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Executive summary 

The current deliverable D6.1 “Detailed functionality specification and design of the EaaS Tool Suite for 

Energy Retailers and Aggregators” reports the first results of Tasks 6.1, 6.2, 6.3 and 6.4, each one in 

charge of the design and implementation of the applications composing the tool suite to be delivered 

by WP6. The purpose of this deliverable is to detail the functionalities and present the design of the 

applications composing this tool suite, building on the use cases and requirements analysis, and the 

SYNERGY framework architecture defined in WP2 (as documented in D2.1 End-user and Business 

requirements analysis for big data-driven innovative energy services and ecosystems v1 [1] and D2.6 

SYNERGY Framework Architecture including functional, technical and communication specifications [2], 

respectively). The applications composing the tool suite are: 

 Portfolio Analytics and Management Application: application implementing necessary 

features to allow retailers and aggregators position themselves to provide better and added 

value services. By exploiting all available data, in order to analyse in detail what is the 

composition of their portfolio of customers and how those behave, the target users will gain 

useful insights towards segmentation of customers and towards enabling novel strategies to 

address the energy requirements of the portfolio, such as the implementation of dynamic 

price-based Demand Side Management strategies and the optimal operation on short and 

long-term energy markets. 

 Personalized Energy Analytics Application: application focusing on the provision of services 

to prosumers (customers of the retailers and aggregators targeted by the Portfolio Analytics 

and Management Application). The proposed services follow two main lines: providing 

enhanced information about energy usage, and providing advanced services for optimum 

operation of smart appliances. 

 Flexibility Analytics and Consumer-Centric DR Optimization Application: application 

implementing necessary features to allow DER aggregators position themselves to provide 

better and added value services, by analysing in detail what is the flexibility potential of their 

portfolio, and by facilitating the optimal placement of the flexible assets in different 

strategies. 
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 DR Smart Contract Monitoring, Handling, Settlement and Remuneration Platform: 

application implementing all necessary features to allow DER Aggregators and Flexible Asset 

Managers to come into a common marketplace and negotiate the enrolment of the flexibility 

assets in different flexibility services through a contractual process. 

Within this context, the scope of the current deliverable includes: 

 Presentation on the common background of the documented designs, including an overview 

on the tool suite covered features and addressed business actors, an overview of existing 

solutions and BaU operations related to this tool suite, contextual information about the 

addressed actors and use cases by each one of the applications, and the overall picture of how 

these applications will build upon the functionalities offered by the SYNERGY Platform. 

 Specification of the four applications, including, for each one of those, a detailed view on its 

features, components, requirements – in terms of data and asset availability – , analytics, user 

experience, and technological stack to be used in the development phase. 

The current deliverable is the first of three deliverables to be delivered by WP6, and specifies the 

required information that will allow partners to start implementing and prototyping all four 

applications. Follow-up deliverables D6.2 (due to M22) and D6.3 (due to M42) will consist on 

demonstrators of the applications specified in D6.1. 
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1 Introduction 

1.1 Purpose of the document 

The current deliverable, D6.1 - Detailed functionality specification and design of the EaaS Tool Suite, 

aims at providing the description of the applications that are going to be put in place in SYNERGY 

demonstrators regarding portfolio-level analytics for Energy as a Service applications for electricity 

retailers and aggregators, as well as the applications aiming at personalized energy analytics and 

energy efficiency optimization based on human-centric automation features for electricity consumers 

and prosumers. 

As the first deliverable to be released from WP6, it is aiming at providing a description of the currently 

existing solutions in the market in order to ease the gap analysis between those and the solutions to 

be developed in SYNERGY project. Furthermore, it focuses on the architecture of each of the 

components and their functionalities, jointly with the necessary interfaces between WP6 applications 

and the SYNERGY platform. 

1.2 Scope of the document  

This document deep dives into the technical and visualization aspects of the different components that 

form each of the applications of the retailers and aggregators’ suite, covering the requirements of the 

sector for portfolio analytics and management, flexibility analytics for demand response and smart 

contract management. Besides, electricity consumers and prosumers’ necessities are also addressed, 

on the one hand, with regards to their interaction with the electricity system by participating in 

demand response campaigns through their available flexibility, and on the other hand, regarding the 

personalized energy analytics that will help them take more energy-efficient decisions, while 

preserving their comfort. 

In this sense, for each component within a specific application, the features that are offered to each 

of the applications’ end-users have been defined. The necessary data inputs and the expected outputs 

of each component have been also identified in order to validate that the previously defined 

requirements will be met. Moreover, each interaction that will occur between a given component and 
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the SYNERGY platform is also described in order to make sure that all the required interfaces will be 

adequately developed. 

Last but not least, the user stories for each component are also included to depict customer journeys 

through the different applications. SYNERGY end-users have provided relevant inputs to the expected 

user experience, and have also validated the proposed visualization functionalities, including the 

designed screens, buttons and graphs, among others. 

1.3 Structure of the document  

This document consists of five chapters, including chapter 1 for the introduction to the deliverable, 

chapter 4 for the conclusions drawn during its writing and chapter 5 for the consulted references. The 

core of deliverable D6.1 is provided in chapters 2 and especially chapter 3 where the applications and 

their components are described in detail providing the related features, data inputs/outputs, 

interactions with the SYNERGY platform and the user stories for each component. Chapter 2 acts as a 

prelude to chapter 3, where an overview of the solutions to be developed within SYNERGY is provided, 

and how these will enhance the existing solutions in the market that are currently being used by the 

target end-users. 
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2 Background 

2.1 Overview of applications 

SYNERGY project is delivering a tool suite (EaaS Applications for Electricity Retailers and Aggregators) 

composed by 4 applications, as depicted by Figure 1: 

 Portfolio Analytics and Management Application 

 Personalized Energy Analytics Application 

 Flexibility Analytics and Consumer-Centric DR Optimization Application 

 DR Smart Contract Monitoring, Handling, Settlement and Remuneration Platform 

This tool suite is targeting demand and generation aggregators, retailers and their portfolio of 

customers, with the objective of enabling added-value services based on analytics and information 

extraction from the available data and enabling flexibility trading mechanisms. 

 

Figure 1: EaaS Applications for Electricity Retailers and Aggregators tool suite 
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2.2 Overview of existing solutions 

Under this section, a review of the common functionalities present in solutions available in the market 

(in line with activities reported in D10.5 SYNERGY Market Radar v1 [3]) is presented, which establish 

the baseline that, in addition to the requirements and use cases reported in D2.1 End-user and Business 

requirements analysis for big data-driven innovative services and ecosystems v1 [1], serves as the basis 

to the design of the tool suite presented under chapter 3. 

This analysis is complemented, when applicable, with custom experiences and description of relevant 

BaU activities as performed by some of the partners of the SYNERGY project consortium. 

2.2.1 Portfolio analytics 

Portfolio analytics is a broad topic that is key to most Retailers Analytics Tools available in the market. 

Some of the common functionalities included in these solutions are: 

 Capability to manage high volumes of data, mostly Meter Data. Some of the solutions actuually 

include AMI functionalities at the core (i.e. include features such as integration of smart meters 

and concentrators, and polling over specific communication technologies), building analytics 

around that. The management of data includes basically its storage and big data filtering 

(based on attributes and time ranges) 

 Enrichment of meter data, by allowing end users to introduce relevant business data (e.g. 

categories of customers, geographical location) and link it to the meter data 

 Processing of data, in order to calculate (usually on a regular basis, based on preconfigured 

schedules) relevant KPIs and other analytics. Analytics have a strong focus on profiling 

behaviour of the portfolio in order to assist on trading decissions on different markets 

 Access to information via graphical visualizations of the relevant data and KPIs. Visualizations 

and offered data access depends on the type of user, ranging from predefined dashboards and 

visualizations up to direct access to data via API to allow utilities to define their custom 

visualizations) 

 Functions that target demand and RES aggregators, adding features to assist on the specific 

requirements of the trading, planning and overall portfolio optimization. These features 
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include generation and demand forecasts (both short- and long-term), price forecasting and 

risk management 

As an example of BaU operations in this context, EPA – the retailer in SYNERGY’s main Greek pilot site 

– monitors on a monthly basis some important operation KPIs, e.g. new contracts, total contracts, 

churn rate, tenure, etc. Portfolio is divided into groups to monitor these KPIs more efficiently. This 

segmentation is based on location, product and product category of each installation. Based on all 

available data, ad-hoc reporting is needed on a regular basis for marketing reasons. 

As far as wholesale market participation, which requires all currently available forecasting tools, EPA 

performs the following activities: 

 Low Voltage (LV) Portfolio demand forecast is performed in a non-direct way due to the nature 

of Greek energy market. The LV Portfolio demand is forecasted by first forecasting the total LV 

demand of the Network and excluding LV generation (e.g. rooftop PV). Then, using the Ex-Ante 

Summary percentage calculated daily by the Distributed System Operator (DSO), we come up 

to EPA’s LV portfolio demand. To forecast the total LV demand, the following parameters have 

to be forecasted: 

o System Load Forecast, provided by IPTO – the Hellenic Transmission System Operator 

(TSO) 

o High Voltage demand forecast, using historical data and time-series analysis 

o Medium Voltage demand forecast, using historical data and rolling averages 

o Ex-Ante Summary percentage, provided by the DSO 

 High Voltage Total Demand forecast is performed daily after publication of the System Load 

Forecast by IPTO. The algorithm is using historical data, system load and time values to forecast 

the HV total demand for every hour of the day as a continuous time-series (each value depends 

on previous). Weekends are identified by the algorithm. 

 Medium Voltage Total Demand forecast is performed daily using only the historical data and a 

rolling average of the past 2 weeks for each hour of the day. Weekends are treated differently 

than weekdays. 
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 Medium-term Market Clearing Price forecast is still in experimental phase and evaluated. The 

statistical model is performing different runs based on scenarios and then worst-case, best-

case and more-likely scenario are presented. 

 Medium Voltage forecast is performed for both short-term and mid-term. Both forecasts are 

based on historical data. Weekends are treated differently. 

The developments proposed in SYNERGY will facilitate the task of analysing all data, both generated 

by the company or by third parties, with the final objective of driving the decisions on several business 

areas, including marketing and energy purchase. 

2.2.2 Personalized Energy Analytics 

Several solutions are available in the market which target Personalized Energy Analytics and Smart 

Home environments. Those solutions, described in D10.5, show the following features: 

 Independent solutions mostly focus on context of big demand, targeting ESCOs as main end-

users, which are in position of investing in the required sensors. Solutions targeting domestic 

environments are usually provided by the corresponding retailer or aggregator to their 

customer portfolio, and facilitate access to the user-related data (basically contract 

information and collected meter data, with basic filtering and navigation options) 

 Solutions offering smart home features (sensoring and smart asset control) are not yet 

common, and usually partnership with specific sensor and smart asset control vendors in order 

to integrate specific hardware and provide end-to-end service, delivering both the end-user 

application and the required sensors, controllers and gateways to be deployed at home. No 

open APIs for integration of third party sensors and controllers are published, and this needs 

to happen upon signature of partnership agreements 

 The end-user application is usually bundled as a mobile app, with special focus on its usability 

and aesthetics. 

 Information accessible by end-users usually includes basic demand analytics (current period 

demand, and comparison with previous periods), and status of monitored zones or smart 

assets (e.g. current and historical values for temperature, humidity, etc…) 
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The following subsections present how the retailers/aggregators involved in the WP currently work 

with their customers, and provide information about energy usage to them. 

BaU by URBENER 

Regarding personalized energy analytics, URBENER – spanish demand and generation aggregator – 

provides its clients with a set of different analytics where energy related indicators could be checked. 

Personalized report is available in a monthly basis to every client no matter how many supply points 

or consumption size it has. Most relevant clients have also specific energy analytics made on demand. 

 Monthly report details consumption and economic data on each of the supply points of the 

customer in case there are more than one. Monthly consumption and costs associated with 

energy purchasing in the wholesale market are displayed first. These two parameters are then 

displayed in a daily basis in order to make clearer to the customer where its pricing comes 

from. 

 Specific energy analytics are built on demand for customers that require them. Apart from 

data displayed in a monthly generic report, these analytics might include detailed comparison 

between current data and historic consumption and power, letting the customer know if 

there’s been energy and economic savings. Also customers with many supply points along the 

Spanish territory can visualize the former statistics segmented by geo and climate location, 

making easier to spot where efficiency seeking measures can be implemented. 

Apart from monthly reports, customers can access anytime to visualize different metrics as current 1 

hour (or 15 minutes, if available) power consumption, or deviations from power forecast models using 

when purchasing in wholesale markets. 

BaU by EPA 

EPA has not yet launched any smart home automation product. There has not been a smart meter 

rollout in Greece yet, so all products of this kind in the market focus on the remote control of some 

smart devices such as plugs, lights, cameras etc. 

As far as customer analytics are concerned, they need to be divided into two categories: 

 LV customers: for their LV customers, EPA and all other retailers receive meter measurements 

from the DSO on a 4-month cycle in order to proceed with billing. Based on these 
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measurements and all relevant prices, EPA includes in customer bills the following analytics 

and diagrams: 

 A summary of the various charges calculated in the billing analysis by category and a 

pie chart showing these charges per category in percentages. The high-level cost 

categories are five: competitive charges (based on EPA’s pricing schemes), regulated 

charges, taxes and levies, VAT, other debits/credits 

 In natural gas bills there are also two more informative billing points that EPA plans to 

extend also in electricity bills in the future: 

i. A bar chart of the total installation consumption during the last 12 months 

(based on a methodology to distribute the aggregated consumption of a billing 

cycle into months) 

ii. A comparison of this year’s consumption vs last year’s for the same billing 

cycle of that installation (billing cycles may differ by a few days depending on 

measurement scheduling) 

 MV customers: all MV customers have electronic meters, so EPA and other retailers receive 

consumption data for their MV customers with 15min granularity on a monthly basis in order 

to proceed with billing. Based on these data, consumption is aggregated at an hourly level and 

a report is extracted for each installation including the following analytics: 

 A table with hourly consumption per day which is colored to distinguish high from low 

consumption hours (like a heatmap) 

 A table presenting important KPIs, such as total consumption (active and reactive), 

hourly peak and minimum, power factor etc. 

 Tables comparing total consumption and peaks with the previous month, the same 

month of the previous year and year-to-date 

 A chart comparing monthly consumptions of this year vs last year’s 

 Line charts for the month’s hourly consumption and daily hourly peaks 

 Bar charts for daily consumption and total hourly consumptions of the month 

Enhancements proposed by SYNERGY 

The developments proposed in SYNERGY will facilitate the task of analysing all energy-related data in 

order to obtain and communicate the relevant information to the customers by taking advantage of 
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the different analysis components offered by the SYNERGY Platform. Additionally, the developments 

proposed will help retailers/aggregators to initiate and pilot the Smart Home Automation business 

line, getting benefit of the open APIs of the SYNERGY Platform to perform the integration of the sensors 

and smart assets. 

2.2.3 Portfolio Level Flexibility Analytics 

The purpose of this section is to provide a review of flexibility analytics solutions that are already 

available in the market, typically placed under the broader category of Virtual Power Plant (VPP) 

software solutions. We have to point out that the analysis is performed in line with market analysis 

related activities reported in D10.5. In this section the focus is on presenting the technological details 

about the key features of the market available solutions as presented in the following lines. Therefore, 

following a thorough review of the existing solutions (key market players as presented in more details 

in D10.5), the analysis highlights key technology features that shall be also considered during the 

design of the SYNERGY Flexibility Analytics and Consumer-Centric DR Optimization Application. 

Starting with functionalities that do exist in most of the existing commercial solutions: 

 Modular architecture is a key characteristic of a VPP software solution, especially as customers 

and service providers seek efficiencies to shorten the development life cycle.  

 Commercial solutions typically avoid vendor or DER type lock-in with an open, plug-and-play 

architecture that makes it easy to add new types of flexible DERs.  

 Standards based communication with external entities (network operators, EMS assets) is 

promoted. There are standards in the fields that are adopted in order to ensure the successful 

commercialization of the solution  

 Most of the solutions incorporate smart AI techniques on the analysis of data for the business 

stakeholders. The different software tools enable smart analysis over the data towards the 

extraction of meaningful insights. 

 A key point for the success of the VPP management tool is a transparent calculation of the 

flexibility offered. The different solutions provide the means and mechanism for accurate 

calculation of the potential flexibility of the portfolio and subsequently the flexibility to be 

offered upon request by 3rd party entities. 
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 Considering the emerging demand about flexibility at different energy market processes, there 

is a need to support service offerings under different market conditions. The different 

commercial solutions tend to provide support to multiple services triggered by the market or 

the network operators.  

 Apart from DER management, demand response (DR) optimization and management systems, 

delivering dispatch-grade DR should be supported. The different commercial solutions are 

flexible enough to meet business needs of 3rd parties by optimally activating the flexibility 

capabilities of the available flexible sources. The overall optimization takes into account 

contractual and technical limitations at the portfolio level. Again, AI based techniques on the 

decision making is a current trend and main innovation in the field of portfolio management 

tools. 

 A key characteristic of the different software solutions available in the market is that the 

overall optimization process is transparent (i.e., value stacking is avoided) and non-

discriminatory; on the other hand, the optimization may be also configurable to match 

organization’s needs and priorities. 

 In the real world, scalability is essential for a comprehensive energy application. The modern 

grid, with an ever-changing pattern of generation and consumption and the number of DERs 

integrated, requires business applications that ensure scalability and expandability. 

Additional features available to existing solutions related to the visualization of information are:  

 All tools provide periodical insights to the stakeholder about the performance of their 

portfolio. The business stakeholder (Aggregator) is able to get an overview of operation KPIs, 

e.g., provisioned flexibility, flexibility requested, reliability etc. In addition, the portfolio may 

be segmented into different groups to monitor these KPIs in a more efficient way. This 

segmentation is typically based on temporal parameters, location, customer type, asset type, 

asset operational characteristics (e.g., nominal power, capacity etc.), participation in business 

services, contractual related parameters. In addition, ad-hoc reporting is also available by the 

tools. 

 Several tools should provide the capability to the aggregator to manually define clusters with 

similar characteristics e.g. only Storage assets, PV, PV plus storage, smart thermostats 

management etc. 
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 The different tools provide insights about the performance of the portfolio under specific 

business needs (events triggered by 3rd parties). The user of the tool is getting insights about 

the types of events triggered and further about the performance of the assets enrolled in each 

campaign.  

 Apart from Distributed Energy Resource Management functionality, it is of interest for the 

aggregator to get quick insights about the operation of clusters of assets in the market. 

Therefore, most of the existing solutions provide the capability to set clusters of assets in order 

to facilitate the better placement of aggregators at the different flexibility markets. The 

selection of the filters for the classification process is very careful and on the basis of actual 

market needs. 

2.2.4 Flexibility Marketplace Solutions 

In this section, the review of existing flexibility marketplace solutions is provided focusing on the 

definition of key features and functionalities that may be further considered for the design of the 

SYNERGY Flexibility Marketplace Solution. This work practically complements the requirements 

elicitation as defined at the early phase of the project towards the final design of the business 

application in the following section.  

