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GreEn-ER-Electricity
consumption data of a tertiary
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The increased use of intermittent renewable energy sources makes the use of
machine learning methods combined with demand-side management more
and more frequent. Machine learning algorithms rely on data to identify patterns
and learn insights. Hence, data availability is of utmost importance, and the
more, the merrier. Therefore, this data report aims to present a dataset
concerning the electricity consumption of a tertiary building located in the
French Alps region (Grenoble) in 2017 and 2018. It is a massively monitored and
controlled building with about 330 electricity meters, whose measurement data
constitute the dataset. The data were collected directly from the building
management system and correspond to raw data, without any pre-
treatment. The dataset also includes Python notebooks that allow for
understanding the system design, navigating the data, and performing some
simple analyses. This is a publicly available dataset that tries to fill the gap of the
availability of electricity consumption data, especially regarding tertiary
buildings.

KEYWORDS

training data, electricity consumption dataset, tertiary buildings, buildings’ electricity
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1 Introduction

The energy consumed in buildings accounts for a significant share of global energy
consumption, indicating that they play a central role in the energy transition. In France, for
instance, approximately 67.8% of electricity is consumed in buildings, both residential and
tertiary (Réseau de Transport d’éléctricité, 2019).

The increased use of intermittent renewable energy sources, such as solar and wind,
makes the use of machine learning methods combined with demand-side management more

Abbreviations: AMPds, the Almanac of Minutely Power Dataset; AREE, automatic reporting for energy
efficiency; BMS, building management system; COM, common areas; CSV, comma-separated values;
ECL, éclairage—French word for lightning; ECS, eau chaude sanitaire—French for domestic hot water;
EE3, Ense®; FM, forces motrices—French for driving forces used for dedicated outlets; G2Elab, Grenoble
Génie Electrique laboratory; GreEn-ER, Grenoble Energie—Enseignement et Recherche; iIAWE, Indian
Dataset for Ambient Water and Energy; NILM, non-intrusive load monitoring; Nzeb, nearly-zero energy
building; PC, prises de courant—French for current electrical outlets; PLC, programmable logic controller;
REDD, Reference Energy Disaggregation Dataset; SQL, Structured Query Language; TD, tableau de
distribution—French for distribution switchboards; TGBT, tableau général de basse tension—French for
general low voltage switchboard; UK-DALE, United Kingdom Domestic Appliance-Level Electricity.
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and more frequent. For example, anomaly detection using machine
learning techniques can help identify the unusual electricity
consumption of assets and detect equipment faults. For instance,
Zhou et al. (2021) focused on identifying anomalies in the energy
consumption of central air-conditioning systems. Gaur et al. (2019)
and Himeur et al. (2021) sought to detect unusual energy
consumption in buildings, while Lee used artificial intelligence to
reduce the maintenance cost of chillers (Lee et al., 2021). In addition,
studies show that it is possible to reduce electricity consumption
more effectively when information of individual appliance
consumption is available, if compared to simple monthly bills
2003).
consumption data measurement and processing are of great

(Wood and Newborough, Therefore, disaggregated
importance. Information about individual appliance consumption
can be obtained through comprehensive monitoring, when most
loads are measured individually, or through machine learning
methods that use energy disaggregation techniques. The latter
type of monitoring is known as non-intrusive load monitoring
(NILM) (Hart, 1992). Most of the research related to NILM
methods is based on supervised learning techniques, whose
algorithms require well-identified data (Zoha et al, 2012). It is
therefore important to have real data from electricity consumption
measurements so the research in this field can move forward.
Several buildings’ datasets of electricity consumption are
available. However, most of them relate to the residential
environment. It can be cited as examples the Reference Energy
Disaggregation Dataset (REDD) (Kolter and Johnson, 2011), the
Almanac of Minutely Power Dataset (AMPds) (Makonin et al,
2013), the Indian Dataset for Ambient Water and Energy (IAWE)
(Batra et al., 2013), the United Kingdom Domestic Appliance-Level
Electricity (UK-DALE) dataset (Kelly and Knottenbelt, 2015), and
the DataPort dataset (Parson et al., 2015). These datasets are largely
used as training and testing data for several machine learning
algorithms related to the electricity consumption in buildings.
The existence of so many datasets regarding the residential sector
allowed the research to go further in this type of building.
Because of the nature of the loads and even the difference
the behavior of the buildings’

