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The growing penetration of renewable energy sources (RES) in the electrical power sector has increased the amount of distributed generation (DG) units connected at the distribution system level. In this context, new balancing challenges have arisen, creating the need for a novel use case methodology to enable an active role at the distribution system level such that transmission system operators (TSOs) can coordinate with distribution system operators (DSOs) with regard to connected resources for balancing purposes. In this study, the exploitation of the DSO-connected resources for balancing purposes in a market environment is proposed and evaluated via a novel business use case (BUC) methodology based on the categorization of IEC 62913-1. More specifically, in order to address different balancing market situations, two scenarios are considered with regard to the BUC. The first one represents the data exchange between the TSO, the DSO, and the balancing service provider (BSP). The second one represents an alternative scenario where data are exchanged directly between the TSO and the DSO, where the DSO also takes on the role of the BSP. The proposed BUC was also developed in order to validate the required data modeling and exchange mechanisms between DSOs and TSOs in order to exploit DSO-connected resources for overall system balancing purposes across different time scales.
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INTRODUCTION
The increasing tendency toward integrating renewable energy sources (RESs) into electrical power distribution networks has created new overall system balancing challenges, leading researchers to investigate the requirement for innovative balancing services and market design (Sbordone et al., 2015; van der Veen and Hakvoort. 2016; Vicente-Pastor et al., 2019). Overall system balancing as well as directly related markets and operational procedures are crucial with regard to ensuring security of supply, in terms of congestion management, frequency, and voltage control (Sbordone et al., 2015; van der Veen and Hakvoort, 2016; Vicente-Pastor et al., 2019). Conventionally, balancing services are provided at the transmission system level by balancing service providers (BSPs), which are responsible for providing such services directly to the(TSOs). However, the increasing large-scale integration of RES at the distribution system level has increased the amount of distributed generation (DG) units connected to the distribution network which tend to be both unpredictable and not observable to the TSO, especially in the case of rooftop solar installations (van der Veen and Hakvoort. 2016). Therefore, overall balancing issues arise when considering uncertain DG resource availability and estimating their contribution toward meeting the system peak demand while maintaining the overall system reliability. In order to address such challenges, distribution networks are now moving from passive to more active modes of system operation, such that TSOs will be able to benefit from the use of the resources installed within the system boundaries of distribution system operators (DSOs) for overall system balancing purposes. Consequently, it is also essential to enhance information and data exchange between TSOs and DSOs, in order to enable the appropriate level of coordination between TSOs and DSOs in order to ensure effective and efficient use of flexibility-based services across the whole system (Lembo et al., 2009; Silva et al., 2012; Saint-Pierre and Mancarella 2017; Gerard et al., 2018; Vicente-Pastor et al., 2019).
In recent years, significant novel approaches have been reported regarding enhanced coordination between TSOs and DSOs in order to enable the widespread integration of DG in distribution networks (Silva et al., 2012; Hooshyar and Vanfretti. 2017; Gerard et al., 2018; J. Silva et al., 2018; Natale et al., 2019; Vicente-Pastor et al., 2019). Such approaches require scalability and standardization with regard to information and data exchange mechanisms between TSOs and DSOs in order to access flexibility resources as connected to distribution networks. In reference Gerard et al. (2018), five different TSO–DSO coordination methods are presented and their capability of improving the interaction between TSOs and DSOs is evaluated. Based on their results, it is concluded that the selection of the best suited TSO–DSO coordination method is highly dependent on several key factors, such as the current market design, the state of the network, the type of flexibility service, and the type of DG or RES connected. Silva et al. (2012) investigated the importance of defining the quantity and type of information that TSOs and DSOs should exchange in a real Portuguese network. Vicente-Pastor et al. (2019) has developed three different TSO–DSO coordination methods, consisting of separate markets in each case, a coordinated market based on Shapley value allocations, and a coordinated market including retailers. Results obtained on an actual distribution network in Great Britain show that the coordinated option without retailer inclusion was the most effective and efficient. In a study published by Natale et al. (2019), a market is proposed and demonstrated on a realistically sized distribution network where the DSO takes responsibility for balancing the demand and generation as well as guaranteeing a scheduled profile at the TSO–DSO interface. Voltage control is considered by Ruan et al. (2020) in order to address the increasing integration of DG within the boundaries of distribution networks. Furthermore, several distributed approaches have been proposed in order to effectively manage the high penetration of RES (Silva et al., 2012; Pilo et al., 2017; Li et al., 2019; Yushuai et al., 2020). Furthermore, Hooshyar and Vanfretti (2017) presented a use case based on phasor management unit (PMU) monitoring to support the design of a grid automation system capable of allowing synchrophasor applications to exchange information between DSOs and TSOs.
