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Abstract

The unprecedented challenge of climate change outlines the failure on environmental
parameters despite remarkable developments in the previous two and a half centuries.
Fossil fuels have been a convenient energy source for long periods; however, their
consumption has majorly contributed to mounting levels of carbon emissions. Now,
developing alternative energy sources is imperative and anaerobic digestion technology
has a crucial role in the transition. Renewable methane is obtained from organic waste
digestion and biogas separation thereafter. The key challenge is storing the methane-rich
gas where it is currently stored by compressing it at a very high pressure of 20-25 MPa.
Alternatively, in adsorption based storage where similar amount of gas (as of
compression) is stored under mild pressure. The storage is obtained in a porous material-
filled cylinder, where gas is adsorbed under pressure on the microporous surface. The
density of gas storage is higher in microporous materials than in simple compression,
which reduces the storage pressure requirement. The porous materials obtained from
biomass have been another advantage of this technology since they are renewable, and
utilising such a source also reduces the environmental burden. The biomass is first
carbonised to obtain char and then converted to high surface area activated carbons using
activation. In this thesis work, the focus have been on such biomass-based sustainable

materials and tailored their production for high-efficiency gas storage and capture.

In the first Objective, biochar's combined physical and chemical activation was
explored. Potassium hydroxide has been used for chemical activation and steam as
physical activation source to reduce chemical use to obtain high surface area. The
combined activated carbons have a surface area of 963 m2g compared to only chemically
activated 764 m2g’t. For the analysis of biomethane adsorption, the pellets were prepared
using bentonite and Kaolin. The best results obtained were found with 20% (weight basis)
of Kaolin with gravimetric methane uptake of 0.28 g/g and volumetric methane uptake of

231 v/iv with 177 viv of deliverable capacity.

In second work, the various nature biomass has been selected and pore formation pattern
has been studied. The activated carbons were synthesized from ten different biomasses
under similar activation conditions. The selection has taken place based on the nature
(hardness/softness) and their local availability. These prepared carbons were then
analysed with different techniques such as BET, X-ray diffraction, Scanning electron

iv



microscope, and FT-infrared. The biomass's nature has an influence on the pores'
distribution on the material and hence different methane adsorption capacities. The
highest volumetric ratio of ~251 v/v (uptake), ~217 v/v (delivery) has been recorded on
coconut shell AC, whereas the highest gravimetric uptake of ~0.32 g/g at 6.5 MPa was

recorded on karanja shell AC.

Next, the efforts were made to address the challenge of lower desorption of the gas while
system operation since thermodynamics discourages overall technological development.
The adsorption was carried out at room temperature and desorption by placing gas-filled
cylinders in a water bath at different temperatures maintained at 40, 45, 50 and 55 °C. At
room temperature, nearly 54% of adsorbed gas is released whereas, at 55 °C,

approximately 80% of the gas is recovered.

Adsorption-based technology was also assessed using Life cycle Assessment as a tool
including its comparison with compression-based storage system. The activated carbon-
based storage system has been efficient on the environmental parameters however few
points to be considered. Lower pressure storage reduces cylinder thickness increases
safety as well it also reflects on the midpoint indicators as well. However, the chemical
synthesis of activated carbons is still a key concern, and recycling waste during production

is crucial in reducing environmental burdens.

Lastly, the activated carbon was prepared with focusing on its heteroatom content and
improving sustainability. In this work, the materials have been explored for their
application in carbon dioxide capture e.g. from biogas and post-combustion gases. The
material synthesised has a considerable presence of nitrogen and sulphur with high oxygen
content. They are prepared via the hydrochar route and activated using KCI+Na»S>03 to
activate hydrochar, resulting in high surface area and porosity. The prepared activated
carbons achieved high CO> uptake of up to 3.5 mmol/g. The influence of heteroatom on
CO. was also investigated in the study. These materials also shows high regenerable

capacity over five cycles.

Further, large-scale development of these materials for successful gas capture and storage
technologies application would be vital for sustainable development. The widespread
technological application would develop and strengthen new avenues towards rural

industrialisation.
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GOBAR
SATAT
CBG
LPG
PSA
BET
SEM
FTIR
XRD
LCA
MS
PAFs
NLDFT
ISO
MPSD
MOVE
wit

Abbreviations

Green House gases

Carbon dioxide

Methane

Nitrogen

Oxygen

Mega Joule

Kilo Gram

Kilo meter

Biogenic CO;

Monomethylamine

Metal-organic frameworks

Carbon molecular sieves

Activated carbons

Carbon capture and storage

Bioenergy with carbon capture and storage
Litre

Standard temperature and pressure

Normal temperature and pressure

Mega Pascal

Compressed natural gas

Liquified natural gas

Adsorbed natural gas

Kelvin

volume/volume (cm? or L)

gram/gram

Department of Energy

Atmospheric pressure

International union of pure and applied chemistry
Sustainable development goals

New National Biogas and Organic Manure Programme
Galvanizing Organic Bio-Agro Resources
Sustainable Alternative Towards Affordable Transportation
Compressed Biogas

Liquified petroleum gas

Pressure swing adsorption
Brunauer—Emmett—Teller

Scanning electron microscope

Fourier transform Infrared

X-ray diffraction

Life Cycle Assessment

Molecular sieves

Porous aromatic frameworks

Non-local density function theory
International standard organisation
Micropore size distribution

Methane opportunities for vehicular energy
Weight
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KOH
KCI
HCI
K2C202
K2COs
NaOH
NaNH:
H3PO4
ZnCl;
ACC
ACPC
GAC
RoW
CML
IPCC
CAC
PAC
CACR
HTC
TS

DC
SW

TGA
HDC
ACDC
K2COs3
K20

nm
MPD
CCSAC

Angstrom

Potassium Hydroxide

Potassium Chloride

Hydrogen chloride

Potassium oxalate

Potassium Chloride

Sodium hydroxide

Sodium amide

Phosphoric acid

Zinc Chloride

Chemically activated carbons
Physicochemically activated carbons
Granular activated carbons

Rest of the world

Centrum voor Milieukunde Leiden
Intergovernmental panel on climate change
Chemically activated carbon
Physically activated carbon
Chemically activated carbon with waste recovery
Hydrothermal carbonization

Total solid

De-oiled cake (Kanranja)
Softwood

Cellulose

Thermogravimetric analyser
De-oiled cake hydrochar

De-oiled cake activated carbon
Potassium carbonate

Potassium oxide

Bentonite

Kaolin

Sugar

Nanometer

Mean pore diameter

Coconut shell activated carbons
hour
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