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Overview
Following the rules set by the Electricity Balancing Guidelines [1], the European electricity markets integration is undergoing a major new stage. Among the more recent projects, TERRE and MARI aim to integrate manual balancing markets, respectively for Replacement Reserve (RR) and Manual Frequency Restoration Reserve (mFRR). They will deeply change the way balancing is performed across Europe. Indeed, until recently, each Transmission System Operator (TSO) provided balancing services only for its own control area. TSOs will now submit their balancing needs and the available bids in their area to a common European platform. Bids from all participating zones will be shared and activated according to a Common Merit Order List. Furthermore, TERRE and MARI have very short operational timeframes, as MARI for example clears 10 minutes before real time. 
These two platforms and their innovative structures have consequences on how the network is managed, especially close to real time. Indeed, their objective is to optimize the use of reserves throughout Europe thanks to cross-border exchanges, therefore increasing the pressure on cross-border transmission capacity. Furthermore, internal constraints induced by the allocation are not taken into account, which could jeopardize the security of the grid. Finally, TERRE and MARI are a new source of uncertainty as TSOs lose the direct control over which bids they activate. These three factors are amplified by the platforms’ very short timeframes, which leave little time to react.
Some features have been included in the designs of TERRE and MARI to face these new challenges. Among these is the cross-zonal capacity. It is used to represent in a synthetic way how much power can be exchanged on a specific border without putting network security at risk. It is included in the optimization module of the platforms as a constraint to keep cross-border exchanges within acceptable limits. However, there are two main issues with this methodology:
· Firstly, it is computed using a representation of the network forecasted the day before at 13:00. The network configuration will probably have changed between the moment when the capacity is computed and when it is used for the balancing platforms (let alone further evolutions between clearing and real time).
· Secondly, a network operator is only able to apply a limited number of topological changes in a short time (at RTE, around 3 elementary remedial actions can be applied in a 20-minute timeframe). When the capacity is computed, there is no limit of time and all remedial actions are deemed available. However, after TERRE and MARI, there might be not enough time to apply hese remedial actions as planned. Therefore, the balancing markets outcomes may turn out to be incompatible with operational security criteria.

Given the important changes TERRE and MARI may induce on the network flows and the possibly insufficient tools included to cope with them, it would be interesting to evaluate the impact of the two platforms on short-term congestion management. This is what this article aims to do.
Methods
Firstly, a literature review on congestion management helps to determine the methods applicable in the case of the TERRE and MARI platforms.
Secondly, in order to measure their impact, TERRE and MARI are simulated using the following process:
· The day-ahead market is simulated. According to the current situation in Central Western Europe, the cross-border transmission capacity is computed using the flow-based[footnoteRef:1] methodology. [1:  [2] explains the specificity of the flow-based methodology as :“instead of supplying fixed commercial capacities, the FB methodology formulates the constraints which reflect the physical limits of the grid”.] 

· After the day-ahead market, the cross-border transmission capacity for TERRE and MARI is computed with the current method : an Available Transfer Capacity[footnoteRef:2] (ATC) deducted from the day-ahead flow-based domain and the exchanges resulting from the day-ahead market clearing. [2:  [2] defines ATC as “the maximum allowable commercial exchange between two zones that push at least one critical network element to its physical limit”.] 

· The TERRE and MARI market couplings are simulated with the previously computed cross-border transmission capacity
· The impact of TERRE and MARI on the network is assessed.
This methodology is applied on an updated IEEE-96 network [3]. Nineteen bus breakers are added to the network to better capture the effect of incorrectly taking into account remedial actions in the cross-border transmission capacity. The simulation is run over two weeks, one in summer and one in winter.
Results
As was discussed in the literature review, both methods  to integrate network constraints in the platforms and methods to alleviate congestion post-clearing are needed in the platforms. Methods currently compatible with European regulation are:
· Before TERRE and MARI processes: cross-zonal transmission capacity reservation for balancing and bid filtering
· During TERRE and MARI processes: cross-zonal capacity computation using ATC or flow-based methodologies
· After TERRE and MARI processes: bid blockage, redispatching and topological changes
To reduce costs linked to the coordination of the platforms with the network, a transverse point of view on these different levers is necessary.
The case study shows that TERRE and MARI is likely to create new congestions or deepen existing ones very close to real time. Some ongoing studies are trying to determine whether redispatching and topological actions could solve this issue.
Conclusions
The European electric network faces new challenges with the integration of manual balancing markets through the TERRE and MARI projects. The case study shows that the platforms are the source of congestion very close to real time. In particular, the methodology used to compute cross-zonal transmission capacity is too permissive. There are two key areas for improvement. Firstly, the capacity is computed using a network forecasted much too early. Using a network representation forecasted closer to real time would enable a major reduction of look-ahead uncertainties and ensure better security. Secondly, the methodology used to compute the capacity is ATC. However, the flow-based methodology has been recognized as more accurate [2]. It would therefore be useful to replace the ATC methodology by a flow-based one. In addition, it would be useful to coordinate the cross-border capacity with other methods focusing more on internal congestion.
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