Digitalisation as a potential game changer to
foster energy efficiency in the building stock
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This paper highlights innovative data treatment approaches for harnessing dynamic data in
the building sector, focusing on commercial smart heat meters. Examples include closing
the energy performance gap, two methods for disaggregating the total heat demand, and
exploring fault detection in space heating systems across three apartments.
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Introduction

The digitalisation of the building sector progresses
rapidly in all phases of the building’s lifetime. With
the Energy Performance Certificates (EPCs), which
are valid for only 10 years, performance data are then
collected multiple times during the operation phase.
Since December 2018, European Union regulations
have enforced remote readability and smart metering
for energy carriers in all EU buildings [1]. Consequently,
the estimates from 2020 indicate that 72% of electricity
consumers had a smart electricity meter. By 2027, all
buildings connected to an electricity grid or a district
heating network must be equipped with such a smart
meter. Similar requirements are made for smart gas
meters. Furthermore, smart water meters also are

becoming increasingly common across the EU [2].
Thereby, dynamic energy and water usage data become
available for a large share of the building stock. In
addition, the digitalisation of households is ramping
up with the deployment of IoT (Internet of Things). By
2028, it is estimated that approximately 40% of the EU
dwellings will be equipped with IoT devices for energy
and comfort management [3], thus gathering more data
on indoor environment quality and energy performance.

This massive digitalisation could be the needed game
changer to accelerate the decarbonisation of the
building stock by offering dynamic assessment and
optimization tailored to a single building and its occu-
pants as well as the needs of local energy grids.
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This article showcases the application of new data
treatment frameworks and methods to leverage this
massive influx of dynamic data. Since in 2022, more
than 90% of European buildings were buildings
solely equipped with energy meters lacking loT-
enabled sensors and devices [3], the starting point for
all methods is the data available from smart meters,
in particular heat and water. In the end, this work
outlines the lessons learned and potential challenges to
be faced by actors/stakeholders in the building sector
working with digitalisation.

Section 1: Data-driven building assessment
framework

Initially, EPCs for buildings were introduced to offer
transparent information regarding the energy perfor-
mance of the building stock, serving as a vital asset
in the data-driven implementation and evaluation
of energy policies. Despite its widespread adoption,
current EPC schemas exhibit several shortcomings
[4]. These include a notable energy performance gap
[4], a lack of consideration for comfort [4] and the
free-running potential of buildings, and the absence
of incentives for users to pursue energy efficiency [4].

Of significant concern, EPCs and tools used for label-
ling, in their static form, prove incompatible with
dynamic data obtainable from monitoring solutions
like indoor climate sensors or smart energy meters
that can log data at high frequencies. This mismatch
necessitates aggregating monitored data to the EPC
calculation frequency, often on a monthly basis,

resulting in a substantial loss of information rather
than its efficient utilisation.

In the EDYCE project [5], an effort has been made
to advance toward future assessment of building per-
formance by utilising digital data from indoor climate
sensors to better inform the models and to improve
the model predictive capabilities through a definition
of ‘adapted conditions’. An energy performance gap
is then calculated as a difference between simulated
results and the monitored actual performance by smart
heat meters (SHMs). Contrary to the EPC schema, the
resolution of the results in E-DYCE can better match
the time resolution from monitoring. The method-
ology is depicted in Fig.1 and as presented, its main
objective is to derive the energy performance gap,
where the main advancements revolve around the
following three activities: i) determination of adapted
conditions of use, ii) disaggregation of space heating
and domestic hot water production from the total heat
recorded by SHMs (further elaborated in section 2
of this paper), iii) dynamic performance gap analysis.

The E-DYCE framework suggests replacing standard-
ised inputs for modelling with adapted conditions of
use, offering a more realistic representation of building
operation in the model [6]. In particular, standard
indoor temperatures are replaced by monitored ones,
which are spatially aggregated and extrapolated to fit
different modelling approaches for geometry simplifi-
cations. Performance gap analysis was carried out with
weekly time steps, however, the E-DYCE framework
allows for more frequent analysis, if relevant.
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Figure 1. The methodology of data-driven building performance assessment in E-DYCE.
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Section 2: From total heat demand to space
heating and domestic hot water

As shown above, current developments demonstrate
that smart meter data harbours significant potential
due to its high temporal resolution, commonly one
hour or higher, and widespread adoption.

However, the usability of the data is compromised by
the fact that smart meters in Denmark typically record
the total heat energy used by a building or apartment,
encompassing both space heating (SH) and domestic
hot water (DHW) production — two distinct end
uses. Separating energy usage for SH and DHW is
imperative for frameworks investigating and seeking
to address performance gaps, such as the E-DYCE
approach. It is also crucial for district heating utilities
looking to implement demand response strategies by
modulating energy use for SH to reduce peak demand.
In addition, it plays a fundamental role in identifying
suitable energy efficiency measures, reasons for dis-
comfort, and supporting a comprehensive analysis of
the building’s energy balance.

