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ABSTRACT  

The commercial potential of algae mediated wastewater treatment and biofuel production 

technologies is impaired by expensive cultivation systems, low biomass productivity and complex 

biomass to biofuel conversion routes. The major bottleneck can be overcome by focusing on 

abundantly occurring natural consortia and selecting simpler, low energy intensive conversion 

routes. It was hypothesized that the feasibility and energy balance of the algal biomethanation 

process may be improved through systematic and serious attempts on anaerobic digestion of 

naturally grown algal biomass, its co-digestion with a suitable carbon rich co-substrate and further 

process optimization through innovative interventions including identification of suitable 

inoculum and optimization of volatile solid (VS) loading/digestion time for algal digestion.  

In view of the above, the present work was aimed at exploring the wastewater treatment 

and biomethanation potential of naturally occurring algal consortia designated as HL (collected 

from eutrophied Hauz Khas lake) through small scale batch studies followed by the pilot level 

scale up of the cultivation system. Further, sequential optimization of inoculum, co-substrate and 

VS loading rate was attempted in order to enhance the biomethanation of waste algal biomass. 

Subsequently, the effect of seasonal variation on biomass productivity (in Hauz Khas lake) and 

biomethanation in a pilot anaerobic digester (using selected inoculum and co-substrate) was 

studied over a period of one year to evaluate the practical feasibility of such integrations. 

To begin with, the native algal consortia, dominating the nearby Hauz Khas lake was 

obtained and evaluated for wastewater treatment potential. The dominating algal species in the 

collected algal consortium were Chlorella sp., Merismopedia sp., Closteriopsis sp. and 

Scenedesmus sp. The consortium grew well in standard media as well as in different wastewaters.  

Highest biomass productivity (1.25±0.28 g. L-1) and nutrient removal was achieved in 

contaminated and nutrient rich grey water. Subsequently, the process was scaled up in open ponds 

raceway (800 L). The algal consortium was efficient for the continuous treatment of drainage 

channel wastewater (DCWW) below discharge limits along with the production of biomass with 

an average concentration up to 0.68±0.05 g. L-1. The algal biomass produced during wastewater 

treatment was rich in lipid (45.87% TS) with an estimated theoretical methane potential of 741 

mL. CH4 g−1. VS. However, experimental cumulative yield was up to 277.30 mL. CH4 g−1. VSfed, 

observed during 30 d anaerobic digestion of algal biomass due to low digestibility (38%) of the 
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algal biomass with only 44% volatile solid reduction. Overall, the tested consortium had good 

potential for wastewater treatment coupled with substantial biomass production. However, further 

attempts must be done to improve the methane yield and digestibility of the tested algal biomass. 

Next, sequential optimization of inoculum, co-substrate and VS loading rate was conducted 

to enhance biomethanation of algal biomass collected from eutrophied Hauz Khas lake.  Higher 

methane yield (279 mL. g–1.VSfed) was observed using inoculum from algae-cattle dung based 

biogas plant compared to 170 – 200 mL. g–1. VSfed using other inocula (from sewage sludge, 

Jatropha/ Karanja cake and cattle dung based plant). Biomethane yield was further enhanced (312 

mL. g–1.VSfed) by co-digestion with cattle dung (HL+CD) as compared to 282 mL. g-1. VSfed for 

HL+WAS (waste activated sludge). Further, VS loading of 5 g. VS. L–1 gave highest methane yield 

of 315 mL. g–1. VSfed while a decrease (240 and 224 mL. g–1. VSfed) was observed at 10 and 15 g. 

VS. L–1, respectively.  

To ensure the practical feasibility of the proposed integration, Hauz Khas lake water 

parameters and algal biomass productivity were studied over a duration of one year (January to 

December, 2015). Highest nutrient load in Hauz Khas lake water was observed in the month of 

August and November. The highest algal biomass productivity was observed in the months of 

April and November. The annual algal biomass productivity was 2.06±0.21 g. L-1. Pilot-scale 

anaerobic digester (  0.5 m3) was installed for performance evaluation of algal biomass-cattle dung 

(1:1) co-digestion feedstock for a period of nearly one year from July 2014 to September 2015. 

The inoculum, co-substrate and VS loading were selected based on batch scale optimization 

results. The average yield of methane was estimated to be 0.6 - 0.8 m3 methane m-3 digester d-1 

during summer season while it ranged from 0.5 – 0.6 m3 methane m-3 digester d-1 during winters. 

The methane content was found to be in the range of 51-60%. Monthly estimation of various 

wastewater parameters viz., pH, total alkalinity, total volatile fatty acids (TVFA) and ammonia 

nitrogen (NH4-N) indicated the long term stability of the pilot scale process. This study established 

the feasibility of utilizing wastewater grown native algal consortia for year round biogas 

production. 

