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Executive Summary

The BIGG project aims at demonstrating the application of big data technologies and data
analytic techniques for the complete buildings life cycle of more than 4000 buildings in 6 large-
scale pilot test beds. The pilot test beds defined at the start of the project a series of challenges
related to buildings and data management to overcome and improve on which have guided
the technological developments of BIGG.

The project has developed the infrastructure to maintain and operate the 6 pilots, from the
reference architecture to the Al based analytical tools necessary. The 6 pilots test beds were
defined to cover a wide range of building data challenges including both public and private
needs, which could benefit from shared developments and improvements such as a reference
architecture and a common Data model, keeping in sight the differences and particular needs
of each different case. Therefore, the solutions required to cover them span from
harmonisation and mapping of the data to the advanced analytical solutions that calculate
accurate baselines, buildings benchmarking, flexibility potential in DR events, among others.
The 6 pilots are also referred as Business Cases (BC) and have been further divided into 15
Use Cases (UC) to tackle the different challenges proposed into their individual components.
For example, managing a large building portfolio and its energy efficiency improvement
actions, such as in BC1, required different data collection approaches (for the buildings and
the improvements actions separately), mapping and changes to the Data model, which
promoted to split this overall task into two different use cases.

The BIGG project was dived into 8 work packages to accomplish the defined tasks, four of
them focusing on the technical development, with the pilots being the core of the WP6. The
work presented in this document is the conclusion of the projects’ pilots M36, including the
challenges encountered by each pilot. During the first half of the project, the work focused on
setting up the different pilots (also known as Business Cases) and preparing the necessary
infrastructure to measure and monitor them, as well as, defining the methodology to evaluate
their progress. During the second half, the pilots have focused on implementing and testing
the technical solutions provided by the technical work packages to constantly provide feedback
and improve each solution.

The report starts with an introduction of the pilots work package, an overview of the progress
of the cross-cutting technical components and the methodology for the evaluation of the
current report.

The description of the Buisiness Cases is briefly shown in section Il along with the main results
of each Business Case. The section presents each of the 6 Business Cases, summarising the
extended descriptions provided in D6.2. The section main purpose is to present the final results
of the pilots divided among the 6 Business Cases using the KPIs methodology developed. The
analysis section explains the current state of each pilot, at the detail level of the individual use
case, using the developed KPIs. The section also describes the challenges faced by each pilot
(if there are any) in the form of limits detected and modifications of the initial data sets, either
by adding new sources of information to expand the current ones or removing data sets
deemed not useful or accessible due to the evolution of the pilots.

Finally, conclusions, lessons learned and future actions are included based on each partners’
interests and the results obtained.
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|. INTRODUCTION

|.1. Purpose and organization of the document

This report describes the results achieved in the 6 BIGG pilots until the end of the project.
Highlighting two key aspects of each business case:

Firstly, a summary of the scope and main objectives of each pilot, as well as the most relevant
results in each one, also mentioning the challenges that were overcome. Secondly, the
conclusions of the work based on the results and how they contributed to facing the challenges
encountered.

The report is organized as follows:

Section |: explains the structure of the report, scope of the BIGG project and the audience to
which it is directed. As well as the methodology used in the evaluation of results.

Section |I: contains the summary of each business case, the KPIs selected to measure its
performance, the results achieved, and the limitations presented in some cases.

Section lll: contains the conclusions of the BIGG project, lessons learned and future work.

|.2. Scope and audience

The BIGG project aims at demonstrating the application of big data technologies and data
analytic techniques for the buildings life-cycle of more than 4000 buildings in 6 different large-
scale pilot test-beds, that we have called them Business cases (BCs) and they have been sub-
divided into 15 more specific Use Cases (UCs).The 6 Business Cases focus on data about
buildings and energy, diverging on the type of data they use and the goals for each of them.
The common filed of work but differentiated approach contributes to all the technical
development by providing needs that will be made compatible just in case they are merged in
the future, being the Data model the most relevant example of that since it is common and
grow out of the pieces of each UC.

This deliverable is the final document of Work Package 6, which objectives are the following:

o Demonstrate the applicability of the designed BIGG solutions to support diverse real-
world business scenarios in terms of the defined KPIs across pilots.

o Demonstrate how the solutions address the challenges and needs defined by each
pilot.

Figure 1 shows how work package 6 (WP®6) is in connection to the work packages of the
project, to put in place all pilots:

HIBIGG 0
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Figure 1. Scenario of relation between WP6 and other WPs of BIGG project

At the beginning of the project the pilot owners, within the context of WP6, described the 6
different Business cases and the available datasets, this description was then used by WP2 to
elaborate the technical requirements of the project and coordinate with WP3, 4 and 5 to
develop all the necessary tools to fulfil the needs of each Business case. The developed
technical solutions were returned to WP6 in an iterative process to improve and refine them in
a constant feedback loop between the pilots and (WP2), the technical WP.

The technical development objectives are defined based on the goals of the six different
business cases summarised in section Il of the current deliverable (and that is related to what
is defined in section Il of deliverable D6.2)!. Each business case has two or more use cases
(UCs) that aim to cover all the aspects necessary to fulfil the business case main goals.

As mentioned above the BIGG project divided the technical development among 4 work
packages to develop the solutions needed to fulfil the 6 Business cases of the project. The
technical WP worked towards the continuous development of their solutions, which have been
continuously tested by the pilots (as shown in Figure 1). The technical development of BIGG
has been described in the WP2-5 deliverables, specifically the public deliverables D2.3 “Final
technical specifications and description of the integrated BIGG solution”; D.3.2 “Description of
the end-user communication and security layers”; D4.2 "Description of the final harmonization
layer”; D4.3 “Public BIGG Data”; and D5.2 “The BIGG Artificial Intelligence (Al) toolbox for
building data”. A brief summary of the progress and development so far is presented below
regarding these public deliverables with the aim to describe the progress towards the Business
cases.?

Work package 2 developed the BIGG Architecture which required to confront the envisioned
architecture options by the different business realities of the different consortiums’ partners.
One of the key findings of BIGG is that, in order to fulfil all requirements from pilots, the BIGG

1 https://lwww.bigg-project.eu/wp-content/uploads/2022/09/BIGG_D6.2.pdf

2 https://www.bigg-project.eu/deliverables/

H1BIGG
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architecture should not be exclusively a cloud-based system. The proposed solution must be
modular and flexible in terms of BIGG components deployment choices. Actually, BIGG
components must be deployable locally on partners infrastructures where BIGG components
can be close to the place where data-to-be-exploited resides. Therefore, the BIGG technical
specifications are a “pick and choose” system describing components that end-users may take
and deploy individually. Architectural guidelines describe state-of-the-art ways to organize
these components’ interactions.

The modularity and versatility requirements of the BIGG components, due to the multiple
business cases, lead to structuring the different components code in several layers:

e (1) A CLI stand-alone tool consuming and/or producing data files and configured by
options;

e (2) AWeb service exposing a REST (Representational State Transfer) API;

¢ (3) An event stream messaging system compatible node: In the context of big data
management use cases, event stream messaging systems are more relevant to be
used than message queuing (MQ) systems.

In the BIGG project, the Kafka event stream messaging system has been used for the
Reference Architecture Framework. Compatible components must thus be publishers (aka
“producers”) and/or subscribers (aka “consumers”) that can connect to the Kafka message
bus. The components codes and deployment artifacts need to be centralized in a repository
shared among users. Every user is then able to pull the components versions that fits the best
his local architecture and update the components for future shared improvements. Further
descriptions of the BIGG Architecture can be found in D2.3.

Work package 3 is developing three different aspects of the project, the communication layer,
the graphical user interfaces and the security layer development. Out of the three tasks the
most relevant towards this report is the communication layer development, in which, WP3 has
developed the ingestors needed by BIGG. However, the work of WP3 is closely linked to the
WP4 harmonisation and BIGG data model for buildings. The data model developed by WP4
has been used by WP3 to ingest and harmonise the data from external source into the BIGG
format. The data ingested through the communication layer (Task 3.1) passes through the
harmonization process, the harmonized data then goes through the Al Toolbox (WP5, which
is the actual user of the data) and is stored or displayed to the user (Task 3.2). All of these
steps have happened in a secure way (Task 3.3). Storing data before or after harmonization
can optionally be done depending on the use case.

In the following Figure 2 there is a schematic of all the components of BIGG and the external
sources, divided by the WP responsible of developing each part. The communication layer has
developed the necessary components to ingest and expose all types of building data.
Regarding the state-of-the-art Reference Architecture Framework (RAF) which has been
designed in WP2 (see D2.3), the communication layer components are laying in the
northbound and in a southbound of the architecture as presented in the following simplified
schema:
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Figure 2: Simplified communication layer architecture. Source: D3.2 “Description of the end-
user communication and security layers”

The work of WP4 has focused on the development of the BIGG Standard Data Model 4
Buildings in the core of the harmonisation process that provides the semantics and structure
of the data and enables their adequate allocation in databases and use in analytics services.
The work started with the analysis of the data requirements over the BIGG Use Cases and the
available datasets from the pilots, which lead to the identification of data concepts and relations
between them (read D4.2 and D4.3 for further details). In parallel, a preliminary analysis of
existing ontologies identified models’ correspondences with the BIGG data concepts that could
be reused. On the base of these analyses, the initial BIGG data model was created in iterative
steps of revisions, addition, and reorganisation of the data. The BIGG Standard Data Model 4
Buildings is comprised by detailed definition of classes, attributes, data types, relations, and a
UML class diagram. The data model was used as a common reference for mapping of the
available data sources in order to enable the elaboration and testing of the first and second
version (V1 and V2) of the pilot solutions and the Al Analytics Toolbox.

The Al toolbox developed in work package 5 can be found in the GitHub of the BIGG project®
where all the tools are explained and defined. The Al toolbox has focused its developments on
solving the specific requirements of the BIGG business cases. Therefore, the development
followed a bottom-up approach where the needs were defined based on each of the BC with
a special focus on providing answers to the challenges presented by the BC. Each Function
Block identified during the BC needs problem definition phase was then described with three
main parameters: the inputs, the function and the outputs. The preliminary toolbox is
composed of this list of Function Blocks. Although the preliminary toolbox development was

8 https://github.com/biggproject
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based on addressing specifically the challenges of BIGG, the final product allows the use of
the Function Blocks for different use cases beyond the test pilot beds. Some examples of the
Al toolbox tools used by the pilots are explained in section Il

The results of the technical work packages of the BIGG project combined are then displayed
through each of the business cases defined, from large building portfolio management, to
ESCO (Energy Service Company) project implementation. In those terms, and with respect to
the audience, the results of this deliverable are relevant to all project partners, policy makers
working on the field of buildings and energy efficiency, ESCO companies, building owners
(small and large) that aim to improve the energy efficiency of their building stock and the public
in general that is interested in following the latest trends in building, Big Data and energy
efficiency.

The WP8 Communication and Dissemination has thoroughly exposed the work of WP6 as part
of the outreach actions of the BIGG project. The main pilots and their outcomes are explained
in the project newsletters®, the first white paper® covers the general aims of each pilot and their
technical solutions proposed; and in the video series of the whole project covering each of the
business cases (youtube)®.

1.3. Methodology for evaluation

The evaluation of the pilot progress has been used to analyse overall progress of the pilots
and to monitor evolution of the pilots, which facilitated taking corrective actions with the aim of
reaching the set objectives during BIGG. All the pilots of BIGG have three distinct phases,
starting with the data acquisition actions, followed by the data processing steps and closed up
with the users’ interaction with the solutions and its systems. In order to measure the progress
of each pilot key performance indicators (KPIs) were defined for each of them. First the data
acquisition KPIs that analyse all the actions connected to gathering the data into the platform,
which facilitate monitoring the rate of key project information gathering. The actions range from
uploading building data, energy consumption data, and the set-up of any links between
different data sets of information (associating building and energy consumption data). The
second group are the data processing KPls that measure all aspects of the data
transformations, harmonisation and analysis using the developed Al tools. The actions include
data quality checks (for example, outlier detection), data upload checks (to detect data losses
for new data), analysis such as baseline calculation, savings calculation or benchmarking
performed. This group analyse how the BIGG developed solutions perform to tackle the
challenges presented and their stability and robustness. The third group are the KPIs that
measure user interaction with the platform, some examples such as total number of users
registered or share of active users compared to the total users.

The evaluation section ends with a summary of the work carried out in each BC aiming to
define 2 key aspects of the project results to be taken into account after BIGG:

4 BIGG newsletters https://www.bigg-project.eu/bigg-project-pilots-business-cases-and-use-cases/; and
https://www.bigg-project.eu/bigg-project-pilots-business-cases-and-use-cases-in-greece/

5 White Paper I: https://www.bigg-project.eu/validation-of-the-bigg-data-analytics-toolbox-over-the-bigg-
data-reference-architecture-in-6-business-cases-in-spain-and-greece/

6 https://www.youtube.com/@BIGGProject/videos
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e The detected limits to each BC

¢ Reasoning behind the inclusion/exclusion of certain data if there have been changes
during the duration of BIGG
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Il. RESULTS OF THE BIGG PILOTS

This section defines the pilots’ results of the BIGG project when it ended (November 2023).
The pilot projects were at the same time the drivers of the technical development (WP2-5) and
the testers of those developments. Therefore, the technical development was designed to
tackle the diversity of pilot cases of BIGG (also known as BC - Business Cases) ensuring a
wide applicability of the obtained results.

The technical development of the project has already produced a Reference Architecture
Framework (RAF) in WP2, some ingestors for the data and the definition of security to take
into account in WP3, a BIGG data model that allows the data harmonisation for all the BCs in
WP4, and a wide array of analytical and data processing tools for the Al toolbox in WP5.

The pilots of BIGG had three distinct phases, starting with the data acquisition actions, followed
by the data processing steps and closed up with the users’ interaction with the platform and its
systems. They started one after the other, but some did run in parallel until the end of the
project, since the project is based on life data in most cases the pilots have been uploading
and analysing data continuously. In order to measure the progress of each BC Key
Performance Indicators (KPIs) were defined for each of them.

The summary section analyses for each BC the aspects of the project referring to i) Limits
detected to each BC and ii) Reasons for including or excluding data (associated to the progress
of each BC). The analysis only covers the aspects that are relevant to each BC, if there are
any.

II.1. Business Case 1: Benchmarking and Energy
Efficiency tracking in Public Building — ICAEN

The goal of Business Case 1 is to improve and facilitate large building portfolio energy
management by offering considerable advances in data gathering, building data’s
management and analytical services for improving energy efficiency in public buildings. It can
be achieved by providing:

¢ An open big data infrastructure for storing all building data in one place and monitoring
the performance of the whole building stock of the organisation through an easily
accessible web application.

e Advanced energy benchmarking by using the BIGG data analytics and storage
capabilities, and tailored reports for different stakeholders in the organisations (policy
decision makers, energy managers, maintenance staff, financial officers).

e Continuous data gathering from different sources (energy consumption, investments
in energy efficiency measures, user provided information) for evaluation of applied
Energy Efficiency Measures (EEM) both in terms of energy and financial performance.

The following two use cases descriptions are focused on the improvement of the energy
efficiency on a major part of Catalonia’s public buildings, by monitoring their consumptions and
energy efficiency actions. Currently the Catalan government and its dependant public entities
manage more than 4000 buildings and implement yearly hundreds of energy efficiency
measures.
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Figure 3: BC1 Input Data processing diagram

The results of BC1 are divided among UC1: “Benchmark and Monitoring of Energy
Consumption” and UC2: “Energy Efficiency Measures (EEM): Registration & Evaluation”. The
purpose of each use case is to develop tools and systems to enable advanced building
benchmarking and monitoring both of building’s performance and energy efficiency trends,
focusing on the same buildings from different perspectives.

[1.2.1.a. Context

Use case 1 focuses on developing tools and systems that enable advanced building
benchmarking and monitoring both of building’s performance and energy efficiency trends. The
main objective of this use case is to give public authorities and energy managers the necessary
tools to improve control and manage the energy performance of a large park of buildings with
automated methods.

The KPlIs defined for UC1 analyse sequentially the data acquisition, data processing and user
interaction. The data acquisition KPI analyses the available data sources for the analytical
tools. The data processing KPI evaluates both the data quality and the results obtained from
the BIGG developed analytical tools. The user interaction KPI measures the scope of the users
engaged and their rate of interaction with the solution provided.

Table 1 — Use Case 1. Data acquisition KPIs

Current % of
Name of KPI and L achieve
Description or Formula Target Value ment

(M36) M36

acronym [ID]

Public Buildings with their data

Number of Public : )
Buildings (with data)- | 2>S0ciated to Platform: GPG data | 57 | yo56 | 165 204

(building properties), building
[UCL-NPE] location (weather data)

HARM MAP Organization structure
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Number of electricity | Amount of consumption points
consumption with a linked to the buildings where they | 6000 2327 38%
building-[UC1-NEC] are used
Number of gas Amount of consumption points
consumption with a linked to the buildings where they | 500 503 100%
building-[UC1-NGC] are used
g‘é i't':si't"tye‘;;nongzg Public Buildings with their monthly
. .y 9y electricity data (recorded) >80% 85% 100%
(electricity)-[UC1- associated to Platform
MED]
ﬁgﬁ;zr:oggﬁ data Public Buildings with their hourly
. p electricity data associated to >80% 85% 100%
(electricity)-[UC1- Platform
HED]
Av. of Monthly gas . - , .
[UC1-MGD] g

[1.2.1.b. Solution and Results

The data acquisition of BC1-UC1 (Figure 3) is a constantly ongoing process of sorting out all
the available information and ensuring the linking of the different sources and their respective
data sets, while keeping up to date a living building portfolio that is in constant change. The
advancements on the data acquisition were linked to the associations between datasets, in
part due to the work of the technical work packages in which the BIGG data model has been

defined and the data sources mapped to the ontology (WP4).
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Ne of Buildings Device linked With EEMs With anatytics
16 16 8 3
Name Unique ID Department

Ports de la Generalitat

m + Show more filters

BUILDINGS

Name Unique ID Area Use type Department

Port Arenys de Mar 06061 0.00 Port Building Ports de la Generalitat all
Port Cases d'Alcanar 11035 0.00 Port Building Ports de la Generalitat il
Port de Blanes 06062 0.00 Port Building Ports de la Generalitat

Port de Cambrils 06063 0.00 Port Building Ports de la Generalitat Al
Port de 'Ametlla de Mar 06058 0.00 Port Building Ports de la Generalitat

Port de L'Ampolla 06059 0.00 Port Building Ports de la Generalitat

Port de la Vilanova i la Geltrd 06066 154,532.00 Port Building Ports de la Generalitat il
Port de I'Escala 06064 0.00 Port Building Ports de la Generalitat aill
Port de I'Estartit 06065 0.00 Port Building Ports de la Generalitat all
Port de Llanga 06067 0.00  Port Building Ports de la Generalitat aill
Port del Port de la Selva 06069 0.00 Port Building Ports de la Generalitat alll
Port de Palamés 06068 0.00 Port Building Ports de la Generalitat all
Port de Roses 06070 0.00 Port Building Ports de la Generalitat il
Port de Sant Feliu de Guixols 06071 0.00 Port Building Ports de la Generalitat il
Port pesquer de Deltebre 05749 579.00 Port Building Ports de la Generalitat il

Figure 4: Building data repository

The data required for BCL1 is the combination of the main sources of building information using
common internal identifiers to feed the analytical tools. The first KPI focuses on the number of
public buildings [UC1-NPB] with the building characteristics data usable for the project. It
means that from the project target of reaching 3000 buildings of the Generalitat de Catalunya,
data is available for more than 4000 of them. The buildings have to fulfil the criteria of having
the building information obtained from the internal patrimonial system (GPG database) and the
building location (link to weather stations) associated using internal identifiers. Meaning that
the information is all available and that it has been possible to link each piece of information to
a building.

The energy consumption data of the buildings has been divided among electricity and gas,
however, not all buildings do have both of them, some only have electricity or nothing, and
some buildings do have multiple connections to electricity and gas. Of the ambitious target of
6000 consumption points of indicator “Number of electricity consumption with a building-[UC1-
NEC]” 2327 (the 38%) are associated to buildings. The achieved result proves the challenge
of collecting the information and associating the energy consumption to a large building
portfolio. Even though the results have not reached the ambitious target for the association to
buildings the consumption data for 6016 buildings has been collected from multiple sources,
5656 from Datadis’ and the rest from our energy accounting system.

