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Disclaimer

The sole responsibility for the content of this publication lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither the EASME nor the European
Commission is responsible for any use that may be made of the information contained therein.
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1.Introduction

The European Commission’s efforts to design effective policies for buildings, as developed in
the 2050 strategy and the European Green Deal, depend on detailed knowledge of building
stock properties and behaviour. However, this can be challenging to manage, considering the
lack of comprehensive and reliable data on the EU building stock.

In this report, the EU-funded BuiltHub project presents a roadmap for sustained data flow
characterising the EU building stock, from data collection to exploitation, with the purpose to
continuously inform and improve building-related policies and business through a community
and its data hub. It seeks to positively disrupt policy and market decisions through a
community-enhanced evidence base. The BuiltHub community representing the range of
building stakeholders across Europe and its IT platform serving as data analytics and
knowledge exchange hub shall change the way knowledge on the EU building stock is
developed and shared.

Section 2 of this report states the challenge and importance of a Building Stock Observatory
(BSO). Section 3 gives an overview of the building-related data collection, sharing, and
valorisation framework and landscape of today by mapping key stakeholders and players as
well as building data value chain processes. Section 4 presents BuiltHub’s roadmap to support
the transition of this landscape to its next generation. Measures are proposed to overcome
existing barriers and create added value out of data by offering targeted services to
stakeholders based on sound business models. In Section 5, implementation steps for the
proposed measures are given and conclusions drawn.

This document is a draft version. There will be annual updates in parallel with the overall
development of the project’s results. The final version will be delivered at the end of the project
scheduled for September 2024.

D6.6 Roadmap towards dynamic and automated building data collection
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2. The importance of a Building Stock Observatory

2.1. Context

Many European initiatives, directives, and policies, among other measures, aim to transform
the European building stock to combat climate change, support the economy, reduce energy
poverty, and ultimately provide better life conditions to all Europeans. The following list
mentions some of them.

e Strategies and initiatives

Several energy topics declared by the European Commission?, such as “Energy
Efficiency”, “Renewable Energy”, and “Oil, gas and coal’ (efficient and
responsible use of fossil fuels), touch the building sector.

Since 2015, the “Energy Union strategy”™ aims to ensure energy security, a
barrier-free internal energy market, energy efficiency, decarbonisation based

O

on

renewable energy, and support of low-carbon and clean energy

technologies.
The Clean Energy for all Europeans package® published in 2016 is an important
step towards implementing the energy union strategy focused on:

Building energy performance through the amending Energy
Performance of Buildings Directive (EPBD) of 2018* and its revision,
which is in progress.

Renewable energy through the Renewable Energy Directive (RED) with
a revision proposed in 2021° and a provisional agreement “to raise 2030
target to at least 42.5%, aiming for 45%” reached on 30 March 2023°.
Energy efficiency through the Energy Efficiency Directive (EED)
amended in 2018’.

Governance, requiring for instance Member States to submit integrated
National Energy and Climate Plans (NECPs) at regular time intervals.

1
2
3

October 2021
4

October 2021
5

6

7
October 2021

. Accessed 19 October 2021
. Accessed 19 October 2021
. Accessed 19

. Accessed 19
. Accessed 19 October 2021
. Accessed 6 September 2023

. Accessed 19
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O

= “Electricity Market Design”, with a reform proposed on 14 March 20238
towards more flexibility, open markets, and an increased share of
renewables.

= The Smart Financing for Smart Buildings (SFSB) initiative launched as
part of the Clean Energy for all Europeans package to unlock public and
private funds for energy efficiency and renewable energy in buildings.

The European Green Deal aims at drastic decarbonisation, with milestones in
2030 and 2050.

*= The European green bond standard® (EUGBS) is a voluntary standard
for adoption by issuers and investors of green bonds. The EUGBS is
supposed to provide enhanced alignment with the EU legislative
framework, transparency, reliability, checking, and supervision.

= The 2030 Climate Target Plan sets out targets for 2030 on a pathway in
line with the European Green Deal.

= The Fit for 55 package®® presents revisions and initiatives linked to the
European Green Deal climate actions and in particular the climate target
plan's 55% net reduction of greenhouse gas emissions (compared to
1990) by 2030.

= The Renovation Wave is a key initiative in the European Green Deal to
boost annual building energy renovation rates.

= The EU Strategy for Energy System Integration as part of the European
Green Deal is devoted to the energy system cross-sector coupling
(buildings, transport, industry).

* REPowerEU! includes investing in renewable energy, which includes
using building roofs and fagades to their full potential for photovoltaics.

The COP26 of the UNFCCC*? has seen the EU in the role as admonisher of
low-transparency practices in green finance including ESG in green bonds.
Similarly, following COPs have seen the EU in the role of setting ambitious
climate targets, commitment to the Paris Agreement and global warming
mitigation, and putting emphasis on adaptation and resilience.

e Directives and regulations

O

The Energy Performance of Buildings Directive (EPBD) has gone through
several iterations over the years and is a cornerstone in the transition to a highly
energy efficient and decarbonised building stock. In its Article 2a, it requires
each Member State to establish a Long-Term Renovation Strategy (LTRS) for
renovating the national building stock towards high energy efficiency and

8

Accessed 6 September 2023

9

10

October 2021

11

12

September 2023

. Accessed 8 November 2021
. Accessed 19

. Accessed 7 September 2023
. Accessed 11
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decarbonisation. Article 6 states the provisions for new buildings and
specifically the nearly zero energy and high share of renewables targets,
ensuring that high energy efficiency systems such as decentralised supply from
renewable sources (e.g. PV), district heating, heat pumps etc. are considered.
Concerning existing buildings, Article 4 requires Member States to set minimum
energy performance requirements for buildings and components within
buildings following the cost-optimality methodology. Article 8 addresses proper
optimisation of technical building systems including smartness, and
electromobility. Member States must fulfil additional obligations on reporting,
control and monitoring of implementation, which are subject to penalties in case
of non-compliance. Contributing measures such as financing, overcoming of
market barriers, Energy Performance Certificates (EPCs)*, and building
systems inspection are given as well. The EPBD is currently under review.
The Energy Efficiency Directive (EED) sets energy efficiency and energy
consumption reduction targets to be reached by EU countries. The directive
requires each Member State to set national energy efficiency targets, based on
either primary or final energy consumption, primary or final energy savings, or
energy intensity. Member States also must show how these targets have been
calculated. Furthermore, the EED adds a specific requirement for the public
sector to lead by example through achieving a 3% renovation rate for publicly
owned buildings and significantly reduce emissions.

The Renewable Energy Directive (RED) aims to develop renewable energy
technologies and deployment across all sectors in the EU by converting into law
approaches such as the Energy System Integration strategy.

The INSPIRE (Infrastructure for Spatial Information in Europe) Directive is
central in achieving BuiltHub’s objectives in that it aims to bring together spatial
data across EU Member States addressing 34 spatial data themes'* for
environmental purposes including buildings, see Figure 1. A toolkit ranging from
data specifications to good practices and trainings helps with the
implementation.

The Commission Implementing Regulation (EU) 2020/2156 of 14 October 2020
expands on the concept of Smart Readiness Indicator (SRI)!® introduced in the
2018 amendment of the EPBD. The SRI’s purpose is to rate the smart readiness
of buildings, i.e., the capability of buildings or building systems to adapt their
operation based on the behaviour and needs of occupants, the grid, and energy
efficiency. As set out in the Regulation, professionals (e.g., energy performance
certifiers) may be trained and accredited for issuing SRI certificates. These may
be integrated with the EPC and with inspection schemes. Further, monitoring,
promotion, and testing of the SRI are regulated.

13

Accessed 8 November 2021

14
15

. Accessed 17 January 2024
. Accessed 8 November 2021
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Figure 1: The 34 spatial data themes of the INSPIRE Directive

e Plans

o Assetoutinthe EPBD 2018 Article 2a, each EU country had to develop a Long-
Term Renovation Strategy (LTRS) for the national building stock, with a
perspective of at least 30 years. The LTRS had to include:

An overview of the building stock. This typically includes an analysis of
the distributions in terms of building type (residential, commercial, etc.),
age, size, tenure, occupation, and a clustering of the stock into
homogeneous groups to establish the most appropriate renovation
measures for each group. Clustering parameters may include climate,
construction period, building geometry or size, building systems.
Measures for cost-effective deep renovation of buildings. Cost-
effectiveness implies that the worst performing buildings are addressed
in a timely fashion. The development of these measures requires
reliable data and knowledge about the building envelope, technical
systems, and energy performance.

Measures targeting energy poverty, market and other barriers (e.g., the
split incentive problem), and public buildings.

An overview of national initiatives regarding technologies, training, and
education in related sectors.

Note: in the revision in progress of the EPBD, the LTRS are being replaced by
National Building Renovation Plans (NBRP).1®* An explanation and further
details on NBRPs are given below.

16

. Accessed 07/06/2023
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The National Energy and Climate Plans (NECPs) are the EU countries’ 10-year
national energy and climate plans for 2021-2030. The LTRS is part of the
NECP.

In the National Renewable Energy Action Plans (NREAPs) EU countries set out
their plans to fulfil at least 20% of the total energy needs with renewables by
2020.

The National Energy Efficiency Action Plans (NEEAPS) are drawn up by EU
countries about every three years. The progress achieved towards their national
energy efficiency targets is to be reported on an annual basis.

SEAPs (Sustainable Energy Action Plans) are plans drawn up by signatories of
the Covenant of Mayors. These are administrations of towns, cities, and regions
who committed to reducing their CO, emissions beyond the 20% target for
2020.

Inspired by the SEAPs, the SECAPs (Sustainable Energy and Climate Action
Plan) extend and update the former plans to a comprehensive view combining
energy and climate targets for 2030.

The European Strategic Energy Technology Plan (SET Plan) is devoted to the
development of low-carbon technologies and has created 10 key actions
revolving around renewables, energy systems, energy efficiency, transport,
carbon capture and nuclear safety.

e Frameworks

@)

Level(s)!’ allows assessing buildings throughout their life cycle based on six
macro-objectives tracked through 16 indicators on greenhouse gas emissions,
materials use, water use, indoor health and comfort, adaptation and resilience
to climate change, and optimised life cycle cost and value. By adopting Level(s),
developers, policy makers and designers can use standardised indicators to
evaluate and compare buildings throughout their life cycle.

e Actions

O

The EU established several Concerted Actions (CA) to support the transposition
and implementation of directives including the EED, EPBD and RED (see
above). The central link with BuiltHub is given by the CA-EPBD (in close contact
with CA-RES and CA-EED) whose participants involve representatives of
national ministries or their affiliated institutions in charge of preparing the
framework for the implementation of the EPBD in each Member State, including
the UK and Norway. Core Teams (CT) and Cross-Cutting Teams (CCT) focus
on specific topics.

Central to the success of these efforts is the need for reliable, transparent, accessible, and
accurate data and metadata. Focusing on buildings, the “EU Building Stock Observatory (BSO)
was established in 2016 as part of the Clean energy for all Europeans package and aims to
provide a better understanding of the energy performance of the building sector through
reliable, consistent and comparable data.” The declared goal of the BSO is to “support
monitoring the implementation of different measures and contribute to future policy making.

17

. Accessed 9 November 2021
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The data published in the BSO can therefore be very useful to policymakers, investors,
stakeholders, local and national authorities, and researchers.”8

The BSO has gone through several iterations since its inception, which showed the importance
and the relevance of the endeavour but also the numerous challenges and barriers to
overcome. An analysis of the second iteration of the BSO is found in BuiltHub deliverable D3.1
“Inventory structure and main feature and datasets™®. Figure 2 shows a page of the public Ul
as it appeared in January 2024. In that deliverable, data gaps have been identified as one of
the most pressing limitations of the BSO. It has been concluded that developing a roadmap for
enhanced, more comprehensive, and continuous data provision is one of the most important
actions needed to improve the BSO service. The deliverable also provides details concerning
specific data gaps and data availability, pointing out spatial/geographic gaps (i.e., data for
several countries is missing) as well as temporal gaps (gaps in the time series), and indicators
for which only limited data is provided, such as smart metering, certification, financing, and the
energy market.

Further points mentioned in D3.1 include the necessity to integrate new indicators considering
that energy system and society are rapidly evolving and have a strong impact on our lives in
the buildings. Such thematic areas include renewables, flexibility and smart readiness, e-
mobility, and IEQ (Indoor Environmental Quality), among others. Also, the indicator
descriptions, infographics, and ways to download and compare data can be improved. As
identified in D3.1, an important barrier to overcome is insufficient metadata. Comprehensive
metadata would allow users to judge the suitability and exploitability of data for their purposes.

To overcome these barriers, the EPBD continues being revised. On 14 March 2023, the
European Parliament has adopted amendments on the proposal for recasting the directive.?°
In Article 19 of this adopted text on databases for energy performance of buildings, it is stated
that:

“1. Each Member State shall set up a national database for energy performance of buildings
which allows data to be gathered on the energy performance of individual buildings and on the
overall energy performance of the national building stock.”

“4. At least once per year, Member States shall ensure the transfer of the information in the
national database to the Building Stock Observatory.”

Concerning renovation, a core goal in the decarbonisation of the European building stock,
Article 3 on National Building Renovation Plans (NBRP) states:

“l. Each Member State shall establish a national building renovation plan to ensure the
renovation of the national stock of residential and non-residential buildings, both public and

18

. Accessed
05/07/2021
19 . Accessed 04/10/2022
20 . Accessed 07/06/2023
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private, into a highly energy efficient and decarbonised building stock by 2050, with the
objective to transform existing buildings into zero-emission buildings.”

The text explicitly mentions that these “national building renovation plans [...] replace the long-
term renovation strategies”.

Further, in Article 3, a direct link is established with Regulation (EU) 2018/19992%! on planning
and reporting obligations across energy and climate policy areas.

How Member States are supposed to report progress in these policy areas is laid out in the
Commission Implementing Regulation (EU) 2022/2299 of 15 November 2022%2. Annex 1V,
Table 2 on “Milestones and progress indicators of the long-term strategy for the renovation of
the national stock of residential and non-residential buildings — building stock” asks for the
following “mandatory if available” (Miav) data, where Miay “means a category of information that
Member States have to submit only if such information is available to them at the time of the
submission of the biennial progress report.”

¢ Number of buildings renovated;

e Total floor area renovated;

e Primary energy use of buildings;

e Final energy use of buildings;

¢ Direct GHG (greenhouse gas) emissions in buildings;
e Total GHG emissions in buildings

This data is to be provided for the years 2020, X-3, and X-2, where X denotes the reporting
year, and separately for residential, non-residential, and public buildings.

Table 3 goes into more detail on the reporting of the energy renovation depths achieved. Three
depths are defined: “light” (3 to 30% savings), “medium” (30 to 60% savings), and “deep” (a
renovation which transforms a building or building unit (a) before 1 January 2030, into a nearly
zero-energy building (b) as of 1 January 2030, into a zero-emission building).

2.2. Purposes and goals

“If you can’t measure it, you can’t improve it."?® The basis for being able to improve the
European building stock is to know its features in detail and how it evolves. Therefore, the first
and foremost purpose of a BSO is to provide reliable and relevant information about the
building stocks of the countries and how they are changing year over year. However, many
more purposes and goals can be associated with a future BSO. These must adequately
address the needs and requirements of all stakeholders in Europe. Consequently, the following
purposes have been identified in a series of collaboration and engagement efforts with

2t . Accessed 07/06/2023
22 . Accessed 07/06/2023

2 The original sentence attributed to the British scientist Lord Kelvin (1824-1907) expresses this idea in a more
convoluted way.
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stakeholders, see also BuiltHub deliverables D2.1 “Stakeholder mapping”?* and D2.2 “Report
on relationships of stakeholder needs and requirements”?:

¢ Inform about the building stocks in the different countries

e Provide raw data for further research and analysis

e Support the development of renovation, decarbonisation, and investment plans

¢ Monitor the implementation and effectiveness of different measures

e Contribute to policy and decision making

o Accelerate analyses by providing ready-to-use analytics, knowledge, and insight
through, e.g., dataset comparisons, key performance indicators, projections, and
scenarios

¢ Provide benchmarking values for the construction and related sectors (e.g., real estate,
e-mobility, automation, renewables), market developments (e.g., energy prices, labour
cost, construction materials cost), industrial products, and technology learning curves
(e.g., batteries)

A

EU building stock observatory - Building Stock

Country 9

Multiple selections "~ Source

] [ Percentage | Categery Sub Category

a [m7] ] Real Value Residential Multiple selections

Em

O 20m

s1R14 -

o w

2016 2020

O O ( ) Cowiy )

Figure 2: Screenshot of the database user interface for the public EU BSO in January 2024

2.3. Services

To be able to effectively fulfil the identified purposes, the next-generation BSO should strive to
offer the following basic services:

24

Accessed 08/01/2024
% . Accessed 04/10/2022
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e An open, central, easy, one-stop access to building stock data relevant to the
stakeholder’s mission

o Comprehensive, transparent data descriptions and metadata

o User-friendly possibilities to export historic as well as up-to-date data (with few
operations, retrieving exactly what is needed and in a suitable format)

e User-friendly possibilities to visualise data through different kinds of charts

e Aggregation operations and descriptive statistics (totals, means, medians, percentiles,
histograms, box plots, etc.)

e Comparisons of datasets to assess data consistency

¢ Relevant key performance indicators

e Spatial data and indicators representation at the respective NUTS or LAU levels

The above BSO services should connect with other existing services or services under
construction. For instance, an EU framework for Digital Building Logbook (DBL) gateways
(R2M Solution, VITO, BPIE, 2020) and related provisions are being developed. In this context,
“gateway” refers to the possibility that the DBL itself collates data and information from various
data sources and is kept up to date whenever data is being updated at the source. Data
sources of interest may include EPC databases, registers, cadastres, BIM data, financial data,
Level(s) indicators, bills of materials, etc.

More advanced services and features may be considered for future implementation:

e Projections (trends) for a variety of projection methods fitted to historic data or
additional available data, e.g. technology learning curves

e Automatic connections with other databases

e Automatic periodic data updates

e Programmatic access to raw data and analytics

e Calculation of scenarios based on customisable models

e Benchmarking, i.e., indicators for a user-selected data subset are compared with
benchmark values for these indicators

In BuiltHub, a web-based platform was created to test and demonstrate such services to inform
further development and refinement of the EU BSO. The platform is accessible through the
project’'s website?®. Feedback loops with external stakeholders ensure that the platform’s
services address their requirements properly.

2.4. Features

To best fulfil the purposes and reach the goals stated in Section 2.2 as well as deliver the
services in Section 2.3, a series of characteristics are recommended for the next-generation
BSO:

e Accessibility of relevant data to all stakeholders, anytime

26 https://builthub.eu/about/the-platform. Accessed 12 September 2023
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Scalability — increasing the amount of data, analytics, and stakeholders accessing the
platform should not deteriorate the platform’s performance

Modularity, flexibility, and extensibility for platform developers thanks to several layers
of abstraction

Well-documented APIs to establish connections with other data platforms or data
analytics services

Possibilities for the user community to give feedback about bugs and features and to
discuss, in a kind of forum, thematic improvements

Standardised data models, descriptions, and metadata — it should be clear
(unambiguous) what the data represents

User-friendly frontends, data browsing and export experience

Possibilities to easily provide data — a data provider must have appropriate means to
be able to periodically upload or make accessible its data to the BuiltHub platform
Adequate licencing, allowing ease of data re-use for the platform user within an
economically viable business model for the data provider

Pre-calculated indicators, plans, and scenarios, or calculations on-the-fly providing
analytics, intelligence, and insight addressing the needs and requirements of
stakeholders

Flexible spatial representation of data at different levels of granularity

Sufficiently realistic, but especially transparent (well-documented) calculation models
and underlying assumptions

Open-source code and appropriate contracting and licence models for the BSO itself,
or parts of it

The web-based platform created in BuiltHub (see also Section 2.3) aims to implement these
principles and features to serve as test bench and provide guidance in the development of
future generations of the BSO.

