplement iand 

ifuel itransport iprompting imost iextreme icreation iof ibiomass iand ifuel iper iunit izone. iFor iinstance, iOoms iet ial. ias 

iof ilate iexhibited iutilization iof ifleeting ilight ifrom iTIFR ifor icreation iof ifuel ifrom ia icyanobacteria i[13]. 

 

 
Figure 3: iLimitation of light distribution in traditional photobioreactors 

 

 

OTHER OPTOFLUIDICS APPLICATIONS 
 

Optofluidics iare iused iin iseveral iapplications iincluding ilab-on-chip idevices, ioptical ilenses, iphotonic idevices iand 

ibiosensors. iIn ithis ichapter ithe imain iapplications iare ipresented. iParticularly idetecting iand iinvestigation 

iapplications iin ilife isciences iare irising. iOptofluidics ican ibe iadditionally iused iin ienergy iapplications, ifor iexample, 

iphotobioreactors iand iphotocatalytic ireactors iwhich iare iutilized iin isun ioriented ienergy ibased ifuel icreation iand 

ifluid ibased iframeworks iwhich iare iutilized iin ithe icontrol iand iassortment iof isunlight ibased iradiation. iA iportion 

iof ithe ipotential iapplications ifor ioptofluidics ican ibe ifound iin iFigure i4 i[14]. iOptofluidic isegments, ifor iexample, 

iversatile ioptical ifocal ipoints ior ioptofluidic imagnifying iinstruments, ican ibe iused iin iimaging iof ivarious izones, 

ifor iexample, iself-adjusting ihighlight ion ia iwireless icamera ior ilab-on-chip ireconciliation. i 

 

This iis ibecause iof iproperty iof iliquid ito imodify ithe icentral ilength ior ioptical iway ilength iof ia ifocal ipoint, iwhich 
iis iconceivable iwhen ithe ivehicle iof ithe ifluid ifocal ipoint iis ievolving. iWith ithe iutilization iof iliquids, iit iis 

iconceivable ito icontrol ithe ilist icontrast, ishape ior iebb iand iflow iof ithe ifocal ipoint, iwhich iempowers iincreasingly 

imovable ifunctionalities iin ioptical iframeworks. iA icase iof ia imicrofluidic ilense iis iappeared iin iFigure i4. iAn 

iexceptionally irun iof ithe imill iapplication ifor ioptofluidics iis ito iapply iit iin ibiosensors, iwhich iare iutilized iin 

inatural iand isubstance idiscovery iand iexamination. iThe imost iwidely irecognized iexamination istrategy iis iestimating 

ithe iprogressions iof irefractive ifile iof ian iexample. iThe ianalytes ihave igenerally ian iunexpected irefractive irecords 

iin icomparison ito ifoundation iarrangement, iwhich ican ibe ithen iestimated. iThe istructures iof ioptofluidic irefractive 

ilist isensors ishift i[15]. i 
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They ican ibe ifounded ion ifor iinstance iphotonic igems, iphotonic iprecious istone istrands ior iplasmonics, iwhich ican 

imanage iand irestrict ilight. iThey ilikewise ishow ioccasional idielectric ior imetallic istructures iwith ivoids ithat ican ibe 

iutilized ias imicrofluidic ichannels. iChanges iin ithe irefractive ilist ican ilikewise ibe iestimated iby iinterferometric 

istructures, ifor iexample, iMach-Zender iinterferometers, iring iresonators iand iFabry-P'erot iholes. iAnother iaverage 

itechnique iis iestimating iadsorption ifrom ispecifically icolored iexamples, iutilizing ia iclear icolorimetric istrategy. 

iMaybe ithe imost ialluring ipreferred iposition iof ithese isensors iis itheir icapacity ito iidentify iultra ilow iamounts iof 
ianalytes, iand ithe iextraordinary idecrease iin ithe itime iit itakes ito iobtain ithese ioutcomes. iOptofluidic ibiosensors 

ican ibe iutilized ifor iinstance iin icompletely iincorporated ioptofluidic iimmunoassays ior ipolymerase ichain iresponse 

i(PCR). iFor iinstance iin iPCR, iphotonics icould ibe iused iin ithe imicrochip iboth icell ilysis iwith ilaser ijust ias ithe 

ioptical iinvestigation iof ithe iproteins i(both ias ilight isource iand ias ilocator) i[16]. 