The concept of flexibility marketplaces is emerging in E.U. supported by the recent regulation 

promoting the active participation of end customers in energy and flexibility markets. The European 

Clean Energy Package for all Europeans recognises this and establishes, as a key element, that DSOs 

should procure flexibility services in accordance with transparent, non-discriminatory and market-

based procedures. There are few solutions already in place (focusing mainly on the establishment of a 

framework for services to the network operators) with a review of these solutions and some key 

remarks to be presented in [4] [5]. The key technical points of existing solutions as derived from these 

position papers but also from the review of the most relevant market solutions are presented in the 

following: 

 The design of the existing flexibility marketplaces is customized to local stakeholder 

capabilities. As established in the European Electricity Directive, the different types of offers 

should be defined from a system-needs perspective, rather than the specific capacities of 

(traditional) providers. 
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 While the auction-based approach may be considered as an option for the flexibility 

marketplaces, the idea of peer-to-peer transactions is also a case of interest in the local 

flexibility marketplaces. Related to this, a transparent and non-discriminatory negotiation 

process should be supported in order to ensure the fair participation of both market entities 

in the contractual procedure. This is a feature provided by most of the existing flexibility 

marketplaces. 

 All flexibility markets at local level and at system level are directly open and accessible to 

decentralised flexibility resources. The overall set up is flexible enough to enable participation 

of different energy flexible sources.  

 A pre-validation process is supported in order to ensure the prompt participation of the 

different entities. The overall pre-validation process is transparent and non-discriminatory 

considering both nominal characteristics of the flexible sources but also historical data that 

may be available in a trustworthy manner 

 There are no spatial limitations on the establishment of flexibility markets. While the focus 

may be on the provision of services at local, regional or country level, the technical 

implementation should be able to address the different geographical related requirements. 

 It is likely that availability will be required, both short-term and long-term. A key point is 

providing a market framework that will be able to support different time frames on the 

management of flexible sources, a feature provided by the commercial solutions. 

 In all markets, flexibility providers sell the deviation from their assets’ baseline, i.e. they sell 

the service to generate or consume more or less electricity than originally planned or 

scheduled either in 15-minute or 60-minute intervals. The market conditions are specifying 

the requirements for flexibility activation. 

 Apart from time related limitations, operational limitations are considered on the contractual 

process. The number of asset activations and total activation duration are among the 

parameters that may be part of the negotiation during the contractual procedure at the 

existing marketplace solutions. 

 In the existing marketplaces, product definitions are diverse but compatible, so as to increase 

efficiency and ensure liquidity of participants across the different markets. The definition of 
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multiple products based on business needs and operational capabilities of flexible sources is a 

key factor for the successful demonstration of a flexibility marketplace. Of course, 

standardized contractual templates are available to support product offering. 

 Portfolio-based bidding is the typical case supported by the commercial solutions. That way, 

multiple assets are combined under a contractual process to ensure a more flexible 

negotiation process and contractual agreement and a win-win situation for both market 

entities.  

 A key point for the success of the marketplace is a transparent and fair settlement and 

remuneration. Demand Flexibility Marketplaces support transparent measurements 

(accessible by the different business entities) and by using standardized M&V frameworks 

(e.g., CalTRACK 2.0 Methods). Code and methods for the settlement and remuneration process 

is available to all business parties to review and utilize without restrictions. 

 In line with settlement, any value stacking should be avoided to ensure the transparent 

operation of the different flexible assets under a contractual agreement. Value stacking is a 

key point of consideration when designing market-based concepts in the energy sector [5]. 

The existing solutions try to avoid any value stacking on service offerings. 

 Flexible remuneration schemas may be supported by the marketplace, on the basis of the 

flexible financial agreements (either dispatch payments (€/kWh), i.e. flexibility providers are 

paid for each effected deviation from their assets’ original dispatch, or availability payments 

(€/kW), i.e. flexibility providers are paid for reserving flexibility availability, or a combination 

of both). A flexible compensation schema is acting as a key factor for the participation of the 

different types of flexible sources in a marketplace. The importance of the different pricing 

schemas is highlighted also in [6] where the summary of the different financial mechanisms as 

defined in the existing marketplaces is provided. Most of the existing solutions provide flexible 

remuneration schemas per product offering. 

 The different market entities should be able to get insights about their financial performance 

related to their participation in the flexibility marketplace. A dashboard is available by the 

service provider to provide intuitive visualizations related to marketplace participation. 

The aforementioned key functionalities as derived from the analysis of the existing solutions in the 

market set a non-exhaustive wish list of requirements to be considered also in the SYNERGY project. 
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On the basis of these features, the design of the SYNERGY flexibility marketplace solution is performed 

and reported in the following section. 

2.3 Relevant Use Cases and Actors 

Following the detailed description of the Use Cases described in deliverable D2.1 End-user and Business 

requirements analysis for big data-driven innovative energy services and ecosystems [1], it is presented 

hereinafter the list of UCs related to WP6 and the involved actors in each of them. Moreover, the 

existing relation between UCs and the different components to be developed in order to cover the 

requirements needed for the provision of portfolio-level analytics for EaaS applications is also 

depicted. These are aimed at electricity retailers and aggregators, but also for the human-centred 

analytics that will be put in place for electricity consumers and prosumers. 

Table 1: WP6 Use Cases and related actors. 

ID Title Actors 

UC_6_1  Optimized energy transactions (retailers) 
based on accurate demand forecasting  

Retailers 

UC_6_2  Imbalance risk reduction through implicit 
demand side management strategies 
(elasticity-based)  

Retailers 

UC_6_3  Retailer portfolio analytics towards the 
extraction of useful insights  

Retailers 

UC_6_4  Flexibility segmentation, classification and 
clustering  

Aggregators 

UC_6_5  
VPP configuration for the provision of 
ancillary services to the grid  

Aggregators 

UC_6_6  Intelligent human-centric control  Consumers 

UC_6_7  
Personalized energy analytics, performance 
monitoring and energy efficiency guidance 
for consumers  

Consumers, Retailers 

UC_6_8  
Non-energy services for security, health and 
well-being  

Consumers 
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ID Title Actors 

UC_6_9  
Establishment of bilateral flexibility contracts 
between aggregators and flexibility providers  

Aggregators, Prosumers 

UC_6_10  
Measurement, verification and real-time 
settlement of flexibility in local flexibility 
markets  

Aggregators, Prosumers, DSO 

 

Table 2: WP6 components and related Use Cases. 

Application Component Use Cases 
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Portfolio Pattern Forecasting Engine UC_6_1; UC_6_2 

Customer Segmentation Engine UC_6_2; UC_6_3; UC_6_4 

Wholesale Market Participation Decision Support 
System 
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Personalized Energy Analytics Engine UC_6_6; UC_6_7 
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Aggregator Portfolio Manager UC_6_4; UC_6_9 

VPP Configuration Engine UC_6_4; UC_6_5; UC_6_6 
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Flexibility Marketplace Search Engine UC_6_9; UC_6_10 

Flexibility Contracts Manager UC_6_9; UC_6_10 

Flexibility Settlement & Remuneration Engine UC_6_9; UC_6_10 

Blockchain Wallet UC_6_10 
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2.4 Architecture and interface to the SYNERGY platform 

The applications that will be configured in the frame of WP6 (addressing the needs of retailers, 

aggregators and their portfolio of customers) will always be in communication and continuously 

interact with the SYNERGY Energy Big Data Platform and the AI Analytics Marketplace. In this context, 

all WP6 apps will: 

 Retrieve stakeholders’ data from the SYNERGY Platform with the help of the API Gateway and 

may eventually store them locally depending on the terms of the data asset contracts that 

have been signed with the respective data asset providers (following a dedicated search and 

acquisition process described in detail in deliverable D2.6).  

 Provide their application’s data in the SYNERGY Data & AI Marketplace (according to the data 

check-in process described in D2.6). 

 Design their fine-grained analytics pipelines in the Analytics Workbench and execute them in 

the SYNERGY Cloud Infrastructures or in the On-Premise Environment. 

In more detail, all components and applications involved in the implementation of WP6 require 

different types of data and analytics in order to perform their functions and deliver the anticipated 

results to the different electricity data value chain stakeholders involved in their use and operation (as 

extensively described in the next sections). To this end, the first step of their interaction with the 

SYNERGY platform and AI Analytics Marketplace refers to Data Search and Sharing functions.  

In order to allow the WP6 components (acting as data asset consumers) to find and acquire data assets 

that belong to other electricity data value chain stakeholders, three different phases of interaction 

with the SYNERGY platform need to be executed: a) initially the data consumers need to find the data 

assets of interest through the Data Matchmaking Service Bundle and b) to acquire the specific data 

assets by utilizing the Data Sharing Service Bundle available through the Data and AI marketplace. 

Following the acquisition of data assets through the SYNERGY Data and AI Marketplace, the 

components are expected to interact with the platform in a dual way: 

1. Utilize the acquired data assets to execute advanced analytics in the SYNERGY Analytics 

Workbench and Execution Service, based on data assets that are available in the platform and 

have been acquired from external electricity data value chain stakeholders. 
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2. Upload their own data assets (data made available by the different components and 

applications in the SYNERGY platform) through the Data Collection Service Bundle and the 

creation of respective Data Check-In jobs, and either execute analytics by relying on these 

data, or fuse them with data assets (data and analytics) they have already acquired to execute 

even more sophisticated and advanced analytics, along with optimization functions to deliver 

the functionality and results expected by their end-users in business terms. 

With respect to the latter (which consists in a major interfacing paradigm of components with the 

SYNERGY platform), components acting as data asset providers need to perform all preparatory 

activities to collect the information regarding the data they intend to upload to the SYNERGY platform.  

Upon accessing the SYNERGY platform, they create a new data check-in job. They need to select which 

pre-processing steps ranging from Mapping and Transformation (that is a compulsory step) to 

Cleaning, Anonymization and Encryption (that are optional steps) should be applied on the data from 

their ingestion and prior to their permanent storage.  

During the configuration of the data check-in job, the data asset providers need to initially configure 

the data ingestion step, selecting how, from where and when the data will be collected. Then, they 

need to define the mapping and transformation rules that are applicable on their data. In the 

sequence, they can configure the data cleaning rules and afterwards proceed with the anonymization 

step. Finally, where encryption is applicable, they need to configure the encryption rules.  

Once the pre-processing rules are finalized, the data asset providers need to set the applicable data 

access policies and define the data asset’s metadata and licensing details in the Data & AI Marketplace, 

according to the SYNERGY metadata schema. As soon as all necessary information has been gathered 

depending on the desired access level, the data check-in job execution is ready to start. 
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Figure 2: Architecture and interface to the SYNERGY Platform 

On the other hand, another major process that requires interfacing of the components with the 

SYNERGY platform, refers to data assets retrieval. Whenever a component wants to retrieve a specific 

data asset – in the form of datasets or derivative analytics results - from the SYNERGY platform (i.e. 

Cloud Platform, Secure Experimentation Playgrounds, On-Premise Environments), it needs to call the 

pre-defined retrieval query that has been configured within the Data Search Service Bundle of the 

SYNERGY Platform. It utilises the query parameters defined in the query configuration in order to 

properly filter the results and only retrieve the data “slice” that is relevant in each instance.  

An API Gateway will be offered by the SYNERGY Platform which will comprise in the single-entry point 

for any component and application to retrieve energy data they are legitimate to access from the 

SYNERGY Platform, as well as analytics results from the respective organisation’s Secure 

Experimentation Playground. The API Gateway practically handles all requests to the SYNERGY Open 

Application Programming Interfaces (APIs) and either proxies/routes them to the appropriate service 

or fans them out to multiple services of the SYNERGY platform. To this end, the API gateway acts as a 

reverse proxy to accept all API calls, fetch and aggregate data from the various services required to 

respond to the call, and return the appropriate result.  

The API Gateway essentially allows external (to the platform) components and applications that belong 

to energy data value chain stakeholders (including the WP6 applications), to reduce the number of 

necessary requests/roundtrips to retrieve the exact data slice they need from: (a) a single dataset for 
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which they have an active contract, (b) multiple data assets for which they have active contracts and 

that have been joined and synchronised for the execution of data analytics, and (c) analytics results 

that the specific application is eligible and authorised to retrieve. 

  



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 28 

 

3 Specification of applications 

The EaaS Applications for Electricity Retailers and Aggregators tool suite will be composed by 4 

applications, each one focusing on a particular target user and objective: 

 Portfolio Analytics and Management Application 

 Personalized Energy Analytics Application 

 Flexibility Analytics and Consumer-Centric DR Optimization Application 

 DR Smart Contract Monitoring, Handling, Settlement and Remuneration Platform 

The common characteristics of the applications composing the suite include: 

 Offered in the form of SaaS: The suite applications will be deployed in a cloud environment 

and easily available for target users by means of web-based or smartphone app interfaces. 

 Multitenancy: The suite applications will be designed so they can handle different tenants 

(aggregators, retailers, flexibility owners and active electricity service customers) 

simultaneously, properly addressing security and privacy issues from the design phase. 

 Powered by SYNERGY Platform: The suite of applications will integrate the capabilities of the 

SYNERGY Platform in order to delegate the analytics on the different datasets that are required 

for their operation. 

The following sections provide a detailed view of the features, internal components, interactions and 

user interface of each one of these applications. 
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3.1 Portfolio Analytics and Management Application 

The Portfolio Analytics and Management Application implements necessary features to allow retailers 

and aggregators position themselves to provide better and added value services. By exploiting all 

available data, in order to analyse in detail what is the composition of their portfolio of customers and 

how those behave, the target users will gain useful insights towards segmentation of customers and 

towards enabling novel strategies to address the energy requirements of the portfolio, such as the 

implementation of dynamic price-based Demand Side Management strategies – as means to minimise 

deviations between customer demand and energy allocated in the wholesale market – and the optimal 

operation on short and long-term energy markets. 

 

Figure 3: Portfolio Analytics and Management Application components and addressed actors 

Figure 3 presents an overview of the internal components of the Portfolio Analytics and Management 

Application, as well as an overview of their interdependencies: 

 The Portfolio Pattern Forecasting Engine, in charge of identifying patterns in the energy-wise 

behaviour of the customers and forecasting these behaviours, will provide forecast models 

that can be further used by other components of the application. 

 The Customer Segmentation Engine will perform segmentation based on different criteria 

(energy-related behaviour pattern, socioeconomic profiles or elasticity-based), which can be 

uc Portfolio Analytics and Management Application

Portfolio Analytics and Management Application
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Participation Decision 
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further used to gain understanding on the composition of the portfolio of customers with 

respect to a variety of parameters, enabling further analytic-based services to the customers 

(e.g. peer-comparisons and personalized recommendations), and allowing retailers to position 

themselves more accurately in the different energy markets. 

 The Wholesale Market Participation Decision Support System will use information provided 

by the other two components to enable dynamic price-based DSM strategies with the final 

objective of tackling and reducing penalties faced due to deviations in the participation of the 

energy markets. 

 The Market Positioning Optimization Tool will help RES generation aggregators to estimate 

the optimum allocation of the forecasted production in the different short-term energy 

markets. 

 The PPA Optimization Tool will help demand aggregators to estimate the optimal sizing of the 

generation power plant to reduce the price that an energy community would pay once the IRR 

of the project has been set. 

3.1.1 Component details 

3.1.1.1 Portfolio Pattern Forecasting Engine 

The Portfolio Pattern Forecasting Engine is the component in charge of interfacing the SYNERGY 

platform in order to obtain, analyse and present to the retailer with a clear view of both the detected 

behaviour patterns of its portfolio of customers (in energy demand and surplus terms), as well as the 

expected evolution of these patterns in different future time scopes. 
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Figure 4: Portfolio Pattern Forecasting Engine Component Diagram 

As depicted in the component diagram, main input data consists on the historical meter data of the 

retailer/aggregator’s customer (provided by the corresponding AMI), and different exogenous 

variables to be considered by the different forecast models, such as weather forecasts and TSO area 

demand and generation. 

By processing the former inputs, different models will be configured and executed in the SYNERGY 

Platform in order to produce the required results, namely short- and long-term forecasts. These 

results, together with raw and aggregated meter data, will be retrieved by the component to build the 

corresponding visualizations to be used by the retailer/aggregator operator. 

More details on the features, data inputs/outputs and analytics to be performed by the component 

are provided hereby. 

The list of features offered by the Portfolio Pattern Forecasting Engine as specified in the reference 

architecture document includes: 
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Table 3: Portfolio Pattern Forecasting Engine Component features 

Feature Description 

PPFE_1 Next 6 hours portfolio demand forecast: detailed forecast with 15-

minutes resolution, useful for decision support on participation of intra-day 

energy market (handling deviations) 

PPFE_2 Day-ahead portfolio demand forecast: detailed forecast with 1-hour 

resolution, useful for decision support on participation of day-ahead energy 

market 

PPFE_3 Long-term portfolio demand forecast: detailed forecast with 1-hour 

resolution, useful for decision support on business planning and 

establishment of long-term energy delivery contracts with production 

partners 

PPFE_4 Next 6-hours portfolio exported energy forecast: detailed forecast with 

15-minutes resolution, useful for decision support on participation of intra-

day energy market (handling deviations) 

PPFE_5 Day-ahead portfolio exported energy forecast: detailed forecast with 1-

hour resolution, useful for decision support on participation of day-ahead 

energy market 

PPFE_6 Long-term portfolio exported energy forecast: useful for decision 

support on business planning and establishment of long-term energy 

delivery contracts with production partners 
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The list of input data of the Portfolio Pattern Forecasting Engine is presented in the following table. 

Table 4: Portfolio Pattern Forecasting Engine data inputs 

Customer imported 

energy 

Time series of imported energy (demand) at supply point of customers 

Expected update rate Daily  

Coverage All customers of portfolio 

Minimum period of 1 year 

Resolution Hourly 

Per customer 

Customer exported 

energy 

Time series of exported energy (generation surplus) at supply point of 

customers 

Expected update rate Daily 

Coverage All customers of portfolio 

Minimum period of 1 year 

Resolution Hourly 

Per customer 

Weather data Time series of weather-related data 

Expected update rate Hourly 

Coverage Relevant locations of customers 

Minimum period of 1 year 

Resolution Hourly 
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Weather forecasts Future time series of weather-related data 

Expected update rate Hourly 

Coverage Relevant locations of customers 

Minimum period of 24 hours 

Resolution Hourly 

Historical TSO area 

demand 

Time series of energy demand at the relevant TSO areas where 

customers are located 

Expected update rate Daily 

Coverage Minimum period of 1 year 

Resolution Hourly 

Historical TSO area 

generation 

Time series of energy generation at the relevant TSO areas where 

customers are located 

Expected update rate Daily 

Coverage Minimum period of 1 year 

Resolution Hourly 

TSO area demand 

prevision 

Time series of energy demand expected at the relevant TSO areas where 

customers are located 

Expected update rate Daily 

Coverage 1 day 

Resolution Hourly 
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TSO area generation 

prevision 

Time series of energy generation scheduled at the relevant TSO areas 

where customers are located 

Expected update rate Daily 

Coverage 1 day 

Resolution Hourly 

 

Along with the definition of input data, the list of analytics processes required by the component is 

defined. 

Firstly, raw meter data is processed and aggregated into portfolio-level metrics by segmenting it 

according to contractual information (contract type and geographical zone the supply point is located). 

Moreover, specific forecast models covering different segments of the portfolio (as defined above), 

different metrics (imported/exported energy) and targeting different time frames (short- and long-

term) will be prepared and utilised by the component. 