The gas consumption indicator (Number of gas consumption with a building-[UC1-NGC])
showed greater advances with 503 consumption points out of the target of 500 (100%) already
linked to their respective buildings. These indicators required the association of information
sources finding key values that allow to combine different datasets (from different sources) to
a building. This line of work rests on the data harmonisation of WP4.

7 https://datadis.es/home
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Indicators UC1-MED and UC1-HED analyse the share of buildings with information (first
indicator) that have monthly and hourly electricity energy data available. Currently, both
indicators are already performing great having reached the target of having more than 80% of
building with data.

The final indicator measuring data acquisition is the Availability of monthly gas data-[UC1-
MGD] that measures monthly gas data for the public buildings. It has already reached the
target of having more than 80% of the building with the gas data by the end of the project
(November 2023).

Table 2 — Use case 1: Data processing KPIs
. % of
Name of KPIl and Description or Current

Target achievem
Value (M36) ent M36

acronym [ID] Formula

Number of Electricity Dataset integrity check

data with enough for electricity data >95% 757 50%
quality-[UC1-MEQ] y
EIL; Ttkr)ii:tOf dr:t);r\:\)//ith Dataset integrity check
y . for hourly electricity >95% 750 50%
enough quality-[UC1- data
HEQ]
Number of Monthly : :
G || e eSS EIEEE 219 53%

quality-[UC1-MGQ] for monthly gas data

Number of buildings Pul?llc Buﬂdmgs with
their baseline

with a baseline-[UC1- ) >80% 620 82%
NBB] consumption calculated

by the platform

Number of Buildings
with longitudinal
benchmarking-[UC1-
NBH]

>80% 620 82%

The data processing of BC1-UCL1 includes all the different data transformation and analysis
steps that use BIGG related tools, from the harmonisation to the Al toolbox. One example of
tools developed to check the data integrity are the ones designed to detect outliers, from
impossible values (previously defined, in the case of energy consumption, it should be a
positive value and not exceeding the total capacity permitted) to calendar outliers (based on
local working days and holidays). Data integrity also analyses the presence of data within the
datasets to ensure that the device relaying the information is properly working. The data
integrity checks will be carried out for electricity data for both the hourly [UC1-HEQ] and
monthly [UC1-MEQ] data, as well as the monthly gas data [UC1-MGQ)].

The data upload time for both electricity at hourly [UC1-HEU] and monthly [UC1-MEU] intervals
and gas monthly data [UC1-MGU] are key to ensure the timely management of large building
portfolios. One of the BC1 objectives is to provide energy managers the necessary tools to
improve control and manage the energy performance of a large park of buildings with
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automated methods, which needs the data readily available to perform analysis and control of
the performance. All the data quality steps, integrity (>95%) and upload time (>80%), have set
high targets to ensure that all the data that is found within the system is reliable, and that the
acquisition step does not add any extra uncertainty to the data, and the following analysis. The
results show that the data quality does not reach the set targets for any of the tested values,
which forced us to discard both electricity and gas data before the analytical tools were applied.
The main reason data does not pass the quality checks is due to a decreasing reliability from
our data providers (Datadis and Nedgia).

Settings

My EEMs Supplies Energy Performance Certificate

Gracia, passeig

08007 Barcelona (Barcelona) PERFORMANCE | SAVINGS

QosT This graph compares all buildings stored in the system grouped by building use type.
EMISSIONS
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,gg!!!l!!!l||||||||"“I""""“I““I“Hl
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Figure 5: Building benchmarking functionality

The main analysis section focuses on calculating baselines for all the buildings that will later
be used to estimate energy savings or building performance (over and under-consumptions).
Associated to the baseline calculation, the building can be compared (benchmarking) against
its past-self (longitudinal benchmarking) or against peer buildings, as shown in Figure 5 (cross-
sectional benchmarking). The two indicators that measure the progress in the analysis section
focus on calculating the baseline for all buildings [UC1-NBB] and performing the longitudinal
benchmarking of the buildings [UC1-NBH]. Both baseline calculations and building
benchmarking were applied to the set of buildings with enough quality data and were obtained
by 82% of the total cases analysed, overcoming the set target of 80%. The tools used for
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performing the analysis and their pipe (Aplication A1) have been developed and are presented
in the Al toolbox (WP5).

Table 3 — Use case 1: User interaction KPIs

Name of KPI and Description or Formula

acronym [ID]

Users registered-[UC1-

UR] Total number of users registered 130 106 82%

Share of active users (that at least

0, 0
log in once in 6 months) 20% & 5%

Active users-[UC1-AU]

The user interactions have been measured to detect the reach of the users incorporated and
the usefulness of the solution for them. The user interaction is measured at BC level since both
UC1 and UC2 share a common system. The first indicator measures the total number of users
registered [UC1-UR] that have access to the platform and the BIGG tools, the users registered
are expected to be mainly energy and building managers with a small share of policy makers.
During the project 106 users have registered into BC1 platform, which represent entities and
departments responsible for 99.6% of the total energy cost of the Generalitat de Catalunya.

The second indicator measures the share of users that are active of the total users [UC1-AU],
which measures the platform interactions as a proxy of the platform usefulness to them. The
combined functionalities of BC1 have ensured a constant user engagement since they had a
continuous need to register new EEM implemented coupled with the chance to observe their
building evolution.

[1.3.1.a. Context

Use case 2 completes the energy performance analysis of UC1 by including the Energy
Efficiency Measures (EEM) registration and evaluation with the goal to track the achievement
of the EU sustainability targets.

The work of use case 2 focuses on the energy efficiency measures (EEM) registration and
evaluation to build a repository of their essential information based on their typology,
characteristics, difficulty of implementation, required investment, etc., and evaluation on impact
assessment of measures on achieved energy savings. The main objective of this use case is
to make a structured data base to store EEM and evaluate their impact on achieved energy
savings from energy consumption data. The EEM must be associated to a building (UC1) to
be able to associate them to energy savings obtained. The KPIs of UC2 analyse the data
acquisition and data processing sides of the UC, the user interactions are presented along with
UC1 since they use the same system.
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Table 4 - Use case 2: Data acquisition KPIs
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curre % of
Name of KPIl and acronym . nt achiev
Description or Formula
[ID] Value | ement
(M36) M36
NC of improvement actions Amount of improvements in
. . - 0
collected-[UC2-IAC] gener.a.l in a given building 2200 1808 | 82%
or facility.
When logging data the
Share of actions without finish | finish date of the action is
<500 0 0
date-[UC2-WFD] missing, or it is not 50% 0% 0%
complete
Share of actions without the Z\:f:i?elggsigge?)?/t:rt;]ee —
value of EEM effect over building is missing. or it is <50% 0% 0%
whole building-[UC2-WSD] g =
not complete
When logging data the
Share of actions without typology of the action is
<500 0 0
typology of action-[UC2-WTD] | missing, or lacking in S0% 0% 0%
specific details
Share of actions without When logging data the
<250 0
investment cost-[UC2-WID] investment cost is missing 25% 38 2%

[1.3.1.b. Solution and Results

The main project result for UC2 is the launch of the EEM registration functionality of the BIGG
platform which improved EEM data collection, minimising data loses, and facilitating the data
recording, reducing errors (see Figure 6). The change from an excel based table to the current
template has simplified recording the information (reducing errors and data loses), reaching
the energy managers and extracting the information (avoiding the need of data cleaning).

1BIGG
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Figure 6: EEM registration form. Source: BC1 BIGG platform.

As explained in UC1, the data acquisition for BC1 is a continuously ongoing process of both
sorting the information and linking the different sources as new ones appear. The first KPI
focuses on the number of improvement actions collected [UC2-IAC] which are recorded for a
building or facility. Currently, there are 1808 EEM registered for the years 2021-2022 (82% to
the target) compared to the 471 (data of year 2020) that were recorded with the Excel based
system (doubling the amount of data collected per year). Another improvement of the platform
is that each EEM implemented can be associated directly with the building in which it is
implemented unlike the Excel based template that required an extra step to associate actions
with savings.

The use of the platform has ensured that all the essential information got recorded, from finish
date to categories and cost for all the EEM registered. The finish date [UC2-WFD] provides an
indication of when to start measuring the expected “savings” associated to the EEM
implemented due to it being completed, assuming that the impact can be analysed from the
same moment. For example, improving heating over summer will not be detected as savings
until the next heating season.

The affectation of the EEM over the whole building [UC2-WSD] provides knowledge of the
share of the old installation affected by the improvement action, and therefore an idea of the
effect it will have regarding savings, as well as a measuring of the savings potential.

The typology of action [UC2-WTD] allows to categorise the EEM based on their typology which
is essential to understand the effect each action will have.

The investment cost of an EEM [UC2-WID] is essential information needed to perform any
economic calculation in combination with the savings obtained from the EEM and the energy
cost at the time. The knowledge of the investment cost and the economic value of the savings
can be used to calculate the return of investment (ROI), the net present value (NPV) and a
wider array of economic indicators.
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Table 5 - Use case 2: Data processing KPIs

Name of KPI and
acronym [ID]

Description or Formula Target

- - Share of savings evaluated =
are of savings _ _
evaluated-[UC2-NSE] Savings evaluated/Savings 15% 82 13%

registered

Share of EEM which ROlI,

Pay-back time and IRR
can be calculated based | Financial indicators can be 15% 82 13%

on investment-[UC2-NFC] evaluated/Savings registered

Share of financial indicators =

The UC2 data processing evaluates the two essential elements for energy efficiency
measures, which are the evaluation of savings [UC2-NSE] and the calculations of economic
indicators [UC2-NFC]. The main objective of UC2 is to try to evaluate the savings obtained
from the registered EEMs, so the KPI evaluated savings quota [UC2-NSE] was established
with the aim of reaching the 15% savings estimate. The modelling and analytics for this use
case has been developed in WP5 of the project and both the Al tools and the pipeline (A2
Application) are available in the project's Github (https://github.com/biggproject).

The challenge in calculating savings comes not only from the analytics developed in the Al
toolbox (WP5), but from the data itself, as BC1 uses a single smart meter per building that
includes all energy consumption at the location. The use of a single point of energy data means
that any EEM that achieves small savings compared to the whole building consumption will
not be statically significant enough to be beyond the error/confidence margins established, and
therefore the savings will not be measurable for that particular EEM. The results show that for
the buildings with quality, data only for 13% of them the savings can be calculated, mainly due
to the minimal effect of the EEM implemented compared to the overall consumption, which did
not grant enough confidence to calculate them statistically. The calculation of the financial
indicators follows the same logic as the savings evaluation, because the calculation of the
economic returns of investment depends on having the savings obtained in financial terms
(saved €/m? instead of kWh/m?).
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Figure 7: Energy savings calculations

[1.3.1.c. Summary of BC1

The goal of BC1 is to provided public authorities and energy managers the necessary tools to
improve control and manage the energy performance of a large park of buildings with
automated methods. This task required to gather all the relevant building and energy data in a
system to perform the BIGG developed advanced analytics [D5.3 for further information], with
the aim to establish baselines, detect savings, monitor building performance and ultimately
track building degradation. Towards these goals, UC1 has progressed and achieved results
as expected in almost all tasks: data acquisition, data processing and user interaction.

The data acquisition task was the hardest in terms of the overall volume of information to
obtain, over 4000 buildings managed, spread over 14 government departments and over a
100 different public entities and bodies. The building information was retrieved from several
sources such as the internal patrimonial database (GPG), cadastral information, and open data
for the organisation structure.

The data gathering has been a success in terms of the overall reach, the information has been
obtained, structured and fed to the analytical part with enough data to perform the analysis
required. Both building information and energy efficiency actions implemented have been a

1B
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success in terms of data collection, reaching the set targets and establishing a strong initial
database for the Catalan government. At the end of the project over 4000 buildings have their
data logged into the system, and 1800 EEM were registered over the 2021-2022 period since
the platform became operative, more than doubling the rate of EEM collection before BIGG.
Regarding the energy consumption data, it has been retrieved for both for electricity and gas
for close to 7000 consumption points, but only 2800 have been associated to their respective
buildings, 2300 for the electricity data (below the initial ambitious target) and 500 for gas
(reaching the target).The data collection also highlighted the limitations of the current data
sources, which in the case of the internal patrimonial system has already led to improvements
of the database.

The data acquisition indicators show that the current situation of the UC1 regarding data still
has work to do in order to reach all the set targets. Even though some indicators are below
50% the overall progress of the project is not impeded, because there is plenty of data to start
the deployment of the analytical tools developed in WP5. It is also worth mentioning that the
users are being recruited for each department of the Catalan government and they will be in
charge of speeding the association of the different data sources, by providing BIGG with the
key elements in common for each database and by using the platform to improve their building
energy governance.

The data processing results show that the WP5 developed solutions provide added value to
the needs of energy managers. Currently, building performance and building benchmarking
can be carried out, displaying the evolution of the building in terms of energy performance and
comparing it to its peers, respectively. The building performance functionalities, as well as the
savings measurements already provide energy managers with an overview of the evolution of
each building and energy efficiency measures implemented. The building benchmarking
functionalities facilitate the decision-making process of energy managers by reducing the
whole building stock to those few that are in more need of an intervention.

The user engagement of the BC1 solutions has been a success, it has managed to get user’s
representing over 95% of the Generalitat de Catalunya overall energy cost (based on year
2021), with 106 users registered, and with a highly active user base. The added functionalities
developed such as energy efficiency measures registration provided a constant source of
interaction with the platform.

11.3.1.c.1. Limits detected to BC1

The pilot buildings data was affected by the COVID-19 pandemic, altering the data values
compared to a pre o post covid situation. Baseline calculation have been affected by the
working patterns induced by the covid pandemic, the most relevant of them the generalisation
of working from home for all the workforce of at least two days a week. This change implies
new patterns of building occupation, with more people assigned to a single building but with a
concurrent lower occupation than before covid, therefore, there should be a lower need for
support systems such as HVAC. The challenge resided in having enough pre-covid data for
most of the buildings to understand if the “work from home” schemes do have a statistical
impact on the energy consumption of the buildings. Savings estimation/calculation have also
been impacted by the “effected” baselines since the reduction in energy consumption could be
associated to the EEM implemented or to a reduction in work force within the office.

Another aspect of working from home is the fact that the same space can host more occupants
since they are not all there concurrently, meaning that the organisations do require less overall
space (meaning less buildings for large organisations), which in turn reduced the overall
energy consumption of an organisation. This effect can be englobed within the normal
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dynamics of any organisation with large building portfolios that change to adapt to needs of
space and economic needs overtime. For the Catalan government there has been a trend to
move from several small buildings to fewer larger buildings, coupled with the building
renovation moving from old to new buildings.

The European Union aims to drastically reduce its CO.eq. €missions by 2030 and achieve
climate neutrality by 2050 (European Green Deal) [3,4], in line with these targets all public
institutions are bound to reduce their impacts and emissions. To reach these targets the
emissions have to be accounted for, which is one of the strengths of BIGG.

II.4. Business Case 2: Energy Certification (EPC) in
Residential and Tertiary Buildings — ICAEN

The objective of Business case 2 is to extend the usefulness of Energy Performance
Certificates (EPC or BPC). The BIGG project's contribution to advancing the use of Energy
Performance Certificate (EPC) information will be a significant improvement over its current
state:

e Providing an open big data infrastructure for storing EPC data, while offering a clear
mapping of the data, in a harmonized way.

e The simple fact of having the data stored, mapped, harmonized, and verified will favour
the possible use of these data, not only a punctual moment in the life of the building as
is the current case, but that they can be used and updated throughout the life cycle of
the buildings.

The results of BC2 are focused on the use of energy certifications and on laying the
foundations for future applications and modifications of the certificates. With these objectives,
BC2 aims, firstly (UC3), to integrate the data with the INSPIRE format to standardize it (easier
communication with other systems) and, secondly (UC4), to start exploring future avenues for
certificates, such as level(s) indicators. Due to the nature of BC2, most of the work done has

focused on the data processing steps, including data harmonization and proposed data
mapping for Level(s).

The following figure shows schematically the process followed by the data processing for this
business case.
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Figure 8. Schematic of the data processing for business case 2

As shown in the figure the certificate data comes mainly from two main sources:

¢ Opendata portal of the Government of Catalonia. Where there is a summary of the data
(70 fields) of all the energy certificates of buildings that have been registered in the
territory (~1.4 millions).

e Result of the certification tools themselves (Ce3X). This is a standardized XML with all
the data, both inputs and results, of each individual certification.

For both resources, ingestors, mappers, and harmonisers have been created to acquire and
process the data. The ingestors, mappers, and harmonisers are published with free access on
the project's Github. In the first case, the ingestor is the implementation of an API client, and
in the second case a parser of individual XML files. The harmonised data are finally saved in
the Bigg Data Model format so that they are available for further use.

Table, 6 - BC2: Data acquisition KPIs

_ % of
Name of KPI and Description or .
acronym [ID] Formula achievement
M36
Number of energy Amount of certificates
performance which data has been 1,000,000 | 1.397.314 | 140%

certificates-[BC2-NC] | uploaded

The KPI target number of certificates [BC2-NC] to include 1,000,000 certificates was achieved
in M18 with a current total number of certificates of 1,397,314, which represents 140% of the
target.1 The data obtained from the building certificates include information related to the key
parameters of an energy certification (non-renewable energy consumption, associated CO-
eg. emissions, etc.), without revealing any personal information. The collection of this data will
be a continuous process, as over time new information fields will be released in the certificates,
such as information on the construction of the building, materials, etc., which will have to be
entered into the system with specific mappings to the new fields of the original resources.

[1.5.1.a. Solution and Results

The main target of UC3 is to adapt the current certificates to the INSPIRE standard,® adapting
all the certificates fields and defining the harmonisation where possible. The main task for UC3
has been defining the harmonisation of the BPC (WP4) and ensuring that the end product
complies with the INSPIRE standard.

The BCPs in Spain are already available in INSPIRE format, so all that has had to be done is
to import and map the data to the BIGG model. The link between both resources has been
made in a simple way as both the BCP and the cadastral data contain the cadastral reference.

8 https://inspire.ec.europa.eu
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The linking of these data has proved to be very useful for the spatial exploration of the BCP
data. It solves in an agile and flexible way questions such as those presented in the figure
below.
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Figure 9. Example of geospatial scanning of building energy certificates.

For the demonstration of the possible real application of this use case, an application has been
developed. This application allows the geospatial exploration of energy efficiency certificates
in the territory of Catalonia.

The following figure shows how we can select an area in which we want to explore the
certificates, selecting a polygon on the map, and the application generates a comparative
benchmarking for example of the energy consumed per square meter of the certificates. The
application presents the frequency distribution of the selected sample together with the
average value of the KPI in the area.
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Figure 10. Demonstration example of the real application of the use case developments.
Geographical selection of EPCs and benchmarking of KPIs [kWh/m2] of the selected
buildings.

The KPI Share of BPC files with cadastral information [UC3-CAD] measures the number of
certificates that have the cadastral reference associated to the BPC file.

The cadastral database (already in the INSPIRE standard) provides several pieces of
information for each building, such as building coordinates (UTM format), building surfaces
and building energy rating. The information provided can be used for cross-checks with other
information sources or as a common reference between different databases, as the cadastral
reference is widely used as a reference for buildings. Therefore, ensuring that the majority of
the ground control points (GCPs) have the cadastral reference [UC3-CAD] will facilitate future
applications of the certificates for private citizens, policy makers and the European
Commission itself.

Table 7 - Use case 3: Data processing KPIs

% of
achieveme
nt M36

Name of KPIl and Description or

Formula

acronym [ID]

Share of BPC = BPC

Share of BPC files with files with cadastral

INSPIRE format-[UC3-

standardised in

cadastral information- . . >95% 1.397.314 100%
f All BP
[UC3-CAD] m ormation/ C
files
Share of BPC data Share of BPC in
Standardised in INSPIRE = BPC 8506 1397314 100%

INSPIRE/all BPC data

STD]

The progression towards standardisation of BPC towards INSPIRE is measured by the KPI
Share of BPC data standardised in INPIRE format [UC3-STD]. The aim is to maximise the use
of GCP as a source of information for other projects, therefore they should be aligned with the
INSPIRE spatial data standard, and this can be achieved by harmonising the current GCP data
in the above-mentioned standard [UC3-STD].