residential and tertiary buildings are compared, the need for the

between occupants when
availability of datasets regarding tertiary buildings emerges. The
scarcity of datasets on electricity consumption in tertiary buildings
decreases the reproducibility of research in the area. Therefore, this
paper aims to provide a dataset with electricity consumption data of
a tertiary building located in the region of the French Alps. The
papers associated with this dataset are licensed under a Creative
Commons Attribution 4.0 International License.

The first section presents the building, its general information, and
its main loads. It also presents the meters and the building management
system (BMS) from where the data were collected. This section also
details the structure of the dataset, its metadata, etc. Section 3 presents
some insights over the data, as the buildingmain loads, annual
consumption and reports some data quality problems.

2 Data collection and structure

The process of collecting the data and assembling the dataset
starts with the knowledge of the building structure. It is vital to know

Frontiersin Sustainable Cities

10.3389/frsc.2023.1043657

how and which loads are measured and how the meter hierarchy is
organized. The accessibility to the data is also important. Whether it
is from a measurement campaign or extracted from meters already
installed, the data should be easily accessible to facilitate analyses.
Finally, the assembly of a dataset is what makes the data usable, even
to those who do not know the facility. The data structure, the
metadata, and even examples help people in the data analysis. This
section details the building structure, how the data were collected,
and the dataset structure.

2.1 GreEn-ER building

The GreEn-ER building is in the Polygone Scientifique, located
at the Presqu’ile of Grenoble, France. It comprises the Grenoble-INP
engineering school Ense?®, the G2Elab laboratory, and training and
research platforms. The building has more than 22,000 m* of floor
space, which is divided over six floors and the roof. There are about
1,500 students and hundreds of professors, researchers, and staff
using it. There are more than 1,500 meters, including more than
300 electricity consumption ones. The other meters concern internal
and external conditions and thermic energy data among other
variables. The measured data are used to control the internal
conditions regarding the comfort of the occupants and to
monitor the consumption (Delinchant et al., 2016).

The building houses a diverse mix of loads from common office
ones such as personal computers, monitors, and printers, to typical
industrial loads such as air compressors, fans, and pumps. There are
also air handling units, a data center, and a university restaurant
within the facility.

Since the building houses a teaching facility and does not have
student entry control, it is not trivial to have a precise occupancy
schedule. However, it is possible to state that the occupancy is
concentrated on weekday daytime periods, which is reflected on the
electricity consumption.

2.1.1 Electric scheme

The grid delivers the electricity to the building at three-phase
20 kV. Two 2-MVA transformers (TR1 and TR2) step down the
voltage at 400 V. Each transformer leads the electricity to a main
switchboard, called TGBT, French acronym to general low-voltage
switchboards. Each one of these boards has its own meter to measure
its consumption. A switch that is normally open interconnects these
boards. In that way, the two TGBTs are normally independent.
Thus, all the building’s loads are connected to these two main
switchboards, either directly or by some sub boards. Each one of the
branches of the scheme has also its own meter. Figure 1 illustrates
the electric scheme of the building.

In Figure 1, the branches that have TD in their names are, in fact,
other boards (“Tableau de distribution” in French) that distribute
the electricity to different zones. The third character in these
branches’ names, 1 or 2, stands for the TGBT to which the board
is connected. The G2E stands for G2Elab and represents the boards
that distribute electricity to that area. At the same time, EE3 stands
for Ense’, and those boards distribute electricity to the classrooms
and other facilities of the Engineering School Ense®*. COM stands for
the common areas, and PRE represents the boards that distribute the
electricity to PREDIS charges, a training and research platform for
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FIGURE 1
Electric scheme of the GreEn-ER building.

smart grids. The name’s ninth character (considering the hyphens
“-“) of each board is linked to the floor where it is located [R stands
for ground floor (Rez-de-Chaussée in French)]. The loads in the TD
switchboards are generally divided into three or four loads, which
represent lightning (ECL), electrical outlets (PC), water heater
(ECS), or dedicated outlets (FM). These loads also have their
own meters.