2.5. Customers

Customers have been grouped into three stakeholder types, namely Lead-users, End-users,
and Multipliers, as reported in deliverable D2.2 “Report on relationships of stakeholder needs
and requirements”, Figure 1. This subdivision is loosely based on the main role of the
customer, but considerable overlaps are expected. Each group consists of subgroups, which
still represent extensive sectors:

Lead-users (data providers)
o Research
o Architecture, Engineering, Construction (AEC)
o Energy services
o Property and facility management
o Statistics institutes
End-users (platform users)
o Government
o AEC
o Regulation and standardisation
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o Housing organisations
o Individual owners, citizens
e Multipliers (promoters)
o Government networks, stakeholder associations, and EU agencies
o Property owner associations
o Civil society and media

In summary, in addition to private or public stakeholders, the European Commission and
the EU Member States are among the clients of the BSO. The European Commission can
use information about the building stock transition in the different countries to assess the
effectiveness of its directives, regulations, and policies. It can also monitor how well Member
States have implemented energy efficiency measures, e.g., whether and how much the energy
performance of their building stock increased. Key performance indicators such as building
shell performance can give an indication as to why the energy performance increased or
decreased. Combining with investment data and appropriate indicators can give further insight
whether money was spent effectively.

EU Member States can leverage the data in the BSO by basing their analyses on or integrating
it in their LTRS (Long-Term Renovation Strategies) and NECP (National and Energy Climate
Plans). This may help them reach higher compliance with the EPBD, see Figure 3. Commonly,
EU Member States may delegate the elaboration of such plans and strategies to official entities
in their country, such as energy agencies. These in turn will base the development of the
data, models, documents, and reports to be delivered on reliable datasets coming from, e.g.,
national statistics institutes. Oftentimes they ask research institutions, market research
bureaus, and other experts for support and advice in specific areas. Therefore, the BSO could
provide these stakeholders with reliable, standardised, comparable reference data. This would
enable them to shift their attention from the data collection, which today might very well take
most of the available resources, to the analysis and elaboration of strategies and
recommendations for improvement.

By adding data for different spatial scaling levels (not only the national or NUTSO level), the
BSO can attract additional customers, such as building portfolio managers, both public and
private. The data and services of the BSO might be used by them and by public authorities
to benchmark the performance of their own policies and measures against other countries,
regions, cities, or in general building clusters, and to demonstrate and showcase effective
measures others can study and learn from. They might also want to use results from the BSO
to motivate investment decisions.

On the other hand, all the above-mentioned clients can act as data providers. It is therefore
important that the BSO allows for easy integration of new data while keeping highest data
quality and reliability standards.

Major hurdles to overcome in the data provision process are appropriate licensing,
ownership protection, and IP (Intellectual Property) protection. Concerning the BuiltHub
platform, these aspects are outlined in the confidential BuiltHub deliverable D1.3 “Data
Management Plan” and investigated in-depth in several other confidential project deliverables.
Two main goals must be reached:

1. Protect the (data and intellectual) property of all parties involved
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2. Create incentives for all parties to proactively contribute to the data value chain
through adequate business approaches

Data and IP protection is rendered complex since any step in the data value chain or DIKW
(Data, Information, Knowledge, Wisdom) Pyramid may involve different owners, each
contributing with their own property. For instance, metadata, aggregated data, analytics, ML
algorithms, and other results can have different ownerships.

In this report, we will give a summary of the conclusions reached and shareable
recommendations derived from the above-mentioned confidential deliverables.

By integrating big data and microdata into the BSO, numerous additional clients may find
interest and regularly use the BSO, see Section 2.6.

Renovation strategies
Non-compliant

[ | Not fully compliant
Almost fully compliant
I Fully compliant

Figure 3: LTRS 2020 compliance map?’

2.6. Establishing a link between macro and microdata

The BSO may potentially serve the purpose to link macro and microdata together. With macro
data we refer to highly aggregated data, either spatially or temporally. Because of their more
generic nature, they may be available for many spatial regions (e.g., all EU countries) or time
periods (e.g., years). Microdata on the other hand have a high spatial or temporal resolution
(or both) but may be available only for specific case studies or few spatial regions or time

27 Taken from Joint Research Centre (European Commission) et al., Assessment of the First Long-Term
Renovation Strategies under the Energy Performance of Building Directive (Art. 2a) (LU: Publications Office of the
European Union, 2021), https://data.europa.eu/doi/10.2760/535845.
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frames. As of today, the BSO is hosting only macro data, i.e., annual data at EU and mostly
country level, with single regions?® featured as exception. However, a high amount of
microdata, frequently associated with big data, is available but arguably largely untapped that
could complement the macro data in the BSO and make the BSO attractive for many additional
stakeholders. One opportunity in leveraging isolated sets of microdata is bringing them
together for higher statistical representativeness. Further, microdata typically contains
detailed, valuable information not available in macro data. However, data pertaining to a small
sample may not generalise to the entire building stock’s properties.

Making such isolated, detailed datasets accessible through the BSO allows gradually bringing
them together until statistical representativeness is reached. It then becomes possible for
stakeholders to generalise the information contained in these datasets to a more extensive
spatial region or time frame with high confidence, thus allowing a bottom-up comparison with
top-down macro data. Such a comparison would serve as a further validation of the macro
data. At the same time, important variations and differences in the various micro datasets are
kept and can be analysed. Microdata further allows flexible re-use for different applications
and contexts.

Even if generalisation or extrapolation is not possible, microdata can be aggregated to serve
as benchmark or reference intelligence for stakeholders and other datasets becoming
available later.

By integrating big data and microdata into the BSO or by providing access to such data from
the BSO, many additional stakeholders, such as utilities, aggregators, building (facility,
energy) managers, building materials, component, and equipment manufacturers,
designers, building industry companies, real estate companies, building portfolio
managers, and local authorities, may want to become regular users of the BSO.

Data layers with intermediate levels of detail are highly recommended to efficiently bridge the
gap between microdata and macro data. If we consider microdata as close-to-raw but clean
and high-quality data with no substantial level of aggregation, a main additional layer towards
higher aggregation consists of datasets storing KPIs at single building and annual level. Digital
Building Logbooks (DBLs) could constitute such a type of dataset. Through appropriate
aggregation (i.e., the calculation of totals, averages, and the like), these KPIs can be calculated
at building cluster level, where a cluster consists of a sufficiently high number of buildings (e.g.,
100) to allow compliance with privacy requirements, the General Data Protection Regulation
(GDPR), and data ownership protection. This data at building cluster level forms the next main
layer and can be shared and reused more easily. From this point onward, a generalisation to
different LAU or NUTS levels through several further aggregation steps is straightforward and
ultimately allows a comparison with macro data.

28 As of 8 July 2021: England, Flanders, Northern Ireland, Scotland, Wallonie, Wales
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3. The building data landscape of today

3.1. Introduction

Deliverable D3.1 gives an overview of the indicators and data present in the BSO. It assigns a
priority level to each indicator (low, medium, or high) based on its importance in describing or
monitoring the building stock and on the feasibility to obtain data for its calculation. The latter
criterion is important to ensure that an indicator can be computed at reasonable cost
(depending on the benefits it can bring).

It also emerges that there are several data gaps in the BSO for certain thematic areas such as
technical building systems, smart metering, EPCs (Energy Performance Certificates),
financing, and energy market. This is arguably due to the difficulty to find and access data of
sufficient quality for these areas and not because data is not available at all.

Where data is not available for specific geographic areas or past years, a variety of techniques,
for example Machine Learning (ML), can be used to estimate missing data, which allows
delivering highly valuable services to stakeholders. For instance, municipalities or larger
regions as well as public or private real estate managers need support in understanding how
their building stock evolves over time. Typically, they have detailed data about certain
characteristics of the building stock, for example from their registers, but they miss other data
that may be available in the database for similar contexts. ML techniques to estimate missing
data are explored in the confidential D4.4 “Description of a workflow how to implement and
transform data”.

Another issue is that a large amount of available data is highly fragmented, not openly
accessible, and in a format making it difficult to leverage.

The following sections report in more detail how BuiltHub analysed and mapped out the
building data landscape, from creating the data inventory (Section 3.2) to data quality
assurance (Section 3.3) and data elaboration (Section 3.4). Section 3.5 provides an in-depth
study of EPC databases.

3.2. Data inventory

The data inventory provides a complete list of data sources and datasets by leveraging best
practices in information collection, such as scraping of national statistical data. Once a first
version of the data inventory is ready, a major challenge to further improve is to identify data
gaps and to provide recommendations on how to close them.

One important aspect of the data inventory is to ensure that the data can be understood and
interpreted correctly by any user. This requires a compilation of clear data description,
annotation, contextual information, and documentation.

An essential step in finding all data sources is the proper definition of a research strategy. In
general, an inventory of data is comprised of an overview of existing values, classified
according to specific key themes and subthemes, a data documentation, and a metadata file
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on datasets. Creating a comprehensive data documentation involves collecting a large amount
of information. Essential information includes:

o Features of the dataset, such as name, labels, data types, data descriptions, and
issuing organization.

e Characteristics of the variables like provider, date of creation, methodology/definition,
data manipulations, classification, missing values, reason for missing values, and
descriptions and meanings of data.

e Metadata, which is a subset of core data documentation that should provide
standardised structured information explaining the purpose, origin, time references,
geographic location, creator, access conditions, and terms of use of the dataset.

The BuiltHub data inventory of 30 datasets considered important for the BSO is reported in the
public Deliverable 3.1 “Inventory structure and main feature and datasets”.

The datasets include results from European projects (Tabula, Episcope, Zebra2020, Entranze,
Odyssee-Mure, HotMaps, CommONEnergy, etc.) as well as databases (JRC IDEES, Eurostat,
Census, etc.) that should be consulted to collect data and perform a comparison against. The
detailed metadata, including links to the datasets, is reported in the Deliverable 3.1.

3.3. Data quality and comparability

Data quality, completeness, accuracy, handling, and reliability are very important aspects to
which all necessary attention needs to be dedicated. Even though most data providers utilize
standardised data formats, this does not necessarily mean that data is reliable and
comparable. Differences in definitions of the values and survey methodologies can contribute
to an irrational and incomplete data comparability and consequently misinterpretation. In this
respect, introducing measures to improve data comparability is one of the most important
aspects of the whole process of data elaboration. It is a complex process of adjusting
differences and inconsistencies among different measures, methods, schedules, and
specifications to make them uniform and comparable.

Another important issue regarding data quality is the fact that definitions of quantities such as
floor area, energy performance, etc. can vary across countries, or even across years for the
same country. Providing clear definitions is a key aspect in the process of data comparability.
To make variables (e.g., X, Y) coming from different sources and years comparable, an
understanding of the meaning of each variable definition is required. Once a deep
understanding is reached, different definitions can be compared.

The main problems with definitions concern the fact that because most of the data is collected
from national statistics or national bodies, each national state defines parameters in particular
ways, due to specific territorial and socio-economic conditions. Definitions, meanings, and
terminologies involving certain issues, such as how floor area is accounted for (e.g.,
differences in gross, net, heated, useful floor area), what kind of energy performance is
considered (e.g., primary, final, delivered), how labels in EPCs are assigned, etc., need to be
checked and addressed before data may get aggregated. It is necessary to check and confront
the meaning of definitions across different times and countries, review the methodology of data
collection, sources utilized and metadata changes.
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Deliverable D3.2 “Methodology on quality assurance™® reports on the quality assurance
procedures recommended by the BuiltHub consortium. Specifically, the deliverable shows how
to support final users in their decision on which data to use for an indicator if there are several
datasets available for that indicator. As shown in Figure 4, the first step of the quality control
consists of thorough metadata collection allowing users to check where data comes from,
thereby increasing their confidence. The second step is split in 3 levels. Level 1 is the most
basic and only guarantees the provision of at least one dataset containing data for indicators
requested by stakeholders. Level 2 incorporates a consistency analysis between two datasets,
carried out through a linear regression and evaluated using standard statistical parameters
(correlation coefficient, R? or coefficient of determination, adjusted R?, standard error, sample
size), an ANOVA (analysis of variance), and a t-statistic readily available in statistics software
but also widespread spreadsheet applications such as MS Excel. As suggested rule of thumb,

Dataset endorsed m

by ﬁxﬁelrés in Consistency with
stakeholder other datasets

\

Metadata collection

dialogues . Further statistical
9 throlugh regcrjessmn consistency
analysis an analysis
statistics

Figure 4: Overview of methodology on quality assurance

the two datasets are deemed consistent with each other if the p-value of the t-statistic is below
5%. Clearly, this threshold can be modified to meet desired accuracy requirements. Level 3
adds some descriptive statistics to the consistency analysis (minimum, maximum, standard
deviation, quartiles). Finally, the deliverable gives several examples in which the quality control
is applied to the BuiltHub datasets.

3.4. Data elaboration

Due to the specific degree of implementation, each target country has a different level of data
availability. The extensive and comprehensive data collection and elaboration for each target
country enables a comparative gap analysis.

Filling in the data gaps implies not only extrapolating and assembling data from large data
tools available online (e.g., ENTRANZE?®), but also analysing data source-by-source from

29 https://builthub.eu/fileadmin/user_upload/Resources/Deliverable D3.2 Final version.pdf. Accessed 9/1/2024
30 https://lwww.entranze.eu/tools/interactive-data-tool. Accessed 29 March 2022
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single scientific literature sources — such as journal papers, conference proceedings and
project deliverables. Only through such an in-depth approach, gaps of data per energy type
and country can be remedied.

To fill remaining gaps, data extrapolation techniques can be used using other gathered
information, such as climate conditions, buildings construction typologies and age, GDP, and
economy sectors.

If proper descriptions are missing concerning how the collected data have been obtained,
those data need to be excluded from the database.

One of the major challenges in developing an inventory of data for different sectors is to provide
a complete list of all already existing data. In general, the advantage of using data coming from
EU wide data providers is that the data is available for a large territory (e.g., Odyssee
Database®!). However, a drawback is that these EU-wide data providers tend to have
incomplete databases. For this reason, it is recommended to collect additional/complementary
data from national statistics and to create a list of national contact points that can offer support
in data collection.

This approach allows better coverage of the available data in each country. The great effort
directed towards data collection between countries and facing the problems of administrative
and definition changes are the most challenging aspects of data inventories.

Information needs to be collected for recent years. The access to up-to-date and accurate data
on the building stock and its energy is of fundamental importance for the assessment.

3.5. In-depth study: EPC databases

A core idea behind Energy Performance Certificates (EPCs) is to provide information to
individuals planning to renovate, purchase or rent a building. An EPC typically includes an
energy performance rating and recommendations for cost-effective improvements. EPCs can
be a useful resource for policy development if they meet quality and reliability requirements.

However, the potential of EPCs strongly depends on their implementation and market
coverage. The X-tendo project®?3 works on a toolbox for next generation EPCs and published
a report in March 2020%* assessing the status and potential of EPCs in Europe. According to
the report, around 6 million residential EPCs are issued every year. Hurdles mentioned in
reaching a comprehensive coverage of high-quality EPC data are:

¢ Inadequate data gathering
e Lack of granularity
e Lack of compliance

31 . Accessed 29 March 2022
32 . Accessed 7 September 2021
33 . Accessed 7 September 2021

34
. Accessed 7 September 2021
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e Different EPC definitions and calculation methods

The report further investigates the quality assurance processes, calculation approaches, EPC
databases, and EPC costs in the different countries and regions within countries. It also
investigates public acceptance.

The X-tendo analysis highlights that EPCs are still commonly perceived as being unreliable,
although some countries and regions have made efforts to overcome weaknesses. X-tendo
recommends the following solutions to improve EPC reliability:

e Make EPCs more transparent and reliable.

e Tailor EPCs to the needs of the end user, displaying other indicators and conveying
them in a user-friendly way.

e Use EPCs to deduce information on the building stock performance, potential of energy
renovations, and indicators for which it is difficult to find data, such as Indoor
Environmental Quality (IEQ).

e Make EPCs more dynamic by linking them with other resources, such as building
logbooks and BRPs (Building Renovation Passports).

e Make EPCs accessible and useful to a broader client base, such as financiers, real
estate agencies and contractors, by providing ready-to-use information in a database.

¢ Include new indicators such as real energy consumption, thereby promoting building
smartness aspects such as demand response and dynamic pricing.

e Provide standards and guidance on how to calculate the EPC.

In addition to this list, BuiltHub recommends carefully investigating the link between EPCs and
the real estate market. A survey conducted in the ZEBRA2020 project® and published in a
2017 study®® comprising 618 interviews conducted with real estate agents from 8 EU Member
States revealed that the main elements considered in selecting, purchasing, or leasing real
estate were, in order of decreasing importance, location and price, followed by size and
nuisance (busy road, landing airplanes, etc.). Energy performance was reported at the 10"
position in the ranking. This finding also explains to some extent the reported result that buyers
of a property disregard the energy performance rating in most cases.

According to the same study, even tenants renting a property do not pay much attention to the
energy performance rating in most cases.

While increasing the reliability of EPCs may help in this regard, the impact of energy efficiency
on the costs for the tenant should be investigated as well. If the energy-related share of the
rent is low relative to other (fixed or variable) costs, most tenants would probably just ignore
the energy performance rating.

Finally, the study reports that there is typically no increase in the rent for buildings with an
excellent energy performance rating. While this is good news for tenants, owners may be less

35 . Accessed 7 September 2021

36 pascuas RP, Paoletti G, Lollini R. Impact and reliability of EPCs in the real estate market. Energy Procedia
140, 2017, 102-114.
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interested in energy-renovating their property because of this fact. This lack of incentive for
owners is the so-called “tenant-landlord split incentive” or “dilemma”.

We note here that the recent energy crisis makes it necessary to follow up the above
assessments with further studies.

Although the BSO contains certification as a thematic area, there is clearly a need to improve
on the accessibility and completeness of the openly available data. A list of EPC registers and
their level of accessibility is provided by the European Commission.?’ Still, a high number of
countries provide no access to their EPC registers. This may be for several reasons ranging
from privacy to technical issues. Some countries provide limited access or different kinds of
accesses depending on the specific region and type of user. In Italy, for instance, authorities
acting on behalf of municipalities, autonomous regions, and provinces can access the central
EPC portal SIAPE*® managed by ENEA (ltalian National Agency for New Technologies,
Energy and Sustainable Economic Development) to monitor the EPCs under their authority.
They are also obliged to annually update the central portal with data from their cadastres and
EPC registers. Citizens, companies, and other organisations do not have access to the data
itself but can visualise aggregated statistics on the EPCs for some of the regions.

As of September 2021, nine countries reportedly offered a public EPC register, namely
Denmark, Estonia, Ireland, Lithuania, the Netherlands, Portugal, Slovakia, Sweden, and the
United Kingdom.*® However, the level of accessibility and the procedures to access and reuse
the data still varied considerably among these countries.

The following case studies on EPC registers refer to the status encountered in September
2021 considering an arbitrary external stakeholder without special prior information about the
registers or access to them.

3.5.1. Case study #1: England and Wales

For England and Wales, upon registering on the “Energy Performance of Buildings Data”
website hosted by the UK government*® and agreeing to licencing and terms of use, it was
possible to bulk-download an extensive registry of domestic single-building EPCs (about 4 GB
of data). However, people can opt out of the public EPC register if they do not want other
people to be able to see their EPC. In addition, non-domestic EPCs and Display Energy
Certificates (DECs; records of the energy usage of public buildings) are available for download.

The downloaded domestic EPC data was organised in a series of folders, each referring to a
single local authority and containing two files, one for the certificates themselves and one for
improvement recommendations. Both kinds of files were given in CSV (Comma-Separated

37 . Accessed 8 September 2021

38 sSistema Informativo sugli Attestati di Prestazione Energetica, . Accessed 8 September
2021

39 . Accessed 20 October 2021

40 . Accessed 8 September 2021
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Values) format allowing for flexible and easy re-use. The provided information included, at
single-building (more precisely, location by address) level:

Detailed location (address, post code, etc.)

