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Smart grid context The current electric network mainly works in a one-way direction with electricity circulating from producers to consumers. Electricity being difficult to store, the quantity of electricity consumed by the consumer at any time must be equal to the quantity injected on the network in a quasi-immediate way to avoid the black out. This balance between the supply and demand is reached today by planning the electric consumption on the basis of historical data and weather conditions and by adjusting permanently the production.  The evolution of the energy mix with the introduction of a larger portion of intermittent renewable energy sources (photovoltaic and wind generation) leads to a more difficult balance of the electric distribution network as the intermittent production of renewable sources does not correspond necessarily to the periods of peak-hour consumption. The production capacity of power generation park is currently sized on maximum consumption during peak periods, with expensive production units only used during the short peak periods, thus any extension of production capacity entails very expensive investments. As the major power generation plants are located far from main electric consumption places, the risk of distribution network congestion and potential black-out increases in proportion with the electricity quantity to transport. With the predictable electric consumption increase due to the development of air conditioning, audio and video devices, electric heating, and electric-motor cars, the current electric network capacity will not be adapted any more and a new strategy has to be defined to adapt users’ consumption to reasonable production capacity.  To face these new constraints, the electric network must adapt by integrating new information and communication technologies (ICT). To actively maintain supply and demand in balance, constant interaction and two-way data exchanges will be necessary between the different actors to predict, monitor, update and manage the electric production and consumption in the smart complex grid. 
The Mas2tering platform Mas2tering is a technology-driven and business-focused project (2014-2017), developing an innovative information and communication technology platform for the monitoring and optimal management of local communities of prosumers in a smart grid. Mas2tering  vision is based on the creation of local communities of prosumers (consumers and self-producers) fully empowered and managed by a local aggregator to participate in the electricity market at the low-voltage substation level of the smart grid. Mas2tering  uses multi-agent system optimization techniques to lower consumer energy bills and to facilitate Distribution System Operator capacity management by an optimal management of prosumers‘ flexibility in electricity consumption.  

 



Domestic final users will be progressively equipped with technologies able to provide flexibility: programmable smart appliances (smart washing machines, dishwashers, etc.), local storage systems (for electricity and heat) and local generation systems (photovoltaic panels, wind turbines, Combined Heat and Power, etc.). Flexibility is the capacity of the controllable smart technologies to modify consumption/generation day-profiles based on external and internal conditions. The Mas2tering  platform uses this flexibility to perform a multi-level optimization of electric grid management from the user level to the district level, by way of the local community. At the home level, the main component of the Multi-Agent System platform is the energy box. The energy box communicates and collects data from the programmable appliances and technologies present in the Home Area Network. The home-level optimization uses the user’s flexibility to reduce his energy bill by shifting electric loads when local generation is available to maximise self-consumption or when electricity tariffs are cheaper, cheaper whereas respecting the user’s preferences.  

 The energy box communicates with several external services and the Local Aggregator. The energy box transmits real time prosumer’s consumption and generation data to the historical database that registers data after an anonymization process to preserve data privacy. Anonymization consists in removing part of the sensitive identification variables and providing the location of the anonymised dataset and the anonymization parameters to the prosumer’s energy box. The energy box connects to a forecasting service to get a day-ahead prediction of electricity consumption and generation of the prosumer non-controllable loads/generation assets. The forecasting service predicts the prosumer’s consumption/local generation from weather forecasts, and a personalized prediction model generated from prosumer’s historical consumption data and social variables of the family. The forecasting consumption and generation models are updated periodically by accessing the new prosumer’s consumption and generation data stored in the historical database. The anonymization service is invoked by the forecasting service to retrieve these data from the historical database. An anomaly detection service is also used to detect abnormal energy data in the historical database in order to avoid biasing the personal prosumer’s models with erroneous data. 



The energy box also connects to a Local Aggregator. The local aggregator represents a portfolio of prosumers, all belonging to the same local community. The local aggregator has contractual agreements with the prosumers of its portfolio; it is allowed to manage their flexibility and sell it to the market players that require it. In Mas2tering, the aggregator enables a local community to collectively optimize the energy flows inside the local area, acting as a local energy exchange market. The Local Aggregator-level optimization enables to balance the local grid by trading local generation surplus of some prosumers to other local community’s consumers at tariffs more interesting than those proposed by the corresponding prosumer`s supplier. In Mas2tering, this community optimisation is performed in a decentralised way based on automatic negotiation protocols with these prosumers (represented by their energy box) and the local aggregator. 