Within the building, there is a platform, called “PREDIS-MHI,”
conceived to be a nearly zero-energy building (Nzeb). It is a 600-m?
platform energetically independent from the rest of the building.
This platform, represented in the early drawing by the branch with
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the acronym “T'D2-DEM-40,” is even more monitored than the rest
of the building. In this sector, the lightning and the outlets of each
room is measured independently (Delinchant et al., 2016).

2.1.2 Meters and building management system
The electricity consumption of the building is measured using
Socomec meters models such as E13, E23, E33, E43, E63, 130, I35,
and 160, according to their specifications (SOCOMEC-Innovative
Power Solution, 2022; SOCOMEC-Innovative Power Solution).
Each meter has Modbus communication via RS485 with a
programmable logic controller (PLC) installed in the switchboard
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to which the measured load is connected. The PLCs, in turn, send
the measurements to the storage and to the BMS.

The BMS is based on the StruxureWare environment, developed
by Schneider Electric Company (Schneider Electric). It gathers the
data coming from the PLCs and stores the measured data into a
Structured Query Language (SQL) server, where the data are logged.
It also enables the control of some parameters, such as the internal
temperature of some rooms and the air pressure and flow of the air
handling units. Energy consumption management software, called
Automatic Reporting for Energy Efficiency (AREE) building,
developed by Inneasoft (Inneasoft), organizes the meter hierarchy
and the trends and can show several performance indicators. It also
enables the access to the logged data and can easily export the data
into text files. The data available in this dataset are extracted from
the SQL server with the help of AREE building software.

2.2 Dataset structure

The dataset was separated into four main contents: global
consumption, TGBT1, TGBT2, and PREDIS-MHI. In the dataset
main folder, there is a folder named “Data.” Inside this folder, two
sub-folders represent each year of data available, which are 2017 and
2018. Each sub-folder contains three other sub-folders, and each one
corresponds to content cited earlier.

Inside the sub-folders of each content, there are files that contain
the electricity consumption data. The data are stored in comma-
separated value (CSV) files, with semicolon as a separator. Each file
contains the timestamp, with 10-min sampling and the cumulative
electricity consumption, in kWh. As the meters are cumulative and
the resolution is 1 kWh, the consumption sample will only increase
after 1 kWh of consumption of the respective load. There is one CSV
file for each meter, and they are all named according to their
respective meter numbers. These numbers can be retrieved in
tables and drawings available in Jupyter Notebook.

Four Jupyter Notebook files, a format that allows combining
text, graphics, and code in Python, are also available in the main
folder. These files allow exploring all the data within the dataset.
These Jupyter Notebook files also contain the metadata necessary for
understanding the system, such as drawings of the system design
and of the building. A couple of CSV files with the system design are
also available. They are named “TGBT1_n.csv,” “TGBT2_n.csv,”
and “PREDIS-MHI_n.csv.” In these files, each column stands for a
switchboard. The head contains the names of the boards, and the
value in the first row represents the respective meter number. The
values in the following rows represent the number of the sub-meters
that are located downstream of the meter described in the first row.
So, for example, in the file “TGBT1_n.csv,” there is a column whose
heading is “TD1-G2E-51.” The value in the first row is “776,” which
represents the number of the meter of this switchboard. The values
located in the following rows, “517,” “518,” and “519,” represent the
meters of the loads located downstream of the “TDI1-G2E-51"
switchboard.