[1.6.1.a. Context

The alignment of building certification with Level(s) will link the building use phase of the
building certificates with the full lifecycle of Level(s). The work of UC4 aims to define a path
towards Level(s) based on the current energy performance certificates information. In order to
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reach this target, the information within the energy certificates was mapped to the Level(s)’s
requirements.® The goal of the mapping is to establish the necessary information to breach the
gap between EPC and Level(s), therefore, the KPIs aim to understand the 6 different indicators
of Level(s) and their requirements. The work for UC4 has been carried out to understand the
data requirements to map the above-mentioned indicators with the EPC.

Table 8 - Use case 4: Data processing KPIs

% of
achievem
ent M36

Name of KPIl and acronym Description or

[ID] Formula

Share of indicators mapped
for: Greenhouse gas
emissions along a buildings’
life cycle-[UC4-EL1]

Greenhouse gas
emissions along a 50% 50% 100%
buildings’ life cycle

Share of indicators mapped
for: Resource efficient and
circular material life cycles-
[UC4-EL2]

Resource efficient
and circular material | 25% 25% 100%
life cycles

Share of indicators mapped Efficient use of
for: Efficient use of water water [eSources 100% | 100% 100%
resources-[UC4-EL3]

Share of indicators mapped
for: Optimised life cycle cost
and value-[UC4-EL6]

Optimised life cycle

50% 50% 100%
cost and value

EPCs indicators aligned with .

EPC indicators
European Levels framework - aligned to Level(s) 1 1 100%
Level(s)-[UC4-ELF] g

The process of associating the current information within the EPC certificates to the different
indicators of Level(s) is the mapping step, which has shown to have varying success rate. The
mapping is done based on the BIGG data model and ontology explained in WP4 [WP4
deliverable reference here] The main reason for the variable success rates are limited by the
current information within the EPC, which currently focuses on the use phase, including
energy, emissions and building properties associated to energy loses and solar gains, but
excludes construction phase data, comfortability information of use phase and climate
adaptation. The mapping has been divided among the 6 macro-objectives of level(s), even
though objectives 4 and 5 are beyond the information available within the EPC.[2]

[1.6.1.b. Solution and Results

The first Level(s) macro-objective (see Table 9), is Greenhouse gas emissions along a
building life cycle [UC4-EL1], it is divided among two indicators, one for the use stage energy

9 https://ec.europa.eu/environment/topics/circular-economy/levels en

BIGG )



https://ec.europa.eu/environment/topics/circular-economy/levels_en

D6.3-Final evaluation of the BIGG pilots results on use cases 15/12/2023

performance (indicator 1.1) during the building occupation (kWh/m2/year) and another
analysing the whole life cycle building global warming potential (kg CO2 eq./m2/year) (indicator
1.2). Indicator 1.1 “Use stage energy performance” can be obtained from the simulation results
of producing an EPC. The indicator requires information about the use stage energy
performance, which is also required to produce the energy performance certificate of a
building. The EPC will have the energy consumption of the use stage divided by heating,
cooling, illumination and even ventilation (depending on the building typology some may not
be required). The EPC also includes the information about renewable energies production
which combined provides an estimation of the energy performance of the building. Indicator
1.2 “Life cycle Global Warming Potential” can be partially calculated from the EPC information.
The EPC information includes the building materials that encompass it (walls, windows and
bridges) and the use stage energy related emissions. It does not include all the emissions
associated to the extraction, building and decommissioning phases. For the use phase also
includes energy related emissions but it does not cover any other vector or building
maintenance requirement. Indicator 1.2 can be partially calculated requiring external LCA (Life
Cylce Analysis) software to complete.

The second Level(s)’ macro-objective (see Table 9) is the Resource efficient and circular
material life cycle [UC4-EL2] which analyses 4 different indicators, two of them can be partially
mapped to the current EPC information. Indicators 2.1 “Bill of quantities, materials and
lifespans” and Indicator 2.2 “Construction & demolition waste and materials” can be partially
calculated from the EPC information. The EPC information includes the building materials that
encompass it (walls, windows and bridges), however, depending on the certification software
used the materials information accurateness varies. It does not include lifespans of materials
(required by indicator 2.1) nor it does include materials post-processing information
(demolition, waste and recycling) (required by indicator 2.2), both of which would require a
specialised construction database to provide them. Indicator 2.3 “Design for adaptability and
renovation” it is not covered by the EPC data, and Indicator 2.4 “Design for deconstruction,
reuse and recycling” depends on the results of indicators 2.1 and 2.2.

Table 9: Level(s)’ macro-objectives 1 and 2, with indicators and capability to be calculated with
EPC data.

Can it be calculated

Macro-objective Indicator from EPC data?

1.1 Use stage energy | Yes

performance
1: Greenhouse gas and air . . .
pollutant emissions along .Partlally,. building materials
a building’s life cycle 1.2 Life cycle Global Warming information and energy
Potential use data are available.

Missing life cycle data

Partially, building materials
2.1 Bill of quantities, | information is available,

materials and lifespans but it does not include
2. Resource efficient and lifespans
circular material life
. Partially, building materials
cycles 2.2 Construction &|. Y, ing mat
. information is available,
demolition waste and .
. but requires post-
materials .
processing
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2.3 Design for adaptability
and renovation No

2.4 Design for
deconstruction, reuse and | If 2.1 and 2.2 have been
recycling calculated

The third Level(s)’ macro-objective (see Table 10) is the Efficient use of water resources [UC4-
EL3] which analyses the use stage water consumption, information that the EPC just holds in
the form of the daily hot water consumption. Indicator 3.1 “Use stage water consumption”
requires three sources of information to be calculated. The first one is building occupation to
calculate overall consumption values, second is the water uses by typology (such as cooking,
hot water, cleaning, gardening, etc) that each building has. The last source is the river basin
to allocate the building and correct the water availability and demand based on the climatic
conditions. The combined information provides the overall water needs of the building per
occupant per year. This indicator cannot be calculated with the information of the building
certificate since it does not include overall occupation and main water uses beyond hot water
usage, both of which currently can only be manually collected for most of the buildings. Overall
water consumption could be “easily” digitalised (as an external source of information) however,
that is not what the indicator uses as a reference for the water consumption.

The sixth Level(s)’ macro-objective (see Table 10) is the Optimised life cycle cost and value
[UC4-EL6] which analyses 2 different indicators "Life cycle costs” and “Value creation and risk
exposure”. Indicator 6.1 “Life cycle costs” has partial information referring to the cost of the
use phase only. EPCs include energy cost and energy efficiency improvements proposed
budget, but do not include any cost associated with the construction and disposal of the
building. The rest of the information would require external sources to be completed such as
specialised construction database for the construction and demolition costs. Indicator 6.2
“Value creation and risk exposure” does not have any information.

Table 10: Level(s)’ macro-objectives 3 and 4, with indicators and capability to be calculated
with EPC data.

Can it be calculated

Macro-objective Indicator from EPC data?

3. Efficient use of water [ 3.1 Use stage water [ No, Missing total water use
resources consumption and occupation

Partial cost of use phase. It
includes energy cost and
6.1 Life cycle costs energy efficiency

6. Optimised life cycle improvements  proposed
cost and value budget.

6.2 Value creation and risk | No
exposure

There are two macro-objectives of Level(s) that are not currently analysed, which are the fourth
and fifth macro-objectives (see Table 11), Healthy and comfortable spaces and Adaptation and
resilience to climate change, respectively. They are not covered at the moment due to a lack
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of development of both indicators by Level(s) and because there have been no matches found
among the current EPC towards these indicators, which made them redundant to study at the
moment. The only indicator that may be calculable is Indicator 4.2 Time outside of thermal
comfort range, using the most detailed certification software and a building thermal model.

Table 11: Level(s)’ macro-objectives 4 and 5, with indicators and capability to be calculated
with EPC data.

Can it be calculated

Indicator from EPC data?

Macro-objective

No, it requires real sensors

4.1 Indoor air quality data

4.2 Time outside of thermal
comfort range

No, it requires real sensors

4. Healthy and data or a building model

comfortable spaces

4.3 Lighting and visual | No, it requires real sensors

comfort

data or a building model

4.4 Acoustics and
protection against noise

No, it requires real sensors
data or a building model

5.1 Protection of occupier

No

health and thermal comfort

5. Adaptation and
resilience to climate
change

5.2 Increased risk of | No
extreme weather events

5.3 Increased risk of flood | No
events

The overall goal has been to map as many Level(s) indicators as possible to the energy
performance certificates (EPC). The alignment to Level(s) has marked which indicators can be
calculated, and which ones may be calculated with extra sources of information if desired. The
extra sources not present into the EPC, have to be extracted and harmonised following the
BIGG model to the point that all calculations required within the Level(s) indicator can be
performed. The limited information that can be provided from the EPC, and the extra amount
of manual work required for most of the indicators, make Level(s) at the current state not a
desirable system to implement, in comparison to the results of BC1 and BC2-UC3.

[1.6.1.c. Summary of BC2

The main objective of BC2 is to advance the utilisation of the energy performance certificates
information. The BC2 work focused on harmonising the information of the EPC and start
exploring new indicators such as Level(s).

The uploading of EPC certificates has already reached the target set for M36, providing large
amounts of data for testing the harmonisations tools being developed in WP4. The progress
of the work in BC2 is closely linked to the harmonisation tools developed in WP4 for UC3, as
well as the work in UCA4.

The work done in UC3 has achieved the expected result, linking building energy certificate
data with INSPIRE spatial data. This has been possible thanks to the capability of the Bigg
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building data model to host BPC data and cadastral data of buildings and parcels in INSPIRE
harmonized format.

It has been demonstrated that the linking of these data favours and simplifies the spatial
exploration of the certificates, being able to establish in an agile and robust way the search of
certificates geographically. On one hand, this favours the visual verification of the data of the
individual certificates in reference to their location; and on the other hand, it can give valuable
information of the registered certificates, being able for example to know what are the energy
characteristics of the buildings, how many buildings have registered certificates or where are
the buildings better or worse energetically in a particular geometric area.

The work in UC4 has analysed all the indicators of Level(s), to match as many indicators as
possible of Level(s) to pieces of information found in the current EPC with the aim to define
the missing information for the full calculation of one of the Level(s) indicators. Out of the 16
indicators, 6 have some information to calculate them, at least partially, requiring little extra
information from external data sources.

The results show that out of the energy related data (which is the focus of the EPC) most of it
is usable to calculate indicators of Level(s) (6 indicators in total). The only indicator related to
energy that cannot be calculated is indicator 4.2 “Time outside of thermal comfort range”. It
does require modelling or real sensor data to be calculated which goes beyond any certification
process. The indicators that lack information also lack an energy related to them. These results
show that modifying the EPC legislation to include further information would probably damage
its core functionality without approaching any real benefit, keeping in mind other initiatives,
such as the building passport, that are more suited to include the extra necessary information
since they take a holistic approach to the building compared to the EPC (energy focus).

II.7. Business Case 3: Building Life-Cycle: From
Planning to Renovation — ICAT

The main objective of this business case is to facilitate interoperability between the different
tools (and their datasets) that can be used throughout the building lifecycle. This
interoperability should ensure the exchange of data between systems and applications,
facilitating the reuse of data between them, reducing the cost of configuring them and bringing
more value and new advanced data processing services for buildings.

Data interoperability in this BC is approached in a broad way. Both different systems can be
found within an individual building (UC5) and the interoperability between the BIGG platform
and platforms external to the project (UC6 and 7).

The actors involved in the construction phase of the building, on site and in the maintenance
phase (during building operation) also develop and use different tools and generate a large
amount of data. However, the combination with more dynamic information in the operation
phase, such as data from loT sources, or the exchange of the dynamic data with the building
maintenance tools will increase its usefulness throughout the whole building life cycle.

BIGG will advance beyond the state of the art in:
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e Combining static and dynamic data from building HVAC systems, comfort and
occupancy information, BIM Modelling by harmonising the data through
transformations to BIGG's internal Standard 4 Building Data Model.

e Achieving interoperability of different types of data hosted in BIGG format.

{ HARM MAPPER

{ HARM MAPPER BIS / BIM
BMS_2 MAPPER || HARM HARM BIGG
{ HARM MAPPER

_J { HARM MAPPER EPC
877 Buildings 601933 Work Orders

36402 Building Zones

STORAGE

BMS_3

BAC

224512 Remote control registers
70857 Building Assets

Figure 11. Schematic of the data processing for business case 3

The results of this BC presented in this section allow us to demonstrate in UC5 the data
interoperability between systems within the building (BIM, CMMS, BMS, etc..), in UC6 the
interoperability of data of Energy Efficiency Measures stored in BIGG format with EFFIG-DEEP
platform, and finally in UC7 the interoperability of BPC - with EU BSO (European Building Stock
Observatory).

[1.8.1.a. Context and KPIs

Use case 5 focuses on collecting, harmonizing and linking data from different systems that
may be found in a commercial or tertiary building. These systems can be Computerized
Maintenance Management Systems (CMMS), remote Building Management Systems (BMS)
or building modelling systems such as BIM models.

The data used in this use case have been provided by Infraestructuras.cat (ICAT), responsible
for the management of more than 800 buildings of the Generalitat de Catalunya.

The linking and possible joint exploitation of the data provided by these systems is a handicap,
even more so when managing a large building stock, because it is not only necessary to
integrate data from different systems, but also because these systems are not homogeneous
across the entire building stock. Finding different BMS vendors with different data structures
and different configurations in each building.

The general objective of this use case is the creation of a data repository that allows storing
and linking the large amount of data that can be provided by the systems described above.
This linkage is achieved thanks to the harmonization of the data in the BIGG Data Model.
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In this use case, the necessary ingestors have been developed to be able to collect data from
the available sources. In the case of the CMMS, an API client has been developed for the
software used by ICAT, in this case Manttest. In the case of remote BMS, we have encountered
the handicap of the heterogeneity of the systems installed in the buildings. To solve this
problem, a BACnet log output has been enabled in all systems, and a gateway (IXON) has
been installed in each building, which ensures connectivity with these outputs through a VPN
channel.

The data provided by the maintenance systems are mainly the following:
e Building zones. (in Bigg Data Model as s4bldg: BuildingSpace)
o Registered assets. (in Bigg Data Model as s4bldg: PhysicalObjet)

o Work orders for each zone or asset. (in Bigg Data Model as geosp or gn: Feature)

These data have been harmonised in the BIGG model and related to the building entity thanks
to the following main classes (marked in red in the following figure).

geosp:Geometry
veard: hasAddress.

EREREEEEE vcard:hasStreetAddress-- ---- .

geosp:Feature (all) geosphasGeometry-

geo:Point

sdcity:AdministrativeArea

vcard:-hasGeo

sdcity CityObject

vcard:Address |

.
—— bigg:Patrimony €--------. Evcard street-address: xsd:stnng;
_——— © 1 veard postal-cade: xsd string

— bigg:CadastralParcel '
L (some) bigg:manages

s4bldg-Building :
””””” oarAgen 7

(all) s4bldg hasSpace
foaf:Person

| <<owlinverseQf>>

54bldg-BuildingSpace

(T)(all) s4bidgcontains

(somei foafy

schema:Organization

| <<owlinverseOf>>1

(T) s4bidgisContainedin =, V

s4bldg:PhysicalCbject

Figure 12. Examples of BIGG ontology fields related to building elements, assets and
areas (in red)

The data provided by remote building management systems are mainly time series of
systems linked to areas or assets of the building.

o Descriptive of systems (ssn or s4agri:Deployment and snn or s4syst:System,
bigg:EnergyMeter, etc.).

e Time series of the different records (Saref:Property, saref:Featuresldinterest,
saref:Measurements)

o Energy consumption

o Temperatures and humidity
o Equipment status

o Etc.
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These data have been harmonised in the BIGG model and related to the building entity
thanks to the following main classes (marked in green in the figure below).

—
s4systoonnactedTo (all) ssn:hasSubSystem

. R {T) s4sys-hasSubSystem = =u={all} szn-hashy Nt = =
sdsystconnectionPointO ' 4 ¥ : (all) 5='1-R3=~ED oyment d
: | ¥ ! ¥

sdsyst-ConnectionPoint =zgwlinverseQf== sdsyst System ssn:System ssn:Deployment
K : A A : ] ,_'E
sdeyst-connectsAl L -(alljsome) ssn:deployedSystem-+

gn:Code |<—- --gn-festureCode

==owlinverseOfs=
M

bigg:EnergySupplyPoint

bigg:energySupply PaintMumber Sring : K—:_\, e
sdagri:WeatherStation g
""" Il} sarefisProperty0f - -------------7 - n
e T Ty sanefProperty | e onirliedByDavics
' A t
{all) saref:hasProperty H (2

----------- {all) z2
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![3" ) saref-relatesToMeasurement: - - - -~ {all} saref:measuresProperty- -- - -------------- - - sarefDevice s4bldg: BuildingObject
{ally sarpfrelatesToProperty (77777777777 AT ‘-‘ T T
: [ (all} saref makesMessuremant -:=:o'\'al:irll\:erse0{:=:= : J
" sarefFeatureOfinterest i [ - |s4bldg BuildingDevice | | s4syst-System |

saref:measurementladeBy (all} saref-hasState

saref Stale  €—

,;, bigg:EnergyAsset
(21} sarefishaasurement0F
S HrEmen saref Measurement
]
"?\ ! (all) saref-hasTimestamp: xsd:dateTime ! saref.Sensor
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¥ T {all) saref-isMeasuredin (1..1)
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I
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|

--------3 sarefUnitOfMleazure
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Figure 13. Sample fields from the BIGG ontology related to system fields and system
records (in green)

The data provided by the building models are similar to the data provided by CMMS and
BMS. These data have been harmonised in the BIGG model and related to the building entity
thanks to the same classes marked in the previous systems.

The UC5 KPIs sequentially analyse data acquisition and results (linked data). The first KPIs
analyse the availability of the data committed in the project proposal together with the
developments to ensure the data acquisition process (ingestors). The second KPIs analyse
the interoperability of data from different sources.

Table 12 - Use case 5: Data acquisition KPIs

% of
achievement
M36

Current
Value
(M36)

Name of KPI and
acronym [ID]

Description or Formula

Target

Number of buildings with basic

Basic building data (id, name, area, location)

272 877 322%

data -[UC5-NBD] | imported into the system (raw
data).
- Number of CMMS data from
CMMS Bullding | e rent buildings imported into | 272 680 250%

data -[UCS-MM] | system (raw data)
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Remote control Number of BMS data from
(BMS) Buildings different buildings imported into | 40 36 90%
data -[UC5-BMS] | the system (raw data)

Number of BIM models data
BIM models data- | from different buildings
[UC5-BIM] imported into the system (raw
data)

25 1 4%

BC3-UCS5 data acquisition is an ongoing process of sorting through all available information
and linking the different sources and their respective datasets. (Part of the work done in WP4-
Harmonization).

The first KPI focuses on the number of public buildings [UC5-NPB] with usable data for the
project. It means that out of the 272 that were initially planned to be available in the project,
thanks to the work done on data acquisition from Infraestructures.cat, the project has recorded
877 buildings, 322% more than planned.

The second indicator "CMMS Building Data - [UC5-MM]", gives information about the amount
of data from CMMS of the different buildings. The target value of this KPI is 272, at this moment
the system has recorded CMMS data from 680 buildings. Infraestructuras.cat has been
working with CMMS system providers in the development of communication APIs for their
systems, which has allowed to exceed the initial target by 250%.

The third KPI "Number of BMS data from different buildings imported into the system (raw
data)" provides information on the amount of BMS data from different buildings. Of the 40
buildings targeted by this KPI, data from 36 buildings from BMS systems are currently
recorded. Infraestructures.cat and CIMNE have been working on the process of collecting data
from different BMS providers. This work has consisted of the physical installation of a
communications gateway in each building (IXON) and the adaptation of the output data from
the BMS systems to a homogeneous protocol, in this case BACnet. This allows communication
with each BMS via a secure VPN channel.

The last acquisition KPI is the "Number of BIM model data of different buildings imported into
the system (raw data)", this KPIs gives information of the number of BIM models of different
buildings registered in the BIGG system. The project target for this KPI is 25 and the actual
value is 1, which is 4% of the expected value. This small value is because the data provider
(in this case Infraestructures.cat) does not have more building models. So even if the system
is prepared for the uploading of these data, it is not possible to provide the 25 that were put in
the project proposal.

Table 13 - Use case 5: Results KPIs

Name of KPI Current % of
and acronym Description or Formula Target value | achievement
[ID] (M36) M36
ﬁ:nl\cglldstgata Percentage of CMMS data
. recorded in the system that has >90% 680 100%
Buildings -[UC5- . - .
MML] been linked to the building entity.
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BMS data linked | Percentage of BMS data

i : >90%
to Buildings- recorded in the system that has 36 100%
[UC5-MSL] been linked to the building entity.
BIM data linked | Percentage of BIM model data >90%
to Buildings- recorded in the system that has 1 100%
[UC5-IML] been linked to the building entity.

