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Abstract
The University of Turin (Unito) counts over one hundred buildings in and around the city of Turin. Unito’s
stock includes buildings with different architectural features and functions: from historical XVIII century
buildings to the splendid new Campus Luigi Einaudi.
In 2015 a thorough review of Unito energy consumption was started, The review has exposed several
issues: the inhomogeneity of data sets, the lack of tools for data visualization and analysis, the lack, for
historical sites, of modern equipment for an efficient management and, finally, the inadequate user
awareness about sustainability issues. In the absence of centralized tools for building automation, the first
steps to improve energy efficiency require a detailed work in collaboration with the users. For this purpose an
interactive web application has been developed. Starting from historical consumption data, several cases of
energy waste have been identified: reactive energy, off-hours lighting, sub-optimal heating and airconditioning schedules etc.
Online Open Data tools and real-time monitoring can also improve users’ awareness and their engagement
in sustainability, and support the energy management of large building stocks. Due to the heterogeneity of its
building’s stock, the experience at Unito might be representative and is susceptible of generalizations at the
district level.
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Introduction

In the last decade the European Union (EU) has started the long path to reduce the Green-House-Gas
(GHG) emissions, adopting various environmental measures in the context of the celebrated 20-20-20 policy.
There are of course various ways to reduce the consumption of fossil fuels and to better manage our
resources. One is to expand the use of renewable energy sources, another is to increase the energy
efficiency, through structural changes on existing buildings, improvements in the way energy is managed,
and by rethinking our lifestyle. Indeed, residential and service buildings are responsible for a large part of
primary energy consumption: in the EU this is about 40%, more or less half of which is spent for indoor
climate conditioning. In the following we describe the general approach we have followed to identify and
reduce energy wastes, together wih a few preliminary results obtained in our approach to energy auditing in
a large buildings stock.
1.1

University of Turin Building Stock

The University of Turin (Unito) manages 120 different buildings in the city of Turin and in the surroundings,
for a total of almost 550000 m2. It has more than 67000 students (62% women, 38% men), about 2000
professors and lecturers and almost 2000 administrative and technical staff. The annual expenditure for
energy amounts to almost 10 million €, corresponding to 23.5 GWh of electrical power, 2.08 TOE of gas and
a minor quota of other fuels.
Unito’s stock is intrinsically heterogeneous. This causes various problems to the energy and logistics
management, mainly because of the different architectural features, the disparate functions of the buildings,
and the varying technical equipment.
First, for what concerns the different functions, Unito includes libraries, administrative offices, educational
and research centers, museums, hospitals, convention centers, stables, a botanical garden and so on, with
intrinsic differences in management. For instance, hospitals never close, while administrative offices,
libraries and museums follow standard day-time opening schedules; the timetable of the Departments
depends on the field: for ex., humanities Departments have classical working schedules, while the science
Departments hosting laboratories sometimes have to be kept open, at least partially, day and night.

Second, the buildings in Unito’s stock were built in different historical period, and have completely distinct
architectural features. For instance, buildings in the city centre go back to the XVIth and the XVIIIth century.
This is case of the Rettorato (1713), the Maths Department at Palazzo Campana (1675), the administrative
offices at Palazzo degli Stemmi (1683), Buildings in the Science cluster, close to the Valentino Park, were
generally built at the end of the XIXth century, though many of them were renovated after the World War II,
due to bombings. There are also newer buildings, from Palazzo Nuovo (1966), which hosts the Humanities
Departments, to the buildings in Grugliasco (1999), up to the newest Campus Luigi Einaudi built in 2012.
This dishomogeneity affects any type of normalization and possible comparison among consumptions for
different buildings. The first effort has therefore been to collect all the available data, to test a few general
methodologies and to develop online web tools for fast analyses.
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Data Mining

In next subsections, we report a few case studies, methodologies and results. All datasets derive from a data
mining process. They have been obtained in different ways: reactive energy and Time Slot consumption
dataset have been taken directly from the electrical bill, suboptimal HVAC schedules and off-hours lightings
data have been obtained from the Control Room of the Campus Luigi Einaudi, which has a Siemens Building
Energy Monitoring System called Desigo Insight and, finally, generic electrical loads data audit have been
measured directly using electric current monitors.
2.1