Table 5: Portfolio Pattern Forecasting Engine analytics 

Aggregate Portfolio 

Imported Energy 

Provide portfolio-level aggregated metrics for further analytics 

Required inputs Customer imported energy 

Expected outputs Portfolio imported energy 

Aggregate Portfolio 

Exported Energy 

Provide portfolio-level aggregated metrics for further analytics 

Required inputs Customer exported energy 

Expected outputs Portfolio exported energy 
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Build short-term 

Portfolio-level 

Imported Energy 

forecast model 

Train a specific model to forecast next 6 hours of overall portfolio 

imported energy metric 

Required inputs Portfolio imported energy 

Weather data 

Historical TSO area demand 

Expected outputs Imported Energy Forecast model 

Build short-term 

Portfolio-level 

Exported Energy 

forecast model 

Train a specific model to forecast next 6 hours of overall portfolio 

exported energy metric 

Required inputs Portfolio exported energy 

Weather data 

Historical TSO area generation 

Expected outputs Exported Energy Forecast model 

Build long-term 

Portfolio-level 

Imported Energy 

forecast model 

Train a specific model to forecast next 5 years of overall portfolio 

imported energy metric 

Required inputs Portfolio imported energy 

Weather data 

Historical TSO area demand 

Expected outputs Imported Energy Forecast model (long-term) 
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Build long-term 

Portfolio-level 

Exported Energy 

forecast model 

Train a specific model to forecast next 5 years of overall portfolio 

exported energy metric 

Required inputs Portfolio exported energy 

Weather data 

Historical TSO area generation 

Expected outputs Exported Energy Forecast model (long-term) 

Short-term Imported 

Energy forecasts 

Executes Imported Energy Forecast model to get next 24 hours forecast 

Required inputs Weather forecasts 

TSO area demand prevision 

Expected outputs Portfolio imported energy forecast 

Short-term Exported 

Energy forecasts 

Executes Exported Energy Forecast model to get next 24 hours forecast 

Required inputs Weather forecasts 

TSO area generation prevision 

Expected outputs Portfolio exported energy forecast 

Long-term Imported 

Energy forecasts 

Executes Long-term Imported Energy Forecast model to get next 5 years 

forecast 

Required inputs Weather projections 

Portfolio composition projection 

DER share projection 
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Expected outputs Portfolio imported energy forecast 

Long-term Exported 

Energy forecasts 

Executes Long-term Exported Energy Forecast model to get next 5 years 

forecast 

Required inputs Weather projections 

Portfolio composition projection 

DER share projection 

Expected outputs Portfolio exported energy forecast 

 

Details about the datasets offered by the SYNERGY Platform to be consumed and presented to end 

users in the UI of the Portfolio Pattern Forecasting Engine are presented in the following table: 

Table 6: Portfolio Pattern Forecasting Engine analytics outcomes 

Historical data per 

customer 

Historical imported/exported energy data per customer 

Expected update rate Daily 

Coverage All customers of portfolio 

Minimum period of 1 year 

Resolution Hourly 

Per customer 

Historical data at 

portfolio-level 

Historical imported/exported energy data for the overall portfolio 

Expected update rate Daily 

Coverage Minimum period of 1 year 
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Resolution Hourly 

Per customer 

Short-term 

imported/exported 

energy forecast 

Time series of imported/exported energy by overall portfolio during next 

6 hours 

Expected update rate Hourly 

Coverage Portfolio level 

6 hours 

Resolution Hourly 

Long-term 

imported/exported 

energy forecast 

Time series of imported/exported energy by overall portfolio during next 

15 years 

Expected update rate Monthly 

Coverage Portfolio level 

15 years 

Resolution Hourly 

3.1.1.2 Customer Segmentation Engine 

The Customer Segmentation Engine is the component in charge of retrieving, analysing and 

representing all analytics that help retailers and aggregators to clearly understand the behaviour of its 

customer portfolio with regards to different combinations of socioeconomic characteristics, with the 

ultimate objective of making it possible to offer more customized and attractive services to those. 

In addition, this component will provide the retailer with all necessary insights to enable the 

appropriate implementation of dynamic tariff schemes that will provide novel mechanisms to handle 

intraday market deviations. 
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Figure 5: Customer Segmentation Engine Component Diagram 

As depicted in the component diagram, main inputs will be provided by the AMI system of the 

retailer/aggregator, and will consist on meter data, contract data, customer data (customer 

characterisation known by the retailer) and information about the tariffs each customer is exposed to 

(being dynamic tariffs particularly relevant for the elasticity profiling that will be discussed next in this 

section). 

Those inputs will be processed in order to characterise each of the customers according to a set of 

predefined configurations (including demand distribution profiling, elasticity profiling and 

socioeconomic profiling), and further processed to automatically group the customers with similar 

profiles in order to facilitate the management of this information by the retailer/aggregator. 

More details on the features, data inputs/outputs and analytics to be performed by the component 

are provided hereby. 

The list of features offered by the Customer Segmentation Engine as specified in the reference 

architecture document includes: 
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Customer
Imported/Exported Energy

Data

Customer
Socioeconomic

Data

Dynamic Tariff
Price Series

Customer
contractual data

EaaS Applications::Customer Segmentation Engine

+ Display elasticity clusters()
+ Display individual elasticity profiles()
+ Display socieconomic clusters()
+ Display temporal energy usage clusters()
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Table 7: Customer Segmentation Engine features 

Feature Description 

CSE_1 Elasticity profiles: both individual and cluster-based elasticity profiles will 

be calculated as a basic information block necessary to implement 

appropriate dynamic tariff schemes 

CSE_2 Socioeconomic profiling: helps retailers to appropriately understand the 

composition of its customer portfolio, identify similarities among them and 

classifies them according to different combinations of socioeconomic 

characteristics in order to enable more beneficial and effectively targeted 

actions. In addition, this profiling will also enable the provision of detailed 

information to the customers 

CSE_3 Demand profiling and classification: in order to facilitate the 

understanding, prevision and management of the energy patterns of the 

customers, those will be automatically classified under groups of similar 

members (according to their demand profiles) which will be more easily 

handled and addressed by the retailer 

CSE_4 Exported energy profiling and classification: similar  to CSE_3, based 

on the exported energy (production surplus) profiles 

 

The list of input data of the Customer Segmentation Engine is presented in the following table. 

Table 8 Customer Segmentation Engine data inputs 

Customer imported 

energy 

Time series of imported energy at supply point of customers 

Expected update rate Daily  

Coverage All customers of portfolio 

Minimum period of 1 year 
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Resolution Hourly 

Per customer 

Customer exported 

energy 

Time series of exported energy (generation surplus) at supply point of 

customers 

Expected update rate Daily  

Coverage All customers of portfolio 

Minimum period of 1 year 

Resolution Hourly 

Per customer 

Customer 

Socioeconomic data 

Socioeconomic characterization of the customers, which may include 

gender, age, place of residence, type of contract, contracted capacity, 

coinhabitants, available home appliances 

Expected update rate - 

Coverage Significant portion of the portfolio 

Resolution - 

Customer contractual 

data 

Technical details of each of the customers contracts, such as type of 

tariff/pricing scheme and contracted capacity 

Expected update rate - 

Coverage Significant portion of the portfolio 

Resolution - 

Dynamic tariff price 

series 

Timely evolution of the energy price for dynamic tariff schemes 
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Expected update rate Daily  

Coverage Minimum period of 1 year 

Resolution Hourly 

Per tariff 

Customers energy 

bills 

Information about the energy costs faced by the customers, to be used 

by the cost-related analytics 

Expected update rate Daily  

Coverage Minimum period of 1 year 

Resolution Hourly 

Per customer 

 

Along with the definition of input data, the list of analytics processes required by the component is 

defined. 

Firstly, available data will be used to characterise different profiles (based on different parameters) to 

each one of the customers. The different profile types considered in the component include demand 

temporal distribution profiles (i.e. how each of the customers uses energy along the day), elasticity 

profiles (to which extent each of the customers reacts to energy price variations on different 

characterised time frames) and socioeconomic profiles (based on socioeconomic characterisation of 

the customer, e.g. age, geographical region, contract type…). 

Once the different profiles have been calculated, this information will be further used to automatically 

build groups of customers that have similar profiles, thus facilitating the understanding and 

management of this information to the retailer/aggregator, that this way will be able to access the 

information in a synthesized form. Moreover, these groups will also be basis for peer comparison 

feature described in section 3.2.1.1. 
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Table 9: Customer Segmentation Engine analytics 

Temporal Energy 

Usage profiling 

Gain further understanding on the composition of the customer portfolio 

by analysing and identifying common patterns on the amount and 

temporal use of the energy, which can be used to identify similar peers 

Required inputs Customer imported energy 

Expected outputs Clusters of customers 

Clusters characterization 

Socioeconomic 

profiling 

Gain further understanding on the composition of the customer portfolio 

by building groups of customers with similar socioeconomic 

characteristics, which will be relevant for customer peer comparison 

Required inputs Customer Socioeconomic data 

Customer contractual data 

Expected outputs Clusters of customers 

Clusters characterization 

Elasticity profiling Model how each one of the customers in the portfolio reacts to price-

based signals (dynamic tariff schemes), on different contextual frames 

(dependent on time period, day of the week and other parameters) 

Required inputs Customer imported energy 

Customer contractual data 

Dynamic tariff price series 

Expected outputs Customer elasticity profiles 
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Elasticity clustering Based on the results of the individual elasticity profiles, those will be 

used to group customers presenting similar behaviours in order to 

facilitate the management of these elasticity to the retailer 

Required inputs Customers elasticity profiles 

Expected outputs Clusters of customers 

Clusters characterization 

 

Details about the datasets offered by the SYNERGY Platform to be consumed and presented to end 

users in the UI of the Customer Segmentation Engine are presented in the following table: 

Table 10: Customer Segmentation Engine analytics outcomes 

Temporal Energy 

Usage clusters 

Result of the Temporal Energy Usage profiling, including:  

Cluster centroids (average behaviour)  

List of members of each cluster 

Expected update rate Monthly 

Coverage All customers of portfolio 

Resolution - 

Elasticity profiles per 

customer 

Result of the Customer Elasticity profiling, including the elasticity ratios 

(kWh/€) for each one of the contextual frames considered (time of day, 

day of week…) 

Expected update rate Monthly 

Coverage All customers of portfolio 

Resolution - 
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Elasticity profiles 

clusters 

Result of the Elasticity clustering, including:  

Cluster centroids (average ratios per contextual frame considered)  

List of members of each cluster 

Expected update rate Monthly 

Coverage All customers of portfolio 

Resolution - 

Socioeconomic 

clusters 

Result of the Socioeconomic profiling, including:  

Cluster centroids (average characteristics of the different groups)  

List of members of each cluster 

Expected update rate Monthly 

Coverage All customers of portfolio 

Resolution - 

3.1.1.3 Wholesale Market Participation Decision Support System 

The Wholesale Market Participation Decision Support System is the component entailing all necessary 

analytics to help retailers to clearly understand and predict the energy requirements of its customer 

portfolio and the possible deviations, as the basis to address the different time frames of the wholesale 

market, with the final objective of addressing longer-term markets with high accuracy, thus reducing 

to the extent possible the participation in shorter-term markets, which usually imply higher costs. 

Moreover, this component will explore the potential of novel dynamic tariff schemes as a mechanism 

to address wholesale market deviations by means of implicit DSM strategies. 
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Figure 6: Wholesale Market Participation Decision Support System Component Diagram 

As depicted in the component diagram, main inputs of the component consist on weather 

data/forecasts and TSO area demand and generation data, which are the exogenous variables required 

to execute the short-term forecast models prepared by the Portfolio Pattern Forecasting Engine and 

described in section 3.1.1.1. 

Those forecasts will be used twofold. On one hand, day-ahead demand forecasts will be provided as a 

basis to decide the amount of energy to allocate in wholesale market. On the other hand, continuously 

updated demand forecasts will be used to estimate deviations between actual demand and energy 

allocated in the wholesale market. 

These deviations need to be corrected by the retailers, and this component will make use of the 

elasticity profiles of the part of the customer portfolio (as described in section 3.1.1.2) to elaborate 

changes over the dynamic tariffs that have potential to correct and minise the deviations. 

More details on the features, data inputs/outputs and analytics to be performed by the component 

are provided hereby. 

The list of features offered by the Wholesale Market Participation DSS as specified in the reference 

architecture document includes: 

cmp Wholesale Market Participation Decision Support System

EaaS ApplicationsExternal components

External components::SYNERGY Platform

+ Optimal dynamic tariff calculation()
+ Short-term Exported Energy forecast(RetailerID)
+ Short-term Imported Energy forecast(RetailerID)

Short-
term

forecast

Optimal dynamic
tariff prices

EaaS Applications::Database

User
management

Contract
metadata

Dataset
metadata

External components::
Weather Data Provider

Weather
Data

Weather
forecasts

Portfolio Analytics and Management Application::Wholesale 
Market Participation Decision Support System

+ Communicate dynamic tariffs to customers()
+ Display adjustments required on intra-day market participation()
+ Simulate dynamic tariff effects()

Dynamic
tariff prices

External components::Messaging App 
Server

External components::Third party server

External components::
ENTSO-E Data Provider

Real-time TSO area
demand

Real-time TSO area
generation
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Table 11: Wholesale Market Participation Decision Support System Component Diagram 

Feature Description 

WMPDSS_1 Wholesale market deviations forecast: by using all available real-time 

data, both owned by the retailer and by the DSO/TSO, this component will 

provide the estimation of the actual aggregated demand and production of 

the customer portfolio for the short-term future (next 6 hours) 

WMPDSS_2 Adjustments for intra-day market participation: the information 

provided by WMPDSS_1 will be compared with the data from the 

wholesale market participation in order to provide near-real-time accurate 

deviation metrics which need to be minimised by the retailer in order to 

avoid economic penalties 

WMPDSS_3 Dynamic tariff calculation: will enable a novel mechanism to address 

wholesale market deviations, which consists on triggering implicit DSM 

actions by dynamically changing the customer tariff prices for the next 

hours in an hourly basis. Elasticity profiles of customer segments will be 

analysed and used to calculate the optimum prices that will contribute to 

minimise the detected deviations 

WMPDSS _4 Communication of dynamic tariffs to customers: due to the live nature 

of the dynamic tariffs, relevant mechanisms need to be developed to make 

those available to end-customers in real-time, including Machine-To-

Machine and Machine-To-Human channels 

WMPDSS _5 Simulation of dynamic tariffs: retailer operators will be able to manually 

test the effect of different dynamic tariff pricing schemes on particular time 

frames via simulation capabilities 
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The list of input data of the Wholesale Market Participation DSS is presented in the following table. 

Table 12: Wholesale Market Participation Decision Support System data inputs 

Weather data Time series of weather-related data 

Expected update rate Hourly 

Coverage Relevant locations of customers  

Minimum period of 1 year 

Resolution Hourly 

Weather forecasts Future time series of weather-related data 

Expected update rate Hourly 

Coverage Relevant locations of customers  

Minimum period of 24 hours 

Resolution Hourly 

Historical TSO area 

demand 

Time series of energy demand at the relevant TSO areas where 

customers are located 

Expected update rate Daily  

Coverage Minimum period of 1 year 

Resolution Hourly 

Historical TSO area 

generation 

Time series of energy generation at the relevant TSO areas where 

customers are located 

Expected update rate Daily  

Coverage Minimum period of 1 year 
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Resolution Hourly 

TSO area demand 

prevision 

Time series of energy demand expected at the relevant TSO areas where 

customers are located 

Expected update rate Daily  

Coverage 1 day 

Resolution Hourly 

TSO area generation 

prevision 

Time series of energy generation scheduled at the relevant TSO areas 

where customers are located 

Expected update rate Daily  

Coverage 1 day 

Resolution Hourly 

 

Along with the definition of input data, the list of analytics processes required by the component is 

defined. 

The main analytics on which the component depends consist on the short-term demand forecast for 

the complete portfolio of customers (which will be the basis to estimate the deviations that need to 

be corrected by the retailer), and the optimization model that will use the elasticity profiles of the 

portfolio in order to calculate the optimum set of changes to be applied to the dynamic tariffs in order 

to minimize these deviations. 
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Table 13: Wholesale Market Participation Decision Support System analytics 

Short-term imported 

energy forecast 

Periodically updates the short-term forecast (next 6 hours) of the 

demand of the portfolio. Due to the potential unavailability of portfolio 

data in a near real-time basis, this forecast will depend mostly on related 

exogenous parameters (weather and TSO area forecasts) 

Required inputs Historical   

portfolio imported energy  

Historical weather data  

Historical TSO area demand data 

Expected outputs Portfolio imported energy 

Short-term exported 

energy forecast 

Periodically updates the short-term forecast (next 6 hours) of the 

exported energy of the portfolio. Due to the potential unavailability of 

portfolio data in a near real-time basis, this forecast will depend mostly 

on related exogenous parameters (weather and TSO area forecasts) 

Required inputs Historical portfolio exported energy  

Historical weather data  

Historical TSO area generation data 

Expected outputs Portfolio exported energy 

Optimal dynamic 

tariff calculation 

Based on deviations from day-ahead and intra-day portfolio demand 

forecasts, and by utilising the information extracted by the portfolio 

elasticity profiling and clustering, the optimum set of price-signals (prices 

to be applied to the dynamic tariff) expected to correct the deviations 

during the following short-term (6 hours) is provided 

Required inputs Day-ahead portfolio demand forecasts  
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Short-term portfolio demand forecasts  

Portfolio elasticity clusters 

Expected outputs Dynamic tariff prices 

 

Details about the datasets offered by the SYNERGY Platform to be consumed and presented to end 

users in the UI of the Wholesale Market Participation DSS are presented in the following table: 

Table 14: Wholesale Market Participation Decision Support System analytics outcomes 

Short-term 

imported/exported 

energy forecast 

Time series of imported/exported energy by overall portfolio during next 

6 hours 

Expected update rate Hourly 

Coverage Portfolio level 

6 hours 

Resolution Hourly 

Optimal dynamic 

tariff prices 

Time series of dynamic tariff prices dealing with detected deviations 

Expected update rate Hourly 

Coverage 6 hours 

Resolution Hourly 

 

Additionally, this component will publish the resulting dynamic tariffs using different channels, in order 

to make this information available to the interested parties. 
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Table 15: Wholesale Market Participation Decision Support System internal processes 

Communicate 

dynamic tariffs to 

customers 

The validated dynamic tariff prices will be communicated to customers 

using the relevant M2M (REST API) and M2H (messaging apps) 

Required inputs Dynamic tariff prices series 

Expected outputs Publication of tariff prices in a REST API 

Publication of tariff prices in the Personalized Energy Analytics App 

3.1.1.4 Market Positioning Optimization Tool 

The Market Positioning Optimization Tool is a component with the objective of providing the RES plant 

operator/aggregator a comprehensive analysis of its situation in the wholesale markets and key 

suggestions to improve and optimize different KPIs such as revenue obtained from operation. The 

component is in charge of displaying different indicators based on data coming from European 

electricity platforms, exchanges and RES plants generation forecast provided by other SYNERGY 

applications. The aim is to let the facility operator know which hypothetical strategies will result in an 

optimization of the final revenue obtained by allocating its production in the different wholesale 

markets (day-ahead, intra-day, continuous) and in flexibility markets. 



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 54 

 

Figure 7: Market Positioning Optimization Tool Component Diagram 

As depicted in the component diagram, main inputs of the component consist on short-term 

generation forecasts of the plants managed by the aggregator (which will be provided by a specialized 

component developed in the frame of WP5, the Operation Scheduling Optimizer), data on the different 

addressed energy markets and the exogenous data required to perform short-term price forecasts 

(which includes weather data and commodities price). 

All this data will be employed by an optimization model that will provide the optimum allocation of 

the forecasted generation in the different markets, in order to maximize the revenues. 

More details on the features, data inputs/outputs and analytics to be performed by the component 

are provided hereby. 

