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Space plasmas are complex systems with numerous kind of transitions: chemistry/diffusion, collisional/collisionless, subsonic/supersonic, heavy ions/light ions,… Moreover, space plasmas interact with electric and magnetic fields, so that the charged particles are affected by the fields while in return they contribute to the magneto/electro-dynamics. There are different ways of tackling the problem of modeling the dynamics of such complex systems, based on the duality fluid/kinetic in the description of the plasma populations: either purely fluid, purely kinetic or hybrid. Among these solutions, an efficient one is given by the multi-moment multi-species approach. This approach is based on a mathematical description that allows using it for describing space plasmas in wide range of regimes, and provides straightforward expressions for couplings with magneto/electro-dynamics or with neutral atmosphere. We will present the application of this approach to model space plasmas in different environments, and we will discuss how, depending on the situation, the different terms contribute to the transport equations, and thus what in the end controls or dominates the dynamics of the plasma. From that, we will show that the approach has inherent limitations and states can be reached where the system of transport equations is no longer hyperbolic and becomes unstable. We will then discuss the loss of hyperbolicity in term "kinetic behaviour" of the populations and eventually how this may be used to couple such an approach to kinetic models.