Daily and nightly time slot

Figure 1: Daily Vs Nightly consumption for Unito's stock. (F2+F3)/F1 ratio represents how consumptions are
distributed between working day, night and holiday.
A preliminary investigation has concerned the day and night electricity consumptions. The Italian law adopts
time-of-day metering, subdividing the day into three time slots, called F1, F2 and F3 and priced differently.
F1 corresponds to 8:00-19:00, Monday to Friday, F2 corresponds to 7:00-8:00 and to 19:00-23:00, from
Monday to Friday, and 7:00-23:00 on Saturday, while F3 corresponds to 23:00-7:00 from Monday to
Saturday, and to the whole Sunday and holiday days. Due to the different rates, the electricity bill reports
consumption for each time slot. Their comparison can quickly reveal, inefficiencies in the lighting and heating
schedules. A ratio (F2+F3)/F1 equal to 1 means that the average consumption during working hours is the
same as the consumption during night plus Sunday/holiday. The graph in figure 1 shows that there are some
buildings which use more than twice the power during nights and holidays than during the working days. Of
course, one should keep in mind that the working hours (F1) represent annually only about a third of the total
time. One should also consider the building function: for some sites like Biotechnology, the Physics or
Agrarian Department, this behaviour is due to technical equipment that works 24h/24h every day. However,
for the Administration building (ratio = 1.97), or the Anthropology library (ratio = 2.01) a ratio greater than 2
suggests some problems in the schedules of lighting or heating.
2.2

Reactive Energy

Reactive power is only defined for alternating current (AC) electrical systems; it is due to the change of
phase in the electrical current caused by capacitors and inductances in the electrical loads.

The Italian law (art. 9.1 AEEGSI ARG/elt 199/11) defines the amount for the reactive energy penalty, based
on the power factor:

where Ea is the active power, and Er is the reactive one, and represents the phase displacement due to
capacitances and inductances.
Power factor corresponds respectively to the % of reactive power consumptions with respect to the active
power: if 0,9 < Cos < 1  0% Ea < Er < 50% Ea or if 0,8 < Cos < 0,9  50% Ea < Er < 75% Ea while if
Cos < 0,8  Er > 75% Ea . According to the italian law, for each Kvarh (V*A) exceeding the 50% of the
active power, a private consumer must pay: 3,23 cent/Kwh (Low Voltage) or 1,53 cent/Kwh (Medium
Voltage) between 50% and 75% of the active energy, and 4,21 cent/Kwh (Low Voltage) or 1,89 cent/Kwh
(Medium Voltage) if the reactive power is beyond the 75% of the actve power.
The automatic computation of possible penalties due to reactive energy can be easily implemented and, in
the case study of the University of Turin, the total amount of penalty during the year 2014 (for 9 months) has
been 8282€ as shown in table [1]:

Table 1: Resume on major penalty due to reactive energy within the Unito's stock
2.3

A case study: Campus Luigi Einaudi

Figure 2: Total electrical power for two whole building within the Campus Luigi Einaudi (Unito). The
difference between night and day power is less than the 14% of the instantaneous power.
In this subsection, a case study regarding the newer Campus Luigi Einaudi has been explained, from an
overall insight until specific electrical loads such as computers, coffee machines and lightings. First of all,
graph [2] shows the total electrical power related to one of the four transformer room of the Campus Luigi
Einaudi, which supplies the D3 and D4 building inside the Campus. In particular, at a first sight, a very little
difference between nightly and daily consumptions comes up. In fact, there is a difference in electrical
consumption, between night and day, less than 20Kwh, which corresponds to a consumption reduction of
15% during the night. Due to this inefficient behaviour a deep electrical audit has been done on building D3
and D4.
2.3.1

Sub-optimal heating and air-conditioning schedules

In this subsection, two specific examples, part of a larger case study over the Campus Luigi Einaudi, have
been reported. Thanks to the Desigo Insight BEMS some heating and ventilating systems have been
monitored for at least one week. The monitored interval period was between the 18/02/2014 and the
24/02/2015, still during the winter season.