Property type (mainly house or flat)

Tenure

Building type (mainly detached or semi-detached)

Floor level and height

Whether a flat is on the top storey

Total floor area

Construction age band

Number of habitable and heated rooms

Current and potential energy rating (from A to G)

Current and potential energy efficiency and environmental impact (score from 1=worst
to 100=best)

Current and potential primary energy use (KWh/m? per year)

Current and potential total CO, emissions in t/year and per unit floor area in kg/(m?
year)

Heating, hot water, and lighting current and potential annual cost

Descriptions of technical systems (heating, hot water, lighting, secondary heating, main
heating control) and construction elements (floor, walls, roof, windows) as enumeration
of several categories

Energy and environmental efficiency of technical systems (heating, hot water, lighting,
secondary heating, main heating control) and construction elements (floor, walls, roof,
windows) rated qualitatively from “very poor” to “very good”

Type of glazing (single to triple) and estimated glazed area (qualitative, from “less than
typical” to “much more than typical”)

Electricity tariff type

Access to the central natural gas network

Main type of fuel used (enumeration of categories)

Number of total and low-energy lighting outlets, percentage of low-energy lighting
(derived from the number of outlets)

Use of renewables (number of wind turbines, PV area as percentage of roof area, solar
water heating)

Whether a heat loss corridor is present along with corridor length

Type of mechanical ventilation

Inspection date

Transaction type (e.g., rental, sale, new dwelling)

Recommendations given together with the certificates consist of up to 10 possible
improvements for a single building. More than 60 different types of improvements are
categorised, among which insulation, equipment or component substitution, installation of
renewable energy systems, and smart control. For each improvement, an indicative cost range
is supplied. However, this cost range is a rough estimate based on general types of renovation
measures, i.e., it does not represent an estimate based on a specific calculation made for
single buildings.
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The England and Wales EPC register is one of the best EPC registers available. Nevertheless,
there is room for improvement. Possibilities and recommendations for improving the EPC
register in England and Wales (not the EPC data itself) from BuiltHub’s viewpoint are to:

e Provide extensive metadata associated with the data files, following the guidelines
given in BuiltHub Deliverable 3.1 “Inventory structure and main feature and datasets™?.

o Provide ready and user-friendly access to material explaining the meaning of the
indicators. User-friendly means that a clear explanation is given to non-expert users,
while expert users find a transparent, detailed, and accurate explanation of the
methodology including underlying assumptions and calculations.

e Provide analytics and visualisation tools.

¢ Allow programmatic access to data and metadata and exporting in common machine-
readable formats that include the semantics (the meaning of the information exported)
for automated correct interpretation and re-use of the data. This is commonly referred
to as the semantic web and enabled through technologies such as RDF (Resource
Description Framework) and OWL (Web Ontology Language).

To some extent, these recommendations are already implemented. For instance, after signing
in on the EPC register, guidance is given on data coverage, data quality and the meaning of
all data fields. Answers are given to frequent questions. For developers, the available APls are
described.

In addition to these functionalities offered by the central platform, some local authorities offer
online data exploration in tables or graphs and expose an API documentation for programmatic
access and software developers but finding and understanding the meaning of the data is not
always straightforward. While the data type (numeric, categorical, etc.) and a basic description
may commonly be found, detailed descriptions and semantics are often lacking.

3.5.2. Case study #2: The Netherlands

For the Netherlands, current energy labels could be downloaded online*? both as “total” file
with all currently valid labels and as daily “mutation” files containing changes to the “total” file.
A new “total” file is published every first day of the month. To download the files, an API key
was needed, which was sent by email after registration.

Data could be downloaded in CSV, XLSX, and XML format. Data fields contained:

e Building class (housing or commercial)

e Building type (apartment, detached, terraced, etc.)

e |f apartment: position within building (top, middle, bottom floor; corner or in-between)
o Energy label (from G up to A++++)

e Usable floor area

e Energy demand

e Primary fossil energy

41 . Accessed 12 September 2023
42 . Accessed 10 September 2021
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e Share of renewable energy
e Overheating temperature

e Heating demand

e Recording date

The website further offered a public REST API, also explaining some of the fields but not all
and only in Dutch. Moreover, no units of measurement could be found, neither in the data files
nor in the APl documentation. The latter referred to the national standard, which must be
purchased. The data files’ field names were in Dutch only.

The BuiltHub recommendations are therefore to:

¢ Consider adding more data fields to the publicly downloadable certificate files, such as
information about other final energy uses (e.g., hot water, lighting), technical systems,
and building components’ energy performance.

e Provide English labels and explanations for data fields as well, following recognised
data schemas and ontologies.

e Provide units of measurement and other important information in the API itself so that
platform users are not forced to buy national standards to be sure about the meaning
of the data fields.

While the use of the Dutch public EPC register felt challenging to access and the data itself is
difficult to reuse because of the above reasons, this is still one of the best examples of user-
friendly open EPC registers in Europe currently accessible to the public.

3.5.3. Case study #3: Denmark

An online map*® provided by the Danish Energy Agency was found showing energy labels for
single buildings, see Figure 5. Clicking on a label showed an image of the building, the building
type (such as detached single-family house), the construction date, and the energy used for
heating (e.g., natural gas). It is possible to go to a separate webpage with details for the specific
building selected and the possibility to download the EPC itself in PDF format. Remarkably, all
this was possible without registration.

In the downloaded EPC, the following additional information could be found:

e Energy label for heating (from A to G)
e Heated area
e Annual heating expenditure including VAT and taxes
e Fuel consumption for heating
e Recommendations for improvement, indicating:
o Type of measure (e.g., replacing the current gas boiler with a condensing one)
o Expected energy and monetary savings
o Estimated investment
o Repayment time

43 https://old.sparenergi.dk/demo/addresses/map. Accessed 12 September 2023
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o Expected energy label after the improvement
e Status and suggestions for improvement (descriptive texts; e.g., “replace current
double glazing with energy glazing”) for:
o Building components (e.g., walls, windows)
Ventilation
Heating
Electricity
Water
Renewable Energy

0 O O O O

BuiltHub’s first and foremost recommendations are to:

e Provide the numeric data in each EPC in a reusable data format (CSV, XML, or an RDF
serialisation format) to allow analytics.

¢ Allow the download of multiple EPCs.

¢ Allow programmatic access to the EPC register (with machine-readable information).

o Offer an English translation of the EPC.

However, most recommendations given for the previous case studies apply to this case study
as well.
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Figure 5: Public EPC online map provided by the Danish Energy Agency

3.5.4. Other countries

BuiltHub’s recommendations for the case studies reported in Sections 3.5.1-3.5.3 hold,
adequately transposed, for the other European Member States. In summary, they advise to
provide:
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o Extensive, standardised metadata, see BuiltHub Deliverable 3.1 “Inventory structure
and main feature and datasets™* for details.

¢ Full explanatory material in English on the meaning and measurement units of the data.

e Download of all available data in a common, reusable data format.

e Information on building geometry, constructive materials, technical systems, and
energy performance.

¢ Analytics and visualisation tools.

e Programmatic access to data and metadata.

Among the countries stating that a public EPC register was available (see Section 3.5;
reference date: September 2021), only aggregated data could be accessed in some cases, in
form of an image or through online interaction (e.g., by hovering over with the mouse) without
the possibility to download the data points (the numerical values). For several countries, the
EPC register could not readily be found via an Internet search. Language may constitute a
barrier since all searches were formulated in English.

The recommendation in this regard is to provide an easy-to-find European central access point
to EPC data and to allow programmatic access and download of numerical data for further re-
use.

An effort in this direction was made by H2020 project Enerfund* (end date: April 2019) in
which they developed a tool to rate and score deep renovation opportunities based on EPCs
among other parameters. Findings from this project were (Geissler, et al., 2019):

¢ Open access to EPC data “directly from the database of the competent authorities” was
provided by Denmark, Bulgaria, the Netherlands, the United Kingdom.

¢ In Greece, France, and Romania, only aggregated results were publicly available.

¢ In the other countries, there was no public access to the EPC data.

¢ In none of the studied cases data was geocoded (allowed precise placement on a
geographic map).

¢ “In some countries” (not better specified), EPCs were “not fully trusted” because of
“energy performance calculation [...] done based on default values” and “the building
[...] not even visited”.

e “EPC data[...] not harmonised across all Member States”, with “classification of each
data category [...] not standardized”.

As recommendation, the authors concluded: “The analysis presented here shows that
harmonization across Europe is urgently needed in two ways: first, regarding energy data as
such, and second, regarding geo-coding and public accessibility”. They further recommended
“to the European Commission and DG Energy in particular, that harmonisation of all energy
data, not only EPC data, — and their geocoding — should become mandatory across all Member
States.”

a4 . Accessed 12 September 2023
45 https://cordis.europa.eu/project/id/695873. Accessed 13 September 2023
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BuiltHub’s findings strengthen these recommendations and expand on them.

3.6. Data service providers

This section aims to map identified building-related data sources, service providers, platforms,
and associated stakeholders. Starting from the needs and technical requirements of the
stakeholders as given in D2.2, the aim is to show the potential of these resources to inform
and provide knowledge about the European building stock.

The EU Building Stock Observatory (BSO) considerably supported this process by gathering
data coming from different sources and projects, which is a huge undertaking. The great
importance of the BSO also lies in the fact that the European Commission is committed to
making it the central access point and ideally a one-stop-shop for European building stock
data. In the September 2021 publicly accessible version of the BSO?, the data source for each
type of data was typically indicated as a link to a project’s website. However, the individual
project's website might after a while not exist anymore or have been moved, or the datasets
might no longer be accessible. For these reasons, it is oftentimes difficult if not impossible to
re-use the data and even less so to understand the methodology behind it, such as how it has
been collected or derived (e.g., through measurements, surveys, modelling) and how it should
be interpreted.

Some paradigmatic examples of the issues encountered when searching for data sources
underlying the above-mentioned version of the BSO and possible basic short-term solutions
are described below.

Total number of dwellings: the reported data source refers to the Odyssee?*’ database except
for Austria where a specific link is given. However, the link refers to an Enerdata*® database,
which is not accessible after registering on the Enerdata website. It is possible to ask for a
seven-day free trial access to data about energy and emissions, energy modelling and
forecasting, market analysis and intelligence, and energy efficiency and demand but
afterwards a subscription is required. A sign up is also possible at the Odyssee-Mure website,
offering free access for all EU Ministries, Concerted Action EED, EED Committee Members,
EU universities and research centres for non-commercial uses, while subscription is required
for other users. It is thus not straightforward to identify the specific author(s), understand more
about the methodology used and assumptions made to calculate the data, know about the
license and terms of re-use, or just find the same data in the Odyssee database. A basic
solution would be to link to transparent metadata, documentation, and re-use information, such
that the accessible numerical data is clearly understood and can safely be used for further
processing, analytics, dissemination, etc.

Number of single-family dwellings (and other fields): the BSO reports as source “EC
ENER/C3/2016-547/02/S12.753931; EASME”. The tooltip reveals the additional information
“EU Commission: Comprehensive study of building energy renovation activities and the uptake

46
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of nearly zero-energy buildings in the EU; Hotmaps (CORDIS) 723677”. With this information,
those familiar with EU projects will probably know how to find the Hotmaps project website
and database*, but the process can be made more straightforward and easier for arbitrary
users by linking to meta-information.

Number of detached houses (and other fields): the reported source is Eurostat, however, the
link indicated on the BSO does not refer directly to explanations, metadata, or the original
table(s) on Eurostat from which the data has been taken or derived. Therefore, this information
cannot easily be found. Again, the basic solution is to provide detailed meta-information.

Number of detached houses (permanently occupied dwelling) (and other fields): for quite
specific breakdowns, the BSO lets a user choose an indicator for which no data is available at
all. These indicators should be hidden or marked in such a way that the user does not have to
bother looking for non-available data.

Number of offices: this field is peculiar in that it is derived from different sources depending on
the country, in this case from different national statistics sites. Also in this case, the link
reported by the BSO is to the landing page of the organisation, with the advantage that the
page is expected to remain accessible over time but making it difficult to identify explanatory
information, metadata, and the underlying data itself. For a few countries, the data has been
taken from the national LTRS. Finally, the numbers for several countries are reported to be
estimates based on surface data and ratios from neighbouring countries. However, no
reference is given as to how this calculation was performed, in which year, by whom, etc. As
for the previous cases, detailed meta-information can resolve the issue.

Number of health care buildings: for most countries, the reported reference is the Hotmaps
project but for The Netherlands there is a link to the open data on the Dutch statistics portal
that can directly be compared with the data on the BSO. Furthermore, the Dutch portal gives
a brief table explanation in English that includes references (mostly documents in Dutch) to
the sources and methods to obtain the data. This can therefore be considered a good practise
example.

Share of dwellings built before 1945: this data, as well as similarly detailed breakdowns,
typically comes from national statistics databases. Therefore, almost all countries have their
own reference. The quality of the references varies somewhat from country to country.
Typically, it is the landing page of the national statistics institute where in the best case the
database can be easily found and data, metadata, and documentation retrieved. For some
countries, the user is referred to the Odyssee project or a PDF document. This plethora of
references allows for a transparent view and gives interesting information about available data
platforms. Such a register of references/links to databases is by itself a very useful resource.
However, an additional central explanation given on the BSO website is recommended to
make the observatory more attractive and user-friendly. Also, a direct link with the European
Census Hub®° (or the Eurostat database) seems desirable to ensure data coherence.

49 and , respectively. Accessed 14 September 2021
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Share of dwellings in densely-populated area (urban centre): the given link leads to another
table in the Eurostat database, namely to the “Number of private households by household
composition, number of children and age of youngest child (1 000)” (data code: Ifst_hhnhtych).

Share of owner-occupied dwellings: the source is reported as JRC/EASME. However, the links
and tooltips mention the 2011 census data, the Hotmaps project, and Eurostat. While this is
probably just a bug to be fixed, the point that can be made here is that even if several data
sources are brought together to compute an indicator, it is once more important to give a
reference to meta-information, such as metadata about authors and publication date along
with documentation on the methodology used.

Share of tenant occupied dwellings (rent at market price): data is available for the year 2017.
The unit of measurement is indicated as “%”, however data is above 100 in most cases and
ranges widely between around 20 and more than 25000. It is guessed that a mismatch
between data and metadata or data and indicator happened. The recommendation given is to
add automatic data checks to the manual ones whenever possible. In this specific case, the
share indicated as percentage should fall in the range 0-100.

Share of tenant occupied dwellings (rent at reduced price or free): the correct link to the
Eurostat table is given. This allows a verification of the value, which is important. Unfortunately,
a random spot verification reveals that the values reported for Austria on the BSO correspond
to the values in the Eurostat table for the tenure status “Owner” (and not “tenant” under specific
renting conditions). Such errors are difficult to track, the suggestion is therefore to interconnect
databases (in this case, the BSO and Eurostat database) as much as possible, i.e., to keep
only one “master’ repository (possibly with mirrors to reduce the risk of data loss and
inaccessibility) and let “slave” repositories access the data from the master repository, with
well-defined and well-documented data transformation processes from the master to the slave
repository if needed.

Share of dwellings with single-person households: Eurostat is reported as source, but any
meta-information is missing (see recommendations given above).

In addition to the data sources referred to by the BSO, several others have been identified in
BuiltHub, see D3.1 Annex A.

As of September 2023, the BSO is accessible from a different website®! and is being reworked
in a tender®? lasting until 2026, with new data and a new interface. Many of the shortcomings
listed in this deliverable are being addressed by this continuing work.

3.7. Existing European data strategies and roadmaps

This section explores data strategies and roadmaps the BuiltHub roadmap draws on. In many
cases, buildings represent a specialisation and application of general data strategies and

51
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roadmaps. Existing efforts are investigated towards a sustainable building data value chain, to
understand the barriers, roadblocks, and challenges these efforts have encountered so far and
what solutions they propose to overcome them. The latter, combined with the BuiltHub results,
constitute the ground truth for the BuiltHub recommended measures and roadmap for a self-
sustained building data value chain, see Section 4.

A milestone for implementing a big data framework in Europe was the FP7 BIG project (GA
no. 318062)% lasting from 2012-2014. The project had the objective to provide a roadmap for
usage and exploitation of big data. The efforts were published in a book (Cavanillas, Curry,
& Wabhlster, 2016) showing the vast potential associable with big data and specifically focusing
on:

e Opportunities

e The big data value chain, from acquisition to usage

e Usage and exploitation in different sectors (industrial, health, public, finance and
insurance, energy and transport, media and entertainment)

¢ Roadmaps and action plans for technology, businesses, policy, and society

Table 1 shows that data management processes, quality checks, security and privacy,
visualisation and user experience, and analytics are strongly required across sectors, an
outcome that is also confirmed by the results obtained in BuiltHub emerging from deliverable
D2.2 “Report on relationships of stakeholder needs and requirements”.

Table 1: Sectorial requirements taken from (Cavanillas, Curry, & Wahlster, 2016), p. 265
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Data Management Engineering 3 X X X
Data Enrichment 2 X X
Data Integration 5 X X X X X
Data Sharing 4 X X X X
Real-Time Data 3 X X X
Transmission
Data Quality 3 X X X
Data Improvement 2 X X
Data Security and Privacy 7 X X X X X X X
Data Visualization and User 2 X X
Experience
Deep Data Analytics 3 X X X
Modelling Simulation 3 X X X
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Natural Language Analytics 3 X X X
Pattern Discovery 3 X X X

Predictive Analytics 2 X X

Prescriptive Analytics 3 X X X
Real-Time Insights 5 X X X X X
Usage Analytics 2 X X

Further, the book gives a prioritisation of the requirements shown in Table 1, see (Cavanillas,
Curry, & Wabhlster, 2016), Table 15.2, p. 274. The highest priority level “urgent” is assigned to
data security and privacy, integration, real-time insights through analytics, and data sharing.
Data quality is assigned the priority level “important”.

Technology, business, policy, and society roadmaps and associated actions are given for a
timeframe from 2015 (one year after the end of the FP7 project BIG) to 2020, see (Cavanillas,
Curry, & Wabhlster, 2016), pp. 279-286, and brought together in an integrated roadmap, which
for clarity is reproduced in Figure 6.

European Big Data Roadmap

Data Management Visualization & Data Security &
Engineering User Experience Privacy
Technology ° ~ ® ® ®
Data Quality Deep Data
Analytics
Attitude of Privacy by
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Business ® ) ) ) ® ®
Business Education of Increase R&D
Models Workforce
Education & ) Privacy &
Skills Funding Legal
Policy C ® o ! () ]
Single Data Open Data & Foster Technical
Market Data Silos Infrastructure
Education & Civil
Skills Open Data Engagement
Societal ® @ ® ® (J L
Collaborative Enfrepreneurship Data Privacy
Networks & Trust

Figure 6: Big data roadmap for Europe taken from (Cavanillas, Curry, & Wahlster, 2016), p. 286

Another H2020 project that developed solutions to overcome barriers related to exploiting big
data analytics was the TOREADOR project®, which pointed out that companies not
specialised in the Big Data Analytics (BDA) sector “may find it difficult to evaluate whether the
advantage they can obtain from tapping into Big Data sources is commensurate to BDA

54 and . Accessed 3 November 2021
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costs™®. Further, the project investigated how legal concerns about data sharing can be
dispelled.

While many roadblocks and challenges remain, several steps have been taken towards these
goals in the last years. The European data strategy®® is a noteworthy step towards recognising
the importance of data and data sharing for Europe. A public consultation has been carried out
in 2020°%" with the aim to create a common European data market in which data can be safely
exchanged according to the FAIR (Findable, Accessible, Interoperable, Reusable) data
principle. This consultation led to a proposal for a Regulation on European data governance®®,
which aims to address public sector data re-use, business-to-business data sharing, personal
data usage in compliance with GDPR, and data use on altruistic grounds.

The European data strategy rests on four pillars:

Governance framework for data access and use

Enablers, i.e., investments in data infrastructure, technology, and capabilities
Data-related competences and skills of individuals and SMEs

Data spaces for nine sectors, among which the domains green deal, mobility, and
energy, promoting data sharing and usage between sectors

hrowhPE

Several associations and initiatives aim to accelerate the implementation of a data strategy,
among which the LODIC (Linked Open Data Interest Community)®®, IBPDI (International
Building Performance & Data Initiative)®°, IDSA (International Data Spaces Association)®,
GAIA-X®2, Data Sharing Coalition®, SWIPQO®, BDVA (Big Data Value Association)®, AIOTI
(Alliance for Internet of Things Innovation)®, and FIWARE®’. This typically happens through a
combination of actions like the publication of position papers, the creation of networks, hubs,
or communities bringing together stakeholders willing to contribute, the establishment of
working groups with specialized knowledge in different domains, the exchange of experts in
events, and the development of technical solutions. For instance, the International Data
Spaces Association published several position papers, white papers, and technical documents
on a Reference Architecture Model (IDS RAM), the connection between the IDS RAM and the
GAIA-X architecture, the required provisions and agreements for data sovereignty and
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exchange, the design principles for data spaces, and use cases. While the latter comprise
many different sectors not necessarily closely related to buildings, some of them are, such as
mobility, air quality including CO, measurement, and smart cities.®® In September 2021, BDVA,
FIWARE- GAIA-X, and IDSA joined forces launching the Data Spaces Business Alliance
(DSBA).®° IBPDI with its 50+ members, among which leading international industry, has
created a strong network working on a global data standard for the real estate and has
published an openly available Common Data Model (CDM)™. This CDM puts the concept of
digital building twin at the centre, see Figure 7, and builds on Microsoft's CDM as part of
Microsoft's Open Data Campaign that was launched in 20207*. Related to digital twin
technology, the Digital Twin Hub’? has pointed out that an initiative parallel to that of the IBPDI
exists, namely the Real Estate Core ontology” drawing on existing W3C ontologies for
buildings and building systems.

