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Executive summary 

The current deliverable D7.1 “Detailed functionality specification and design of the Optimized Energy 
Performance Management Suite” reports the first results of Tasks 7.1, 7.2, 7.3 and 7.4, each one in 
charge of the design and development of the applications composing the energy applications suite to 
be delivered by WP7. The purpose of this deliverable is to detail the functionalities and present the 
design of the applications composing this suite. Specification is built on the use cases and requirements 
analysis, and the SYNERGY framework architecture defined in WP2. The energy applications emerging 
from WP7 are: 

 Advanced Renovation Support App, which aims at supporting users (Facility managers, 
Building owners, ESCOs) in the design and selection of most appropriate building renovation 
actions. 

 Urban Energy Monitoring and Planning Support App, which aims at supporting users (Urban 
planners, Municipalities’ decision makers) to monitor near real-time energy performance of 
buildings and to identify any potential weaknesses in the performance. Combined with the 
simulation environment, this application will allow to design effective alternative urban 
transformation strategies towards urban sustainability defined in SECAP plans.  

 Self-Consumption Optimization & Predictive Maintenance App, which aims at supporting users 
(Facility managers) to optimize the operation and energy management of large facilities and 
building complexes. 

 Real-time Building Energy Performance and Smart Readiness Certification App, which aims at 
supporting users (Aggregators, Retailers, Facility owners) with tools to assist in the continuous 
assessment and certification of real-time dynamic assessment of energy performance of 
buildings. 

The detailed specifications, presented in this document, define the architecture, functional features, 
user stories and deployment technology stack of each application and its components to be developed 
in WP7, in great details. Furthermore, the interaction of WP7 energy management applications with 
the SYNERGY platform developed in WP3 and WP4 is carefully addressed (in form of data 
inputs/outputs, and required analytics). 

The current deliverable is the first of three deliverables to be delivered by WP7, and specifies the 
required information that will allow partners to start implementing and prototyping all four 
applications. Follow-up deliverables, i.e. D7.2 (due on M22) and D7.3 (due on M42), will focus on 
documenting and demonstrating  the applications specified in D7.1. 
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1 Introduction 

1.1 Purpose of the document  

This deliverable defines in detail the design and technical specifications for the SYNERGY Building/ 
District-level Analytics for Optimized Energy Performance Management suite. The suite includes 
components for Advanced Renovation support, Urban Energy Monitoring and Planning Support, 
Facility Management Energy Analytics, Self-Consumption Optimization & Predictive Maintenance, and 
Real-time Building Energy Performance and Smart Readiness Certification applications, which have 
resulted from the specification work of tasks T7.1, T7.2, T7.3 and T7.4, respectively.  

The detailed design of defined energy applications and their components carefully considers the 
business context for the proposed applications:  

 To deliver highly innovative renovation decision support tools to building facilities managers, 
building owners and ESCOs for safeguarding the payback of Energy Performance Contracts 
applied during renovation projects; 

 To support urban monitoring and planning operations of city authorities through real-time 
urban energy performance monitoring & assessment and planning of targeted interventions 
that can evidently satisfy energy efficiency objectives set in the SECAP plans; 

 To equip facility managers and ESCOs, with real-time energy performance analytics towards 
optimizing energy management, maximizing self-consumption and optimizing predictive 
maintenance of building assets; 

 To reinforce the business offering of ESCOs through a first-of-a-kind application for real-time 
energy performance and smart readiness certification of buildings. 

This report sets the ground for the following development activities in WP7 towards iterative 
implementation of Optimized Energy Performance Management Suite as well as the interaction with 
the SYNERGY platform (developed in WP3 and WP4), which will be validated during the project 
demonstration phase carried out in WP8. 

1.2 Scope of the document  

This deliverable provides the detailed specification of Energy Performance Management applications 
and their respective components. Apart from the features provided by applications, the detailed 
specifications include such technical aspects as architecture and interfaces to the SYNERGY big data 
platform (developed in WP3 and WP4) as well as use cases and important stakeholders involved in 
energy performance management domain, that have been driving the detailed specifications reported 
in this report. Though, the detailed definition of each use case has been documented in deliverable 
D2.1 (“End-user and Business requirements analysis for big data-driven innovative energy services and 
ecosystems”) as well as the detailed architecture of SYNERGY platform is explained in D2.6 (“SYNERGY 
Framework Architecture including functional, technical and communication specifications”). 
Furthermore, demonstration and piloting aspects for the energy performance applications are touched 
in the respective applications’ specifications, however the detailed definition of piloting activities, 
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demonstration, validation and impact monitoring in form of KPIs will be defined in the scope of WP8 
deliverables.   

1.3 Structure of the document  

This document is structured as follows. 

Chapter 2 sets the context and scope of WP7 developments. Accordingly, it provides a short overview 
of energy applications and their components to be developed in WP7, the use cases and relevant actors 
associated with each energy application. Furthermore, a comparative overview of existing solutions 
already available in the market in the domain of WP7 developments is discussed. Last but not least, 
the architecture and interfaces to the SYNERGY platform are explained in detail in this chapter. 

Chapter 3 provides the detailed specification of all energy applications to be developed in WP7. Each 
energy application is described in detail by specifying the internal application component architecture, 
provided technical features, user stories and technological stack to be used to develop and deploy 
respective applications in the concrete business contexts. 

Chapter 4 concludes this document by highlighting main discussion points of the report as well as 
outlining the aspects of future work.     
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2 Background 

2.1 Overview of WP7 Applications 

The energy applications to be developed in WP7 are listed below, while their detailed specification is 
presented in Chapter 3. 

Advanced Renovation Support App - this application aims at supporting users (Facility managers, 
Building owners, ESCOs) in the design and selection of most appropriate building renovation actions. 
This will be achieved by leveraging the real-time data coming from the actual operation of the building 
combined with occupants’ behavior- and comfort profiles into iterative analytics and simulation loops 
to propose alternative renovation scenarios of selected buildings, thus helping respective users to 
enhance generic routines currently used in similar commercial products, which are based on predicted 
energy performance of a building. The Advanced Renovation Support App includes the following 
components.  

 AI boosted Renovation Decision Supporting Service (AI-RDSS)  

 IDA-ICE based Renovation Analysis Service (IDA-ICE-RAS)  

Urban Energy Monitoring and Planning Support App - this application aims at supporting users (Urban 
planners, Municipalities’ decision makers) to monitor and visualize near real-time energy performance 
of buildings (public and commercial) with the objective to identify weak energy performance areas. 
Combined with the simulation environment, this application will allow to design effective alternative 
urban transformation strategies towards the realization of short-term and mid-term objectives for 
energy efficiency and urban sustainability to meet SECAP targets. The Urban Energy Monitoring and 
Planning Support includes the following two components. 

 Near Real-time City Monitoring and Visualization service (NRCMV) 

 Strategic Urban Planning Supporter (SUPS)  

Self-Consumption Optimization & Predictive Maintenance App - this application aims at supporting 
users (Facility managers) to optimize the operation and energy management of large facilities and 
building complexes. It will allow users to get a deep and comprehensive understanding of the energy-
related behaviour of the facilities under their responsibility, through the calculation and proper 
visualization of relevant metrics and KPIs. In presence of RES, storage and other energy flexibility 
sources (EVs), it will support the design of appropriate flexibility control strategies and interacting 
mechanisms with the urban energy network in order to be able to maximize self-consumption and 
reduce energy costs without compromising occupants’ requirements for comfort at building and 
district (group of buildings) levels. Finally, energy management will be further enhanced with 
predictive maintenance features for large energy consuming equipment and systems installed in 
buildings The Self-Consumption Optimization & Predictive Maintenance Engine comprises of the 
following components.  

 HVAC Predictive Maintenance Service (HVAC-PMS)  

 Building-Level Energy Performance Optimisation Manager (BL-EPOM) 

 District-level Energy Performance Optimisation Manager (DL-EPOM) 
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 Facility Management Monitoring Engine (Common and complementary to other 
components)  

Real-time Building Energy Performance and Smart Readiness Certification App - this application aims 
at supporting users (Aggregators, Retailers, Facility owners) with tools and methods to assist in the 
continuous assessment and certification of real-time dynamic assessment of energy performance of 
building through eDECs and the Smart Readiness status of the building according to SRI methodology. 
Real-time Building Energy Performance and Smart Readiness Certification Tool comprises of the 
following components.  

 eDECs (enhanced Display Energy Certificates) Calculation Engine (eDEC-CE) 

 SRI (Smart Readiness Indicator) Calculation Engine (SRI-CE)  

2.2 Overview of existing solutions 

The aim of this section is to provide a comparative overview of existing solutions, which are already 
available in the market in the domain of WP7 developments. The respective market analysis is already 
performed in detail in the deliverable D10.5, thus here it’s complemented in terms of technical 
features. 

2.2.1 Advanced Renovation Support  

There is a number of renovation design and energy performance contracting supporting tools as 
overviewed in D10.5. The most prominent products are presented below.   

 The simulation tools such as IDA Indoor Climate and Energy (IDA ICE1) and Early Stage Building 
Optimization (ESBO2) used most commonly, include various simulation supporting features for 
incorporating a multitude of systems and detailed dynamic models with eternal datasets. 
There are well recognised shortcomings (Häkkinen, et al., 2016) of these tools related to their 
usability as well as the availability of the support for the integration of real-time data on the 
performance of target buildings for renovation actions design.  

 Simien 7.03 is a software and simulation tool for design of energy usage of buildings, including 
renewable energy system design. Tool includes simulation of peak heating- and cooling loads, 
thermal comfort and indoor air quality, energy demand and delivered energy, energy labelling 
of buildings, evaluation of passive house requirements and profitability analysis. 

 TRNSYS4 is simulation tool which includes a library of thermal and electrical energy systems, 
as well as enables data inputs from external sources such as weather data or other time-
dependent functions. Main applications for the program include: solar systems (solar thermal 

 
1 https://www.equa.se/en/ida-ice 
2 https://www.equa.se/en/esbo 
3https://www.ntnu.edu/documents/1281770977/1290529586/Session+12_Tor+Helge+Dokka.pdf/a3
f32f91-1e24-265f-1ced-6198e04c34a6?t=1574069768459 
4 http://www.trnsys.com/ 
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and photovoltaic systems), low energy buildings and HVAC systems, renewable energy 
systems, cogeneration and fuel cells. 

 AC-OPT5 is a simulator, focused specifically to HVAC systems and ACW-OPT for cold water 
systems. It enables recognition of energy saving potential, system behaviour and system weak 
points, utilization of different energy contracts and pricing models and incorporation of 
weather data from outside sources. 

In contrast, the SYNERGY advanced renovation support application will utilize real-time automatically 
collected hourly history data of building energy consumption, occupants’ behaviour and comfort 
profiles to construct building energy consumption digital twin model for its further AI boosted analysis 
and respective calculation of alternative renovation scenarios on the fly. Only after that, when needed, 
the prioritised pre-selected list of renovation actions can be further used for the more detailed analysis 
with support of existing commercial simulation tools such as IDA ICE.   

2.2.2 Urban Planning Support 

As presented in deliverable D10.5, there are many tools available to support urban monitoring and 
planning activities depending on the intended use6: 

 There are tools that are developed to support mostly design and visualization of urban areas. 
The examples of those are AutoCAD®, Trimble Inc, and Bentley Systems, Lumion, CityCAD, 
AgiliCity (Modelur). 

 Other category of tools is focused more on supporting of planning and monitoring aspect of 
cities. Such tools as ArcGIS Pro, Urban Footprint allow city planners to combine GIS data to 
3D/4D representations of urban areas. 

 There are also simulation tools such as Urban Canvas Modeler, which support generation of 
long-range, small area socioeconomic forecasts and help planners to manage workflows for 
developing input data relevant to land use and future development. 

The capability for storing relevant energy data is lacking from the tools. In SYNERGY Urban Monitoring 
and Planning Support will utilize Energy ADE profiles, which will allow better integration between 
energy data and semantic city model. In addition, near-real time urban energy data analytics will be 
complemented with approaches based on system thinking and system dynamics models. This will 
support designing alternative urban transformation strategies and monitoring the realization of long-
term objectives for energy efficiency and urban sustainability along with achieving of SECAP targets 
and goals. 

When it comes to urban planning models, in comparison to existing simulation support, system 
dynamics based approaches are able to take into consideration the existing interdependencies among 
social, ecological, economic and other subsystems and their indicators that are relevant for the 
development of urban sustainability policies and emphasize possible drivers and barriers with regard 
to initial planning. There has been some scientific research that looked at the dynamics of a smart city 
strategy with the support of modelling and simulation effort of system dynamics-based tools, such as 

 
5 https://www.rlt-simulation.de/ 
6 20-2025 Global Urban Planning and Design Software Market Professional Analysis (Impact of 
COVID-19). Maia Research. 2020 
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the effort has been made in (Lombardy et al., 2013; Adbali et al., 2018; Pichler, 2017) to model smart 
city innovation areas and respective KPIs to support municipalities in city planning activities. There are 
also policy development studies that have attempted to use system dynamics to simulate the effects 
of regulatory changes on aged building stock management with taking into consideration availability 
of workforce resources (Caponio, et al., 2015; Sing, et al., 2019). However there are no modules or 
libraries released to support more operative strategic urban planning considering various energy 
transition paths and taking into account in particular, technological developments in energy domain, 
performance of buildings, user acceptance factors and other business related drivers and barriers.  

2.2.3 Facility Management Energy Analytics, Self-Consumption Optimization & Predictive 
Maintenance  

The existing building energy performance optimisation tools can be clustered considering the design 
(including both concept and technical, electrical and energy infrastructure) and use phase (including 
post-occupancy operation and maintenance). This review will focus solely on the tools relevant for the 
building use phase, available in the market or outcome of similar projects; some of these tools are also 
summarised in D10.5. 

The common features of the existing solutions for building facility management and predictive 
maintenance are to be connected to the cloud and provide asset performance monitoring and 
suggestions for operation & maintenance practices. Some of these tools, with their specific features, 
are listed below: 

 Siemens7 provides predictive maintenance analytics & maintenance strategy analysis. 

 Hippo CMMS8 is a maintenance management software that can provide solutions for 
preventive maintenance, work order management and inventory control. 

 75F Facilisight9 provides machine learning of real-time sensor and weather data for the 
management of the indoor environment for optimal occupant experience and operational 
efficiencies. 

 EcoStruxure Building Advisor10 provides data monitoring from energy, lighting, fire safety and 
HVAC equipment and is a tool for building performance optimisation.  

 Apleona Digital Ecosystem11has a workspace occupancy optimisation module, incident 
management, energy use optimisation and cleaning service management. 

 SIE Self-consumption Mettering12 generates month to month energy monitoring and energy 
balance calculations. 

 
7 https://new.siemens.com/global/en/products/buildings/services/asset-performance-services.html. 
8 https://hippocmms.iofficecorp.com/ 
9 https://www.75f.io/ 
10 https://www.se.com/ww/en/work/services/digital-services/top-practices/asset-management.jsp 
11 https://www.apleona.com/en/apleona-digital-solutions/apleona-digitalization-strategy/ 
12 https://www.inergybcn.com/en/moduls/sie-autoconsumo/ 
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 TRNFLOW13 has a specific ventilation module & TRNSYS 1814 (Aiguasol, 2021) provides a 
building operational simulation.  

Also, for the building integrated photovoltaic (PV) systems, there are specific tools, which track solar 
production and energy consumption together, such as: 

 Sense Solar15 provides a comparison for the prosumers consumption to guide the prosumers 
for shifting large loads and minimize the energy they need to buy from their utility. 

 Tiko16  aims to adapt the consumption profile of prosumers to their own production. 

 Steadysun17 provides solutions for the solar power ramps considering solar energy generation 
predictions and energy consumption of prosumers. 

There are also open software programs for the use phase for monitoring and optimal operation of 
buildings such as OpenRemote18 (data analysis and monitoring of solar panels performance) 
BEMServer19 (system monitoring, energy control, visualisation and energy behaviour modules).  

Facilitated by real-time data, big data analytics and ML algorithms, the SYNERGY tools will take the 
design of such systems a step further by generating specific operating setpoints for the main flexible 
elements of a building or a group of buildings, taking into account constraints on the use of the 
electricity grid and operating these elements in a coordinated manner. 

2.2.4 Real-time Building Energy Performance and Smart Readiness Certification  

With regards to the Real-Time Building Energy Performance Certification tools, as also discussed 
further in D10.5, under the Energy Performance of Buildings Directive 2010/13/EU, all EU countries 
have established independent energy performance certification systems supported by independent 
mechanisms of control and verification. The Directive has established a common framework for a 
general methodology to calculate the buildings’ energy efficiency on which each country has built upon 
and developed one or multiple tools which can assess the energy efficiency and carbon footprint of 
different buildings and produce Display Energy Certificates (DECs). 

The inputs of those tools indicatively include: 

 Geometric definition and thermal envelope composition (materials of each layer, thermal 
properties and thickness); 

 Technical features of all installations (i.e., HVAC systems), such as nominal power, 
performance curve and flow rates; 

 Occupancy profiles and operation schedules to establish the building operation profile. 

