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In recent years large interest has focused on quantum coherence and quantum correlations to improve efficiency and envisage and/or improve functionalities of quantum machines. One avenue is to use these resources through information processing to improve efficiency when cooling or heating systems or storing energy.  To this aim, here we consider Nth-root gates, which allow for a paced application of two-qubit operations. We apply them in quantum thermodynamic protocols for operating batteries [1] and quantum heat engines [2]. A set of circuits for two and three qubits are compared by considering ergotropy and maximum work production and related efficiency. Our results show that for all circuits considered and most regions of initial parameter space, quantum coherence strongly improves performances of both batteries and quantum heat engines, as well as the maximum work production. In such circuits, coherence is initially imprinted into one of the qubits and considered as a free resource, improving the overall maximum extractable work. Work gets generated with 84% to 100% efficiency. Further, we uncover a strong linear correlation between work production and many-body correlations in the working medium generated by these gates.
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