«BUILDING & PORTFOLIO LIFE CYCLE»
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Figure 7: Data clusters in the Common Data Model for real estate developed by the IBPDI™*

Another key pillar in standardising the work with data, especially geospatial data, is given by
the INSPIRE™ (Infrastructure for Spatial Information in Europe) Directive. This spatial data
infrastructure helps to put into effect cross-border environmental policies or actions and is
based on the corresponding infrastructures by the Member States. The Directive addresses
34 spatial data themes needed for environmental applications including buildings. Buildings
are among the themes of INSPIRE, which is therefore an excellent resource for a standardised
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building data specification. It is thus important to follow this specification or suggest
improvements to develop and promote a harmonised approach at EU level.

Due to its nature, the INSPIRE data specification on buildings establishes a strong link with
geographic and geometric data, thereby embedding a building in a spatial context and spatially
representing building data. To illustrate this point, we briefly present the use case on “Energy
/ Sustainable Buildings” given in Annex B.4.4 of the “D2.8.111.2 INSPIRE Data Specification on
Buildings — Technical Guidelines””® (European Commission Joint Research Centre, 2013).
Starting from a UML use case diagram showing the main stakeholders involved in building
energy consumption and sustainability assessment and promotion (Figure 8), the following
steps are reported:

¢ Retrieve the associated INSPIRE themes, in this case BU (buildings) and US (utility
and governmental services)

¢ Identify the buildings to process, using building attributes such as 2-d geometry, official
area, and current use of the building

o Decide on the building performance and sustainability evaluation and calculation
methods

e Collect input data required to perform the evaluation

¢ Update INSPIRE data with the result of the evaluation

National / local

Owners Citizens environmental agencies
Local
governments European Environment
Agency (EEA)
Energy Natpna! statistics
supp“ers institutes
Agencies for sustainable Eurostat

development

Figure 8: Stakeholders of building energy performance and sustainability assessment and promotion.
Adapted from (European Commission Joint Research Centre, 2013).

Further, it is stated that some input and output data can be naturally matched with readily
available INSPIRE data, such as 2-d building geometry, official area, current use, service type,
number of floors, date of construction, external reference to the official building register or
permit, and energy performance. However, it is also stated that some information may not be
found within the INSPIRE framework, thus requiring other repositories or completion by field
surveys.
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From the above considerations it becomes clear once more that an effort is needed to bring
together building data from multiple sources. This is reiterated by the Linked Building Data
(LBD) Community Group hosted by the World Wide Web Consortium (W3C)’". The group
consists of experts in BIM (Building Information Modelling) and the so-called Web of Data. A
key idea of the latter is to move away from traditional tabular databases and data embedded
in documents and spreadsheets and to shift to graph data with nodes and labelled directed
links between nodes. This allows for a more flexible structure able to integrate heterogeneous
data and a potentially faster processing. The concepts of a semantic web, web of linked data,
Web of Things (WoT), and Internet of Things (loT) are closely related since the nodes are
interpreted as data (as abstraction of a physical object receiving, storing, processing, and
sending data) and the links as descriptors of relationships between data, thereby giving the
data a meaning interpretable by machines. Outputs of the LBD Community Group are a Git
repository’® with mainly ontologies and tools and engagement actions with stakeholders
through surveys and events jointly with the LDAC (Linked Data in Architecture and
Construction) workshop series™. In these events, real-life applications and industry cases are
presented and discussed as well as research topics.

Further, there is a vast array of efforts to improve data-driven services at single building to
building cluster level, among which the three EU “Big data for buildings” projects BEYOND,
BIGG, and MATRYCS® focus on leveraging and tapping into the large potential of big data.
Use and business cases are experimented and demonstrated in several large-scale
demonstrators across Europe and across market actors and include:

¢ Benchmarking and building portfolio management

o Assets management (contracts, invoices, equipment, meters, sensors, etc.)

e Certification, considering not only energy but also other indicators, such as the
sustainability indicators of Level(s)®!

¢ Building performance monitoring

e Energy conservation measures tracking and evaluation

o Lifecycle thinking, enabled by interoperability between data hubs, physical systems,
and tools for building design, operation and management, and investment

e Energy performance contract management

e Occupant-centric building design

e Building operation optimisation through weather, occupancy, and energy price
forecasts

¢ Demand-response and demand-side flexibility

Cross-cutting topics for all use cases are digitalisation, standardisation, security, privacy,
interoperability, and data ownership protection, items which are dealt with in the three projects.

I . Accessed 27 October 2021

8 . Accessed 27 October 2021

9 . Accessed 27 October 2021
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Another set of projects focuses on next-generation EPC, namely, iBRoad2EPC, crossCert,
TIMEPAC, EuB SuperHub, CHRONICLE, SmartLivingEPC, D2EPC, EDYCE, ePANACEA,
EPC RECAST, QualDeEPC, U-CERT, and X-tendo®. A transversal theme in these projects is
making EPCs more dynamic and closer to real building performance, and increasing their
transparency, reliability, trustworthiness, and ultimately value and relevance in the market. This
is done by:

e Standardising the methodology — input data to be collected, monitoring and calculation
methods, reporting, etc. — for a convergence of EPC schemes at EU level.

e Leveraging building data collection infrastructure and management systems.

e Working with a digital twin (i.e., a virtual representation close to reality) of the building.

e Reporting building performance in terms of a set of energy, environmental, financial,
IEQ / comfort / well-being, smartness (e.g., through the SRI), and flexibility KPls.

e Streamlining the issuance and periodic update of EPCs.

e Transparent and friendly engagement with the end-user.

e Inspection or auditing procedures.

e Linking the EPC with other property data stores, such as passports, logbooks,
notebooks, renovation roadmaps, and the like; see, for example, the project iBRoad®
devoted to the implementation of building renovation passports and building logbooks,
and its successor iBRoad2EPC merging EPCs with the building renovation passport
and logbook.

In summary, while information about the EU building stock is fragmented, incomplete, and still
needs to live up to its full potential, best practices are being demonstrated or proposed in
multiple initiatives and projects that show how at least some of the issues can be overcome
and how opportunities could be exploited.

Challenges encountered can be grouped into different categories. From the start to the end of
the data value chain, in chronological order:

e Data identification — which data should be collected and what for?
e Data collection

e Data processing

e Data analysis

e Data monetisation

The above-mentioned projects provided BuiltHub with insights for all these steps. Since
BuiltHub’s mission was not to collect new data but to define a roadmap for durable data flow,
BuiltHub did not exhaustively apply all the methodologies for increasing the value of the data
indicated in the other projects to the data sources mentioned by them. Rather, BuiltHub
performed a selection of promising data sources and strategies confirmed in stakeholder

82 iBRoad2EPC: . crossCert: . TIMEPAC: . EuB
SuperHub: . CHRONICLE: . SmartLivingEPC:
. Accessed 14 September 2023. D2EPC: . EDYCE:
. ePANACEA: . EPC RECAST: . QualDeEPC:
. U-CERT: . X-tendo: . Accessed 29 October 2021
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engagement actions carried out in WP2 and experimented this selection on the BuiltHub web-
based platform developed in WP5. Data assembly and analysis strategies are reported in the
deliverables of WP3 and WP4, respectively.

Section 4 presents the BuiltHub solutions for a self-sustained building data value chain that
came out from this process.

4. Recommended measures for a self-sustained
building data value chain

A successful open data approach needs to be rooted in a functioning data value chain, that is,
the value of data for the stakeholders should steadily increase from collection to generation of
impact. Furthermore, for the value chain to be self-sustained there must be valid benefits for
all stakeholders involved. BuiltHub confidential deliverable D6.1 “BuiltHub platform value
proposition” investigates benefits for lead and end users generated from BuiltHub’s results,
e.g., from the offered data services enabling knowledge development. Also, it is deemed
important to raise the stakeholders’ interests in FAIRIfication of data by acting upon multiple
(economic, environmental, social, etc.) drivers. Every stakeholder should identify one or more
tangible benefits for themselves. For individuals, this can be an improvement of their daily work
or private lives. For a public or private organisation, there may be economic or other benefits
for their business.

For the analysis of the driving factors involved, in BuiltHub we adopt a PESTLE (Palitical,
Economic, Social, Technological, Legal, Environmental) approach and detail measures for
each of these dimensions. The business models are treated for the most part as economic
dimension. With this approach, BuiltHub is largely in line with the European Big Data Roadmap
in Figure 6, which shows the PEST dimensions if we map “Business” with “Economic” and
“Societal” with “Social”. While the legal aspect can be seen as incorporated in the “Policy”
dimension, we can see in Figure 6 that the environmental aspect is missing in the European
Big Data Roadmap or at least hidden behind other factors in the spotlight, although it is
frequently mentioned as primary driver in EU policy today and may remain a primary driver in
the long term.

As can be seen in the following subsections, the dimensions are interwoven and affect and
support each other.

4.1. Political

Member States and their public authorities can benefit from a mandate from the EU that allows
them to pursue efforts in data collection and management such that they can legitimately
dedicate resources to this important endeavour of data collection and processing. Moreover,
they need guidelines or directives on how to transform their data infrastructure and
processes, what data to collect and under what terms, and how data can/should be made
available for further use.
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It is important to strike the right balance between dictating strict rules and offering flexibility to
Member States. Too much flexibility in handling and sharing data or knowledge can hamper
interoperability between data services and comparability of data analysis. On the other hand,
too many or too strict rules may not accommodate enough the differences between Member
States and create disadvantages for some of them. Excessive rules may also smother
innovation in, e.g., data analysis and reporting.

A mandate combined with lean directives and clear guidelines could overcome these hurdles.
However, when given a mandate, Member States should be made aware of and fully
understand the advantages and correct ways of following such a mandate. Otherwise, the
required data collection and management efforts would be perceived as a rather pointless duty
and would therefore be executed poorly. Once the Member States have clear in mind the
advantages and a possible transformation plan, it is important that dialogue with stakeholders
ranging from companies to the citizen is sought, to meet local societal requirements and needs
and to achieve social acceptance. Active stakeholder participation and several feedback
rounds are recommended at each stage of the process, from inception to operation.

Further, dialogues with the BuiltHub community have revealed that there is a strong need for
an overarching standard on data management for the entire building lifecycle as well as
guidance on what standards should be followed. Standards for specific categories certainly
exist, see e.g.:

e |ISO/TC 59/SC 13% on “Organization and digitization of information on buildings and
civil engineering, including BIM”

e ISO/TC 1848 on “Automation systems and integration”

e CEN/TC442 on “Building Information Modelling (BIM)”

e Industry Foundation Classes (IFC)® and Green Building XML (gbXML) Schema®’ for
interoperability between building design and engineering software

¢ International Cost Management Standard (ICMS) for benchmarking and reporting of
construction project cost®®

However, it is difficult for smaller companies to understand what standards are strategic to
pursue, to assure compliance with those standards, and to develop products compatible with
competing standards. It is therefore important to support efforts towards the creation of one
encompassing standard (or a family of complementary, non-overlapping standards) and to
produce guidelines and tools for the correct use of such a standard or family of standards.
Regarding tools, a notable effort is that of the EPB Center?®, which offers spreadsheet tools to
demonstrate the use of several standards. We mention as an important example the EPB
Center Excel demo implementation of part of the standard (EN) ISO 52016-1:2017 “Energy
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performance of buildings — Energy needs for heating and cooling, internal temperatures and
sensible and latent heat loads — Part 1: Calculation procedures” allowing both monthly and
hourly building energy performance calculations and striking a good balance between
simplifying the calculations and providing accurate results, see also Figure 9. The revised
EPBD in 2018 encourages EU Member States to apply this and other EPB standards.
Moreover, “Member States shall describe their national calculation methodology following the
national annexes of the overarching standards, namely ISO 52000-1, 52003-1, 52010-1,
52016-1, and 52018-1"%°. This will push the Member States to explain where and why they
deviate from these standards.

From hourly calculation results: energy needs for heating and cooling
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Figure 9: Example output graph from 1SO 52016-1:2017 spreadsheet offered by the EPB Center®!

The spreadsheets offered by the EPB Center are meant “to support the implementation and
use of the standards” and are not “aiming to be user friendly” as declared by the EPB Center
itself in the spreadsheet. The end user seeking a graphical user interface must therefore seek
other tools on the market.

A proper shaping and execution of building data processes requires instructed personnel.
Therefore, another important part of the political dimension is training the workforce in the
building sector in the creation, management, use, and exploitation of building data assets.
These trainings should be accompanied by appropriate education pathways for forming
professionals and awareness raising of the public in the medium to long term.

The development of technical infrastructure in terms of storage, computational power,
transaction speed, security, stability, service-oriented architecture, and user-friendly software
needs to accommodate the expansion of the data value chain. Policies should allow this
development to take place within a structured framework under EU sovereignty and foster
efforts that are coherent with and accessible to societal needs.

9 Directive (EU) 2018/844 of the European Parliament and of the Council of 30 May 2018 amending Directive
2010/31/EU on the energy performance of buildings and Directive 2012/27/EU on energy efficiency, Annex I,
point 1. . Accessed 23/01/2024
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4.2. Economic

Promising business models must underpin sustained data collection, data sharing, and
related services. Data collection, curation, storage, sharing, as well as creating added value
out of data and ultimately providing useful services to stakeholders requires lots of resources
and is time intensive. Therefore, enablers of economic viability of data platforms, such as the
BuiltHub web-based platform, the national BSOs, and the EU BSO in the long-term are
investigated, evaluated, and proposed using different underlying mechanisms. Especially
relevant mechanisms in the context of BuiltHub and the BSO are:

e Obligation

o How it works: a mandate to collect and manage data is given, typically
accompanied by financing coupled with a compliance-checking mechanism.

o Example: the European Commission asks Member States to collect, manage,
and report data about their building stocks.

¢ Data exchange model

o How it works: companies create data marketplaces or exchanges where data
providers can share their data with other businesses in exchange for access to
other datasets, services, or compensation.

o Example: a consortium of property management companies creates a data
exchange platform where they share building performance data, such as energy
usage and maintenance records, with each other. This enables benchmarking
and best practices sharing among participating companies. Similarly,
governments of Member States could share data about their building stocks
with each other, for the same reasons and benefits.

e Freemium

o How it works: companies offer a basic service for free, but users can upgrade
to a premium version with additional features or functionality by paying or
sharing their data.

o Example: BuiltHub is making a free basic version of its platform publicly
accessible. In exchange for paying or sharing more detailed building data,
building portfolio managers (public or private) can upgrade to a premium
version with advanced services.

e Crowdsourced data

o How it works: companies collect data from a large group of users who voluntarily
contribute data in exchange for access to a collective dataset or a service.

o Example: users report building data in exchange of access to the BuiltHub (or
BSO) data and services.

e Data collaboration

o How it works: companies collaborate with each other to share data that can
benefit both parties, often for research, market analysis, or business insights.

o Example: administrations provide cadastral and EPC data to energy agencies
and research institutions in exchange for the development of energy renovation
scenarios.

e Data-as-a-Service (DaaS)
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o How it works: companies offer data-related services, such as data hosting,
cleansing, enrichment, quality checking, visualisation, or APl access, in
exchange for a fee.

o Example: the BuiltHub consortium merged different datasets together to enrich
building stock data with additional indicators derived from calculations on
several merged datasets. The BuiltHub platform allows hosting, filtering,
visualisation, and download of the data.

The BuiltHub’s point of view is that a business model will only work if each public stakeholder
involved is granted legitimacy, capability, and means to carry out the required activities while
clearly seeing the relevance. Private organisations need to see clear benefits for their business
as well, economic, or otherwise. Finally, individuals must perceive participating in the data
value chain as beneficial for their work or private life.

The BuiltHub business models to be developed as part of Task 6.3 are closely linked to the
BuiltHub community needs and requirements, platform services, use cases, and pilot
initiatives. Deliverable D3.4 “Functionalities of the BuiltHub platform and provided services”®?
reports the provided services and business approach for each stakeholder type based on the
BuiltHub community inputs given in deliverable D2.2 “Report on relationships of stakeholder
needs and requirements”. The following organisation types are part of the BuiltHub community:

e Academia

¢ Financial

e Designer

e Policy maker

e Energy agency

e Public body

e Industry

e Consultancy

¢ Non-profit / association

Furthermore, BuiltHub is constantly reaching out to address other types of stakeholders. The
above organisations are also consulted to provide insight on stakeholders in their network that
are difficult to engage directly.

In the following, we give an example of a possible service concept and business approach
emerging from the stakeholder engagements. Others are contemplated in above-mentioned
BuiltHub deliverable D3.4 “Functionalities of the BuiltHub platform and provided services”.

We assume a real estate developer or owner of a building portfolio interested in energy
retrofitting their properties to improve indoor comfort, save on energy bills, and raise the value
of the properties. The retrofit process may typically include the following steps:

e Analysis of pre-retrofit building status

92
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o Analysis of official documentation (cadastral data, technical documentation of
installed components, etc.)
o On-site inspection
o Status report
e Development of upgrade plan proposal
o Proposed improvements
o Expected energy savings
o Financial analysis (e.g., capex, opex, ROI)
¢ Retrofit design
o Design project
o Tender documentation
e Tender, bid, and procurement management
¢ Installation, commissioning
e Delivery
e Support

The analysis of a building’s status and history can be supported by a building logbook acting
as repository of building plans, previous works, energy consumption and production profiles,
etc.

BuiltHub recommends linking an energy retrofit project to certification and rating processes,®
as the retrofit should lead to tangible improvements in energy performance and other aspects
reflected by the certificate and rating. The dimensions analysed and recommendations given
in this deliverable facilitate dynamic certification, rating, and retrofit processes, which today are
burdened by cumbersome procedures in data management. This means that the property
owner must pay much more for the service or invest much more time in preparing documents
or both. From the owner’s perspective, transitioning from paper-based, manual, non-
standardised, opaque procedures to a digital, streamlined, transparent, trustworthy workflow
is advantageous if there is a gain in time or money or both. An important benefit might also be
the lower risk of issues arising during the process. From the service provider’'s perspective, at
first sight there might seem to be no incentive to lower the price of the service. However,
assuming a sufficiently flexible market, a service provider can benefit from offering owners
lower prices in exchange of getting more and better-structured data. The service can be offered
at a lower price thanks to a streamlined data management, which allows service providers to
gain a competitive edge, i.e., to outperform competitors. In addition, with the consent of the
owner and after appropriate processing in accordance with privacy laws (e.g., aggregation or
synthetisation), data may be sold or used to further improve the service provided.

4.3. Technological

A first step along the technological path is digitalisation, to enable fast and easy processing
and re-use of data. Manual and paper-based procedures should generally be avoided,

93 This is a focus of the project iBRoad2EPC, . Accessed 17 October 2023
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because they are labour-intensive, slow, error-prone, and render efficient data processing and
re-use very difficult if not impossible.

As an example, a potential for improvement is given by many of today’s building rating and
performance certification processes which, according to input from the BuiltHub community
and specifically real estate managers and building owners, require a high amount of
paperwork. This increases the time and cost of the process itself and hinders re-use of
information.

Only in specific cases, for example when dealing with highly sensitive information where illicit
tracking, hacking, or tracing would have severe consequences, paper documents may be
considered a better choice. They might also serve as hardcopy for contracts, although the
advent of digital signatures, blockchain, and other cryptosecurity solutions are making this
purpose more and more obsolete.