To meet the demand for knowledge about the sepa-
rated energy use for each end use, a recent series of
publications [7-10] has developed an approach to dis-
aggregate the total energy recorded by SHMs into SH
and DHW. The fundamental concept of this approach

involves four steps:

1. Identify hours where only SH is used
2. Train a model on these hours

Use this model to predict SH for all hours where
DHW may be used

4. Calculate DHW as the difference between the
recorded total energy use and the predicted SH

Identifying hours with only SH use can be achieved
using the “maximum peak” approach, assuming that
hours involving both SH and DHW use are within
the seven highest energy use recordings between 5 am
and 11 pm (refer to Fig.2a). This approach has an
accuracy of approximately 80% [8]. However, when
hourly total potable water readings from smart water
meters are available, this information can be used to
identify hours with SH use only [10]. This prevents
the misclassification of hours where DHW was used
as hours with SH only (Fig.2b).

As for the model predicting SH, it has been dem-
onstrated that a random forest model can accurately
predict SH based solely on data from SHMs without
the need for additional model fine-tuning [10].

Section 3: Fault detection and diagnosis in
space heating systems

Today, 50-60% of all building heating systems have
faulty operation leading to higher volume flows and
return temperatures and creating large barriers for
buildings and district heating optimization. After
the split of total heat demand to space heating and
domestic hot water by using the above-described
methods, the real-time insights provided by SHM

a) Maximum Peak method
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Figure 2. a) Identification of hours with SH and SH& DHW use based on the maximum peak approach.
b) Identification of hours with SH and potential SH&DHW use based on data from smart water meters.
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readings can be used for assessing the system perfor-
mance and pinpointing faults that hinder efficiency.

Fig.3 showcases the relationship between heat-carrier
fluid volume flow and return temperature for three
similar apartments. These apartments share the same
SH systems and building characteristics, yet display
varying SH performances. Apartment 1 maintains the
most consistent and optimal performance throughout
the year.

During warmer months, all apartments show a decrease
in SH demand. However, Apartment 2 exhibits a sig-
nificant shift in SH demand in colder months (greener
data points denoting higher energy use). This varia-
tion signals potential inefficiencies, like an imbalance
in heat distribution through the dwelling’s radiators.
Fixing the faults in Apartment 2 could result in energy
demand and volume flow reductions, bringing its
performance closer to the more efficient Apartments
1 and 3. Potential improvements in Apartment 2
can be estimated as a drop of around 19% in energy
demand, a decrease of 75% in volume, alongside a
69% increase in the temperature difference between
supply and return fluid during the colder months.
Apartment 3’s data also presents anomalies (periods
without any heating use with minimum volume flow
and low return temperatures), alongside occasional
spikes in the return temperature.

This short example underlies that the SHM readings
are not only destined for routine monitoring and
billing but can also be employed for rapid detection
and diagnosis of faulty heating systems that fall short of
optimal operation over long periods and occasionally.

Section 4: Lessons learned and challenges

The ongoing process of digitalisation presents new
opportunities to support the decarbonisation of the
building stock. However, it comes with significant
challenges. Some arise from the original intended use
of data, such as smart heat meters being primarily
designed for billing. Consequently, this data is often
transmitted at a 1 kWh resolution, introducing uncer-
tainty when estimating the energy demand at a fine
granular level, especially for hourly estimates of indi-

vidual apartments [11] (Fig.4).

Other common digitalization challenges include
interoperability between diverse data sources and the
importance of respecting data ownership, sovereignty
and privacy. Within the building sector, research
and policy efforts are addressing these issues (Fig.4).
Initiatives like the Digital Building Logbook aim to
establish a common data ecosystem within the EU for
comprehensive data storage related to buildings [12].
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Figure 3. Relation between energy, volume, and return temperature of three similar apartments with different SH
performances.
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Figure 4. Current and future challenges and opportunities regarding the digitalisation in the building sector.

Specifically concerning the existing building stock, a
challenge emerges as significant information exists in
paper-based form within relevant building authorities,
often with limited or restricted access for stakeholders.
Emerging technologies, such as text and image recogni-
tion, show great potential to increase the availability
and usefulness of this information (Fig.4).

Ultimately, the engagement and awareness of building
owners are pivotal for the success of digitalisation.
Building tenants and owners recognising the challenges
in achieving the decarbonisation of the building stock
and accepting the new possibilities presented by data-
driven methods (e.g., dynamic building control and
demand response) are essential for building digitalisa-
tion to be successful. Finally, the economic incentive
must be given, calling for new tariffs incorporating for
example energy flexibility provided by a single building
for a grid (Fig.4). m
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