The tools are designed to: 

 
13 https://aiguasol.coop/energy-software/trnflow-ventilation-module-for-trnsys-18/ 
14 https://aiguasol.coop/energy-software/trnsys-18-energy-system-simulation 
15 https://sense.com/solar/ 
16 https://tiko.energy/ 
17 https://www.steady-sun.com/ 
18 https://openremote.io/energy-management 
19 https://www.bemserver.org 
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 Assist in the energy performance assessment of a building; 

 Define minimum energy requirements of a building; 

 Provide energy performance certificate for a building; 

 Perform the assessment of individual components installed in a building including heating and 
cooling units, building envelope, M&E components etc. 

The tools that are currently available only provide a static representation of the energy consumption 
profile of the building which does not allow for a more dynamic assessment of the building in terms of 
space and time; this is the gap we are trying to address under the SYNERGY project and the 
development of the enhanced Display Energy Certificates (eDECs). 

In terms of the Smart Readiness Certification, there are currently no tools developed which can assess 
and produce certification indicating the level of readiness of a building in terms of smart controlling 
systems for the different services in it. SYNERGY project builds on this gap and, following a recently 
published EU methodology for the SRI assessment of a building will develop a tool that will be able to 
produce the certifications needed. 

2.3 Relevant Use Cases and Actors  

This section provides the list of use Cases (UC) and relevant actors associated with each of the 
components of energy applications presented in Chapter 2 and further analysed in Chapter 3. The 
detailed definition of each use case has been documented in deliverable D2.1.  

The Table 1 presents a brief reference for each UC pertinent to the scope of this deliverable, containing 
the title and ID as well as the actors involved. 

Table 1. Application Use Cases 

ID Title Actors 

UC_7_1 Increased accuracy in building energy 
simulation results through the utilization of 
accurate profiles and schedules of occupants 

Facility managers, Building owners, 
Business users, Renovation projects 
managers 

UC_7_2 Creation of the building energy passport for 
increasing attractiveness of investments in 
buildings 

ESCOs, Building Owners, Building 
Occupiers  

UC_7_3 Urban planning energy performance and 
SECAP targets tracking 

Urban planners, City decision makers 

UC_7_4 Predictive management at building level Energy Managers, Facility Managers, 
Facility Owners 

UC_7_5 Energy Performance optimization at building 
level 

Facility Manager and ESCOs 
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ID Title Actors 

UC_7_6 Energy Performance optimization at district 
level 

Facility Manager and ESCOs 

UC_7_7 Real-time dynamic assessment of building 
energy performance through eDECs 

Facility Managers, Aggregators, 
Retailers 

UC_7_8 Advanced Energy performance certificate 
with smart readiness indicators 

Aggregators, Retailers, Facility owners 
(potentially in the future) 

The Table 2 provides a matrix linking each component (energy application) pertinent to WP7 with each 
one of the UCs presented above. 

Table 2. The matrix of applications and use cases. 
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UC_7_5 

Calculation and representation of relevant KPIs 
(FMME_2) 

UC_7_5 

Tag and comparison of KPIs among different time 
periods (FMME_3) 

UC_7_5 

Comparison of KPIs against baselines (FMME_4) UC_7_5 
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HVAC Predictive Maintenance Service (HVAC-
PMS) 

UC_7_4 

Building-Level Energy Performance Optimisation 
Manager (BL-EPOM) 

UC_7_5 

District-level Energy Performance Optimisation 
Manager (DL-EPOM) 

UC_7_6 
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 eDECs (enhanced Display Energy Certificates) 

Calculation Engine (eDEC-CE) 
UC_7_7 

SRI (Smart Readiness Indicator) Calculation Engine 
(SRI-CE) 

UC_7_8 

 

2.4 Architecture and interface to the SYNERGY platform  

The applications that will be configured in the frame of WP7 (Energy-relevant applications, addressing 
the needs of construction companies, facility managers, ESCOs and city authorities for building energy 
performance optimization at building/ district/ city levels) will always be in communication and 
continuously interact with the SYNERGY Energy Big Data Platform and the AI Analytics Marketplace 
(see Figure 1). In this context, all WP7 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 applications involved in the implementation of WP7 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 WP7 applications (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, applications 
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. 

2. Upload their own data assets (data made available by the different 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 
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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 applications with the 
SYNERGY platform), applications 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, Anonymisation 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 anonymisation 
step. Finally, 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 depending on the 
desired access level, the data check-in job execution is ready to start.     

 
Figure 1:  The architecture and interface to the SYNERGY platform. 

On the other hand, another major process that requires interfacing of the applications with the 
SYNERGY platform, refers to data assets retrieval. Whenever a module (i.e. SYNERGY WP7 Apps) 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 
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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 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) applications that belong to energy data 
value chain stakeholders (including the WP7 modules), to reduce the number of necessary 
requests/roundtrips to retrieve the exact data slice they need from: (a) a single dataset for 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. 

3 The specification of modules - Building/District-level Analytics for 
Optimized Energy Performance 

This chapter provides the detailed specification of WP7 applications. 

3.1 The Advanced Renovation Support App 

The Advanced Renovation Support App aims at performing AI boosted fast and semi-automatic pre-
analysis of the potential renovation actions for the studied buildings. After this pre-analysis, the user 
can simulate the more detailed potential renovation actions with the support of commercial IDA-ICE 
simulator20.  

The component architecture of the Advanced Renovation Support App is presented in the Figure 2. It 
consists of AI boosted Renovation Decision Supporting Service (AI-RDSS) and IDA-ICE based Renovation 
Analysis Service (IDA-ICE-RAS).  

The AI-RDSS service includes: 

 Graphical User Interface (GUI) for setting target criteria for the renovation action and 
selection of studied renovation actions; 

 Machine learning based renovation model, which take the real-time building performance 
data as input parameters;  

 

20 https://www.equa.se/en/ida-ice 
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 Fast Heating and Cooling Solver, which is able to perform automatic pre-analysis of selected 
renovation actions and visualise the output results.  

The IDA-ICE-RAS is a simulation service, which is based on commercial IDA-ICE simulator. It supports 
the overall decision making with the detailed modelling of building and related HVAC system for deep 
detailed analysis of the proposed renovation actions. 

 

 

Figure 2: Advanced Renovation Support App  

3.1.1 Component Details 

3.1.1.1 AI-boosted Renovation Decision Support Service (IDA-ICE-RAS) 

The AI-RDSS component will leverage and enhance VTT’s Fast Heating and Cooling solver based digital 
twin for renovation analyses and module for machine learning the digital twin parameters by using the 
building energy consumption and related weather data. The history data of several year energy 
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consumption is needed only once for machine learning based fine-tuning model and will be retrieved 
from the SYNERGY platform if data is available there.   

The AI-RDSS component will support machine learning boosted semi-automatic pre-analysis of energy 
related renovation actions including such as for example,  

 improve tightness of building envelope;  

 improve thermal performance of windows;  

 improve thermal insulation (walls, roofs, base floor, etc.);  

 improve the solar shading; 

 add heat recovery for ventilation system;  

 add heat recovery of grey water, new water efficient taps (showers, toilets and kitchen);  

 add solar collectors, add connection to district heating system; 

 add ground source heat pump; 

 add air to water heat pump; 

 add air to air heat pump; 

 change boiler; 

 improve cooling system, etc. 

The main outputs (calculated KPIs) of the AI-RDSS component are heating, hot water, cooling & 
electricity consumption for studied renovation actions. In addition, also payback time, investment 
costs, energy costs and carbon footprint will be calculated by reading all country level background data 
(e.g. energy production/use carbon footprint, investments costs of different king of building technical 
systems, installation related unit work costs for different ages building, energy costs, etc.) that are 
available through SYNERGY platform RESTful APIs. 

The AI-RDSS related solver model (VTT’s Fast Heating and Cooling solver) has RESTful APIs and it is 
based on EN ISO 13790:200821 (Energy performance of buildings: Calculation of energy use for space 
heating and cooling) and EN 15241:200722 (Ventilation for buildings: Calculation methods for energy 
losses due to ventilation and infiltration in buildings) standards as well as the models for estimating 
solar radiation. The model includes methods for a dynamic hourly-based calculation of building energy 
and thermal performance, including the periods of heating and cooling, and airflow-related energy 
losses. In addition the model can utilise default database e.g. of different renovation action related 
costs and carbon footprints. 

From the user point of view, the steps of using AI-RDSS component via GUI and supported by 
interaction with SYNERGY platform are: 

 
21 https://www.iso.org/standard/41974.html 
22 https://standards.iteh.ai/catalog/standards/cen/4138127b-0434-4265-95ef-4b075788e878/en-
15241-2007 
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 Set the renovation targets and read all needed basic information of the renovated building 
including country and building age related investment and work unit costs and energy systems 
related carbon footprints; 

 Set the renovation targets and basic information of the building  

 Get occupants’ comfort profiles from SYNERGY platform APIs; 

 Select one (or more) renovation actions; 

 Start machine learning of the most important missing model parameters (typically by fine-
tuning envelope u-values, system energy efficiencies or selected schedules) so that the model 
of the building before renovation action gives almost the same energy consumption values as 
building heating and cooling measurements; 

 Start AI-RDSS module calculation loop, which will calculate automatically via RESTful API one 
by one all the selected renovation scenarios in loop and store results (KPIs).  KPI’s of both pre-
analysis results and results/prioritized list of advanced renovation actions will be exported to 
the GUI as presented in the section 3.1.3. In addition, it’s planned that the subset of output 
(once calculated and stored back in the SYNERGY platform)  can be visualised on other 
commercial tools such as  for example the Caverion (CAV partner) Smartview (to be used for 
demonstration purposes); 

 Prioritise pre-analysed renovation actions by comparing the results and the target values 
(KPIs);  

 Publish the pre-analysed results (KPIs) through SYNERGY platform APIs for IDA-ICE-RAS tool to 
proceed with more deep detailed analysis. 

 

The following table presents list of features provided by the AI-RDSS component. 

Table 3 AI-RDSS features 

Feature Description 

AI-RDSS _1 GUI for pre-analysing renovation actions: 

 Input the renovation targets (e.g. energy savings, cost savings, 
environmental performance); 

 Input the basic information of the studied building (building type, floor area, 
outside wall area and U-values, Windows, building location, heating system 
type, etc.); 

 Input occupants’ behaviour and comfort profiles (from SYNERGY personal AI 
data analytics); 

 Select which renovation actions will be studied; 

 Start automatic analyses (by looping case by case using Fast Heating Cooling 
solver based learned digital twin, AI-RDSS_3) all selected renovation actions 
and store result KPIs. 

AI-RDSS _2 Before analysis, build simplified and fast building energy consumption model 
(digital twin) by using the collected basic information of the building and machine 
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Feature Description 

learning the missing energy model (Fast Heating Cooling Solver) parameters by 
minimising the gap between measured energy consumption and model results. 
The basic idea is to fix known model parameters and use machine learning (at 
least one year hourly energy and weather data, water data optionally) to find 
missing dynamic calculation model related most important static parameters 
(e.g. envelope u-values) so that the gap between measured energy consumption 
and model calculated energy consumption is minimised. 

AI-RDSS _3 By using the learned building model, calculate selected renovation actions (e.g. 
improve thermal performance of windows, add solar collectors, etc.) one by one 
automatically in loop and store related results. 

AI-RDSS _4 Pre-select the most potential renovation actions for deep analysis by comparing 
the renovation action pre-analysis results with target criteria (e.g. payback time, 
investment costs, energy costs, carbon footprint and heating, hot water, cooling 
& electricity consumption).   

AI-RDSS _5 Data storage of building energy consumption and related weather data (needed 
for AI-RDSS_2). The machine learning algorithms for learning the studied building 
model needs background information of the existing building energy 
consumption (at least one year hourly energy and weather data – optionally also 
water data, excel file or online).  

AI-RDSS _6 Optional default data storage of country specific information such as investment 
costs, installation and energy costs and related carbon footprints. Data can be 
collected by GUI or read from the file (country specific information available in 
the system). For the time being such data is available only for Finland. 

The following tables present the details of input, outputs and analytics provided by the AI-RDSS 
component while interacting with SYNERGY platform. 

Table 4 AI-RDSS Data inputs 

Renovation targets 

 

Target values for renovation, ingluding: 

 Energy savings 

 Cost savings 

 Environmental performance 

 Payback time 

Expected update rate Before analysing renovation 

Coverage Building 

Resolution Building 
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General building 

parameters 

 

General parameters of renovated building, including:  

 Location 

 Constraction year 

 Building volume 

 Number of storeys 

 Building height 

 Goss floor area 

 Conditioned floor area 

 Number of people  

 Heating set point 

 Cooling set point 

 Building heat capasity 

 Max space heating capacity 

 Max space cooling capacity 

 Exhaust air heating capacity 

 Default air volume flow 

 Max available solar thermal collector or PV panel area 

Expected update rate Once (or when information change)  

Coverage Building 

Resolution Building 

Building envelope Building envelope parameters, including:  

 Exterior walls (area, U-value) 

 Roofs (area, U-values) 

 Base floor (area, U-values) 
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 Windows (area, shadings, U-value, g-value)  

 Air leakage rate (1/h) at 50 Pa 

Expected update rate Once (or when information change)   

Coverage Building 

Resolution Building 

Building heat gains 
and schedules 

Building heat gains and schedules, including:  

 Ventilation parameters & schedules 

 Appliance gains & schedules 

 Lighting gains & schedules 

 Ooccupancy profiles 

 Hot water system parameters, consumption & schedules  

Expected update rate Once (or when information change) 

Coverage Building 

Resolution Building 

Renovation product 
data 

Renovation product data, including 

 Renovation product specific data (e.g. U-Values, energy 

efficiency, basic fee, used fuel, CO2 emissions, share of space 

heating, share of hot water heating) 

Expected update rate When new renovation product added or existing updated 

Coverage Renovation product 

Resolution Renovation product 

Country level 
information 

Country level information including: 

 Unit costs for different type of renovation works for different 
ages building 

 Investment cost for different types of building elements, systems 
& devices 

 Used fuel and related CO2 emissions and unit costs used in 
different kind of building heating and cooling devices 
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Expected update rate Yearly 

Coverage Country 

Resolution Country 

Building energy 
consumption 

Time series dataset of building energy consumption, including: 

 heating consumption 

 cooling consumption 

 electricity consumption 

Expected update rate Yearly 

Coverage Minimum period of 1 year 

Resolution 1 hour 

Local weather data Time series dataset of local weather data including 

 air temperature 

 relative humidity 

 diffuse and direct solar radiation 

 wind speed and direction 

Expected update rate Yearly 

Coverage Minimum period of 1 year 

Resolution 1 hour 

 

Table 5 AI-RDSS Analytics  

AI- boosted renovation 
decision support 

Pre-analyse potential renovation actions 

(utilising digital twin simulation running on premise) 

Required inputs  Renovation targets 

Building related data 

Renovation product data 

Country level investments & work costs 
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Country level data of emissions  

Building energy consumption 

Occupancy profiles 

Local weather data 

(More detailed in previous table) 
 

Expected outputs  Space heating and hot water energy consumption (before renovation, after 
renovation & renovation related savings) 

Appliance electricity consumption  (before renovation, after renovation & 
renovation related savings) 

Space cooling energy consumption (before renovation, after renovation & 
renovation related savings) 

Carbon footprint (before renovation, after renovation & renovation related 
savings). If country level data available. 

Energy cost (before renovation, after renovation & renovation related 
savings). If country level unit costs available. 

Investment (after renovation). If country level unit costs available. 

Payback time (after renovation). If country level unit costs available. 

 

The following table presents AI-RDSS data outputs to SYNERGY platform. 

Table 6 AI-RDSS Data Outputs 

AI- boosted 
renovation decision 
support outputs 

Space heating and hot water energy consumption (before renovation, 

after renovation & renovation related savings) 

Appliance electricity consumption  (before renovation, after renovation 

& renovation related savings) 

Space cooling energy consumption (before renovation, after renovation 

& renovation related savings) 

Carbon footprint (before renovation, after renovation & renovation 

related savings). If country level data available. 

Energy cost (before renovation, after renovation & renovation related 

savings). If country level unit costs available. 
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Investment (after renovation). If country level unit costs available. 

Payback time (after renovation). If country level unit costs available. 

Expected update rate After pre-analysing the renovation case(s) 

Coverage Building 

Resolution After pre-analysing the renovation case(s) 

 

3.1.1.2 IDA-ICE based Renovation Analysis Service (IDA-ICE-RAS) 

As explained earlier, IDA-ICE-RAS tool aims at the detailed level modelling of the studied building and 
related pre-selected renovation actions. A detailed digital twin of the building will be created based on 
the available design parameters and the output provided by AI-RDSS component. 

The following table presents a list of features provided by the IDA-ICE-RAS component.  

Table 7 IDA-ICE-RAS features 

Feature Description 

IDA-ICE-RAS_1 Perform detailed level modelling of the studied building and related pre-selected 
renovation actions. A detailed digital twin of the building will be created based 
on the available design parameters. 

IDA-ICE-RAS_2 Calculate the pre-selected renovation actions with chosen timestep (seconds, 
minutes, hours). Results will reveal heating, cooling and electricity saving 
potential of the actions 

IDA-ICE-RAS_3 Prioritise the calculated renovation actions and select the best one, for example, 
it is possible, if needed, to prioritise the actions by economic optimization tools, 
which can be linked to IDA ICE calculations 

The following tables present the details of inputs, outputs and analytics provided by the IDA-ICE-RAS 
component. 

