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Operating the electricity system with the 2050 targeted shares of Renewable Energy
Systems (RES) will only be possible and affordable if both grids and generation assets
evolve towards a system designed to maximise its capacity to host such amounts of RES.
This requires optimizing existing assets and new investments, while making the best use
of all flexibilities. An integrated representation of the system is then mandatory, which
means overcoming significant technical hurdles in that it leads to the implementation and
maintenance of complex models having several nested layers of structure, and general and
flexible algorithms for solving them, and leads to problem sizes that grow tremendously
with the level of detail modeled.

Within the plan4res (P4R) H2020 project, we have designed, implemented and validated
through real size case studies a new tool for optimizing and simulating the European
electricity system. We present the P4R environment [5], providing an interactive con-
tainerized environment, which enables execution from laptop through cluster to super-
computers. The models and the solution algorithms have been implemented using the
novel open-source Structured Modeling System++ (SMS++). Mathematically, the Unit
Commitment problem emerges at the lowest layer. It is a hard [1] Mixed-Integer Nonlin-
ear optimization problem regarding the short-term (say, daily) scheduling of generation
units. Higher layers concern the mid-term management of energy reservoirs (water, gas,
. . . ) under uncertainties (climate, demand, . . . ), and finally the long-term evolution of the
energy system (construction/decommissioning of generators and energy lines, investments
in different generation technologies, . . . ).

The P4R environment was used to assess the feasibility and cost of a recently published
long-term energy scenario from the openENTRANCE H2020 project, and to perform
sensitivity analysis aiming at valuating flexibilities, such as increasing interconnection
and storage capacity, or enabling power plants to be more maneuverable and analysing
the impact of hosting more RES in the system, in terms of costs, and need for more
storage or curtailment or intermittent assets. Among many other key outputs which we
will present, it helped understand how an increase of the share of RES requires installing
more storage but also leads to much more curtailment of RES units.
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