The list of features offered by the Market Positioning Optimization Tool includes: 

Table 16: Market Positioning Optimization Tool Component features 

Feature Description 

MPOT_1 Day-ahead price forecast: time series prediction of the hourly prices of 

the day-ahead market based on regression methods displayed prior to the 

publication of results on D-1 

cmp Market Positioning Optimization Tool

EaaS ApplicationsExternal components

External components::SYNERGY Platform

+ Continuous intra-day price forecast()
+ Day-ahead price forecast()
+ Intra-day price forecast()
+ Optimal production allocation to markets()

Day-ahead price
forecast

Intra-day price
forecast

Intra-day continuous
price forecast

Optimal production
allocation

External components::
Weather Data Provider

Weather
Data

Weather
forecasts

External components::
ENTSO-E Data Provider

Historical TSO area
demand

Historical TSO area
generation

External components::
Operational Scheduling 

Optimizer

Short-term
generation forecast

External components::Energy Market

Day-ahead
prices

Intra-day
prices

Intra-day
continuous prices

Commodities
price

Portfolio Analytics and Management 
Application::Market Positioning Optimization 

Tool

+ RES Plant Economic Performance Indicators()
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MPOT_2 Intra-day price forecast: time series prediction of the hourly prices of the 

multiple sessions of intra-day market based on regression or classification 

methods displayed prior to the publication of results on D-1 and before 

contract session close 

MPOT_3 Continuous intra-day price forecast: time series prediction of the hourly 

prices of the intra-day continuous market based on regression or 

classification methods displayed prior publication of results on D-1 and 

before contract session close 

MPOT_4 Indicators summary: detailed set of indicators representing reliability of 

the above predictions and suggested guidelines for optimal operation 

 

The list of input data of the Market Positioning Optimization Tool is presented in the following table. 

Table 17: Market Positioning Optimization Tool data inputs 

Day-ahead prices Time series of historical market prices 

Expected update rate Daily 

Coverage Customer pricing zone 

Minimum period of 1/2 year 

Resolution Hourly 

Intra-day prices Time series of historical market prices 

Expected update rate Daily 

Coverage Customer pricing zone 

Minimum period of 1/2 year 

Resolution Hourly 
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Intra-day continuous 

prices 

Time series of historical market prices 

Expected update rate Daily 

Coverage Customer pricing zone 

Minimum period of 1/2 year 

Resolution Hourly 

Historical power 

demand 

Time series of historical power demand 

Expected update rate Daily 

Coverage Customer TSO areas 

Resolution Hourly 

Historical power 

supply 

Time series of historical power supply 

Expected update rate Daily 

Coverage Customer TSO areas 

Resolution Hourly 

Weather forecast Time series of weather-related data 

Expected update rate Hourly 

Coverage Customer location 

Resolution Hourly 

Commodities price Time series of commodities related prices (gas, oil, etc.) 
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Expected update rate Hourly 

Coverage Minimum period of 1/2 year 

Resolution Hourly 

RES production 

forecast 

Time series of day-ahead production forecast 

Expected update rate Each 3-4 hours 

Coverage User RES plant 

Current day and day-ahead 

Resolution 15 minutes 

 

Along with the definition of input data, the list of analytics processes required by the component is 

defined. 

The main algorithms on which the component depends consist on the short-term forecasts of the 

prices of energy in the different addressed markets. Those are inputs required by the optimization 

model that will provide as a result the allocation of generation that provides the highest revenues. 

Table 18: Market Positioning Optimization Tool analytics 

Day-ahead price 

forecast 

Time series prediction of the hourly prices of the day-ahead market 

based on regression methods displayed prior to the publication of results 

on D-1 

Required inputs Historical day-ahead prices 

Historical power demand 

Historical power supply 

Historical weather data 
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Historical commodities price 

Expected outputs Day-ahead price forecast model 

Intra-day price 

forecast 

Time series prediction of the hourly prices of the multiple sessions of 

intra-day market based on regression or classification methods displayed 

prior to the publication of results on D-1 and before contract session 

close 

Required inputs Historical intra-day prices 

Historical power demand 

Historical power supply 

Historical weather data 

Historical commodities price 

Expected outputs Intra-day price forecast model 

Continuous intra-day 

price forecast 

Time series prediction of the hourly prices of the intra-day continuous 

market based on regression or classification methods displayed prior 

publication of results on D-1 and before contract session close 

Required inputs Historical continuous intra-day prices 

Historical power demand 

Historical power supply 

Historical weather data 

Historical commodities price 

Expected outputs Continuous intra-day price forecast model 

Optimal production 

allocation to markets 

Time series on the share of forecasted energy generation that shall be 

allocated on each of the markets 
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Required inputs Day-ahead price forecast 

Intra-day price forecast 

Continuous intra-day price forecast 

RES production forecast 

Expected outputs Optimal production allocation 

 

Details about the datasets offered by the SYNERGY Platform to be consumed and presented to end 

users in the UI of the Market Positioning Optimization Tool are presented in the following table: 

Table 19: Market Positioning Optimization Tool analytics outcomes 

Day-ahead price 

forecast 

Time series prediction of the hourly prices of the day-ahead market 

based on regression methods displayed prior to the publication of results 

on D-1 

Expected update rate Daily 

Coverage RES Plant market area 

Resolution Hourly 

Intra-day price 

forecast 

Time series prediction of the hourly prices of the multiple sessions of 

intra-day market based on regression or classification methods displayed 

prior to the publication of results on D-1 and before contract session 

close 

Expected update rate Hourly 

Coverage RES Plant market area 

Resolution Hourly 
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Continuous intra-day 

price forecast 

Time series prediction of the hourly prices of the intra-day continuous 

market based on regression or classification methods displayed prior 

publication of results on D-1 and before contract session close 

Expected update rate Hourly 

Coverage RES Plant market area 

Resolution Hourly 

Optimal production 

allocation to markets 

Time series on the share of forecasted energy generation that shall be 

allocated on each of the markets 

Expected update rate Hourly 

Coverage RES Plant 

Resolution Hourly 

3.1.1.5 PPA Optimization Tool 

The PPA Optimization Tool will help demand aggregators to estimate the optimal sizing of the 

generation power plant to reduce the price that an energy community would pay once the IRR of the 

project has been set. 

The inputs of the tool are historical data of consumptions and meteorology, so the forecasts of 

generation and consumptions would be done. The temporal horizon of those forecasts will be 

established in a range of 10 to 15 years. 

From that data, a series of synthetic generation and consumption series will be created and further 

used to, depending on energetic balances and economic parameters of the PV power plant, establish 

PPA prices and associated savings according to the target IRR. 

The optimal sizing of the PV power plant will be the one that provides the minimum PPA price for 

established percentile (e.g. P50). 
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Figure 8: PPA Optimization Tool Component Diagram 

As depicted in the component diagram, main inputs of this component consist on the demand data of 

the portfolio to be addressed by the PPA, long-term generation forecasts of the RES plant addressed 

by the PPA (which will be provided by a specialized component developed in the frame of WP5, the 

Operation Scheduling Optimizer), and prices of the applicable wholesale market. 

The main feature of the component consists on an optimization model that will work on the long-term 

forecasts of demand (provided by the corresponding model of the Portfolio Pattern Forecasting Engine 

described at section 3.1.1.1), generation and market prices in order to provide the main characteristics 

of the PPA required to meet the given constraints (detailed below). 

More details on the features, data inputs/outputs and analytics to be performed by the component 

are provided hereby. 

The list of features offered by the PPA Optimization Tool includes: 
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Table 20: PPA Optimization Tool Component features 

Feature Description 

POT_1 Long-term day-ahead price forecast: time series prediction of the hourly 

prices of the day-ahead market for the next 15 years 

POT_2 PPA optimization: based on the defined scenario characteristics, the 

optimum characteristics for a PPA are computed, including size of the PV 

Power Plant, PPA price and relevant expected effects for the portfolio (self-

consumption rates, cost savings…) 

 

The list of input data of the PPA Optimization Tool is presented in the following table. 

Table 21: PPA Optimization Tool data inputs 

Long-term demand 

forecast 

Long-term forecasted hourly time series of the demand for the portfolio 

This input will be provided by the Portfolio Pattern Forecasting Engine 

Expected update rate Monthly 

Coverage Portfolio level 

15 years 

Resolution Hourly 

Long-term generation 

forecast 

Long-term forecasted hourly time series of the forecasted generation for 

the analyzed PV Power Plant 

This input will be provided by the Advanced Performance Monitoring / 

Forecasting and Predictive Maintenance for Large-scale RES plants 

(developed under WP5) 

Expected update rate On-demand 
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Coverage PV Plant 

15 years 

Resolution Hourly 

Day-ahead market 

prices 

Time series of historical day-ahead market prices 

Expected update rate Daily 

Coverage Customer pricing zone 

Minimum period of 5 years 

Resolution Hourly 

Scenario definition Definition of the scenario and objectives to be covered by the PPA, 

including: 

 Investment Cost (€/Wp) 

 O&M cost (€ / kWh generated) 

 IRR(%) required for investor 

 Daily Market Prices (DMP) increase: (Tolls, diversion, system 

costs and marketing margin) 

 Average sales price: DMP + Increase in DMP.  

Expected update rate On-demand 

Coverage PPA scenario 

Resolution - 

 

Along with the definition of input data, the list of analytics processes required by the component is 

defined. 
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The main algorithm on which the component depends consist on the long-term forecast of the prices 

of energy in the applicable wholesale market. This input, along with the long-term demand (of the 

customer portfolio to be covered by the PPA) and generation (of the RES plantallocating its generation 

in the PPA) forecasts required by the optimization model that will provide as a result the optimum 

parameters of the PPA that fulfil the configured constraints (minimum RES plant investor IRR). 

Table 22: PPA Optimization Tool analytics 

Long-term day-ahead 

price forecast 

Time series prediction of the hourly prices of the day-ahead market 

Required inputs Historical day-ahead prices 

Historical power demand 

Historical power supply 

Historical weather data 

Historical commodities price 

Expected outputs Day-ahead price forecast model 

Intra-day price 

forecast 

Time series prediction of the hourly prices of the multiple sessions of 

intra-day market based on regression or classification methods displayed 

prior to the publication of results on D-1 and before contract session 

close 

Required inputs Historical intra-day prices 

Historical power demand 

Historical power supply 

Historical weather data 

Historical commodities price 

Expected outputs Intra-day price forecast model 
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PPA optimization An optimization component that will maximize the portfolio customer 

savings taking into account the expected investor´s IRR of the PV power 

plant.  

Step 1: With the generation and consumption profiles, an energy balance 

is made where an energy balance is established. [Note: the generation 

profile will be proportional to the power of the installation. It will be the 

decision variable.] 

Step 2: Income and expenses calculations will be done in an economic 

model. [The price of the PPA will be another decision variable, which will 

really depend on the installed power for each scenario] 

Step 3: For each of the scenarios, the pairs (installed power, PPA price) 

are calculated. 

Step 4: Determination of the optimal sizing of the PV power plant by 

solving multiple scenarios. 

 For each Generation-Demand scenario, 20 installed PV power 

scenarios are analysed (ranging from 20% to 80% of the 

maximum historical power demanded) 

 The PPA price is calculated, which is x% of the IRR. 

 The corresponding percentiles of each power are calculated 

 The optimal power is selected, based on the lowest PPA price of 

the P50 of each PV power analysed. 

Required inputs Long-term demand forecast 

Long-term generation forecast 

Long-term day-ahead price forecast 

Scenario definition 

Expected outputs Optimum PPA parameters (detailed below) 
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Details about the datasets offered by the SYNERGY Platform to be consumed and presented to end 

users in the UI of the PPA Optimization Tool are presented in the following table: 

Table 23: PPA Optimization Tool analytics outcomes 

Optimum PPA 

parameters 

Optimum PPA parameters, including: 

 Optimum size of PV Power Plant 

 PPAs price 

 Cost savings over purchase price 

 Energy balances (ratio of self-consumption) 

 Hourly average profiles 

Expected update rate On-demand 

Coverage PPA scenario 

Resolution - 

3.1.2 User stories 

The user interface will be provided in the form of a web application. The retailers and aggregators will 

have access to a number of visualizations of different data of their portfolio. A menu will be included 

facilitating the navigation across the different sections of the application. 

3.1.2.1 Login 

The user interface will be provided in the form of a web application. The facility managers will use the 

same credentials as they use in the SYNERGY Platform. 
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Figure 9: Portfolio Analytics and Management Application - Login 

3.1.2.2 Dashboard 

The Dashboard site will represent relevant indicators for the user, including: 
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 The last 24 hours of overall portfolio demand data that are available, complemented with the 

results of the short-term forecasts covering gaps until the end of current day 

 Demand share per contract type (considering the same period above) 

 Demand share per area (considering the same period above) 

 

Figure 10: Portfolio Analytics and Management Application - Dashboard 

3.1.2.3 Portfolio patterns 

The Portfolio Patterns section contains several sites that enable the navigation and drilling through 

both historical and relevant forecasted data. 

The Customers site will allow the navigation through the data available for particular customers. The 

parameters to be selected include: 

 Selection of one customer, which can be searched by using both name or contract number 

 Selection of date range 
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Upon selection, a bar chart will display the imported energy and exported energy metrics over a time 

axis. Resolution will be dynamically adjusted as follows: 

 Selections that include less than 7 days will be displayed with hourly resolution 

 Selections that include between 7 and 90 days will be displayed with daily resolution 

 Selections that include more than 90 days will be displayed with monthly resolution 

 

Figure 11: Portfolio Analytics and Management Application – Portfolio patterns - Customers 
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Figure 12: Portfolio Analytics and Management Application – Portfolio patterns – Customers (ii) 

 

Figure 13: Portfolio Analytics and Management Application – Portfolio patterns – Customers (iii) 
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The Portfolio historical data site will work on a similar way, but displaying in this case aggregated data 

for the complete portfolio of customers or for one of the predefined segments of users (based on 

contract type and geographical location). Resolution of the displayed data will be also dynamically 

adjusted following the same criteria as in the Customers site. 

 

Figure 14: Portfolio Analytics and Management Application – Portfolio patterns – Portfolio – Historical data 

The Portfolio short-term forecast site will display the results of the specialized short-term (next few 

hours) forecast algorithm, displaying the expected evolution of the imported energy and exported by 

the portfolio of customers or each of the predefined segments. The chart axis will be automatically set 

to the first time slot for which no actual data is available, which will depend on the particular 

configuration of the required data ingestion mechanisms. Starting from there, results of the short-term 

forecast covering the period until end of current day will be displayed. 
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Figure 15: Portfolio Analytics and Management Application – Portfolio patterns – Portfolio – Short-term 
forecast 

 

Figure 16: Portfolio Analytics and Management Application – Portfolio patterns – Portfolio – Long-term forecast 
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The Portfolio long-term forecast site will display the results of the specialized long-term (up to 5 years) 

forecast algorithm, displaying the expected evolution of the imported energy and exported by the 

portfolio of customers or each of the predefined segments. In this case, the user can select a date 

period to focus on a particular period of the forecast results. 

Resolution will be dynamically adjusted as follows: 

 Selections that include less than 7 days will be displayed with hourly resolution 

 Selections that include between 7 and 90 days will be displayed with daily resolution 

 Selections that include more than 90 days will be displayed with monthly resolution 

3.1.2.4 Portfolio profiling 

The Portfolio Profiling section provides access to the results of the different segmentation analytics 

that are enabled by the application, through different specific sites. 

The Elasticity site will visualize the details of the identified clusters of customers with regards to their 

elasticity profiles – the identified patterns related to their reaction upon exposition to energy price 

changes. 

The first tab displays a couple of pie charts with the following indicators: 

 Portfolio share will display the relative size of each of the clusters, by taking into account the 

amount of customers classified under each group 

 Demand share will display the relative aggregated demand of each of the clusters, by taking 

into account the aggregated demand of those customers classified under each group 
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Figure 17: Portfolio Analytics and Management Application – Portfolio profiling  – Elasticity 

 

Figure 18: Portfolio Analytics and Management Application – Portfolio profiling – Elasticity (ii) 
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The Elasticity Details tab gives further insight in the results of the elasticity-based segmentation of the 

portfolio. Upon selection of a particular segment (by selecting it on a combo box), the following 

information will be provided: 

 Segment size, with regards to amount of members and demand share (absolute and relative 

values are provided) 

 List of customers that are classified under the segment 

 Chart displaying the identified elasticity characteristics for the average member of the group 

The elasticity segmentation will be performed by evaluating the average reactions of customers 

exposed to dynamic energy prices (amount of energy moved per monetary unit) in different time 

frames (weekdays/weekend in three different time periods), taking into account the whole history of 

data available. 

The Demand Temporal distribution site will allow the visualization of the details of the identified 

clusters of customers with regards to how they distribute their energy demand across time. 

The first tab displays a couple of pie charts with the following indicators: 

 Portfolio share will display the relative size of each of the clusters, by taking into account the 

amount of customers classified under each group 

 Demand share will display the relative aggregated demand of each of the clusters, by taking 

into account the aggregated demand of those customers classified under each group 
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Figure 19: Portfolio Analytics and Management Application – Portfolio profiling – Demand temporal distribution 

 

Figure 20: Portfolio Analytics and Management Application – Portfolio profiling – Demand temporal distribution 
(ii) 



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 77 

 

The Details tab gives further insight in the results of the demand distribution-based segmentation of 

the portfolio. Upon selection of a particular segment (by selecting it on a combo box), the following 

information will be provided: 

 Segment size, with regards to amount of members and demand share (absolute and relative 

values are provided) 

 List of customers that are classified under segment 

 Chart displaying the identified characteristics for the average member of the group (average 

hourly demand for each of the time ranges that are considered in the analysis) 

The demand distribution-based segmentation will be performed by evaluating the available historical 

demand data of the customers, taking into consideration predefined time frames (weekdays/weekend 

in three different time periods) and the whole history of data available. 

The Socioeconomic site will allow the visualization of the details of the identified clusters of customers 

with regards to their socioeconomic characteristics. These characteristics will include those available 

to the retailer/aggregator (age, geographical area, contract type…) as well as complementary 

parameters the customers will be able to provide by means of the Personalized Energy Analytics 

Application (e.g. number of cohabitants, or existence of relevant assets – heating, EVs…). 

The first tab displays a couple of pie charts with the following indicators: 

 Portfolio share will display the relative size of each of the clusters, by taking into account the 

amount of customers classified under each group 

 Demand share will display the relative aggregated demand of each of the clusters, by taking 

into account the aggregated demand of those customers classified under each group 
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Figure 21: Portfolio Analytics and Management Application – Portfolio profiling – Socioeconomic 

 

Figure 22: Portfolio Analytics and Management Application – Portfolio profiling – Socioeconomic (ii) 
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The Socioeconomic Details tab gives further insight in the results of the socioeconomic-based 

segmentation of the portfolio. Upon selection of a particular segment (by selecting it on a combo box) 

the following information will be provided: 

 The properties of the segment, including: age range, geographical area, cohabitants range, 

contract type 

 List of customers that are classified under the segment 

 Relevant indicators for the average member of the segment, including: monthly demand, 

generation surplus (exported energy) and generation, self-consumption ratio, self-sufficiency 

ratio, equivalent CO2 emissions, energy cost. Those indicators are calculated taking into 

account the whole history of data available. 

The Customers tab gives access to information about particular customers with regards to 

socioeconomic segmentation. This information will form the basis for some of the services provided 

to end customers and described in section 0 (Personalized Energy Analytics Application). Upon 

selection of a particular customer (which can be search by using both name or contract number), and 

a particular month, the following information will be displayed: 

 Assigned socioeconomic cluster: the segment the customer was part of at the selected period 

 Customer properties: age, geographical area, cohabitants, contract type. These details will be 

collected both from retailers/aggregators customer databases and by direct requests to end-

customers from the Personalized Energy Analytics Application 

 Customer specific indicators: demand, generation surplus (exported energy), generation, self-

consumption, self-sufficiency, equivalent CO2 emissions, energy cost 

 Chart comparing all customer specific indicators versus the average member of the 

corresponding portfolio 
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Figure 23: Portfolio Analytics and Management Application – Portfolio profiling – Socioeconomic (iii) 

3.1.2.5 Wholesale market DSS 

The Wholesale Market DSS section contains several sites that provide access to the historical data and 

relevant forecasts used to address the wholesale market and handle the estimated deviations. 