Table 8  IDA-ICE-RAS Data Inputs 

Building Envelope 

 

Building Envelope including: 

 walls (construction and U-value) 

 roofs (construction and U-values) 

 floors (construction and U-values) 
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 windows (construction, shadings, U-value, g-value) 

 air leaks through envelope 

 cold bridges of the envelope construction 

Expected update rate -  

Coverage Building 

Resolution Building 

Flats Flats including zones (user behaviour, loads) 

Expected update rate -  

Coverage Building 

Resolution Building 

Building systems Building Systems including 
 heating system  

o heat release (radiators, floor heating, fan coils) 
o heat distribution (losses) 
o heat generation (district heating, heat pumps, electric 

heating) 
 hot water consumption and generation  
 cooling system 

o ventilation cooling 
o space cooling 

 electricity system 
o consumption 

 appliances and use profiles (occupant and 
property loads) 

 lighting and use profiles (occupant and property 
loads) 

o PV and wind generation 

Expected update rate -  

Coverage Building 

Resolution Building 

Local weather data Time series dataset of local weather data including 

 air temperature 
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 relative humidity 

 diffuse and direct solar radiation 

 wind speed and direction 

Expected update rate Yearly 

Coverage Minimum period of 1 year 

Resolution 1 hour 

 

Table 9  IDA-ICE-RAS simulation function (on component) 

IDA-ICE-RAS simulation Simulation will provide the detailed level modelling of the studied building 
and related pre-selected (by AI-RDSS component) renovation actions 

Required inputs  Building related data 

Building system related data 

Local weather data 

(See more detailled in previous table) 

Expected outputs  Space heating and hot water energy consumption (before renovation, after 
renovation & renovation related savings) 

Appliance electricity consumption (before renovation, after renovation & 
renovation related savings) 

Space cooling energy consumption (before renovation, after renovation & 
renovation related savings), etc.  
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The following table presents IDA-ICE-RAS data outputs to SYNERGY platform. 

Table 10 IDA-ICE-RAS Data Outputs 

IDA-ICE-RAS 
simulation outputs 

Simulation will provide the detailed level modelling of the studied 

building and related pre-selected (by AI-RDSS component) renovation 

actions including 

 Space heating and hot water energy consumption (before 

renovation, after renovation & renovation related savings) 

 Appliance electricity consumption (before renovation, after 

renovation & renovation related savings) 

 Space cooling energy consumption (before renovation, after 

renovation & renovation related savings), etc. 

Expected update rate After detailed renovation related simulation done 

Coverage Building 

Resolution After detailed renovation related simulation done 

 

3.1.2 User stories  

3.1.2.1 Setting renovation targets, preliminary analysis and presenting of studied renovation actions 

AI-RDSS will allow users to set renovation targets, and basic information of the existing buildings 
(Figure 3 - Figure 6) ) by reading the values from SYNERGY platform APIs and checking that values are 
ok (tabs Group, Ventilation, Building, System, System water, Weather, etc.), fine tuning selected 
building parameters by machine learning (real consumption must match with the existing building 
model before analysing the selected renovation actions), selecting studied renovation actions (Figure 
7) and studied renovations related energy consumptions and savings (Figure 8).  
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Figure 3:  AI-RDSS, main menu. 

After reading the building basic values from SYNERGY platform, check (and edit if needed) the values 
(see figure below).  

 
Figure 4:  AI-RDSS: Selecting the existing building parameters – building and ventilation parameters. 

After reading the building system values from SYNERGY platform, check (and edit if needed) the values 
(see figure below). 
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Figure 5:  AI-RDSS: Selecting the existing building parameters – heating, cooling and water system parameters. 

After reading the building values from SYNERGY platform, check (and edit if needed) building location 
related weather history data and internal heat gains (occupancy, appliance, lighting) including related 
schedules (see figure below). 

 
Figure 6: AI-RDSS: Selecting the existing building parameters – internal heat gains and weather data. 
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After checking that all renovation building values are correct, select studied renovation actions and 
read selected renovation component values (e.g. U-values, system energy efficiency, investment costs, 
used fuels, etc.), see figure below. 

 

Figure 7:  AI-RDSS: Selecting renovation actions. 

The results of the preliminary analysis (figure below) of studied renovation actions will be saved to 
SYNERGY platform using SYNERGY platform APIs. 
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Figure 8:  AI-RDSS: Results of studied renovation actions. 

3.1.2.2 Presenting the sub-set of preselected renovation actions to SmartView 

In addition, for maximised ease-of-use and from exploitation purpose, the SmartView user interface 
(from partner Caverion) will be utilized for incorporating the subset of results of the pre-selected 
renovation actions. By incorporating the suggested renovation actions into a UI utilized daily by the 
facility managers and other end-users, the probability of carrying trough said renovation actions is 
maximised. The SmartView portal will be further developed in order to be able to display said results 
in a logical and easily understandable manner. A suggestion for accessing said results through the 
SmartView portal UI is explained below.  

The user logs in to SmartView through the SmartView URL with personal credentials. The log in page 
can be seen below in Figure 9. 
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Figure 9:  Smart View UI log-in page. 

After logging in, the user accesses a personalized landing page for the building and the user in question, 
shown in Figure 10. The left side of the landing page includes a navigation bar for different ways of 
viewing the building. The middle segment is personalizable and in this case includes showing several 
building level KPI’s and the prioritized maintenance action listing.  

 
Figure 10:  Smart View UI landing page. 

By clicking on the navigation bar picture for energy on the left, the user is able to view current building 
energy usage and historical energy usage as well as in the down right corner a combined estimate of 
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the energy savings potential for the building, as shown in Figure 11. This combined potential will 
include both prioritized renovation action results of the AI-RDSS component and other prior identified 
energy savings actions for the building in question.

 
Figure 11:  Smart View UIfor building energy usage 

By clicking on blue “show improvements” button, in the downright corner, the user will access a list of 
the suggested renovation actions, shown in Figure 12.  These actions will include the prioritized results 
of the AI-RDSS component. The page includes a possibility for filtering results, shown in the upper part 
of the page, a calendar showing when the actions have been identified and the list of actions. The 
renovation action listing states the location of the action, the name of the action, the status (open, on-
going, closed), the action type, the impact and the estimated cost as well as the pay back time for the 
action.  

 
Figure 12:  Smart View UI: Presentation of individual renovation action list. 

By clicking on a specific action the user can access a more detailed description of the action in question, 
shown in Figure 13. 
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Figure 13:  Smart View UI: Presentation of an individual renovation action 

By exporting the results and incorporating them into the day-to-day utilized UI of the facility managers 
and other prioritized users, maximised visibility and transparency of building renovation actions are 
enabled. Simultaneously, by delivering the calculation results in a compact and easily understandable 
format, incorporated into the day-to-day management data for the building, enhanced understanding 
of the impacts of renovation actions on building functions is provided and step-by-step renovation 
thinking is enhanced, thus overcoming some of the main barriers for utilization of renovation design 
software, prior stated in deliverable D10.5. 

3.1.2.3 The detailed modelling and analysis of pre-selected renovation actions 

In addition, from exploitation purpose, the IDA-ICE-RAS will complement the functionality of AI-RDSS 
component and will allow users to model the building, its systems, and controllers in details. In 
SYNERGY, IDA-ICE-RAS will be also used to provide comparative assessment of the performance of AI-
RDSS component.  

As illustrated in the Figure 14, the building can be described in detail including the envelope (walls, 
roof, floor, windows) and the shading objects around it (balconies, neighbouring buildings, trees, 
etc.).  The building and the individual apartments can be divided in as many zones (rooms) as is 
necessary for the case. The zones include descriptions of the profiles of the internal gains like persons, 
lighting and devices. The system selection contains different heating and cooling delivery systems 
(radiators, floor heating, fan coils, etc.), heating and cooling generation systems (boilers, heat pumps, 
chillers), renewable energy sources (boreholes, solar heat, PV, wind energy), air handling units with 
various air processing possibilities (heating, cooling, heat recovery, humidification). Moreover, IDA-ICE 
includes a version handling system that manage multiple case versions with automatic batch updates. 
Version handling can be applied for example to manage different renovation cases and to easily 
compare the effect of the individual measure on the energy consumption and thermal conditions. The 
present version of the tool (IDA-ICE 4.8) enables the optimization of the systems (beta).  
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Figure 14:  IDA-ICE detailed level building simulator. 

3.1.3 Exploited technology stack  

In order to provide its intended functionalities, the Advanced Renovation Support App module will be 
built on the state-of-the art technologies and standards, namely: (a) in the back-end layer,  the open 
source based Apache Tomcat® for Java Servlet is required for running the studied renovation module 
and NodeJS for running renovation module back-end GUI code, (b) for updating the existing tool GUI, 
e.g. Angular JavaScript related GUI implementation; (c) in the data storage layer, PostgreSQL (as the 
relational database for building energy and weather data storage and AI-RDSS  module related default 
values for Finland building stock). For machine learning programming, the open-source deep learning 
library for Java (Deeplearning4j) is used because of better integration with our existing Java based 
simulators and related data platform. Renovation modules will be supported also with IDA-ICE 
simulation service, which is widely used by ESCOs. 

The front-end of Caverion SmartView is a React application running in Azure that uses data fetched 
from RestAPIs. Caverion platform is based on Kubernetes architecture to make it possible to control 
security and resources in most flexible way. The REST API has Swagger documentation based on OAS3. 
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3.2 Urban Energy Monitoring and Planning Support App 

The Urban Energy Monitoring and Planning Support is aiming at providing a monitoring and simulation 
environment to city authorities for the design of highly effective strategies, towards the realization of 
short-term and mid-term objectives for energy efficiency and urban sustainability. In regard to the 
monitoring functions, the Near Real-time City Monitoring and Visualization service (NRCMV) 
component will collect and visualize (in near-real-time) the energy performance of buildings and will 
offer advanced visual analytics on the energy performance of whole districts thus enabling the 
identification of weaknesses that need to be properly addressed by city decision makers. This module 
will be complemented by Strategic Urban Planning Supporter (SUPS) component, which is part of 
CityTune® methodological suit and which aims at supporting city planners to design alternative urban 
transformation strategies (such as optimized energy management, building renovation, interaction of 
buildings with energy markets, transportation interventions and strategies for EVs penetration), to 
assess them and to decide an optimal routes to satisfy target KPIs defined in the city’s SECAP plan. 
More specifically, developed models will support city planners in studying the trends of changes and 
their causes, to understand the underling aspects of urban dynamics processes and the flow of 
information, and to model and simulate the consequences of technological innovation in the urban 
system.  

The architecture of Urban Monitoring and Planning Support is represented in the Figure 15 and 
explained in the following. 

 
Figure 15: Urban Energy Monitoring and Planning Support. 

3.2.1 Components details 

3.2.1.1 Near Real-time City Monitoring and Visualization (NRCMV) 

The NRCVV component will be built on the previous R&D work carried out by VTT in numerous internal 
and H2020 projects, including VTT’s machine learning boosted data analytics based on measured 
heating, cooling and electricity consumption and production data, and VTT’s building energy simulator 
for simulating related energy demand estimates. The architecture of NRCVV component is presented 
in the Figure 16. The SYNERGY project will focus on the development of the following modules: 
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1. Urban Platform connects the SYNERGY Platform to the selected pilot buildings data. In addition 
Urban Platform can also connect all city public building data to the SYNERGY Platform via open 
energy data APIs (feature NRCMV_1); 

2. Urban analytics analyse and predict selected area energy consumption and energy production. 
This includes measured energy consumption and production data analysis (feature NRCMV_2 
supported by the baseline forecasting analytics of energy demand and generation, developed 
in WP4), simulation based energy demand estimates (feature NRCMV_3) and list of new area 
related energy efficiency KPIs (feature NRCMV_4) for the SUPS component.  

3. Urban planning module for providing historical and statistical data needed in SUPS component 
(feature NRCMV_4). 

 
The Urban Platform provides generic capabilities to data acquisition and processing so that they are 
available throughout the city organisation. The urban platform has been one of the key initiatives of 
EIP-SCC, with the latest major effort organized around the living-in.eu -initiative. As presented on 
Figure 16, data provided through the urban platform facilitated by SYNERGY platform will be also 
leveraged by the SUPS component, which is further described in the section 3.2.1.2  

 

  
Figure 16: The architecture of NRCMV component (including SUPS simulator). 

The following table presents a list of features provided by the NRCMV component. In respect to D2.6, 
the list of features has been updated and extended with details of functionality performed by energy 
demand and generation analysis and forecasting (NRCVM_2 &_3) as well as with the details of 
interface and data sharing with the SUPS component (NRCVM_4). 

Table 11.  NRCMV component features 

Feature Description  

NRCMV_1 Connect to the SYNERGY Platform to retrieve the pilot buildings data. Collect 
near-real time information about the energy performance of buildings and 
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Feature Description  

other buildings performance related information that may influence the 
energy performance of studied district and city. 

NRCMV_2 
 

Perform machine learning boosted data analytics and related forecasts 
based on measured heating, cooling and electricity consumption and 
production data. In addition calculate related KPI values (see possible KPIs 
in NRCMV3). Measured data will be read via existing urban platform or 
SYNERGY APIs. 

NRCMV_3 
 

Simulate selected city area buildings and related area energy demand 
estimates. Estimates will be calculated automatically in loop using e.g. AI-
RDSS based simulation engine (described in chapter 3) and utilising available 
basic data (e.g. building type, construction year, floor area, building volume, 
heating system) of related buildings.  

The analytical methods will produce new indicators related to the energy 
performance of buildings in the studied area. Example of those area energy 
demand and production related KPIs are: area energy demand (heating, 
cooling, electricity separately) demand; area energy production (heating, 
cooling, electricity separately) demand; energy demand and production per 
population; energy demand and production per weather (e.g. degree days); 
energy demand and production per area size; building average energy 
efficiency (kWh/m2) in studied area, area energy positive index in studied 
time frame, etc. 

NRCMV_4 Providing the list of new indicators to the SUPS component for their further 
integration into the simulation environment and respective visualization of 
targeted SECAP targets, hereby supporting city planner with the ability to 
design alternative urban transformation strategies (enhanced building level 
energy management capabilities, and district energy solutions such as large 
heat pumps, waste heat, seasonal storages, VPP emulations). 

 

The following tables present the details of inputs, analytics and outputs provided by the NRCVM 
component. 

Table 12.  NRCMV data inputs (interaction with SYNERGY platform) 

Aggregated near-real 
time information on 
energy performance 
of urban area 

Measured energy generation and demand profiles in the area level 

 

Expected update rate 60 min or hourly values updated every 24 h (depending on source) 

Coverage Districts and relevant zones that are the subject of study 

Resolution Urban area and building 
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Building level energy 
measurements from 
existing systems 

Measured building heating, cooling and electricity consumption  

Expected update rate 60 min or hourly values updated every 24 h (depending of source) 

Coverage Buildings and urban areas that are the subject of study 

Resolution Per building 

 

Table 13.  NRCMV analytics 

Energy demand and 
generation 
performance 
forecasting 

Forecasting energy generation and demand in the area 

Comparison of related baseline- and energy performance KPIs energy 
performance KPIs energy performance of buildings 

Required inputs  Measured energy generation profiles in the area 

 Measured buildings energy consumption profiles in the area  

 If measured building energy consumption profiles are not 
available then estimating the profiles based on simulation 

o Basic information of different building types in the area 

o Number of different types of buildings in the area 

Expected outputs  Forecasted energy generation in the area 

 Forecasted energy demand in the area 

 Comparison between Baseline- and Energy performance KPIs 

 Area energy demand and production related KPIs, e.g.  

o Area energy demand (heating, cooling, electricity 
separately) demand 

o Area energy production (heating, cooling, electricity 
separately) demand  

o Energy demand and production per population 

o Energy demand and production per weather (e.g. degree 
days) 

o Energy demand and production per area size 

o Building average energy efficiency (kWh/m2) in studied 
area 

o Area energy positive index in studied time frame, etc. 
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Coverage Urban area, city 

 

Table 14.  NRCMV data outputs (interaction with SYNERGY platform) 

Energy performance 
of urban area 

Forecasted energy consumption and production of urban area 

Comparison between Baseline- and Energy performance KPIs 

 Area energy demand and production related KPIs, e.g.  

o Area energy demand (heating, cooling, electricity 
separately) demand 

o Area energy production (heating, cooling, electricity 
separately) demand  

o Area energy demand and production per population 

o Area energy demand and production per weather (e.g. 
degree days) 

o Area energy demand and production per area size 

o Building average energy efficiency (kWh/m2) in studied 
area 

o Area energy positive index in studied time frame, etc. 

Expected update rate 60 min or hourly values updated every 24 h (depending on source). KPI 
calculation update rate will be decided later. 

Coverage Districts and relevant zones that are the subject of study 

Resolution Urban area and building 

 

3.2.1.2 Strategic Urban Planning Supporter (SUPS) 

The Strategic Urban Planning Supporter component is a part of VTT’s CityTune® methodological suit 
and will complement the features of NRCVM component described previously. As presented in the 
Figure 17, CityTune® aims at the combining data, expert knowledge and technical and non-technical 
aspects to support cities to plan and to forecast likely effects of major decisions, be it planning 
technological choices in new areas or maximizing the impact of smart city investments. An 
ambitious new strategy sets 2035 as the year when the city will be carbon-neutral, but how to ensure 
that along the way mobility is not hindered, energy security remains guaranteed and local economy 
will not suffer. CityTune® is used to chart and compare different possible decision pathways and “what 
if” scenarios. The qualitative and quantitative models help to recognize the optimal solutions for 
reaching the SECAP goals and bring up opportunities to develop the local economy along the way.  
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Figure 17: The CityTune® approach 

The SUPS component is based on system dynamics and group model building (GMB). The models and 
analytics that will be developed in the SYNERGY, will leverage the commercial simulation environment 
Vensim23 as depicted in Figure 16.   

