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ABSTRACT

Biogas is futuristic renewable energy with high market potential due to the wide-scale
availability of organic biomass and for facilitating countries in meeting sustainable
development goals related to creating and providing access to renewable energy. It has the
potential of being developed as a vehicular fuel or for generating electricity that can be
injected into power grids. Despite its prospect, it faces criticism, such as limited contributions
in reducing carbon emissions compared to solar and wind. However, raw biogas produced via
the anaerobic digestion process contains many impurities such as hydrogen sulfide and
carbon dioxide.

Thus, the upgradation and purification of the raw biogas by capturing CO, before its
application are necessary. Consequentially, for higher efficiency and better
commercialization, it is important to upgrade raw biogas and utilize the energy value of off-
gas. This dissertation aims to present the state-of-art upgradation technologies currently
available and the ones that are promising for rural India. It also discusses the future
perspectives for overcoming the challenges associated with upgradation.

Therefore, various techniques have been investigated to remove carbon dioxide from biogas
from the production of a gas with a high methane content called biomethane. The current
study focuses on one such process where biogas enrichment is carried out through
equilibrium-based adsorption, particularly a process called Pressure Swing adsorption using a

special grade of carbon molecular sieves used as an adsorbent.



PSA is the second-most commonly employed technique for biogas upgrading, has received
considerable attention from the research community worldwide compared to other methods
because of flexibility in operation, high auto-control degree, low energy consumption, and
less capital investment. Portable or small-scale pressure swing adsorption (PSA) systems
have gained increasing popularity in the rural area. While these processes have much in
common with larger PSA systems, significant differences make understanding process
limitations difficult. These include faster cycle times, smaller adsorbent particles, and

reduced column size.

Thus, this study provides a detailed mechanistic insight into the design of the portable
pressure swing adsorption reactor, the effect of various factors such as type of adsorption
technologies, different kinds of adsorbents, bed configuration, source and composition of the
biogas, time cycle, and operating conditions on the efficiency of biogas purification process
via pressure swing adsorption technologies. Moreover, an overview of the fundamentals of
the pressure swing adsorption (PSA) process is provided by focussing on different innovative
engineering approaches that contribute to the continuous improvement in process
performance.

Initially, the breakthrough experiments were performed in a single column filled with SG
CMS. The range of adsorption step time was derived from the results of preliminary
breakthrough experiments and selected at nearly 30%-60% of the breakthrough time. To
understand the adsorption characteristics of the CH4 and CO, gases, the Langmuir isotherm
model was used to determine the isotherm of a mixed gas containing 55% CH,4 and 45% CO,.
A different cycle configuration was designed and optimized the best configuration to get the
high methane purity. The six-step cycle includes two pressure equalization steps that

achieved the highest methane purity after the cycle design and configuration, the design of

\



experiments by central composite design for the small-scale PSA. We obtained a CH, purity
of 94.6% and a recovery of 85.6%. At last, a full-scale proposed design was conducted for

the commercial application.
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