Although significant effort has been reported with regard to managing the information and data exchange between TSOs and DSOs, the continued growth of flexibility resources within the operational boundaries of the DSO has increased the amount of information being exchanged, making it crucial for the enhanced coordination and cooperation between TSOs and DSOs (Givisiezet al., 2020; Rossi et al., 2020). In Rossi et al. (2020), the main challenges in simulating flexibility markets are investigated, in terms of a cost-benefit analysis for three European countries, Italy, Denmark, and Spain, based on 2030 scenarios. In Givisiez, et al. (2020), relevant techniques for different TSO–DSO coordination schemes are reviewed and investigated. Edmunds et al. (2020) have proposed a novel market-based TSO–DSO coordination scheme compatible with existing TSO balancing market operation, where the DSO is given priority in using DERs to manage distribution network constraints. However, it is important to note that there is still significant flexibility for the TSO even during periods of peak demand and maximum export. Results of the case studies conducted as demonstrated on a section of Great Britain distribution network using high DER growth scenario data for the year 2030, show that the proposed approach is able to maintain thermal and voltage limits during periods of peak demand and DER output. In Grøttum et al. (2019), a multiobjective optimization method TSO–DSO coordination with flexibility supplied by DERs is proposed, where the flexibility is obtained by minimizing the overall cost of power system operations as well as the impact of including the cost across the two levels in the coordinated power system. Results indicate that the conflicting interests of the TSO and the DSOs can be considered using the proposed multiobjective optimization method. In Papalexopoulos et al. (2020), a nodal-based electricity market for the distribution network is proposed using both a day ahead market (DAM) and a real-time market (RTM) to manage offers and bids submitted by the DERs. Furthermore, a mixed integer programming (MIP), security constrained unit commitment (SCUC), and a security constrained economic dispatch (SCED) iterate with an asymmetric and unbalanced three-phased distribution power flow (DPF) in order to comply with all constraints in the distribution network. The nodal-based approach produces distribution locational marginal prices (DLMPs) for all phases at each node. Results indicate the validity of the proposed approach for a range of scenarios. In Riaz and Mancarella (2019), the potential of virtual power plants (VPPs) is exploited to coordinate operation at the TSO–DSO boundary interface. Results from a range of case studies highlight the impact of flexible load and network topology on VPP potential.
In particular, information and data exchange via cloud computing platforms is considered a key research area for future smart grids (Radi et al., 2019; Suljanović et al., 2019; Taylor et al., 2019). In this study, the use of DSO-connected resources for balancing purposes in the market environment is proposed. It is also important to note that the proposed method implements the necessary information and data exchange between TSOs and DSOs using a cloud computing platform approach. The proposed approach supports increasing volumes and speeds of the necessary information and data exchange. In this study, the evaluation of the proposed balancing approach is performed via a business use case (BUC) that is designed based on the categorization of IEC 62,913–11 (Gottschalk et al., 2017). Furthermore, two different scenarios are considered to validate the data modeling as well as the information and data exchange mechanisms between the DSO and the TSO at preoperational, operational, and postoperational time scales. In the first case, a novel scenario, where data are exchanged between the TSO, the DSO, and the balancing service provider (BSP), is analyzed. In the second case, a scenario where data are exchanged directly between the TSO and the DSO as the BSP, is studied. In this scenario, it is intended that the TSO can benefit from the DSO demand response mechanisms, such as the conservation voltage reduction (CVR), when providing balancing services. In this study, the focus is on the provision of tertiary balancing services, such as manual frequency restoration reserve (mFRR). In addition, secondary services, such as automatic frequency restoration reserve (aFRR) and frequency containment reserves (FCR), are also considered.