System dynamics models are well-suited for investigating change in complex systems such as urban 
energy provision and use. Considering the interaction of technical solutions, end-user behavior and 
urban development allows reaching a more holistic and realistic understanding of the effects of 
technical interventions. Instead of input-output problems, energy issues are framed as feedback 
systems that touch on many aspects of urban change. Sensitivity analysis can be used to investigate 
the significance of uncertainties. Overall, system dynamics models are well suited to supporting 
decision-making regarding complex and uncertain questions. System dynamics models are best suited 
for studying the interaction of aggregated variables as opposed to the behavior of individual agents. 

Urban change has been modelled with system dynamics for decades and it is possible to derive a 
generic causal structure for energy intervention impacts. Parametrization and additional causal 
structures may be specified in relation to each specific case study. Aspects of a generic causal structure 
could include, for instance: 

 End-user acceptability of energy solution 

 Word-of-mouth effects and information campaigns 

 Industry resources for providing energy solutions 

 Attractiveness of neighbourhood (where solution is implemented) 

 End-user energy savings (change in expendable income) 

 Effect on local business (revenues, energy spending) 

 Wellbeing effects and energy poverty 

 Regulation and public procurement (incentives, targets, technology implementation) 

 

23 https://vensim.com/ 
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 Effects of specific technologies on the feasibility of other technologies and innovations 

GMB refers to a collection and integration of expert knowledge and workshop facilitation methods 
that aim to distil the precise framing and aims of the model from the problem owner. Any relevant 
stakeholder with knowledge regarding the system is in principle welcome in a GMB process to ensure 
that the model captures all relevant dynamics in a way that is sufficiently realistic and useful for 
addressing the underlying challenge. GMB deals iteratively with questions such as: How do different 
groups understand the issue? How did we arrive at the current situation? What are the underlying 
causes of change in the system? What are alternative strategies for achieving desired impact and what 
are associated pros, cons and information needs? 

The following table presents a list of features provided by the SUPS component. As a part of WP7 
specification work, this set updates and extends the planned functionalities reported in D2.6. 
Furthermore, the features related to the implementation of energy demand and generation analysis 
and forecast will be implemented as part of NRCMV component.  

Table 15. SUPS component features 

Feature Description  

SUPS_1 The feature will allow user to qualitatively model specific strategic use cases 
and scenarios such as inserting new not yet deployed energy infrastructures, 
the effects of renovation actions, users’ preferences and opinions, resources 
and investments related concepts into the context of existing settings (urban 
area). 

SUPS_2 This feature will enable user to quantitatively simulate alternative scenarios 
for the selected cases such as for example effects of alternative energy 
infrastructure solutions deployed in the studied urban area or the effects of 
regulations and end user- & business acceptance, on the selected energy 
transition paths in form of performance indicators in the long-term. It will 
be possible to integrate indicators related to the energy performance of 
buildings in the studied area delivered by NRCMV component (see details, 
Table 11- NRCMV_3). More specifically, it will enable the introduction of 
forecasts about evolution of demand, generation, storage and EV 
penetration to provide a more representative view of city context in the 
long-term and consider these assets in energy performance estimation for 
different strategies and relevant scenarios towards the reaching of SEACAP 
targets.  

 

The Strategic Urban Planning Support module can be represented by several abstraction layers, namely 
“Urban Data Layer” and “Simulation supporting Layer”, which are discussed in details in the following. 

The “Urban data layer” is an abstraction of data sources that are used by the tool to produce the 
alternative simulation scenarios. The typical sources of information for system dynamics modelling and 
simulation are history data, statistical data and the information obtained from the expert sources and 
by interviewing experts. In SYNERGY, also the energy demand and production related KPIs will be 
integrated. The “Simulation supporting Layer” is represented by the functions, concepts and 
constructs provided by Vensim Simulator to support the modelling, optimization and data exploration 
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activities of the user. The real world is simulated by using mathematical equations to describe the 
causal relationships between variables in the system. Stock variables accumulate or deplete depending 
on flows (change rates) across time. Stocks characterise the state of the system and generate the 
information upon which decisions and actions are based. Flows represent rates or derivatives (energy, 
people, materials or money).  In fact, the dynamics arise from the interaction of two types of feedback 
loops, positive or self-enforcing whatever is happening in the system and negative or self-correcting. 
Furthermore, “Optimization & Sensitivity analysis” functionalities support data-based model 
validation to determine how “sensitive” a model is to changes in the structure of the model and which 
model inputs have the largest impact on model response, and is a component of rigorous, data-based 
model validation. 

The following tables present the details of data inputs, analytics and outputs provided by the SUPS 
component. 

Table 16. SUPS data inputs 

Aggregated near-real 
time information on 
energy performance 
of urban area 

 Energy generation and demand (KPIs provided by NRCVM 
components) 

 Available energy flexibility capacity and activation time per 
flexible assets category (electricity, heat, cooling) 

Expected update rate - 

Coverage Districts and relevant zones that are the subject of study 

Resolution  Urban area 

The urban planning 
and market 
penetration data 

 Types of energy users and their populations (single home, many-
persons household, EVs, etc.) 

 Types of energy needs in area, business/residential/other  

 Attitudes of users, willingness to pay, willingness to invest 
energy efficiency 

 Planned energy efficiency actions in the area (buildings 
renovation, EV installations, etc.) 

 Available industry resources 

 Regulation and public procurement (incentives, targets, 
technology implementation) 

 Effects of specific technologies on the feasibility of other 
technologies and innovations 

 Deprecation of buildings and energy solutions 
 Public transport fleet (number of buses, average seats capacity) 

Expected update rate - 

Coverage Buildings and relevant zones that are the subject of study 
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Resolution Urban area 

 

Table 17. SUPS simulation functions (on the component) 

Forecast for the target 
SECAP indicators 

Based on energy generation/demand data, statistical data and the 
information obtained from the expert sources, forecast SECAP 
indicators. Alternative scenarios can be studied by city planner.  

Required inputs  Energy generation and demand (KPIs provided by NRCVM 
components) 

 History data, statistical data and the information obtained from 
the expert sources and by interviewing experts (as presents in the 
previous tables) 

 Number of buildings and useful square meters meaning per 
category (residential, office/administrative, schools, shopping 
malls/retailers, etc.) 

 Typology and capacity of energy generation and storing systems 
(PV panels, heat pumps, energy storage.) 

 Infrastructure performance related data (district heating 
efficiency, EV, V2G) 

 Public transport mileages 

Expected outputs Predicted SECAP indicators (Targets: CO2 emissions, Energy efficiency, 
renewable energy shares, number of e-busses etc.) 

Coverage Urban area 

 

Table 18. SUPS data outputs 

SUPS simulation 
outputs 

Forecasted SECAP indicators (Targets: CO2 emissions, Energy efficiency, 

renewable energy shares, number of e-busses, etc.) 

Expected update rate After detailed simulation done 

Coverage Urban area 

Resolution After detailed simulation done 
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3.2.2 User stories  

3.2.2.1 Strategic urban planning & SECAP forecast 

For the end user, the stages of modelling in system dynamics constitute i) problem definition, ii) system 
description, iii) model development, iv) model verification, v) design of interventions and/or policy and 
vi) simulation.  

Visualization elements will support the transforming the multitude of data from the SUPS simulations 
combined with the input provide by NRCVM component into useful information for the end-users to 
more easily perceive the interrelationships between the model drivers and barriers, to enhance their 
decision making processes and to assess an alternative case and scenarios for their future 
developments and investments. It can be used to assess the impact of alternative technological 
projects. Figure 18 illustrates the dynamics of buildings renovation actions to be taken to meet a SECAP 
targets. 

 

 
Figure 18: The modelling and simulation elements of System Dynamics, presented to illustrate a dynamics of 

buildings renovation actions, towards the meeting of a SECAP targets. 

 

From the exploitation point of view and to support customer experience, it’s planned the integration 
of resulted energy efficiency measures and indicators with tools currently used by city planners. This 
will be demonstrated in scope of WP8 piloting and demonstration developments. For example, the 
following Figure 19 illustrates the basic information of building together with a visualisation on its CO2 
emissions, visually compared with the other buildings, leveraging the CityGML based 3D visualization 
tool - the Energy and Climate Atlas. Similar style of visualization is planned to be developed in WP8 to 
provide a more intuitive UI for city planners to study the outputs of Urban Energy Monitoring and 
Planning Support App.   
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Figure 19: CO2 Emissions Visualisation. 

3.2.3 Exploited technology stack  

In order to provide its intended functionalities, the City Monitoring and Visualization service (NRCMV) 
will be built on the following technologies to model and visualise city data: CityGML (City Geography 
Markup Language), EnergyADE, an extension of the CityGML standard for urban energy modelling and 
simulation. The Urban Analytics software will be built on the state-of-the art technologies and 
standards, namely: (a) in the back-end layer,  the open source based Apache Tomcat® for Java Servlet 
is required for running the studied solver and NodeJS for running renovation module back-end GUI 
code, (b) for updating the existing tool GUI, e.g. Angular JavaScript related GUI implementation; (c) in 
the data storage layer, PostgreSQL (as the relational database for building and area energy and 
weather data storage and related default values for Finland building stock). The Strategic Urban 
Planning Supporter (SUPS) will leverage the simulation libraries provided by Vensim. 

3.3 Facility Management Energy Analytics, Self-Consumption Optimization & Predictive 
Maintenance   

The objective of the Facility Management Energy Analytics, Self-Consumption Optimization & 
Predictive Maintenance toolbox is to provide Energy Managers, Facility Mangers, Facility Owners and 
ESCOs a bundle of additional analytics and services for optimizing the operation and energy 
management of large facilities and buildings complexes (or group of buildings). This objective will be 
covered by the development of 4 tools: Facility Management Monitoring Engine (FMME), HVAC 
Predictive Maintenance Service (HVAC-PMS), Building-Level Energy Performance Optimisation 
Manager and District-Level Energy Performance Optimisation Manager (BL-EPOM and DL-EPOM). 

The architecture of the Facility Management Energy Analytics, Self-Consumption Optimization & 
Predictive Maintenance toolbox is represented in the Figure 20. A deeper description of every tool to 
be developed can be seen in the following sections. 

The Facility Management Monitoring Engine will provide to Facility Managers a deep and 
comprehensive understanding of the energy-related behaviour of the facilities under their 
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responsibility, through the calculation and visualization of different metrics and KPIs. It will therefore 
measure and visualize the impact on relevant KPIs of the optimizations performed by other 
components of the toolbox. 

HVAC Predictive Maintenance Service will support building managers in the predictive maintenance 
tasks for large energy HVAC systems installed in buildings. 

The Building-Level Energy Performance Optimisation Manager and District-Level Energy Performance 
Optimisation Manager modules will support facility managers, in presence of flexible devices and 
systems, to design appropriate flexibility control strategies to maximize self-consumption and reduce 
energy costs for independent buildings and groups of buildings. 

Moreover, the Facility Management Energy Analytics, Self-Consumption Optimization & Predictive 
Maintenance toolbox will integrate additional components dealing with the assessment of the 
buildings according to two different methodologies (enhanced Display Energy Certificates – eDECs – 
and Smart Readiness Indicator – SRI). These components are described in detail in section 3.4. 

 
Figure 20: Facility Management Energy Analytics, Self-Consumption Optimization & Predictive Maintenance 

toolbox, component diagram 

3.3.1 Components details 

3.3.1.1 The Facility Management Monitoring Engine  

The Facility Management Monitoring Engine (see Figure 21) will comprise a highly effective set of 
features allowing Facility Managers to get a deep and comprehensive understanding of the energy-
related behaviour of the facilities under their responsibility, through the calculation and proper 
visualization of relevant metrics and KPIs. It will rely on the features offered by the SYNERGY Platform 
to perform all required analytics. 
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Figure 21: Facility Management Monitoring Engine, component diagram 

The following tables provide a detailed view of the data used by this component, the analytics that will 
be employed to process these data and the expected results that will be used by the component in 
order to provide the expected functionalities to the targeted users. 

Table 19. Facility Management Monitoring Engine features 

Feature Description 

FMME_1 Visualization and drill-in of building available data: all available data coming from 
the sensors of the building will be displayed in a comprehensive manner to help 
the assessment task of the building energy behaviour performed by the facility 
manager. The data may include measurements coming from smart meters (both 
at supply point or submetering), environmental sensors (e.g., temperature, 
humidity, presence, CO2 or different particles concentration), production of RES 
units, operation of storage units, Electric Vehicle Charging Stations, etc. 
Collection and processing of the aforementioned data, together with results of 
personal and industrial/ energy analytics provided through the SYNERGY Data 
Analytics Service Bundles in the SYNERGY Platform will enable the realization of 
rich dashboards towards continuously and simultaneously monitoring and 
assessing energy performance of the building, RES output and forecasts, demand 
metrics and forecasts, energy behaviours of occupants in buildings, status and 
capacity of storage systems and devices, flexibility capacity and forecasts, along 
with economic and environmental indices, at different levels/ zones of a building, 
as well as for a specific building in whole 

FMME_2 Calculation and representation of relevant KPIs: the component will also make 
use of the SYNERGY platform to calculate an appropriate set of KPIs relevant to 
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the facility manager, in order to complement the available data and extract extra 
information from it that will help to determine the impact of the energy 
behaviour in other contexts, mainly economic and environmental. Examples of 
those KPIs include energy costs (potentially per type of load), RES-related KPIs 
(self-consumption, self-sufficiency), RES and storage-driven energy and cost 
savings, available flexibility, equivalent CO2 emissions 

FMME_3 Tag and comparison of KPIs among different time periods: the purpose of this 
feature is to allow facility managers to get a clear picture of the impact of specific 
measures (e.g., renovation, execution of optimized asset scheduling, etc) in the 
energy behaviour and related KPIs of the facility 

FMME_4 Comparison of KPIs against baselines: the purpose of this feature is to allow 
facility managers to understand how a particular facility behaves when 
compared to other reference facilities (e.g., similar facilities, located at similar 
geographical zones, without optimized asset schedules) 

In order to implement the specified features, the component will need access to a number of input 
data, to be provided and uploaded to the SYNERGY Platform by the entity responsible of the monitored 
building (Facility Manager, Facility Owner, ESCO...) and the existing systems in place that collect all 
data from all available sensors (e.g. energy sensors, environmental sensors, occupancy sensors...). The 
following table details the inputs considered in the design of the component. 

Table 20. Facility Management Monitoring Engine data inputs 

Static facility 
information 

Static facility information to be potentially used for baselining and KPI 
drill-in, including: 

 Type of facility 

 Facility zones 

 Size (total/per zone) 

 Usage (offices, commerce...) 

 Average amount of occupants 

Expected update rate - 

Coverage Facilities and relevant zones of the monitored facilities 

Resolution Per facility 

Per zone 

Sensor data Raw data as provided by the BMS-managed sensors. It may include: 

 Energy-related data at relevant metering points (sub-metering), 
including demand, generation, active power 
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 Environmental-related data at relevant metering points, including 
presence, temperature, relative humidity, illuminance, CO2 levels, 
PM2.5/PM10 levels 

 Electric Vehicle Charging Points demand 

 Storage units' active power, power flow direction (dis-charging), 
SoC 

Expected update rate Near real-time 

Coverage Relevant zones of the monitored facility 

Resolution 15 minutes  

Per zone 

Energy-mix TSO area energy mix 

Expected update rate Hourly 

Coverage TSO area 

Resolution Hourly 

The required data will be processed in order to summarize it and calculate the required KPIs. The 
following table describes the analytics that will be needed by the Facility Management Monitoring 
Engine. 

Table 21. Facility Management Monitoring Engine analytics 

Calculate zone and 
facility-level data 

Based on raw sensor data and third-party data sources (energy mix), 
compute aggregated (both spatially – per zone/facility – and temporally 
– per 15 minutes) datasets for all sensor metrics 

Required inputs Sensor data 

Energy mix 

Expected outputs Equivalent CO2 emissions  

Zone-level metrics (per zone, averaged values over 15min)  

Facility-level metrics (averaged values over 15min) 

Calculate facility-level 
KPIs 

Based on facility-level data, calculate the values for the different 
considered KPIs on a daily basis 

Required inputs Zone/Facility-level data 
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Expected outputs Zone/Facility level KPIs (demand, generation, energy cost, equivalent CO2 
emissions, self-sufficiency, self-consumption, RES-driven energy savings, 
RES-driven cost savings) 

Calculate facility 
baselines 

Based on facility-level historical data, and KPIs, model the facility patterns 
on a type-of-day, day-of-week, month basis 

Required inputs Zone/Facility-level data  

Zone/Facility level KPIs 

Expected outputs Facility patterns per KPI 

All these analytics will calculate and provide results with relevant information about specific KPIs 
monitored in the building. The details of such results are contained in the following table. 