 Distribution System Operator is in charge of the distribution of electricity at Medium-Voltage and Low-Voltage levels in a district. Its role is to make sure that electricity is always supplied to final customers within statutory limits in terms of voltage drop and phase. By aggregating the provisional plans of the local aggregators of the district, the Distribution System Operator may foresee congestions (e.g. peaks of demand that may overcome the transformer limits). In Mas2tering, the Distribution System Operator can also perform congestion management by providing incentives to prosumers to reduce their export/import of energy for the critical congestion times. These incentives are negotiated via automatic protocols with the different local aggregators, which in turn, negotiate them with prosumers via the corresponding energy boxes. To avoid gaming (i.e. that prosumers or aggregators create artificial congestions in order to get revenues from Distribution System Operator), Mas2tering considered that the prosumers cannot make benefits from reducing congestions. Instead the Distribution System Operator will pay for any loss incurred by the prosumer when preventing congestion problems. In order to ensure the security and the robustness of the Mas2tering  platform against vulnerabilities and potential cyber-attacks, the platform is protected by several security components. A strong authentication system guarantees secure data transmission (confidentiality, integrity, authenticity) during all exchanges between the components. A data access control mechanism regulates and authorizes exchanges between the platform components and actors in order to apply the confidentiality policy. It uses a role-based access control for the different components of the Multi-Agent System. The communications are encrypted to secure them against package sniffing. The Early Warning System analyses the logs of the Energy Box from a cyber security perspective to detect and warn in case suspicious activities; it provides vulnerability detection and assessment, as well as cybersecurity event monitoring and situation awareness. 
  



Use cases and validation activities The use cases and validation work initially involved the introduction of refined use cases (UC) to provide a consistent framework for testing the project storyline, which underpins the optimisation strategies and technical and business model development. Three use cases (UC1, UC2 & UC3) have been detailed in terms of objectives and boundaries, involved stakeholders and services provided, relationships between actors and with business models and cyber security aspects. Scenarios were then associated to each Use Case, to be implemented as part of the demonstration activities in representative smart grid contexts to assess the effectiveness of the Mas2tering  solution and the achievement of the objectives of the project. 

 In Use Case 1, a prosumer is empowered to optimize energy flows within their home via the self-consumption of energy generated from distributed energy resources, peak shaving, flexibility sales and/or energy storage. In Use Case 2, a Local Energy Community (LEC) of prosumers is enabled by a local aggregator to collectively optimize energy flows inside the local area in the absence of grid constraints. This involves transactions between prosumers, facilitated by the aggregator, to exchange surplus energy generated locally within the Local Energy Community. Within this ‘Local flexibility market’ (LFM), prosumers are able to either buy this surplus for a price that is cheaper than grid supplied electricity or sell it at a price that is higher than the export price offered by the grid. The combination of in-home optimisation (UC1) and local energy community optimisation (UC2) provides individual prosumers and the Local Energy Community with bill & revenue savings.  Use Case 3 is an extension of Use Case 2 and takes into account the presence of grid constraints such as Distribution System Operator requirements to reduce peak load to comply with Low-Voltage transformer thresholds.  The performance aspects have been validated and assessed using quantified objectives to demonstrate the conditions under which Mas2tering has the potential to perform profitably. Physical tests carried out at ENGIE’s test facilities have shown that the Multi-Agent System optimisation is able to self-adapt to changing (real) external weather conditions in a real environment to support maximisation of self-consumption. The tests also demonstrated that the Local Flexibility Market is able to further improve self-consumption by enabling the sale of surplus generation to other prosumers in the Local Energy Community. They also highlighted the role of time of use tariff structures to provide the conditions required for the Multi-Agent System optimisation and Local Flexibility Market to function effectively.  



 The simulation activities for a Belgian local community demonstrated the effectiveness and performance of the Mas2tering solution in a representative Local Energy Community. Of particular note was the beneficial impact of flexible assets and solar photovoltaic panels on both individual prosumer and Local Energy Community performance. In-home optimisation (UC1) was found to work best for prosumers with both photovoltaic panels and an array of flexible assets by enabling loads to be shifted to make the most of time-of-use price differences and self-consumption opportunities whilst reducing peak loads and improving bill & revenue performance. They were also fully able to participate in the Local Flexibility Market as a result of Local Energy Community optimisation (UC2) to buy or sell surplus generation with other prosumers in the community.  

