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ABSTRACT

Anaerobic digestion of kitchen, vegetable and fruit wastes faces the challenge of
frequent composition variation and rapid digester acidification due to its highly
degradable nature. Researchers across the globe have generally sorted the problem by
the addition of alkaline chemicals, which further harms the environment and adds to
the overall cost economics. This study intended to investigate the efficacy of utilizing
natural additives to solve this issue. Pongamia de-oiled cake was used in this study
which is otherwise non-edible and has less applications. In the first experiment, the
kitchen wastes (KW) were segregated according to their pH characteristics as high
acidic (pH: 2.00 — 5.00), medium acidic (pH: 5.00 — 7.00) and low alkaline (pH: 7.00 —
8.00) and were treated separately in three digesters (I, I1 and 111) having a total volume
of 307 L (working volume: 192 L) for 280 days with organic loading rate (OLR) of
2.80 VS/ m® /day for digester I, 2.61 VS/ m® /day for digester Il and 2.60 kg VS/ m®
/day for digester I11. The digesters I, Il and 11l achieved average biogas yields of 177.82
+ 19.30, 216.57 £ 7.42 and 280.45 + 2.55 L/kg VS. d, respectively. Maximum
synergistic effect of pongamia de-oiled cake was observed in digester | with increased
methane production of 46.04% and volatile solids reduction of 11.18%. The principal
component analysis and Kinetic evaluation revealed that pongamia de-oiled cake
addition had a significant positive effect on the AD parameters in all digesters achieving
energy efficiencies exceeding 96%. With the success in operation, the study was
upscaled to a 25 m®/ day capacity anaerobic digester for one year study in the second

experiment.

The seasonal variation in KW was studied by classifying the study period of 360 days

into six seasons (each season comprising 60 days), namely, spring, summer, monsoon,



autumn, early winter, and prevernal winter. Considering all the properties of kitchen
waste, the anaerobic digestion experiment was conducted with the organic loading rate
(OLR) of 0.60 — 0.72 kg VVS/m?® /day. The specific biogas production for all the seasons
was found to be 0.56 — 0.68 m? /kg VS, with the volumetric methane content of 54.3 —
62.8%. The average seasonal specific methane production was observed in the range of
0.30 — 0.41 m® /kg VS. The anaerobic digestion conversion efficiency of 55.3 — 67.0%
was found for the anaerobic digestion of the wastes. The problem of the rapid
acidification of kitchen waste has been rectified with the addition of protein-rich de-
oiled pongamia cake in place of alkali chemicals. Furthermore, the digested slurry of
biogas plant contained 2.3-2.6% nitrogen, 0.6 — 0.9% phosphorus, and 0.7 — 1.1%
potassium, demonstrating rich nutrition value for enhancing the soil quality as an

organic manure.

The anaerobic digestion process requires huge amount of water that is to be fed on a
daily basis along with the substrates to maintain the required feeding rate. However, the
use of freshwater or groundwater for operating the AD process is not a sustainable
option, considering its supply is getting very limited in many regions. Based on this
concern, the third experiment was conducted on two pilot-scale anaerobic digesters
(digesters A and B) having a total volume of 307 L (working volume: 192 L) were used
for a study period of 55 days. Digester A was based on anaerobic digestion of kitchen
waste with freshwater and digester B was based on anaerobic digestion of kitchen waste
with wastewater. The average specific methane production yield from digester A and
digester B were estimated as 273.48 £ 100 L/kg VS and 258.37 + 94 L/kg VS,

respectively.
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After the three sets of experiments, the final objective was to estimate the techno-
economics and greenhouse gas (GHG) mitigation potential of the system if the
proposed strategy is applied. In order to simulate the results, a 200 m® kitchen waste-
based biogas system for various commercial applications (cooking, electricity and
vehicular applications) was considered. According to the results, the strategy a
profitable with a payback period of 2.6 years, 6.5 years and 7.4 years, respectively for

cooking, electricity and vehicular applications.

Thus, it can be summarized that the successful long-term operation of anaerobic
digestion of KW is possible using natural additives and reduced freshwater
requirement. Moreover, the study shows the prospects for resolving the shortcomings
generally observed in existing KW based biogas plants and set an example for operating

new biogas plants without the need for any design modifications.
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% = Percent
& = And
/| = Per
< = Lowerthan
> =  Greater than
° = Degree
R = Rupee
$ = Dollar
AAEMs = Alkaline earth metals
AD = Anaerobic digestion
Ag = Silver
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BET = Brunauer-Emmett-Teller
°C = Degree celsius
Ca = Calcium
Ca(OH), = Calcium hydroxide
CC = Capital cost
CBG = Compressed biogas
CHP = Combined heat and power
Cm = Centimeter
C/N = Carbon - nitrogen ratio
CHs = Methane
CO2 = Carbon dioxide
CO,eq = Carbon dioxide equivalent
Co = Cobalt

COD = Chemical oxygen demand
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Cu = Copper

D = Day
Db = Dry basis
dia = Diameter
DIET = Direct interspecies electrons transfer
DR = Discount rate
Fe = lron
FesOs = Ironoxide
FeoaNiOs = Iron nickel oxide
Fig. = Figure
FOKM = First-order kinetic model
FVW = Fruits and vegetable waste
G = Gram
GAC = Granular activated carbon
GJ = GigalJoules
GHG = Greenhouse gas
H> = Hydrogen
HA = High acidic
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H>S = Hydrogen sulphide
H.SOs = Sulfuric acid
HRT = Hydraulic retention time
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IRR = Internal rate of return
K = Potassium
Kg = Kilogram
k] = Kilojoule
KOH = Potassium hydroxide
kw = Kilo watt

Km = Kilo meter
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Logistic function model
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Yr
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United states dollar
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