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Abstract
The urban energy world is extremely dynamic. In the cities, energy infrastructure will
cover a higher importance in few years because of the great density of the services.
Energy efficiency policies will be, as a consequence, fundamental in order to develop
an innovative governance of the urban systems from the energy perspective.
In this work, Turin’s case has been considered. A statistical study was realized from the
users’ perspective, the ones consuming energy. An analysis of the thermal energy
production is also performed in order to have a general and precise idea of the energy
infrastructure: performances, challenges, and characteristics.
It has been focused on the thermal energy production in the residential sector. Targets
have been found and innovative policies are recommended which will decrease the
overall energy consumption and increase the energy efficiency. Those solutions can be
used in different urban context, because the methodological framework is scalable.
Key words: energy infrastructure, energy efficiency, policies

Acknowledgements
Firstly, I would like to thank professor Matthias Finger for the given opportunity to be
active part in the IGLUS program, and for being available and helpful in the writing
process of this work. I want to thank the former manager of IGLUS Mohamad Razaghi,
and the actual manager of the master program Umut Alkım Tuncer. They are both
professional, knowledgeable, and pleasant people.
In order to develop this master thesis, data were fundamental. Therefore, I would like to
thank professor Alfonso Capozzoli, PhD, Associate professor at Politecnico di Torino,
Department of Energy, DENERG. His team and he gave me the accessibility to their
database of Certificati Energetici. I am also grateful to Mr. Fabrizio Zeba and Iren S.p.A.
CEO Giuseppe Bergesio because their availability on sharing power plants production
data of different years.
I thank my company in Turin, Altea Energia S.p.A.: my boss Giovanni for giving me time
off from work to actively participate at the IGLUS master program’s lessons around the
world, and Matteo, which took over in the technical office when I could not be there.
I would love to thank thousands time my wife Abby for the support during this last two
years of master program. My unconditional and endless gratitude is for you!
Finally, I must express my happiness and thankfulness to the people I met during the
past two years. Participants from all over the world, universities staffs, professors and
researchers made the experience unbelievable and memorable. It is amazing how much
you can learn talking and living with different cultures. Diversity is always the key.

LORENZO RUBINO

2

Index
1 Introduction

Page 3

2 Regulations and directives

Page 6

3 Demand side - Residential thermal consumers in Turin

Page 11

3.1 Description
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6

Year of construction
Buildings’ typology
Buildings’ heating systems
Efficiencies
Buildings’ envelops
Energy performance indicator

3.2 Discussion
4 Supply side – Thermal energy production in Turin

Page 11
Page
Page
Page
Page
Page
Page

12
15
16
18
20
22

Page 24
Page 26

4.1 Description

Page 26

4.2 Discussion

Page 31

5 Comparable case studies in Europe

Page 33

5.1 Ruhr area and Turin

Page 33

5.2 Lyon and Turin

Page 36

6 Solutions for a thermal energy efficient urban system

Page 38

6.1 Overview

Page 38

6.2 Urban performances and the thermal energy efficiency

Page 41

6.3 Urban challenges and the residential thermal energy efficiency

Page 43

6.4 Urban energy efficiency and the different urban dimensions

Page 45

6.5 Thermal energy usage and pollutant emissions

Page 47

7 Conclusion

Page 50

References

Page 55

Figures index

Page 57

Tables index

Page 58

Acronym glossary

Page 59

Appendix

Page 60

LORENZO RUBINO

3

1.