However, digitalisation alone is not enough. The traditional “web of documents” allows for
processing of information by humans but not necessarily by machines (computers and other
devices). Many of the highly used document formats today, such as DOC, TXT, PDF, and
HTML, do not allow machine-readability, i.e., easy extraction of structured data and information
by machines. Therefore, a step towards encoding of semantics (meaning) with the data (the
“semantic web”) or inferring semantics from the data (recent ML and, generally, Al approaches)
is needed. The “semantic web”, an expression coined in 2001%, is an extension of the World
Wide Web standardised by the W3C. Technologies such as RDF and OWL are central
elements since they can formally represent metadata. Together with other structures
(taxonomies, ontologies, rules, etc.), these technologies aim to facilitate the integration of
information from different sources. For the building sector and specifically assets in buildings,
the Brick ontology is a noteworthy example, see Figure 10.
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Figure 10: Brick ontology example diagram®®

94 Berners-Lee, Tim; James Hendler; Ora Lassila (May 17, 2001). "The Semantic Web". Scientific American.
Retrieved 2 November, 2021.
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Since more recently, ML and Al offer a modern take on the idea of the semantic web while
responding to some of the criticisms regarding the semantic web’s implementation complexity
and other issues. Although the most adequate guidelines and technological solutions are under
constant development, BuiltHub sees a clear necessity and trend towards interoperable,
standardised machine-driven data communication and services.

Complementary to machine-machine intercommunication, recent developments have seen a
steep rise in human-machine Al tools as well, allowing users to ask complex questions and
getting increasingly reliable answers. However, the availability and quality of building stock
data remains a bottleneck to properly leverage such tools.

Today, data acquisition in buildings is facilitated by the increasingly common use of monitoring
through meters, sensors, BMS, smart equipment and devices, wearables, etc. However, the
data collected is oftentimes not exposed to an interested stakeholder but buried in proprietary
systems for system-internal use. Even if the data is accessible, this does not mean that it is
exploited in the best way. For instance, with the rollout of smart electricity meters, there is the
potential to better inform electricity suppliers about consumer behaviour, which would allow
them in turn to offer the consumer more attractive billing from profit generated by optimising
the central system. This potential remains largely untapped if the demand profiles of
consumers are not constantly analysed.

The success of the BSO crucially depends on convincingly delivering the technical
requirements stated in Table 1. From a functional architecture point of view, the BuiltHub web-
based platform consists of six areas to deliver these requirements:

o Data gathering

o Data pre-processing and quality checks
¢ Data ingestion

e Data storage

e Service execution

e Service availability

The data gathering can occur either programmatically, through an API in an automated or
semi-automated fashion by machine-to-machine communication, or manually, by a user
uploading data to the BuiltHub platform. This raw data must then go through the data pre-
processing and quality checks (see deliverable D3.2 “Methodology on quality assurance”®)
to become suitable for ingestion into the database of the platform. The service execution and
service availability areas ensure that services such as data analytics and visualisation are
available to all stakeholders anytime and that they are promptly executed. While the data
gathering can be considered as one end of the platform exposed to the outside world, the
service availability area represents the other end where a machine or a human can interact
with the platform. BuiltHub recommends this functional architecture for the next-generation
BSO, as it is expected to accomplish the technical requirements in Table 1.
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For the BuiltHub platform, a graph database was chosen at the heart of the architecture to deal
with the huge variety of data involved and since it allows semantic queries.

Furthermore, technical solutions that allow overcoming barriers related to privacy, data
ownership protection, and IP protection should also be investigated and deployed once
mature, as well as those that allow stakeholders to share data without having to renounce the
value of their data.

4.4. Legal

Data providers, users, service providers, and intermediaries need transparent legislation on
data provision, sharing, and re-use agreements and contracting schemes and procedures,
tackling aspects such as privacy, ownership protection, data protection, intellectual
property protection, and licensing. Private companies in the data business and private
owners of data need clear rules on these aspects.

The legal framework must protect against abuse by private companies, disciplining long-term
data handling.

Legislation easily lags technological advances. Therefore, improved mechanisms to quickly
respond to technological changes are important. The recent renaissance of Al poses a series
of legal issues. In addition to the aspects mentioned above, these include liability and
accountability (who is responsible for Al decisions), fairness (how can we prevent biases in Al
systems), and cybersecurity (how can we protect Al systems from hacking and misuse, and
what are the legal consequences for malicious activities involving Al).

To allow rapid and easy integration of these schemes and procedures in their daily business,
guidance should be offered to them in multiple ways, for instance through document templates,
consultancy, training, best practice examples, and online forms, preferably offered by online
or physical one-stop shops.

BuiltHub proposes a generic data provision model agreement and IP rights strategies for
adaptation by stakeholders.

The political dimension should ensure the allocation of appropriate funding and resources to
the creation and provision of document templates and training facilities, monitoring and
impartial evaluation of existing efforts, and compilation of best practices.

4.5. Environmental

In BuiltHub, the primary driver for wanting to revolutionise the building value chain is the belief
that such a revolution will have far-reaching benefits at all levels of society. Massive energy
savings and decarbonisation are expected to be triggered by leveraging building-related
data, because this data will allow greener building design, construction, operation, renovation,
and end of life. Moreover, better decisions will be taken at energy infrastructure and community
level.

D6.6 Roadmap towards dynamic and automated building data collection
50



== O BuiltHub

Decarbonisation is a key element in mitigating climate change and needs to be reconciled with
the rapid growth of global energy demand. The European Environment Agency (EEA)
maintains a database on climate change mitigation policies and measures in Europe® to
reduce greenhouse gas (GHG) emissions. The reported strategies include:

o Retrofitting buildings to make them more energy efficient
e Adopting renewable energy sources

o Developing more sustainable transport

e Promoting sustainable land use

Buildings are a central element of all items in the above bullet list because they are prosumers
of renewable energy sources, represent a central factor in e-mobility, and compete for land
use.

The political, economic, societal, technological, and legal measures recommended by BuiltHub
are devised to drive decarbonisation and consequently generate a strong positive impact on
the environment. This impact is expected to largely offset the negative environmental impact
caused by the additionally required digital data infrastructure. Not to be neglected is the
environmental benefit of reducing paper and physical traffic linked with paperwork.

4.6. Social

BuiltHub’s proposed roadmap can only succeed if its principles and practical steps are
accepted by society. A shift in the mindset towards a data-sharing culture driven by mutual
benefits is required. Such a culture must become second nature to people.

This cultural and social transition should be supported by the other dimensions as follows.

e Political

o A training framework for professionals working with building and building-
related data (engineers, real estate developers, inspectors, auditors, managers,
planners, consultants, data analysts) and proper education of the public is
needed to allow building of competences and skills.

o Supporting the creation of an open, accessible, and flexible data infrastructure
and market will allow people to flexibly work with data. The creation of the
national BSOs and EU BSO is a prime example at highly aggregated (national
and EU) level, but these observatories must be fed by many other databases
at lower levels of aggregation containing GIS, real estate and property,
cadastral, certification, and performance data, to name a few.

e Monetary or other benefits, such as building/dwelling management and service
contracts, may provide a crucial motivation for people to provide and share data that
otherwise is difficult or costly to obtain. For instance, homeowners or shop owners may
be willing to publicly expose the energy performance, IEQ, or other KPIs of their homes
or shops, respectively, if this unlocks or attracts services that are interesting for them.
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e Technological improvements in digitalisation, accessibility, security by design (as
enabled, e.g., by blockchain technology), privacy by design, and user-friendliness are
required to gain the trust of people that their data is adequately and carefully handled
according to agreement.

e The legal framework protects and defends data rights building trust.

e Potential environmental implications of improved monitoring and planning of the
building stock transition on daily life must be tracked and communicated in a
transparent manner during awareness-raising, training, and education.

Humans spend most of their time in buildings.®® With the increasing number of smart metering
and sensing devices installed in buildings and available to occupants, buildings can be
operated more efficiently, and occupants can be made aware of energy consumption, 1EQ,
and costs. This allows them to make choices beneficial to their lives and the environment.
Therefore, BuiltHub supports the rollout of smart infrastructure (e.g., smart metering), systems,
and devices. Although efforts exist to make IEQ data available to all, see for instance the
ASHRAE Global Thermal Comfort Database 11°°, the collection of IEQ data is still limited and
not included in the BSO. With the BuiltHub recommendations in Section 4, data from buildings
and platforms are expected to become FAIRer (more findable, accessible, interoperable, and
reusable). With more data available on buildings and their IEQ, better benchmarks (i.e.,
averages or distributions of IEQ for homogeneous building stock segments) in relation with
constructive properties and energy performance can be provided to property owners, tenants,
and the public (after appropriate aggregation or synthetisation).

Benchmarks make sense for many other indicators referenced in deliverable D3.1, such as
energy consumption per square meter in total and by end use (space heating and cooling,
DHW, lighting, etc.), building shell performance (U-values for roof, walls, floors, windows), and
CO; emissions per square meter.

Public authorities, policy makers, building energy auditors and certifiers, manufacturers, and
researchers can utilise these benchmarks to assess the evolution of the building stock over
time, design and revise policies, identify risks and improvement possibilities, and assess and
enhance products and services to be offered on the market.

As the building value chain undergoes the significant transformations mentioned above, it will
inevitably impact the nature of jobs associated with handling building data. Menial jobs are
expected to be less needed and to shift towards higher-qualified tasks, which on the one hand
will require proper education and training but on the other hand will offer higher job security
and salaries.

98 Klepeis NE, Nelson WC, Ott WR, Robinson JP, Tsang AM, Switzer P, Behar JV, Hern SC, Engelmann WH.
The National Human Activity Pattern Survey (NHAPS): a resource for assessing exposure to environmental
pollutants. J Expo Anal Environ Epidemiol. 2001 May-Jun;11(3):231-52. doi: 10.1038/sj.jea.7500165. PMID:
11477521.
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5.Implementation and conclusion

5.1. Roadmap timeline in brief

In this section, the recommended measures of Section 4 are embedded in a timeline for

implementation shown in Figure 11.

Present
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Trading & financial

Optimally in 3-5 years

Foster technical

Political ® data collection and sharing

Mutually beneficial

instruments, regulation

Central data &
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@
Privacy, data ownership, IP Model Guidelines & best
Legal ® . —— . >
protection & licensing framework agreements practices

Environ- . Decarbonisation Implementation Control & enforcement Solution packages
mental targets & scenarios plans mechanisms & showcases

Figure 11: Roadmap timeline

This timeline gives a recommendation on the sequence of actions to be taken for the different
dimensions (from political to environmental). For each dimension, each “thread” of actions (i.e.,
each horizontal line in Figure 11) may be developed almost independently from the other
threads, although interactions can prove to be useful. For each thread, earlier actions prepare
the terrain for later actions and thus act as prerequisites. Also, while the threads are
represented as straight horizontal lines, they can be considered as loops undergoing multiple

iterations and revisions. For instance:

Political — mandates & directives are the basis for establishing supporting and
regulating instruments operating in line with the former. Such instruments will allow
controlled (regulated) improvements in building data collection and sharing. Mandates
or directives for data collection and sharing are expected to foster harmonised
gathering and storing of information in the different Member States, which will facilitate
the aggregation process at EU level. For instance, defining which indicators to report,
and at which level of detail, gives Member States more clarity on what kind of data they
should collect and what information should be generated from the data. An example of
such an effort is the Concerted Action EPBD (CA EPBD) Key Indicators and Decisions
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(KI&Ds)® presenting relevant EPBD performance indicators or implementation
decisions per country. These indicators and decisions can change over time to
incorporate new policies, advancements in technologies and construction practices,
etc.

e Social — consultations and debates on future actions are going to shape education and
training. For example, the focus on specific technologies in a decarbonisation path
would lead to increased education and training in the deployment and use of those
technologies.

The timeframe considers an optimal case, which would see a first implementation wave of the
reported measures within three years although it is deemed highly probable from the
consortium’s experience that the process will take considerably longer in practice. The
timeframe of three years has been chosen for the following main reasons:

e To achieve the decarbonisation targets envisaged by the EC, the fastest possible
action is needed.

e There is no clearly insurmountable a-priori obstacle to performing these measures in
the next three years.

This timeline is largely in line with the roadmap presented in (Cavanillas, Curry, & Wabhlster,
2016) but updates and expands on it.

Realistically, the implementation process of the measures in Figure 11 is expected to take
longer than three years considering that in (Cavanillas, Curry, & Wabhlster, 2016) the year 2019
after a four-year implementation starting in 2015 was chosen as milestone year for extremely
ambitious targets envisioning Europe as world leader in several big data domains.

The following sections expand on Figure 11 with more detailed information on recommended
next steps.

5.2. Recommended steps to undertake

Figure 12 shows in a simplified manner main steps to undertake for deploying a data services
platform such as the BuiltHub web-based platform and the BSO.
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Deploy
business

model

Figure 12: Main steps in the data value chain

The use case is the starting point. This includes identifying the stakeholders, with their needs
and requirements, and the goals to achieve. For example, a use case is the creation of a LTRS
(or its evolution, the National Building Renovation Plan, NBRP, as proposed for the revised
EPBD??). Stakeholders involved in gathering and processing the required data are typically
the government, energy agencies, housing institutes, business institutes, engineering
institutes, academia, etc. The goals may be to characterise:

e The building stock itself. This may entail identifying features to which specific types of
retrofit packages can be applied, and clustering buildings into groups according to
those features.

e The most suitable retrofit packages to apply to specific types of buildings (buildings
belonging to a previously identified cluster) in terms of, e.g., energy savings, avoided
GHG emissions, and costs.

e The policies and measures needed to deploy the retrofit packages.

When building the use case, awareness raising may be necessary, as stakeholders may not
know what goals can be achieved and how. Thus, potential opportunities and benefits should
be explored and discussed together with them.

Next, to allow integration into existing data and knowledge exchange frameworks and
platforms, the envisioned use case and goals must be cast into a well-defined data model.
Here, data model is intended in a broad sense including intermediate data and transformations
in the data modelling process. Creating the data model involves several steps:

101 proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on the energy
performance of buildings (recast). COM/2021/802 final.
. Accessed 8 November 2022
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o Definition of the sought-after output indicators. For example, a renovation plan may
consider as outputs for the different scenarios final energy consumption or savings,
CO. emissions, and investment costs, broken down by sector, end use, and energy
source. Furthermore, retrofits may be characterised by the expected post-retrofit
performances of building components (e.g., U-values of roof, facade, or slab post-
retrofit insulation, new windows) and equipment (e.g., COP of a heat pump replacing a
gas boiler). For each output indicator, an unambiguous definition and documentation is
required. Indicators and definitions should be taken as much as possible from existing
authoritative sources and standards. For a common EU BSO to succeed, priority
should be given to directives and standards at EU level or endorsed by the EU.

¢ Producing an output indicator will typically require many intermediate steps, input data,
and calculations. For the purposes of this section, any data transformation and all
generated intermediate indicators from primary raw data to the output indicator are part
of the data model. Therefore, all transformations and intermediate indicators need to
be treated in the same rigorous fashion as the output indicators. Specifically, they must
be defined unambiguously, be well-documented, and integrated into existing
terminology and ontologies as much as possible.

To co-create a data model and prepare the following data gathering with stakeholders requires
establishing a process in which a common understanding and language (i.e., a shared
terminology) is established about the data to collect and how to collect it. This process may
start with the creation of working groups for the different sectors and consist of several
iterations in which the working groups propose indicators and transformations and experiment,
discuss, and revise them.

With the data model defined, the data gathering process can be streamlined to follow the data
model, see Section 5.2.1. In the best scenario, gathered data is directly suitable for ingestion,
i.e., to be transferred to its destination (such as a database, data warehouse, data mart, or
document store).

If the public is involved in the data gathering (e.qg., citizens filling out forms), proper awareness
raising should be carried out and clear instructions should be given beforehand to ensure that
they can adequately fulfil their task.

If use case and data model have been defined properly, making data FAIR is greatly
facilitated, especially as regards interoperability and reusability, see Section 5.2.2. However,
data and indicators will also be found more easily if they follow existing terminology and
vocabularies. Accessibility requires some more steps, such as stable and secure infrastructure
and services, authorisation mechanisms, and publishing data in compliance with GDPR, IPR
protection, and licenses.

Access to data alone is a value by itself, especially if the data is combined from different
sources. However, processing and analysing data, including quality control procedures, most
often requires a lot of expertise and hence technical sectoral experts and data specialists such
as data analysts and data scientists. Therefore, the development of data services is the next
important step. Today, entities involved in building stock data analysis such as statistics
institutes and energy agencies may have inhouse data specialists or rely on external services.
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The BuiltHub project contributes to the development and demonstration of services with
several deliverables, in particular:

e D3.2 “Methodology on quality assurance” (public)

o D3.4 “Functionalities of the BuiltHub platform and provided services” (public)

o D4.4 “Description of a workflow how to implement and transform data” (confidential)
e DA4.5 “Report on data visualization” (public)

e D5.1-D5.4 on the BuiltHub platform (confidential)

The last step in the simplified data value chain diagram shown in Figure 12 is the deployment
of a business model allowing sustained provision of data services. In this step, ways to raise
the necessary budget to cover expenses and allow for investments for the provided data
services must be studied and implemented, see Section 5.2.3.

If the business model proves to be unsuccessful, previous steps in the data value chain must
be revisited, possibly starting again from the use case.

5.2.1. Gathering of primary data

Arguably, the biggest issue still faced today is the lack of primary data. This issue was
already pointed out by the EPISCOPE project in 2016 in their 4™ Synthesis Report on “Tracking
of Energy Performance Indicators in Residential Building Stocks - Different Approaches and
Common Results”, pp. 93-100.1°? They concluded that:

¢ “Available information sources are not sufficient to fulfil the prominent role they should
play for climate protection strategies [...]. There are wide information gaps concerning
the actual state as well as the trends of building thermal insulation and efficient /
renewable heating systems.”

e “[...] there are many studies using building stock energy balance models [...]. But
information gaps are often closed by estimations, which are not based on objective
knowledge. [...] However, estimations [...] cannot replace the necessary objective
observations. The basic problem [...] is the lack of reliable and comprehensive primary
data.”

From BuiltHub’s analysis of the current BSO, this situation is basically unchanged. The
EPISCOPE report proceeds by mapping and analysing applicable data sources, reporting
that:

e Complete inventory counts and building portfolios were available only for two
countries (CZ, FR). There were still relevant data gaps, flawed data, and insufficiently

102

D6.6 Roadmap towards dynamic and automated building data collection
57


https://episcope.eu/fileadmin/episcope/public/docs/reports/EPISCOPE_SR4_Monitoring.pdf

== O BuiltHub

organised data maintenance. EPISCOPE concluded that “(almost) complete covering
of the building stock alone is not sufficient. The data also need to be maintained”.

Use of censuses is not a realistic option in most cases because of the small number
and types of indicators considered and the difficulty to adapt to aspects such as energy
efficiency and climate protection.

EPC databases “might be an interesting option”. However, “EPC data might be not
comprehensive” and include only calculation results but not underlying input data.
Furthermore, EPC data might give a biased view of the building stock, providing
incorrect statistical information. Correction factors may be used to reduce this risk but
require validation through additional data sources. Representative surveys were
suggested for that purpose.

Sample surveys “play a very relevant role”, especially if a full portfolio is unavailable,
which is “typically the case in large building stocks”. It was remarked the importance of
following the principles of sampling theory and that “under these circumstances
unbiased results can be expected and [...] standard errors [...] estimated”. However:
“In most of the cases available data of the surveys was incomplete [...], not statistically
robust [...] or out of date.” Overall, “a [...] comprehensive and broadly based survey
approach can be strongly recommended”; and it “is very recommendable to include an
as large as possible number of the interesting properties in the same survey so that
also correlations can be analysed. Merging the data from different sources is always a
difficulty, usually not making possible the observation of interrelations of the different
variables.” The adequacy of even small sampling fractions was stated, with the caveat
that less frequent building stock characteristics require a larger sample.

BuiltHub seconds these findings. Summarising:

Potentially existing national inventories (such as EPC databases, building renovation
passports, digital logbooks, cadastral data) covering a large fraction of the building
stock must be quality-controlled and regularly updated, e.g., in case of building retrofits.
They must be equipped with a mechanism for keeping track of updates (e.g., a version
control system).

Sample surveys, if done respecting statistics principles, are a reliable and effective
(also economically) method to characterise the building stock.

GIS data is worth mentioning as further data source, which is increasingly gaining importance
also thanks to services such as Google Maps and OpenStreetMap.®® This data can be
combined with satellite/aerial and street imagery. However, the creation of reliable 3-d
representations of buildings and the extraction of constructive features represents a challenge.

In the future, BIM data may become a useful source, especially if it contains the relevant
parameters, such as U-values.
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Section 2.5 mentioned main actors who should be appointed — through appropriate directives,
regulations, tenders, and other similar mechanisms — or incentivised — through financial
instruments or other kinds of benefits — to gather primary data and be responsible for data
quality and maintenance. Of utmost importance is that the data gathering supports data
FAIRness, see Section 5.2.2.

