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Overview

As part of the European energy policy goals of sustainability, security of supply and improved competitiveness, the share of Renewable Energy Sources for Electricity (RES-E) is rapidly increasing. The two main technologies that drive this development are wind and solar PV, which are both characterised by variable energy output with limited controllability and predictability. The unexpected power output variations challenge the power system, because the balance between demand and generation needs to be maintained.
Variable RES-E are therefore likely to impact the reserve requirements contracted by the Transmission System Operator (TSO) to guarantee this all-time balance. For wind energy, different approaches to determine this impact and the ensuing costs are presented in literature. An overview can be found in e.g. [1,2]. One of these approaches is the "probabilistic approach", which combines the probability density curves of unexpected power plant outages, wind power and demand variations, so as to determine the up- and downward generation reserves required in order to reach a predefined reliability level [3,4]. 

However, most of these studies ignore that there are different types of reserves, each with different technical characteristics (in particular: different response times) and different costs. In the ENTSO-E zone (which spans most of continental Europe), secondary reserves ("R2"), for instance, are typically expected to respond within minutes, while tertiary reserves ("R3") are characterised with slower response characteristics. Due to its high flexibility requirements, R2 reserves are assumed to be significantly more expensive than R3 reserves. Hence, it may be a cost-effective strategy to minimise the amount of R2 reserves while keeping reliability level at the same level, even if this means the total amount of reserves is to be increased. 

Main objective of this study is to present a methodology to determine the additional reserve requirements due to wind power integration, and to allocate these reserve requirements optimally between R2 and R3, in order to ensure cost minimisation for a given reliability level. This approach is applied on a wind integration scenario for 2020 for the Belgian power system.

 Methods

As wind power is expected to have a limited impact on the primary reserves [5], focus is put on secondary and tertiary reserves. A methodology is proposed determining R3 based on the average wind prediction error over the power system's settlement period (assumed to be 1 hour), and R2 based on the wind power fluctuations within the settlement period. This approach minimises the required R2 capacity and activation which are both assumed to be expensive compared to R3. 
In order to test and evaluate this methodology, a numerical model is constructed applying the methodology to a data set of available wind speed measurement and prediction data across a Dutch region of 160x100 km². This setting is representative for a small country in the North Sea area, in this case Belgium, accommodating wind power on a combination of offshore, coastal and inland locations. This methodology allows to determine total reserve requirements, secondary and tertiary reserves by means of the probability density curves of wind power imbalances resulting from future wind power development scenarios.

Wind speed measurements and predictions are converted into an aggregated power generation and prediction profile for the Belgian power system towards 2020. A base and a reference scenario represent respectively an installed wind power capacity of 2487 MW and 3569 MW.

Results
Results for a reliability level of 99% are shown in Table 1. Up and downward reserves are treated seperatly: results show the upward (downward) capacity required to cover 99% of the negative (positive) system imbalances. R3 may increase with 36-40% of the installed wind power capacity. R2 may face an additional symmetric increase of 7% of the installed wind power capacity. The impact on R2 remains relatively small due to large smoothing effects which occur for short-term fluctuations. As can be seen, R2 and R3 are larger than the total system imbalance which is a consequence of the strategy of minimising activation levels of R2.
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Figure 1: Additional reserve requirements in Belgium due to wind power integration for an installed capacity of 534 (2010), 2487 (2020 base) and 3569 MW (2020 ref)
Conclusions

This study puts forward a methodology to determine additional reserve requirements due to increasing wind power integration. The methodology is based on a probabilistic approach which is already applied in different case studies. However, this approach is further refined by integrating real historic time series of wind speed measurements and predictions. This enables to take into account geographical smoothing effects and prediction errors which have a significant impact on the total wind power imbalance faced by the system.
Specific focus is put on the allocation of reserve requirements towards fast and slow responsive reserves. This issue is highly relevant for power systems from the viewpoint of system reliability and costs. In the suggested methodology, the impact of wind on R2 is dimensioned based on the short-term wind power output fluctuations. On the other hand, the impact on R3 is dimensioned by the wind power prediction error. This approach minimises the required R2 capacity (MW) which is generally expensive compared to R3. Additionally, the activation in terms of energy (MWh) is also minimised which is an advantage in case of high activations costs. In case that lower activation costs can be attached to R2 compared to R3, an alternative approach would be to determine the tertiary reserves as the difference between the total reserves and the secondary reserves. In this case, total reserve requirements are minimised in terms of capacity while R2 can also be activated to balance prediction errors which could also be balanced by R3. This case, together with activation costs of reserves, is therefore an interesting topic for further research.

In order to improve the accuracy of these results, correlations between wind power imbalances and other imbalance drivers are to be researched (solar PV, demand) and incorporated in the model. Alsothe aggregation effects of short term wind power output fluctuations is a topic for further research.
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