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We can classify contemporary approaches to thermodynamics in roughly four camps:

(1) Top-down microscopic approaches. These are for example resource-theoretical approaches to quantum thermodynamics: they have a
microscopic model of states and systems, and which microscopic restrictions implement macroscopic properties. For instance, in the resource theory
of quantum thermodynamics, states are represented by density operators, thermal states in particular have a specific micro-canonical form, and
constraints like energy preservation are enforced by forcing quantum transformations to commute with a global Hamiltonian. These approaches
success at deriving thermodynamic laws in general settings that satisfy the microscopic model (like non-relativistic quantum systems.

(2) Bottom-up microscopic approaches. These also start from a microscopic model, but rather than looking for universal restrictions, they search for
explicit thermodynamics protocols: this is the case of recent proposals for quantum work extraction or nano quantum heat engines.

(3) Top-down phenomenological approaches. These try to derive thermodynamic laws from first principles independently of a microscopic model.
In principle the results derived in this framework can be applied to a wider variety of explicit systems, and the challenge is then to find the right
implementations.  The first derivations of thermodynamics were naturally phenomenological, and some modern information-inspired derivations
follow this approach.

(4) Bottom-up phenomenological approaches. These approaches try to find explicit thermodynamic protocols independently of the microscopic
model, based only on operational properties of the systems at hand. It was the case for Carnot's original engines and more recently for some
approaches to deriving black hole thermodynamics, or thermodynamics of new materials; some experimental results also fit in this camp.

In this work we generalize top-down phenomenological approaches to the case of multiple conserved quantities. Note that multiple conserved
quantities have been studied in top-down and bottom-up microscopic approaches to quantum thermodynamics. We argue that our framework is
more general, in that it can be applied to systems for which we don't have an explicit microscopic model; in particular we will apply the results of
this framework to black hole thermodynamics. Moreover, having a phenomenological axiomatic approach to thermodynamics allows us to identify
which properties are specific to a microscopic model like quantum physics, and which hold in any physical theory: our results can be applied to
study the thermodynamics of generalized process theories, and other generalizations and foils of quantum mechanics. This generalization makes us
reconsider the second law of thermodynamics, adapting for an exchange of different conserved quantities, for example, energy and angular
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momentum, or energy and spin. Our guiding principle here is to use information as a universal token of exchange to convert between different
quantities via Landauer's principle.

Zoom Link: https://pitp.zoom.us/j/96001094153?pwd=YTArTGpPdEJ1NFBMcnFqV1dIRTVyZz09
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