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Abstract:

We consider the cost-optimal management of a residential heating system equipped
with several heat production and consumption units. The manager is exposed to
uncertainties about randomly fluctuating renewable heat production and environmental
conditions driving the heat demand and supply. As a special feature the manager has
access to a geothermal storage which allows for intertemporal transfer of thermal
energy. This leads to a challenging mathematical optimization problem. The
optimization problem is treated as a continuous-time stochastic optimal control problem
for a controlled state process whose dynamics is described by a system of ordinary
differential equations (ODEs), stochastic differential equations (SDEs) and a partial
differential equation (PDE). We first apply semi-discretization to the PDE and use model
order reduction techniques to reduce the dimension of the associated system of ODEs.
Our numerical experiments for the model reduction with the balanced truncation method
show that the space-time dynamics of the temperature in the geothermal storage can be
described by only a few controlled ODEs. Finally, time-discretization leads to a Markov
decision process for which we apply numerical methods to determine a cost-optimal
control and the associated value function.
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