 

 

 

 
 

Figure i4: iA ifew iexamples iof ioptofluidic iapplications i1. iLiquid ilens i2. iMultifunctional ioptofluidic ichip iand 

i3. iFresnel-lens 

 

In iaddition ito ilife iscience iapplications, ioptofluidics ihave ibeen iused iin ienergy iapplications, ifor iexample, 
iphotobioreactors, iphotocatalytic ireactors iand ifluid ibased iframeworks iin isunlight ibased iradiation iassortment. iIn 

iphotobioreactors, iwhich iare iutilized iin ifuel icreation, ithe iphotosynthetic imicroorganisms iare iutilized ito ichange 

iover ia ilow ienergy icarbon isource, i(for iexample, icarbon idioxide) iand ilight iinto ihigher ienergy iitems, i(for 

iexample, ihydrocarbon ienergizes) i[17]. i 

 

Optofluidics ican ibe iutilized ito iimprove ithe iappropriation iof ilight ito ithe iphotoreactor iand ialong ithese ilines 

iincrement ithe ienergy ithickness iof ireactor. iIn iphotocatalytic ireactors ithe ienergy iof ilight iis iutilized ito iquicken 

isubstance iresponses i(for iinstance iin iresponse iwhere icarbon idioxide iand iwater iis ichanged iover iinto ihydrocarbon 

ienergizes). iPhotocatalytic ireactors idepend ion iphoton-driven, iphotosynthetic iprocedure. iFor iexample, iif ithere 

ishould iarise ian ioccurrence iof iphotobioreactors, ioptofluidics ican ibe iutilized ito iimprove ilight iconveyance i[18]. i 

 
Optofluidics ican ibe iutilized iin ipurported iFresnel-focal ipoint, iwhich iis ia isun ibased igatherer. iFrom iFresnel-focal 

ipoint ithe iapproaching ilight ican ibe igathered iand icentered istraightforwardly iinto ioptical istrands, iempowering 

isimple ilight itransportation. iWith ifluid ifocal ipoints, ithe icontrol i(for iexample ithrough ielectrowetting) iof ifocal 

ipoint iis iconceivable iand iin ithis imanner iit iis iconceivable ito iget ienormous icentral ilength iextend ithan 

iconventional istrong ifocal ipoints ican igive i[19]. 
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CONCLUSION 

 

Thermal icontrol iat ismall iscales iis ianother iopportunity ioffered iby ioptofluidics iin ienergy isystems. iReducing ithe 

ireactor ivolume ialtogether idiminishes ithe imeasure iof ienergy irequired ito ikeep iup ilegitimate iwarm iconditions ifor 

iphotosynthetic idevelopment ior iphotocatalytic iresponses. iSimilar istructures iused ito icharacterize ifluidic istreams 

iand ioptical ipathways ican ilikewise ibe iutilized ito icontrol ithe itemperature iof ia iliquid iall ithrough ia iframework. 
iAs ilaid iout iright inow, icapacity iof ioptofluidics ito icontrol ilight iand iliquids ihas ispecific ipertinence ito ienergy 

iapplications. iModels isecured ihere iincorporate ienergy itransformation iutilizing iphotobioreactors, iphotocatalytic 

iprocedures iand ilight iassortment iand icontrol. iThe iboundless iutilization iof ioptofluidics iin ithe ienergy ifield iwill 

irequire ifurther iresearch iin, ifor iexample, iencouraging icomplex iphotochemical iresponses iand itending ito idifficulties 

iin ithe imaking iof imicrostructured ireactors, ifor iexample, imanufacture, istopping iup iand ifouling. iThese iendeavors 

iwill ibe ivery imuch iinspired iby ithe ienormous icapability iof ioptofluidics iin ienergy. iLooking iforward, iwe iexpect 

ithe icrucial iqualities iand isizes iof ioptofluidics ito iempower ian iexpansive irange iof iuses iin ithe ienergy ifield. 
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