The folder “Data” also contains the CSV files with the electricity
consumption data of the whole building and a file named
“Temp.csv” with the temperature data. The temperature data are
in Celsius degrees ‘C, with 1hour sampling, a semicolon as a
separator, and comma as a decimal marker.
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TABLE 1 Time zone changes within the data.

Timestamp interval Time zone

01/01/2017 00:00-26/03/2017 01:50 UTC+1
26/03/2017 03:00-29/10/2017 01:50 UTC+2
29/10/2017 02:00-25/03/2018 01:50 UTC+1
25/03/2018 03:00-28/10/2018 01:50 UTC+2
28/10/2018 02:00-31/12/2018 23:50 UTC+1

The timestamp follows the format “dd/MM/yyyy HH:mm,” as
shown in “29/10/2017 03:40:00,” for instance. The timestamp data
observe the local time in France, i.e., UTC+1 or UTC+2, considering
daylight saving time periods. The raw data are not time zone aware;
thus, when there is a step forward, from UTC+1 to UTC+2, in March,
there is a gap in the data. However, when there is a step back, in
October, the data regarding the duplicated timestamps are overwritten.
Table 1 presents the timestamps when changes in the time zone occur.

The GreEn-ER dataset is available in open-access in the
Mendeley Data DOI  “10.17632/
h8mmnthn5w.1,” and under a Creative Commons Attribution

repository under the

4.0 International License (Martin Nascimento et al., 2020).

3 Annual consumption and data quality

The measurements available in this dataset correspond to raw data
without any preprocessing. This may present some data quality
problems. The measuring and storing data system were designed to
evaluate the electricity consumption rather than the load curve.
substantial period, the final
consumption tends to be accurate. However, sometimes, a loss of

Therefore, during a electricity
communication between the meters and the data storage system
may occur. In those periods, the meter accumulates the measured
electricity consumption, and when the communication resumes, it
sends the accumulated value. Occasionally, it represents a high peak
of consumption in a short time step. The loss of communication
addresses the lack of completeness of the data and the peaks in the
consumption and the poor accuracy of the measurements in some
samples. Figure 2A shows the annual consumption of the two
transformers of the building, while Figure 2B presents some
examples of data quality problems in this dataset.

According to the results presented in Figure 2A, the annual
consumption of the building in 2017 was 1791.67 MWh, which
corresponds to an average power of 204.53 kW.

Another way to evaluate the electricity consumption is by
analyzing the load curve, which can be reconstructed from the
curves presented in Figure 2A and shown in Figure 3A. In these
figures, it is possible to visualize an increase in the power
consumption during the summer, probably due to cooling
charges. Periods of scholar vacations, especially in August, are
also distinguishable. Additionally, it is possible to see that there
is a weekly pattern, with consumption dropping during weekends
and likewise during nighttime.

Furthermore, it is also possible to visualize data quality problems, as
shown in Figure 3A, by the presence of outliers at the beginning of the
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Electricity consumption in 2017
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series, in January. That is another way to visualize the issues presented
in Figure 2B and can be better seen in Figure 3B. These data quality
problems due to the lack of communication between the meters and the
BMS are not critical when dealing with consumption only, since when
communication is restored, the meter sends the integrated value to the
BMS. However, when there is an interest in reconstructing the load
curve, those problems generate outliers and gaps in the time series,
making it difficult to analyze these periods.

Therefore, these data quality issues need to be treated carefully to
allow for more precise analysis. They can be present in every file that
contains consumption data within the dataset. Hence, data quality
problems lead to another research direction, such as the detection and
quantification of these issues as well as their impact on different analyses.

Although the dataset presented in this paper represents a step
forward in the availability of tertiary buildings datasets, it is also
important to highlight limitations other than the data quality issues
previously mentioned. The low-frequency sampling may make several
analyses difficult; however, high frequency sampling data is not the
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standard for most facilities. Additionally, the 1 kWh resolution for the
energy meters impairs the timeliness, especially for low-consumption
loads. Therefore, it is important to evaluate whether these limitations
restrict the use of the data for the intended purpose.
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