The Historical deviations site will enable the navigation through the related historical data. By selecting 

a particular segment (or the complete portfolio) and a date range, the following information is 

displayed: 

 A bar chart displaying the amount of energy that was allocated at wholesale market for the 

selected period versus the actual (metered) demand of the selected segment of the portfolio 

 Accumulated deviation indicators, disaggregated in upwards and downwards deviations 

Resolution of the chart will be dynamically adjusted as follows: 

 Selections that include less than 7 days will be displayed with hourly resolution 

 Selections that include between 7 and 90 days will be displayed with daily resolution 
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 Selections that include more than 90 days will be displayed with monthly resolution 

 

Figure 24: Portfolio Analytics and Management Application – Wholesale Market DSS – Historical deviations 

 

Figure 25: Portfolio Analytics and Management Application – Wholesale Market DSS – Historical deviations (ii) 
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Figure 26: Portfolio Analytics and Management Application – Wholesale Market DSS – Historical deviations (iii) 

The Intraday deviations site will display up-to-date information about the allocated energy at the 

wholesale market for the current day versus the most updated available short-term forecast, thus 

displaying today’s expected deviations that need to be handled. Following information is displayed: 

 Current time (clock) 

 Column chart with the comparison of the energy allocated at the wholesale market versus the 

short-term demand forecast of the portfolio, which will potentially cover only part of the 

current day (up to next 6 hours). Current time is signalled in the chart by a vertical line 

 Indicators of today’s accumulated deviation estimation, disaggregated in upwards and 

downwards deviations 
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Figure 27: Portfolio Analytics and Management Application – Wholesale Market DSS – Intraday deviations 

 

Figure 28: Portfolio Analytics and Management Application – Wholesale Market DSS – Optimum dynamic tariff 
prices 
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The identified wholesale market deviations need to be minimised by the retailer, which may incur 

penalties. With this objective, the application enables price-based DSM strategies (composition of 

optimum dynamic tariff prices by taking into account the customer portfolio elasticity profiles). 

The Optimum dynamic tariff prices site will give access to details of the price-based DSM strategies 

considered by the Wholesale Market Participation Decision Support System for current day, namely: 

 The estimated intraday deviations 

 The optimum dynamic tariff price that will alleviate the deviation, by taking into consideration 

the customer portfolio composition and the results of the elasticity profiling and elasticity 

clustering processes. Both the actual price as well as the proposed increment/decrement of 

the price for each slot is provided 

By selecting one of the slots in the chart, a section will appear on a side of the window displaying: 

 Selected time frame 

 Estimated deviation for the selected time frame 

 Contribution of each one of the identified elasticity clusters to the correction of the deviation 

 

Figure 29: Portfolio Analytics and Management Application – Wholesale Market DSS – Optimum dynamic tariff 
prices (ii) 
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Additionally, the Dynamic tariff prices simulation site will give the opportunity to the retailer/operator 

to evaluate what if scenarios by manually proposing changes to the tariff prices and visualizing the 

expected results. User will be allowed to drag-and-drop the energy prices of any slot upwards or 

downwards, which will have update accordingly the rest of the visualized data (expected deviation and 

contribution of each elasticity cluster to the correction of the deviation). 

 

Figure 30: Portfolio Analytics and Management Application – Wholesale Market DSS – Dynamic tariff prices 
simulation 

3.1.2.6 Market Positioning Optimization 

The Market Positioning Optimization site will give access to the results of the corresponding 

component for the portfolio of RES Plants present in the portfolio of the generation aggregators. Upon 

selection of one of the plants, the relevant indicators for the current day, including forecasted 

generation, the allocation of the energy on each of the addressed markets and the expected revenues 

per market will be presented. The user will also be able to navigate through the historical records of 

the optimization by selecting a date range in the form. 
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Figure 31: Portfolio Analytics and Management Application – Market Positioning Optimization 

3.1.2.7 PPA Optimization 

The PPA Optimization site will give access to the features offered by the corresponding component. 

This component facilitates the decision support related to the agreement of PPAs among a retailer and 

a RES owner/aggregator by optimizing the relevant parameters for a particular context – or scenario – 

defined by the user. 

The site will display a list of the all the scenarios that have been configured and analysed so far by the 

user. By selecting any of them, the user will be redirected to the details of the optimization. A button 

on the bottom side will allow the user to create a new scenario. 
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Figure 32: Portfolio Analytics and Management Application – PPA Optimization 

In order to create a new scenario, the user will be required to provide the following information: 

 A name for the scenario 

 Long-term profiles to be used in the optimization: 

o Demand profile: any of the long-term demand forecast datasets accessible by the user 

in the SYNERGY Platform. Those may be owned by the user (will be the usual case for 

users with a retailer role), or provided by third parties 

o Generation profile: any of the long-term generation forecast datasets accessible by 

the user in the SYNERGY Platform. Those may be owned by the user (will be the usual 

case for RES owners or RES aggregators), or provided by third parties 

o Energy price profile: any of the long-term energy price forecast datasets accessible by 

the user in the SYNERGY Platform (e.g. forecast for a particular country) 

 Scenario characteristics 

o Investment costs of the plant (€/Wp) 
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o Operational and Maintenance costs of the plant (€/generated kWh) 

o Required investment Return Ratio (%) 

o Daily Market Prices increase to be applied to the energy price profile (€), including 

tolls, diversion, system costs and marketing margins 

Once all required inputs are provided, the user can commit the scenario in order to trigger the 

optimization and retrieve the results. 

 

Figure 33: Portfolio Analytics and Management Application – PPA Optimization (ii) 

The results of the optimization are presented in a new site, which includes: 

 Details of the selected inputs (long-term profiles and scenario characteristics) 

 Resulting Optimum PPA parameters, including: 

o Optimum size of PV Power Plant 

o PPAs price 

o Energy balances: percentage of demand covered by the PPA 
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o Cost savings expected over purchase price 

o Chart with the resulting average hourly profiles for the demand and generation 

 

Figure 34: Portfolio Analytics and Management Application – PPA Optimization (iii) 

3.1.3 Exploited technology stack 

The design of this component will follow a micro-services approach, where different individual features 

will be developed in well defined software components offering an API for enabling interactions with 

external components. The proposed technology to facilitate the micro-services-based deployment is 

Docker1, packaging each of the components as an independent docker image. Those micro-services 

will mainly interact with the SYNERGY Platform – in order to retrieve data and analytics results – by 

performing queries to the API Gateway REST API. 

                                                           

1 https://www.docker.com/ 
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With regards to the software libraries and platforms foreseen for the development of the user 

interface, those include NodeJS2 for backend services, Meteor3 for front-end/back-end communication 

and reactive data delivery to clients, and React4 for reusable and highly modular front-end 

development. In order to host component-specific data, MongoDB5 database is proposed. 

The data analytics and optimizations libraries to be used in the application will be aligned with the 

frameworks and libraries that will be supported in the Data Analytics Services Bundle in the SYNERGY 

Cloud Platform. 

  

                                                           

2 https://nodejs.org/en/ 

3 https://www.meteor.com/ 

4 https://reactjs.org/ 

5 https://www.mongodb.com/ 
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3.2 Personalized Energy Analytics Application 

The Personalized Energy Analytics Application focuses on the provision of services to prosumers 

(customers of the retailers and aggregators targeted by the Portfolio Analytics and Management 

Application). The proposed services follow two main lines: 

 Providing enhanced information about the energy usage habits, and hints that encourage 

better behaviours towards more sustainable (both economic and environmentally) energy 

demand patterns. These features will be implemented by the Personalized Energy Analytics 

Engine component 

 Providing advanced services for optimum operation of smart appliances towards enabling a 

proper balance between comfort and energy-savings. These features will be implemented by 

the Smart Home Integration Engine component 

 

Figure 35: Personalized Energy Analytics Application components and addressed actors 
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3.2.1 Component details 

3.2.1.1 Personalized Energy Analytics Engine 

The Personalized Energy Analytics Engine is the component in charge of interfacing the SYNERGY 

platform in order to obtain, analyse and present to the retailer’s end customers with clear and easily 

understandable insights of their energy-related behaviour, including useful features such as peer-

comparison and energy and cost-saving tips. 

 

Figure 36: Personalized Energy Analytics Engine Component Diagram 

As depicted in the component diagram, main data inputs correspond to the customer’s meter data 

and socioeconomic characterization. Functionalities of this component rely on the results of the 

Customer Segmentation Engine, described in section 3.1.1.2, which will provide profiling information 

relevant to be presented to the end user, and to be used as the basis to peer comparisons. 

The component has a strong focus on the presentation of the information to the end users, and 

available data will be therefore preprocessed in the SYNERGY Platform in order to allow the 

visualization of the required KPIs. 

More details on the features, data inputs/outputs and analytics to be performed by the component 

are provided hereby. 
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The list of features offered by Personalized Energy Analytics Engine as specified in the reference 

architecture document includes 

Table 24: Personalized Energy Analytics Engine Component features 

Feature Description 

PEAE_1 Active power histograms per supply point: in order to help customers 

to understand their active power peaks, when and with which frequency 

they occur. This information is valuable to identify home assets that 

consume excessive power, and to adjust the contracted capacity 

appropriately 

PEAE_2 Energy demand time distribution: graphical representation of the 

demand over a selectable time-frame axis 

PEAE_3 Self-consumption: for those customers with metered production, 

calculation of self-consumption ratios (percentage of production that is 

locally consumed) over a selected time period 

PEAE_4 Self-sufficiency: for those customers with metered production, calculation 

of self-sufficiency ratios (percentage of demand covered by local 

production) over a selected time period 

PEAE_5 Comparison of demand between relevant time periods: overlaid 

graphical representation of the demand of two selected time periods, 

accompanied of relevant indicators, which will allow customers to observe 

differences over relevant time periods 

PEAE_6 Customer peer comparison: provides customer KPI comparison against 

baseline (clusters as provided by the Customer Segmentation Engine 

component). KPIs will include demand, production, CO2 equivalent 

emissions, energy cost, self-consumption and self-sufficiency 

PEAE_7 Demand and production forecasts: personalized forecasts according to 

historical data and contextual parameters (type of day and weather) 
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PEAE_8 Deviation of demand and production against forecasts/baseline: alert 

mechanism to trigger customer attention whenever the energy usage 

differs significantly from the expected behaviour 

PEAE_9 Provide alternative options for energy behaviour changes: based on 

the different clusters of customers provided by the Customer 

Segmentation Engine component, provides hints that will allow the 

customer to move towards a customer group with better energy usage 

KPIs 

PEAE_10 Target-monitoring: alert mechanism of deviations against consumption 

target set by user 

 

The list of input data of the Personalized Energy Analytics Engine is presented in the following table. 

Table 25: Personalized Energy Analytics Engine data inputs 

Customer imported 

energy 

Time series of imported energy at supply point of customers 

Expected update rate Daily  

Coverage All customers of portfolio 

Minimum period of 1 year 

Resolution Hourly 

Per customer 

Customer exported 

energy 

Time series of exported energy (generation surplus) at supply point of 

customers 

Expected update rate Daily 

Coverage All customers of portfolio 
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Minimum period of 1 year 

Resolution Hourly 

Per customer 

Customer 

Socioeconomic data 

Socioeconomic characterization of the customers, which may include 

gender, age, place of residence, type of contract, contracted capacity, 

cohabitants, available home appliances 

Expected update rate - 

Coverage Significant portion of the portfolio 

Resolution - 

 

Along with the definition of input data, the list of analytics processes required by the component is 

defined. This component uses the socioconomic profile and its related clusterization, provided by the 

Customer Segmentation Engine component described in section 3.1.1.2, in order to implement the 

peer-comparison feature (basically, by providing comparison of the different customer’s KPIs against 

the average values of the corresponding group the customer belongs to, according to the 

socioeconomic segmentation). Additionally, SYNERGY Platform will be configured to transform the 

datasets as required to present some of the indicators on the UI (e.g. active power histograms) and to 

periodically compute predefined comparisons over the evolution of certain KPIs (demand, cost) that 

will serve as the basis to provide tips to the user in order to increase awareness. 

Table 26: Personalized Energy Analytics Engine analytics 

Socioeconomic 

profiling 

Build clusters of similar customers, according to their socioeconomic 

characterization 

Required inputs Customer socioeconomic characterization 

Expected outputs Average characteristics of clusters (centroids)  
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Cluster membership for each customer 

Temporal energy 

usage profiling 

Build clusters of similar customers, according to the usual amount of 

energy demand and its timely distribution (hourly, day-of-week-based) 

Required inputs Customer imported energy 

Expected outputs Average characteristics of clusters (centroids)  

Cluster membership for each customer 

 

Details about the datasets offered by the SYNERGY Platform to be consumed and presented to end 

users in the UI of the Personalized Energy Analytics Engine are presented in the following table: 

Table 27: Personalized Energy Analytics Engine analytics outcomes 

Historical data per 

customer 

Historical imported/exported energy data per customer 

Expected update rate Daily 

Coverage All customers of portfolio 

Resolution Hourly  

Per customer 

Temporal energy 

usage clusters 

Characteristics of clusters according to energy usage patterns, including 

customer membership to cluster 

Expected update rate Weekly 

Coverage All customers of portfolio 

Resolution - 
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Socioeconomic 

clusters 

Characteristics of clusters according to socioeconomic characterization, 

including customer membership to cluster 

Expected update rate Weekly 

Coverage All customers of portfolio 

Resolution - 

3.2.1.2 Smart Home Integration Engine 

The Smart Home Integration Engine is the component that implements all necessary functions to 

enable Intelligent control and automation features of Smart Home assets, towards facilitating the 

establishment of sustainable and long-lasting energy behaviors, while reducing intrusiveness for 

energy consumers. 

 

Figure 37: Smart Home Integration Engine component diagram 

cmp Smart Home Integration Engine

Personalized Energy Analytics Application

(from EaaS Applications)

External components

External components::SYNERGY Platform

+ Build comfort profiles for DHW()
+ Build comfort profiles for HVAC()
+ Build comfort profiles for lighting()
+ Calculate optimum DHW schedule()
+ Calculate optimum HVAC schedule()
+ Calculate optimum lighting schedule()

HVAC
schedule

DHW
schedule

Lighting
schedule

EaaS Applications::Database

User
management

Contract
metadata

Dataset
metadata

External 
components::
Retailer AMI

Customer
Imported/Exported Energy

Data

Personalized Energy Analytics Application::Smart 
Home Integration Engine

+ Communicate schedules()
+ Display schedules()
+ Trigger schedules()

HVAC
schedule

Lighting
schedule

DHW
schedule

External components::Smart Home Server

+ Handle DHW controllers()
+ Handle environmental sensors()
+ Handle HVAC controllers()
+ Handle lighting controllers()
+ Handle power analyzers()

Environmental
data

HVAC
status data

Lighting status
data

DHW
status
data

Power
analyzer data

External components::
Messaging App Server



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 98 

 

As depicted in the component diagram, the main inputs to this component are provided by the Smart 

Home Server, which is the umbrella that communicates with the different assets deployed at homes 

(sensors, HVAC controllers, lighting controllers and DHW controllers), and uploads all the monitored 

data to the SYNERGY Platform, where it will be available to the Smart Home Integration Engine. 

This data will be merged with demand data (obtained from the AMI of the corresponding 

retailer/aggregator) in order to make it possible to build the comfort-centric flexibility profiles for each 

combination of customer and asset. 

These profiles will be the basis to the calculation of the optimum schedules, that will be communicated 

both to the end-users (in the components UI) and to the corresponding Smart Home Servers (so they 

can be applied to the actual controllers). End user will always have the possibility to visualize the 

monitored data, and to visualize and manually modify the suggested schedules. 

More details on the features, data inputs/outputs and analytics to be performed by the component 

are provided hereby. 

The list of features offered by Smart Home Integration Engine as specified in the reference architecture 

document includes 

Table 28: Smart Home Integration Engine component features 

Feature Description 

SHIE_1 Comfort profiles: all available context data per customer (smart assets 

setpoints, temperature, humidity, illuminance…) will be used to build 

individual comfort profile models, which will be further on considered on 

the automatic action calculations 

SHIE_2 Automatic control schedules for HVAC devices: based on the comfort-

centric flexibility profiles, the component will provide the optimal schedule 

for the considered Heating, Ventilation and Air Conditioning assets 

towards maximizing energy- and cost-savings 

SHIE_3 Automatic control schedules for lighting devices: based on the 

comfort-centric flexibility profiles, the component will provide the optimal 
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schedule for the considered lighting assets towards maximizing energy- 

and cost-savings 

SHIE_4 Automatic control schedules for DHW devices: based on the comfort-

centric flexibility profiles, the component will provide the optimal schedule 

for the considered Domestic Hot Water assets towards maximizing 

energy- and cost-savings 

SHIE_5 Control signals communication to customers: in order to enable this 

features in those cases when assets are not telecontrollable, signals will 

be communicated to asset owners by means of appropriate Machine-To-

Human channels 

SHIE_6 Control signals communication to flexibility assets: whenever the 

assets allow telecontrol, signals will be communicated to those assets by 

means of appropriate Machine-To-Machine channels 

SHIE_7 Detect presence and absence: based on consumption patterns and 

available IoT data, presence and absence of persons in the monitored 

space will be inferred and used in the relevant comfort profile models 

 

The list of input data of the Smart Home Integration Engine is presented in the following table. 

Table 29: Smart Home Integration Engine data inputs 

Power analyser data Submetering energy demand data provided by power analyser or similar 

devices (e.g. smart clamp) at relevant areas (e.g. supply point) and 

systems (e.g. HVAC, lighting) 

Expected update rate Near real-time 

Coverage Relevant home areas and systems 

Resolution 15 minutes 
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Environmental data Data provided by environmental sensors for relevant areas, including:  

 Temperature  

 Relative humidity  

 Illuminance 

Expected update rate Near real-time 

Coverage Relevant home areas 

Resolution 15 minutes 

HVAC status data Data provided by HVAC controllers, including:  

 Status (ON/OFF)  

 Operation mode (heating, cooling, fan…)  

 Temperature setpoint  

 Energy consumption 

Expected update rate Near real-time 

Coverage Relevant HVAC units 

Resolution 15 minutes 

Lighting status data Data provided by lighting controllers, including: 

 Status (ON/OFF) 

 Dimming (%) 

 Energy consumption 

Expected update rate Near real-time 

Coverage Relevant lighting units 
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Resolution 15 minutes 

Domestic Hot Water 

status data 

Data provided by DHW controllers, including: 

 Status (ON/OFF) 

 Temperature setpoint 

 Energy consumption 

Expected update rate Near real-time 

Coverage Relevant DHW units 

Resolution 1 minute 

 

This component will make use of ML algorithms to establish different comfort-based flexibility models 

for each customer and asset (HVAC, lighting or DHW unit). These profiles will model which are the 

expected setpoints (along its admissible deviation) for each unit under a certain context (defined by 

parameters such as time of the day, and exogenous variables provided by the available sensors: 

temperature, humidity, outdoor temperature…). This models will be used to calculate the optimum 

schedule of the different assets, given a short-term forecasted scenario for the considered exogenous 

variables and an optimization objective (maximize comfort or minimize energy costs). 

