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Abstract

Abstract

There is an increasing demand growing worldwide for alternative sources of energy and the
biodiesel industry is one such which is on the rise. Glycerol (10 wt.%) is produced as a by-
product along with biodiesel production and it remains an underutilized product. Only a small
fraction of the glycerol produced goes into the glycerol markets since there are higher costs
involved with glycerol purification. It presents an opportunity for value-addition to the surplus
glycerol so produced. The glycerol can be used for biobutanol production, a potential
alternative fuel, which has a very high energy content of 29.2 MJ/L. Biobutanol production is
conventionally carried out using an anaerobic fermentation process using Clostridium species
which involves biphasic stages which are acidogenic (acid-producing) and solventogenic
(solvent-producing).

The present study explored biobutanol production from glycerol with the objective to improve
the overall butanol yield using three strains of Clostridium pasteurianum: ATCC 6013, NCIM
2880, and NCIM 2882. Notably, existing literature typically report low overall butanol yields
from glycerol for wild-type Clostridium pasteurianum strains, often around 0.3 g/g (g of
butanol/g of glycerol). By employing a co-substrate fermentation approach with butyric acid
along with glycerol in the fermentation medium, the strain ATCC 6013 achieved a significant
30% increase in overall butanol yield, reaching 0.39 g/g. This work also documented the first-
time use of the strains NCIM 2880 and NCIM 2882 for glycerol-based butanol production and

highlighted strain-specific differences in their performance towards butanol production.

Furthermore, mathematical analysis was carried out describing the kinetics of glycerol
consumption and cell growth. The kinetics of glycerol consumption was based on an integral

equation development and a growth invariance function was used to study the kinetics of cell
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growth. The development of integral equation was done with the assumption that glycerol
consumption and cell growth are linked through the kinetics of the process. Two different
approaches were adopted for calculating the rates of glycerol consumption and cell growth

respectively.

The glycerol consumption rate, (“'I’:kl) (h™1); range 1.30*107 to 29.7*107, was estimated
S

from the integral equation through the experimental values of glycerol consumption.
The cell growth rate, r (h™1); range 3.06*107 to 32.4*107, was estimated from the growth

invariance function through the calculated values of cell mass concentrations.

It was observed from the evaluated values that the parameters, r (h™1) and (“’;:—kl) (h™1) are
S

related. Therefore, using two different approaches (i) integral equation, and (ii) growth
invariance function, the calculated rates were observed to be similar that validated the
development of the integral equation and the basis that glycerol consumption and cell growth
are interrelated. Additionally, the growth invariance function was used to represent the
clostridial growth data, corresponding to different experimental conditions, in terms of a
narrow band of curves of dimensionless population density versus dimensionless time. It
depicted invariance that is represented graphically by the consistent clostridial growth profiles
under different experimental conditions, with quantitative support from the range obtained for

the cell growth rate {r (h™1): 3.06*107 to 32.4*107}.
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AT R T ol & ddfcye Hdi &1 A 9g @ § AR IRISIeId 3 T4 8 T SN

2 Sl doit T 9¢ W8T 8| fRRRTd (10 wt.%) SIS IdTe & T1Y-J1Y U IU-Id1G B
=Y Iafed [ SiTa & 3R U8 Ueh HH SUTNT aTel IS 51 g3 8 | Ianfed fRorRia
®1 Had T Bel 91 e & FeRRIa SoiRi & Sl 8 adifeh feRRia Yadmror § 3=
ARG A BT 1 I8 Sanied SHTURY feRRia & Jou-gadH &1 Sa¥R Udd &l g
fRRIRTTT BT IUUNT ST IadTe & foT far St Tebdl B, S T FHIAd debfetiep
SeH 8, Ford 29.2 MJ/L &1 9gd 3 Sooll ATt gicll § | STisgeTd ST URURS &4
I FAReiead USTadl 1 ST HRb AT fauad Ufdhar o1 SUAT b foar ST
g fored fg-=roftg =RuT <fere 81 § S RsiHe (TRrs-Idres) $iR diedesite
(s -3de®) gid &1 9dH e 3 FAReiSuHd IReRaH & diF Jual &l
SUIANT FReb THY FeAId IS H YR IR & IeT Y TeRRIA ¥ SRl 3G

&1 WISl BI: ATCC 6013, NCIM 2880, 3R NCIM 2882 | Ieara-1d &1 ¥, Ais[al Wi o
TAAR R STE-UHR & FalReSaH TRegRa-H IuNel & e fierRia I &1 Ty
SeATd IUSl HI NUIE BT A 8, T SRR THT 0.3 UTHAH (AT o1 T/ fewRia
&1 UTH) Bia ¢ | fohuae mrenm o feReRTa & 91y FgfeRes This & A1y Ug-gshce faruad
B DI FARTIT HRP, T ATCC 6013 = THI SeAId UST H 30% &1 AedYU! Iiak

BTRIA 1, ST 0.39 UTHATH T Ud 75| 39 BT A FTARRIA- TR FeAId Sdie &
foe Junal NCIM 2880 SR NCIM 2882 & Ugelt aR IudiT &1 i Uaifed fobar ofik
A IdTe & Ufd 3% UEkH H SUNG-fARIy iRl &I ISR Har| g9 3fam,
fTETRIA & WU 3R HIRABT gfG BT TTies! &1 quH HRd gU O fazayor faar mar|
fTERRIA Bt @Ud &1 e U 31T THIwHR0T g WR Setia ot 3iR SR gfg &1

Vi
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! BT T IR & [T U gfg HURTAIRIAdr HaRH BT YA foham 77 |
ST THIHRUT BT b 39 YR & A1 fobsam 7 o o ForRTd &1 Wud SR SHifkih
gfs Ufchan &1 it & F1eaH A IS g3 o | FIERId 1 Wud SR HIfIepT gfg &1 = B
UM & T ShH: & 3felT-31elT Sf¥Iur 3UHTT U ﬁ%ﬂﬁaﬁwa(%) (h~1);
IS 1.3041073 ¥ 29.7+10°3, FrRId &1 WU & WIS Tl o T1eqd 9 e FHipor
T AT Bt T8 0 WA G R, r (h1); I 3.06%1073 T 32.4*10°3, T ST Figdl
& TUAT U TN et & e § gfe sruiad-Rieiar ek ¥ AT Bt TS R
euifepd AT & T8 3@ T i RfieR, r (1) eﬁ?(“’;—s"l) (h~1) Tefda g1 Sufe, &l

ST ARND! (i) ST THIBRUL, 3R (ii) WY STANTY o BT YN HRPp, U]
I 115 &3 THM UTS 178, o SCTd THIRU & faebr 3R 39 SUR &I 717 foba fob
TERRIA P WUd 3R 9 gia A0 # Fafdd 81 39 SHfafad, My 37aRTT tharH &1
SUART SATHG I SIEREAT -Icd S-H STATHG I THY &b ashl & T Jb1vl g b e 7,
faftre v fRUfQTl & Sy, FaReISad gfa Sa1 &1 ufdfAfda w3 o o fava
T UT| 399 39aRTY &1 guifar 3 o 997 3@ R+ (h1) & o urd A @ A
T & 9y, fafte yanmes fRUfaal & d8d qETd TaRelead dia WhRd gRl
Titheh U A GITAT AT §: 3.06*10°3 H 32.41073)

vii
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