The main objective of this study was to propose and develop a novel use case methodology to support enhanced TSO–DSO information and data exchange for integrating the ancillary services provided by flexibility resources connected to a distribution network that can be efficiently exploited in a balancing market, which is a crucial task toward successfully managing distribution networks with large penetration of DG and DER (Pilo et al., 2017). In particular, a cloud computing approach is investigated in this study as the main platform for exchanging the information and data between the TSOs, DSOs, and other stakeholders such as BSPs, in order to ensure the information and data can be exchanged at the required volumes and speeds. The remainder of the article is organized as follows. In Section Scope and Development of Use Case Methodology, the scope and development of the proposed use case methodology is presented. In section Business Use Case Definition, the proposed BUC is presented and its main characteristics are defined. In Section BUC design, the BUC design is implemented. In Section Business Use Case Analysis, the information and data as exchanged in the BUC are analyzed based on two scenarios. Finally, conclusions and future research are presented in Section Conclusion.
SCOPE AND DEVELOPMENT OF USE CASE METHODOLOGY
This study reports on research performed in the TDX-ASSIST2 project that aims to design and develop novel ICT tools and techniques that facilitate scalable and secure information systems and data exchange between TSOs and DSOs (TDX-ASSIST Project 2017a; TDX-ASSIST Project 2017b; TDX-ASSIST Project 2017c). Figure 1 presents the TSO–DSO coordination of the energy system market environment in terms of the smart grid architecture model (SGAM) and related IEC standards (Uslar et al., 2019).
[image: Figure 1]FIGURE 1 | TSO–DSO coordination of the energy system market environment based on SGAM and related IEC standards (Hooshyar and Vanfretti. 2017).
In this context, the TSO–DSO coordination and interaction that is addressed in this study is highlighted with the squared area in blue in Figure 1. In particular, the information and data exchange mechanism between TSO and DSO as proposed in this study extends or modifies the existing IEC standards as presented in Figure 1 and as based on the use of a cloud computing platform.
In order to support widespread integration of DG and RES by improving TSO–DSO information and data exchange mechanisms, it is essential to understand the quantities and types of information and data that TSOs and DSOs are required to exchange (Silva et al., 2012). In order to determine the necessary information and data to be exchanged as well as to evaluate the feasibility, the proposed novel use case approach is implemented with regard to different real-world scenarios, mapped to the IEC standards framework as shown in Figure 1. Subsequently, a BUC enabling the activation of DSO-connected resources for balancing purposes in the market environment is designed. The proposed BUC is designed based on the categorization of IEC 62,913–1 introduced in (Gottschalk et al., 2017), which is a canonical and well-structured use case methodology that is closely related to SGAM applications. In addition, the proposed BUC is created using enterprise architect (EA) which is a tool of SPARX SYSTEMS3. In particular, an extension of EA as developed by EDF called MODSARUS4 is used since it allows bringing to EA a model-driven approach to specify unambiguous, interoperable, and vendor-independent SGAM applications. In this way, a well-structured and standardized methodology, widely used in the field (Gottschalk et al., 2017; Hooshyar and Vanfretti. 2017; Mliavaccaig et al., 2017; Natale et al., 2019), based on standardized methods and tools, such as IEC SyC Smart Energy 62559-2 use case methodology, unified modeling language (UML), and EA, is used to validate the proposed data modeling and information exchange mechanisms between DSOs and TSOs in order to exploit DSO-connected resources for balancing purposes.
BUSINESS USE CASE DEFINITION
Figure 2 presents an overview of the proposed BUC. For implementation purposes, it is assumed that the DSO provides demand response as a balancing capacity in the balancing market and that the TSO, DSO, and BSP have direct physical connections. In addition, it is important to note that the exchange of information and data in operational planning will be highly dependent on the rules of the different balancing markets and that the particular market mechanism proposed in the BUC can impact on the congestion management (Gerard et al., 2018).
[image: Figure 2]FIGURE 2 | BUC Activation of DSO-connected resources for balancing purposes in a market environment.