 The Cardiff low voltage grid (LVG) simulation provided an additional layer of detail to the use cases assessment by testing the performance of the Mas2tering platform across all three use cases in a wide variety of conditions and scenarios. This reinforced previous findings that the provision of flexible assets and photovoltaic generation are facilitating requirements for the maximisation of cost savings. Low-Voltage Grid optimisation (UC3) demonstrated potential benefits for Distribution System Operators such as the ability of the Multi-Agent System optimisation to take into account limitations in transformer capacity. In situations where the grid constraints introduced at UC3 are onerous the Distribution System Operator makes a financial contribution to ensure bill & revenue performance of prosumers and the Local Energy Community is not compromised. The outcomes of the assessment activities have been combined with cost information in ‘Mastering Business Models’ to deliver a concrete cost-benefit analysis for each of the Mas2tering business cases.  



The outcomes of the assessment have also been used to explore added-value benefits of the Mas2tering platform and opportunities for wider uptake. The reduced reliance on centralised generation made possible by Mas2tering, has demonstrated potential for substantial energy and carbon savings across the European Union due to a reduction of grid losses of between 5-8%. As the cost of grid losses is currently passed on to end users, the associated reduction in final billed energy costs would be directly felt by prosumers and help guard against fuel poverty. As intimated above, flexibility unlocked by Mas2tering would have wider benefits for Distribution System Operators due to the potential to improve the operational conditions of the network, including reduction of losses and deferment of network upgrades (extrapolated a €28 billion opportunity at European Union level). Investigation has shown that anticipated future increases in renewable hosting capacity would also be accommodated by Mas2tering without increasing the risk of curtailment, thereby facilitating further significant energy and carbon savings. All of the described benefits of Mas2tering combined would result in future lower energy prices and greater choices for prosumers. 
Business models Mas2tering  business model work focused on the business model opportunity of the Local Aggregator which in our market model serves as the prosumer’s point of entry into the future smart grid providing flexibility management services. The approach is prosumer centric, bottom-up and in line with the objectives of the EU’s Winter Package. In plain terms, the flexibility of any one of us is not interesting but the flexibility of all of us is very interesting – but requires structure and management.  

 In Mas2tering , the Local Aggregator role is progressively considered through three use and business cases in which it provides flexibility management services to an individual family, to a local energy community isolated from the grid, and to prosumers and local energy communities inserted into the grid where Distribution System Operators (DSO) also participate. Distribution System Operators or Wholesale Market Aggregators (WMAs) are the buyers of flexibility not self-consumed by individual prosumers or within local energy communities. Value is created by increased self-consumption, load-shifting and flexibility sale which results in peak shaving, loss avoidance, infrastructure investment deferment by Distribution System Operator and increased renewable energy hosting capacity of the grid.  



 The business model opportunity is dependent on who assumes the role of the Local Aggregator, for what purpose and at what stage of market maturity (available flexible assets). Our market analysis resulted in the following three business cases: Suppliers or Telecommunication companies delivering in-home optimization services to prosumers (BC1) in the near term, Whole Market Aggregators increasing their existing flexibility portfolios by managing the flexibility of local energy communities in the mid-term (BC2), and partnerships between suppliers or telecommunication companiess and Whole Market Aggregators for flexibility management services in the long term (BC3). The business cases were evaluated using a reference low voltage grid of 184 prosumers across 6 scenarios of renewable asset penetration in time. The results were as follows. In today’s market (BC1), flexibility management is only profitable if wide-scale rollout is attained (10,000 prosumers) and client retention is modeled. If so, the analysis results in revenue of €1592 per 184-person Low-Voltage Grid, €8.6 million per 1 million clients if extrapolated but in which only 5-18% of the prosumers participate (enough available flexibility). Client retention, market positioning, and the opportunity for bundled services make this business case viable.  In the mid-term market scenario (5-7 years) (BC2), it is again the case that prosumer participation is limited (12-18%) and the maximum possible revenue (wide-scale rollout) is €476 for the 184-person Low-Voltage Grid. To reach €1 million revenue, the Whole Market Aggregator would have to attain and contract a pool of 385,000 clients. This is clearly a challenge and why test pilots in Europe must target areas of concentrated flexibility.  In the mature market scenario (7-12 years), prosumer participation increases to 14-47% and the partnership (supplier or telcommunication company + aggregator) inserted into the grid results in a potential turnover of €3,921 for the 184-person Low-Voltage Grid. Extrapolating, for every 1 million prosumers, there is a €21 million Local Aggregator business model opportunity. The analysis does not consider second order benefits of a more efficient grid (lower future energy prices) nor other products or services made possible by the Local Aggregator role.  The Local Aggregator business model opportunity will benefit from any incentive or policy that stimulates renewable energy technologies, storage, smart appliances, self-consumption, time-of-use tariffs and the ability to exchange energy locally – each empowering the prosumer. 
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