Table 30: Smart Home Integration Engine analytics 

Build comfort profiles 

for HVAC 

Based on monitored HVAC related data and relevant environmental 

(temperature, relative humidity) and energy demand data, the end-user 

comfort profile (usual HVAC usage patterns) will be computed 

Required inputs Power analyser data  

Environmental data  

Weather data  

HVAC status data 
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Expected outputs HVAC-related comfort profile 

Calculate optimum 

HVAC schedule 

Based on a given objective (energy saving or comfort maximization), and 

taking into account the particular HVAC comfort profile and current and 

near-future environmental conditions, the optimum schedule 

configuration for the controlled HVAC unit is provided 

Required inputs Environmental data  

Weather data 

Expected outputs Near-future HVAC units’ schedule 

Build comfort profiles 

for lighting 

Based on monitored lighting related data and relevant environmental 

(illuminance) and energy demand data, the end-user comfort profile 

(usual lighting usage patterns) will be computed 

Required inputs Power analyser data 

Environmental data  

Weather data 

Lighting system status data 

Expected outputs Lighting-related comfort profile 

Calculate optimum 

lighting schedule 

Based on a given objective (energy saving or comfort maximization), and 

taking into account the particular lighting comfort profile and current 

and near-future environmental conditions, the optimum schedule for 

the controlled lighting unit is provided 

Required inputs Environmental data  

Weather data 

Expected outputs Near-future lighting units schedule 
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Build comfort profiles 

for DHW 

Based on monitored DHW related data and relevant environmental and 

energy demand data, the end-user comfort profile (usual DHW usage 

patterns) will be computed 

Required inputs Based on monitored DHW related data and relevant environmental and 

energy demand data, the end-user comfort profile (usual DHW usage 

patterns) will be computed 

Expected outputs DHW-related comfort profile 

Calculate optimum 

DHW schedule 

Based on a given objective (energy saving or comfort maximization), and 

taking into account the particular DHW comfort profile and current and 

near-future environmental conditions, the optimum schedule for the 

controlled DHW unit is provided 

Required inputs Environmental data  

Weather data 

Expected outputs Near-future DHW units’ schedule 

 

Details about the datasets offered by the SYNERGY Platform to be consumed and presented to end 

users in the UI of the Smart Home Integration Engine are presented in the following table: 

Table 31: Smart Home Integration Engine analytics outcomes 

HVAC schedule Optimum HVAC Units schedule, according to the given objective (energy 

savings or maximize comfort) 

Expected update rate 15 minutes 

Coverage One schedule per unit 

Next 6 hours 
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Resolution 15 minutes 

Lighting schedule Optimum Lighting Units schedule, according to the given objective 

(energy savings or maximize comfort) 

Expected update rate 15 minutes 

Coverage One schedule per unit  

Next 6 hours 

Resolution 15 minutes 

DHW schedule Optimum DHW Units schedule, according to the given objective (energy 

savings or maximize comfort) 

Expected update rate 15 minutes 

Coverage One schedule per unit  

Next 6 hours 

Resolution 15 minutes 

 

Details about the results of the component that will be available to third parties are presented in the 

following table: 

Table 32: Smart Home Integration Engine interactions with third parties 

Trigger schedules Send calculated schedules to the corresponding Building Management 

Systems using the integrated M2M channels, so they are applied to the 

corresponding units 

Required inputs Unit schedules 

Expected outputs Message to BMS 
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Communicate 

schedules 

Send calculated schedules to the relevant end-users using the integrated 

M2H channels (messaging app), so they can be manually applied 

Required inputs Unit schedules 

Expected outputs Message to Messaging App Server 

3.2.2 User stories 

Taking into consideration the target users of the Personalized Energy Analytics Application, the user 

interface will be designed in such a way that it can be properly used from smartphones, either as a 

website or as a specific app. 

In order to register in the app, users will be required to introduce a token which will be provided by 

the retailer/aggregator offering the service. Generation of these tokens will be responsibility of the 

companies providing the service, and will provide the link between the user that is registering in the 

app, and the related information contained in the retailer’s/aggregator’s databases. 

 

Figure 38: Personalized Energy Analytics Application - Login 

3.2.2.1 Dashboard 

First site will display a Dashboard with basic energy usage indicators relative to the current month, 

namely: 

 Demand (actual and expected until end of month) 
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 Generation (actual and expected until end of month) 

 Representation of demand and generation on a bar chart over a daily-based time axis 

  

Figure 39: Personalized Energy Analytics Application - Dashboard 

3.2.2.2 Energy indicators and drill-in 

The Energy indicators site will allow users to navigate and get insights on their energy-usage data. By 

selecting a date range, a number of indicators are displayed: 

 Representation of demand, generation and generation surplus on a bar chart over a time axis. 

Resolution will be adjusted dynamically depending on the size of the selected date range: 

hourly for ranges under 7 days, daily for ranges under 90 days or monthly otherwise 

 Relevant indicators, including total demand, generation and generation surplus, self-

sufficiency and self-consumption ratios, CO2 equivalent emissions over the selected period. 

The specific indicators may change based on the available data 

 Pie chart displaying the ratios of energy imported from the grid and self-generated 

Those users for which no generation data is available will only have access to the demand and 

generation surplus indicators. 
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Figure 40: Personalized Energy Analytics Application – Energy indicators 

The Period comparison site will allow user to compare the energy usage patterns on different periods 

in a guided way. User will select a date range as primary input, and the relative period to be compared 

as secondary input. The secondary period for comparison will be automatically computed by 

subtracting it from the primary input (I.e. a period with same duration starting one 

day/week/month/year before). Relative periods may include: 

 Previous day 

 Previous week 

 Previous month 

 Previous year 

The results presented upon the selection of these parameters will be: 

 Overlaid representation of demand and generation for both periods on a bar chart over a time 

axis. Resolution will be adjusted dynamically depending on the size of the selected date range, 

being hourly, daily or monthly the possible resolutions 

 Indicators of total demand, generation and generation surplus 

 Indicators of relative increase/decrease with regards to the secondary period 

 Those users for which no generation data is available will only have access to the demand and 

generation surplus indicators. 
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Figure 41: Personalized Energy Analytics Application – Period comparison 

The Contracted power analysis site will display information about the active power patterns and its 

relationship to the contracted power. Upon selection of a time period (a complete month for the sake 

of simplicity), the following information is provided: 

 Histogram of the maximum (or average, in case maximum values are not available) hourly 

active power at supply point, with an overlaid indicator of the currently contracted power 

value. In the case that maximum power data is not available, average hourly power (based on 

the hourly energy demand profiles) will be used 

 Textual tips indicating: 

o Amount of time the active power is below a certain threshold (e.g. 90% of contracted 

power) 

o Tip to keep, decrease or increase contracted power based on the data 
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Figure 42: Personalized Energy Analytics Application – Contracted Power Analysis 

3.2.2.3 Peer-comparison 

The Peer comparison site allows users to get indications on how they compare themselves to similar 

users, according to a number of indicators. These indicators may include: 

 Total demand 

 Total generation  

 Generation surplus 

 Self-consumption 

 Self-sufficiency 

 Equivalent CO2 emissions 

 Energy cost 

The list of users to be compared with will be extracted from the results of the socioeconomic clustering 

feature of the Customer Segmentation Engine component. 

Upon selection of a date period (a complete month for the sake of simplicity), the following 

information is provided: 

 Radar chart displaying the position of the particular user with regards to the rest of similar 

users for each one of the considered indicators. The position for each indicator is calculated as 

the ratio between user’s value and the corresponding average among all members of the 
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cluster (i.e. lower than 100% means below the average, while over 100% means over the 

average) 

 Table summarizing the results. For each indicator, value and comparison (above/below 

average) is displayed 

  

Figure 43: Personalized Energy Analytics Application – Peer comparison 

3.2.2.4 Alerts and tips 

The Alerts site displays an ordered list of the alerts triggered by this component to the user. In the case 

of the app, the application will trigger a notification to the users so they become aware of the alert as 

soon as possible. Possible alerts may include: 

 A particular measurement (provided by the smart meter or by any other available sensor, such 

as presence, temperature, lighting systems…) exceeded a threshold 

 Atypical demand pattern was detected. This alert will be automatically produced whenever 

the metered demand is significantly different from the forecast or baseline pattern 

 Warnings on periods with unusual high prices for users exposed to dynamic tariff schemes 

By selecting any of the alerts, the corresponding metric for the period when the alert was produced is 

displayed in a chart. 

The user will be able to enable/disable each type of alert, as well as to specify its details (e.g. threshold 

for the active power exceeded alert) 
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Figure 44: Personalized Energy Analytics Application - Alerts 

The Tips site will provide tips, hints and relevant milestones or warnings achieved by the user with 

regards to the energy usage patterns. Those tips will be automatically produced by the component on 

a periodic basis (e.g., every week). The tips may include: 

 Hints to reduce demand, so users with higher demand patterns are encouraged to move 

themselves to percentile 50 (median) of their group of similar users 

 Notifications on significant changes on the demand patterns, including significant 

reduction/increase of the demand, compared to previous week or month, or same month of 

previous year 

 Hints to move the demand to time periods with more affordable energy prices (for users 

exposed to dynamic tariff schemes) 
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Figure 45: Personalized Energy Analytics Application - Tips 

3.2.2.5 Smart home 

The Smart Home Dashboard site will display in a glance the current status for all sensors/systems 

integrated in the smart home service of the customer. For each type of sensor/system, the value for 

the relevant metrics is provided, accompanied by the readout timestamp. 

  

Figure 46: Personalized Energy Analytics Application – Smart Home Dashboard 

The Monitoring site will give access to the raw data provided by the sensors of any type owned by the 

customer. A form will be provided, allowing the selection of: 

 Specific sensor 
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 Metric (among those available for the selected sensor) 

 Period of time 

Upon selection, a chart will display the required results over a time axis. Resolution will be dynamically 

adjusted (hourly/daily/monthly/yearly) based on the length of the selected date range. 

  

Figure 47: Personalized Energy Analytics Application – Smart Home Monitoring 

The Smart Asset Scheduling site will give access to optimum schedules of the smart assets (HVAC, 

lighting or DHW) owned by the customer. In a form, the user will be able to filter and select the 

particular asset for which the information will be displayed. Upon selection, the following information 

is shown: 

 Chart with the scheduled parameters for the asset 

o For HVACs: status (ON/OFF), temperature setpoint, operation mode 

(HEAT/COLD/FAN/DRY), fan mode 

o For lighting systems: status (ON/OFF), dimming 

o For DHW systems: status (ON/OFF), temperature setpoint 

The application will operate as follows. By default, all assets will be managed using the optimum 

schedule, which is automatically computed by the application based on the specific comfort profiles 

and energy prices that result from the analysis of the historical usage of the asset by the user. 

Additionally, the user will be free to override the proposed schedule by manually setting specific 
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configurations in a calendar-based form. The combination of both will form the schedule that is applied 

to the assets. 
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Figure 48: Personalized Energy Analytics Application – Smart asset scheduling 

3.2.3 Exploited technology stack 

The design of this component will follow a micro-services approach, where different individual features 

will be developed in well defined software components offering an API for enabling interactions with 

external components. The proposed technology to facilitate the micro-services-based deployment is 

Docker6, packaging each of the components as an independent docker image. Those micro-services 

will mainly interact with the SYNERGY Platform – in order to retrieve data and analytics results – by 

performing queries to the API Gateway REST API. 

With regards to the software libraries and platforms foreseen for the development of the user 

interface, those include NodeJS7 for backend services, Meteor8 for front-end/back-end communication 

and reactive data delivery to clients, and React9 for reusable and highly modular front-end 

development. The web-based development will be packaged in the form of native mobile apps 

                                                           

6 https://www.docker.com/ 

7 https://nodejs.org/en/ 

8 https://www.meteor.com/ 

9 https://reactjs.org/ 
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addressing the most relevant platforms. In order to host component-specific data, MongoDB10 

database is proposed. 

The data analytics and optimizations libraries to be used in the application will be aligned with the 

frameworks and libraries that will be supported in the Data Analytics Services Bundle in the SYNERGY 

Cloud Platform. 

  

                                                           

10 https://www.mongodb.com/ 
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3.3 Flexibility Analytics and Consumer-Centric DR Optimization Application 

The Flexibility Analytics and Consumer-Centric DR Optimization Application implements all necessary 

features to allow DER aggregators position themselves to provide better and added value services. By 

exploiting all available data, in order to analyse in detail what is the flexibility potential of their 

portfolio, the application facilitates the optimal placement of the flexible assets in different Demand 

Side Management strategies as triggered by 3rd party electricity stakeholders requesting for ancillary 

services.  

 

Figure 49: Flexibility Analytics and Consumer-Centric DR Optimization Application components and addressed 
actors 

The Aggregator Portfolio Manager is the component in charge of facilitating aggregators to 

continuously have a clear picture and management of their portfolio’s performance, in order to be 

able to deliver the required flexibility to network operators. 
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The VPP Configuration Engine will be able to continuously monitor the performance of the VPP and 

trigger the optimal strategies over the portfolio assets on the basis of flexibility requests triggered by 

3rd party entities (i.e., network operators).   

The details of the different components that consist of the Flexibility Analytics and Consumer-Centric 

DR Optimization Application are presented in the following subsection. 

3.3.1 Component details 

3.3.1.1 Aggregator Portfolio Manager 

The Aggregator Portfolio Manager is the component in charge of facilitating aggregators to 

continuously have a clear picture and management of their portfolio’s performance, in order to be 

able to deliver the required flexibility to network operators considering the flexibility characteristics of 

their customers (e.g. duration of flexibility activation, flexibility amount that can be provided, response 

time for flexibility activation, contractual restrictions, location of events/ flexibility, timing of events/ 

flexibility availability, etc). On the basis of the high-level overview presented in D2.6 – Section 6.2.6, a 

detailed architecture for the Aggregator Portfolio Manager component is presented in the following 

figure. 

 

Figure 50: Aggregator Portfolio Manager Component Diagram 
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As depicted in the component diagram, input data from the different flexibility related components 

(Flexibility Contracts Manager focus on flexibility contractual details, Flexibility Settlement & 

Remuneration Engine focus on actual flexibility profiles, Virtual Power Plant (VPP) Configuration Engine 

with focus on flexibility requests) are incorporated in the analysis of the Aggregator Portfolio Manager. 

By taking into account the flexibility forecasts as extracted from the baseline developed in WP4, 

appropriate flexibility clusters are further extracted that are further associated with the manual 

portfolio management configurations as delivered by the user of the application. On the other hand, 

aggregate flexibility profiles as extracted from the Aggregator Portfolio Manager are available to the 

platform for further exploitation by 3rd party business entities. More details about the input data and 

the algorithmic processes of the Aggregator Portfolio Manager are presented in the following sections.  

First, the list of features offered by the Aggregator Portfolio Manager as specified in the reference 

architecture document includes 

Table 33: Aggregator Portfolio Manager Component features 

Feature Description 

APM_1 Multi-dimensional flexible source classification based on operational 

parameters: The Aggregator Portfolio Manager should facilitate aggregators to 

perform analysis of their portfolio of flexibility sources taking into account their 

operational characteristics, i.e., duration of flexibility activation, flexibility 

amount that can be provided, response time for flexibility activation, etc. 

APM _2 Multi-dimensional flexible source classification based on spatial parameters: 

The Aggregator Portfolio Manager should facilitate aggregators to perform 

location-based analysis of their flexibility sources on the way to provide location-

based energy services to the network operators. 

APM _3 Multi-dimensional flexible source classification based on temporal parameters: 

The Aggregator Portfolio Manager should facilitate aggregators to perform time-

based analysis of their flexibility sources on the way to optimally balance their 

flexibility bids in the different flexibility markets and schemas. 
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APM _4 User-defined classification of flexibility sources: The end user (aggregator) of 

the Aggregator Portfolio Manager should be able to set his/her manual settings 

about the management of its flexible sources - ad hoc classification of flexibility 

sources based on user defined criteria for analysis. 

 

The list of input data of the Aggregator Portfolio Manager is presented in the following table. 

Table 34: Aggregator Portfolio Manager data inputs 

Flexibility Contracts 

Details 

Information about the contractual agreements among aggregators and 

flexible asset managers as defined in the flexibility marketplace 

Expected update rate Periodically 

Coverage All customers of portfolio 

Resolution Per customer 

Actual Flexibility Offer The flex offer provided to the Aggregator by the flexibility asset owner 

for activation of flexibility 

Expected update rate Periodically 

Coverage All customers of portfolio 

Resolution 15 minutes 

per customer 

DER/Building 

Flexibility Request 

The flex request triggered by the Aggregator to flexibility asset owner for 

activation of flexibility 

Expected update rate Periodically 

Coverage All customers of portfolio 
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Resolution 15 minutes 

per customer 

 

Note: Customer Configuration Parameters ( Information about the different types of customers, their 

flexible assets and their characteristics) are defined during the customization process of the 

component. 

Along with the definition of input data as specified above, the list of analytics processes required to 

provide the defined functionality has been defined.  

At first, the analytics processes performed in the SYNERGY platform are presented. The core analytics 

process is related with the definition of the portfolio clusters. The Aggregator Portfolio Manager 

embeds functionalities for properly segmenting, classifying, clustering and managing flexibility profiles 

in order to establish optimal VPP composition for the delivery of different services to the aggregator. 

Therefore, it incorporates ML based techniques (available in the Analytics Workbench and executed in 

the Data Analytics Execution Service) to extract clusters and segments of portfolio based on specific 

criteria defined by the aggregator and following the flexibility typology defined in the project (based 

on the business objectives/criteria). In addition, information about flexibility profiling as extracted 

from SYNERGY baseline algorithms is considered in the analysis, presented in the following table. 

Table 35: Aggregator Portfolio Manager Component analytics 

Flexibility Profile 

Clustering 

Apply ML based clustering techniques to extract portfolio clusters on the 

basis of flexible asset characteristics 

Required inputs DERs Operational Characteristics, Contract Details, Flexibility Profiles 

Expected outputs Flexibility Clusters 

DER Flexibility 

Profiling 

Train a specific model to forecast time series of flexibility potential per 

each DER of the portfolio 

Required inputs DERs Operational and Energy Parameters 
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Expected outputs DER Flexibility Profiles 

Building level 

Flexibility Profiling 

Train a specific model to forecast time series of flexibility potential per 

each smart asset of the building of the portfolio    

Required inputs Smart Device Operational and Energy Parameters 

Expected outputs Building level Flexibility Profiles 

 

In addition, to support filtering over the data and further management of the search process, simple 

aggregations (temporal, spatial) over raw data streams (flexibility timeseries) are required. 

Table 36: Algorithms/Processes to be executed by Aggregator Portfolio Manager 

Flexibility Aggregation Simple aggregations of flexibility over time to support visualization of 

flexibility potential   

Required inputs Flexibility Profiles 

Expected outputs Aggregate Flexibility Values 

 

Details about the datasets extracted by the SYNERGY Platform to be consumed by the Aggregator 

Portfolio Manager are presented in the following table: 

Table 37: Aggregator Portfolio Manager analytics outcomes 

DER Flexibility Profile Time series of flexibility potential per each DER of the portfolio 

Expected update rate 15 minutes 

Coverage All customers of portfolio 

Resolution 15 minutes 

Per customer 
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Building Level 

Flexibility Profile 

Time series of flexibility potential per each smart asset of the building of 

the portfolio   

Expected update rate 15 minutes 

Coverage All customers of portfolio 

Resolution 15 minutes 

Per customer 

Flexibility Clusters Taxonomy of assets under different groups and base characteristics of 

each cluster 

Expected update rate Upon Request 

Coverage Portfolio level 

Resolution N/A 

 

A subset of the flex clusters (aggregated flexibility per cluster) will be further considered as the 

potential aggregate flexibility to be offered by an Aggregator to 3rd party business entities (e.g. network 

operators). These results will be further stored to the SYNERGY platform for further exploitation. 