As mentioned above, the main objective of this Use Case is to demonstrate the interoperability
between the systems of a building, so the KPIs that verify this interoperability will reflect that
the data of the different systems have been able to link with the building entity, and thus with
each other. So, the KPlIs results are percentage of CMMS data linked to building, BMS linked
to building and BIM models data linked to building. The expected target for these KPIs is above
90%.

The percentage of achievement of the link between elements is 100%. This means that in
cases where we have the building element and this building has a CMMS, BMS or BIM system
(if these have records), by harmonising the BIGG project, we manage to link them.

The figure below shows an example of the implementation of the interoperability between
building systems. The implementation is done in a NEO4J database of the CIMNE
infrastructure. We can see how the different elements are related. Entity building in orange -
from the ICAT Buildings resource, its zones o spaces in red - coming from the ICAT CMMS,
BMS, and BIM systems, and elements or assets in blue - from the ICAT CMMS, BMS and BIM.

ALTAVE ) = A G
SA

Figure 14. Example of the implementation of the different building subsystem data in
the Neo4J database for the fields Building (orange), Building zone (red) and Assets of
each zone (blue).

As an example of implementation in a user interface of this interoperability between systems,
it is shown in the following figure. It can be seen how the user can explore the zones of the
building, the elements within these zones and the ornamental elements.
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Building spaces info

Select building space Building space:
o Building 1 Areas $UFPCD @& Energy Efficiency Measures @Elements
o Planta 1
©  Nucli Centra . Ligthning Electric Power
> Area Name Date Description  Type Gamma
d'Urgéncies
M21/24283  2021-06-29  Llum Correctiu BAIXA
o  Consulta 4 00:00:00 TENSIO
o Bloc M21/24283  2021-06-29  Llum Correctiu BAIXA
. 00:00:00 ENSIO
Quirdrgic 00:00:00 TENSIO
o Quirofan 4
o Planta 2

Figure 15: Image of the BIGG application with the location of the DEEP export button in the list
of Energy Efficiency Measures.

[1.9.1.a. Context

As mentioned above, the main objective of this Use Case is to demonstrate the interoperability
of the data related to the Energy Efficiency Measures registered in BIGG and the DEEP
platform.

The EEM data used in this Use Case are the same as in Use Case 2, so the KPIs related to
data acquisition and processing are the same for both UCs. Thus, these are not going to be
repeated in this section.

Only the result KPIs are unigue for this use case. Specifically, this Use Case has only 1 result
KPls, [UC6-EXP] which indicates the percentage of the EEMs recorded in the system that are
ready, i.e. in the right format, to be exchanged with DEEP.

Table 14 - Use case 6: Results KPI

Name of KPI Current % of
and acronym Description or Formula Target value achievement

[ID] (M36) M36

EEM/ projects Percentage of EEMs

ready to shear registered in the BIGG

with DEEP - platform ready to be exported
[UC6-EXP] to DEEP platform

>50% 1808 100%

As illustrated in the table above, the KPI indicating the interoperability between the BIGG
platform and the DEEP platform has reached its target of 100%.

Thus, it is shown how the 1808 energy efficiency measures registered in the BIGG platform
have been harmonised and are ready to be exchanged with the DEEP platform, in the Excel
format required by the DEEP platform.

The following Figure 16 shows the energy efficiency measures registered in the BIGG platform
together with the export button in DEEP format.
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Settings Generalitat de Catalunya

My buildings Supplies Energy Performance Certifi
Ne of EEMs Total investment (m€) Registered this year Total investment this year(m€)
1808 3173 551 8.68
Type Building Investment (From) Investment (To)
-- All types -- v

+ Show more filters

EEMs New EEM

Creat.
Energy efficiency measure Building name Department Investment Operational Start work work
QOutdoor Relamp To LED Secretaria de la Uni6 per la Mediterrania - Departament d'Accio Exterior i 46130 EUR 30/08/2020 - - all
Palau de Pedralbes Govern Obert
Outdoor Relamp To LED Secretaria de la Uni6 per la Mediterrania - Departament d'Accit Exterior i 988.50 EUR 30/08/2020 - - alll
Palau de Pedralbes Govern Obert
Indoor Relamp To LED Secretaria de la Unid per la Mediterrania - Departament d’Accio Exterior i 376.00 EUR 30/01/2020 alll
Palau de Pedralbes Govern Obert
Indoor Relamp To LED Secretaria de la Unio per la Mediterrania -  Departament d’Accio Exterior i 588.61 EUR 30/07/2020 - - il
Palau de Pedralbes Govern Obert

Figure 16. Image of the BIGG application with the location of the DEEP export button in the list
of Energy Efficiency Measures.

Figure 17 is an example the Excel that is exported in the format required by the DEEP platform.

Hid= cotumn comments | DEEP
DE-RISKING ENERGY
Shewe catumn camments EFFICIENCY PLATFORM

You. the dota pravider

s P Where i the imvestrment located? — T — -
F | - W E) 5 1] ] [H] JEL L] 7]
Frajeet D0 rofect T1 Citghoclity Ta e i i iy, o Garisatlon typa | Organisation se Bullding e Tiwrwrshi|Floor area of
" in nfrastructure » building
- ES  Santa Coloma de Gramenet Building « Slic administration and defence Health care 9.550,35  ElectricPowerSystemMeasure ElectricEquipment
n 65 Ueida Building Fublic administration and defence Fublic buildings 6.491,17  LightingMeasure LightingindoarMeasure Indoor
B Gavi Building tion and defence Health care 4393,00  BuildingFabricMeasure DoorsMeasure DoorsRey
" ES ol Prat de Lobregat Building ublic a tion and defence Health care ManagementMeasure BuildingEnergyManagem
% ES  Barcelona Building Fublic administration and defence Health care 5.248,01
ES el Pratde Liobregat Building Health care -
u ES ol Prat de Lobregat Building Health care
s S Sant Loreng Savall Building Health care 9.896,25  HVA M 8C
ES el Pratde Liobregat Building Public administration and defence Public buildings 432100  BulldingFabricMeasure WindowMeasure Windo
ES  Mollerussa Building Public ad tion and defence Health care 491160 ElectricPowerSystemMeasure ElectricEquipment
a ES  Morad'Ebre Building tion and defence Health care 466444 ElectricPowerSystemMeasure ElectricEquipment
n B Toross Building inistration and defence Office buildings 127119 MansgementMessure BuildingEnergyhanagem
. ES  IHospitalet de Llobregat Building and defence 351755 ManagementMeasure BuildingEnergyManagem
x B Tanagona Building istration and defence 799,89 ManagementMeasure BuildingEnergyManagem
% B valls Building istration and defence 272000 HVACAndHotWaterMeasure CoolingSystemea
B Barcelona Building tion and defence 1217175 LightingMeasure LightingindoorMeasure Indoor
5 B Abrera Building Public administration and defence 237010 MansgementMessure BulldingEnergyManagem

Figure 17. Example of afile, in DEEP format, exported from BIGG application

[1.10.1.a. Context

Use case 7 is intended to demonstrate the ease of CPB data exchange with widely deployed
external systems, in this case the EUBSO. As in use case 6, this use case uses data acquired
and processed by other use cases. Specifically, the building energy certification data used in
UC3 and UC4, from business case 2.

In this case, the only outcome KPI available is [UC7-EXP], which expresses the percentage of
registered GCPs that are ready to be sent to EUBSO or other national GCP centres. The target
for this KPI is more than 80%.
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Table 15 - Use case 7: Results KPIs

Current

value Current

Name of KPI

and acronym Description or Formula Target (M36) value
[ID] (M36)

EPC ready to
shear with EUBSO | Data ready to be exchange
- [UC7-EXP] with EUBSO or National hubs | >80% 1.4M 100%

As can be seen in the table above, the objective of this use case has been 100% achieved. To
achieve this objective, an ingestor of the data available in the EPC Hub of Catalonia has been
created and a mapper and harmoniser have been prepared to transform the data available in
the Hub (1.4 million EPCSs) into the format of the BIGG data model.

As an example, Figure 18 illustrates the granular fields required for EUBSO.

EPCiabel I erery bin
0- 1945 A 0-25
1945-1959 B 25-50 Heating District heating Hest
1970-1973 c 51-75 Reang Boller
. - . Heating Eciler
1980-1389 D 76-100 Hedting Boiler
1930-1939 E 101-150 Heating EBailer
2000-2010 F 151-200 Heating Bailer Rengwables
2011- now . & . |201-250 He e L Eectriahy
251300 Heating Cther Blectridity
" = Heating Cther Naturd gas
Buiaingue 02350 g obe C
Single -family buildings Construction 351-400 solid fossi
Heating Other fuels
Multi-family buildings Transfer of ownership 401-450 Heating Other Renewab lex
Appartment buildings Renovation 451-500 ECONE EEITEEELLE FEEE
Educstional buildings Other | |so1-e00 coalinz Heat pump
He alth buildings 601-700 — ey
= = = DHW Solar the rmal panel: Rene wables
Hotels and Restaurants 701-800 DHW Baoiler
Offices NZEB 801-300 DHW Boiler
Trade buildings Not NZEB d 901-1000 DHW
Cther non-residential buildiggs >=1001 J
Building GHG emission statul DHW
BHW
DHW
Ih.l'lrg rsh'p Zaro-e missi:lln : :r:tt::t::::tad ] DHW
Public buildings Notzero-s mission J Elextricity production Solar PV panels Renewables
Private buildings J Typeof i ing = Electricity productior Other Any
T
Adequate Frivate laan
Owners Inadequate J |Publicloan
Tenants J Publicgrant a
Measuring and control L

'Withsmart meters
Without smart meters

Figure 18. Sample granular fields of interest/required for EUBSO

The Figure 19 shows how these fields have been mapped to the BIGG data model.
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Locationinfo ;
Cadastralinfo EnergyPerformanceCertificate

Origin Harmonization

Origin Harmonization

Building ¢

Origin Harmonization

any_construccio buildingConstructionYear

EnergyPerformanceCertificateAdditionalinfo

Origin Harmonization

Figure 19. Example of EPC mapping fields with origin and harmonised field to be imported to
EUBSO.

[1.10.1.b. Summary of BC3

With the results presented above we can conclude that the use of the BIGG project
developments generated breakthrough towards interoperability of building data, on the one
hand, between systems within a building (UC5) and, on the other hand, between BIGG and
external standard repositories (UC6 and UC7).

The work done in BC3 has focused on data acquisition (especially in UC5) and harmonisation,
where heterogeneous data have been collected from different systems. The collected data
have been harmonised in order to store them in a single system and link them together.

In all cases, data loading and harmonisation have achieved the objectives. The work done in
this BC3 has been closely linked to the harmonisation tools developed in WP3 and WP4.

The developed components are available and published in the project's github, so they can be
used by the general public. It is expected that they will be of great use in advancing building
data interoperability.

11.10.1.b.1. Limits detected in BC3

The main limitation detected in BC3 is the acquisition and communication of data from existing
private systems. This usually requires some work, however minimal, on the part of the provider
(enabling some API or communication process, changing/adapting communication protocols
or modifying the semantics of the variables, etc...).
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On the other hand, in the project proposal it was considered that more than 25 BIM models of
buildings would be available, but in the end, it was not possible to have so many, as ICAT did
not have them for the Catalan government buildings. However, the necessary developments
have been made to integrate them into the BIGG data model.

1I.11. Business Case 4: Energy Performance Contract
based savings in commercial buildings — Cordia

The goal of Business Case 4 (BC4) is to streamline, for all the involved actors, the
management of Energy Performance Contracts (EnPCs) once the corresponding Energy
Efficiency Measures (EEMs) have been put in place. This includes the collection and follow up
of the data from the key building assets, including their energy consumption data, evaluating
and following the achieved savings, integrating the contractual data and in particular the cost
related data, and finally providing the right tools to enable a proper follow up by all involved
actors. These include the Energy Service Company (ESCO) that manages the project and
sometimes finances it, the end customer owning the impacted building or renovated entity and
any other third-party actors such as auditors or investors.

By streamlining this process, our goal is to enable scaling up the number of EnPC projects that
an ESCO can put in place. It assumes facilitating the following tasks:

e The collection of all the contract related data, that is, all the information about the
building or other key assets (the perimeter of an EnPC can be restricted to a certain
perimeter of a building) including their energy consumption data, both historical and
live, the information about the EEMs (nature of the EEM, impacted perimeter, expected
savings per energy, etc.) and the contractual information, especially the one that has
an impact on the cost calculations of the parties (contract periods, savings targets,
savings distribution mechanisms, etc.) Such data can be provided in many different
forms and therefore it is key to harmonize it and uniformize its treatment. This is the
object of Use Case 8.

e The evaluation of the savings which must be made by comparing the live consumption
measured after the project start date (typically when the EEMs are implemented) with
a consumption baseline model representing the consumption behaviour of the building
prior to the project implementation. Such a baseline model can be either imposed (e.g.
because the EnPC contract was already signed with a certain baseline model
beforehand) or needs to be discovered based on a representative past period. In the
first case, the integration of custom made baseline models must be facilitated. In the
latter, a proper machine learning based regression model must be identified following
the procedure described by the IPMVP protocol. Managing such baseline models is the
object of Use Case 9.

e The regular follow up of the savings, the contractual milestones (such as savings
targets) and the financial impacts on the parties. This assumes all parties must be able
to access the data and KPIs relevant to their role in the project and receive regular
reports about the project achievements which requires the implementation of a solution
in an Energy Management Software (EMS). Enabling such a solution, including the
proper calculation of the required KPIs, usable at the scale of a possibly large number
of EnPC contacts, is the object of Use Case 10.
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[1.12.1.a. Context

Use Case 8 is focused on data collection and digitization. The main goal of the use case is to
collect existing information that describes the actors, the assets and the contractual terms and
details of an Energy Performance contract. As such the KPIs were defined quantitatively by
the information that was gathered, digitized, stored and made accessible for use in the other
use cases related to BC4.

The KPIs cover most of the aspects of an Energy Performance Contract to be digitized. It
includes the contract details, building details, description of the building assets that are
impacted by the EEM project, the nature of the EEM and of the data streams that must be
collected.

Note that the KPIs below account mainly for the EnPCs belonging to the portfolio of members
of the consortium of the BIGG project (namely CORDIA and HELEXIA) but it has also been
deployed beyond that scope in the portfolio of other customers of ENERGIS. These extra
EnPCs are taken into account in the total of the following KPls: [UC8-KPIs006], [UC8-
KPIs009], [UC8-KPIs010].

Table 16 - Use case 8: Results KPIs

current % of
Name of KPI and i .
acronym [ID] Description or Formula Target Value achievem

y (M36)  ent M36

Portion of EPC Portion of the information
contracts related describing an Energy
information digitized performance contract digitized 100% 100% 100%
on BIGG data format- | and harmonized through the
[UC8-KPIs001] BIGG platform
Number of EEM Number of EEM for which the
digitized on BIGG critical information has been 5 5 100%
data format-[UCS8- collected, analysed and
KPIs002] digitized
Number of buildings Number of buildings for which
digitized on BIGG the critical information has 2 5 100%
data format-[UC8- been collected, analysed and
KPIs003] digitized
Number of buildings Number of buildings entities for
entities digitized on which the critical information 91 85 93%
BIGG data model- has been collected, analysed
[UC8-KPIs004] and digitized
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Number of energy Number of E_r_lergy 2l fo.r (not (not (not
) L which the critical information
bills digitized-[UC8- enough | enough enough
has been collected, analysed
KPIs005] o data) data) data)
and digitized
: Number of time series for
Number of Time which the critical parameters
series data collected- P 409 500+ 100%
have been collected, analysed
[UC8-KPIs006] .
and digitized
Measurement of the data
Average Time series | completeness (% of data
Data completeness available). Is being measured 90 95 100%
[UC8-KPIs009] in % of the last 12 consecutive
months
Measurement of the data
Data completeness
pre-ECM completeness (% of data
implementation (for at gvallable). 's being mgasureq 95 98 100%
in % of the total baseline period
least 12 months) which must be minimum 12
[UC8-KPIs010]
months long

[1.12.1.b. Solution and Results

As mentioned in the introduction, the various information that must be collected about the
buildings, their assets and the EnPC contract data may come in various forms and formats
which are not always uniform nor using the same vocabulary. This is why the first step that
needs to be applied is the harmonization of the data using the BIGG data model (developed in
WP4).

In this context, the BIGG data model serves as a canvas describing all the possible objects
and their properties that can be encountered when managing buildings in a broad way, and in
particular when managing EnPCs?°. It serves as a common way for any data owner to structure
and format their data.

Harmonizing the project related data is achieved by creating a mapping between the data
managed by the ESCO (about the buildings, the contracts, etc.) and the BIGG data model.
Thanks to this mapping, the data is encoded in a database using the BIGG data model format.
From there, it becomes easy for an external system query this database to recover the data in
the uniform, predictable format provided by the BIGG data model.

10 More details about the BIGG data model can be found in the deliverable D4.2.
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ESCO data » BIGG data model External system

Concretely, in BC4, the CORDIA Connect platform was hosting the ESCO data and the
Energis.Cloud EMS platform was used as the external system!l. The data was ultimately
recovered and organised according to the structure of Energis.Cloud, as illustrated in Figure
20.

—I Main Switch Meter 1 |

—  MainswichMeter2 |
—| AHU 1 |
— AHU 2 |
Boiler Room Meter |
— Boiler Room Boiler1 — Boiler1 Meter |
SIPTTT I—_| o - )—B Boiler2 |—| Boiler2 Meter |
— Chiller 1 — Chiller 1 Meter |
— chiller 2 — Chiller 2 Meter |
— Exhaust Fans F— ehaustransmeter |
—| External lighting I—l External lighting Meter |
—| Other Equipment I——IUPS 1- Computer Room and...}—lups 1- Computer Room and...l

—|UPS 2- Computer Room and..‘I—IUPS 2- Computer Room and...l

Figure 20. Example of a building and its assets encoded in the Energis.Cloud platform.

In terms of the objectives of Use Case 8, the two energy performance contracts from the
partners of the project have been digitized entirely. Information regarding the buildings, the
contracts, the equipment impacted, the target savings, the baseline definition are mapped over
the BIGG data model.

[1.13.1.a. Context

Use Case 9 is defined as the logical extension of Use Case 8. While Use Case 8 focuses on
collecting and analysing the existing data about EnPC contracts, Use Case 9 is designed
around the creation of data models to be used as baseline, that is, as a proxi for the past

11 In reality, for timing reasons, the ESCO data was first encoded in Energis.Cloud, then from
Energis.Cloud to the BIGG data model and then back from the BIGG data model to Energis.Cloud.
These last two steps have thus been performed as a proof of concept of the mechanism.
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behaviour of the building, in order to be compared with the actual consumption post-
retrofit/renovation to evaluate the savings of the project.

As a result, the KPIs created have been identified to measure the pace at which models could
be created and monitor the accuracy of the created models. The pace was of central attention
to ensure the scalability of the approach to a large number of EnPCs. Indeed, model
identification is typically the type of activity that is strongly customized to the individual projects,
requiring hours of work to be properly put in place. In this project, the goal was precisely to
push the scalability to the next level, preventing individual treatment for each model.

The KPIs are defined in the table below. The objectives were set in terms of the buildings
belonging to the portfolio of members of the consortium of the BIGG project (hamely CORDIA
and HELEXIA) but it has also been deployed beyond that scope in the portfolio of other
customers of ENERGIS. The achieved value takes into account these additional buildings.

