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Before
2014

Where we started?

A mountain 

of 

energy bills



Before
2014

Where we started?

Few

excel tables



Before
2014

Where we started?

lots of money 

to go without control

Electricity: over 32.76 GWh

( 7.000.000€ )

Gas: over 2082 TOE

( 2.000.000 € )

per year



2014

Re@Unito: the Energy Group

Date of birth: 02/2014
The Energy Group aims to

monitor Unito’s energy

consumption, to foster

energy efficiency, to

reduce energy leakage

and to increase renewable

energy production.



2014

Re@Unito: the Energy Group

Date of birth: 06/2014
The Energy Group aims to

monitor Unito’s energy

consumption, to foster

energy efficiency, to

reduce energy leakage

and to increase renewable

energy production.

Let’s start with the first 

energy audits and analyses



2014

Re@Unito: the first energy analysis



2014

Re@Unito: the first energy analysis



2014

Re@Unito: the first energy analysis



2014

Re@Unito: the first energy analysis



2014

Ok, wait a minute

Maybe, we need another 

approach… 



2014

Re@Unito: Unito at a glance

•Over one hundred buildings

•Over 514387 square meters
Building Stock

•Over 32.76 GWh / 7.000.000€ ( Electric ) 

•Over 2082 TOE / 2.000.000 € ( Gas )

Annual 
Energy 

Consumption

•Over 66.000 Students

•Over 2000 Professor & Researchers

•Over 1700 Administrative Staffs
Users

An overview



2014

Re@Unito: Unito at a glance

UNITO’s building stock

Period of construction

•Rettorato (1713)

•Palazzo Campana (1675)

•Physics Department (end of XIXth)

•Palazzo Nuovo (1966)

•Grugliasco (1999)

•Campus Luigi Einaudi (2012)

Functions

•Administrative Offices (EX: Palazzo degli 
Stemmi)

•Humanities Departments ( EX: Palazzo Nuovo) 
close at 8:00 PM

•Hospitals: ( EX: Molinette)

•Science Departments: (EX: Biotech, Physics, 
Chemistry) host several laboratories working 
24h/24h

•Botanical Garden, Museum, libraries, …



2015

1st javascript prototype

Development of js script to analyse

single building energy consumption …



2015

1st javascript prototypes

… and to compare different years and building consumption



2015

Ok, well.

Now, it’s easier to write 

energy reports and to 

identify the most inefficient 

buildings



2015

Energy reports



2015

Energy reports



2015

Energy reports



2015

……….. !!!!???!!!

Maybe, we need more 
people…



Need to spend a lot of

time to identify energy

wasting

Need to engage

directly the users of

each building

2015

OpenData, thesis and energy audit

OpenData
a «common»

to improve sustainability

Student’s projects 
(bachelor and master)

to conduct energy

audits



2016

UniToGO: Unito Green Office

Date of birth: 05/2016
UniToGO is an

interdisciplinary network

within the University of Turin,

organised in 5 Working

Groups formed by

academic and technical

staff as well as students.

UniToGo coordinates and

promotes all activities and

initiatives about

sustainability.

UniToGO elaborates an

"Environmental

Sustainability Action Plan"



The structure of the Unito Green Office

Governance of the University
(Dean and Board of Directors)

University

Strategic Plan

UniToGO

Working Groups
Each group has an academic, a technical, a researcher and a 

student representative

Green 

Public 

Procurement
Energy Mobility Food Waste

Environmental Sustainability

Action Plan

City of Turin

Piedmont Region

Public Utilities

Waste

Public Transport

Water

National and 

international

Network for 

sustainability

Local 

organization

And NGO’s

External Relations

Schools 

and 

Departments

Research

Center

Business 

And Startup

Incubator

Students’ and 

Political

Organizations

Internal Relations

Sustainability CEO

ViceDeans

Technical Directors

Unesco Chair 

Sustainability Report

Working Group 

GreenUnito



2016

UniToGO: action plan

1st aim of each Group
Define an action plan

Necessity of proper

energy efficiency indices

Necessity of a proper

approach to monitor

historical trends

A methodology for the energy performance classification of residential building stock on an urban scale, Giuliano Dall’O’
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Energy Efficiency indices: 

general considerations

The most general definition of an Energy Efficiency Index* is:

𝐸𝐸𝐼 =
𝐸

L

where E = «Energy Consumption» and L = «Factor related to the Energy Consumption» 

1. The factor E can be related to:

A. The Electrical Consumption Ekwh ( Kwh ); 

B. The Gas Consumption Egas ( m3 of gas );

2. The factor L can be related to: 

1. The Surface of the building  Lm2 ( m2 );

2. The number of Users Lusers ( #users );

3. The Degree Days LDDx ( Degree Days ). DDx refers to different approaches;

4. Any other factors.
* Energy efficiency index as an indicator for measuring building energy performance: A review, 2015, Nur Najihah Abu Bakar
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Energy Efficiency indices: 

degree-day method

The degree-day method relates the energy consumption with the average outdoor temperature 
and/or humidity. It can be used to compare the performance in different years, e.g.

𝐸𝐸𝐼 𝑦𝑒𝑎𝑟, 𝐾𝑤ℎ, 𝐷𝐷𝑥 =  

𝑖=6

9
𝐸𝑖, 𝐾𝑤ℎ
Li,DDx

Indeed, the heating and the ventilating systems are strongly affected by the outdoor weather 
conditions.

Here the main limitation is that energy consumption is not saturated by HVAC systems.

