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Abstract

This paper compares hard-linked and integrated approaches of hybrid top-down and bottom-
up models in terms of equilibria and convergence. Four setups where a bottom-up linear
programming model is hard-linked with a top-down computable general equilibrium model
are implemented. A solution is found by iterating between the two models, until convergence
is reached. The same equilibrium solution is found by all hard-linked setups in all problem
instances. Next, one integrated model is introduced by extending the computable general
equilibrium mixed complementarity model with the Karush-Kuhn-Tucker conditions that
represent the bottom-up linear programming model. This integrated model provides the same
solutions as the hard-linked models. Also, an alternative integrated model is provided, where
the bottom-up model objective is optimized while the top-down model is included as
additional constraints. This nonlinear program corresponds to a multi-follower bilevel
formulation, with the energy system model as the leader and the general equilibrium players
(firms and household) as followers. The Stackelberg equilibrium from this bilevel formulation
pareto-dominates the Nash equilibrium from the other model setups in some problem
instances, and is identical in the remaining problem instances. Different ways to couple the
mathematical models may result in different solutions, because the coupling represents
different real-world situations.

Highlights:

Hard-linked hybrid models are compared with integrated models.
Two full-link integrated approaches are demonstrated.

e In some problem instances different equilibria are found.

e The Stackelberg equilibrium pareto-dominates the Nash equilibrium.
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