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PURPOSE OF THE ABSTRACT

Global temperatures are expected to rise by at least 2.6 °C by the end of the century, even if all signatory states
effectively carry out the commitments set in the 2015 Paris Agreement, targeting global mean temperatures below
2 °C by 2100 [1]. It is evident that achieving net zero emissions would need significant emission reductions, which
will make necessary the investments in novel and technologically advanced solutions as a large share of the
reductions will come from technologies that are currently at the demonstration or prototype phase.

The mining industry has a high potential for Carbon Capture and Storage (CCS). Enhanced weathering, where the
natural reactions between CO2 and silicate minerals that produce dissolved bicarbonate ions are accelerated, has
the potential to remove substantial amounts of CO2 from the environment. The global mining industry produces
huge volumes of waste that could be utilized as feedstock for enhanced weathering. The annual global enhanced
weathering potential of mined metal commodity tailings from silicate-hosted deposits is estimated to 31 and 125% of
the industry's primary emissions. However, current knowledge suggests that dissolution rates of many minerals are
relatively slow, such that only a small percentage ([[3—21%) of this potential may be realized on timescales of <50
years. Thus, methodologies for accelerating weathering reactions, must be developed [2].

Carbonic anhydrase (CA) is one of the fastest enzymes in nature, catalyzing the hydration of CO2 to bicarbonate [3].
Integrating carbonic anhydrase in a natural weathering process, will boost bicarbonate formation which is key for
further carbonate dissolution to form bicarbonate. The liquid bicarbonate solution, which is a temporary storage
form for captured CO2, could subsequently be pumped into old or mined-out mine shafts/drifts to facilitate
carbonation of the bedrock and thereby storing atmospheric carbon dioxide. Thus, formation of bicarbonate is
strongly urged in order to provide both an efficient CO2 capture step and easy transportation for further permanent
storage.

Aim of this work is to assess a novel evolved CA from Desulfovibrio vulgaris [4,5] for its potential to enhance the
weathering of mine tailing waste. Preliminary results showed that, by adding CA into an aqueous solution of mine
tailing waste, the silicate dissolution rate was increased 16.45 times at the first 40 min of reaction, while the CO2
capture yield was improved 2.29 times. The CA was also characterized for its stability towards potential inhibitors
found in mine tailings (e.g. sulfates, carbonates). Further optimization will elucidate the potential of enzymatic CO2
hydration towards Carbon Dioxide Removal (CDR) practices to achieve the Paris Agreement ambition and mitigate
climate change. This work is supported by the Swedish Energy Agency funded project TAILOR-MADE (Use of mine
tailings to carbonate minerals by a symbiotic CC and DAC bio-strategy, Dnr number P2022-01123).
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