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Overview
In 2011, the German federal government decided to radically change the national energy policy. After the nuclear meltdown in  Fukushima, a set of new energy and climate policy laws emerged in the country. The government ordered the immediate shutdown of eight existing nuclear power plants and declared to decommission the remaining nine until 2022. In conjunction, with the goal to reach a 60% share of renewables in gross final energy consumption in 2050 several support schemes were designed.
This new energy policy new regime relies upon new structures: the increasing penetration of distributed energy resources (DER) reshapes deeply the grids designs once the traditional power grids are implemented based on a centralized architecture, besides that there arises a higher uncertainty in energy supply since some energy sources such as wind and solar, are dependent of uncontrollable natural factors. Therefore, the electricity system will require intelligent power networks to secure a stable balance between generation and demand (Prasad, & Samikannu, 2018)
One of this new grid system elements is Virtual Power Plant (VPP), wich combines a variety of distributed generation resources and operates them as a unified resource on the energy markets (Moreno & Díaz, 2019). The most important advantage of a VPP is that it can optimize the entire system, and deliver much greater value, without the need for large capital investments in infrastructure; also it can operate with the renewable energy sources needed for the German energy transition (Asmus, 2010). 
In recent years, the literature has grow rapdly on how to optimize VPPS, maximizing energy that are renewables sources or maximizing revenues using a PV/BESS in households. This study extends the literature by combining these two previous concepts. In the first place, we aim at bringing another economic assessment of VPPS, besides optimization, approaching resilience as one of its strengths. Second, we take the Value of Lost Load (VoLL) and apply it to real world situations as an input information for investments in VPP components under uncertainty. 
The goal of this paper is to contribute to the economic assessment of resilience by evaluating investments in a virtual power plant with a view on its economic benefits in terms of avoided outages.
Methods
We apply an economic evaluation model for the valuation of resilience, using the operation of a VPP as the overall objective. The choice of this structure is due to its capacity of operating with several distributed generation sources among distant regions. In the scenario without use of solar power, a VPP can connect consumers without an available power source with generation units that have not yet been affected.
This work focuses on building a VPP that partially employs photovoltaics (PV) and Battery Energy Storage Systems (BESS) in its portfolio. Equipped with this technology, households can provide backup power to meet critical loads during outages, allowing for maintaining minimum household activities. Furthermore, during a normal day they can generate value connected to the grid (Laws, Anderson, DiOrio, Li, & McLaren, 2018).  
Our approach evaluates a VPP formed by 500 households equally distributed in five different German cities. These cities were chosen due to their location in the south, better suited for photovoltaic generation but also because these cities are predominantly supplied by coal or nuclear power plants, planned to be shutdown until 2038. The profitability calculations of the various investment options follows the approach proposed in (Johann & Madlener, 2014) and is evaluated based on the NPV criterion given by:

 
The approach has two scenarios: the first scenario finds the economic return of a VPP formed with households that are equipped with photovoltaic panels and Battery Energy Storage Systems (BESS) connected to the grid. In the second scenario, due to climate reasons and the unavailability of energy generation, a part of this VPP is unable to generate energy. In this latter case, energy generated from other villages is sold to these households and the addiotional resilience is accounted in the NPV calculation. 

Results
We present a new model for accounting for the value of resilience, using a VPP structure that is composed of PV system and BESS. Accounting for the value of resilience costs has a significant impact on the result of financial analysis. Scenarios were presented in which accounting for energy interruption costs makes a system economically viable when it was not so before. Generally, accounting for the value of resilience results in a higher NPV.

Conclusions
This work extends the literature by economically analyzing a VPP while considering off-grid costs and benefits in the context of resilience and (avoided) power outages. This specific structure was chosen due to its characteristics to operate with small and distributed resources, a key element in the future sustainable energy transition with high shares of renewable. In the future, with decreasing costs of photovoltaics and battery storage, and increasing dependency of climate conditions to generate energy, more discussions of grid resilience will appear.
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