Table 22 Facility Management Monitoring Engine outcomes 

Sensor data Raw data as provided by the BMS-managed sensors. It may include: 

 Energy-related data at relevant metering points (sub-metering), 
including demand, generation, active power 

 Environmental-related data at relevant metering points, 
including presence, temperature, relative humidity, illuminance, 
CO2 levels, PM2.5/PM10 levels 

 Electric Vehicle Charging Points demand 

 Storage units' active power, power flow direction (dis-charging), 
SoC 

Expected update rate Near real-time 

Coverage Relevant zones of the monitored facility 

Resolution 15 minutes 

Per zone 

Facility-level data Combination of sensor-based raw data with static facility data and third-
party data sources, providing new (potentially aggregated) data at facility 
level. Namely: 

 Total demand/generation 

 Total equivalent CO2 emissions bound to electricity usage 

Expected update rate Near real-time 

Coverage Relevant zones of the monitored facilities 
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Facility as a whole 

Resolution 15 minutes 

Per zone 

Per facility 

Facility-level KPIs Based on facility-level and zone-level data, relevant KPIs will be calculated 
and provided, namely: 

 Energy costs (total and per zone) 

 Self-consumption 

 Self-sufficiency 

 RES/Storage driven energy savings 

 RES/Storage driven cost savings 

 Total equivalent CO2 emissions 

 Available flexibility 

Expected update rate Daily 

Coverage Relevant zones of the monitored facilities 

Facility as a whole 

Resolution Daily 

Per zone 

Per facility 

Facility baseline Based on historical available data and KPIs, average patterns on a facility-
level will be calculated and linked to the static information of the facility 
(geographical location, usage, average occupants...). These patterns will 
be fed to the SYNERGY Platform so they can be shared and used as 
baselines for comparison among different facilities.  

Expected update rate Monthly 

Coverage Facility 

Resolution Hourly patterns for demand/generation 

Daily patterns for other KPIs 
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3.3.1.2 The HVAC Predictive Maintenance Service (HVAC-PMS)  

HVAC Predictive Maintenance Service (HVAC-PMS) aims at the supporting predictive maintenance 
tasks for large energy HVAC systems installed in buildings. The component will support recognizing 
building technical system malfunctions, inefficiencies and optimization possibilities. 

The high-level architecture for HVAC Predictive Maintenance Service is visualised by UML based 
information flow diagram between main components, as presented in the Figure 22. 

 

 
Figure 22:  UML based high level information flow diagram of HVAC predictive maintenance service related 

components. 

Continuous building and HVAC data collection and related data storing is based on the existing smart 
infrastructure of building technology (such BACS system and data cloud infrastructures) in order to 
provide Predictive Maintenance Service App with near real-time metering data and history data from 
demo facilities through an oBIX or similar interface.  

The main features for the predictive maintenance tasks for HVAC systems installed in buildings are: 

 Continuous building- and related HVAC-systems and energy data collection; 
 Analytics for monitoring the technical performance of heating, cooling and ventilation 

systems;  
 Digital twins (building heating/cooling energy, human thermal model) based recognizing 

building and space heating/cooling malfunctions, inefficiencies and optimization possibilities; 
 Neural network (e.g. LSTM autoencoder) based modules for recognizing selected HVAC 

system/device (Air Handling Unit) malfunctions, inefficiencies and optimization possibilities; 
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 GUI for visualizing result to end-customer.  
In order to evaluate AHU and Heating Network functionalities, such data as AHU sensor metering and 
control data from BMS as well as enjoinment data and building technical system metering data, with 
a specific focus on HVAC control and metering points collected from the buildings will be utilized. The 
platform integrated analytics will include various data sets analyzed against the needs and 
requirements of the occupants and visitors or historical performance data of specific facility systems 
in order to detect performance discrepancies or discrepancy related occupant discomfort (see Table 
25 and Table 26 ). 

In addition, the building and related HVAC system data will be utilised and complementing and 
enhancing analytics and simulations provided by digital twins and by neural network based models 
(see  

Table 27 - Table 29). The digital twin based approach includes two phases, first leaning the digital twin 
parameters so that the twin gives almost the same values as measurements. When learned, the model 
can be used for detecting related malfunctions, inefficiencies and optimization possibilities. Digital 
twin for building level heating and cooling and human thermal comfort based and space heating and 
cooling will be studied. Next data will be needed:  

 building level hourly heating, cooling, electricity and optionally also weather consumption; 

 hourly weather data (temperature, humidity, solar radiation); 

 space indoor air temperature and humidity. 

The second predictive malfunctions, inefficiencies and optimization possibilities detection approach is 
based on online connected neural network based autoencoders and/or machine learned existing HVAC 
simulation models. For autoencoders different kind of neural network architecture (e.g. FeedForward 
network, LSTM network or Convolutional Neural Network) can be used depending of HVAC 
system/device (e.g. Air Handling Unit).  

The main important HVAC device in this study is Air Handling Unit (AHU) which time series anomaly 
detection will be done by LSTM autoencoders. The aim here is to detect if actual results differ from 
predicted AHUs results. 

The following table presents a list of features provided by the HVAC-PMS component. 

Table 23. HVAC-PMS features 

Feature Description 

HVAC-PMS_1 Continuous monitoring and history data collection (measurement values, 
controllers’ set point values) from studied HVAC system(s) and related indoor 
environment conditions including building and HVAC system level energy 
consumption (and production if available) by Building Automation and Control 
System (BACS) and weather data by open data API. 

HVAC-PMS_2 Providing integrated analytics for monitoring the technical performance of AHU 
and Heating Network functionalities. The analytics will include various data sets 
analyzed against the needs and requirements of the occupants and visitors or 
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Feature Description 

historical performance data of specific facility systems in order to detect 
performance discrepancies or discrepancy related occupant discomfort. 

HVAC-PMS_3 Complementing and enhancing of HVAC-PMS_2 with Digital Twin based 
malfunctions, inefficiencies and optimization possibilities detection will be 
done for building level heating/cooling energy systems and human thermal 
comfort based approach for space heating/cooling system. The aim is to learn 
related digital twin parameters and compare learned digital twin results with 
real time measurement values. If the difference will start roaming or change 
rapidly then inform about possible malfunction. 

HVAC-PMS_4 Providing neural network based malfunctions, inefficiencies and optimization 
possibilities detection will be done using an autoencoder (optionally supported 
by simulation models). Autoencoders can use different kind of neural network 
architecture (e.g. FeedForward network, LSTM network or Convolutional 
Neural Network).  

The basic functionality in LSTM autoencoder is that an encoder-decoder LSTM 
reads HVAC system/device (e.g. Air Handling Unit) input sequence, encode it, 
decode it, and recreate it as long that the model can recreate the sequence well 
enough. Then the decoder part of the model may be removed and leave only 
the encoder model for detecting malfunctions, inefficiencies and optimization 
possibilities. 

HVAC-PMS_5 Visualization of analysis on GUI to end-customer 

 

The following tables present the details of data inputs, analytics and data outputs provided by the 
HVAC-PMS component. 

Table 24 HVAC-PMS data inputs (interaction with SYNERGY platform) 

Building energy 
consumption 

 Time series of building district heating, district cooling (if 

available) and electricity consumption  

 Optionally also peak loads, sub-meter related energy 

measurements, hot water related energy consumption and PV 

panel based electricity production 

Expected update rate Daily; Optionally every 5 minutes  

Coverage Minimum period of 1 year 

Resolution Hourly; Optionally every 5 minutes 
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Local weather data Time series of local weather data including 

 air temperature 

 relative humidity 

 diffuse and direct solar radiation 

 wind speed and direction 

Expected update rate 10 minutes 

Coverage Minimum period of 1 year 

Resolution 10 minutes 

Air handling unit 
related 
measurements 

Time series of air handling unit related measurements  

 Fresh air, supply air, return air and exhaust air temperature and 

relative humidity 

 Supply air temperature setpoint 

 Supply and return air volume flow and fans rotation speed 

 Air filter pressure differences 

 Heat recovery efficiency 

 Optionally air handling unit related electricity and heating 

consumption and peak loads 

 Optionally exhaust air CO2 

Expected update rate 5 minutes 

Coverage Minimum period of 1 month 

Resolution 5 minutes 

Space related 
measurements 

Time series of space related measurements 

 Indoor air temperature, relative humidity and optionally CO2  

 Room controller setpoints 
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Expected update rate 5 minutes 

Coverage Minimum period of 1 month  

Resolution 5 minutes 

Building envelope 
related 
measurements 

Air handling unit use effects on envelope pressure difference and 
related malfunction can promote mold growth -> Optional 
measurements: Pressure difference between indoor and outdoor, mold 
growth related critical structure layer temperature and relative 
humidity 

Expected update rate 5 minutes (pressure difference), 1 hour (mold growth) 

Coverage Minimum period of 1 month 

Resolution 5 minutes (pressure difference), 1 hour (mold growth)  

 

Table 25 HVAC-PMS* data inputs (on component to implement HVAC-PMS_2 function) 

Building technical 
systems 

Raw data as provided by the BMS-managed sensors, that may include:  
 Environment related data at relevant metering points, including 

presence, temperature, relative humidity, illuminance, CO2 levels, 
PM2.5/PM10 levels, depending on available BMS control and
metering points 

 Energy-related data at relevant metering points 
 Building technical system metering data, with a specific focus on 

HVAC control and metering points 
 Electric Vehicle Charging Points if incorporated to local BMS  
 Renewable energy system production and metering information, if 

incorporated to local BMS 

Expected update rate   Depending on building and technical systems 15 min to daily 

Coverage   All buildings (customers) of portfolio  

Resolution   Per building (customer)  

 

Table 26  HVAC-PMS-1 KPI calculations (on component to implement HVAC-PMS_2 function) 

Calculates and evaluates 
AHU functionalities  

Based on metering data and control from BMS system evaluate functionality 
of AHU’s 

Required inputs  AHU sensor metering and control data from BMS 

Expected outputs  Calculates AHU heat recovery efficiencies and comparisons to set limits 



 D7.1 Detailed functionality specification and design of the Optimized 
Energy Performance Management Suite 

 

 

This project has received funding from the European Union’s Horizon 2020 
Research and Innovation programme under Grant Agreement No 872734. 

Page 60 

 

Evaluates AHU heat valve functionalities (e.g. heating, recovery and cooling 
valve functions and conflicts) 

Evaluates filter functionalities (e.g. pressure and fan function conflicts and 
limits) 

Evaluates command and state conflicts of fans and frequency controllers 

Evaluates heat coil valve actuator oscillation 

Evaluates water temperature and actuator or heat coil valve conflicts  

Calculate and evaluates 
heating network 
functionalities   

Based on metering and control data from BMS systems evaluate 
functionality of heating network 

Required inputs  Heating network metering and control data from BMS  

Expected outputs  Evaluates heating network pressures and temperatures in comparison to 
limits and setpoints  

Evaluates heating network valve oscillation 

Evaluates heating network pump command, speed and state conflicts 

Calculates and evaluates 
room airflow 
functionalities 

Based on metering and control data evaluate room/zone level airflow and 
functionality 

Required inputs  Metering and control data from BMS  

Expected outputs  Evaluates airflow in comparison to damper functions 

Evaluates supply and exhaust airflow functions and comparison 

Evaluates CO2 levels in comparison to damper and airflow functionalities 
and control 

 

Table 27  HVAC-PMS-2 Simulation functions 

Digital Twin based 
malfunctions, 
inefficiencies and 
optimization 
possibilities detection 

BMS based measured and control data boosted digital twin based 
evaluation of building and space heating/cooling malfunctions,  
inefficiencies and optimization possibilities 

Required inputs Building Energy consumption 

Local Weather data 

Space related measurements 

(see details in Table 24) 

Expected outputs Space heating/cooling malfunctions (errors for maintenance) 
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 Space heating/cooling inefficiencies (% of original efficiency) and 
optimization possibilities for maintenance 

Table 28  HVAC-PMS-3 Analytics (running on SEP for IP protected algorithms) 

Neural network 
model based 
malfunctions, 
inefficiencies and 
optimization 
possibilities detection 

BMS based measured and control data boosted neural network model 
for evaluation of air handling unit malfunctions,  inefficiencies and 
optimization possibilities 

Required inputs BMS based air handling unit related measurements 

Space related measurements (optional) 

Building envelope measurement (optional)  

(see details in Table 24) 

Expected outputs 

 

Air handling unit malfunctions (errors for maintenance) 

Air handling unit inefficiencies (% of original efficiency) and optimization 
possibilities for maintenance. 

 

Table 29 HVAC-PMS-2,3 outputs (to SYNERGY platform) 

Digital Twin based 
malfunctions, 
inefficiencies and 
optimization 
possibilities detection 

Space heating/cooling malfunctions (errors for maintenance) 

Space heating/cooling inefficiencies (% of original efficiency) and 

optimization possibilities for maintenance 

Expected update rate When malfunction or inofficiency detected 

Coverage Space heating/cooling system 

Resolution When malfunction or inofficiency detected 

Neural network 
model based 
malfunctions, 
inefficiencies and 
optimization 
possibilities detection 

Air handling unit malfunctions (errors for maintenance) 

Air handling unit inefficiencies (% of original efficiency) and optimization 
possibilities for maintenance. 

 

Expected update rate When malfunction or inofficiency detected 
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Coverage Air handling unit 

Resolution When malfunction or inofficiency detected 

3.3.1.3 The Building-Level Energy Performance Optimisation Manager (BL-EPOM) 

The Building-Level Energy Performance Optimisation Manager (BL-EPOM) module will support facility 
managers, in presence of RES, storage and other energy flexibility sources (EVs), to design appropriate 
flexibility control strategies and interacting mechanisms with the urban energy network in order to be 
able to maximize self-consumption and reduce energy costs without compromising occupants’ 
requirements for comfort at building level. This module will address the objectives raised by use case 
7.5 and can be summarized as the calculation of the operation profile of manageable systems that 
maximize self-consumption and reduce energy costs according to the expected building energy 
demand and generation and its systems state. 

 
Figure 23: BL-EPOM UML diagram. 

When a user calls or executes the component three main steps are launched as presented in the Figure 
23: 

1. Module inputs generation. The BL-EPOM contacts the SYNERGY Platform using an API to 
gather all the information needed to launch the optimization process. This information can be 
separated into two main groups: variable data and forecast (information that can change in 
every module call) and building fixed data and other characteristics. 

2. Algorithm execution. Once all the information is gathered the core of the algorithm would be 
launched in three steps: 

a. Pre-processing. Where the inputs coming from the SYNERGY Platform are adapted to 
the optimization algorithm. 

b. Module optimization. The optimization for the optimization horizon is launched. It is 
proposed an optimization horizon of 72 hours in 15 minutes steps (proposed, but still 
to be fixed). The “Optimization process” will work in two stages (HVAC optimization 
and other electric systems optimization) to minimize energy bills while maximizing 
local energy self-consumption and to ensue user comfort. 

c. Post-processing. The results of the optimization module are adapted, if needed, to be 
sent and stored in the SYNERGY Platform.  
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3. Module results publication. The module results are published / stored in the SYNERGY Platform 
using a predefined API. The outputs of the module are the operation set points for the 
manageable systems in proposed optimization horizon. 

The main features of the BL-EPOM component are shown in the next table. 

 

Table 30. BL-EPOM features. 

Feature Description 

BL-EPOM_1 Calculate solar PV and wind generation for every building. The BL-EPOM will 
optimize local generation use, this will allow to choose the better use for the 
renewable energy potential: use it, store it or even program/propose curtailment 
in extreme situations (available generation but no possibility of using, storing or 
selling energy). 

BL-EPOM_2 Calculate batteries use for every building. An output of the optimization process 
of the BL-EPOM will be the local batteries usage plan: charging and discharging 
power for the next optimization period. 

BL-EPOM_3 Calculate EV batteries charge for every building. An output of the optimization 
process of the BL-EPOM will be the EV batteries usage plan: charging and 
discharging (if V2G use is available) power for the next optimization period. 

BL-EPOM_4 Calculate energy exchanges with the grid. Optimize the energy exchanges with 
the grid (purchases and sales) by considering as input the available flexibility at 
building asset level as defined and scheduled through comprehensive flexibility 
analytics that will be made available as input to the component. 

BL-EPOM_5 Calculate manageable demands use for every building without compromising 
occupant requirements for comfort. An output of the optimization process of the 
BL-EPOM will be the HVAC system and manageable demands usage plan. 

The following tables (Table 31 to Table 34) provide a detailed view of the data used by this component, 
the analytics that will be employed to process these data and the expected results that will be used by 
the component in order to provide the expected functionalities to the targeted users. 

Table 31. BL-EPOM data inputs 

PV & wind generator 
characteristics 

(Building fixed data 
and characteristics) 

 Maximum and minimum power of solar and/or wind generation 
systems [kW] 

 Building location (latitude and longitude) 

Expected update rate When changes (for example if the PV system is extended and the 
generating power is higher) 
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Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Storage system 
characteristics. 

(Building fixed data 
and characteristics) 

 Maximum charging and discharging power [kW] 

 Charging and discharging efficiency [%] 

 Batteries capacity [kWh] 

 Maximum and minimum recommended SoC [%] 

 Batteries expected life [cycles] 

 Batteries cost [€/kWh] 

Expected update rate When changes (for example if the storage system is updated and new 
batteries replacing old ones are installed) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

EV and EV charging 
spot characteristics. 