The business actors of the proposed BUC are the, TSO, DSO, and BSP, which relate to the main objectives as follows:
 1. Improve overall system security.
 2. Prove the capability of the DSO to provide balancing services for the benefit of the TSO using demand response mechanisms.
 3. Validate the information exchange between the TSO and the DSO as required for activation of DSO-connected resources for balancing purposes in a market environment.
 4. Evaluate the DSO participation within the balancing services market.
Each of the objectives can be associated with a key performance indicator (KPI) that will be measured in order to evaluate the effectives of the proposed use case methodology. In particular, the measured KPIs are as follows:
 1. Capability of platform to exchange information and data: This KPI is validated by evaluating the implementation of the platform for information and data. It is associated with objectives 1 and 2.
 2. Quantity of demand response activated: This KPI can be measured in activated power or in number of activated offers. It is associated with objective 3.
 3. Participation of the DSO in the balancing service. This KPI is associated with objective 4.
BUC DESIGN
Two different scenarios are considered in the proposed BUC. Figure 3 shows a diagram of the proposed BUC and the two developed scenarios. The first scenario is consistent with existing power systems and market concepts, in which the balancing services are mainly ensured by BSPs in competition with large generators. In this scenario, the BSP provides services directly for the benefit of the TSO even when the resources are connected to the distribution network. In addition, two different situations are considered in this scenario. The first one corresponds to the case where the DSO does not participate in the offering process. The second one, on the contrary, corresponds to the case where the DSO does participate in the offering process. In this way, it is intended to evaluate the impact of the DSO participation in the offering process in the whole system, as well as the advantages and limits of such participation.
[image: Figure 3]FIGURE 3 | Activity diagram of the proposed BUC.
The second scenario represents a potential prospect, where DERs will also be operated in a competitive framework (Mliavaccaig et al., 2017). In this context, the second scenario does not necessarily reflect the current situation for most power systems, as it consists of the TSO benefiting from the demand response operated by the DSO. In order to study the actual feasibility of this particular proposed scenario, identifying its advantages, barriers, and limits, different solutions, such as local DER operated by multiple BSPs or by a single one, specifically, the DSO, can be tested.
BUC ANALYSIS
The BUC analysis for the design of each scenario is introduced in this section whereby the steps and procedures for applying each one are elaborated.
Scenario I: BSP Provides Balancing Capacity Using Assets Connected to the Distribution Network
Within the context of this scenario, which is consistent with the current situation in most power systems, the BSP is responsible for providing balancing capacity using assets that are connected to the distribution network. Here, the DSO will participate in the prequalification process toward technically validating the services. In addition, two different situations are considered in the context of the offering process. In the first one, the DSO does not participate. In the second one, the DSO can participate through validation by the merit order list (MOL) as defined by the TSO and based on its impact at the distribution system level. The different steps in scenario I the prequalification, the offering, the activation of balancing capacity, and the imbalance settlement are described in detail in subsections Pre-qualification, Offering, Activation of Balancing Capacity, and Imbalance Settlement, respectively.
Prequalification
In the prequalification process, the TSO collects data from each BSP intending to provide balancing energy or balancing capacity.
The BSP assets are connected to the distribution network, in close cooperation with the DSO, in order to ensure that the party connected to the network is appropriately included in the process. In this context, BSPs are responsible for guaranteeing adequate unit features, measurement, and communication capabilities. In addition, the BSP should also prequalify the distributed flexibility resource (DFR) activation, even if the service is provided by an aggregator managing several individual resources, whereas the DSO should be involved in the prequalification process for the resources connected in the distribution network. Figure 4 shows the qualification diagram corresponding to the first scenario. The different steps involved in this stage are described as follows:
 1. Request for prequalification and location of units such as the DFRs: The BSP sends technical data to the TSO for prequalification to guarantee adequate unit features, such as preparation period, ramping period, full activation time, minimum and maximum quantity, deactivation period, and minimum and maximum duration of activation period.
 2. Send prequalification data: If the BSP is acting as an aggregator and manages a pool of DFRs then the activation scheme, which is distributed among the individual units, must be prequalified and validated by the DSO.