Table 17 - Use case 9: Results KPIs

current
::rrgr?yor; I?IPDI]and Description or Formula Target  Value
(M36)

Data streams for which historical data

was collected and for which a data
Number of building | model pipeline was created and ran to
consumption get a cgnsumpthn data model. This 1 143 100%
model created- KPIs will be monitored through the ML
[UC9-KPIs001] Flow platform which is the platform

used to monitor the execution of Al

pipelines.
EPC management Dashboards created on an existing
dashboard created platform or a BIGG specific User
to follow an EPC . 1 18 100%

Interface to monitor the progress of the
results-{UCo- EPC performances
KPIs002]
Average Mean
biais error NMBE = 1/AVG(m_i) * SUM(m_i - s_i)/
(Normalized) of n with m_i and s_i being the model and
building actual values of timestep i and n being )
consumption the total number of timesteps on which [5:9] 0 100%
model across the SUM and AVG operations are
models-[UC9- performed?*?
KPIs003]
Average CVRMSE | CVRMSE = 1/AVG(m_i) *
of building sqrt(SUM((m_i - s_i)*2) / n) with m_i [0 : 5] 4 100%
consumption and s_i being the model and actual

12 Model evaluation criterion described by the IPMVP protocol which specifies the conditions to enable
the usage of a model for Measurement & Verification purpose. See [Ruiz, German Ramos, and Carlos
Fernandez Bandera. "Validation of calibrated energy models: Common errors." Energies 10.10 (2017): 1587]
for a proper definition of these criteria in the context of UC9.
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model across values of timestep i and n being the
models -[UC9- total number of timesteps on which the
KPI1s004] SUM and AVG operations are
performed?
R2=((n*SUM(m_i*s_ i) - SUM(m_i) *
Average R? of SUM(s_i) ) / sqrt( (n * SUM(m_i"2) -
building SUM(m_i)"2) * (n * SUM(s_i"2) -
consumption SQM(S_l)AZ) ) )2 with m_iand s_i [0.9:1] 0.95 100%
models across being the model and actual values of
models-[UC9- timestep i and n being the total number
KPIs005] of timesteps on which the SUM and
AVG operations are performed 1
NMBE = 1/AVG(m_i) * SUM(m_i-s_i)/
n with m_i and s_i being the model and
Qty of model under actual values of timestep i and n being
the IPMVP the total number of timesteps on which
Thresheld for the SUM and AVG operations are 95% 97% 100%
Mean bl.as error performed !
(normalized)-[UC9- .
KPIs006] Percentage ef the models which show
data quality indicators above the
IPMVP threshold, Should be [-5 : 5]
CVRMSE = 1/AVG(m_i) *
sqrt(SUM((m_i - s_i)*2) / n) with m_i
and s_i being the model and actual
Qty of model under values of timestep i and n being the
the IFMVP total number of timesteps on which the
Vst e SUM and AVG operations are =l S =i
Average CVRMSE performed !
-[UC9-KPIs007] .
Percentage of the models which show
data quality indicators above the
IPMVP threshold, Should be <20
Rz=((n*SUM(mM_i*s_i)- SUM(m_i) *
SUM(s_i) ) / sgrt( (n * SUM(m_i"2) -
SUM(m_i)"2) * (n * SUM(s_i"2) -
Qty of model under | SUM(s_i)"2) ) )"2 with m_i and s_i
the IPMVP being the model and actual values of
Threshold for timestep i and n being the total number 95% 96% 100%
Average R2-[UC9- | of timesteps on which the SUM and
KP1s008] AVG operations are performed?
Percentage of the models which show
data quality indicators above the
IPMVP threshold, Should be >.75
E:;:jceg?)ir?r:gns Given that there is enough data to
platform to generate 100 models. Number of basic 30 1 100%

generate 100
models (measured

operations to identify 100 models.
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in click per 100
model for 100
model)-[UC9-
KPIs009]

Regarding this last KPI [UC9-KPIs009], the current value is omitting an initial setup of the
solution which is embedded in the scope of Use Case 8. Once this initial setup is available, a
large number of models can be identified using a single python command.

[1.13.1.b. Solution and Results

The evaluation of the savings which must be made by comparing the live consumption
measured after the project start date (typically when the EEMs are implemented) with a
consumption baseline model representing the consumption behaviour of the building prior to
the project implementation. Such a baseline model can be either imposed (e.g. because the
EnPC contract was already signed with a certain baseline model beforehand) or needs to be
discovered based on a representative past period. In the first case, the integration of custom
made baseline models must be facilitated. In the latter, a proper machine learning based
regression model must be identified following the procedure described by the IPMVP protocol.

With the project, we encountered two distinct situations:

1. The EnPC of the considered building already exists or a specific baseline model was
agreed between the parties independently.

2. The EnPC is a new contract that requires the identification of a baseline model.

In the first case, it was critical to flexibly integrate the agreed model into the solution. This was
made possible thanks to the Energis.Cloud system which allows to freely define baseline
models thanks to a built in formula syntax, illustrated in Figure 21. As long as the said models
are picking from the same input variables, standardisation, and thus scalability is possible.

Formula SUM{MONTH, (X1 - ¥4 + X4 * X2/%3))
Wariable Asset Metric Code
K1 Greek ESCO » Office Building v Electricity Consumption Act. (kWh) ~ electricity_consumption.actual & =
X2 Greek ESCO » Office Building v Cooling Degree Days Act. (*C) v cooling_dd.actua F =
£3 Greek ESCO » Office Building v Coaoling Degree Days Fixed Conditions v cooling_dd_fixed.actua Z =
X4 Greek ESCO » Office Building v Electricity Consumption Space Cooling v electricity_consumption_space_cooling_ F =

Figure 21. An example model formula for an EnPC contract from the CORDIA portfolio.

In the second case, we are using the Al Toolbox developed in the WP5® to identify a baseline
model. The toolbox provides ready to use pipelines with all the required layers of data cleaning,
data alignment, outlier detection, cross validation mechanisms and IPMVP model evaluation,
among others. Moreover, it comes with a tailored set of KPIs suited for the modelling of tertiary
buildings consumption such as weekly patterns, weather based KPIs like degree days,
occupancy detection, standard holidays, etc. It is particularly well suited for a usage with
harmonized data as ensured by the Use Case 8 using the BIGG data model because it can
then rely on the presence of standardized input data. This model identification pipeline is

13 More details about the BIGG Al Toolbox for buildings can be found in the deliverable D5.2.
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described with full details in the Deliverable D5.2 (Application A3) as well as on the project’s
GitHub,

The model identification has been applied on a number of different data sets. In particular, it
has been applied to an office building from the portfolio of CORDIA in which it is possible to to
compare 3 different models:

1. The model that was imported from the pre-existing EnPC contract of the building,
generated from a linear regression in Excel;

2. The model that was generated by the previously existing regression modelling tool from
Energis.Cloud;

3. And the model generated by the Al toolbox.

The 3 models were evaluated using the IPMVP criteria CVRMSE (the normalised sum of
squared errors; the lower the score, the better), NMBE and MBE (normalised and non-
normalised bias; the closer to 0, the better) and R2 (correlation; the closer to 1, the better). On
the Figure 22 we show the result of the comparison where we can clearly see the model
generated from the BIGG Al Toolbox surpassing the 2 others. This example is not an isolated
case and the good performance in the modelling was observed in essentially all the situations
where we tested the tool, provided good quality data was available.

14 https://github.com/biggproject/A3-EPC-baseline-identification
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Figure 22. The model generated from the BIGG Al Toolbox provided significantly more accurate
results than the 2 other models. Visually, the model curve is practically superposed to the
actual data.

Ultimately, the benefits from using the Al toolbox to generate the regression models required

as a baseline in EnPC contracts can be summarized as follows:

¢ High accuracy, guaranteeing trust with between the ESCO and the other parties as well

as improving the ability of the ESCO to detect possible irregular usage of the building
by its occupants;

e High predictive power, and thus high ability to remain true in time, thanks to the built in
Cross-validation mechanism used to build the models and which ensures that the
model is evaluated based on data that it has not used to be trained;
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¢ High scalability when used in conjunction of harmonized data such as the one provided
from Use Case 8;

¢ High flexibility as the BIGG Al Toolbox allows to freely select the categories of models
that should be used, e.g., avoiding models that are not human interpretable.

[1.14.1.a. Context

Use case 10 focuses on the EnPC management itself providing a set of supporting tools to
facilitate the management process through automatization of several aspects of EnPCs such
as savings calculations, comparison with targets, cost impacts calculation for the different
actors, reporting of the results. The use case anchors in the observation that managing an
EnPC is generally done in an ad hoc way, redoing the work entirely for every new contract,
even though the essence of EnPC management is similar from one contract to the next. The
KPIls were chosen to describe how the BIGG platform helped to generate EnPC indicators and
periodic reports, and how these indicators were used in the context of existing Energy
performance contracts.

Today the time allocated with managing an EnPC comes as a limiting factor. Reporting is still
being handled manually or with a strong involvement of the manager where standardization
and harmonization could be a real game changer, allowing the EnPC manager to only verify
the results of the last reporting period.

The goal of this use case is thus to leverage the two previous use cases and allow Energy
Service Companies to optimize the time associated with an EnPC management and increase
the profitability of the contract. This would eventually lead to more profits made, an increase
of the number of EnPCs being contacted and eventually to a cost of EnPC decreasing allowing
more customers to implement them.

As members of the consortium and EnPC managers, both CORDIA and HELEXIA see a strong
interest in this use case that could be implemented and generate value very quickly in their
own activities.

Table 18 - Use case 10: Results KPlIs

current % of
Name of KPI and achiev

Description or Formula Target Value
acronym [ID] (M36) ement

M36
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Ability to create a report through the
BIGG platform with the help of an
external system that outputs the same
indicators than the existing EnPC report. | 100% | 100% 100%
KPls measured in percentage of
similarity compared to the existing
report.

Ability to recreate
results from existing
reporting-[UC10-
KPIs001]

EnPC periodic reports
created by BIGG
Platform with the help
of an external system
-[UC10-KPIs001]

% of quarterly reports over last 12

100% 100% 100%
months

[1.14.1.b. Solution and Results

A complete solution for the management of EnPCs was built using the Energis.Cloud platform.
It relies on several components.

First, the structure of an EnPC contract is composed from a global project scope - which is the
right level for financial and general contractual data - and below it, multiple sub-scopes —
accounting for the different utilities and perimeters on which savings are expected to be made.
Thanks to this structure, a specific savings target or baseline model can be set for each sub-
scope individually. Then, using the computation power of the Energis.Cloud platform, the
results of the different sub-scopes are automatically aggregated at the level of the main scope.

With the way Energis.Cloud is structured, it is also possible to add an arbitrary number of non-
routine adjustments to a sub-scope where each non-routine adjustment will modify the
baseline model or the actual consumption according to a custom adjustment rule, valid over a
custom specified period. Since multiple non-routine adjustment can be created it is possible to
stack the adjustment on top of each other.

This structure is illustrated in Figure 23.

~ @ Office Building

+ 2 MRV Electricity & Oil Global scope
= MA&V Electricity —— S Sub-scopes
- & Mol —
= MRV Non-Routine Adjustment Oil —— Non-routine adjustment

Figure 23. Decomposition of an EnPC contact into its main scope, accounting for the general
financial and contract data, and its sub-scopes

This structure is the key to then enable scalable automatic computations of the different
required KPIs including savings, deviations from target, monthly subscriptions, bonuses and
maluses in case of over- and under-performance, etc., as well as providing dashboards and
reports for the follow up of the EnPC. As an illustration, Figure 24 shows how it is possible to
track the savings and compare them to the specified targets.
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Figure 24. On the top chart, the actual consumption of the site is compared to the baseline (the
green line) and to the project target (the red line). The contract’s bonus/malus mechanism is
highlighted using colours (green, blue, red) based on the achieved performance (bonus,
normal, malus).

Thanks to the way Energis.Cloud is configured, it is also possible to analyse a single sub-
scope at a time, as illustrated in Figure 25.
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Figure 25. Using the solution, it is also possible to analyse a single sub-scope at atimein a
single click.
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When it comes to financial analysis, it was analysed through the different EnPC contracts that
have been encountered in the project that the following structures can be used:

1. Before the project starts, the ESCO estimates the minimum savings to be expected by
the EnPC project and guarantees these savings. Then, the extra savings are
redistributed according to a redistribution key (e.g., 50% each for the first years of the
contract, decreasing over time in favour of the end customer).

2. Before the project starts, the ESCO makes the most accurate savings estimation
possible which determines a target. A bonus/malus mechanism is then agreed upon
based on how far from the target the measured savings reached every year. Within a
“normality range”, no bonus/malus is owed, while outside this range, a redistribution
mechanism of the over- or under-performance is agreed upon.

While this second case is more complex, it is often encountered in practice and requires
determining the different parameters (what is the normality range, what is the redistribution key
in case of over-consumption and under-consumption, is there a limit to these mechanisms,
etc.). In addition, it is required to know the base monthly fee that the customer will pay each
month as well as the periodicity of bonus/malus payment. For this purpose, 16 parameters
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have been identified that all together define the contract structure. Moreover, to facilitate the
collection of the values for these parameters, sometimes perceived technical by the project
managers, it has been derived a simple questionnaire which determines the key parameters

in at most 5 questions.
The two situations are illustrated respectively in Figure 27 and Figure 26.

Perspective of the ESCO Perspective of the end customer

Base fre (1ol aver period) . Adpustmens facsor (W) ; e . — Total Custemer Gain
212,244 ¢ 113 % 230223 ¢ i o 319.804 ¢

Boue i . Adusindten £ s .
[ YSSPR o,

LY S—"

e T e e

Figure 26. On the left, the view on what the ESCO will perceive as benefits from the project,
including a bonus in this case at the end of the 12-month period. On the right, the perspective
of the end customer with its costs and its benefits originating from the achieved consumption

savings.
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Figure 27. The same view as Figure 26 in the case where the ESCO estimated the target based
on the minimum savings to be achieved. In this case, bonuses will generally be owed every
month.

Finally, the reporting of the achieved savings is organised on the Energis.Cloud platform and

sent on regular base to the relevant actors, as illustrated in Figure 28.
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Figure 28. A typical generic report generated by the solution to report the savings of the latest
period.

The main objective of BC4 is to provide the ability to easily implement, monitor and control an
EnPCs of commercial buildings, to give the necessary feedback for any deviations from the
savings goals and lastly to assess and recommend any corrective actions that should be made.
In order to do so, all the relevant data (energy, environmental and contractual) is collected,
harmonized and encoded into the external system Energis.Cloud with the adequate structure
thanks to the work done in Use Case 8 and based on the BIGG data model developed in WP4.
The identification and/or incorporation of the required baseline models is ensured thanks to
the developments made in Use Case 9, relying upon the BIGG Al Toolbox developed in the
context of WP5. Finally, all these elements are packaged in a global solution that includes the
calculation of all the required KPIs as well as the needed dashboarding and reporting
capabilities.

[1.15.1.a. Achievements of BC4 implementation
Overall, BC4 has been a success beyond our expectations.

In the context of Use Case 8, it was possible to integrate all the data from the partners of the
project. In a first phase, this data was integrated directly into the Energis.Cloud platform and
was successfully harmonized according to the BIGG data model at a later stage.

In Use Case 9, we were able to generate accurate models and to automate the generation of
these models to large numbers of buildings, enabling scaling our solutions up.

In the context of Use Case 10, a complete solution was built, achieving all the objectives of the
project in a satisfying way.

The solution created is now mature and reached a level allowing for a large scale deployment.
And this deployment has already started, in particular for the customer base of ENERGIS.
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Moreover, the tools that were developed in the context of BC4 were generic enough to be
applied in different contexts, allowing the creation of brand new solutions with a low additional
effort.

A first notable example is the application of the same savings logic to the results of BC5 which
allowed us to follow and validate the impact of the control solutions put in place, illustrated in
Figure 30.

Finally, the pipelines developed in the context of Use Case 9 were adapted to build a smart
alerting system with Energis.Cloud. This solution is creating a model similar to the ones created
for the baselines, which is then used to be continuously compared against the actual
consumption. Whenever a significant deviation is detected (significance being defined by the
standard deviation of the deviations), an alert is raised by the Energis.Cloud system and sent
directly to the right users. The solution is complemented with adequate dashboards that enable
a close follow up. The strength of this solution stands in the accuracy of the generated models
which creates a high degree of confidence from the users, but also to its ability to be deployed
at a large scale.

[1.15.1.b. Limits detected to BC4

The data gathered during the time period since the beginning of BIGG project development,
will seem to be altered in comparison to the historical data of the relevant buildings. The reason
to that is the COVID19 pandemic, as it caused significant changes to the working environment
and hourly profiles, and in turn, important differentiations occurred to the equipment
operations, the energy consumption and the indoor environmental conditions of those
buildings.

Specifically, in most cases due to pandemic, the facility operators had to mandatorily operate
the Air Handling Units (AHU) constantly, in order for the air to always be freshened. This
resulted in the creation of new, revised baseline consumptions, both for the total and the HVAC
consumption, due to the constant operation of the AHU fans. In addition to that, the “work from
home” instructions resulted in a different and more unique profile in the indoor environmental
conditions.

All of the above resulted in more difficulties concerning the creation of the models and made it
even more challenging.

The progress made on the data modelling aspect raised the question of contractualization of
a model. EnPC models used nowadays are usually linear or polynomial and these are not
necessarily the models that show the best results in terms of data analysis. But one of the key
conclusions of this work was that a data model to be contractualized would need not only to
be accurate but also to be understood and computable by the final customer. This point raised
the issue of potential disqualification of data models due to their complexity and the
impossibility to clearly describe them in a written contract. Alternatively, ad hoc solutions will
have to be developed to enable the transparent and trustworthy usage of models, in agreement
with the requirements of an EnPC.

[1.15.1.c. Reasons for including or excluding data

The conditions due to COVID 19 resulted in revisions of baselines of energy consumption
calculations.

As a whole, the BC4 was severely impacted by the covid situation with a building occupancy
that was significantly lowered for a long period of time. Not only occupancy was impacted but
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HVAC operating conditions were also adapted to reflect the extraordinary air treatment needed
to ensure a better air quality.

From a data management perspective, this was a very interesting case to be considered as a
non-routine event. Non-routine events are a common theme in the management of EnPCs.
Usually, non-routine events are related to extraordinary events that have an impact that to be
considered singularly. Obviously covid magnitude was beyond anything that is commonly
encountered in an EnPCs but from a data management perspective, it could be considered as
a non-routine adjustment and delt with accordingly.

[1.15.1.d. Recommendations and requirement for improved tools and
analytics

Given the dramatic perspectives that global warming is presenting, it may be surprising to see
so few buildings being renovated using the mechanism of an EnPC. According to our
experience, the complexity that such contracts present and the high risk of conflict between
the different actors that may follow are some of the main breaks dragging its large-scale
deployment down. The solution developed in BC4 allowed to make a big jump forward in
reducing both burdens. Indeed, thanks to the solution it becomes possible to put in place the
follow up of an EnPC in hours, not weeks. Likewise, the follow up itself can be performed in a
few minutes per month, not hours. As for the reduction of conflicts, the solution provides high
accuracy models integrated to a system that performs all the necessary calculations with a
high degree of reliability. This prevents human errors, allows detecting the misuse of a building
by its occupants early on and makes the whole follow up process transparent and objective,
hence drastically reducing the space for debate between the parties.

Therefore, it is recommended to give a new push to the deployment of EnPCs using modern
solutions such as the one developed in BC4.

11.16. Business Case 5: Buildings for occupants:
Comfort Case — Cordia

Building Management Systems (hereafter BMS) are optimizing comfort and, to a limited extent,
energy consumption based on an internal feedback loop, a programmed occupancy schedule
and the expected comfort level in the different building parts. They use a single objective
function based only on the comfort conditions of the building; consumption, cost and green
energy usage as well as weather conditions are not taken into consideration in this
optimization.

In Business Case 5 (BCb), it was designed a control scheme using a multi-objective function
in which cost and usage of green energy are optimized upon, in addition to comfort and energy
consumption. The optimization does not only use inputs about the current environmental
conditions, such as current occupancy, temperature and humidity, but also about the
forecasted situation of the building. Therefore, it is able to reach better results than regular
BMS controllers, in particular regarding the energy optimisation. In the Use Cases 11, 12 and
13, weather, occupancy and price®® forecasts were successively added as input to the

15 Regarding the price data, we ultimately could not experiment with a building featuring variable prices
and thus could not exploit this information for the optimisation. See Section 11.20.1.b. for more details on
the reasons behind this limitation.
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controller, aiming to exploit the new information to the maximum extent possible. However, it
is important to note that ultimately the 3 use cases have been merged together into a single
BC5 solution. In the following sub-sections, the specificities brought by each new forecast input
are described. The overall results will be presented in the Section Oabout the summary of BC5.

To demonstrate the approach, the output of the control scheme was used to overrule BMS
actions and send instructions via l0T actuators in the pilot building, an office building located
in Athens within the portfolio of CORDIA. Several trials have been performed to test the
controller’s performance: 2 in Winter and 1 in Summer. For each trial, the results have been
recorded and analysed. However, only the last Winter scenario was actually successful as the
2 others suffered from multiple technical issues and human interference, as described in the
Section 11.20.1.b. The savings results generated by the controller for this last Winter scenario
were evaluated using the solution from Business Case 4, considering it as an Energy Efficiency
Measure installed in the building.

