Preface

In the current energy paradigms, most of the requirements, be it fuel for
transportation, electricity generation, or thermoplastic materials production, are fulfilled by
utilizing fossil-based fuels such as coal, petroleum, and natural gases. This leads to the
generation of substantial amounts of greenhouse gases (GHG) into the atmosphere causing
global warming. Carbon dioxide is the highest and accounts for 76% of total GHG
emissions. Apart from fossil fuel combustion, deforestation and industrial processes also
add up to the atmospheric CO». This represents a significant global challenge, impacting
climate, ecosystem, and human health by climate fluctuations, irregular drought and flood
patterns, and decreased crop productivity. Considering these repercussions, substantial
research efforts and advancements have been dedicated over the past decade to support the
objectives outlined in the “Agenda 2030 for sustainable development. The aim is to
address 17 key goals encompassing social, economic, and environmental dimensions on a
global scale. The primary target include limiting the average temperature increase to below
2 °C and halving greenhouse gas emissions by 2030. There are several strategies to
sequester CO», including physical, chemical and biological methods. Out of these methods
biological fixation has emerged to be the most feasible one to achieve carbon neutrality.
Cyanobacteria transform atmospheric CO2 into oxygen and can generate a variety of
valuable products. Cyanobacteria are known for their biofixation efficiency which is 10-15
times higher than the terrestrial plants. Following the biofixation of CO; the cyanobacteria
can produce carbohydrates, lipids, proteins which can be utilized in food and feed additives
and also can be used as biofuel directly or indirectly.

The thesis reports the sustainable production of farnesene through CO»
sequestration by cyanobacteria. The study is designed in three different sections. Wherein

the first section integration vectors were constructed. Three integration vectors were
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constructed to genetically modify fast growing cyanobacteria Synechococcus elongatus
UTEX 2973. Conventional cloning, which includes restriction digestion and ligation, was
used for the vector construction. The vectors namely were constructed such that the gene(s)
of interest is inserted at the neutral site of the genome. The vectors were checked at each
step to confirm the correct gene/fragment ligation, which was followed by the sequencing.

In the next section, the integration vectors constructed were transformed into
Synechococcus elongatus UTEX 2973, emanating four genetically modified strains, UTEX
AFS, UTEX AFS::dxs, UTEX AFS::idispA, and UTEX AFS::dxs::idispA. The UTEX
AFS::dxs::idispA produced the highest farnesene level of 12.87 £ 0.7 mg/L in 5 days,
equivalent to 12.48 mg/g DCW. With a productivity of 2.57 mg/L/day, UTEX
AFS::dxs::idispA emerges as the superior photosynthetic farnesene producer compared to
the existing cyanobacterial literature for farnesene production.

Further, a conceptual farnesene production plant is designed using engineered
cyanobacteria which can utilize CO from the flue gas. Techno-economic analysis and life
cycle assessment of this conceptual plant are done. The capital expenses (CapEx), operating
expenses (OpEx) and minimum farnesene selling price (MFSP) was calculated. The
estimated CapEx for the plant amounts to $74.36 MM. The total annual OpEXx is projected
to be $19.42 MM. The key cost drivers of the MFSP were determined by single-point
sensitivity analysis. The study identified the farnesene productivity and cost of organic
solvent and inducer, majorly influencing the MFSP. An MFSP of $5.77/kg was observed
with a 40-fold increase in productivity, which was further reduced following the reduction
in the cost of organic solvent. Moreover, a life cycle assessment of the conceptual process
is assessed, indicating that the process is carbon neutral.

Thus, the present work successfully provides the framework for sustainable

production of farnesene from cyanobacteria. The platform can also be used to produce other
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value-added products by varying genes of interest in the vectors constructed and, hence,
the modified cyanobacteria strains. The modified UTEX strain was able to produce
farnesene with the highest productivity reported to date in cyanobacteria, which can be
further improvised by adaptive evolutionary engineering, process parameters optimization
and different modes of reactor operation. The TEA and LCA reveal that the process can be
successfully upscaled and can give competition to the existing technologies marking a

significant shift to a carbon-neutral economy.
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