(Building fixed data 
and characteristics) 

 Maximum charging and discharging power [kW] (discharging if 
both EV and charging point are V2G) 

 Charging and discharging efficiency [%] 

 EV batteries capacity [kWh] (average value) 

 Maximum and minimum recommended SoC [%] 

 EV Batteries expected life [cycles] (average value) 

 EV Batteries cost [€/kWh] (average value) 

 EV departure SoC [%] 

 Number of EV charging points 

Expected update rate When changes (for example if the EV charging point is updated and the 
charging power is higher) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) and charging point 

Grid connection 
characteristics.  

(Building fixed data 
and characteristics) 

 Contracted power [kW] 

 Maximum selling power [kW] (if different to contracted power) 

Expected update rate When changes (for example if the contracted power is increased) 
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Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Other costs. 

(Building fixed data 
and characteristics) 

 Extra cost por consumed power [€/kW*year] (if applicable in the 
country) 

Expected update rate When changes (for example if a new contract is appliable) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Temperature set-
point for HVAC. 
(Building fixed data 
and characteristics) 

 Temperature fixed set-point for HVAC [ºC] 

Expected update rate When changes (for example from winter to summer) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Storage system data 

(Variable data) 

 Storage systems current SoC [% or kWh] 

 Storage systems availability [0 or 1] 

Expected update rate When the BL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

EV batteries system 
data 

(Variable data) 

 EV current SoC [% or kWh] 

 Charging point availability [0 or 1] 

 EV availability [0 or 1] 

Expected update rate When the BL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) and charging point 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 
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Grid connection 
availability. 

(Variable data) 

 Grid connection availability [0 or 1] 

Expected update rate When the BL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

PV & wind generators 
availability. 

(Variable data) 

 PV & wind generators availability [0 or 1] 

Expected update rate When the BL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Weather data. 

(Variable data) 

 Building external temperature [ºC] 

 Building external humidity [%] 

 Solar irradiance [kW/m2] 

Expected update rate When the BL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

Building internal 
temperature and 
building data. 

(Variable data) 

 Building internal temperature [ºC] 

 HVAC consumption [kW] 

 HVAC operation mode [cooling / heating] 

 Building occupancy 

 Deferrable load usage period [initial hour and duration] 

 Deferrable load profile [kW and duration] 

Expected update rate When the BL-EPOM is launched 

Coverage All buildings (customers) of portfolio 
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Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

 

Table 32. BL-EPOM Interactions with the SYNERGY Platform – Algorithms/analytics to be executed by SYNERGY 
Platform 

Build short-term 
Portfolio-level HVAC 
demand Energy 
forecast model 

Train a specific model to forecast HVAC demand 

Required inputs  Weather data 

 Building internal temperature [ºC] 

 Building location (latitude and longitude) 

 HVAC consumption [kW] 

 HVAC operation mode [cooling / heating] 

 Building occupancy 

 

Expected outputs HVAC demand model 

 

Table 33. BL-EPOM Interactions with the SYNERGY Platform – Expected output of SYNERGY Platform 

Short-term PV & wind 
forecasts 

Time series of solar PV and wind generation during next 72 hours 

Expected update rate When the BL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

Energy prices 
forecasts 

Time series of energy prices during next 72 hours 

Expected update rate When the BL-EPOM is launched 
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Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

Short-term EV 
forecasts 

Time series of EV availability (EV connected to the charger) and expected 
SoC at arrivals during next 72 hours 

Expected update rate When the BL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

Short-term weather 
forecasts 

Time series of weather (external temperature, solar irradiance and 
humidity forecasts) during next 72 hours 

Expected update rate When the BL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

Short-term building  
forecasts 

Time series of building occupation during next 72 hours 

Expected update rate When the BL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the BL-EPOM 

Table 34. BL-EPOM-specific processes 
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Optimal operation 
setpoints 

Calculation of the operation profile of manageable systems that 
maximize self-consumption and reduce energy costs according to the 
expected building energy demand and generation and its systems state 

Required inputs Building fixed data and characteristics 

Building variable data and forecasts 

Expected outputs Features BL-EPOM_1 to BL-EPOM_5 

 

3.3.1.4 The District-level Energy Performance Optimisation Manager (DL-EPOM) 

The District-Level Energy Performance Optimisation Manager (DL-EPOM) module will support facility 
managers, in presence of RES, storage and other energy flexibility sources (EVs), to design appropriate 
flexibility control strategies and interacting mechanisms with the urban energy network in order to be 
able to maximize self-consumption and reduce energy costs of groups of buildings (districts). This 
component will address the objectives raised by use case 7.6 and can be summarized as the calculation 
of the operation profile of manageable systems that maximize self-consumption and reduce energy 
costs according to the expected district energy demand and generation and its systems state. 

 
Figure 24: DL-EPOM UML diagram. 

When a user calls or executes the component three main steps are launched (see Figure 24): 

1. Component inputs generation. The DL-EPOM contacts the SYNERGY Platform using an API to 
gather all the information needed to launch the optimization process. This information can be 
separated into two main groups: variable data and forecast (information that can change in 
every module call) and building fixed data and other characteristics. 

2. Algorithm execution. Once all the information is gathered the core of the algorithm would be 
launched in three steps: 

a. Pre-processing. Where the inputs coming from the SYNERGY Platform are adapted to 
the optimization algorithm. 

b. Component optimization. The optimization for the optimization horizon is launched. 
It is proposed an optimization horizon of 72 hours in 15 minutes steps (proposed, but 



 D7.1 Detailed functionality specification and design of the Optimized 
Energy Performance Management Suite 

 

 

This project has received funding from the European Union’s Horizon 2020 
Research and Innovation programme under Grant Agreement No 872734. 

Page 70 

 

still to be fixed). The “Optimization process” will work in two stages (HVAC 
optimization and other electric systems optimization) to minimize energy bills while 
maximizing local energy self-consumption and to ensue user comfort. 

c. Post-processing. The results of the optimization component are adapted, if needed, to 
be sent and stored in the SYNERGY Big Data Management Platform.  

3. Component results publication. The component results are published / stored in the SYNERGY 
Platform using a predefined API. The outputs of the component are the operation set points 
for the manageable systems in proposed an optimization horizon. 

The main features of the DL-EPOM component are shown in the next table. 

Table 35. DL-EPOM features. 

Feature Description 

DL-EPOM_1 Calculate solar PV and wind generation for every building. The DL-EPOM will 
optimize local generation and program/propose curtailment if needed. 

DL-EPOM_2 Calculate batteries use for every building. An output of the optimization process 
of the DL-EPOM will be the local batteries usage plan: charging and discharging 
power for the next optimization period. 

DL-EPOM_3 Calculate EV batteries charge use for every building. An output of the 
optimization process of the DL-EPOM will be the EV batteries usage plan: 
charging and discharging (if V2G use is available) power for the next optimization 
period. 

DL-EPOM_4 Calculate energy exchanges with the grid. Optimize the energy exchanges with 
the grid (purchases and sales) by considering as input the available flexibility at 
building asset level as defined and scheduled through comprehensive flexibility 
analytics that will be made available as input to the component. 

DL-EPOM_5 Calculate energy exchanges between buildings through the grid. Optimize the 
energy exchanges among buildings through public the grid. 

DL-EPOM_6 Calculate manageable demands use for every building without compromising 
occupant requirements for comfort. An output of the optimization process of the 
DL-EPOM will be the manageable demands usage plan. 

 

The following tables (Table 36 to Table 39) provide a detailed view of the data used by this component, 
the analytics that will be employed to process these data and the expected results that will be used by 
the component in order to provide the expected functionalities to the targeted users. 

Table 36. DL-EPOM data inputs 
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Electric grid between 
buildings 
characteristics 

(Building fixed data 
and characteristics) 

 Characteristics of the wires of the connecting different buildings 
(longitude, R, L, C) 

 Other restrictions 

Expected update rate When changes (for example if any wire is changed) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

PV & wind generator 
characteristics 

(Building fixed data 
and characteristics) 

 Maximum and minimum power of solar and/or wind generation 
systems [kW] 

 Building location (latitude and longitude) 

Expected update rate When changes (for example if the PV system is extended and the 
generating power is higher) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Storage system 
characteristics. 

(Building fixed data 
and characteristics) 

 Maximum charging and discharging power [kW] 

 Charging and discharging efficiency [%] 

 Batteries capacity [kWh] 

 Maximum and minimum recommended SoC [%] 

 Batteries expected life [cycles] 

 Batteries cost [€/kWh] 

 Number of EV charging points 

Expected update rate
€ 

When changes (for example if the storage system is updated and new 
batteries replacing old ones are installed) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) and charging point 

EV and EV charging 
spot characteristics. 

(Building fixed data 
and characteristics) 

 Maximum charging and discharging power [kW] (discharging if 
both EV and charging point are V2G) 

 Charging and discharging efficiency [%] 
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 EV batteries capacity [kWh] (average value) 

 Maximum and minimum recommended SoC [%] 

 EV Batteries expected life [cycles] (average value) 

 EV Batteries cost [€/kWh] (average value) 

 EV departure SoC [%] 

Expected update rate When changes (for example if the EV charging point system is updated and 
the charging power is higher) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Grid connection 
characteristics.  

(Building fixed data 
and characteristics) 

 Contracted power [kW] 

 Maximum selling power [kW] (if different to contracted power) 

Expected update rate When changes (for example if the contracted power is increased) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Other costs. 

(Building fixed data 
and characteristics) 

 Extra cost por consumed power [€/kW*year] (if applicable in the 
country) 

Expected update rate When changes (for example if a new contract is appliable) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Temperature set-
point for HVAC. 
(Building fixed data 
and characteristics) 

 Temperature fixed set-point for HVAC [ºC] 

Expected update rate When changes (for example from winter to summer) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 
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Storage system data 

(Variable data) 

 Storage systems current SoC [% or kWh] 

 Storage systems availability [0 or 1] 

Expected update rate When the DL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

EV batteries system 
data 

(Variable data) 

 EV current SoC [% or kWh] 

 Charging point availability [0 or 1] 

 EV availability [0 or 1] 

Expected update rate When the DL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) and charging point 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

Grid connection 
availability. 

(Variable data) 

 Grid connection availability [0 or 1] 

Expected update rate When the DL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

PV & wind generators 
availability. 

(Variable data) 

 PV & wind generators availability [0 or 1] 

Expected update rate When the DL-EPOM is launched (last read) 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

Weather data. 

(Variable data) 

 Building external temperature [ºC] 

 Building external humidity [%] 
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 Solar irradiance [kW/m2] 

Expected update rate When the DL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

Building internal 
temperature and 
building data. 

(Variable data) 

 Building internal temperature [ºC] 

 HVAC consumption [kW] 

 HVAC operation mode [cooling / heating] 

 Building occupancy 

 Deferrable load usage period [initial hour and duration] 

 Deferrable load profile [kW and duration] 

Expected update rate When the DL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

 

Table 37. DL-EPOM Interactions with the SYNERGY Platform – Algorithms/analytics to be executed by SYNERGY 
Platform 

Build short-term 
Portfolio-level HVAC 
demand Energy 
forecast model 

Train a specific model to forecast HVAC demand 

Required inputs  Weather data 

 Building internal temperature [ºC] 

 Building location (latitude and longitude) 

 HVAC consumption [kW] 

 HVAC operation mode [cooling / heating] 

 Building occupancy 
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Expected outputs HVAC demand model 

 

 

Table 38. DL-EPOM Interactions with the SYNERGY Platform – Expected output of SYNERGY Platform 

Short-term PV & wind 
forecasts 

Time series of solar PV and wind generation during next 72 hours 

Expected update rate When the DL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

Energy prices 
forecasts 

Time series of energy prices during next 72 hours 

Expected update rate When the DL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

Short-term EV 
forecasts 

Time series of EV availability (EV connected to the charger) and expected 
SoC at arrivals during next 72 hours 

Expected update rate When the DL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

Short-term weather 
forecasts 

Time series of weather (external temperatures and humidity forecasts, 
solar irradiance) during next 72 hours 

Expected update rate When the DL-EPOM is launched 
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Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

Short-term building  
forecasts 

Time series of building occupation during next 72 hours 

Expected update rate When the DL-EPOM is launched 

Coverage All buildings (customers) of portfolio 

Resolution Per building (customer) 

15 minutes (other possible) 

Minimum period of 1 year of data to develop, train and test the DL-EPOM 

 

Table 39.DL-EPOM-specific processes 

Optimal operation 
setpoints 

Calculation of the operation profile of manageable systems that 
maximize self-consumption and reduce energy costs according to the 
expected building energy demand and generation and its systems state 

Required inputs Building fixed data and characteristics 

Building variable data and forecasts 

Expected outputs Features DL-EPOM_1 to DL-EPOM_6 

3.3.2 User stories  

The user interface will be provided in the form of a web application as illustrated in the following. The 
user interface will give access to a number of analytics and functions over the buildings under the 
management of the end-user (facility manager or ESCO), including the navigation through different 
building KPIs, access to the building-level and district-level optimizations (as described on section 3.3), 
and access to the Smart Readiness Indicator and enhanced Display Energy Certificates features (as 
described on section 3.4). 

3.3.2.1 The Login page 

The facility managers will use the same credentials as they use in the SYNERGY Platform. 
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Figure 25: Facility Management Energy Analytics, Self-Consumption and Predictive Maintenance SSO login 

3.3.2.2 Facility Management Dashboard 

The Dashboard of Facility Management Monitoring Engine site will provide a summary of the facilities 
under management of the facility manager, including a relation of the most relevant indicators over 
the last 30 days. 
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Figure 26: FMME Dashboard 

3.3.2.3 Facility Management Indicators 

The indicators section of the application provides access to a number of visualizations over the 
different data retrieved from the facilities BMSs and deployed sensors and systems. Upon selection of 
a particular facility, the facility manager will be able to navigate through the data using the following 
sites. 

The Sensors site will allow facility managers to navigate and drill-in on the raw data that is being sent 
by the sensors. A form will allow to filter by different parameters, including zone, sensor type, sensor 
id, metric and date range. Upon selection, a chart will be displayed showing the raw data of the sensor 
over a time axis. 

The Sensors site will also include the possibility to select a period for comparison. The result of 
selecting a period will be that the chart will display overlayed data of both periods, facilitating a visual 
comparison among both. 
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Figure 27: FMME Sensors 

The Energy KPIs site will display relevant indicators about the facility as a whole or about specific zones. 
A form will be used to select the relevant zone (or all zones to access aggregated facility data), and a 
date range. Upon selection, the values for a number of indicators – demand, generation, self-
consumption, self-sufficiency, energy costs, RES-driven cost and energy savings, equivalent CO2 
emissions - are presented. The savings due to RES will be computed by comparing the actual data with 
a similar scenario with no generation. 
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Figure 28: FMME Energy KPIs 

The Distribution section will visualize how the main indicators evolve over time. For every facility and 
zone, daily values for all indicators will be automatically computed and stored. By selecting a 
zone/facility and date range, the evolution of those indicators will be displayed in a chart. 
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Figure 29: FMME Energy KPIs (ii) 

The Evolution site allows facility manager to track how the different KPIs evolve over time. This 
particular visualization is based on KPIs calculated on a daily basis. Upon selection of a zone, date range 
and indicator, a chart will represent the computed daily values. 
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Figure 30: FMME KPI evolution 

The Baselines site will display the usual energy-usage patterns of a facility. The usage patterns consist 
of quarterly demand and generation curves covering 24 hours for days of a certain typology (e.g., 
weekday/weekend of a particular month). These curves denote the average values for the selected 
facility and zone. These baselines will be available on the SYNERGY Platform for further use by third 
parties. 
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Figure 31: FMME Baselines 

The Baseline comparison site has the objective of comparing the indicators of a particular facility/zone 
and date range against a given baseline, as a first insight for identification of anomalies in the energy-
usage or assessment of energy efficiency. 

A set of different baselines will be offered based on: 

 Detected patterns for the own facility and zone (e.g., average values for the selected indicator, 
hour of day and day type) 

 Models for similar buildings, available through analytics in the SYNERGY Platform by making 
use of baselines of all facilities uploading data to the platform 

Baselines will be accompanied of certain metadata (building/zone size, average number of occupants, 
geographical region) to facilitate the appropriate baseline selection and make it possible to adapt the 
data so it can properly compare to the selected facility. 
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Figure 32: FMME Baseline comparison 

3.3.2.4 Building Optimization Process 

The Building Optimization section of the application provides access to the BL-EPOM tool. It provides 
access to a number of visualizations over the buildings that the Facility manager or ESCO could manage 
in the SYNERGY platform, different data retrieved from the facilities and baselines provided by the 
SYNERGY Big Data Platform, the programming of the BL-EPOM launch and the results of the 
optimization. Upon selection of a particular building, the facility manager/ESCO will be able to navigate 
through the data using the following sites. 

In the “Building selection & Optimization inputs” screen the BL-EPOM user, facility manager or ESCO, 
can choose the facility which flexible devices are going to be optimized. After selecting the building, a 
small description and an image of the building will be provided. The tool user will be able also to view 
the main inputs, static ones and forecasts, to be used for the optimization. 
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Figure 33: DL-EPOM “Building selection & Optimization inputs” screen. 

In the next screen, Optimization Scheduling, the tool user will be able to select the optimization 
schedule: 

 On demand, if the user wants to execute the optimization when pressing the “Execute 
optimization” button.  

 Once a day, if the user wants to execute and see the results of the optimization once a day. In 
this case the user can choose the hour where the optimization would be launched. The 
optimization would be executed once a day and the results stored in the SYNERGY Big Data 
Platform. 