 3. Balancing capacity validation: The DSO validates the balancing capacity in order to prevent congestion in the distribution network. Based on the received data and models, the DSO runs tests to evaluate whether the activation service will have a negative impact on the distribution network leading, for instance, to network congestion or overload of the transformer at the TSO–DSO interface. In the particular scenario proposed in this study, the DSO role in the validation process depends on its participation in the offering process. On one hand, if the DSO does not participate in the offering process, the DSO should validate the complete activation of all balancing capacity to avoid constraints. On the other hand, if the DSO participates in the offering process, the DSO should only validate the impact of separate balancing capacity, without considering the activation of all balancing capacity.
 4. Send the validation results: The DSO sends the validation documents confirming that balancing power can be transported through the distribution network. In the case that the tests ran in step 3 have failed, the DSO provides such tests results and sends a negative answer to the TSO for activation of balancing products, however, in some cases the balancing power can still be provided and the DSO can give an upper limit to the BSP.
 5. Prequalification test and qualification acknowledgement: The TSO performs prequalification tests and, provided the requirements are fulfilled, sends qualification acknowledgment to BSPs.
 6. Receive information about offer validation: The BSP receives the information about the validated offers.
[image: Figure 4]FIGURE 4 | Scenario I—Qualification: The BSP provides balancing capacity using assets connected to the distribution network.
Offering
In the offering process, the TSO procures both aFRR and mFRR capacity through tendering procedure. Before real-time operation, TSO collects individual offers from BSPs in its control area in order to create the MOL. In this case, two different situations are considered:
 1. DSO does not participate in the offering process: In this case, the DSO should prequalify the BSP considering that all BSPs in the same distribution network will be activated.
 2. DSO participates in the offering process: In this case, the TSO will prequalify the BSPs based on their individual impact in the distribution network, allowing the DSO to limit the use of BSP services in the offering process.
Figure 5 presents the offering schematic corresponding to the first situation described above where the DSO does not participate in the offering process.
[image: Figure 5]FIGURE 5 | Scenario I—Offering: The BSP provides balancing capacity using assets connected to the distribution network; without DSO participation.
The different steps involved in this case are described as follows:
 1. Sending balancing capacity offer: BSPs send balancing capacity offer to TSO.
 2. Balancing capacity offer reception: The TSO receives the balancing capacity offers.
 3. Gate closure.
 4. MOL definition: The TSO creates the MOL based on the received orders.
 5. Send offers acceptance confirmation: After gate closure and MOL creation, the TSO sends offer acceptance confirmation to the DSO (which has not participated in the entire offering process), and to the BSP, respectively.
 6. Receive offer acceptance confirmation: The BSP and the DSO, respectively, receive the offer acceptance confirmation from the TSO.
Figure 6 presents the offering schematic corresponding to the case where the DSO does participate in the offering process. The different steps involved in this case are as follows:
 1. Sending balancing capacity offer: The BSP sends balancing capacity offers to the TSO.
 2. Balancing capacity offer reception: The TSO receives the balancing capacity offers.
 3. Gate closure.
 4. MOL definition: The TSO creates the MOL based on the received orders.
 5. Technical validation: In this step, the DSO participation in the offering process takes place. The DSO technically validates the MOL of BSPs connected in the distribution network.
 6. MOL validation reception: The TSO receives the MOL validation information from the DSO.
 7. TSO creates definitive MOL: The TSO creates definitive MOL based on the DSO technical validation.
 8. Send offers acceptance confirmation: After MOL validation and definitive creation, the TSO sends offer acceptance confirmation, to the BSP and the DSO, respectively.
 9. Receive offer acceptance confirmation: The BSP and the DSO receive the offer acceptance confirmation from the TSO.
[image: Figure 6]FIGURE 6 | Scenario I–Offering: The BSP provides balancing capacity using assets connected to the distribution network; with DSO participation.
Activation of Balancing Capacity
The activation of the balancing capacity is based on the created MOL. It is important to note that in the case that the DSO participates in the offering process, the MOL is validated by the DSO based on its impact on the distribution network. In the activation process, the BSP sends real-time information to the TSO and archives data for ex post monitoring. Once this information is available, the DSO can limit the activation of offers that could violate distribution network limits, causing unwanted issues, such as congestion. Figure 7 presents the schematic corresponding to the activation process. The different steps involved in this stage are as follows:
 1. Activation signal dispatch: The TSO sends activation signals based on the definitive MOL computed in the previous offering process.