5.2.2. Making gathered data FAIR

As mentioned in Section 3.7, FAIR data refers to Findability, Accessibility, Interoperability,
and Reusability of data.

For interoperability and reusability, primary data must be gathered in a structured and
harmonised way. For the gathering of primary data, see Section 5.2.1.

Deliverables D3.1 “Inventory structure and main feature and datasets” and D4.1 “Building
sector indicators, definition, calculation, representation” list the indicators to report, and how
they are calculated and represented. Countries therefore need to establish primary data
gathering and pre-processing methods allowing such reporting. If there is agreement on the
indicators, indicator calculation methods, and indicator representations among all countries,
aggregation at EU level is greatly facilitated.

The confidential deliverable D4.3 “Data model design, specifications, mappings and storage
requirements” tackles the problem of creating a standardised ontology for interoperability of
data platforms. Main outcomes can be summarised as follows:

¢ [SO and EU specifications differ in many aspects. In conflicting cases, BuiltHub has
given priority to EU rules and the latest DCAT-AP (Data Catalog Vocabulary Application
Profile) and GeoDCAT-AP specifications.1%

e EU vocabularies and ontologies were followed, namely, Eurostat’s own vocabularies,
such as SIEC (Standard international energy product classification)®®, NUTS
(Nomenclature of Territorial Units for Statistics), and Publications (for countries and
places)?®,

e A new vocabulary “blthb” was created for BuiltHub where existing vocabularies were
not specific enough for the datasets integrated into the BuiltHub web-based platform.
The vocabulary is used to represent concepts regarding energy, building materials,
building types, building sectors, etc.

e The Data Catalogue present on the BuiltHub web-based platform specifies for each
BuiltHub dataset its structure, indicating for each field title, general description,
predicate, data type, cardinality, and an example for its content. Fields common to all
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datasets are spatial, temporal, and unit of measurement predicates. The data types or
ranges are specified as well.

e To control access and availability, several entities — the representation of a concept,
metric or key point found inside a dataset from a business/functional point of view —
were defined. Building type, building sector, dataset type, access type, or availability
type are examples of entities since specific businesses might get access to certain
entities but not others.

5.2.3. Sustainably providing data services

Section 2.3 has stated several basic and more advanced services building on top of existing
data. Such services, and especially more advanced services, can only be successful if there
is a sound and high-quality base of primary data, see Sections 5.2.1 and 5.2.2.

A basic and crucial service that should not be forgotten is keeping data processes and
platforms alive and well-maintained.

A tiered pricing model is recommended, in which basic services are offered to a large user
base for free or at a very low price, more advanced services are offered to users willing to pay
more, and highly resource-demanding, very advanced services are offered to customers able
to sustain the price. Moreover, data can serve as currency insofar as data providers may get
access to some data services “for free”, i.e., without any other form of payment in addition to
the provided data.

BuiltHub confidential deliverable D6.1 “BuiltHub platform value proposition” presents three
basic value proposition models for the BuiltHub web-based platform:

1) Enabler. The offered service consists mainly in enabling users to do more advanced
data manipulations with their datasets. In other words, customers perform the main
value-adding work on their datasets themselves.

2) Expert system. The offered service is mainly to answer users’ requests for specific
results to be obtained by manipulating their datasets. That is, the customer provides
the dataset and requests a result; the work is done by experts on behalf of the
customer.

3) Marketplace. The offered service is configured as matchmaking system where the
data provider is brought together with the data analyst or scientist.

Mixed value proposition models are possible to a certain extent. In BuiltHub, services provided
by the BuiltHub web-based platform are presented in deliverable D3.4 “Functionalities of the
BuiltHub platform and provided services”. Advanced services are described in the confidential
deliverable D4.4 “Description of a workflow how to implement and transform data”. The latter
document explores ML models in detail. Specifically, it:

e Maps use cases in building stock research to suitable ML methods.
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e Gives practical examples drawing from available data in Sweden, e.g., on the recycling
potential of PVC flooring and hazardous material assessment in renovation and
demolition.

e Develops a ML approach as part of the BuiltHub roadmap (this deliverable) and applies
it to a pilot case, namely, the Swedish building database for energy retrofitting. This
pilot case aims to enrich the Swedish EPC database and hence represents an
important replication potential for other countries, provided that sufficient sound-quality
primary data is gathered by those countries (see Section 5.2.1). The pilot case also
demonstrates how street imagery can be leveraged to identify building characteristics
an EPC is typically missing but are required to assign the appropriate energy retrofit
package to the building.

BuiltHub explores (and recommends) automating parts of the ML workflow to bring down costs.
However, a considerable amount of expert knowledge is typically required to carry out ML
studies at high quality. Therefore, a two-level strategy is pursued:

1) Basic automated ML embedded in the data platform, allowing users to autonomously
run customizable studies. There is an increasing amount of free or easily affordable ML
libraries for common programming languages available on the market. Such a service
can be offered at a more affordable price.

2) (ldeally building on Step 1) Commissioned, more complex ML analysis performed by
experts. This service will typically have to be rather expensive to cover all costs.

Costs for the provision of data services can be contained further by leveraging, supporting,
and participating in well-established frameworks for collaboration, infrastructures, processes,
and tools. Frameworks at EU level are listed in Section 2.1. For instance, in the Concerted
Actions, periodic reviews and discussions take place on implementation decisions and key
indicators concerning building stock monitoring and transition. Regarding infrastructure, we
mention the “official portal for European data™®’ as effort to provide persistent access to
datasets including documentation and publications, stories, use cases, courses, and
standards. Finally, the BuiltHub platform documented in the confidential deliverables D5.1-
D5.4 represents what BuiltHub considers as state-of-art in deployable tools.

5.2.4. Implementation suggestions from best practices

In this section, we aim at providing implementation suggestions based on existing best
practices how the current building stock data value chain could be improved, from data
collection to data use and generation of impact.

As explained in Section 5.2.15.2.1, availability of reliable data still represents a major issue. It
makes sense to use dedicated approaches for the residential and services (non-residential)
sector if data availability is different.
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For basic data such as number and floor areas of buildings and dwellings, Member States are
free to decide how to carry out the periodic censuses (in Europe, every 10 years). They can
employ census interviewers, statistical registers, or a combination of the two. The trend is to
move towards register-based systems.'® In-between the censuses, building permits and
construction records issued for new constructions can be used to track the number of new
buildings and modifications to existing ones. Censuses, permits, and construction records, are
complemented by GIS, land registries, and cadasters. Further, where feasible and cost-
effective, it is suggested to cross-check or complement this data with remote sensing and
aerial imagery, data from utility companies, and population registers.

Much less may be known regarding the energy performance and yearly renovation of buildings.
On this aspect, we report several use cases in the following subsections.

5.2.4.1. Use case #1: energy performance and renovation monitoring of the German
building stock

The IWU (Institut fir Wohnen und Umwelt, Institute for Housing and Environment) carried out
a study on residential buildings in 2008-2010 and published the results in a report in 2010.1%°
The purpose of the study was to assess the energy performance and renovation efforts in
residential buildings, data that was previously not available or not in the desired quality.

It is especially useful in the context of BuiltHub to report the methodological approach adopted
in the study. Specifically, we underline once more the importance of a statistically
representative sample, i.e., a sample that allows extrapolation to the entire building stock
segment under scrutiny.

It was decided to interview homeowners or representatives thereof. It was assumed that the
owners - especially in comparison to the tenants - had the most reliable information regarding
the building and its services. As representatives of the owners, employees of housing
companies or, in the case of owners’ associations, the property managers or caretakers, were
considered.

The data collection was carried out by chimney sweepers since Germany is divided into
sweeping districts that cover the whole country and do not overlap. Buildings without
fireplaces, e.g., those with electric or district heating, are also assigned to a sweeping district
and therefore included in the analysis. Importantly, the sweepers have access to the building
owners because the latter are their customers.

Side note: who is best equipped to carry out the data collection is of course country specific.
Instead of chimney sweepers, energy auditors (e.g., in the context of EPCs), building
inspectors, etc., may be employed.

108

Accessed 24 October 2023
109

Accessed 24 October 2023

D6.6 Roadmap towards dynamic and automated building data collection
62


https://ec.europa.eu/eurostat/web/population-demography/population-housing-censuses/methodology
https://www.iwu.de/fileadmin/publikationen/gebaeudebestand/datenbasis/Endbericht_Datenbasis.pdf

== O BuiltHub

Coming back to IWU’s study, a 16-page survey was used. It was tried to assess data
concerning energy efficiency in as much detail as possible for such a kind of survey. E.g.,
regarding building component insulation, the thickness of the insulating material and the share
of the insulated surface area were considered. In the case of heat supply, supplementary heat
generators (e.g., solar heating, additional wood stove) were surveyed. Furthermore, general
information on the building (e.g., year of construction, number of apartments, type of
ownership), the construction method (e.g., exterior wall construction, roof type), and other
refurbishments (e.g., new roofing, plaster renewal) were assessed. A part of the survey
concerned the financing of energy-saving measures and planned refurbishments.

The sample creation was carried out in two steps. First, the sweeping district was randomly
chosen. Second, building addresses were randomly chosen. In cases of more buildings with
the same address, a third step followed, in which one building was chosen at random.

Stratification was used in both steps to ensure a similar number of buildings per federal state
and building type. Special categories such as new buildings were sampled disproportionally
considering their small number, to give them special attention. The so-introduced bias was
corrected through appropriate weighting in the extrapolation phase. Weighting was also used
to remove bias caused by different dropout percentages per considered segment.

Validation of the data obtained was performed by comparison against building construction
statistics. Remaining discrepancies were adjusted in accordance with the latter.

The result was 7,364 residential and 146 non-residential building (with partial residential use)
records. This sample amounted to about 5.4% of all sweeping districts in Germany. Over
7,500 building owners or administrators filled the questionnaire. Over 600 participated in the
additional telephone survey. Over 400 chimney sweepers and their collaborators were
involved in the study.

The chimney sweepers themselves filled a short questionnaire of two pages, then they were
assigned to hand over the main 16-page questionnaire to the owner or a suitable
representative and give support in filling it. Importantly, for each filled questionnaire, the
chimney sweepers were remunerated.

In summary, the main questionnaire consisted of the following parts:
e Part 1 — general building information
o Building age
o Number of dwellings
o Listed / not listed (concerning historic buildings)
e Part 2 — building energy systems
o Heating systems (type and age)
o Energy carriers

o DHW systems
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o Renewable energy systems
o Ventilation systems
o Air conditioning
e Part 3 — construction type, separately for external walls, roof, floor, windows
o Type
o Insulation area and thickness
o Retrofit year
e Part 4 — non-energy-related renovation since January 1, 2005
e Part 5 - funding / financing since 2005
o Use of funding / financing
o Financing with own / outside capital
e Part 6 — new construction since January 1, 2005
o Energy certificate
o Building standard
e Part 7 — renovation plans in next five years
e Part 8 — barrier-free living
Figure 13 shows a typical table in the IWU report.

Tabelle 5.8-2: Baualter von Liiftungs- und Klimaanlagen

Baualter Loftungsanlagen | Klimaanlagen

bis 1999 31,7% +/- 5,7%] 19,9% +/- 7,9%
2000 - 2004 37,1% +/- 8,2%] 16,7% +/- 6,6%
ab 2005 31,1% +/- 8,2%] 63,5% +/- 9,0%

Figure 13: Typical table in the IWU report on energy performance and renovation monitoring of the
German residential building stock!*?

It shows the age ranges of ventilation (“Luftungsanlagen”) and air conditioning
(“Klimaanlagen) systems: until 1999, between 2000 and 2004, and since 2005.
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Note that standard errors are given, thereby providing a measure of the uncertainty
associated with the reported shares. This is a good practice that should always be included
in the estimates.

Figure 14 gives an example of the results obtained after data evaluation.

Abbildung 4-2: Haufigkeitsverteilung von Dammstoffdicken bei der AuBenwandddammung (alle Ar-
ten der DAmmung)

Prozentwerte bezogen auf alle Hauser der jeweiligen Gebaudekategorie, die eine Wanddam-
mung aufweisen, d. h. die Balken gleicher Farbe addieren sich zu 100 %.
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Figure 14: Typical chart in the IWU report on energy performance and renovation monitoring of the
German residential building stock*'!

The x-axis shows the insulation thickness, the y-axis the share among all buildings (first, blue
column), buildings built until 1978 (second, purple column), buildings built between 1979 and
2004 (third, yellow column), and buildings built since 2005 (fourth, cyan column). Columns of
the same colour add up to 100%.

The IWU report includes many more tables and figures on the energy performance and
renovation activities of the German residential building stock similar in structure to the ones
shown above. This allows decision makers to revise existing policies and funding schemes
and potentially establish others. Albeit the report follows a rather traditional approach to data
collection, it reminds us of the rigour and effort required to have a solid data base for further
steps.
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While the report could deliver a better picture of the residential building stock, data about the
non-residential building stock was still insufficient. Further, the above results refer to 2010 and
therefore require periodic updates. Such an update was performed in 2016-2017*'2, This time,
the data was collected mainly through 92,100 4-page paper questionnaires sent via mail by
683 randomly selected municipal property tax offices to the building owners of the
representative sample chosen in an analogous way to the 2010 study. As in the 2010 study,
the 2016 study reports the statistical methodology used in detail in an annex.

For the non-residential building stock, a dedicated study was published by the IWU in 202213,
The study states that so far this stock had not been sufficiently mapped in official statistics. In
the study, over 21 million non-residential buildings were identified, however including by two-
thirds garages, garden huts, and other secondary buildings. About 2 million non-residential
buildings, with a gross floor area of about 3.5 million m?, were considered relevant for energy
efficiency and refurbishment considerations.

It was further stated that refurbishments were most advanced for roofs / last floor ceilings and
windows / glazing. A yearly average energy renovation rate of 0.7% of the building envelopes
was reported, which was deemed insufficient to reach the climate goals. The authors also
stated that about 2% of the external wall surfaces are renovated each year without insulating
them. They reported a yearly replacement rate of 2.3% for heat generators.

The observed renovation dynamics among private institutional owners, public owners, and
private individuals was different, with some energy conservation measures carried out to a
higher or lower amount depending on the category, which gives an insight on the effectiveness
of supportive or hindering mechanisms in play. This highlights the importance to survey the
type of ownership.

The study also elaborates on and leverages possibilities to use geospatial data. A major issue
in characterising non-residential building stocks is discerning residential from non-residential
buildings first and, once this is successful, determining the class the non-residential building
belongs to. The BSO uses the following classification:

o Office

e Education

e Health

¢ Hotels and restaurants

e Wholesale and retail trade

e Other

112
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Clearly, such a classification is important to target each building class differently, considering
that energy-related requirements and opportunities are different.

To infer the building type, the IWU study used georeferenced footprints (polygons). Of about
100,000 accessed footprints, about 90,000 were identified as related to buildings. Of those,
about 67,000 could be identified as non-residential according to the given definitions. The
others did not necessarily map directly to a nhon-residential building but had to be combined or
split. In almost all cases, one or two polygons were sufficient to map to the non-residential
building. The study further states that random forest classification has the potential to correctly
classify 90% of all buildings as either residential or non-residential.

Still, to train such a model, labelled data is needed, i.e., many buildings must already be
classified correctly so that the model can learn the geometry of hospitals, office buildings,
schools, etc. Therefore, the study reports as central element for success that a screening was
performed, which included 5,630 usable interviews and 464 usable on-site inspections.

The interviews provided data on “structural features” such as function, age, surface areas, type
of ownership, and type and efficiency of building systems.

The on-site visits were used to determine whether the footprint polygon was that of a non-
residential building or not (or only part of it), who could be asked for further information (data
protection didn’t allow direct access to addresses and ownership data), and other “structural
features”, see below.

The on-site inspections required considerable resources. Therefore, a dedicated application
was developed to accommodate the data, and local personnel was used whenever possible
to reduce traveling between the sites.

For the 464 inspected buildings, energy experts analysed calculated energy demand and, if
permitted by the owner, measured energy consumption. This allows validating energy demand
calculation tools.

From 3-d building data at LoD1 (Level of Detail 1), it was possible to deduce geometrical
properties for all buildings in the sample: floor area, height, and surface areas by orientation.
In combination with information from survey respondents, this allows determining the potential
surface areas for energy renovation and those that were already energy-renovated.

The study further acknowledges the importance of a clear definition of what constitutes a “non-
residential building”, and that such a definition was an important decision element. The result
of the discussions was a “primarily visual, architecturally motivated definition”. According to the
study, this definition provided the most consistent results in tests and proved to be practical in
the field.

An important issue tackled by the study is how to best quantify the renovation rate as estimate
starting from the available sample of buildings. The authors calculate a separate factor for each
construction component that indicates the share of non-residential buildings that have that
component energy renovated. Taking the roof of a building as example of a construction
component and insulation as performed energy renovation, we would calculate the share of
non-residential buildings that have an insulated roof. Since it is crucial to consider the size of
a building, a similar share can be calculated that is not related to the number of buildings but
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to the surface area involved. For example, a surface area share of 45% for insulated roofs
would indicate that 45% of the total roof area of all non-residential buildings is insulated. A
share of 100% would mean that all roofs (of non-residential buildings) are entirely insulated.
These shares were calculated independent from insulation thickness.

As an important note, such a calculation therefore refers to the renovation rate affecting the
surface area of a specific construction component. On the other hand, the Commission
Implementing Regulation (EU) 2022/2299 of 15 November 20224, Annex IV, Table 2 on
“Milestones and progress indicators of the long-term strategy for the renovation of the national
stock of residential and non-residential buildings — building stock” already mentioned in Section
2.1 of this deliverable asks for the total floor area renovated. If data were collected at single
building level, including geometric data about the building, for a fully renovated building, the
whole floor area could be accounted for as “renovated”. If not the entire surface area related
to a specific building component but only a part of it was renovated, one could count only the
heated or cooled floor area energy-affected by the renovation. For example, if in an apartment
building with multiple owners one owner decides to replace the windows, only the floor area of
that apartment would be counted. This would avoid double counting of floor areas if other
owners decide to replace their windows as well. If the roof of a building was energy renovated,
this energy conservation measure would count for all floor areas of the building since it reduces
the heating and cooling energy demand of the whole building. Equipment replacement (e.g.,
of a boiler) would also count for all floor areas affected by it.

However, only aggregated data might be available. In that case, one could still infer the
renovation rate, albeit with a higher margin of error. We give the following calculation example,
which is fictitious but based on realistic numbers.

Renovation data for year 2020:

e Insulated facade area: 15 million m?

¢ Number of facade insulation measures performed: 60,000

e Average facade area per fagade insulation measure: 15,000,000 m?/ 60,000 = 250 m?
Building stock data for year 2020:

e Total number of buildings in the whole building stock: 15 million

e Total floor area of the whole building stock: 4.5 billion m?

e Average floor area per building: 4,500,000,000 m? / 15,000,000 = 300 m?
Assumptions:

e Each measure was performed on a distinct building.

114 . Accessed 07/06/2023
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e The whole building fagade was renovated in all cases.
e The reported building stock floor area refers to heated or cooled area.

Then, 250 m? of insulated facade area would correspond to 300 m?floor area affected (and
therefore considered as “floor area renovated” per building). One would then deduce a total
“floor area renovation rate” of 300 * 60,000 / 4,500,000,000 = 0.004 = 0.4%.

Returning to the IWU study, the authors note on page 23 that there is an important amount of
renovation works on external building walls taking place, including bigger works such as
renewal of plaster or cladding, without insulating. They conclude that the observed renovation
rates could be increased with the available workforce capacity, considering that two measures
executed separately would require more resources than combining them into a single, more
comprehensive renovation.

Regarding the replacement of heat generators (pp. 23-24), the authors of the IWU study noted
a replacement rate of about 2.3% overall (in non-residential buildings). However, over 80% of
the owners of a gas boiler substituted it with another gas boiler. Therefore, the authors
concluded that there is still a big gap in reaching the climate goals.