 Periodical execution, if the user wants to update the optimization results periodically. The 
optimization would be executed with the programmed frequency and the results stored in the 
SYNERGY Big Data Platform. 
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Figure 34: “Optimization Scheduling” screen 

In the “Optimization Results” screen the tool user would be able to choose the main results that wants 
to see of the last optimizations.   
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Figure 35: “Optimization Results” screen 

3.3.2.5 District Optimization Process 

The District Optimization section of the application provides access to the DL-EPOM tool. It provides 
access to a number of visualizations over the groups of buildings that the Facility manager or ESCO 
could manage in the SYNERGY platform, different data retrieved from the facilities and baselines 
provided by the SYNERGY Big Data Platform, the programming of the BL-EPOM launch and the results 
of the optimization. Upon selection of a particular group of building, the facility manager/ESCO will be 
able to navigate through the data using the following sites. 

In the “District selection & Optimization inputs” the DL-EPOM user can choose the group of buildings 
within which flexible devices are going to be optimized. After selecting the group a small description 
and an image of the buildings will be provided. The tool user will be able also to view the main inputs, 
static ones and forecasts, for the optimization. 
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Figure 36: BL-EPOM “Building selection & Optimization inputs” screen. 

In the next screen, Optimization Scheduling, the tool user will be able to select the optimization 
schedule: 

 On demand, if the user wants to execute the optimization when pressing the “Execute 
optimization” button.  

 Once a day, if the user wants to execute and see the results of the optimization once a day. In 
this case the user can choose the hour where the optimization would be launched. The 
optimization would be executed once a day and the results stored in the SYNERGY Big Data 
Platform 

 Periodical execution, if the user wants to update the optimization results periodically. The 
optimization would be executed with the programmed frequency and the results stored in the 
SYNERGY Big Data Platform 
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Figure 37: DL-EPOM “Optimization Scheduling” screen. 

In the “Optimization Results” screen the tool user would be able to choose the main results that wants 
to see of the last optimizations.   
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Figure 38: DL-EPOM “Optimization Results” screen. 

3.3.2.6 HVAC predictive maintenance 

As previously stated, the SmartView (provided by partner Caverion) is an already existing upper-level 
building monitoring platform for facility managers and other relevant end-users, enabling viewing 
building conditions and building relevant aggregate data in one location. This existing monitoring 
portal and surrounding SmartView ecosystem, will be utilized for real-time monitoring of HVAC and 
building conditions (HVAC-PMS 1) and showing the results of the HVAC-PMS 2-4 modules to the end-
user in a simplified format.  

After accessing the site, the user will reach the overview page shown in Figure 39. By clicking on the 
navigation bar picture for building conditions located on the left side, the user can access a page 
showing a list of all building sensors and metering equipment in the building. The Conditions page 
shows all the devices, measuring points and equipment configured to a floor or a group. By default, all 
the groups are visible. 
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Figure 39: SmartView building sensors and metering equipment list 

By choosing from the list shown above and clicking on a sensor or metering device, the user can see a 
more detailed view on data gathered from the sensor in question, as shown in Figure 40. 

 
Figure 40:  SmartView: Activity sensor view 

The analytics included in the HVAC-PMS_2 module will also be demonstrated to the end-user in the 
Smartview portal. By once again navigating with the help of the navigation bar always visible on the 
left side of the screen, the user can choose to click on the picture for analytics. Caverion BMS analytics 
to be developed will be demonstrated in the manner shown in Figure 41. The BMS analytics chart 
visually shows the output of BMS analytics functions on a timeline. The function specified by the 
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number one, shows the name of the function in question. Location2 allows for selecting a time scale 
for showing the data and location number 3 enables filtering specific analytics. The analytics to be 
developed in HVAC-PMS_2 will shown in a similar manner. 

 
Figure 41:  SmartView: Analytics functions 

Detected malfunctions, inefficiencies and optimization needs of the cloud integrated HVAC analytics 
,digital twin and neural network based HVAC-PMS 2-4 modules will be shown as a list of building 
insights, enabling the facility manager or other end-users to clearly understand the results, where the 
problem is located and when it has been recognised. By navigating from the navigation bar on the left, 
shown in Figure 41, to the module for Building, the user can find a list of the insights provided. As the 
SmartView platform is an aggregate platform, the list shown will include both the insights derived from 
the HVAC-PMS modules as well as insight provided manually by the maintenance crew and other users 
or ecosystem parties, e.g. service logs. An example for how the building insights list will look can be 
seen below in Figure 42.  

 
Figure 42:  SmartView Building Insights screen 

By clicking on a specific insight, the user can get more details on the issue in question, as shown in 
Figure 43.  
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Figure 43: SmartView Building Insight detailed view. 

 

3.3.3 Exploited technology stack  

The design of this application will follow a micro-services approach, where different atomic features 
will be developed in well-defined software modules offering an API for enabling interactions with 
external components or submodules. The proposed technology to facilitate the micro-services-based 
deployment is Docker, packaging each of the components as an independent docker image. 

With regards to the software libraries and platforms to be used for the development of the user 
interfaces, those include NodeJS for backend services, Meteor for front-end/back-end communication 
and reactive data delivery to clients, and React for reusable and highly modular front-end 
development. In order to host application-specific data, MongoDB database will be used. 

Related to the optimization processes of the DL-EPOM and BL-EPOM, the tool will work in two stages: 

1. Optimization of the electric energy demand derived from HVAC systems. Artificial Neural 
Network (ANN) will be used to model and characterise HVAC effect on building average 
temperature (creating a “transfer function”). Periodically, the ANN model will be updated to 
reflect any change in the building or in the user’s behaviour. A Genetic Algorithm (GA) will be 
used to obtain the HVAC profile that minimizes energy costs and maintains user comfort, by 
minimizing the difference between the temperature setpoint and the building temperature 
induced by the HVAC system use. The ANN will be implemented with Keras, based on 
Tensorflow, and codified in Python. The GA will be a CIRCE development, also developed in 
Python.  

2. Optimization of other electric systems. In this second stage, the optimal use of HVAC systems 
(calculated in the first stage) will be considered as an input and part of non-manageable 
demands. A MILP model/problem will be used to emulate building electric behaviour and to 
optimize the use of flexible or manageable devices to minimize energy cost and maximizing 
self-consumption. It is going to be used GUROBI as optimization solver. 

One of the objectives of these two optimization steps is skipping the first one if there is no manageable 
HVAC system in the building. Besides these tools different Python libraries will be used as NUMPY or 
PANDAS. 
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In order to provide its intended functionalities, HVAC Predictive Maintenance Service (HVAC-PMS) will 
build on state-of-the art technologies and standards, namely: (a) in the back-end layer,  the open 
source based Apache Tomcat® for Java Servlet is required for running the studied predictive 
maintenance module and related obixStore database (accessed by REST interface) and NodeJS for 
running predictive maintenance module back-end GUI code, (b) in the front-end layer, e.g. Angular 
JavaScript front-end related GUI implementation; (c) in the data storage layer, PostgreSQL (as the 
relational database for weather, building and HVAC system measurement data storage). For machine 
learning related programming (e.g. LSTM autoencoders), the open-source deep learning library for 
Java (Deeplearning4j) is used because of better integration with our Java based simulators, digital twins 
and data platform. 

Required building automation data will be opened in Niagara’s RESTful oBIX API, or similar much 
utilized API's for building management systems. Data will be shared with the SYNERGY Platform 
utilizing RestAPI provided by the Smartview portal. 

 

3.4 Real-time Building Energy Performance and Smart Readiness Certification 

As described in section 3.3 the Facility Management Energy Analytics, Self-Consumption Optimization 
& Predictive Maintenance toolbox will integrate the two additional components dealing with the 
assessment of the buildings, the enhanced Display Energy Certificates (eDECs) and the Smart Readiness 
Indicator (SRI). 

3.4.1 Components details 

3.4.1.1 eDECs (enhanced Display Energy Certificates) Calculation Engine (eDEC-CE) 

The enhanced display energy certificates module will deliver dynamic certificates of building energy 
performance in variant resolutions (e.g. annual, monthly, daily), for the building as a whole or per 
designated zone. It will utilize real-time field data of the building (consumption, production, IoT 
[Internet of Things] data etc.), static building data and benchmark values (drawn from the SYNERGY 
platform) and will dynamically calculate the energy performance indicators associated with the Display 
Energy Performance certificate as per the standard that will be adopted. 

The architecture of eDECs application is presented in Figure 44 
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Figure 44: eDECs application component diagram 

The eDECs application will automatically retrieve as much input data as possible from the different 
datasets uploaded by the facility managers to the SYNERGY Platform (e.g. the time series of meter 
readings), thus minimizing the efforts required to introduce all required inputs to the benchmark 
models. In any case, facility managers will be able to state any missing piece of data (mainly static 
properties of the facilities under study) also directly to the eDECs application, by using the 
corresponding forms on the user interface. The data collected through the UI will also be stored in 
SYNERGY platform. The key features of the component are presented in Table 40.  

Table 40 eDEC tool component features 

Feature Description 

eDEC-CE_1 Close to real-time calculation of building’s energy performance operational 
rating   

eDEC-CE_2 Close to real-time calculation of CO2 (Carbon Dioxide) emissions due to electricity 
consumption 

It should be noted that in the features' list of the eDECs application (table 40), there is one missing 
item in comparison to what the respective information reported in the relevant section (6.3.9.2) of 
D2.6 ("SYNERGY Framework Architecture including functional, technical and communication 
specifications v1"). Specifically, the feature in reference is eDEC-CE_3, which refers to "close to real-
time calculation of human preferences indicators (e.g. visual and thermal comfort, occupancy)".  
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The reason for this modification is that, it became apparent that the services that would be provided 
by the specific feature are disconnected from the scope of an energy performance certification 
application, such as eDECs. Another reason that leads to the exclusion of this feature was to avoid 
overlapping activities across SYNERGY partners, since the specific functionality (eDEC-CE_3) will be 
significantly covered by other modules that will be developed under the wide umbrella of SYNERGY 
Energy Applications that are much more relevant to the domain of human energy behaviour profiling 
(e.g. features SHIE_1 and SHIE_7 of the "Personalized Analytics Engine" under WP6). It should be noted 
that this modification is not in conflict with the respective section of SYNERGY DoA. 

The following tables contain all details about the data inputs, analytics and expected outcomes of 
those that will enable the specified component’s features.  

Table 41 eDEC component tool inputs 

Build_type 

 

Building type 

The users shall choose the type of the building they want to assess 
between the following types:  

General office, High street agency, General retail, Large non-food shop, 
Small food store, Large food store, Restaurant, Bar, pub or licensed club, 
hotel, cultural activities, entertainment, swimming pool center, fitness 
and health center, dry sports and leisure facility, covered car park, public 
buildings with light usage, schools and seasonal public buildings, 
university campus, clinic, hospital, long term residential, general 
accommodation, emergency services, laboratory or operating theatre, 
public, waiting or circulation, terminal, workshop, storage facility, cold 
storage 

Expected update rate Periodically 

Coverage All customers portfolio 

Resolution Per building 

Z_numb Number of zones per building 

The users shall define the number of zones they want to assess (depending 
on the number of metering points in the building). The zones will also be 
defined both for the purposes of visualization but also for data collection 
purposes. 

Expected update rate Periodically 

Coverage All customers portfolio 

Resolution Per building 

A1, A2…. An Floor area per zone 
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The users shall define the total floor area of each zone (in m2). 

Expected update rate Periodically 

Coverage All customers portfolio 

Resolution Per building 

Elec_ benchmark Benchmark electricity consumption per building type (kWh/m2) 

The tool shall include a library withing which typical energy consumption 
benchmarks per building type are stored (e.g CIBSE 2008 benchmarks). 

Expected update rate Periodically 

Coverage All customers portfolio 

Resolution Per building type  

Profile_benchmark Typical electricity consumption profiles (kWh/kWpeak/HH) 

The library shall include typical electricity profiles for different users. The 
example that has been used here is the daily average load profiles that 
have been published by Elexon. Elexon administer the Balancing and 
Settlement Code (BSC) and provide and procure the services needed to 
implement it and has been chosen here as it is the only methodology 
developed to such detail which allows us to build detailed energy 
consumption profiles for different building types and allocate the 
corresponding electricity consumption benchmarks24. 

A daily average load profile represents the pattern of electricity usage by 
day and by year for the average customer in each one of the eight Profile 
Classes. Elexon creates profiles (daily, seasonal, yearly, per day type, etc.) 
for eight Profile Classes by randomly selecting sites and installing half-
hourly meters at these sites or getting half-hourly consumption data 
directly from Suppliers. 

The eight generic Profile Classes were chosen as they represented large 
populations of similar customers and can be described as per below: 

• Profile Class 1 – Domestic Unrestricted Customers 

• Profile Class 2 – Domestic Economy 7 Customers 

• Profile Class 3 – Non-Domestic Unrestricted Customers 

• Number of zones Profile Class 4 – Non-Domestic Economy 
7 Customers 

 

24 https://www.elexon.co.uk/operations-settlement/profiling/  
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• Profile Class 5 – Non-Domestic Maximum Demand 
Customers with a Peak Load Factor of less than 20% 

• Profile Class 6 – Non-Domestic Maximum Demand 
Customers with a Peak Load Factor between 20% and 30% 

• Profile Class 7 – Non-Domestic Maximum Demand 
Customers with a Peak Load Factor between 30% and 40% 

• Profile Class 8 – Non-Domestic Maximum Demand 
Customers with a Peak Load Factor over 40% 

Customers in Profile Classes 5 to 8 are described as Maximum Demand 
(MD) customers. This refers to customers whose Metering System has a 
register that gives the maximum demand for a given period. A Peak Load 
Factor (LF) is the ratio, expressed as a percentage, of electricity 
consumption (in kWh) during a given period to the number of kWh that 
would have been supplied had the maximum demand been maintained 
throughout that period 

For each profile, there are fifteen average daily profiles representing three 
day types (weekday, Saturday and Sunday) and five seasons which are 
defined as follows: 

• Winter: defined as the period from the day of clock 
change from British Summer Time (BST) to Greenwich 
Mean Time (GMT) in October, up to and including the day 
preceding the clock change from GMT to BST in March; 

• Spring: defined as the period from the day of clock change 
from GMT to BST in March, up to and including the Friday 
preceding the start of the Summer period; 

• Summer: defined as the ten-week period, preceding High 
Summer, starting on the sixteenth Saturday before the 
August Bank Holiday; 

• High Summer: defined as the period of six weeks and two 
days from the sixth Saturday before August Bank Holiday 
up to and including the Sunday following the August Bank 
Holiday; and 

• Autumn: defined as the period from the Monday following 
the August Bank Holiday, up to and including the day 
preceding the clock change from BST to GMT in October 

 

Expected update rate Periodically 

Coverage All customers portfolio 

Resolution Half-hourly profile per  
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Num_zones Number of zones 

The users shall define the number of zones they want to assess 
(depending on the number of metering points in the building). The zones 
will also be defined both for the purposes of visualization but also for 
data collection purposes. 

The users shall also define the total floor area of each zone (in m2). 

Expected update rate Periodically 

Coverage All customers portfolio 

Resolution Per building type  

Elec_meter_readings Meter readings will be taken from each zone of the building and compared 
to the benchmarks stored in the library. 

Expected update rate Half-hourly 

Coverage All customers portfolio 

Resolution Half-hourly per buiding 

 

As part of the SYNERGY project, using Elexon’s profiles definition, each building type has been assigned 
a profile as per below: 

# Building type Assigned profile class 

1 General office  Profile Class 3 

2 High street agency  Profile Class 3 

3 General retail  Profile Class 3 

4 Large non-food shop  Profile Class 5 

5 Small food store  Profile Class 5 

6 Large food store  Profile Class 6 

7 Restaurant  Profile Class 6 

8 Bar, pub or licensed club  Profile Class 6 

9 Hotel  Profile Class 6 
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# Building type Assigned profile class 

10 Cultural activities  Profile Class 5 

11 Entertainment halls  Profile Class 5 

12 Swimming pool center  Profile Class 7 

13 Fitness and health center  Profile Class 6 

14 Dry sports and leisure facility  Profile Class 6 

15 Covered car park  Profile Class 3 

16 Public buildings with light usage  Profile Class 5 

17 Schools and seasonal public buildings  Profile Class 5 

18 University campus  Profile Class 6 

19 Clinic  Profile Class 7 

20 Hospital; clinical and research  Profile Class 8 

21 Long term residential  Profile Class 1 

22 General accommodation  Profile Class 1 

23 Emergency services  Profile Class 3 

24 Laboratory or operating theatre  Profile Class 3 

25 Public waiting or circulation  Profile Class 3 

26 Terminal  Profile Class 8 

27 Workshop  Profile Class 3 

28 Storage facility  Profile Class 3 

29 Cold storage  Profile Class 3 
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Table 42 eDECs component tool analytics by SYNERGY platform 

Weather 
normalisation 

Taking the methodology one step further, within SYNERGY project, the 
benchmark profiles provided by Elexon are adjusted to the weather 
conditions of each country accounting for the number of Degree Days 
(DD) in each demo country  

Required inputs Weather data 

Number of Degree Days in the demo country 

Expected outputs Generic weather normalised benchmark load profiles  

 

Table 43 eDECs component tool analytics performed by the application 

Calculation of the 
building load profile 
benchmarks 

Once the users have defined the type of the building the model returns 
the benchmark annual energy consumption and the normalised load 
profile that has been chosen for this type of building.  