3.3.1.2 Virtual Power Plant (VPP) Configuration Engine 

The role of the VPP Configuration Engine as stated also in D2.6 – SYNERGY Framework Architecture is 

to provide advanced Decision Support System (DSS) functionalities towards creating ad-hoc dynamic 

Virtual Power Plants (VPP) considering the type of service requested by the network operator and the 

flexibility characteristics of its underlying portfolio.  

Moreover, the VPP Configuration Engine will be able to continuously monitor the performance of the 

VPP and re-configure on the fly the initial VPP once a flexibility source has unexpectedly withdrawn 

from the VPP during the evolution of a flexibility provision event. The component diagram of the VPP 

Configuration Engine is presented in the following figure: 
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Figure 51: VPP Configuration Engine Component Diagram 

As depicted in the component diagram, input data from the different flexibility related components 

(Flexibility Contracts Manager focus on flexibility contractual details, Flexibility Settlement & 

Remuneration Engine focus on actual flexibility performance, DSO platform - Flexibility Based Network 

Manager- focus on flexibility requests) are incorporated in the analysis of the VPP Configuration 

Engine. By taking into account the flexibility forecasts as extracted from the baseline developed in 

WP4, appropriate flexibility related strategies are further extracted to meet the business objectives of 

the Aggregator. More details about input data and the algorithmic processes of the VPP Configuration 

Engine are presented in the following sections. 

First, the list of features offered by the VPP Configuration Engine as specified in the reference 

architecture document include: 

Table 38: VPP Configuration Engine features 

Feature Description 

VPP_1 Provision of ancillary services to TSOs/DSOs: The VPP Configuration Engine will 

facilitate aggregators to optimally bid their flexibility potential for different 

ancillary services, addressing the needs of network operators. 
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VPP _2  Flexible source clustering to VPPs: The VPP Configuration Engine will 

incorporate fine grained optimization techniques to match the available flexible 

sources of the aggregators with the demand for ancillary services as triggered by 

the network operator. The end user of the VPP Configuration Engine, through an 

intuitive GUI, has a visualization of the results of the optimization process. 

VPP _3 Automatic reconfiguration of VPPs:  On the way to perform control of flexibility 

sources in a robust and reliable manner that ensures no penalization on the 

aggregator side, the VPP Configuration Engine will incorporate (near) real time 

optimization techniques to support on the fly reconfiguration of their portfolio 

during the evolution of different flexibility provision events.  

VPP _4 User-defined reconfiguration of VPPs: Along with the automatic reconfiguration 

of VPP, the VPP Configuration Engine shall enable aggregators to take the final 

decision about their portfolio operational strategy. The end user of the VPP 

Configuration Engine, through an intuitive GUI, has always the alternative to 

define and set the portfolio flexibility strategies of interest, bypassing any 

automatic configuration performed by the engine.  

 

On the basis of the aforementioned features, design details for the VPP are presented in the following. 

The list of input data required by the VPP component are presented in the following table 

Table 39: VPP Configuration Engine data inputs 

Flexibility Contracts 

Details 

Information about the contractual agreements among aggregators and 

flexible asset managers as defined in the flexibility marketplace 

Expected update rate Periodically 

Coverage All customers of portfolio 

Resolution Per customer 



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 126 

 

Actual Flexibility Offer The flex offer provided to the Aggregator by the flexibility asset owner 

for activation of flexibility 

Expected update rate Periodically 

Coverage All customers of portfolio 

Resolution 15 minutes 

per customer 

3rd Party Flexibility 

Request 

Flexibility requests as triggered by network operators for the provision 

of flexibility related services 

Expected update rate Periodically 

Coverage At portfolio level 

Resolution 1 day 

per portfolio 

 

The list of output data as provided by the VPP component are presented in the following table 

Table 40: VPP Configuration Engine data outputs 

DER/Building 

Flexibility Request 

The flex request triggered by the Aggregator to flexibility asset owner for 

activation of flexibility 

Expected update rate Periodically 

Coverage All customers of portfolio 

Resolution 15 minutes 

per customer 
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Along with the definition of input/output data associated with the functionality of VPP, we present in 

this section the analytics processes running in SYNERGY Platform to provide the defined functionality.  

The main analytics required is an optimization process to ensure the optimal management of the 

available flexible sources under a specific 3rd party business request. The objective function and 

constrains incorporate parameters associated with the: 

 business request triggered by the 3rd party entity; monetary and non-monetary 

 available flexibility assets; contractual terms, flexibility profile and reliability level 

 manual settings provided by the aggregator 

The output of this optimization process is the allocation of the 3rd party flexibility request to the 

available portfolio flexible assets. In addition, flexibility profiling as extracted from SYNERGY baseline 

algorithms is considered in the analysis, presented in the following table. 

Table 41: VPP Configuration Engine analytics 

Portfolio Flex 

Optimization 

Develop an optimization algorithm for the optimal placement of flexible 

assets in 3rd party business requests 

Required inputs Flexibility Contract Details, 3rd Party Flexibility Request, Portfolio 

Flexibility Clusters, DER Flexibility Profiling, Building level Flexibility 

Profiling 

Expected outputs Portfolio Flexibility Strategies 

DER Flexibility 

Profiling 

Train a specific model to forecast time series of flexibility potential per 

each DER of the portfolio 

Required inputs DERs Operational and Energy Parameters 

Expected outputs DER Flexibility Profiles 

Building level 

Flexibility Profiling 

Train a specific model to forecast time series of flexibility potential per 

each smart asset of the building of the portfolio    

Required inputs Smart Device Operational and Energy Parameters 
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Expected outputs Building level Flexibility Profiles 

 

In addition, simple aggregations over the data streams are required order to facilitate the final 

selection of DER/Building Flexibility Strategies. These are mainly aggregations over flexibility related 

data in order to provide quick insights that will facilitate the strategy configuration by the aggregator. 

Table 42: Algorithms/Processes to be executed by VPP Configuration Engine 

Flexibility Aggregation Simple aggregations of flexibility over time to support visualization of 

flexibility potential   

Required inputs Flexibility Profiles 

Expected outputs Aggregate Flexibility Values 

 

Details about the datasets extracted by the SYNERGY Platform to be consumed by the VPP component 

are presented in the following table: 

Table 43: VPP Configuration Engine analytics outcomes 

DER Flexibility Profile Time series of flexibility potential per each DER of the portfolio 

Expected update rate 15 minutes 

Coverage All customers of portfolio 

Resolution 15 minutes 

Per customer 

Building Level 

Flexibility Profile 

Time series of flexibility potential per each smart asset of the building of 

the portfolio   

Expected update rate 15 minutes 
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Coverage All customers of portfolio 

Resolution 15 minutes 

Per customer 

Portfolio Flexibility 

Strategies 

Time series of flexibility request (strategy) for each of the selected asset 

of the portfolio 

Expected update rate Upon Request 

Coverage Portfolio level 

Resolution 15 minutes 

Per customer 

3.3.2 User stories 

The user interface will be provided in the form of a web application. The aggregators will have access 

to a number of visualizations related with the analysis performed by this application at portfolio level.  

At first, an authorization process applies where the user is prompted to provide personal account 

credentials.  
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Figure 52: SYNERGY Flexibility Analytics Authorization 

As part of the authorization process, the user may log into the application through tje 

username/password of the SSO service of SYNERGY Platform. 

 

Figure 53: SYNERGY Flexibility Analytics Login 

At the top of the screen, the full menu of features supported by the application are visible. 
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Figure 54: SYNERGY Flexibility Analytics Menu Section 

Details about the different features are further provided. In overview section, the business stakeholder 

has access on the list of assets of the portfolio. Appropriate filters may apply to define clusters that 

best fit to the different operational and business needs. Following a multi-dimensional characterization 

of the different flexible assets, the end user of the application is prompted to define operational 

related criteria e.g., time period filtering, special filtering, asset-specific filtering. 
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Figure 55: SYNERGY Flexibility Analytics – Assets Search – operational parameters 

In addition, and by taking into account the participation of the flexible assets in different contractual 

schemas, business related criteria may be considered as part of the filtering process e.g., specific 

business models, active business period, contractual limitations etc. 
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Figure 56: SYNERGY Flexibility Analytics – Assets Search – business parameters 

Following the execution of analytics process, the end user of the application is then prompted to select 

the specific set of assets to define a cluster/group for further analysis. The end user of the application 

provides a name and description for the cluster as presented in the following figure: 
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Figure 57: SYNERGY Flexibility Analytics – Clusters definition 

In addition, the stakeholder of the tool may select one asset in order to get insights about the flexibility 

related characteristics. 
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Figure 58: SYNERGY Flexibility Analytics – Asset  Detais 

Apart from the user driven segmentation of the portfolio to different groups, a more dynamic 

clustering approach is supported by the application. By selection from the list of input criteria (as have 

been defined above), an ML based classification progress applies towards the categorization of the 

different flexible assets to pre-defined groups for further business exploitation. 



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 136 

 

 

Figure 59: SYNERGY Flexibility Analytics – Assets Clustering  

Again, the end user of the application is prompted to select the specific the results of classification to 

set a cluster/group for further analysis. 

A summary view of the different clusters defined by the user is also available through the application. 

The end user of the application may search for a specific cluster through a search filter. 
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Figure 60: SYNERGY Flexibility Analytics – Clusters Overview 

The user may select a specific cluster and further drill into the performance details of the assets. 

Timeseries flexibility related information about each asset of the group is available. In addition, a table 

is available providing insights about the performance of the assets of the group for the aggregate 

period. Key metrics, i.e., total flexibility potential, average flexibility potential etc… are presented 

through this specific view of the application. 

The end user of the application may further select a specific period and filter the analysis over the 

selected period as presented in the following figure. 
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Figure 61: SYNERGY Flexibility Analytics – Cluster performance 

In addition, through the EDIT function the user of the application may update the list of assets that are 

associated with a specific group. 
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Figure 62: SYNERGY Flexibility Analytics – Edit Cluster 

Complementary to the functionality presented as part of portfolio assets clustering, the aggregators 

will have access to a number of visualizations related to the analysis performed by the VPP component. 

An overview section of the different strategies (Strategies Tab) will be available, where the business 

stakeholder has access to the full list of events triggered by 3rd party entities (i.e., network operators).  
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Figure 63: SYNERGY Flexibility Analytics – Active Strategies List 

The end user of the application may drill into the details of an event and get insights about: 

- The campaign request parameters as triggered by the 3rd party network operator (Request 

Tab) 

- The flexibility related parameters for the pool of assets selected for activation in this specific 

campaign; results of optimization process (Portfolio Tab)  

The mock-ups for the respective screens are presented in the following. At the campaign request 

section, the end user of the application will get information (timeseries) about the flexibility request 

triggered by the 3rd party entity. 
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Figure 64: SYNERGY Flexibility Analytics – 3rd party flexibility request details  

In a similar way at the portfolio section, the end user of the application will get information (timeseries) 

about the flexibility potential per asset selected to participate in the business request (results of the 

optimization process). 
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Figure 65: SYNERGY Flexibility Analytics – portfolio flexibility request details 

Moreover, manual configurations (through the configuration tab) may be applied by the end user of 

the tool. By selecting an active campaign, the end user may select or deselect from the list of flexible 

assets and apply the appropriate modifications on the flexibility requests as automatically extracted 

by the engine (updates per selected timestep and flexibility request value). 
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Figure 66: SYNERGY Flexibility Analytics – portfolio flexibility manual configuration 

On the other hand, the user can also drill into the history of closed campaigns and retrieve information 

associated with the performance of assets under each specific campaign. Also, the details about 

- The campaign request parameters as triggered by the 3rd party network operator (Request 

Tab) 

- The flexibility related parameters for the pool of assets selected for activation in this specific 

campaign; results of optimization process (Portfolio Tab)  

are available. 
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Figure 67: SYNERGY Flexibility Analytics – Close Strategies List 

In the following figure, the view about the performance of assets under a specific campaign is 

presented.  A timeseries graph is available showing the activation of the different flexible assets under 

the specific business requests. In addition, a 2-axis graph is available correlating the actual flexibility 

vs. the requested flexibility for the list of assets triggered by the Aggregator (under the selected 3rd 

party business flexibility request). The end user of the application may apply time filtering in order to 

limit the period for analysis. 
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Figure 68: SYNERGY Flexibility Analytics –Strategy Performance 

3.3.3 Exploited technology stack 

As stated also in D2.6, In order to provide its intended functionalities, the Flexibility Analytics and 

Consumer-Centric DR Optimization Application will build on state-of-the-art technologies, namely: (a) 

in the back-end layer, the Nest (NodeJS) web framework as a mature framework for delivering 

efficient, reliable and scalable server-side applications, (b) in the front-end layer, VueJS for custom 

SYNERGY front-end design and analytics results visualizations; (c) in the data storage layer, depending 
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on the applicable data assets’ licenses (that determine whether local storage will be eventually 

allowed), PostgreSQL (as the relational database for the operational data of the application, e.g. 

management of the energy and flexibility related properties, strategies parameters, clusters 

parameters), Elasticsearch (as the indexing engine to facilitate efficient aggregation and segmentation 

of data). The data analytics and optimizations libraries to be used in the application will be aligned with 

the frameworks and libraries that will be supported in the Data Analytics Services Bundle in the 

SYNERGY Cloud Platform. 
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3.4 DR Smart Contract Monitoring, Handling, Settlement and Remuneration Platform 

The DR Smart Contract Monitoring, Handling, Settlement and Remuneration Platform implements all 

necessary features to allow DER Aggregators and Flexible Asset Managers to come into a common 

marketplace and negotiate the enrolment of the flexibility assets in different flexibility services through 

a contractual process. Apart from the contractual part, the settlement and remuneration of the 

different flexible assets for their participation in the flexibility services is supported. To ensure 

transparency on the different processes running in the marketplace, a blockchain based 

implementation is considered. 

 

Figure 69: DR Smart Contract Monitoring, Handling, Settlement and Remuneration Application components and 
addressed actors 

The role of the Flexibility Marketplace Search Engine is to facilitate aggregators to search from a pool 

about flexibility sources with specific characteristics that fit to their business objectives. On the other 

hand, the flexibility asset managers will have the opportunity to properly configure the characteristics 



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 148 

 

and parameters of their flexible assets in the marketplace, enabling that way their active participation 

and collaboration in evolving flexibility-based market schemas. 

The role of the Flexibility Contracts Manager is to manage the contractual process among aggregators 

and flexibility asset managers. 

The Flexibility Settlement & Remuneration Engine leverages innovative energy baseline techniques - 

further complemented by adjustment and normalization methods –to enable fair settlement and 

remuneration of the flexibility assets for participation in flexibility services. 

Last but not least, the role of the Blockchain Wallet is to act as the user registry and management layer 

to enable end user’s interaction with the blockchain-enabled smart contract monitoring, handling, 

settlement and remuneration platform.  

The details of the different components that consist of the DR Smart Contract Monitoring, Handling, 

Settlement and Remuneration Application are presented in the following sections. 

3.4.1 Component details 

3.4.1.1 Flexibility Marketplace Search Engine 

The role of the Flexibility Marketplace Search Engine is to facilitate aggregators to gain access to a pool 

of flexibility sources and search for assets with specific flexibility characteristics that fit to their 

business objectives. On the other hand, the flexibility asset managers will have the opportunity to 

properly configure the characteristics and parameters of their flexible assets in the marketplace, 

enabling that way their active participation and collaboration in evolving flexibility-based market 

schemas under well-defined flexibility contracts. On the basis of the high-level overview presented in 

D2.6 – Section 6.2.8, a detailed architecture for the Flexibility Marketplace Search Engine component 

is presented in the following figure. 
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Figure 70: Flexibility Marketplace Search Engine Component Diagram 

As depicted in the component diagram, input data from the flexibility forecasts as extracted from the 

baseline developed in WP4 are considered for the functionality of the Flexibility Marketplace Search 

Engine. To support the establishment of a transparent role-based marketplace, connection to the 

Blockchain wallet is considered. More details about the input data and the algorithmic processes of 

the Flexibility Marketplace Search Engine are presented in the following. 

First, the list of features offered by the Flexibility Marketplace Search Engine (FMS) as specified also in 

the architecture definition include: 

Table 44: Flexibility Marketplace Search Engine Component features 

Feature Description 

FMS_1 Prosumers to report assets availability in the marketplace: By entering into the 

Flexibility Marketplace Search Engine, the flexibility asset manager should be 

able to define information about each flexibility source, i.e., operational 

characteristics of the devices, user settings and preferences etc... 

FMS _2 Aggregators to search for the available flexibility sources in the marketplace: 

Once the flexibility asset manager reports assets in the SYNERGY platform, these 

are made available to the aggregators. Aggregators shall be provided with a tool 
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to facilitate their search over the pool of available flexibility sources, by providing 

specific criteria of interest, i.e., type of flexibility source, time availability, service 

availability activation period etc. 

 

On the basis of the aforementioned features, design details for the FMS are presented in the following. 

The list of input data required by the Flexibility Marketplace Search component consist of the Customer 

Configuration Parameters- information about the different types of customers, their flexible assets and 

their nominal characteristics.  

The list of analytics processes required to provide the functionality envisioned for the Flexibility 

Marketplace Search component is defined. Information about flexibility profiling as extracted from 

SYNERGY baseline algorithms is considered in the analysis, presented in the following table 

Table 45: Flexibility Marketplace Search Engine Component analytics 

DER Flexibility 

Profiling 

Train a specific model to forecast time series of flexibility potential per 

each DER of the portfolio 

Required inputs DERs Operational and Energy Parameters 

Expected outputs DER Flexibility Profiles 

Building level 

Flexibility Profiling 

Train a specific model to forecast time series of flexibility potential per 

each smart asset of the building of the portfolio    

Required inputs Smart Device Operational and Energy Parameters 

Expected outputs Building level Flexibility Profiles 

 

In addition, simple aggregation over the raw data streams is required in order to facilitate the search 

process. These are mainly aggregations over flexibility related data in order to provide quick insights 

that will facilitate the search process from the Aggregator. 

Table 46: Algorithms/Processes to be executed by Flexibility Marketplace Search Engine Component 
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Flexibility Aggregation Simple aggregations of flexibility over time to support visualization of 

flexibility potential   

Required inputs Flexibility Profiles 

Expected outputs Aggregate Flexibility Values 

 

Details about the datasets extracted by the SYNERGY Platform to be consumed by the Flexibility 

Marketplace Search Engine are presented in the following table: 

Table 47: Aggregator Portfolio Manager analytics outcomes 

DER Flexibility Profile Time series of flexibility potential per each DER of the portfolio 

Expected update rate 15 minutes 

Coverage All customers of portfolio 

Resolution 15 minutes 

Per customer 

Building Level 

Flexibility Profile 

Time series of flexibility potential per each smart asset of the building of 

the portfolio   

Expected update rate 15 minutes 

Coverage All customers of portfolio 

Resolution 15 minutes 

Per customer 
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3.4.1.2 Flexibility Contracts Manager 

The role of the Flexibility Contracts Manager is to manage the contractual process among aggregators 

and flexibility asset managers. As a first step, and following selection of assets of interest, the 

aggregators are able to make a contractual offer to a flexible source asset manager by specifying the 

terms and conditions for the enrolment of their flexible assets to the aggregator’s portfolio. Once an 

offer is established, the flexibility asset manager may be able to see the offer (by opting-in to a 

contractual process with an aggregator) and further accept, decline or negotiate (with the aggregator) 

the terms and conditions of the offer towards reaching an agreement. In case of negotiation, a bilateral 

interaction applies between aggregator/ flexibility asset manager to converge either to an active or 

rejected contract. Eventually, a binding contract of flexibility will be established as reflected in a smart 

contract written in the blockchain. On the basis of the high-level overview presented in D2.6 – Section 

6.2.9, a detailed architecture for the Flexibility Contracts Manager component is presented in the 

following figure. 