Exemplarily for the challenges that may be encountered in reaching statistical
representativeness, we report one table extracted from the study, see Figure 15.
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Tabelle 5:  Energietrdagerwechsel bei der Modernisierung der Hauptwarmeer-
zeuger seit 2010
Austausch Hauptwarme-
erzeuger (4.3.3.1.8) Womit wurde die Heizwarme
Bezug: GEG-relevante NWG, in vorher (iberwiegend) erzeugt?
B (Fragebogen qG17, Spaltenprozente)
Warmeerzeuger erneuert
wurde.
Welche Art von Warmeer-|Gas-Heizkessel Ol-Heizkessel ~ Nah- oder |Warmepumpe
zeuger wurde bei der Fernwdrme
Modernisierung 100% 100% 100% 100%
neu installiert?
(w_erz_art_et_neu_2)
Gas-Heizkessel 80,5% £ 6,2%  33,9% +9,3% 38,7% + 18,9%| (£2%+31:6%)
Ol-Heizkessel (8%¢) 14,9% + 4,0% (8%) (9%¢)
|Biomasse-Heizkessel (2,4% +1,4%) 25,9% + 11,8% (8%) (8%¢)
|Elektr. Warmepumpe (0,2% +0,2%) (0,2% + 0,1%) (8%) (2,9% £ 3,3%)
|KWK 4,8% +1,7% 13,6%+6,5% (4,1% *2,7%) (8%)
|Brennst. Warmepumpe | (0,3% +0,2%) | (0,4% + 0,3%) (0%%) (87,1%+14,7%)
|Nah- oder Fernwarme 10,9% + 5,3% ((10,5% % 5,3%) 34,1% *+ 14,2% (8%¢)
|Dezentr. Warmeerzeuger | 1,0% +0,4% | (0,7% + 0,4%) (2253%+18-19%) (8;79%¢+10.0%)
Sonstige (639c+0,1%) (654) (8%) (8%)

Klammerung (#,#%) bedeutet, dass der relative Standardfehler = 50% oder die giltige Fallzahl < 5 ist.

Klammerung und durchgestrichene Schrift (##3%), bedeutet, dass die giiltige Fallzahl £ 1 ist.

Figure 15: Table on heat generator replacement rates extracted from the IWU study on energy renovation

in the non-residential building stock in Germany

115

The table shows heat generator replacement rates. The rows refer to the newly installed
technology, whereas the columns refer to the previously installed technology. Note that
standard errors are reported. Further, parentheses indicate a relative standard error greater
than or equal to 50% or a valid number of samples less than 6. Crossed-out values indicate
that the valid number of samples is less than 2. We conclude that the latter cases cannot be
used for policy making but require further analysis. Still, the main message from the table is

115 https://www.datanwg.de/fileadmin/user/iwu/BMWIi-03ET1315 ENOBdataNWG _Schlussbericht final.pdf.
Accessed 9 November 2023
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very clear: there is an urgent need to make the shift to renewable energy technologies more
feasible or attractive (or both).

In summary, use case #1 showed (in relation to the German building stock):

The importance and possible methods of collecting data for a statistically
representative sample, including all building stock segments of interest and removing
biases.

The importance, possible methods, and high amount of effort required to collect reliable
primary data in the field (if not already available in digital registers), combining different
surveying techniques: on-site inspections, questionnaires, and phone interviews.

The importance and possible methods to report and visualise data along with their
uncertainties (standard errors).

The residential building stock may require a completely different approach than the
non-residential one.

Renovation rates are largely insufficient to reach climate goals.

There is some untapped potential in combining energy renovation with regular
maintenance. The workforce to tap into this potential seems to be available.

Type of ownership is an important factor in the renovation dynamics.

Geo-spatial data can be leveraged to infer different building types, e.g., through ML /
Al models, but primary data is still too poor. Primary data collection in the field to label
the data for the supervised training of the models is still needed. This is a costly process
that requires good management.

Clear definitions and a sound documentation of the used methodology is essential to
be able to compare the obtained results across countries or transform the results to
allow harmonised reporting towards the EU BSO.

5.2.4.2. Use case #2: building stock renovation and EPC in Italy

ENEA (Italian National Agency for New Technologies, Energy and Sustainable Economic
Development)!!® in Italy regularly publishes two types of reports concerning energy in
buildings. One refers to EPCs (“Rapporto annuale sulla certificazione energetica degli
edifici’t!’), another to the tax deduction for energy efficiency and renewable energy in buildings
(“Le detrazioni fiscali per I'efficienza energetica e I'utilizzo delle fonti rinnovabili di energia negli

116
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edifici esistenti”'!®), and a third one to policies related to energy efficiency in Italy in general
(“Analisi e risultati delle policy di efficienza energetica del nostro paese™?*9).

We are going to analyze these two reports more closely and draw some conclusions on best
practices, open challenges, and steps forward.

Starting with the 2023 report on EPCs, in in Section 2.1 on p. 9, the reader is made aware of
the SIAPE (Sistema Informativo sugli Attestati di Prestazione Energetica)'?’, the online
platform on EPCs at national level where authorised users can access the EPC data. Most
regions in Italy are connected to the SIAPE and regularly send regional data, with few
exceptions. On 13 November 2023, the SIAPE website reported over 5 million EPCs in the
national database, see Figure 16.
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Figure 16: Screenshot taken on 13 November 2023 from the public summary section on the SIAPE website

Considering that in Italy there are roughly over 12 million buildings!?*, more than half of the
buildings are without an EPC. We can see that 87% of the EPCs are for residential buildings.
The reasons for issuing an EPC for a building were:

118 nitps://mww.efficienzaenergetica.enea.it/pubblicazioni/rapporto-annuale-detrazioni-fiscali.html. Accessed 13
November 2023

119 hitps:/mww.efficienzaenergetica.enea.it/pubblicazioni/raee-rapporto-annuale-sull-efficienza-energetica.htm.
Accessed 13 November 2023

120 hiips://siape.enea.it/. Accessed 13 November 2023

121 https://building-stock-observatory.energy.ec.europa.eu/database/. Accessed 13 November 2023
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e New construction: 234,751

¢ Change of ownership: 2,896,565
e Rental: 1,241,647

e ‘“Important™?? renovation: 177,766
e Energy renovation: 246,881

e Other: 316,316

We can see that the most important mechanisms triggering the issue of an EPC are ownership
change followed by rental.

Issues of EPCs mostly increased over the years since 2015 (with the counting for 2013 open).
Also, most certified buildings are in the worst energy classes.

For the public, it is possible to filter the EPC data by:
¢ Region and Province
e Date of issue
e Climatic zone
e Residential / Non-residential
¢ Building use: residential, offices, education, health, etc.
e Construction period
e Issue reason: new construction, rental, etc.
¢ Dimensional data (in pre-fixed ranges)
o Heated useful floor area
o Heated gross volume
o Heat loss surface area
e nZEB (nearly Zero Energy Buildings)
This data can only be inspected visually, i.e., there is no data download facility.

However, there are regions in Italy that offer the public a much more complete and detailed
free access to EPC data. For example, the Lombardy region offers over 1.5 million EPC

122 The Italian Legislative Decree 48/2020 defines as “important renovation” works on over 25% of the building
envelope. It further distinguishes between “first level” (more than 50% of envelope) and “second level” (25-50% of
envelope).
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records at building level as free bulk download browsing their open data website for “CENED
— Certificazione ENergetica degli EDifici”.*?® A file with short descriptions of the meaning of
each field (column) per record is provided on the website. There is also the possibility to access
the dataset via API, with detailed information on this on a dedicated portal for developers?,
Each record in the dataset includes the following fields (columns):

EPC code

Date of insertion
Residential (yes / no)
Non-residential (yes / no)
Name of cadastre

Public property (yes / no)
Public use (yes / no)
Building use category
Entire building (yes / no)
Dwelling / unit (yes / no)
Number of dwellings / units

Reason for issuing the EPC: new construction, change of ownership, rental, “important”
renovation, energy renovation, other

Region and municipality
Floor and apartment number
Climatic zone

Construction year

Heated useful floor area, cooled useful floor area, heated gross volume, cooled gross
volume

Heating, cooling, mechanical ventilation, DHW production, Lighting (all yes / no)
nZEB (yes / no)

Energy class (A-G)

123
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e Primary energy demand for heating, thermal energy demand for heating, thermal
energy demand for cooling, renewable energy share (solar thermal and PV), GHG
emissions, primary energy demand for DHW

e GHG emissions

o Energy efficiency of equipment for heating, energy efficiency of equipment for DHW
production

e Mechanical ventilation equipment type
¢ Air changes per hour of ventilation system
e Type and surface area of solar thermal panels

e Type and surface area of PV panels

Heat generator type, capacity, and energy carrier

This data allows to map building energy performance in more detail. To some extent, it is also
possible to define compatible renovation measures and quantify their potential impact. Building
construction types can be deduced from the construction year.

Coming back to the EPC report by ENEA, several tables and charts show the distributions of
EPCs, energy classes, total energy demand (divided by non-renewable and renewable),
thermal energy need for heating, and CO2 emissions by climatic zone, region, year of issue,
building type (residential vs. non-residential), building use (primary residence vs. secondary
residence, offices, education, etc.). Figure 17 shows an example.
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Figure 17: Interquartile ranges (IQR) and medians for the residential and non-residential building stock
EPC-reported energy demands in ltaly, in kWh/(m2 year), for H=heating, C=cooling, W=DHW, V=mechanical

ventilation, L=lighting, and T=transport. Extracted from ENEA’s EPC report 2023'2°

We can see that the energy demands for heating, cooling, and DHW between residential and
non-residential buildings are very similar. From a methodological viewpoint, it is a good
practice to report box plots of this kind, showing not only the medians but also the distributions.
It would have been good to also show the outliers.

In Italy, an EPC is only valid if it includes renovation measure recommendations. At least one
measure must be recommended among six categories:

e Opague envelope

Transparent envelope
e Heating system

e Cooling system

e Other building systems

e Renewables

125
. Accessed 13 November 2023
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The report proceeds showing the share of energy conservation measures requiring an
“important” renovation. Most (about 20%) concern the opaque envelope, followed by cooling
(around 10%).

Subsequent sections in the report focus on the quality control procedures for the EPCs. Three
types are distinguished:

e Type A: formal, documental checking
e Type B: coherence checking between project documents and calculation results
e Type C: building inspection

The report then provides details on the amount and results of the executed quality controls per
region and type of quality control procedure. Controls are stratified according to specific rules
and prioritized based on a scoring system, giving a higher score to worse buildings and higher
expected benefits after a renovation.

Further sections of the report include:

o Efforts and challenges encountered to create a “unique energy cadastre for buildings”
(“Catasto Energetico Unico degli edifici”)

¢ Number of buildings declared as “NZEB”
e Efforts and challenges to digitalisation of EPCs

e Evolution of EPCs as seen by 80 entities!?®, among which associations, consortia, and
registers of professionals

Concerning the last item, i.e., evolution of EPCs, the mentioned stakeholders agreed that
evaluating the “real” (metered, measured, etc.) building performance under operation would
be most important. On the other items in the questionnaire, they had somewhat different views
in what should be considered most important:

e Use of a standardised calculation procedure based on hourly or sub hourly time steps

¢ Validation (on-site, at distance, and via computer) of the calculation inputs at building
handover

e Acknowledgment of benefits and rewards for maximising on-site renewable energy
consumption

On addition of new information to the EPCs, the stakeholders declared as important:

e Production of renewable energy

126 See Annex 4 in ENEA’s EPC report for details.
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Measured energy consumption
Adaptive (more effective temperature control) air conditioning
Adaptive heating and DHW

Average U-values for transparent envelope elements

IEQ

Stakeholders further suggested to add the following information to the EPC:

Building components and construction materials

Solar energy potential

Thermal mass

List and dates of performed energy conservation measures
Cooling energy demand

Benchmark energy performance, i.e., energy performance of a reference building in
the same category as the certified building

Deviation of certified building from benchmark energy performance

Decarbonisation measures combined with co-benefits, such as comfort, earthquake
resistance, security

Share of heating/cooling demand covered by heating/cooling equipment plus
renewables

Participation in renewable energy communities

Self-consumption (ratio)

Shares of end uses (heating, cooling, DHW, lighting, etc.) in energy demand
Economics of recommended energy conservation measures

Average system efficiencies

Among the recommendations given by the EPC, the stakeholders would also like to see:

Estimate of energy saving and GHG emissions reduction in a life cycle perspective,
i.e., over the course of the entire building life

Information on available financial incentives and administrative and technical support

Evaluation of residual service life of heating, cooling, and DHW systems, and whether
these systems could function at lower temperature to increase efficiency
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e Tailored roadmap for deep retrofit showing the phases needed to achieve a zero-
emission building by 2050

Overall, in Italy, the 80 surveyed stakeholder entities perceived the following five aspects in
EPCs as most important:

e Strengthened technical assistance and financial measures

e Qualification of workforce (installers, builders, workers) in construction and renovation
sector

e Renewable energy production
e Measured energy consumption

In summary, ENEA’'s EPC report delivers an in-depth view into the complexities around EPCs
and provides recommendations on EPC validation, digitalisation, harmonisation, and nice-to-
have additional information that can be applied to other European countries.

Financial support is considered a crucial element in accelerating renovation. As analysed in
ENEA'’s report on tax deduction'?’, Italy has been experimenting several fiscal incentives, such
as the “ecobonus”, the “bonus casa” (“bonus home”), the “bonus facciate” (“bonus facade”),
and the “superecobonus 110%”. These different kinds of incentives have led to important
investments in renovation activity in Italy. The report not only states the aggregated
investments but also the expected energy savings per year. Fixing a life span for each energy
conservation measure, the LCSE (levelised cost of saved energy) in Euro invested per kwWh
saved per year is calculated and reported.

The bulk of the report consists of pivot tables and a few graphs showing the national and
regional number and share of approved energy conservation measures, investments, tax
deductions, expected energy savings, and capacities (where applicable) broken down by type
of energy conservation measure, construction element or building system, construction period,
building type (“unspecified”, “detached”, “up to three floors”, “more than three floors”, “other”),
and installed units or surface area. Depending on the data collected when the survey was
performed, building type could also comprise other categories, such as “‘condominio” (co-

owned apartment building) and “edificio unifamiliare” (single-family building).

While this data certainly provides a wealth of useful information, several additional
assumptions are needed to comply with the need to report the total floor area renovated. For
instance, one would need to know the number of buildings the measures were performed on
(as several measures could refer to the same building), and whether the entire envelope of a
building was renovated or just a part of it. Under reasonable assumptions, it is possible to
calculate an estimate of the renovated floor area and renovation rate at national and regional
level as explained in Section 5.2.4.1.
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5.2.4.3. Use case #3: ML for retrofit planning in Sweden

In Deliverable 4.4 “Description of a workflow on data transformation and implementation as
part of the BuiltHub Road map and business case”?8, several use cases for leveraging ML
approaches are presented.

We focus here on the energy retrofit use case for Sweden and main results obtained. For
details, the reader is referred to Deliverable 4.4 and the original research paper %°.

The underlying idea of the use case is to enrich EPC databases with information needed to
plan energy retrofits. EPC databases typically contain insufficient evidence-based information
regarding building characteristics such as building type and construction materials. However,
this information can be predicted by a ML model trained on building features extracted from
ocular inspection of Google Street View data combined with a limited number of expert
observations.

The study in Deliverable 4.4 focuses on Swedish multifamily buildings built in 1945-1975.
Tailored energy retrofit packages for this segment of the building stock are known. However,
the necessary building characteristics to decide which energy retrofit package to apply and to
accurately estimate energy savings and costs are often unknown. In those cases, the ML
model can predict the characteristics from known building data.

In the study, the three building characteristics to be determined to decide on the appropriate
retrofit package were:

e Building type
e Facade material
e Eaves overhang
Three types of energy retrofit packages were considered:

e Package #1 comprises several measures aiming to optimize the operation of the
building. Only the building type must be known to decide if package #1 is feasible.

o Package #2 replaces components such as pumps and fans, and additional insulation
is added in the attic and to existing windows. As for package #1, only the building type
must be known to decide if package #2 is feasible.

o Package #3 contains the most extensive measures, including a new ventilation system
with heat exchange from exhaust air, a replacement of windows, and 10 cm additional
insulation on the building envelope. In addition to building type, the facade material,

128 . Accessed 11 December 2023

129 Jenny von Platten et al., “Using Machine Learning to Enrich Building Databases—
Methods for Tailored Energy Retrofits,” Energies 13, no. 10 (January 2020): 2574,
https://doi.org/10.3390/en13102574.
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roof shape, and eaves overhang must be known since these features impact the
feasibility and costs of insulating the building envelope.

The potential features available in the EPC database to predict the three building
characteristics were the number of stories, construction year, heated space per story and
address, number of stairwells per EPC, number of apartments per address, building position
(longitude and latitude), area and post code, humber of EPCs per property, and energy
performance.

From the about 50,000 EPCs available, about 1% (500 EPCs) was sampled for ocular
inspection via Google Street View images. It was found that about 400 observations were
sufficient to train the ML model, whereas more did not provide a significant improvement in
accuracy. Several ML models were then tested. The winner under the three criteria of overall
accuracy, specific accuracy (distribution of accuracy by building type), and low number of
features was an SVM (Support Vector Machine) model.

The features available in EPCs used by this final ML model were:

e For building type: number of stories, construction year, heated space per story and
address, and number of apartments per address.

e For eaves overhang and no brick fagade (allowing lower-cost fagade insulation):
construction year, number of apartments, number of stairwells per apartment, and area
code.

With the chosen ML model, building type (“slab block”, “panel block”, “tower block”, “rowhouse”,
or “other”) could be predicted with 89% accuracy, whereas the eaves overhang and no brick
facade in combination could be predicted with 73% accuracy.

Once the ML model has been used to enrich the full EPC database with the fields building
type, brick facade (yes/no), and eaves overhang (yes/no), the study shows the next steps to
develop a national strategy for energy retrofitting specifying energy savings per year at national
building stock level obtained in different reference years from 2020 to 2050 and respective
renovation costs. The study showcases how a decision tree can be used on the enriched EPC
database to decide which renovation package to apply to a building, based on its need to be
refurbished, EPC rating, suitability for additional fagade insulation (which depends on the
facade material and the eaves overhang), and building type. With the decision tree in place,
potential energy savings and costs are calculated for each building in the EPC database using
energy saving percentages and marginal costs from another dedicated study.

In summary, this study shows that EPC databases can be enriched using ML methods based
on ocular inspection of Google Street View images. Note that this study did not use ML models
for image recognition and could nevertheless obtain good estimates for the retrofit packages
to be carried out on each single building equipped with an EPC.
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6. Conclusions

While the importance of a building data landscape is recognised and has shown promising
developments in recent years, Europe still has a long and winding road ahead until full and
mature development of a self-sustained building data value chain. In this deliverable we
proposed measures (Section 4) and implementation steps (Section 5) towards this goal
starting from the state-of-art and considering actual developments and emerging trends. If the
European Commission and the EU Member States follow these implementation steps,
BuiltHub expects an important positive impact on the European building stock transition.

We outline the key conclusions of this deliverable below.

The authors believe that the following EU initiatives for enhancing buildings' energy efficiency
should be maintained, with regular updates according to state-of-art information and
knowledge:

¢ National Building Renovation Plans (NBRPs; previously Long-Term Renovation
Strategies or LTRS), i.e., comprehensive plans that outline specific renovation goals,
timelines, and funding mechanisms for improving the energy performance of the
national building stock.

e Concerted Actions (CAs), supporting the implementation of energy efficiency directives
and initiatives by developing CAs that focus on technologies, training, and education in
related sectors.

¢ Minimum Energy Performance Requirements (MEPS): energy efficiency standards for
new buildings, ensuring they meet or exceed minimum energy performance
requirements. Since buildings potentially last for a long period of time and most
pressing needs may change over time, it is important to allow adaptations according to
advances in technology, climate science, and society.

¢ Smart Readiness Indicator (SRI): expand the SRI to assess the smart readiness of
buildings, enabling them to adapt their operation based on occupant behaviour, grid
conditions, and energy efficiency needs.

¢ Adopt, advance, and integrate the Level(s) framework to holistically evaluate buildings
throughout their lifecycle, considering various aspects, including greenhouse gas
emissions, resource consumption, indoor comfort, and resilience to climate change.