In particular, figure [3] shows a first example for a private office of a Professor of the CPS department in the
northern side of the Campus Luigi Einaudi (thus without solar irradiance). The main y-axis corresponds to
the % opening valve (0-100%) while the secondary y-axis corresponds to the Temperature measured (inside
the office, outside the building and the HVAC set point). At a first glance, graph [3] exhibits how the heating
systems works constantly during the day and the night; moreover it works harder during the night than during

Figure 3: HVAC system at Campus Luigi Einaudi:3rd floor private office monitoring during the winter season.
The graph shows the set point (red line), the heating valve (blue line), the environmental
temperature (yellow line) and the external Temperature (gray line).
the day, because of the high peak in the external Temperature (to be noticed that 21-22/02 correspond to the
weekend).
Computing the total Area below the blue line (the % opening valve) during the whole week and the Area only
during the nights and the weekend, the % of useless running time for the heating system can be obtained.
The impressive result of 73% of night (and weekend) running time over the total time has been obtained.
Second, figure [4] shows the result for a Computer Classroom, at ground floor, again in the northern side of
the Campus. In this case, the heating set point has been changed between the 20/02 and the 21/02. In the
first part, graph [4] points out 6 peaks. Every peak corresponds to nightly hours. In this second case, the total
running time during the night corresponds to the 68% of the total usage during the first two days. In the
second part, the set point has been changed from 21 °C to 18 °C.

Figure 4: HVAC system monitoring (Li4 computer classroom). Changing properly set point and exploiting
weather condition a remarkable energy saving can be obtained.
This simple experiment proves how, a right schedule setting, or a simple predictive model based on weather
forecasting, can considerably reduce the consumption during holiday and weekend just exploiting the
weather condition and the external temperature.
2.3.2

Off-Hours Lightings

In this subsection, off-hours lightings are reported, caused by some wrong schedules. Figure [5], on the left,
shows the schedule for the garage lightings, while, on the right figure [5] shows the external lightings, which
remained to bright a ping-pong table during the whole night, even if the entire Campus was closed to the
public. More precisely, a deeply inspection revealed external lighting, constantly lighted up, from 17:00 until
8:00AM, the garage lighting always brighted on, and security lighting, from ground floor until 3rd floor, turned
on during the whole night.

An annual estimation brings to reduce the consumptions for external lightings, garage lightings and security
internal lightings respectively of 31600Kwh, 26100Kwh and 80.000Kwh, which is equivalent for a total cost
saving of 25200 € and a CO2 reduction of 54,53 tCO2.

Figure 5: on the left: wrong lighting schedule for garage lighting. On the right: photo from a night
inspection.
2.3.3 Generic
Electrical Loads
Two different targeted electrical audits, during a period of one week, have been done. The power data have
been taken with the CT sensor Efergy 2.0 Classics. Graph [6], on the left, points out the power of 2 computer
within a computer room in building D4. 2 PC together have been monitored for technical reasons due to the
plug. In particular, each computer uses 20Wh in standby and 30Wh when it is working. From graph, it is
completely evident the energy wasting during night and during the weekend, due to the continuous standby
of the computer. They have been used for just 4-5 hours, for a total power of 0,233Kwh, over the 195 hours
monitoring. In other words, for 191 hours they remained in standby: during only one week the 2 PC wasted
7,755 Kwh, which corresponds to the 97.08% of the total consumption during the monitoring. In general,

Figure 6: on the left: power monitoring for 2 pc within a computer room during an entire week. On the right: a
photo from a night inspection and power monitoring for a vending machine during an entire week.
considering the closing time of the Campus, the 8 hours during the night, the weekend and the holiday
during a whole year, 40069 Kwh could be saved, for the 369 PC of the classrooms without taking into
account any private Pc or TV Monitor, which corresponds to a cost saving of 7451.28€ and a CO2 emission
saving of 14,785 tCO2.
Similarly, a coffee machine has been monitored. Figure [6], on the right, points out the energy wasting during
the night and the weekend, too. The average power for a single coffee machine corresponds to 89Wh.
Considering the 26 vending machines in the Campus, during the whole year, 12411,36Kwh can be saved,
which corresponds to 2330,01€ and 4,914 tCO2.
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Large Scale Web Application

All the case studies shown have been done simultaneously the developing of some IT tools, for real time
monitoring, in order to support the energy and the logistics management of a large building stock. During last
year, in fact, Unito research has brought to develop an open source online web tool prototype for smart data
visualization and preliminary analysis. For this purpose an Open Source library, called HighCharts, has been
used as starting point. Other open source tools can also be used, such as D3.js, GoogleCharts, bokeh, Julia.