 

Figure 71: Flexibility Contracts Manager Component Diagram 

As depicted in the component diagram, to support the establishment of a transparent contractual 

process, connection to the Blockchain wallet is considered. More details about the input data of the 

Flexibility Contracts Manager are presented in this section. First, the list of features offered by the 

Flexibility Marketplace Search Engine (FMS) as specified also in the architecture definition include: 
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Table 48: Flexibility Marketplace Search Engine Component features 

Feature Description 

FCM_1 Aggregators to offer draft contracts to the prosumers for their available 

flexibility: The Flexibility Contracts Manager shall facilitate aggregators to pool 

flexibility sources under a potential contract and further set the technical and 

financial details about this draft contract, establishing that way an offer for the 

exploitation of the selected flexibility sources.  

FCM _2 Prosumers to be able to accept/reject/negotiate contractual terms: The 

Flexibility Contracts Manager shall provide the mechanisms to the flexibility asset 

managers to get an overview of the different offers triggered by the aggregators, 

evaluate the contractual terms – both operational and financial – and further 

accept, reject or negotiate the contractual terms of the offer. 

FCM _3 Aggregators to provide counteroffers during the negotiation phase: In the case 

there is a rejection or negotiation of an offer by a flexibility source owner, the 

aggregator shall be able to provide a counter offer via the Flexibility Contracts 

Manager as part of the bilateral negotiation of the contract terms and conditions 

among the different business entities. 

FCM _4 Aggregators and prosumers to receive notifications about the status of the 

contractual process: The platform should incorporate a notification feature in 

order to facilitate the different business entities to receive updates about the 

status of the negotiation in real time. Once a new contractual offer is triggered 

by the aggregator or an update during the negotiation phase takes place, the 

responsible entity is notified about this update in order to act accordingly.  
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The list of input data required by the Flexibility Contracts Manager component consist of the Customer 

Configuration Parameters- information about the different types of customers, their flexible assets and 

their nominal characteristics.  

The output data of the Flexibility Contracts Manager component are presented in the following table 

Table 49: Flexibility Contracts Manager data outputs  

Flexibility Contract 

Details 

Information about the contractual agreements among aggregators and 

flexible asset managers 

Expected update rate Periodically 

Coverage All customers of portfolio 

Resolution Per customer 

 

There is no specific analytics process that applies at the Flexibility Contracts Manager level. The key 

functionality of the Flexibility Contracts Manager is related to the negotiation process applied between 

aggregators and flexibility asset managers.  

3.4.1.3 Flexibility Settlement & Remuneration Engine 

Following the contractual process and the establishment of DR campaigns by the aggregator, a fair and 

transparent settlement and remuneration of each contract should be supported by the DR Smart 

Contract Monitoring, Handling Platform. The business entities of the market platform should be sure 

that any flexibility activation is settled on the basis of an accurate, realistic and objective measurement 

and verification process. Towards this direction, the Flexibility Settlement & Remuneration Engine will 

leverage innovative energy baseline algorithmic techniques - further complemented by adjustment 

and normalization methods –to enable analysis of real time big data streams coming from a wealth of 

data points (flexibility sources) on the way to support continuous and “individualized” settlement and 

further remuneration (on the basis of contractual parameters) of the different market entities at 

different contexts and timings (even within the same day). On the basis of the high-level overview 

presented in D2.6 – Section 6.2.10, a detailed architecture for the Flexibility Settlement & 

Remuneration component is presented in the following figure. 



 D6.1 Detailed functionality specification and design of the EaaS Tool Suite 

 

This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under Grant Agreement No 872734. 

Page 155 

 

 

Figure 72: Flexibility Settlement & Remuneration Component Diagram 

As depicted in the component diagram, input data from the different flexibility related components 

(Flexibility Contracts Manager focus on flexibility contractual details, Virtual Power Plant (VPP) 

Configuration Engine with focus on flexibility requests) as well as AMI/SCADA related modules 

(towards retrieving actual metering data) are incorporated in the analysis of the Flexibility Settlement 

& Remuneration component. By taking also into account the flexibility forecasts as extracted from the 

baseline developed in WP4, flexibility settlement and remuneration processes are taking place. More 

details about the input data and the algorithmic processes of the Flexibility Settlement & 

Remuneration component are presented in this section. 

First, the list of features offered by the Flexibility Settlement & Remuneration Component (FSR) as 

specified also in the architecture definition include: 

Table 50: Flexibility Marketplace Search Engine Component features 

Feature Description 

FSR_1 Flexibility Settlement on the basis of an accurate Performance Measurement 

and Verification Process: Following the contractual process and flexibility 

sources activation in flexibility management campaigns, the Flexibility 

Settlement & Remuneration Engine shall ensure that the different flexible 
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sources (and subsequently the business entities that own these sources) are 

fairly settled for their participation in these campaigns. The settlement should be 

performed on the basis of the actual metering data streams as gathered by the 

metering systems available in place and following a baseline calculation process 

to ensure prompt settlement for the provided flexibility. 

FSR_2 Flexibility Remuneration for the provided flexibility under a specific contract: 

Along with the settlement for flexibility sources activation, appropriate methods 

should be applied in the Flexibility Settlement & Remuneration Engine to 

facilitate the prompt remuneration of the different business entities on the basis 

of the contractual agreements. By taking into account the terms as defined in the 

contract and the activation of flexibility sources in demand response campaigns, 

the financial remuneration of them is performed. 

 

The input data of the application are presented in the following table. 

Table 51: Flexibility Settlement & Remuneration data inputs 

Flexibility Contracts 

Details 

Information about the contractual agreements among aggregators and 

flexible asset managers as defined in the flexibility marketplace 

Expected update rate Periodically 

Coverage All customers of contract 

Resolution Per customer 

DER/Building 

Metering Data 

The actual measurement of DER/Building required for the settlement 

process 

Expected update rate Periodically 

Coverage All customers of contract 
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Resolution 15 minutes 

per customer 

DER/Building 

Flexibility Request 

The flex request triggered by the Aggregator to flexibility asset owner for 

activation of flexibility 

Expected update rate Periodically 

Coverage All customers of contract 

Resolution 15 minutes 

per customer 

 

The list of output data is presented in the following table.  

Table 52: Flexibility Settlement & Remuneration data outputs 

Flexibility Settlement 

Parameters 

The flexibility settlement values on the basis of flexibility requests and 

actual energy consumption values 

Expected update rate Periodically 

Coverage All customers of contract 

Resolution Per customer 

Actual Flexibility Offer The flex offer provided to the Aggregator by the flexibility asset owner 

for activation of flexibility 

Expected update rate Periodically 

Coverage All customers of contract 

Resolution 15 minutes 
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per customer 

Flexibility 

Remuneration 

Parameters 

The flexibility remuneration values on the basis of flexibility settlement 

and contractual agreements 

Expected update rate Periodically 

Coverage All customers of contract 

Resolution 15 minutes 

per customer 

 

Along with the definition of input/output data as specified above, we present the list of analytics 

processes required to provide the functionality envisioned for the Flexibility Settlement & 

Remuneration Engine. 

As stated above, the core algorithmic process is the incorporation of energy baseline analytics 

techniques to ensure prompt measurement and verification. On the basis of historical generation and 

demand data, correlated with routine and non-routine parameters, appropriate analytics techniques 

(available in the Analytics Workbench and executed in the Data Analytics Execution Service) shall apply 

to ensure accurate baselining. The extraction of energy baselines will further support the prompt 

settlement of flexibility on the basis of actual measurements and by taking int account the flexibility 

requests as triggered by the aggregator. Moreover, information about flexibility profiling as extracted 

from baseline algorithms may be considered for the settlement process. The list of analytics processes 

associated with the Flexibility Settlement & Remuneration Engine are presented in the following table. 

Table 53: Flexibility Settlement & Remuneration Engine analytics 

DER Flexibility 

Profiling 

Train a specific model to forecast time series of flexibility potential per 

each DER of the portfolio 

Required inputs DERs Operational and Energy Parameters 
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Expected outputs DER Flexibility Profiles 

Building level 

Flexibility Profiling 

Train a specific model to forecast time series of flexibility potential per 

each smart asset of the building of the portfolio    

Required inputs Smart Device Operational and Energy Parameters 

Expected outputs Building level Flexibility Profiles 

Baseline Energy 

Profiling 

Train a specific model to provide baseline estimations of energy 

consumption/generation 

Required inputs History of DER/Building Metering Data 

Expected outputs Baseline Energy Profiles 

 

To support settlement calculations over the data, simple aggregations (temporal) over the raw data 

streams (energy and flexibility timeseries) is required. Moreover, a simple algorithmic process applies 

to ensure remuneration of the different assets on the basis of the energy settlement as reported 

above.  

Table 54: Algorithms/Processes to be executed by Flexibility Settlement & Remuneration Engine 

Flexibility Aggregation Simple aggregations of flexibility over time to support visualization of 

flexibility potential   

Required inputs Flexibility Profiles 

Expected outputs Aggregate Flexibility Values 

Flexibility Settlement Calculation of flexibility settlement on the basis of flexibility requests 

and actual energy consumption values 

Required inputs DER/Building Flexibility Request, DER/Building, Metering Data, Baseline 

Energy Profiles 
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Expected outputs Flexibility Settlement Parameters, Actual Flexibility Offer 

Flexibility 

Remuneration 

Calculation of flexibility remuneration on the basis of flexibility settlement 

and contractual parameters 

Required inputs Flexibility Settlement, Flexibility Contract Details, DER Flexibility Profile, 

(Building Level) Demand Flexibility Profile 

Expected outputs Flexibility Remuneration Parameters 

 

Details about the datasets extracted by the SYNERGY Platform as results of analytics processes to be 

consumed by the Flexibility Settlement & Remuneration Engine are presented in the following table: 

Table 55: Flexibility Settlement & Remuneration Engine outcomes 

DER Flexibility Profile Time series of flexibility potential per each DER of the portfolio 

Expected update rate Periodically 

Coverage At asset level 

Resolution 15 minutes 

Per customer 

Building Level 

Flexibility Profile 

Time series of flexibility potential per each smart asset of the building of 

the portfolio   

Expected update rate Periodically 

Coverage At asset level 

Resolution 15 minutes 

Per customer 
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Baseline Energy 

Profiles 

Time series (history) of baseline energy per each DER of the portfolio 

Expected update rate Periodically 

Coverage At asset level 

Resolution 15 minutes 

Per customer 

3.4.1.4 Blockchain Wallet 

As stated above, the blockchain-enabled DR Smart Contract Management Application aims to provide 

a market – based mechanism for aggregators and flexibility source owners to negotiate and 

transparently set contractual agreements. In order to achieve this business objective, aggregators and 

flexibility source owners need to get access in this marketplace in a secure and transparent way. The 

role of the Blockchain Wallet is to act as the user registry and management layer to enable end user’s 

interaction with the blockchain-enabled smart contract monitoring, handling, settlement and 

remuneration platform. The role of this component has been clearly presented in previous sections 

and thus, there is no detailed architecture to be provided for this component. 

The list of features offered by the Blockchain Wallet component include: 

Table 56: Blockchain Wallet Component features 

Feature Description 

BW _1 Authorization based user’s registration in the marketplace: In order to enable 

the participation of the different business entities in the marketplace, a wallet 

presence (that represents the blockchain account) is required. A registration 

process should be supported by the platform to ensure that all actors of the 

marketplace can easily enrol to the functionalities offered by the platform. In 

order to ensure transparency on the marketplace operation, any registration to 

the platform should be also assigned to the blockchain network of the 

marketplace. 
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BW _2 Transparent management of the different files associated with the contractual 

process. In order to ensure transparency over the different processes running in 

the marketplace, the different files associated with the contractual process 

(contract template and remuneration results) may be also stored in the 

blockchain network established in the marketplace. 

 

On the basis of the aforementioned features, design details for the Blockchain Wallet are presented in 

the following.  

3.4.2 User stories 

As stated at the beginning, there are two business actors (flexible assets managers/aggregators) 

accessing the flexibility marketplace and thus the details about these 2 dedicated views are provided 

in this section. 

At first, an authorization process applies where the user is prompted to provide credentials (SSO 

credentials as agreed in SYNERGY project). The same visualization applies for both entities participating 

in the marketplace. 

 

Figure 73: SYNERGY Flexibility Marketplace – Login Page  
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The user may log into the application through a username/password to the SSO service supprted by 

SYNERGY project. 

 

Figure 74: SYNERGY Flexibility Marketplace – Login Credentials 

At the first time  of the authorization process, the Ethereum wallet account is autogenerated along 

with a personal password. Once logged into the application, the user is prompted to provide the 

password for the Ethereum wallet to ensure connectivity with the Ethereum Wallet. It is very 

important to keep the password of the wallet securely stored.  
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Figure 75: SYNERGY Flexibility Marketplace – Create Ethereum Wallet  

By entering into the application, the details of the different features are available through a top menu 

bar.  

Starting with the flexible asset owner, the user of the application may get access on the list of flexible 

assets; pre-configured to participate in the Flexibility Marketplace. A filtering section is available to 

facilitate the owner at the selection from its multiple flexibility assets. 
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Figure 76: SYNERGY Flexibility Marketplace – Asset Manager Overview 

Once selecting a specific asset, the user is able to receive details about this asset while edits on specific 

fields/parameters may apply. More specifically, the end user of the application has access on the 

configuration parameters. In addition, timeseries flexibility profiling data are available. The flexible 

asset manager may select a period over the history for detailed analysis of the flexibility potential of 

its asset. 
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Figure 77: SYNERGY Flexibility Marketplace – Asset Manager – Asset Details 

On the other side, the aggregator has access on the platform and the overview of the full list of assets 

available in the marketplace. By placing, operational, time and space filters, the end user of the 

application gets a list of available assets that meet any organizational or business priorities. 
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Figure 78: SYNERGY Flexibility Marketplace – Aggregator – Asset Search  

In addition, business related criteria may be defined by the aggregator in order to properly meet assets 

that best fit to its business needs and requirements. 
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Figure 79: SYNERGY Flexibility Marketplace – Aggregator – Asset Search_v2.0 

Moreover, the aggregator may drill into the details of each asset getting insights about its nominal 

characteristics. In addition, flexibility related parameters and characteristics are available per asset to 

the aggregator (timeseries information) ). As a next step, the aggregator may select from the assets of 

interest for enrolment at a specific contractual offer. 
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Figure 80: SYNERGY Flexibility Marketplace – Aggregator – Asset Details  

Following marketplace search functionality, details about the contractual process are provided. As 

above, there are two different views of the Flexibility Marketplace - Flexibility Contracts Management, 

reflecting the role of the two business actors (flexible assets owners/aggregators) accessing the 

flexibility marketplace. 

Starting with the aggregator, by selecting the assets to enrol in a campaign, the user is prompted to 

specify the contract related values (financial, operational etc…) as part of the offer template.    
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Figure 81: SYNERGY Flexibility Marketplace – Aggregator – Contract Offer 

Once the contractual offer is established, then the negotiation process applies.  

At a next step the flexible asset owner, is getting notified about the available offer and may access the 

list of available offers to get insights about the parameters of the new offer. By reviewing the contract 

offer terms, the user is prompted to accept, reject or negotiate the terms of an offer.  

In case of acceptance or rejection, the overall negotiation process is over. In case of negotiation, 

updates over parameters apply and this counter offer is then available to the aggregator for 

negotiation.  
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Figure 82: SYNERGY Flexibility Marketplace – Negotiation Process 

The aggregator is getting notified about the counter offer and then may accept, reject or re-negotiate 

the terms of the offer. At any step of the process, any updates on the contratual parameters are 

registered into the Ethereum wallet, and thus the business actor is prompt to provide the ethereum 

wallet credentials. 
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Figure 83: SYNERGY Flexibility Marketplace – Contract Registry into Ethereum Network 

At any given moment, the aggregator or flexible asset owner may access the list of contracts or 

contractual offers and check the parameters as established during the contract negotiation phase. 

 

Figure 84: SYNERGY Flexibility Marketplace – List of Contracts 
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From the list of contracts, the busines actor may select the settlement and remuneration tab in order 

to get insights about the performance of a specific contract. The same visualization is available for both 

actors enrolled in the business process (aggregators and flexible assets managers). 

 

Figure 85: SYNERGY Flexibility Marketplace – List of Contracts Settlement 

By selecting the respective feature, a detailed analysis of each asset performance under a specific 

contract is available. A timeseries graph is provided highlighting (a) the activation time for a flexibility 

request, (b) the flexibility order as triggered by the aggregator, (c) actual energy measurement, (d) 

baseline energy measurement and (e) the flexibility offered as calculated by the settlement 

component. In addition, a table is available, correlating actual vs. required flexibility for the different 

flexibility requests triggered under the selected contractual agreement. 
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Figure 86: SYNERGY Flexibility Marketplace –Settlement Details 

Along with the settlement information, information associated with the remuneration process is also 

accessible via the application (per request and in total); information about reward and penalty is 

available through the table. 

3.4.3 Exploited technology stack 

As stated in D2.6, in order to provide its intended functionalities, the Flexibility Marketplace Search 

Engine will build on state-of-the art technologies, namely: (a) in the back-end layer, the Nest (NodeJS) 

web framework as a mature framework for delivering efficient, reliable and scalable server-side 

applications (b) in the front-end layer, VueJS for custom front-end design for the flexibility 

marketplace; (c) in the data storage layer, depending on the applicable data assets’ licenses (that 

determine whether local storage will be eventually allowed), PostgreSQL (as the relational database 

for the operational data of the application, e.g. management of the assets in the marketplace, 
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contracts parameters, settlement parameters),  Elasticsearch (to facilitate search over the flexibility 

sources available in the market platform). The data analytics and optimizations libraries to be used in 

the application will be aligned with the frameworks and libraries that will be supported in the Data 

Analytics Services Bundle in the SYNERGY Cloud Platform. In order to provide its intended 

functionalities, the Wallet Manager will be based on Truffle  framework for managing the blockchain 

identity of the user (as the Ethereum based distributed ledger deployed in the project for the validation 

of the marketplace concept). 
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4 Conclusions 

The purpose of the deliverable D6.1, entitled “Detailed functionality specification and design of the 

EaaS Tool Suite for Energy Retailers and Aggregators”, is to detail the functionalities and present the 

design of the applications composing this tool suite. 

To this end, firstly a background section is included giving the context of the works to perform in WP6, 

with regards to the previously defined requirements, use cases, overall project architecture and 

overview of BaU activities performed by the addressed business actors and related to the features that 

are proposed and will be implemented in the different applications that compose the tool suite. 

This introductory background section is followed by the technical specification and design of the 

applications, detailing for each of them the relevant aspects with regards to components and internal 

architecture, data and assets requirements, proposed analytics and proposal of the user interfaces. 

All this information will serve as the basis upon which the work on WP6 will be continued. The next 

steps in all four tasks of the WP include starting with the development of the tool suite. WP6 foresees 

two follow-up demonstrator-type deliverables, due to M22 and M42 respectively, which will prototype 

and demonstrate the implementations of these applications. 
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