Using Newton algorithms (goal seek), the model calculates the typical HH 
energy consumption profile that the building should have based on the 
profile chosen and the benchmark load profile. 

Required inputs Generic weather normalised benchmark load profile 

Building type 

Expected outputs Building’s specific benchmark load profile 

Calculation of 
dynamic energy 
performance  
certificate 

The meter readings of the chosen zone are then divided with the 
benchmark energy consumption for each time period (e.g. HH) returning 
a percentage.  

This percentage corresponds to an energy performance rating of that 
particular zone on this particular time period. 

Required inputs Building’s specific benchmark load profile  

Electricity meter readings 

Expected outputs DEC class per zone per HH interval as per the table below. 

Class Benchmark 

 
Lower Upper 

A+ 
 

33% 
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A 33% 50% 

B+ 50% 75% 

B 75% 100% 

C 100% 141% 

D 141% 182% 

E 182% 227% 

F 227% 273% 

G 273% 
 

 

 

The eDEC list of outputs is presented in the table below. 

Table 44 eDEC component tool outputs 

DEC_Zn_Tn DEC class per zone per HH interval 

Expected update rate Half-hourly 

Coverage All customers portfolio 

Resolution Half-hourly 

 

3.4.1.2 SRI (Smart Readiness Indicator) Calculation Engine (SRI-CE) 

The module will deliver the “Smart-Readiness” assessment of a building, by calculating the capability 
of the building to a) apply energy savings techniques b) respond to user needs and c) offer services to 
the grid. The tool will utilize static building data and benchmark values (drawn from the SYNERGY 
platform) and will calculate various indicators (disaggregated and building total) as per the SRI 
methodology. 

Both these modules will be integrated into the FMME submodule, defined in section 3.3. 

The architecture of SRI application is presented in the Figure 45. 
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Figure 45: SRI application component diagram 

For the SRI assessment, facility managers will be able to state the required data also directly to the SRI 
application, by using the corresponding forms on the user interface. 

Results of the SRI assessment will be also uploaded to the SYNERGY Platform in order to make them 
available to other applications building features upon them, or for third parties. 

The key feature of the component is presented in Table 45.  

Table 45 SRI tool component feature 

Feature Description 

SRI_CE_1 Calculate the total Smart-readiness score of the building (One single score 
classifies the building’s Smart Readiness) 

 

Within SYNERGY project we follow the EU’s proposed SRI methodology25 which builds on the 
assessment of the smart ready services present in a building. Services are enabled by (a combination 
of) smart ready technologies, but are defined in a technology neutral way, e.g. ‘provision of 
temperature control in a room’. To support this, two catalogues of smart ready services have been 
compiled: a detailed method (method B) and a simplified method (method A). Each catalogue lists the 

 

25 The methodology is based on the document released by the European Commission in June 2020, 
FINAL REPORT ON THE TECHNICAL SUPPORT TO THE DEVELOPMENT OF A SMART READINESS 
INDICATOR FOR BUILDINGS 
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relevant services and describes their main expected impacts towards building users and the energy 
grid. Many of these services are based on international technical standards.  

In accordance with the requirements from the revised Energy Performance of Buildings Directive 
(EPBD), three key functionalities of smart readiness in buildings have been taken into account when 
defining the smart ready services in the SRI catalogue: 

1. The ability to maintain energy efficiency performance and operation of the building through 
the adaptation of energy consumption - for example through use of energy from renewable 
sources. 

2. The ability to adapt its operation mode in response to the needs of the occupant, paying due 
attention to the availability of user-friendliness, maintaining healthy indoor climate conditions 
and ability to report on energy use. 

3. The flexibility of a building's overall electricity demand, including its ability to enable 
participation in active and passive as well as implicit and explicit demand-response, in relation 
to the grid, for example through flexibility and load shifting capacities. 

 

In the SRI service catalogues developed, services are structured within nine domains: heating, cooling, 
domestic hot water, controlled ventilation, lighting, dynamic building envelope, electricity, electric 
vehicle charging and monitoring and control. 

The final consolidated proposal for a detailed service catalogue (method B) consists of 54 services, the 
simplified (method A) of 27. 

For each of the services, 2 to 5 functionality levels are defined. A higher functionality level reflects a 
“smarter” implementation of the service, which generally provides more beneficial impacts to building 
users or to the grid compared to services implemented at a lower functionality level. The functionality 
levels are expressed as ordinal numbers, implying that ranks cannot be readily compared quantitatively 
from one service to another. 

Impact scores and services 

A smart ready service can provide several impacts to the building, its users, and the energy grid. In the 
proposed approach, a set of seven impact criteria is evaluated. The impact criteria are: 

• Energy savings on site 

This impact category refers to the impacts of the smart ready services on energy saving capabilities. It 
is not the whole energy performance of buildings that is considered, but only the contribution made 
to this by smart ready technologies, e.g. resulting from better control of room temperature settings. 

• Flexibility for the grid and storage 

This impact category refers to the impacts of services on the energy flexibility potential of the building. 
The study proposes to not solely focus on electricity grids, but also include flexibility offered to district 
heating and cooling grids. 

• Comfort 

This impact category refers to the impacts of services on occupant’s comfort. Comfort refers to 
conscious and unconscious perception of the physical environment, including thermal comfort, 
acoustic comfort, and visual performance (e.g. provision of sufficient lighting levels without glare). 
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• Convenience 

This impact category refers to the impacts of services on convenience for occupants, i.e. the extent to 
which services “make life easier” for the occupant, e.g. TBS requiring fewer manual interactions. 

• Well-being and health 

This impact category refers to the impacts of services on the well-being and health of occupants. For 
instance, smarter controls can deliver an improved indoor air quality compared to traditional controls, 
thus raising occupants’ well-being, with a commensurate impact on their health. 

• Maintenance and fault prediction 

Automated fault detection and diagnosis has the potential to significantly improve maintenance and 
operation of technical building systems. It also has potential impacts on the energy performance of 
the technical building systems by detecting and diagnosing inefficient operation. 

• Information to occupants 

This impact category refers to the impacts of services on the provision of information on building 
operation to occupants. 

For each of the smart ready services in the catalogue, provisional impact scores have been defined for 
their respective functionality levels according to a seven-level ordinal scale. While most of the impacts 
are positive, the scale also provides the opportunity to ascribe negative impacts. 

Multi-criteria assessment method 

Under the proposed SRI methodology, the smart readiness score of a building is a percentage that 
expresses how close (or far) the building is to maximal smart readiness. The higher the percentage is, 
the smarter the building (see Figure 46).  

An aggregated score can be derived as follows: 

• The process starts with the assessment of individual smart ready services. Services available in 
the building are inspected and their functionality level is determined. For each service, this 
leads to an impact score being ascribed for each of the impact criteria considered in the 
methodology. 

• Once all these individual services impact scores are known, an aggregated impact score is 
calculated for each of the domains considered in the methodology. This domain impact score 
is calculated as the ratio (expressed as a percentage) between individual scores of the 
domains’ services and theoretical maximum individual scores. 

• For each impact criterion, a total impact score is then calculated as a weighted sum of the 
domain impact scores. In this calculation, the weight of a given domain will depend on its 
relative importance for the considered impact. 
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Figure 46: The SRI Calculation methodology 

The SRI score is thus based on a weighted sum of the 7 total impact scores. In this multi-criteria 
assessment, the weighting factors can be attributed to both domains and impact criteria to reflect 
their relative contributions to an aggregated overall impact score. An aggregated SRI score indicates 
the overall smartness level of the building, while sub-scores allow to assess specific domains and 
impact categories.  

The percentage can also be converted to an alphabetical score as per below: 

SRI scores Class 

higher than 85% A 

higher than 72% B 

higher than 58% C 

higher than 44% D 

higher than 30% E 

higher than 16% F 

less than 16% G 

The weighting factors for domains can also be derived from an energy balance whenever possible. This 
approach reflects the differences in relative importance with respect to regional differences. By using 
weightings from an energy balance, the heating domain would gain importance in northern areas of 
Europe, whereas the relative importance of the cooling domain would increase in southern areas of 
Europe. For those domains where no direct link with an energy balance can be made (e.g. monitoring 
& control, dynamic building envelope), a weighting factor can be defined based on the estimated 



 D7.1 Detailed functionality specification and design of the Optimized 
Energy Performance Management Suite 

 

 

This project has received funding from the European Union’s Horizon 2020 
Research and Innovation programme under Grant Agreement No 872734. 

Page 107 

 

impact of that domain. The methodology also foresees a differentiation in weighting factors for the 
individual impact criteria. 

There is still a grey area in the proposed EU methodology regarding the importance and relevance the 
different services in each domain which leaves the user with the flexibility to choose which service 
they consider relevant for each domain. The debate however here is that allowing this flexibility to the 
users, different SRI scores calculated by different users may not be able to be compared on equal 
terms.  

In order to overcome this barrier, the proposed methodology in the context of the SYNERGY project 
provides default weighting factors which are differentiated by building type and climate zone, as 
indicated in the EU methodology.  

In addition to that, we are using the relevance table proposed in the published EU documents as per 
below.  

 

Energy 
savings 
on site 

Flexibility 
for the 
grid and 
Storage 

Comfort Convenience 
Wellbeing 
and 
health 

Maintenance 
& Fault 
Prediction 

Information 
to occupants 

Heating 
system 1 1 1 1 1 1 1 

Domestic 
Hot Water 1 1 0 1 0 1 1 

Cooling 
system 1 1 1 1 1 1 1 

Controlled 
ventilation 1 0 1 1 1 1 1 

Lighting 1 0 1 1 1 0 0 

Electricity: 
renewables 
& storage 1 1 0 1 0 1 1 

Dynamic 
Envelope 1 0 1 1 1 1 1 

Electric 
Vehicle 
Charging 0 1 0 1 0 0 1 

Monitoring 
& Control 1 1 1 1 1 1 1 
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When relevance score is 0 the services within this domain have no contribution to the given impact 
criterion (hence not taken into account in the calculations) while when the score is 1 at least one 
service within this domain contributes to the given impact criterion.  

A detailed list of inputs, analytics and outputs is provided in the tables below. 

Table 46. SRI component inputs 

Meth_type Methodology type (selection between type A and type B) 

Expected update rate Upon customer’s request for new assessment 

Coverage All customers portfolio 

Resolution Per building 

Country 

Country specification 

The user shall specify the country in which the building of interest is 
situated (selection between available options) 

Expected update rate Upon customer’s request for new assessment 

Coverage All customers portfolio 

Resolution Per building 

Build_type Building type 

Selection between residential/non-residential building type 

Expected update rate Upon customer’s request for new assessment 

Coverage All customers portfolio 

Resolution Per building 

Domain_service Functionality level to all services of each domain. As per the 
methodology described above, the user should assign a functionality 
level to all available services in the building for every domain 

Expected update rate Upon customer’s request for new assessment 

Coverage All customers portfolio 

Resolution Per building 
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Table 47. SRI component tool analytics by the SRI application 

SRI calculations SRI calculation analytics include all the calculations analysed in the 
previously described methodology  

 

Required inputs Methodology_type 

Building_type 

Domain_service inputs 

Expected outputs Impact factor per area of interest 

Smart readiness indicator percentage 

SRI class indicator  

Table 48. SRI component outputs 

Impact_area 

Impact factor per area of interest 

As described in the methodology above, the platform will calculate the 
impact factor of each domain per area of interest (e.g. impact of heating 
domain for the energy savings on site area) 

Expected update rate Upon customer’s request for new assessment 

Coverage All customers portfolio 

Resolution Per building 

SRI Smart Readiness Indicator percentage 

Expected update rate Upon customer’s request for new assessment 

Coverage All customers portfolio 

Resolution Per building 

SRI_class SRI class indicator (A,B…etc.) 

Expected update rate Upon customer’s request for new assessment 

Coverage All customers portfolio 

Resolution Per building 
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3.4.2 User stories  

The user interface will be provided in the form of a web application. The energy assessors and the 
energy managers of the buildings will have access to the two tools (eDECs and SRI) through dedicated 
applications where they shall be able to input the characteristics of their sites and assess the energy 
performance of their buildings with regards to producing the display energy certificate for a specific 
time and zone of the building and the smart readiness certificate of the building. 

3.4.2.1 Enhanced Display Energy Certificate 

This module will be integrated in the user interface of the FMME module described in section 3.3. The 
user will login the FMME platform and will be able to select to perform the eDECs assessment of the 
building of interest. 

The Inputs tab will introduce the user to the different inputs he/she should provide in order to perform 
the energy performance assessment. The user shall define the type of building to be assessed and the 
climate zone where the building is located. The user shall also define the number and floor area of 
each zone of the building by filling in the table on the right of the screen.  

The user will subsequently be asked to upload a top view image of the building (e.g. in Autocad file 
format), which he/she will be able to do by clicking on the button at the right corner of the tab. 

 
Figure 47: eDECs input tab #1 

The Autocad file will subsequently be transformed to a schematic diagram in the screen, where the 
user will be able to drag and drop the corners of the provided zones in order to be able to provide a 
high-level visualisation of the building’s zones.  

By clicking Submit & Calculate, the user shall be redirected to the Outputs tab of the site. 
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Figure 48:  eDECs input tab #2 

In the Outputs tab, the user will be able to select the zone he/she wants to display on the screen as 
well as the timeframe and date of the assessment. 

The chart on the left side of the screen as well as the table at the bottom right corner, will subsequently 
change to allow for visualisation of the performance level of the selected zone, at the selected day and 
time. The user will also be able to export a report in pdf format by hitting the button at the bottom 
right corner of the screen. The report will display the results of the analysis per zone as displayed in 
the mock-up below. 
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Figure 49:  eDECs outputs tab 

3.4.2.2 Smart Readiness Indicator Certificate 

Similarly to the eDECs module, the SRI assessment will also be integrated in the user interface of the 
FMME module described in section 3.3. The user will login the FMME platform and will be able to 
select to perform the SRI assessment of the building of interest. 

The Inputs tab will introduce the user to the different inputs he/she should provide in order to assess 
the smart readiness of the building. By selecting each of the displayed categories, the user will be 
directed to the specific input tab where he/she will be able to assign a functionality level to each service 
of each domain. 
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Figure 50:  SRI input tab #1 (services) 

The General inputs tab will ask the user about the type of assessment he/she wants to perform (A 
being the simplified one and B the detailed one), as well as the type of the building he/she is assessing 
and the country where the building is located. 

By hitting the Save button the user will be redirected back to the main Inputs tab to continue with the 
rest of the tabs to be completed. 
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Figure 51: SRI input tab #2 (general inputs) 

For each domain, a number of services will be displayed in the Domain’s input tab for which the user 
will need to assign the functionality level using a dropdown menu. In the case where the user has 
selected the type A (simplified) assessment, some of the services will be disabled indicating that 
assigning a level to them is not required for the assessment.  

Indicatively below, we show the corresponding input forms for two exemplary services (heating and 
cooling). In the application a total of 9 similar input forms will be available, one for every type of service 
(heating, domestic hot water, cooling, controlled ventilation, lighting, dynamic building envelope, 
electricity, electric vehicle charging and monitoring &control). 
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Figure 52: SRI input tab #3 (heating domain inputs) 

 
Figure 53: SRI input tab #4 (cooling domain inputs) 

The Calculations tab will allow the user to verify that he/she has completed the assessment. If there is 
information missing in some domains the submission button will be deactivated and a message will be 
displayed allowing him/her to understand in which domain information is incomplete. Once the user 
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has completed all domains the submit button will be activated and by pressing it the user will be 
directed into the Outputs tab. 

 
Figure 54: SRI calculation tab (assessment summary) 

The Outputs tab will display the results of the SRI assessment, displaying percentage of impact for each 
specific domain and the total SRI both in percentage and scale value (A-G). The user will also be able 
to export a report in pdf format by hitting the button at the bottom right corner of the screen. The 
report will display the results of the analysis as displayed in the mock-up below. 
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Figure 55: SRI outputs tab 

3.4.3 Exploited technology stack  

In order to provide its intended functionalities, the Real-time Building Energy Performance and Smart 
Readiness Certification Tool will build on state-of-the art technologies.  

The two tools are essentially sub-components of the Facility Management Monitoring Engine, hence, 
following the modular, service-oriented approach described in section 3.3.6., the relevant 
functionalities will be implemented and offered to the main engine as a web API service. The 
technologies that are going to be used for this purpose are the Go programming language for the web 
API service implementation and PostgreSQL for state persistence and management. 

4 Conclusions  

This deliverable has presented the detailed specification of Optimized Energy Performance 
Management Suite. More specifically, this report has provided the detailed definition of design and 
specifications for the SYNERGY Building/ District-level Analytics for Optimized Energy Performance 
Management, which comprises several energy applications: Advanced renovation support, Urban 
Energy Monitoring and Planning Support, Facility Management Energy Analytics, Self-Consumption 
Optimization & Predictive Maintenance and Real-time Building Energy Performance and Smart 
Readiness Certification. The detailed specification of each energy application and its components has 
included the definition of application architecture, technical features, user stories and the deployment 
technology stack. 

This specification gives a solid ground for the following development work of WP7, which will be 
reported in the next deliverable D7.2 (1st Version of Optimized Energy Performance Management 
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Suite), due to M22. Moreover this report put a ground to start planning and definition of 
demonstration activities that will take place in scope of WP8. 
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