 2. Activation of offers: The BSP activates the offers.
 3. Send real-time information: The BSP sends real-time information about pool measurements, activated power, and baseline measurement to the TSO.
 4. Real-time information reception: The TSO receives the real-time information.
 5. Control of offers activation or modification: The TSO controls the correct activation and/or modification of the offers.
 6. Monitor measurements: The DSO monitors the measurements toward making sure that no constraints appear in the network.
 7. Send limit activation and power measurements to TSO: If activation has negative impact on the distribution grid, DSO limits the activation by sending a termination signal to the TSO. Then, the TSO terminates the activation and activates another balancing capacity.
 8. Send limit activation to the BSP The limit activation generated in step 7 is sent to the BSP.
 9. Modify offers according to DSO limits The BSP modifies the offers according to the DSO limits.
[image: Figure 7]FIGURE 7 | Scenario I—Activation: The BSP provides balancing capacity using assets connected to the distribution network.
Imbalance Settlement
In this scenario, the imbalance settlement between the TSO and the BSPs is implemented using the pay-as-bid principle (ENTSO-E. 2017). The delivered energy is settled in accordance with the metered response for aFRR and requested response for mFRR.
Exchanged Information
Table 1 shows the information and data this exchanged as a result of the application of the proposed mechanism based on the use of a cloud computing platform within the framework of the scenario analyzed in this section.
TABLE 1 | Scenario I: Exchanged information.
[image: Table 1]Scenario II: The TSO Uses the DSO Demand Response Mechanism for Balancing Purposes
Although most of the balancing services are currently provided by BSPs in competition with large generators, it is expected that, in a near future, DER will also be operated in a competitive framework. This scenario involves the TSO using the demand response operated by the DSO and with the DSO playing the role of the BSP. In this way, it is intended that this scenario, which has been especially designed for evaluating purposes and does not necessarily reflect the current ENTSO-E5 position, can be viewed as a transitional solution, mitigating the fact that the single TSO–DSO services market is not yet a reality. The different steps required in scenario II the prequalification, the offering, the activation of balancing capacity, and the imbalance settlement are described in Subsections Prequalification, Offering, Activation of Balancing Capacity, and Imbalance Settlement, respectively.
Prequalification
In the prequalification process, the TSO carries out the tests, prior to real-time operation, in order to examine the DSO technical capability for mFRR/aFRR provision. Figure 8 presents the prequalification schematic corresponding to this scenario.
[image: Figure 8]FIGURE 8 | Scenario II—Qualification: TSO employs the DSO demand response mechanism for balancing purposes.
The different steps involved in this stage are described as follows:
 1. Send technical data: The DSO (playing the traditional role of the BSP) sends technical data to the TSO for prequalification. In this case, where the presence of DSR is taken into account, the DSO should guarantee adequate DSR features.
 2. Prequalification tests: The TSO performs prequalification tests. Then, if the DSO prequalification requirements are fulfilled, the qualification acknowledgment is sent to the DSO.
 3. Make corrections to fulfill prequalification requirements: If the results of the performed tests in Step 2 do not fulfill the DSO prequalification requirements, the DSO makes corrections toward fulfilling them.
 4. Qualification acknowledgment
Offering
In the offering process, the TSO procures balancing capacity through tendering procedures. Before real-time operation, the TSO collects individual offers from the DSO in its control area in order to create the MOL. Then, during the baseline forecasting, the DSO provides balancing capacity using DSR mechanisms, such as the CVR, as mFRR balancing services. In particular, the DSO provides short-term (hourly scale) consumption forecast to the TSO in advanced with respect to the provided balancing service. The consumption forecast may be either calculated by the available flexibility at a given consumer connection point or at the baseline forecast. In addition, as part of the same process, the DSO must aggregate, whenever needed, the corresponding information from all TSO–DSO connection points or balancing zones. Finally, the DSO provides this information as well as the information about possible limitations due to TSO–DSO network constraints, such as overload of a transformer at TSO–DSO interface, to the TSO.