[1.17.1.a. Context

Use Case 11 considers weather forecasts like predicted outside temperature, predicted solar
irradiation, etc., as input to the optimisation scheme.

The objective of this use case is to design and develop a control algorithm that takes into
account variables such as outdoor temperature and solar irradiance, current and forecasted,
to optimize energy usage of the site while maintaining the comfort within an acceptable range.
For example, the irradiation played a crucial role in the optimization of the comfort conditions
of the pilot building. During the winter scenario, the irradiation forecast was used as a decision
variable in the ruleset to reduce the pre-heating window needed by the building to keep a good
level of comfort.

The process to put in place the BC5 solution can be described as follows: the facility
management company performs a survey of the on-site equipment (HVAC, chiller, AHUSs, ...),
provides an inventory list of all the available actuators and sensors and clear instructions to
properly interface with them, collects information from occupants to identify comfort issues in
the site, building or in zones of the building. When required, extra sensors must be installed
on site.

The facility manager then designs and implements a ruleset to optimize comfort and energy
usage. Based on this ruleset, the BC5 solution allows to build the controller which is then used
to take actions on the controllable devices.

The facility manager ultimately disposes of a dashboard for comfort and energy monitoring of
the different buildings and zones. The occupants of the building have a local dashboard to see
the decision logic of the optimisation algorithms provided by the BC5 solution and to follow the
comfort related KPlIs.

The KPIs associated with this use case are evaluating sequentially the collection of weather
data forecasts, the actions triggered on the building control system and the results that these
actions had on the building performances and the comfort of building occupants.

As mentioned earlier, the performance KPIs [UC11-KPIs003], [UC11-KPIs004], [UC11-
KPIs005], [UC11-KPIs006] and [UC11-KPIs007] are here reported based on the global BC5
solution grouping the inputs of the use cases 11, 12 and 13.
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Name of KPI and

acronym [ID]

Weather forecasts
data time series

Table 19 - Use case 11: Results KPlIs

% of
achiev
ement

M36

current
Description or Formula Target Value
(M36)

Based on three potential data time

sallizEisel e inz (Elee series (temperature, RH, Irradiance) £ € R
platform-[UC11- P Y

KPIs001]

Number of Actuators

enabled in control Number of actuators for which control 19 5 26%

capabilities-[UC11-
KPIs002]

rules are applied

Average temperature
comfort ratio
witnessed on the
building zones where
actions are taken-
[UC11-KPIs003]

% of time during which the internal room
temperature is within the comfort interval
(between minimum and maximum 90% 96% 100%
threshold) during occupancy hours,
averaged over all controlled areas

Average relative
humidity comfort ratio
witnessed on the
building zones where
actions are taken-
[UC11-KPIs004]

% of time during which the internal room
relative humidity is within the comfort
interval (between minimum and
maximum threshold) during occupancy
hours, averaged over all controlled
areas

90% 54% 60%

Average CO2 comfort
ratio witnessed on the
building zones where
actions are taken-
[UC11-KPIs005]

% of time during which the internal room
CO2 level is within the comfort interval
(below maximum threshold) during 90% 100% 100%
occupancy hours, averaged over all
controlled areas

Average overall
comfort ratio
witnessed on the
building zones where
actions are taken-
[UC11-KPIs006]

Average of [UC11-KPIs003], [UC11-

0, 0, 0,
KPIs004] and [UC11-KPIs005] 90% | 83% 92%

Energy efficiency gain
(energy consumption
reduction during
controlled hours) -
[UC11-KPIs007]

% difference between the actual
consumption during controlled hours
and the baseline consumption during the
same hours. The baseline is determined
as a regression model based on UC9
methodology.

-5% -15% 100%
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[1.17.1.b. Solution and Results

Measuring the quantity of data collected is important to understand how available this data
actually is and hence how replicable the process is.

The KPI [UC11-KPIs002] describes the capacity to implement a control sequence on the
concerned asset. Use cases 11, 12 and 13 rely on the capacity of the designed controller to
take action upon the on-site operations.

KPIs [UC11-KPIs003] to [UC11-KPIs006] were defined to follow the trends of comfort during
the phases where rules are triggered and make sure that the rules’ effect eventually improve
comfort or maintain it in an acceptable range. A dedicated dashboard was built to follow up the
comfort conditions, as illustrated on Figure 29 for the period of the last, successful Winter
Scenario trial.

Average Comfort Ratio Temperature s :t ~  Average Comfort Ratio Humidity Er it o~ Average Comfort Ratio CO, Es it =

% occupied hours with humidity within comfort thresholds

54 «

Temperature E2 w~ ¥ =  Humidity E} we 2 ~ €O,

o3
b3
‘

Comfort Ratio Temperature Act. = Comfort Ratio Humidity Act. = Comfort Ratic CO, Act.

Office Area 05 ~5th Floor .
office Area 05 -4th Floor
Office Area 05 -2nd Floor
25 office Area 02 ~5th Fioor

Office Area 02 -3rd Floor

Office Area 05 -5th Floor
Office Area 05 ~4th Floor
Office Area 05 -2nd Floor
Office Area 02 ~5th Floor

Office Area 05 -5th Floor ..
office Area 05 ~4th Floor
Office Area 05 -2nd Floor

25 office Area 02 ~5th Floor 25

office Area 02 -3rd Floor Office Area 02 -3rd Floor

Office Area 01 -6th Floor

Meeting Rooms -Sensor T

Office Area 12 -5th Floor o
Office Area 12 —4th Floor

Office Area 09 -Sth Floor

Office Area 09 -3rd Floor. )

Office Area 09 -2nd Floor.

office Area 01 -6th Floor ...
Meeting Rooms -Sensor T
o0 Office Area 12 -5th Floor ..
Office Area 12 —4th Floor
Qffice Area 09 -5th Floor
Office Area 09 -3rd Floor...
Office Area 09 -2nd Floor

Office Area 01 -6th Floor .

Meeting Rooms -Sensor T.

50 Office Area 12 -5th Floor .
Office Area 12 -4th Floor
office Area 09 -5th Floor

Office Area 09 ~3rd Floor.

N Office Area 09 ~2nd Floor

Dod oD PP D
U v o v U v V-
o S S
| | AT ol g o e @ W
100 S E @ o e 100

4 ) )

Figure 29. The comfort results during a successful Winter Scenario trial. The poor comfort
values for the relative humidity comfort ratio should be regarded in perspective to the same
indicator for equivalent periods in which the regular BMS controller was in control of the
comfort conditions and in which the values were below 40%.

KPI [UC11-KPIs007] was defined to track the energy impact of the control scheme. It was
evaluated on the data from the last Winter Scenario trial using a solution adapted from
Business Case 4. In this solution, a regression model was identified based on the past
consumption over a period equivalent to the trial period (from December to February, skipping
COVID years). This model was then used to evaluate the savings generated from the
controller, as illustrated in Figure 30.
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Figure 30. Application of the BC4 savings following approach to the real time control
application of BC5.

It is important to note the poor performance reached on some KPIs compared to the initial
expectations. This is mainly due to fact that the controller of BC5 could only be installed in a
single building instead of the multiple buildings originally planned for. As described in Section
11.20.1.b. , it was not an easy task to convince candidate buildings to experiment with their
comfort conditions. Regarding the achieved comfort levels, they need to be regarded positively
as the comfort levels in the tested building were actually improved with the controller compared
to the situation without controller. Finally, the results in terms of achieved savings were beyond
our expectations, which is a good sign towards future applications of the solution.

[1.18.1.a. Solution and Results

Use case 12 is very similar to use case 11, the most significant difference being that the
building occupancy is used in addition to the weather forecasts as a variable of adjustment.

From a workflow perspective, the two use cases are very similar. From a data perspective
however, the two use cases are showing a major difference in the sense that weather
forecasting service exists as a public service and the associated data is available. Building
occupancy on the other hand does not exist and needs to be analysed through sensors data
and a building occupancy model needs to be created to make predictions. This was achieved
using the BIGG Al Toolbox developed in the context of WP516,

The BIGG Al toolbox provides ready to use pipelines with all the required layers of data
cleaning, data alignment, outlier detection, cross validation mechanisms and IPMVP model
evaluation, among others. Moreover, it comes with a tailored set of KPIs suited for the
modelling of buildings occupancy such as weekly consumption patterns, time functions,
standard holidays, etc. This model identification pipeline is described with full details in the
Deliverable D5.2 (Application A4) as well as on the project’s GitHub17.

16 More details about the BIGG Al Toolbox for buildings can be found in the deliverable D5.2.
17 https://github.com/biggproject/A4-Occupancy-pattern-detection
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The following KPIs evaluate the collection of occupancy data, the identification of occupancy
models and the actions triggered on the building control system. Again, see Use Case 11 for
results about the performance of the controller.

Table 20 - Use case 12: Results KPlIs

current % of

Name of KPI and . :
Description or Formula Target Value achieveme

acronym [ID] (M36) nt M36
Occupancy history
data time series Number of occupancy timeseries
collected via the data collected 2 14 100%
BIGG service-[UC12-
KPIs001]
Occupancy model
created based on Number of occupancy models 5 1 50%
historical data-[UC12- | identified
KPIs002]
Number of Actuators
enabled in control Number of actuators for which
capabilities using control rules are applied using 19 5 26%
occupancy-[UC12- occupancy data and model
KPIs003]

KPI [UC12-KPIs001] is measuring the quantity of data collected and is important for the same
reason explained for Use Case 11. Occupancy data streams are usually more difficult to collect
because they imply the installation of sensors. BMS only include occupancy sensors in recent
installations but are not so common on older systems. KPI [UC12-KPI1s002] is important to
describe the BIGG capability to use occupancy data streams to generate models. Unlike other
data streams, occupancy data is very prone to irregularity and occupancy sensors are often
reporting on a non-regular basis but rather on an event-based sequence which presents a
specific challenge in terms of data management and data analysis.

The same comment about the importance of being able to take control on the on-site
equipment also applies to this use case.

As for Use Case 11, due to the limitations described in Section 11.20.1.b. , occupancy data
could only be collected for one building. The data collection started early in the project and, as
a result, was sufficient to enable the creation of an occupancy model.

Two main rules have been implemented in the context of use case 12:

e Thermal inertia rules

To use thermal inertia of the building, the building occupancy once known is used as an input
to know at what exact time the building will turn unoccupied. A control sequence was
implemented to command the HVAC system to turn in night mode as soon as possible without
affecting the occupant comfort.

e Pre-cooling/Pre-heating rules

Pre-cooling during summer and pre-heating during winter must be taken into consideration in
the optimization algorithm to ensure an adequate level of comfort when the occupants arrive

BIGG )



D6.3-Final evaluation of the BIGG pilots results on use cases 15/12/2023

at the office in the morning. The heating and cooling loads must indeed be shifted according
to the thermal inertia of the building. Knowing the expected occupancy of the building and the
future weather conditions of the area allows to shift heating and cooling loads with a higher
accuracy and to improve the energy efficiency without reducing the level of comfort.

During the first half of the project, a significant effort was put on setting the control system up
on the pilot building. Beside the technical challenge associated with the implementation of the
equipment allowing to take control, a significant effort was needed on the communication
process between the ESCO and the on-site O&M team. As anticipated, taking control over the
HVAC equipment and managing the communication with the O&M team to ensure that remote
control would not jeopardize the on-going operation was a major hurdle and turned out to be
the major limit to overcome.

[1.19.1.a. Context

Use case 13 was designed as a logical continuation of the two previous use cases. Use case
11 to optimize comfort and energy consumption based on outside conditions, use case 12
adding the possibility to account for the unoccupancy of the building. Then use case 13 to add
the energy cost as an additional factor of optimization.

The KPIs were defined following the same logic as the use cases 11 and 12. The first two KPIs
describe how available the pricing information is and where it impacted the result of the
optimisation. The last KPI reflects the success rate of control optimization over the existing
control sequences on site in terms of the generated cost savings. Again, see Use Case 11 for
results about the performance of the controller.

Table 21 - Use case 13: Results KPlIs
current % of

Target Value achievement
(M36) M36

Name of KPIl and Description or

acronym [ID] Formula

Pricing forecasts data
time series collected
on the BIGG platform-
[UC13-KPIs001]

Number of pricing
forecast timeseries data 1 0 0%
collected

Number of Actuators | Number of actuators for
enabled in control which control rules are
capabilities-[UC13- applied using pricing
KPIs002] data

19 0 0%

As for Use Cases 11 and 12, due to the limitations described in Section 11.20.1.b. , data could
only be collected for one building which was in addition featuring a constant price model, hence
leaving no room for any type of cost optimisation. Due to this reason, it was not possible to
integrate the effect of price in the optimisation scheme for the building.

Nevertheless, the control scheme should be regarded at the level of the whole Business Case
where the developed mechanisms to define custom rulesets offer a high degree of flexibility
and in particular, include the ability to integrate cost related criteria for the optimisation.
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Business Case 5 goal is to optimize the occupant comfort and the energy efficiency of a
building. To achieve this, a multi-objective function that takes into consideration the
consumption, costs, occupancy and weather data, was applied. Weather and occupancy
forecasts were also considered for a more dynamic and efficient operation of the equipment.
This was achieved in some cases, by providing relevant recommendations for the optimum
equipment operation and in some case by overruling the current control system.

[1.20.1.a. Achievements of BC5

For the implementation of BC5, none of the two existing platforms used in BC4 could be
leveraged for control sequence implementation. The Energis.Cloud platform presents strong
capabilities in terms of data management and data analysis but were not designed to take
actions directly on the HVAC equipment.

As a result, a dedicated framework was used leveraging the platform for data collection, data
aggregation and data transfer but a separate dashboard was created on the open-source tool
Grafana to manage the display of actuators and rule implementations. This dashboard is
illustrated in Figure 31.

2
o

do (Guest) (Invité)

Figure 31. The controller cockpit used to track the applied ruleset at any given time and to
track the effect of the control actions in real time.

The control aspect being one of the most challenging points of this business case, it was
chosen to use a versatile edge device provided by ENERGIS: the Raspicy. This data logging
device is used by ENERGIS and HELEXIA on other projects and allows both to collect, store
and manage data but also to be used as a relay to the BMS and the implementation of control
rulesets.

[1.20.1.b. Limits detected to BC5

Similarly to BC4, significant constraints were identified during the development of the Business
Case 5. As a result of COVID-19 pandemic, according to the instructions of the Ministry of
Health, the AHU system in office buildings always had to keep operating to constantly freshen
the air. So, this resulted in difficulties accessing and controlling the relevant systems and
additionally was giving a hard time to focus in the comfort and the energy consumption
optimization. Discussions took place about the AHU operation, aiming at the optimization of
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the occupant comfort and the energy efficiency of the system, alongside the health measures
that kept being applied. Not only did these limitations hinder the potential of the controller,
limiting its range of action, it also had a severe impact on the first 2 trials that were planned on
the building. The main issues were first of all, the 7 days / 24 hours AHU operation with no air
recirculation (as it is mentioned and described above) and the reduced occupancy of the
building.

Beside the COVID-19 impact, the second significant challenge of this business case was the
consortium capacity to take control over the equipment on site. This is a common limit to the
use of on-line platforms and more generally to the use of data models on control logic
optimization. In this case, it has been strengthened by the fact that the CORDIA team was no
longer in charge of the O&M contract on site. CORDIA remains committed on the energy
efficiency of the building but is dependent on a third party to take action upon the on-site
equipment. This specific organization led to difficulties in the communication process and
constituted a significant hurdle in the efficiency of the rule's implementation.

Given all the challenges faced with the pilot building due to the CORDIA team not being in
charge anymore of the operations and maintenance of the building, the process to deploy the
BC5 solution on another facility, namely CORDIA HQ, started. In the CORDIA building, all the
necessary equipment was installed and was connected with CORDIA Connect Platform
However, this last case did not go further than the data collection phase because of the
technical limitations on the controllable equipment, i.e. there was no possibility to take actions
on boilers and chillers but only on AHUs.

Furthermore, the project’s needs included the installation of new metering equipmenton site.
The pandemic restrictions that were relevant to transportation and also to the site visiting
permissions along with all the bureaucracy that comes with it, resulted in huge delays and
difficulties for the completion of the necessary works. Finally, the only buildings to which we
had access did not feature any sort of variable pricing structure in their energy contract,
therefore they did not offer the possibility to optimise their cost. This led to our inability to
complete the work for Use Case 13.

These points explain the lack of data for some of the KPIs defined above. Most KPIs were
defined to reflect the impact of the rule implementation but the instances where control could
be implemented for a long period of time were ultimately very limited.

[1.20.1.c. Reasons for including or excluding data

Some changes on the plans of the local technical management team and the new property
managers of one of our clients affected several of our pilot sites and our ability to control their
equipment. So, it created the need to add another building in the agenda of the pilot sites and
more specifically, the CORDIA’s HQ building. This meant that all the necessary data that are
described in the relevant D6.3 sections had to be gathered for this additional building together
with the metering and control equipment data and control inputs.

[1.20.1.d. Recommendations and requirement for improved tools and
analytics

As a conclusion, it is acknowledged that Business Case 5 has not been a smooth ride.
Nevertheless, a number of essential lessons can be drawn from this experience:

e Itis extremely challenging to install new control solutions in buildings that are already
equipped with a BMS system. People on site are reluctant to change and will only
accept to cooperate if we can demonstrate to them that the proposed solution is without
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risk, reliable and cheap to install. In that sense, it seems unlikely that we would be able
to deploy our solution at a large scale in the short term.

o As of today, being confident that energy savings can be achieved seemed to be of
secondary importance. However, there is a chance that this criterion would turn a game
changer with energy becoming a major concern (due to its cost or to possible
regulations to come that would force building owners to decrease their energy
consumption below certain thresholds).

o The achieved energy savings were significant, even more than we thought they would
be.

These learnings hint that strong regulations to make energy more and more of a concern will
help the relevant actors to move forward in their engagement to reduce their energy usage,
possibly making relevant a solution such as the one attempted in BC5.

11.21. Business Case 6: Flexibility potential of
Residential consumers on electricity and natural
gas - Heron-DomX

The objective of BC6 is to demonstrate and exploit the flexibility potential of residential
buildings across the two main energy vectors of electricity and natural gas. The following
analysis details the two considered use cases. UC14 focuses on electricity consumers that are
offered recommendations to participate in an implicit DR service. UC15 focuses on the
participation of natural gas consumers to: (a) improve the energy efficiency of legacy boilers
through load reduction and (b) contribute to real-time gas balancing services.

[1.22.1.a. Context

UC14 KPIs aim at quantifying the performance of the data acquisition, data analysis and user
interaction procedures. UC14 service is based on HERON’s Smart Monitoring platform which
initially supported smart meters, relay for boiler control and a motion/movement sensor. The
platform was expanded as part of BIGG effort to accommodate smart plugs so that the use of
consuming residential appliances can be validated, therefore verifying the acceptance of BIGG
flexibility services by pilot participants. Utilising BIGG RAF components, Inetum has developed
a recommendation service with HERON responsible for conveying them via SMS to the Pilot
participants.

BIGG 71




D6.3-Final evaluation of the BIGG pilots results on use cases 15/12/2023

admin dashboard

P AT ..V
i) R - data exchan o]
e i I N v - - N e = [ 2 Ml
@8 " e < g e

e = - external
w services/
Electrical board Power Home Private KPIs

Router Server

user dashboard end users

Figure 32: Supported usage scenarios for HERON's Smart monitoring platform.

In this context, HERON's platform provides 30 second measurements (power, energy, voltage,
power factor) for the smart meters, power and energy for the smart plugs and area luminosity
and movement for the motion sensors. The service is supported by an integrated platform
(databases and APIs) that accommodates its smart metering and smart home monitoring
activities and dashboards as a means of guiding customers towards more efficient and
environmentally aware consumption. HERON Smart Monitoring consists of two building
blocks:

1. Realtime Energy Metering and Actuation Platform (REMAP): the technical
infrastructure upon which the metering equipment operates,

2. Dashboards and visualisations in support of services developed to engage consumers
and reduce.

Using this infrastructure, Inetum utilised BIGG toolkit to develop an Implicit DR Service based
on HERON’s sustainability driven Green Tariff (Figure 33). The proposed Green Tariff relies
on the calculation of the percentage of system load satisfied by both Intermittent and
dispatchable (such as Hydro) renewable energy drawn from Load and RES generation
forecast from the Integrated Scheduling Programming (ISP) provided by IPTO, the Greek TSO.
ISP is a fairly common market process, carried out by TSOs that use central dispatch systems.
The process aims at covering the forecasted generation/demand imbalances and procuring
the required reserves. In Greece, ISP is executed at three scheduled times for each dispatch
day also defining the timeline of the service.