These web tools can be used together to PHP, MySQL and HTML to create interactive smart data
visualization for any type of dataset with direct query to database, or from real time stream of data.
In absence of a widespread sensor network for real time monitoring, the historical consumptions, between
the last four years, 2010-2014, for the whole University of Turin have been analyzed and used as a starting
database. In next subsections, some developed tools will be introduced and some relative advantages
arises in order to support the energy management and reducing the working time for analysis.
In next subsections, three web tools developed will be discussed.
3.1
3.1.1

Online Tools
Buildings/years Comparison

Figure 7: Script for smart data visualization. The tool allows to choose different buildings and/or years and
to compare their monthly and annual consumptions.
Graph [8] purpose is to give a quick tool to visualize, compare different years or different buildings, and print
the electrical consumptions for any building within a building stock. In figure [8], for instance, the electrical
consumptions, between 2010 and 2014, for Campana’s Palace (the Maths Department within Unito), have
been shown. In particular, the graph forthwith figures out an increasing consumption for night and holiday
consumption ( F2 and F3 ) with respect to daily consumption ( F1 ) of 5% and an absolute consumption
higher in 2014 than the values in 2010.
3.1.2

Scatter Method

The Scatter Method is a preliminary analysis tool in order to identify within a large building stock the more
inefficient sites. In graph [9], x-axis represents the efficiency of a building, evaluation based on the
consumption per meter square (Kwh/m 2), while y-axis represents the absolute consumption during a whole
year. Moreover the graph is split into four different quadrants; any quadrant gives a different priority. The top
right quadrant represents “very high priority” because of high absolute power consumption (y-axis) and a
general high inefficiency (x-axis); thus, any maintenance or efficiency renovation could reduce significantly
the total consumption within a building’s stock. The Top-left quadrant represents “High Priority”: high
consumption but low total electrical consumption per meter square ratio. Thus, any maintenance work can
affect the total consumption but it could be quite difficult to improve the energy efficiency of the building. The
Bottom-left quadrant corresponds to “Low priority”, because of the low absolute electrical consumption and a
relatively high efficiency in the ratio consumption per meter square. Finally the bottom-right quadrant
corresponds to “medium priority” because of the low absolute electrical consumption and a low efficiency in
the ratio consumption per meter square. Thus, any maintenance work can affect a little the total building
stock consumption but there are high inefficiency within the building structure.

Figure 9: the Scatter method allows to quickly identify more inefficient sites. Y-axis represents absolute
annual electrical power, while x-axis represents annual power consumption per meter square.
Each quadrant defines a different action priority for energy efficiency.
3.1.3

Visualization on Interactive Map

A third smart data visualization tool is shown in figure [10]. Thanks to this interactive map prototype is
possible to visualize various type of dataset collected within a local research project in the field of the
Internet of Thing, called Comfortsense. In this case, anyone can choose some collected objective data, like
Temperature, Humidity, CO2 concentration, room occupancy or some subjective data like personal feedback
on Comfort, thermal comfort, air quality and so on; then, choosing a reference interval period, the average
during the chosen period is shown directly on an interactive map, with the opportunity to zoom in and out
from the entire building until the single classroom. Figure [10] shows an example within the Campus Luigi
Einaudi. In this case, an overview on people Comfort Feedback is shown. Within Comfortsense research
project, people can express their global satisfaction within a range from 1 to 5 (1 very uncomfortable, 5 very
comfortable). For example 1.75 corresponds to unsatisfied people.

Figure 10: Script for Interactive map. The tool allows to visualize any data collected inside the building
and to zoom in and out from the entire building until the single classrooms and offices.
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Discussion

This applied research has several purposes. In particular, three different fields can be identified:
1. Data Visualization and Energy Saving: the aim of working on energy data in a large building stock,
such as UNITO, is to create useful tools for the energy manager and for any other stakeholder
involved in the management. As a first step, data visualization can help, the energy manager job to
identify wastes and malfunctioning, such as excessive night consumption. Several papers certify the
impact of this approach based on management experience.

2. User Awareness and behavioural change: the second impact is to enhance the final user’s
awareness, to encourage behavioural change and to stimulate all final users to adopt a sustainable
conduct, such as turn off lighting, Pc or Heating and cooling plants.
3. Scalability of Open Source software and hardware: an open source management system, from
software analysis tools to web visualization applications, until the sensor data system can be very
powerful and allow great scalability. It can be generalized and adopted by Public Administration, by
other University or schools, by private big estate agencies; approach certified by other IOT open
source project and by actual general interest from industrial enterprises.
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