 

 



(ABSTRACT) Lkkjk”ka 

“ksssssSoky dk okkf.kfT;d mRiknu vkSj vif”k’V ty mipkj ,oa de ck;ksekl mRikndrk vkSj tSo bZ/ku 

esa :ikUrj.k ds fy, ,d tfVy çfØ;k gSA cgqla[;d izkd`frdh; mRiu “ksssssSoky ds ck;ksekl ij /;ku 

dsfUnzr djds de ÅtkZ xgu :ikUrj.k ekxksZ ds p;u ls izeq[k vojks/k dks nwj fd;k tk ldrk gSA 

;g vuqeku yxk;k x;k gS fd “kssss sSoky ds tSo esFksus”ku izfd;k dh vkSfpR; vkSj ÅtkZ larqyu izkd`frd 

:Ik ls fodflr “kSokyoh; ck;ksekl ds vok;oh; ikpu ij O;ofLFkr vkSj egRoiw.kZ iz;klks ds ek/;e 

ls mfpr dkcZu ;qDr lg lClVªsV (Co-substrate) lgikpu (Codigestion) vkSj “kSoky ikpu ds fy, 

mi;qDr buksdqYe (Inoculum) dh igpku vkSj ok’I”khy Bksl (Volatile solid) dk Hkkj.k (loading) @ 

ikpu le; (Digestion time) ds izxfr”khy e/;orhZ ds ek/;e ls vkxs dh çfØ;k esa lq/kkj fd;k tk 

ldrk gSA  

 mijksDr ds e}sutj] orZeku dk;Z dk m}s”; vif”k’V ty mipkj vkSj izkd`frd :Ik ls 

mRiUu gksus okyk “kSoky ladk; dks tSo esFksus”ku dh lkeF;Z dks ryk”kus ds m}s”; ls fd;k Fkk ftls   

gkSt [kkl ;wVªksQkbM ck;ksekl ds :Ik esa ukfer dks NksVs Lrj ds v/;;u vkSj mPprj Lrj ds “kSoky 

mRiknu ds fy, fy;k x;k Fkk blds vykok] vif”k’V “kSoky ck;ksekl ls tSo esFksus”ku dks c<kus ds 

fy, buksdqYe] lg lClVªsV vkSj oh ,l Hkkj.k nj dk Øec) vuqdwyu dk iz;kl fd;k x;k gSA 

blds Ik”pkr] gkSt [kkl >hy esa ck;ksekl mRikndrk vkSj tSo esFksus”ku ekSleh ifjorZu ds izHkko 

(p;fur buksdqYe vkSj lg lClVªsV dk iz;ksx djds) dk ,d o’kZ dh vof/k rd bl rjg ds ,dhdj.k 

ds O;okgfjd lEHkkO;rk dk eqY;kadu ,ao v/;;u fd;k x;kA 

 izkjEHk esa] vif”k’V ty mipkj.k ds fy, ikl ds gkSt [kkl >hy ij izHkqRo j[kus okyh 

LoHkkfod mRikfnr “kSokyh; ladk; dk iz;ksx fd;k x;k ,d= “kSokyh; ladk; esa izHkqRo j[kus okyh 

iztkfr;ka Dyksjsyk tkfr] esfjLeksfifM;k tkfr] DyksLVsfj;ksfIll tkfr vkSj LdsUMslel tkfr gSaA ekud 

ehfM;k (Standard media) vkSj fofHkUu vif”k’V ty esa “kSokyh; ladk; dk mRiknu vPNk jgkA 

mPpre ck;ksekl mRikndrk (1.25±0.28 g L-1) vkSj iks’kd rRo fu’dklu vif”k’V ty esa izkIr gqbZA 

rri”pkr] bl çfØ;k dks [kqys rkykc (open ponds raceway, 800 L) esa c<k;k x;k “kSokyh; ladk; 

ck;ksekl mRiknu (0.68±0.05 g L-1) 
ds lkFk&2 ty fudklh pSuy vif”k’V ty (Drainage channel 

wastewater, DCWW) ds fujarj mipkj ds fy, dq”ky FkkA vif”k’V ty mipkj.k ds nkSjku 

mRikfnr “kSoky ck;ksekl esa vf/kd olk ;qDr (45.87% TS) vkSj vuqekfur lS)kfUrd ehFksu {kerk 

741 mL CH4 g−1 VS FkhA gkykfd] 30 fnu ds vok;oh; ikpu ds }kjk izk;ksfxd lafp; mRiUu ehFksu 

277.30 mL CH4 g−1 VS ns[kk x;k tks fd “kSokyh; ck;ksekl ds de ikpu “kfDr (38%) vkSj dsoy 