The RES+Hydro percentages are calculated and hourly intervals are ranked from lowest to
highest percentages. In reference to Day Ahead Market tariffs, active in countries with DSO
issued smart meters, peak hours are considered as the hours with the lowest Green energy
share. In doing so, HERON'’s customers are expected to shift their electricity consumption to
hours whereby the system is dominated by renewable energy.
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Figure 33: UC14 Green Tariff

The group of Data processing and acquisition KPIs [UC14 001-005] aim to evaluate the
technical infrastructure of the pilot, most notably the installation of smart meters and flexibility
assets.

Table 22 - Use case 14: Data processing and acquisition KPIs

current % of
Name of KPI and . :
acronym [ID] Description or Formula  Target Value achievement
y ED) M36
Number of potential
pilot participants invited
accepting terms and Cou.nt. s 100 140 140%
conditions and GDPR participants)
[UC14-KPIs001]
Number of monitored h holds with
households F:ount( ouseholds wit 100 75 75%
installed smart meter)
[UC14-KPIs002]
Number of installed
flexible assets: relay for i
_ _ y Qount (househ-olds with 10 3 30%
electric boiler installed electric relay)
[UC14-KPIs003]
Number of installed
monitored assets: Count (households with
smart plugs on white installed smart plugs on | 20 17 85%
goods white goods)
[UC14-KPIs004]
Number of monitored h holds th
households with smart Cogr;t( ouge glaSiiet
meter being online over 72“3 y rerz]qwrer:elgt) ith 80% 78,67% 98,33%
80% of time / ount (households wit
installed smart meter)
[UC14-KPIs005]
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Data analysis KPIs [UC14 006-014] and user interaction KPIs [UC14 015-016] have been
setup to quantify the performance of BIGG services. Based on the re-alignment of the Use
Case towards Implicit DR and the flexibility of appliances, some KPIs had to be redefined. For
example, it would have been straightforward to define UC14-KPIs007 and UC14-KPIs008 for
the initial Explicit DR, due to the clear operation of the water boiler which peaks at an easily
identifiable plateau regarding its Power. However, with white good appliances the consumption
patterns are not easily identifiable given the differences in models, specifications, programmes
that consumers use, weight of loads for dishwashers and washing machines. For this reason,
5 consumers registered their main consumption habits for 5 days during September 2023 in a
logbook, which was then compared with the data from the smart plugs. It was identified that a
sufficient KPI to evaluate whether a pilot participant followed a DR advice was if their total
hourly consumption was less than 65% of the average daily. Based on the logbook and the
smart plug data, this rule applied to ca. 95% of the subset of the mostly online users (as defined
in UC14-KPIs005).

To this end, KPIs that are no longer relevant have been replaced by their appropriate
modifcations when comparing with deliverable DF6.2. Specifically, UC14-KPIs012a has been
introduced to evaluate whether consumers follow the recommendations, based on data from
their smart plugs. Following, the aforementioned logging process which identified 65% as the
appropriate parameter for smart meter consumers, consumption less than 100 Wh for an hour
for which a recommendation is given, was deemed appropriate as the validation rule.

Table 23 - Use case 14: Data analysis KPIs

Name of KPI and current % of
Description or Formula Value achievement
acronym [ID] (M36) M36
Baseline electricity Calculate electricity
consumption (KWh - | consumption (kwh) for a
within a specific time | given interval (t) under
period, e.g. daily, the baseline mode of NA 307.86 Wh NA
monthly) operation for Baseline
[UC14-KPIs006] period
Total energy o
consumption overa | SUM (electricity
specific time period, F:onsumptlon for given NA 467.04 Wh NA
e.g. daily, monthly interval) kWh for
Recommendation period
[UC14-KPIs009]
Number of scheduled _ 2 for
DR requests withina | Count (communicated DR |~ " 3077 per
i : requests i.e. month
specific time period, _ o 60 users 80%
e.g. daily, monthly recommendations, within DEr 96 avg per
a month) day
[UC14-KPIs011] month
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Number of activated . 0.5 for
DR requests withina | Count (activated DR each of 1380 per
e - requests i.e. month
specific time period, _ o 60 user 143.3%
e.g. daily, monthly recommendations, within per 43 avg per
a month) day
[UC14-KPIs012] month
Number of activated 94% on
DR request for Count (smart plug energy | 50% on avg for
appliances in smart < 100 Wh, within a avg for | €achplug,
plug e.g. daily : . 188%
hi - ' month)/ Count installed each With 35%
e plugs plug | of the plugs
[UC14-KPIs012a] at 100%

Table 24 - Use case 14: User interaction KPIs

current % of

Name of KPIl and . .
Description or Formula Target Value achievement

acronym [ID]

No. of registered users
with a unique account | Count (Number of
created registered users)
[UC14-KPIs015]

100 140 140%

No. of registered users
with a unigue account
created that are Count (Number of active
actively using the users)

system

[UC14-KPIs016]

60 75 125%

[1.22.1.b. Solutions and results

In UC14, the integration of the BIGG systems and services has been successfully completed,
with the adoption of the BIGG Data Model 4 Buildings, which has been used to store and
harmonize residential electricity consumption and electricity market data. Based on the
achieved data harmonization, data acquisition and analysis were implemented for the various
considered data sources, enabling the implementation of Implicit DR Recommendations.

Specifically, UC14 recommendations are based on the Green Tariff methodology provided by
HERON and integrated by Inetum into the Al Model.

Based on the Greek TSO data required for the calculation of the tariff, BIGG Harmonizer and
aspects of Al Toolbox are utilized to forecast 24 hours of residential consumption. A ML
algorithm developed by Inetum estimates residential consumption for the following 24 hours
by combining a Recurrent Neural Network (RNN) encoder and a Multilayer Perceptron (MLP)
(Figure 34).
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Figure 34: Structure of ML Algorithm for UC14.

The modelling approach is called, augmented modelling and it is designed to take
advantage of household energy profiles to learn the differences between the consumption
patterns and characteristics of individual consumers based on a double clustering procedure
to group households with similar energy profiles, leading to an encoding for each energy profile
based on its distance from each cluster’'s centroid. Augmented modelling, involves the
utilization of the last predicted hour as input for subsequent predictions presents
notable advantages. The process is computationally efficient, expediting
predictions without the need to rerun the entire model for each step. Furthermore,
its flexibility allows for easy adjustment of the forecasting horizon, accommodating
specific requirements. The observation is that 70-75% of devices exhibit
forecasted values consistent with historical data which emphasize its practicality.
However, challenges arise as forecasts can swiftly become divergent or flatline,
compromising long-term accuracy. The reliance on the last prediction also
complicates model evaluation, rendering traditional metrics like MAPE less
applicable. Additionally, issues such as flatlining suggest a potential limitation in
the model's adaptability to evolving data patterns. The examples presented here
has three such cases for demonstration. Addressing these concerns may
necessitate periodic retraining and the incorporation of strategies to enhance
model resilience and adaptability in the future.

An output of the algorithm is shown in Figure 35.
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Figure 35: Forecasts for UC14 electricity consumers.
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The above forecasts, conclude to a set of recommendations based on the tariff (Figure 36)
which are communicated by HERON via an SMS service every day at 17.10 EET (Figure 37).
From the recommendation block, HERON identifies 2 hours at which are preferably adjacent
and if possible outside 02:00 — 06:00 in dates where there are more than two
recommendations.
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Figure 37: An SMS to a Pilot participant.

As an additional method of engagement to keep users engaged and active, HERON has
provided a dashboard which demonstrates all aspects of the participants’ consumption, also
showing smart plug and water boiler specific measurements.
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Figure 39: Water Boiler specific consumption.
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Figure 40: Smart plug consumption.

To validate UC14 service, a baseline period has been selected (1/10/2023-7/11/2023) in which
recommendations were generated but not communicated, followed by an active period
(8/11/2023-12/12/2023) in which recommendations have been sent to pilot participants
through SMS. Baseline [UC14-KPIs006] and recommendation period [UC14-KPIs009] hourly
average consumptions for each day are given in Figure 41.The discrepancy among Baseline
and Recommendation periods can be possibly attributed to daylight savings at 29/10 with
users increasing their average consumption as days become shorter and relatively colder.

Hourly Average Consumption per day
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Figure 41: Hourly average consumption for given baseline and recommendation periods.

Overall, as also demonstrated in UC14-KPIs012 and UC14-KPIsO12a and direct
communication with pilot participants, there was not initial interest in the opening week of the
recommendation service, but it gradually picked up generating results that exceeded
expectations as defined with KPIs012. Figure 42 proves this argument by counting for each
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day the hourly recommendations that were sent and for these intervals assessing whether they
were followed if the energy consumption for that hour is less than 65% of the daily average.

Daily Hourly Recommendations
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0% 20
0% 0.00
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Figure 42: Success Ratio for hourly recommendation durind the Recommendation period.

These findings are further reinforced by histograms (a) and (b) of Figure 43 which summarise
the Success Ratio of the hourly recommendations (up to 2 daily received per consumer). Chart
(a) shows how many hourly recommendations are sent and followed per day for all participants,
while chart (b) shows how many recommendations are sent and followed per participant for
the Recommendation period.
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Figure 43: Histograms for Hourly Success Ratio.
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Figure 44: Histogram of Success Ratio for smart plug energy consumption.

This positive reaction is even stronger among consumers with smart plugs, who demonstrated
overwhelmingly, that they willing to avoid using the heavy appliances (mainly Dishwashers and
Washing Machines) during the recommendation periods (Figure 44).

These results imply that the public is interested in such services, even if the focus is on
sustainability, without direct monetary gains. However, to keep them engaged and maximise
these environmental gains, participants need to be appropriately motivated and engaged.

[1.23.1.a. Context

UC15 focuses on the upgrade of natural gas boilers through the cost-effective and universal
smart heating solution of DOMX to: (a) improve their energy efficiency through load reduction
and (b) deliver real-time balancing services to the natural gas supplier. The DOMX heating
controller enables the optimal management of gas boilers, by adapting their operation to the
building characteristics (envelope, boiler), climate variations (indoor, outdoor) and user
schedules-preferences, while circumventing the need to install dedicated metering equipment
for consumption monitoring. The DOMX smartphone application enables gas consumers to
understand how energy is consumed and to remotely manage their heating system. Ultimately
the offered energy efficiency service is able to deliver up to 30% of savings for space heating
when attached with legacy natural gas boilers, without affecting the occupants' thermal
comfort. A plurality of energy (boiler load, efficiency improvement, savings, etc.) and non-
energy (temperature variations, climate comfort, etc.) parameters can be collected in real-time.
Key energy stakeholders (suppliers, facility managers, governmental bodies, etc.) get access
to the data collected in real-time by their assets, belonging to consumers of their portfolios over
secure APIs, for enabling real-time monitoring and management at scale (Figure 45).
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Figure 45: Representation of the data flows within the DOMX system components

In UC15, the BIGG Data Model 4 Buildings has been used to store and harmonize smart
heating, building, weather and natural gas market data. On top of the various considered data
sources and the corresponding harmonized data, two services have been implemented to
deliver Energy efficiency and Demand-Response (DR) services for natural gas consumers and
the respective energy supplier. In Figure 46, the integration of the BIGG architecture, as
implemented for UC15 is presented. More specifically, green colour is used to depict the
custom implementation of the Ingestor and APl components for UC15, while blue colour is
used to depict the Harmonizer and Al toolbox components that have been directly integrated
from BIGG.
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Figure 46: Integration of BIGG components with the DOMX system components in UC15

In Table 25, we list the UC15 KPIs that have been used for quantifying the performance of the
data acquisition procedure. Overall, we observe that most KPI targets have been achieved,
with certain KPI values even exceeding the target value, e.g. number of monitored households.
On the contrary, a small subset of KPI targets were not achieved at all, as in the case of EPC
available data (0 out of 50), which fact is analysed in detail in the limits that have been detected
in BC6.
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Table 25 - Use case 15: Data acquisition KPIs

current % of
Description or Formula Target Value | achievement
(M36) M36

Name of KPI and

acronym [ID]

Number of
monitored Count (households with installed
households heating controller)

[UC15-KPIs001]

100 108 108%

Number of
monitored
households with Count (households that satisfy
heating controller | requirement) /Count (households | 80 102 127.5%
being online over with installed heating controller)
90% of time

[UC15-KPIs002]

Number of
buildings with Count (Number of buildings with
available EPCs available EPCs)

[UC15-KPIs003]

50 0 0

Households with
AVG Monthly gas
consumption data | Count (Households with AVG
(legacy DSO Monthly gas consumption data)
meter)

[UC15-KPIs004]

>50 20 40%

Households with
AVG Dalily gas
consumption data
(smart DSO meter)

[UC15-KPIs005]

Count (Households with AVG

0,
Daily gas consumption data) >10 3 30%

Regarding the data analysis KPIs, which are detailed in Table 26, it can be clearly observed
that the target KPIs related with the energy efficiency service have been achieved in most
cases. Specifically for the energy efficiency service, it is noticed that the achieved energy
savings and thermal comfort managed to exceed the initial targets. In addition. The DR service
related KPIs reached their initial target with 8 participating households and 80 activated DR
requests within a month of trials.

Table 26 - Use case 15: Data analysis
current % of

Description or Formula Target Value | achievement
(M36) M36

Name of KPI and

acronym [ID]

Baseline Gas Calculate gas consumption
consumption for space | for space heating (kWh) for a

100 80 80%
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heating (kWh - within a | given interval (t) under the
specific time period, baseline mode of operation
e.g. daily, monthly)
[UC15-KPIs006]
Adaptive Gas Calcul _
consumption for space ¢ alculate ﬁas 'conslijvrvnrp])tll?n
heating (kWh - within a | 0" SPace e‘i‘“”g ( )h ora )
specific time period, glvenhlnter(;/a (t) und(zrt ? 100 80 80%
e.g. daily, monthly) weat gr adaptive mode o
operation
[UC15-KPIs007]
Calculate gas consumption
reduction for the same
Gas consumption household under days with
reduction %" similar heating requirements | >20% 30% 150%
[UC15-KPIs008] between the baseline and
weather adaptive modes of
operation
Average temperature % of time during which the
comfort ratio internal room temperature is
witnessed on the within the user specified
buildings where target temperature and >80% 94% 117.5%
measures are comfort band (between
employed [UC15- minimum and maximum
KPI1s009] threshold)
Total energy
consumption savings Amount of energy
evaluated within a consumption savings (in NA fv\?s A
specific time period, kWh) over a given period of dail
e.g. daily, monthly time J
[UC15-KPIs010]
Number of DR h hold
participating Cou.n'F ( qusg Oh S , 0
households participating in the given DR 8 8 100%
request)
[UC15-KPIs011]
Number of scheduled
DR requests within a heduled (not
specific time period, Uit (el ioe BN enough 80 NA
e.g. daily, monthly TERRESE, data)
[UC15-KPIs012]
Number of activated
DR requests within a _ q (not
specific time period, Count (activated DR enough 80 NA
e.g. daily, monthly requests) data)
[UC15-KPIs013]
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Demand Flexibility
Potential: The total
amount of energy
consumption that end

Calculate the difference
between the baseline gas

users could potentially con;umption for space (not (not
accept to reduce/shift heatlng (kWh) for a given enough | enough NA
within a specific time interval (t). and the data) data)
period, e.g. daily, consumption under the DR
mode

monthly
[UC15-KPIs014]

The user interaction KPIs of UC15 are detailed in Table 27, considering the total number of
registered end users [UC15-KPIs015] that have installed the DOMX heating controller and the
share of users that are actively using the system [UC15-KPIs016], as evaluated on top of their
interactions through the smartphone application, as a proxy of the platform usefulness to them.

Table 27 - Use case 15: User interaction KPlIs

current % of
Description or Formula Target Value | achievement
(M36) M36

Name of KPI and

acronym [ID]

No. of registered users
with a unique account | Count (Number of
created registered users)

[UC15-KPIs015]

100 155 155%

No. of registered users
with a unique account
created that are Count (Number of active
actively using the users)

system

[UC15-KPIs016]

60 77 128%

[1.23.1.b. Solution and Results

In UC15, the integration of the BIGG systems and services has been successfully completed,
with the adoption of the BIGG Data Model 4 Buildings that has been used to store and
harmonize smart heating, building, weather and natural gas market data. Based on the
achieved data harmonization, data acquisition and analysis were implemented for the various
considered data sources, enabling the implementation of two energy services for delivering
energy efficiency and DR services for natural gas consumers and the respective energy
supplier. On top of the unified adopted data architecture, two different user interfaces have
been implemented, for assisting the energy supplier to quantify the performance of their
consumer portfolio when applying the two services, while the DOMX smartphone application
has been used in both cases by the end consumers. In the next two sections, we briefly present
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details about the developed tools and executed trials for the two energy services that have
been implemented through UC15.

11.23.1.b.1. Energy efficiency service

The inability of traditional heating systems to match the heating needs of the building under
consideration with the prevailing outdoor and indoor conditions, the habits and preferences of
the users and the performance of each building/heating system combination, directly affects
the achieved performance and energy efficiency of the heating system, thus resulting in excess
energy consumption and costs as well as in reduced thermal comfort. A typical configuration
for natural gas boilers in Greece considers the application of the boiler outlet temperature of
65 °C.

Contrary to the baseline mode, the DOMX controller implements a sophisticated algorithm to
control the boiler activation patterns and to adapt the actual temperature of the boiler’s outlet
temperature, directly affecting the boiler’s load of operation. The followed approach considers
as input the user specified target temperature, the varying indoor temperature, the prevailing
outdoor conditions, along with the given building’s response to heating requests, towards
dynamically adapting the boiler’'s operation to deliver the exact amount of heat required to
properly heat the building under consideration, while respecting the user's comfort limits. For
the rest of this document, this energy efficient mode of operation is referred as adaptive. Figure
47 represents the evolution of various parameters for the same household under a 24h period,
between the adaptive and baseline modes respectively. In both cases, the outdoor and indoor
conditions, along with the heating schedule that is specified by the user are identical. In the
baseline mode, the estimated consumption corresponds to 40.31 kWh, while in the adaptive
mode, the estimated consumption corresponds to 28.19 kWh, resulting in consumption
reduction of 29.7%.
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Figure 47: Evolution of various parameters for the same household in Adaptive mode and
Baseline modes

Portfolio level demand monitoring and management is enabled for the energy supplier, through
a custom dashboard that visualizes a plurality of energy (boiler consumption, savings, etc.)
and non-energy (temperature variations, user preferences, etc.) data sources. The
heterogeneous data types are collected in real-time and enable the analysis of heating demand
and visualization of historical data through a common user interface. While the end users get
informed about the attained energy savings through the smartphone application, the energy
supplier is informed about portfolio level performance through the dashboard.
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Figure 48: Energy supplier’s dashboard visualizing various KPls for the target consumer
portfolio

Figure 48 presents a screenshot of the energy supplier's dashboard, showing the target KPIs
as quantified for the consumer portfolio consisting of 5 homes, based on data that have been
collected over the winter season between October 2021 to April 2022. In the top section, an
overview of the quantified KPIs is presented, namely, the number of eligible devices in the
portfolio, the total portfolio consumption (kWh), the total energy savings achieved (kwh), the
energy efficiency improvement (%) over the baseline, the number of baseline days available
for training and fine-tuning of the predictive models, the total emissions reduction achieved (kg
CO2), the total end-user cost reduction (€) and the total supplier’s return of investment amount
(€). In the middle section, the actual portfolio daily consumption is visualized with blue bars,
the quantified portfolio daily energy savings is visualized with green stacked bars and the
actual portfolio baseline consumption is visualized whenever present with yellow bars.
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Figure 49: Energy supplier’s dashboard visualizing the evolution of various monitored
parameters (target, room, outdoor temperatures, consumption) for a specific household during
winter 2021-2022
Figure 49 illustrates a screenshot of the energy supplier’s dashboard, visualizing the evolution
of various parameters for a specific household during winter 2021-2022. In the top left line
chart, various temperatures are visualized including the target, room, and outdoor
temperatures levels, while in the top right line chart the boiler outlet and target temperature
levels are illustrated. In addition, the bottom bar chart visualizes the hourly consumption of the

given consumption point.