Figure 9 presents the offering schematic corresponding to this scenario. The different steps involved in this offering process are described as follows:
 1. Balancing capacity offer sending: The DSO (playing the role of the BSP) sends the balancing capacity offers to the TSO.
 2. Offer reception: The TSO receives the balancing capacity offers.
 3. Gate closure.
 4. MOL definition: The TSO creates the MOL based on the received orders.
 5. Short-term consumption forecast and aggregated information from DSO–TSO connection points: The DSO sends short-term consumption forecast to the TSO in advance (with respect to the balancing capacity offer). In addition, the DSO sends aggregated information from all TSO–DSO connection points.
 6. Receive consumption forecast and balancing zones: The TSO receives the information about the consumption forecast and balancing zones.
[image: Figure 9]FIGURE 9 | Scenario II—Offering: TSO use the DSO demand response mechanism for balancing purposes.
Activation of Balancing Capacity
The activation of the balancing capacity is based on the created MOL during the offering process. In the activation process, the real-time power consumption is measured and the DSO sends the real-time information about power realization to the TSO. Based on the received information, the TSO monitors the quality of the service parameters and takes adequate actions if these parameters are violated. In the case of the aFRR, real-time information and data exchange is required. In particular, information and data concerning control signal, baseline, and realization is exchanged in real time utilizing the published/subscribed peer-to-peer model (TDX-ASSIST Project. 2017a). In the case of the mFRR, real-time exchange is not necessarily required. The case involves information and data exchange that can occur after service delivery, that is, ex post analysis. It is also important to note that different information and data exchange platforms are available to archive the data and provide it for ex post analysis, such as the ENTSO-E communication and connectivity service platform(ECCo SP)6.
Figure 10 presents the schematic corresponding to the activation process. The different steps involved in this stage are as follows:
 1. Activation signal dispatch: The TSO sends activation signals based on the definitive MOL computed in the previous offering process.
 2. Activation of flexibilities: The TSO activates the flexibilities.
 3. Real-time information on power realization in the distribution grid: The DSO sends real-time information on reactive and active power measurements.
 4. Control of offer activation.
[image: Figure 10]FIGURE 10 | Scenario II—Activation TSO employs the DSO demand response mechanism for balancing purposes.
Imbalance Settlement
After the activation, the TSO performs the imbalance settlement and financially compensates the procured power for the balancing service.
Exchanged Information and Data
As a result of the application of the proposed use case methodology within the framework of the scenario analyzed in this section, the necessary information and data as required to exploit the DSO-connected resources for balancing purposes have been demonstrated between the TSO and the DSO. Table 2 presents the exchanged information and data.
TABLE 2 | Scenario II: Exchanged information.
[image: Table 2]CONCLUSION
Traditionally, balancing services have been mainly provided at the transmission network level and arranged by TSOs. However, the ongoing widespread integration of RES into distribution networks has created a range of overall system balancing issues and challenges. Therefore, it becomes important to evaluate to what extent ancillary services provided by flexibility resources connected to the distribution network can efficiently be exploited in the balancing market. In this study, a novel use case methodology has been developed to formally define overall system balancing approaches based on exploiting the DSO-connected resources for overall system balancing purposes in a market environment as proposed and evaluated within the real-world scenario via a business use case (BUC) design based on the categorization of IEC 62,913-1.
The proposed BUC formally defined the necessary information and data that have to be exchanged between the TSO and the DSO in order to exploit the DSO-connected resources for overall system balancing purposes. In addition, it also demonstrated how such real-time information and data are actually exchanged using a cloud computing platform that enables the TSO to benefit from the DSO demand response mechanisms, for providing balancing services, such as mFRR and aFRR.
Designing and analyzing the BUC has also formally defined the required interfaces, information instances, and sequence diagrams that are necessary for the deployment of such a BUC. It is important to note that the proposed use case methodology does not explicitly state how information is modeled or which protocols should be adopted. However, the methodology that was developed in the TDX-ASSIST project has demonstrated novel approaches to information modeling such as common information model (CIM) Radi et al. (2019) as well as novel platforms for information and data exchange such as ENTSO-E ECCo SP, transparency platform (TP), and different cloud computing services (Suljanović et al., 2019).
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