44% ok’I”khy Bksl esa deh ds dkj.k izkIr gqbZA lkekU;r] ijh{k.k fd;s x;s “kSokyh; ladk; ck;ksekl 



esa i;kZIr ck;ksekl mRiknu ds lkFk vif”k’V ty mipkj.k ds fy, vPNh laHkkouk FkhA gkykfd] 

ijh{k.k fd;s x;s “kSoky ds ck;ksekl ls ehFksu mRiknu vkSj ikpu {kerk esa lq/kkj ds fy, vkxs iz;kl 

fd, tkus pkfg,A  

 blds ckn] ;wVªksQkbM gkSt [kkl >hy ls ,df=r “kSoky ck;ksekl ds tSo esFksus”ku dks c<kus 

ds fy, buksdqYe] lg lClVªsV vkSj ok’I”khy Bksl Hkkj.k nj dk vuqØfed vuqdwyu fd;k x;kA 

mPpre ehFksu mRiknu (279 mL. g-1.VSfed) “kSoky vkSj i”kq xkscj vk/kkfjr ck;ksxSl la;a= ls buksdqYe 

mi;ksx djrs gq, ns[kk x;k Fkk tks fd vU; izdkj ds buksdqyk (Inocula) (lhost 

xkn@tVjksQk@djatk dsd vkSj xkScj vk/kkfjr la;a=) dk mi;ksx djds ehFksu mRiknu 170 – 200 

mL. g–1.VSfed izkIr fd;k x;k Fkk tSo ehFksu mRiknu c<kus esa gkSt [kkl >hy ls ,df=r “kSoky 

(HL) ds lkFk xkScj ls ehFksu (312 mL. g-1.VSfed) vkSj (lfØ; dhpM+) dh rqyuk esa tSo ehFksu (282 

mL. g-1.VSfed) c<k gSaA blds vykok] 5 g VS. L–1 
Hkkj.k ls mPpre ehFksu mRiknu 315 mL. g-

1.VSfed gks x;k tcfd Øe”k% 10 vkSj 15 g VS. L–1 
ij (240 and 224 mL. g-1.VSfed) dh deh ns[kh 

x;h gSaA 

 izLrkfor ,dhdj.k dh O;okgfjd O;ogk;Zrk lqfuf”pr djus ds fy, gkSt [kkl >hy ds ikuh 

esa ekin.Mks vkSj “kSoky ck;ksekl mRikndrk dk ,d o’kZ (tuojh ls fnlacj 2015) dh vof/k rd 

v/;;u fd;k x;k gSaA tcfd vxLr vkSj uoacj ekg esa gkSt [kkl >hy esa lcls T;knk iks’kd rRo 

Hkkj ns[kk x;k gSa vkSj “kSoky ck;ksekl mRikndrk vizSy vkSj uoacj ekg esa lokZf/kd izkIr gqbZ vkSj 

okf’kZd “kSoky ck;ksekl mRikndrk 2.06±0.21 g L-1 
Fkh tqykbZ 2014 ls flrEcj 2015 ,d o’kZ dh 

vof/k ds fy, ik;yV Ldsy (Pilot scale) vok;oh; ikpd (Anaerobic digester,  0.5 m3) dks “kSoky 

ck;ksekl o xkScj (1:1 ratio on the VS basis) lg ikpu QhMLVksd ds izn”kZu ds ewY;kdau ds fy, 

LFkkfir fd;k x;k Fkk cSp (batch) iSekusa vuqdwyu ds ifj.kkeksa ds }kjk buksdqYe] lg lClVªsV vkSj 

ok’I”khy Bksl Hkkj.k nj dks pquk x;k Fkk xehZ;ksa ds nkSjku ehFksu dh vkSlr  mRikndrk 0.6 - 0.8 

m3 methane m-3 digester d-1 izkIr dh x;h tcfd lfnZ;ksa esa 0.5 - 0.6 m3 methane m-3 digester d-

1 ik;h x;h vkSj ehFksu vo;o 51- 60 % dh lhek esa ik;k x;k FkkA fofHkUu vif”k’V inkFkksZ ds 

ekfld vkdyu tSls i‚oksbj gkbMªksthu (pH), dqy {kkjh;rk (total alkalinity), dqy ok’Ik”khy olk 

vEy (total volatile fatty acids, TVFA) vkSj veksfu;k ukbVªkstu (ammonia nitrogen, NH4-N) esa 

ik;yV Ldsy dh çfØ;k nh?kZdkfyd fLFkrk dk ladsr fn;kA bl v/;;u ds }kjk o’kZ Hkj ds ck;ksekl 

mRiknu ds fy, vif”k’V ty mRiknd fudklh “kSoky ladk; dk mi;ksx djus dh O;ogk;Zrk dh 

LFkkiuk dhA 
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