In this study, two different Li,DDx coefficients have been adopted: 

1. Mean Temperature Index: Li,DDmax =  𝑗=1
30 𝑇𝑗, 𝑎𝑣 − 𝑇𝐶𝑜𝑚𝑓𝑜𝑟𝑡 where 𝑇𝑗, 𝑎𝑣= «Daily average

temperature» and 𝑇𝐶𝑜𝑚𝑓𝑜𝑟𝑡 = 24°𝐶;

2. Humidex Index*: Li,DDHumidex =  𝑗=1
30 𝑇𝑗, 𝑎𝑣 +

5

9
6.11 ∗

𝐻𝑈
𝑗
,
%

100
∗ 10

7,5∗𝑇𝑗
,
𝑎𝑣

237,7+𝑇𝑗
,
𝑎𝑣 − 10 where 𝐻𝑈𝑗, %= «Daily

Average Relative Humidity»;
* J.M. Masterton, 1979, A Method of Quantifying Human Disconfort Due To Excessive Heat and Humidity



A useful approach is based on monitoring the consumption during the week working hours 

and during the night/weekend/holiday. 

𝐸𝐸𝐼 𝑦𝑒𝑎𝑟, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡/𝑑𝑎𝑦 =
1

𝑁
 

𝑖=1

𝑁

𝐸𝐸𝐼 𝑖, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡/𝑑𝑎𝑦 =
1

𝑁
 

𝑖=1

𝑁
𝐸𝑖
, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡

𝐸𝑖, 𝐾𝑤ℎ, 𝑑𝑎𝑦

where 𝐸𝑖, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡 = «Kwh during night/weekend/holiday, 𝐸𝑖, 𝐾𝑤ℎ, 𝑑𝑎𝑦 = «Kwh during day» for 

month i and N = 12 is the number of months.

This ratio simply reveals if the heating plants, the lighting and all other possible electrical

loads has been properly set. 

1. If 𝐸𝐸𝐼 𝑖, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡/𝑑𝑎𝑦 > 1  𝐸𝑖
, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡

> 𝐸𝑖, 𝐾𝑤ℎ, 𝑑𝑎𝑦

2. If 𝐸𝐸𝐼 𝑖, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡/𝑑𝑎𝑦 < 1  𝐸𝑖
, 𝐾𝑤ℎ, 𝑛𝑖𝑔ℎ𝑡

< 𝐸𝑖, 𝐾𝑤ℎ, 𝑑𝑎𝑦

2016

Energy Efficiency indices: 

weekday VS night/holiday consumption
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Building the proper ranking

August January

Different

month

 

Different

ranking



2016

Building the proper ranking

KWh / m2 KWh / users

Different

Li coefficient

 

Different

ranking
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Building the proper ranking

Kwhnight / Kwhday

A completely

different ranking
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Building the proper ranking

……….. !!!!???!!!

Maybe, we need some 
analysis tools…
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Clustering building functions:

the scatter method analysis

Very High Priority

Medium Priority

High Priority

Low Priority

A
b

so
lu

te
 C

o
n

su
m

p
ti
o

n
( 

K
W

h
 )

Consumption per square meters ( KWh / m2 )

* The Database of actual Energy Consumption as a 

tool to analyze and plan energy retrofit actions in 

large building stocks, Federica Ariaudo

* True Green and Sustainable University Campuses?

Toward a Clusters Approach, 2016, Giulia Sonetti



Agrarian Buildings

1. HIGH consumption 

at night

2. LOW consumption 

per m2

2016

Clustering building functions:

the scatter method analysis
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Clustering building functions:

the scatter method analysis
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Consumption per square meters ( KWh / m2 )

1. MEDIUM consumption

at night

2. LOW consumption

per m2

Humanities Buildings



1. MEDIUM consumption

at night

2. MEDIUM consumption

per m2

Scientific Buildings

( with lab )

2016

Clustering building functions:

the scatter method analysis
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Consumption per square meters ( KWh / m2 )



1. LOW consumption

at night

2. LOW consumption

per m2

Scientific Buildings

( without lab )

2016

Clustering building functions:

the scatter method analysis
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Consumption per square meters ( KWh / m2 )

Outlier

Regional IT Center
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Clustering building functions:

multi dimension analysis

All Unito’s

building stock
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Clustering building functions:

multi dimension analysis

Too messy?



2016

Clustering building functions:

multi dimension analysis

Humanities 

buildings

Outlier
Palazzo Nuovo

( biggest building )



2016

Clustering building functions:

multi dimension analysis

Agrarian

buildings

Outliers
Botanical Garden

and

Agraria Campus
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Monitoring historical trends:

annual consumption per square meters



2016

Monitoring historical trends:

annual consumption per square meters



2017 -
2018

Towards a well-design platform 

All the analyses presented are based on monthly electrical bills which can

be quickly recovered through an online open source platform.

We observe that in order for EEI to be helpful in the energy management 

of a large building stock

There are some general simple tips and suggestions which must be 

pointed out as results of this work in order to use EEIs. 

1. A precise definition of «edges» and «thresholds» for different types of 

buildings is necessary

2. One needs to know precisely the functions and the main electrical 

loads for any building

3. Different approaches (i.e. scatter method and multi dimension analysis) 

can be used to define clusters of building



THANK YOU 

FOR 

YOUR ATTENTION

www.green.unito.it

University of Turin

Dario Cottafava 

Dario.cottafava@gmail.com

Thanks to 

Prof. P. Gambino - Prof. M. Baricco - Eng. A. Tartaglino