Best practices for improving the EU Building Stock Observatory (BSO):

e Comprehensive data collection: collect and maintain comprehensive data on the
characteristics and energy performance of buildings across Europe, including detailed
information on building type, age, energy consumption, and renovation status.

e Address data gaps: bridge spatial, temporal, and reporting gaps in energy performance
data to provide a comprehensive and accurate assessment of building energy
consumption and renovation progress.
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e Enhance data quality: continuously improve the quality of building data by addressing
inconsistencies found by cross-checks and statistical means.

e Integrate new indicators: reflect the evolving energy system and society by
incorporating new indicators that capture emerging trends in building energy
performance and renovation strategies.

e Improve metadata: enhance the metadata for building energy data to increase its
accessibility, usability, and comparability across different sources.

e Require data transfer from national databases: mandate that Member States transfer
(or provide access to) energy performance data from their national databases to the
BSO, ensuring a centralised and comprehensive repository of information.

e Open data access: within privacy restrictions and viable business models, ensure open
and freely accessible data for all stakeholders, including policymakers, researchers,
industry professionals, and the public.

e Foster data sharing and integration: promote data sharing and integration with other
relevant data sources to create a more comprehensive and holistic view of the building
sector.

o Data-driven insights: provide data-driven insights and analyses to support decision-
making in various areas, such as policy formulation, building renovation strategies, and
investment planning.

o User-friendly interface: develop a user-friendly and intuitive interface that allows
stakeholders to easily access, analyse, and interpret building data.

o Regular updates: provide regular updates to the data and insights to reflect the latest
trends and developments in the EU building sector and its activities.

e Collaboration and engagement: actively collaborate with stakeholders from various
sectors, including policymakers, researchers, and industry professionals, to ensure that
the BSO meets their needs and requirements.

e Expand multilingual support: extend multilingual support to cater to a wider audience
and enable seamless access to the BSO's resources for users across Europe.

e Invest in data infrastructure: invest in robust data infrastructure to support the
collection, management, and analysis of large volumes of building data.

e Promote data literacy and training: provide training and resources to enhance data
literacy among stakeholders to enable them to effectively utilize the BSO's data and
insights.

e Continuously monitor and evaluate: regularly monitor and evaluate the BSO's
effectiveness in meeting the needs of stakeholders and adapt its services accordingly.
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Service delivery recommendations for the BSO are to:

Centralise building stock data access: provide a central and easily accessible platform
for retrieving building stock data relevant to the stakeholder's mission.

Automate data connections and updates: automate connections with other databases
and ensure periodic data updates to maintain data updated and consistent.

Accessible and easy-to-follow data descriptors and metadata: provide comprehensive,
transparent, easy-to-use data descriptions and metadata to ensure data integrity and
usability.

Simplify data export options: enable user-friendly options to export both historical and
up-to-date data in various formats and with minimal effort.

Facilitate data visualisation: offer user-friendly data visualisation tools to present data
in a clear and understandable manner using various charts and graphs.

Perform data aggregation and descriptive statistics: provide functionalities for
aggregating data and calculating descriptive statistics, including totals, means,
medians, percentiles, histograms, and box plots.

Compare datasets for data consistency: implement tools for comparing datasets to
identify inconsistencies and ensure data accuracy.

Provide relevant key performance indicators (KPIs): offer a set of relevant KPIs that
are tailored to specific stakeholder needs and provide insights into the performance of
the building stock.

Implement benchmarking functionality: establish benchmarks for key indicators and
allow users to compare their data against benchmark values to identify areas for
improvement.

Visualise data at NUTS and LAU levels: represent spatial data and indicators at the
respective NUTS and LAU levels for regional and local analyses.

Leverage data from existing services and especially data repositories: integrate data
from existing services, such as Digital Building Logbooks (DBLs), EPC databases,
registers, cadastres, BIM data, financial data, Level(s) indicators, bills of materials, and
other relevant sources.

Enable programmatic access to data: provide programmatic access to raw data and
analytics for advanced data processing and analysis.

Link with other Al-powered services: users are increasingly leveraging Al-powered
tools, e.g., natural language processing models. If these tools can process BSO data,
they can offer insights about the EU building stock phrased as answers to the users’
questions.
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Develop data projections: implement advanced services that utilise various projection
methods to forecast future trends in building energy performance and renovation rates.

Generate customisable scenarios: facilitate the calculation of scenarios based on
customisable models to simulate different renovation scenarios and evaluate their
impact.

To develop the above services, it is recommended to adopt a lean or rapid prototyping
approach (even better, a hybrid approach). While lean principles ensure a focus on delivering
value to stakeholders, streamlining core processes, and eliminating waste in data collection,
analysis, and reporting, the rapid prototyping techniques allow for rapid iterative development
and testing of diverse data collection methods, visualisation tools, and dissemination strategies
across different regions.

Creating a link between macro and microdata, aggregating, comparing, and enriching data
from numerous datasets at various scales, is another topic covered in this deliverable.
Recommendations and best practices in this regard are:

Gather and consolidate isolated microdata datasets to achieve greater statistical
representativeness.

Data harmonisation: before aggregating data, it is crucial to ensure that the data from
different sources is consistent in terms of data formats, naming conventions, and data
types. This harmonisation process helps eliminate inconsistencies and simplifies the
aggregation process.

Data integration: this involves ETL (Extract, Transform, Load) tools to extract data from
the source databases, transform it into a standardized format, and load it into the
aggregate database.

Data lineage: maintaining data lineage means ensuring traceability of data as it flows
through the system. This is particularly important for aggregate databases, as it helps
identify the source of any data issues and facilitates auditability.

Enhance data layers for granularity bridging: introduce intermediate data layers with
varying levels of granularity to bridge the gap between microdata and macro data. For
instance, layers could be at spatial level, from the single building to clusters at district,
municipality, and regional level, or at temporal level, from hourly data to daily, weekly,
monthly, quarterly, and yearly level.

Enable or facilitate bottom-up comparison with macro data: facilitate the comparison of
aggregated microdata with top-down macro data to validate and refine the macro data,
e.g., using correlation analysis, statistical hypothesis testing, and percentage change
comparison.

Preserve variations and differences: maintain the unique characteristics and variations
present in different micro datasets to enable nuanced analyses and insights.

Cluster the data with cluster analysis techniques to group similar data points or
observations, enabling the identification of similarities and differences and the
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calculation of benchmarks. Clustering with sufficiently large sample sizes allows
complying with privacy and data ownership regulations.

Data enrichment: this is a broad field that involves enhancing or augmenting existing
datasets by incorporating additional information or improving the quality of data. Here,
we want to highlight the increasing opportunity to merge datasets from different sources
or scales using common identifiers or geographical attributes. For instance, combining
spatial data like maps or GIS data with temporal data like yearly building construction
or energy consumption to create a unified dataset.

Data localisation: this involves adapting and structuring data to meet the specific
requirements, standards, and preferences of a particular region or country. This
process ensures that data is usable, compliant, and relevant for users within a specific
area.

Regarding important existing data sources and datasets for the purposes of this project, this
deliverable points to the data inventory created in BuiltHub and reported in Deliverable 3.1
“Inventory structure and main feature and datasets™°. These datasets include results from
European databases and projects. The detailed metadata, including links to the datasets, is
also found in that deliverable.

On the topic of enhancing data quality and comparability, this deliverable points to
Deliverable D3.2 "Methodology on Quality Assurance"'®! in which several techniques
employed in BuiltHub are reported.

Metadata collection and analysis: collect and analyse comprehensive metadata for
available datasets. This information allows users to understand the data sources,
enhancing their confidence in selecting appropriate indicators.

Develop and adopt standardised data formats and harmonisation procedures: mandate
the use of standardised data formats and harmonisation procedures to ensure data
consistency and facilitate data exchange.

Address definitional issues: clearly define quantities such as floor area, energy
performance, etc., to enable cross-country and cross-year comparisons.

Implement data validation: validate data against known standards, reference values, or
industry benchmarks.

Quality control steps in three levels of increasing detail: from simply covering the
requested indicator (level 1) to conducting a consistency analysis between two
datasets using statistical methods (level 2) to enhancing the statistical analysis (level
3). alongside with consistency checks. For details and application examples, the reader
is referred to Deliverable D3.2.
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In Section 3.5, we performed an in-depth analysis of Energy Performance Certificates
(EPCs), showing best practices in different countries, learning from them, and giving
recommendations on how to improve:

Understand the significance

O

Recognise the primary objective of EPCs, which is to provide critical information
for those intending to renovate, buy, or rent buildings.

Acknowledge that EPCs should offer not only an energy performance rating but
also practical recommendations for cost-effective improvements.

Enhance implementation

@)

Acknowledge that the effectiveness of EPCs depends on their widespread
implementation and coverage within the market.

Take note of the X-tendo project's analysis, which identified challenges
hindering comprehensive coverage, including inadequate data collection, lack
of granularity, compliance issues, and varying EPC definitions and calculation
methods.

Improve reliability and acceptance

O

O

Address the issue of EPCs being perceived as unreliable by enhancing their
transparency and reliability.

Customise EPCs to cater to end-users' needs, presenting additional indicators
in a user-friendly manner.

Utilise EPCs not only for energy performance but also to assess the potential
for energy renovations and factors like Indoor Environmental Quality (IEQ).

Make EPCs more dynamic by integrating them with building logbooks and
BRPs (Building Renovation Passports).

Ensure accessibility and usefulness of EPCs to a broader audience, including
financiers, real estate agencies, and contractors, by providing readily available
information in a database.

Incorporate new indicators like real energy consumption to promote smart
building aspects such as demand response and dynamic pricing.

Provide standardised guidance on EPC calculation methodologies.

Understand and react to market behaviour

O

Acknowledge that in the real estate market, energy performance ranks relatively
low in terms of priority for buyers and tenants, following location, price, size,
and other factors.
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O

Recognise that tenants might disregard energy performance ratings if the
energy-related share of rent is minimal compared to other costs.

Understand that there is typically no rent increase for buildings with excellent
energy performance, which might disincentivise property owners from investing
in energy renovations due to the "tenant-landlord split incentive."

e Addressing accessibility, completeness, and comprehension of data

O

Recognise the need to improve the accessibility and completeness of openly
available EPC data.

Accessible explanation of indicators: offer easily understandable information
about indicator meanings, ensuring clarity for non-experts while providing
detailed, transparent explanations for expert users, encompassing underlying
methodology, assumptions, and calculations.

Comprehensive metadata: include detailed metadata conforming to BuiltHub
Deliverable 3.1 guidelines for inventory structure and datasets associated with
the data files.

Analytics and visualisation tools: provide tools for data analytics and
visualisation to enhance understanding and interpretation of the data.

Acknowledge the varying levels of accessibility to EPC registers across different
countries and regions.

Evaluate reasons for limited accessibility, including privacy concerns and
technical issues.

Highlight the varying degrees of accessibility among countries with some
providing public EPC registers while others restrict access to authorised bodies
or offer limited data visualisation for citizens and organisations.

Programmatic access and machine-readable formats: enable programmatic
access to both data and metadata. Export data in common human- and
machine-readable formats that embed semantics for automated interpretation
and reuse for analytics.

Expand data fields: enhance publicly downloadable data by including additional
data fields. Incorporate details on all important final energy uses, technical
systems, and energy performance of building components.

English labels and explanations: ensure data fields have clear English labels
and explanations, aligned with recognised data schemas and ontologies, to
facilitate understanding and interpretation. Offer a reference translation in
English of the EPC.

Include all essential information in the API: provide all essential information
such as units of measurement directly within the API itself. This approach
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ensures that platform users do not need to purchase national standards
separately to comprehend the meaning of the data fields.

o Allow bulk download.

Section 3.7 provides an overview of the European data strategies, roadmaps, and data
spaces, mentioning several projects to dive into and with the following key conclusions.

¢ Understand and harness the potential of big data: several projects are contributing to
understanding and harnessing the potential of big data and highlighting requirements
across various sectors, providing roadmaps for technology, business, policy, and
society, delving into data management processes, quality checks, security,
visualisation, and analytics crucial for these sectors, and prioritising requirements. See
Section 3.7 for examples and details.

e The European data strategy, built on four pillars, aims to establish a common European
data market, following the FAIR data principle. Several associations and initiatives
focus on implementing the strategy through publications, networks, working groups,
and technical solutions.

o Efforts like the INSPIRE Directive contribute to standardising geospatial data,
presenting an opportunity for a standardised building data specification. This
specification enhances building data by linking it to geographic and geometric data,
embedding buildings in a spatial context.

e |Initiatives such as the Linked Building Data Community Group aim to integrate
heterogeneous data using graph structures, while projects like BEYOND, BIGG, and
MATRYCS demonstrate big data's potential in various building-related use cases.

o Projects working on next-generation EPCs aim to make them more dynamic,
transparent, reliable, and closer to real building performance. The proposed strategies
include standardising methodologies, leveraging building data infrastructure,
employing digital twins, reporting diverse performance metrics, and linking EPCs with
other property data stores.

BuiltHub, aiming for a durable data flow roadmap, drew insights from various projects but
focused on defining solutions for a self-sustained building data value chain. It experimented
with selected data sources on its web-based platform and reported strategies for data
assembly and analysis in respective deliverables. In the ongoing BSO tender, BuiltHub is
offering its observations.

In Section 4, recommended measures for a self-sustained building data value chain were
given. Overarching principles to follow are an added value and therefore clear motivation for
all involved stakeholders and data FAIRification.

The analysis utiised a PESTLE (Political, Economic, Social, Technological, Legal,
Environmental) approach to examine driving factors, showing the interconnectedness of these
dimensions and their mutual influence and support as summarised in the following.
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e Political dimension

O

EU mandate for data collection and management: Member States (MS) can
benefit from EU directives (specifically, the EPBD) to dedicate resources to data
collection and processing and make data openly available.

MS need guidelines for gathering and processing building data, transforming
their data infrastructure and databases, and establishing terms for data
availability.

Balancing regulation and free, flexible market: excessive rules can hinder
productivity, innovation, and data sharing, while too much flexibility can
compromise data privacy and comparability.

Stakeholder engagement: active stakeholder participation, including dialogues
with public administrations, agencies, companies, and citizens, is essential for
meeting local societal requirements and ensuring social acceptance. Public
consultation and feedback rounds are recommended at each stage of the data
collection and management process.

Clearly communicate the relevance of data activities to public stakeholders,
private organizations, and individuals.

Need for overarching standards in the building lifecycle and guidance in
identifying strategic standards and ensuring compliance. Furthermore, it is
important to produce guidelines and tools enabling and facilitating the correct
use of the existing standards.

Training workforce in the building sector: this includes the importance of training
the building sector workforce in creating, managing, using, and exploiting
building data assets. Calls are needed for education pathways for professionals
and long-term awareness raising for the public.

Technical infrastructure development is crucial, covering storage,
computational power, transaction speed, security, stability, service-oriented
architecture, and user-friendly software. Policies should allow structured
development under EU sovereignty, aligning with societal needs.

e Economic dimension

O

Business model foundation: promote business models that sustain data
collection, sharing, and related services. Recognise the resource-intensive
nature of data activities and invest accordingly. Ensure that strategies at EU
level accommodate differences between Member States.

Enablers of economic viability: support market for data exchange models,
freemium products, crowdsourced data, data collaboration, and Data-as-a-
Service (DaaS), including data platforms, national BSOs, and the EU BSO.

D6.6 Roadmap towards dynamic and automated building data collection
90



== O BuiltHub

O

Service concept and business approach: align service concepts and business
approaches with the needs and requirements of the BuiltHub community.
Develop business models based on stakeholder inputs and use cases identified
in BuiltHub deliverables, including this roadmap.

Dynamic, performance-based certification and rating, linking EPCs with building
logbooks as repositories for building information and retrofit planning to support
and streamline building management, regular maintenance, and retrofit
processes.

Seize opportunities for service providers, building owners, and tenants, such as
streamlined data management, lower prices in exchange of more and better-
structured data, and strategic data processing in accordance with privacy laws
(e.g., aggregation or synthetisation) that allows selling data at competitive
prices or using it to further improve provided services.

e Technical dimension

O

Digitalisation for efficient data gathering and processing, avoiding manual and
paper-based procedures due to their labour-intensive, slow, and error-prone
nature. Minimise paperwork in building rating and performance certification
processes to reduce time and cost. Transition from traditional paperwork to
digital solutions, leveraging technologies like digital signatures and blockchain.

Transition towards semantic web and Al approaches: move beyond
digitalisation to incorporate semantic encoding or inference of meaning in data
(semantic web). Explore modern ML and Al approaches for enhanced data
querying, communication, interpretation, and other data-related services.

Unlock the potential of building data: ensure that data collected in buildings,
facilitated by monitoring technologies, is accessible and utilised effectively.
Increasingly make use of data at hourly and sub-hourly level, such as data from
smart meters and loT devices, including IEQ and occupant behaviour, for
informed decision-making and improved services.

Graph database for data variety and semantic queries: a graph database at the
core of the building data platform architecture can support complex queries
combining information from multiple datasets.

Implement technical solutions (aggregation, synthetisation, etc.) that address
barriers related to privacy, data ownership protection, and IP protection.

e Legal dimension

O

Transparent legislation: implement clear and transparent legislation addressing
data provision, sharing, and re-use agreements. This legislation should cover
aspects such as privacy, ownership protection, data protection, intellectual
property protection, and licensing.
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Protection against abuse: ensure legal frameworks protect against abuse by
private companies, particularly in long-term data handling.

Adaptation to technological changes: develop mechanisms to quickly respond
to technological advances, especially in areas like Al. Address legal issues
surrounding Al, including liability, fairness, and cybersecurity.

Guidance and support: offer guidance and support to stakeholders through
various means such as document templates, consultancy, training, best
practice examples, and online forms. Establish online or physical one-stop
shops for easy access to information and resources.

Model agreements and strategies: provide stakeholders with generic data
provision model agreements and IP rights strategies for adaptation to their
specific needs, see BuiltHub Deliverable D6.2 “Generic data provision model
agreement.”

Allocation of resources: ensure appropriate funding and resources are allocated
to the creation and provision of document templates, training facilities,
monitoring, impartial evaluation of efforts, and compilation of best practices.

e Environmental dimension

O

Leveraging building data across the entire lifecycle: utilise building-related data
to drive massive energy savings and decarbonisation across all stages of the
building lifecycle, including design, construction, operation, renovation, and end
of life. For instance, BuiltHub Deliverable D3.5 “Circular economy approach
principle for contributing to building stock decarbonisation” provided data on
construction and demolition waste and the economic potential for a more
circular economy.

Integration with climate change mitigation policies: align efforts with existing
climate change mitigation policies and measures, such as retrofitting buildings
for energy efficiency, adopting renewable energy sources, promoting
sustainable transport, and encouraging sustainable land use.

Focus on buildings: recognise the central role of buildings in mitigating climate
change, as they serve as prosumers of renewable energy, contribute to e-
mobility infrastructure, and impact land use.

Multifaceted measures: implement the other (political, economic, societal,
technological, and legal) measures mentioned aimed at driving decarbonisation
and generating positive environmental impacts. These measures should be
designed to offset the potential negative environmental impact of digital data
infrastructure and reduce traditional environmental burdens like paper usage
and physical traffic related to paperwork.
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e Social dimension

The social dimension permeates all other dimensions. In other words, there are social
aspects in all other dimensions to be considered as follows.

O

Cultural and social transition: foster a culture of data sharing driven by mutual
benefits, which should become ingrained in society.

Political support: implement a training framework for professionals working with
building data and educate the public.

Enhance the social utility in establishing national and EU Building Stock
Observatories (BSOs) fed by various databases, in line with the EU EPBD. For
example, several indicators in the BSO focus on energy poverty and living
conditions.

Incentives: offer monetary or service-related benefits to motivate data sharing.

Technological improvements: enhance digitalization, accessibility, security, and
privacy of data handling technologies.

Legal framework: ensure the legal framework protects data rights and builds
trust.

Environmental implications: track and communicate potential environmental
implications of building stock transitions transparently.

Smart infrastructure support: support the rollout of smart infrastructure and
devices in buildings to enable efficient operation and empower occupants while
monitoring potential negative (e.g., environmental) impacts of smart
infrastructure.

Benchmarking: provide benchmarks for various indicators like energy
consumption, building performance, and CO2 emissions, to assist stakeholders
in policy making, assessment, and enhancement of products and services.

Job transformations: prepare for job transformations in the building data sector,
focusing on education and training for higher-qualified tasks.

Section 5 proposes a timeline for the implementation of the above measures across the
different dimensions. The timeline suggests a phased approach with interdependencies
between actions within each dimension. Additionally, detailed steps are provided for deploying
a data services platform, starting from identifying use cases and stakeholders to the
deployment of a sustainable business model.

Practical guidance is given regarding the gathering of primary data (Section 5.2.1), making the
gathered data fair (Section 5.2.2), and sustainably providing data services (Section 5.2.3),
followed by best practices with concrete implementation suggestions based on existing use
cases in Section 5.2.4.
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