11.23.1.b.2. Demand flexibility service

The application of DR services for natural gas consumers primarily lags behind due to the lack
of DSO (Distribution System Operator) deployed smart-metering infrastructure. In addition,
guaranteeing comfort limits for end consumers requires the collection of their preferences in
real-time and access to smart heating data, as generated by their heating system. In UC15,
the integration of smart heating data from the DOMX heating controller and the DOMX
smartphone application provided access to the required data, while the BIGG developed tools
enabled the collection and analysis of the heterogeneous collected data. More specifically for
the needs of the DR service, an integrated system has been developed by imec and DOMX
teams to implement the complex process of data collection, flexibility potential evaluation and
the subsequent dispatching of boiler commands. An overview of the overall system
architecture is presented below:
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Figure 50: Architecture of the different components integrated for the DR service of UC15

The system consists of five separate components that communicate with each other via REST
APIs or a file-based exchange. The data retrieval and monitoring component (middle
bottom) builds on the DOMX API and periodically retrieves the data from the households and
stores it in a central secure database. The training component (for reinforcement learning
agents) (left of the diagram) uses the data as input to train an agent for each household. The
trained models are then exported to a network drive so that they can be used by the action
coordinator. The action coordinator (middle top) is responsible for setting the internal boiler
temperature, with which the gas consumption can be controlled. During DR events, the action
coordinator ensures that the last trained reinforcement agent is used to send an appropriate
action to each participating boiler. Finally, there is an online monitoring platform that
visualizes DR events and boiler data.

Based on the above architecture, certain processes can be identified. Some processes happen
periodically, such as retrieving measurement data and training a reinforcement learning
algorithm. Other processes are executed when a DR event is triggered. The strategy can be
summarized as follows:

Periodically (e.q. every hour or every day):

— Retrieving (real-time) measurement data required for training a reinforcement learning
agent, or for monitoring during DR events. During business-as-usual, when there is no
ongoing DR-event, the last measured data points get retrieved every 5 minutes. During
a DR-event, a higher frequency of the data is desired, and the data points get retrieved
every 30 seconds.

— Training a reinforcement learning agent (policy evaluation). An agent is trained
separately for each household. This agent can provide a prediction of the accumulative
energy consumption for the next 24 hours at any time of the day, given the activity of
the boiler and a set of properties, including internal boiler temperatures, the thermostat
temperature and indoor/outside temperature. In the pilot, the (re)training of the agent
happened every night.
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During DR events:

The reinforcement learning agent is used to predict the expected gas consumption. In
addition, the target consumption that is calculated is aimed for the DR event.

The boilers are ranked on the highest expected gas savings, which is calculated by the
RL agent, while comfort constraints are considered. The comfort limits in the pilot are
set at a maximum (negative and positive) deviation of 1 degree Celsius from the
thermostat temperature.

Continuous sending of commands to the boilers according to their ranking, so that the
actual consumption approaches the target consumption as closely as possible. A
proportional integral (PI) controller is used to control a discrete value that determines
the number of participating boilers and the magnitude of the actions.

Monitoring the observed boiler values on an online platform. This platform also shows
an indication of how much flexibility is being ‘used’ at any moment of time during a DR
event, by measuring how many households are activated. An example of a downwards
DR event shown on this monitoring platform is shown below:
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Figure 51: Monitoring and Control Dashboard for the DR service of UC15

A few parts of this visualisation are highlighted: (1) shows which households are the first ones
to ‘turn off’ during a DR event. (2) show the current response level, is discrete value that
denotes extend of power enlargement or reduction. A negative level 3, as shown here, mean
in this case that three boilers that were on before the DR event, are now turned off. (3) shows
an aggregate portfolio power over time, which is used to track the progress of the DR event.

During the pilot, 80 DR events of 10 minutes duration were executed over a period of 5 weeks,
enabling explicit control over the natural gas boilers of 8 participating households. Figure 48
illustrates the aggregate portfolio power during a downward DR event, where the grey area
denotes the period of the DR event.
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Figure 52: Aggregate portfolio power during a downward DR event

Although a downward trend was already visible before the DR event started, since the start of
the DR event, consumption has dropped nearly to zero. The remaining consumption is
because of a certain boiler that could no longer offer flexibility due to comfort constraints and
is therefore forced to heat.

To validate finer steering, square-waved control signals have also been tested. This is a series
of four separate 10-minute DR events (total time is 40 minutes): one high target (with a
modulation level of 150), followed by one zero target, followed by two more high-low events.
The control interval has been reduced from 60 to 30 seconds to achieve more precise steering.
This type of experiment was performed ten times, with the results aggregated into the following
confidence interval graph:

Squared DR responses: quantiles of 10 events

0% Certainty
100% Certamnty

Time (mun)

Figure 53: lllustration of aggregate portfolio power across 10 times repeated DR event

The visualization shows a clear trend during each of the four stages of the square-waved
control signal test. Although the median is always around the target, it is not possible to achieve
precise control for small portfolio sizes.
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Integration with the Electricity vector

In an effort to take a step further than applying the developed solutions only to natural gas
consumers, DOMX has recently developed a variant of their main product that can support the
optimal management of electrical heat pumps as well. The developed solution has been
integrated with multiple HP vendors, including Midea, LG, Hitachi and others. Three pilot
installations have been completed within BIGG, for testing the integration with HPs of different
vendors, enabling also the possibility to experiment with cooling scenarios and the delivery of
Energy Efficiency and DR services beyond the short heating season in Greece. The engaged
pilot users are using the DOMX smartphone application to remotely monitor and control their
HVAC system. In addition, HVAC installation and maintenance companies can use the DOMX
control dashboard to efficiently manage the HVAC systems of their customers, both during the
commissioning and maintenance phases. Finally, the collected energy consumption and
HVAC usage data can also be fed to the Energy supplier’'s dashboard that has been developed
through BIGG, in order to enable the delivery of Energy Efficiency and Flexibility Services for
electricity consumers as well.

Figure 54: Integration with heat pumps of different vendors at Greek pilot households

[1.23.1.c. Summary of BC6

BC6 promotes Demand Response solutions in the electricity and natural gas domains.
Although a unified Business Case with several common characteristics (as shown in in the
respective KPlIs lists) they do have different objectives. Given the current and mid-term
regulatory framework in Greece and the lack of DSO deployed smart-metering infrastructure,
the focus of the electricity Use Case (UC14) is to make electricity consumption “greener” by
shifting it towards time interval dominated by RES generation. On the contrary, although for
Natural Gas DSO smart-metering is equally limited, Natural Gas Use Case (UC15) can achieve
monetary savings by reducing overall consumption under given comfort levels.

11.23.1.c.1. Limits detected in BC6

Several constraints were identified during the development of BC6. Below, the various
detected issues grouped under three main categories are mentioned:

Device installation issues as a result of the COVID-19 pandemic. There was a lack of interest
of engaged users to have an installer visiting their home for the installation of both electricity
smart meters and DOMX heating controllers. This posed significant delays in fixing an
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installation appointment. In addition, unexpected disconnection issues were also faced for
users with installed monitoring equipment, mainly arising due to users changing their router’s
WiFi credentials. Similar issues were faced also with users moving to a new household and
not timely informing DOMX and HERON, in order to properly manage the device uninstallation
and reinstallation process. Finally, in the context of UC15, compatibility issues were detected,
as several engaged users had older boiler types that support only ON/OFF based control. The
adaptation by HERON and DOMX: both are implementing a continuous recruitment and user
support process, constantly expanding the pool of pilot participants. In order to extend the
device support to more boiler types, DOMX developed a new heating controller version that
can provide the basic functionalities of remote management for ON/OFF based natural gas
boilers, thus being able to extend the range of eligible pilot households.

Encountered legal constraints in a complex GDPR process. The handling of real-time
electricity consumption data is a complex process which involved significant effort and
coordination between HERON’s DPO and legal and R&D teams. Despite the effort, there have
been several loopholes identified once the user registration process was open to even a
controlled group of potential pilot participants. The most important one was a common
characteristic among Greek families, whereby the bill payer / owner of the supply and the
household dweller are not the same person. Consent forms had to be re-written and users that
had accepted former versions had to be contacted so that they can sign new documents.

Limitation of assets for direct electricity Demand Response. Initial surveying of the pool of
prospective pilot participants for UC14 showed that a significant percentage either did not own
a water boiler to be heated by electricity, or that they were not willing to let the asset be
controlled remotely. This could limit the scope of the project as flexibility potential of 5 water
boilers could be negligible. UC14 was modified accordingly to expand the technical
infrastructure by including smart plugs to monitor heavy loads. Specifically, washing machines
have been selected given that their use could be shifted within the day, and due to access for
physical intervention. Furthermore, direct control has been replaced by an under development
real-time advice/ suggestion interface.

The collection of EPCs from the Hellenic Ministry of the Environment and Energy changed
from the proposal to the implementation of BIGG. During the proposal preparation phase, the
Hellenic Ministry of the Environment and Energy committed to facilitate offline access to the
EPC data of the buildings participating in the Greek pilot activities. However, as soon as the
project started, the contact person at the Ministry informed us that EPC data can only be
shared with public bodies for statistical and research purposes, and the building owners, but
not with research project partners. As in the BC6 use cases, most of the end consumers are
renting their apartments, the BC6 partners (DOMX, HERON) are not in the position to reach
the building owners directly. In order to overcome the identified issue, a survey was developed
for end users to collect the core characteristics of pilot households (size, location, year of
construction, # of occupants, etc.).

The impact of the energy efficiency mechanism may be superimposed by other factors,
especially the extreme rise in energy prices. Based on preliminary analysis carried out by
DOMX, several pilot users of UC15 actively changed their energy behaviour (target
temperature, reduced heating duration) over this last winter. This fact further complexes the
impact analysis of the energy efficiency and DR mechanisms. In order to tackle this limitation,
DOMX decided to consider the target temperature and heating duration, as two additional
factors to be considered by the clustering algorithm that is employed for identifying heating
days with similar characteristics, between the baseline and intervention periods.
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[1l. CONCLUSIONS

The BIGG project has successfully reached most of their initial objectives, the building data
has been retrieved, processed and used to analyse the behaviour of the buildings as individual
units and as part of portfolios. The technical solutions developed are able to cope with the
challenges provided by the BIGG pilots and have been designed to be used by a wider range
of applications beyond the test beds. Some of the project results include an improved system
to create, manage and analyse an EnPC project, or a portfolio of them; they also include large
building portfolio management; and DR of both electricity and natural gas to shift consumer
demand towards more favourable moments either by share of green energy or cost.

The main shared challenge of the project came at the data gathering step which became more
complicated (each pilot had a different issue) due to the Covid-19 pandemic, which acted as a
catalyst for impediments. The effects that Covid-19 had on the pilots cover a wide range of
situations including Changes to the occupation patterns with new occupation patterns emerged
forcing to "quarantine” pre-covid data because it was not as relevant anymore, etc. A more
extensive example is the case of new rules of ventilation that were applied in response to
Covid, in which energy efficiency was dropped in favour of constant ventilation of new fresh
air, requiring an increase of energy consumption to keep comfortable and healthier interior
spaces. In other cases, it led to limitations of access both to systems to prevent modifying the
constant ventilation, and to buildings to install new measuring devices. All of pilots managed
to adapt to these emergent challenges and they have been incorporated into the new ways
buildings’ operation.

Business case 1: “Benchmarking and Energy Efficiency tracking in Public Building” has
successfully developed tools to improve control and manage the energy performance of a large
park of buildings with automated methods in the form a common web-based platform. The
results include automated data gathering of key information (building data, energy
consumption, weather forecast), which is then mapped and harmonised to later be used by the
analytical solutions to seamlessly produce the energy performance and benchmarking
analytics. The integration of the data into a single platform coupled with the ease of collecting
data by the user’s has ensured a high degree of participation and data verification by the end
users.

Currently data is collected for over 4000 buildings, spread among 14 government departments
and over 100 public entities. The main data sources are the internal patrimonial database
(GPG), cadastral information, open data for organisational purposes, weather conditions and
energy consumption. Data gathering has been a success with data for the 4000 buildings being
collected, close to 7000 consumption points (mostly electricity, with around 500 gas points). It
is also worth noting the 1800 EEM registered over the 2021-2022 period since the platform
became operative, doubling the rate of EEM collection before BIGG. The collected data is then
used to continuously obtain the most up to date information about the building portfolio with
two main types of information focusing on the evolution of each building on its own (energy
performance analysis) and comparing the building against its peers (building benchmarking).
Both analytics have improved the capability of energy managers to focus on the buildings that
required attention, specifically building benchmarking allows to detect which are the buildings
that have a higher potential for actions, greatly reducing the time necessary to act on them and
also highlighting potential future actions pathways and needs.

The project has provided valuable lessons towards its own implementation. The main one is
that buildings are dynamic, due to the Covid pandemic and the changes it brought, building
occupation and behaviour will never be the same as before the pandemic. The pandemic has
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promoted a shift in the way buildings are used, mainly by “encouraging” the “work from home”,
which reduced first the building occupation and then, allowed to host the same number of
people with a lower building count, since most of them are working remotely and not
concurrently.

In summary, the BIGG developed solution and services provide an automated tool for data
gathering and analysis that facilitates decision making by highlighting the most relevant
buildings among a large portfolio based on different criteria, for example, potential targets for
EEM implementation within the large building portfolio.

The aim of the Business case 2 “Energy Certification (EPC) in Residential and Tertiary
Buildings” is to expand the utilisation of the energy certificates information and their wealth
of building and energy data. The two paths analysed are the standardisation of the certificates
information into the INSPIRE format, and the exploration of the Level(s) indicators towards
defining the path between the current energy performance certificates and Level(s). Towards
those aims, the first step was uploading energy certificates exciding the 1,000,000 targeted,
which then were used to successfully test the harmonisation tools of WP4. The EPC
harmonisation using the WP4 tools allowed to adapt the current energy performance
certificates into the INSPIRE format, which facilitates that their data can be used in further
applications. An example of a further applications are the Level(s) indicators analysed in UC4.
The results show that out of the energy related data (which is the focus of the EPC) most of it
is usable to calculate indicators of Level(s) (6 indicators in total), with some additional
information that needs to be obtained from external databases. The only indicator related to
energy that cannot be calculated is indicator 4.2 Time outside of thermal comfort range. These
results show that legislative modifications to bridge the gap between the current EPC and
Level(s) would probably damage its core functionality without approaching any real benefit.
The current data is in the INSPIRE format, which simplifies sharing it with other initiatives that
can take a closer approach to Level(s), such as the building passport.

Business case 3 "Building life cycle: From planning to renovation

The work of business case 3 "Building life cycle: From planning to renovation" has managed
to collect and harmonize data from different systems and make them interoperable. These
works are very close to the developments of WP3 and 4 of the BIGG project.

Specifically for Use Case 5, all the main fields of the individual building systems (BMS, CMMS
and BIM) have been analysed and found for about 877 buildings of the Catalan government.
This analysis has been the contribution of the BC in developing the BIGG data model for WP4.
The specific works developed in this use case have been the ingestors of the original data
sources (BMS, CMMS, and BIM) and the mappers and harmonizers to transform these data
into the BIGG model. All of them have been published in the project Github. It is worth
highlighting the large amount of data processed with more than 30,000 building zones, 70,000
elements or assets, 600,000 work orders, and more than 200,000 devices registering every 15
min.

For Use Case 6, the same ingested and harmonized data has been used as in Use Case 2,
about 2000 Energy Efficiency Measures applied in the Catalan government buildings. These
have been formatted and an exchange file has been prepared in the format required by the
DEEP platform. The solution used the same user interface in Use Case 2, the button for
exporting EEM to DEEP has been implemented.

For Use Case 7, the same ingested and harmonized data used in Business Case 2, 1.4 million
of building energy performance certificates, has been used. These have been formatted and
stored in the BIGG data model for future exchanges with EUBSO.
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Business case 4 “Energy Performance Contract (EPC) based savings in commercial
buildings” successfully carried out the creation of an end-to-end solution to manage and
follow up the savings generated from EnPC projects. The solution is addressed both to ESCOs
or third-party investors wishing to keep a global view on their EnPC contracts and to end
customers wishing to visualise the result of their actions and the resulting financial gains. What
makes it unique is its ability to:

o Cope with any encountered structure of EnPC definition: with or without bonus/malus
mechanism, with monthly/quarterly/yearly savings evaluations, with or without custom
identified baseline model, with possibly multiple targets per sub-scope, etc.;

e Seamlessly collect all the required data: the contractual information, the historical
consumption data required for the IPMVP baseline model identification and the real-
time consumption data required for the continuous follow up;

o Work at the scale and gain huge amounts of time from qualified engineers: setting up
a new EnPC contract follow up steps from a weeks to hours, the regular follow up and
reporting steps from a few hours a year per contract to a few minutes for a whole
portfolio.

Additionally, many other advantages can be expected from using this solution such as reducing
the risk of errors, increasing the amount of standardisation in the follow up, reducing the
dependency to Excel or providing engaging visuals to communicate about the results, all of
these coming off the shelve.

The solution was successfully tested on 3 pilot projects in 2 different countries, all presenting
fairly different characteristics from each other. It was also applied to evaluate the savings
generated from the solution of BC5 and is already being applied more widely to the customers
of HELEXIA and ENERGIS.

As a final note, the developed solution was the premise to create even more model based
solutions such as a smart alerting system able to accurately detect consumption issues while
drastically reducing the number of false positives.

Business case 5 "Buildings for occupants: Comfort Case” enabled the design of a novel
multi-objective controller, able to optimize the energy usage and cost of a building, including
green energy production, while maintaining comfortable conditions at the same time. This
controller integrated inputs that are generally unexploited by conventional Building
Management Systems (BMS) controllers such as the forecasted weather conditions or
occupancy.

The controller was installed and tested in a large office building in Athens achieving an average
of 15% savings on the energy consumption while improving the comfort conditions at the same
time. Unfortunately, due to the Covid conditions and the reluctance of occupants to bypass
BMS controllers, it was not possible to test the controller on other pilot buildings.

Business case 6: “Flexibility potential of Residential consumers on electricity and natural
gas” has successfully developed tools to evaluate the flexibility potential, deliver fine-grained
control of power-hungry appliances (electrical/ natural gas boilers) at end consumer premises
and ultimately manage the demand of large consumer portfolios at scale, through the
application of automated and scalable algorithms and easy to use graphical interfaces.

In UC14, the integration of the BIGG systems and services has been successfully completed,
with the adoption of the BIGG Data Model 4 Buildings, which has been used to store and
harmonize residential electricity consumption and electricity market data. Based on the
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achieved data harmonization, data acquisition and analysis were implemented for the various
considered data sources, enabling the implementation of Implicit DR Recommendations. The
DR recommendations have been based on a Green tariff methodology that encourages
participants to move their large consumption (dishwashers and washing machines) towards
the “green hours” of the day based on the recommendations provided by Heron. The “green
hours” proposed are based on the daily market forecast hourly and the renewable energies
share at each of them. The limited group of pilot participants’ has shown an increasing interest
over time to follow the recommendations provided as the pilot progressed with no or little follow
up at the first week to constant interaction by the end of the pilot. This was further tested by
creating control recommendations that were not sent to the users to detect if their behavior
had been altered by participating. The results showed that they only actively modified their
daily behavior when prompted by Heron’s recommendations and did not try to foresee the best
times of the day by themselves.

Specifically, the adoption of the BIGG Data Model 4 Buildings in UC15 enabled DOMX to
collect, harmonize, store and analyse information gathered from heterogeneous data sources
in a unified way, including smart heating, building, weather and natural gas market data. The
integrated system, effectively combined BIGG derived components with the DOMX
architecture and enabled the collection of multiple energy and non-energy data from end
consumer assets in real-time. On top of the unified adopted data architecture, two energy
services for delivering energy efficiency and DR services have been implemented and
delivered to the energy supplier through two different user interfaces for assisting the system’s
deployment. Extensive pilot trials have been executed over the winter periods of 2021-2022
and 2022-2023, ultimately engaging the consumers of more than 100 pilot households. The
gathered results showcased up to 30% of energy savings for end consumers, along with the
ability to adapt the demand for space heating while maintaining the thermal comfort of end
consumers within their limits. DOMX also took a big step further than planned at the proposal
phase, by integrating the developed solutions with electrical heat pumps and paving the way
for delivering the developed tools to electricity consumers as well.
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