Introduction

Today, 55% of the world’s population lives in urban areas, a proportion that is expected
to increase to 68% by 2050 [1]. 90% of this increase will take place in Africa and Asia,
however the existing urbanized regions have great importance too. UN calculated that
74% of the European population lives in cities, and 82% in Northern America [1].
In Europe, up to 80% of the total energy demand is consumed in the urban areas [2].
According to the European Commission's science and knowledge service, local authorities
are ideally positioned to understand citizens’ concerns, and they can address the
challenges in a comprehensive way. But the JRC (Joint Research Centre) provides
technical and methodological support and it is carrying out research activities on the use
of geolocation data for better energy policies at urban level [2].
Given this background, energy can be considered as one of the most challenging urban
infrastructure systems. The energy world is extremely dynamic. ICT, sharing economy,
blockchain, etc… changed the way cities and countries understand, manage, and operate
the energy flows, both thermal and electric. Energy services and infrastructures are also
highly present and dense in the urban context, which makes the overall system even
more complex and uncertain.
IGLUS (Innovative Governance of Large Urban System) Master Program opened my eyes
to different cultures and societies. These differences are reflected in the energy
infrastructure. Through the thesis, I describe specific energy features which I found
interesting in some modules and cities I visited and studied during the master program
(these descriptions can be found in coloured boxes in the appendix). Examples range
from the policies towards sustainability in Lyon and Seoul; to the oxymoronic energy
world in Malaysia, where there are potentially high targets, but the reality shows high
energy waste and very inadequate energy efficiency policies; passing by the massive
national investments in Turkey, Istanbul.
After all, Asian, African, and American cities are unique among themselves, and very
dissimilar from the European ones. This work is easily scalable in the latter case. The
reason will be demonstrated to be the poor-quality structure of particular buildings.
Primarily, I will argue that the most energy spendthrift buildings are the ones built from
the II World War to the start of 2000s, when energy efficiency policies were forced by the
EU commissions and parliament.
The general energy consumption in the
EU-28 countries, divided by sectors,
reveals that almost 40% [3] of the primary
European energy demand is consumed by
buildings. One third of that (one quarter of
the total amount) is used in the residential
sector.

Figure 1 – General energy consumption in EU-28
divided by sector [3]
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Improving the energy efficiency of
buildings is not just a question of cutting
bills for consumers, it is about minimizing
the energy usage, keeping the same
indoor comfort. Energy consumption is
directly related to the GHG emissions, and
buildings contribute to about 36% of the
total EU greenhouse gas pollution [3].
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In the EU-28, the final energy consumption in the residential sector by type of end-uses
for the main energy products is characterized as shown in the histogram below. Except
for the electricity, almost all the others primary energy vectors are used up for the space
heating and DHW production. Depending on the primary energy source, the percentage
of usage for the space heating goes from 77% (NG) to 92% (solid fuels) [4].
Policy makers should give great importance to the challenges and opportunities linked to
the urban thermal energy consumption in the residential sector. The main reason is
related to the residential sectors’ high percentage of energy consumption. Starting from
the urban example of Turin, north of Italy, the thermal urban energy usage will be
studied, as well as the heat production. From this typical European example, some
comparable cases will be analysed. Discussion on the topics will follow.

Figure 2 – In the EU-28, the final energy consumption in the residential sector by type of end-uses for the
main energy products [4]

This work will be structured as follows:
•
•
•
•
•

A general overview of regulations and directives will be analysed, from the local
level (municipality of Turin) to the international level (European Union, EU),
passing by the regional and national ones.
Secondly, a statistical analysis on 12.253 different residential buildings, in Turin’s
urban area, was developed. Several features were studied in order to better
understand how final users consume the thermal energy in Turin.
In the third part I will focus on the supply side, examining how the thermal
energy is produced in Turin. High relevance will be given to the district heating
technology (DH).
The fourth chapter will compare different urban European contexts similar to my
case study.
Finally, I will conclude the master thesis with a discussion on the outcomes and on
how urban characteristics, performances, and challenges interact with each other.
Throughout all the work, the focus will always be on residential thermal energy
usage and production.
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2.

Regulations and directives

Laws, directives, legislative decrees, plans, and deliberations having as a pillar the
improvement of energy efficiency in the building sector, directly and/or indirectly, were
analysed. The study has been done at different geographical and political levels:
European, national, regional, and municipal one. Both in the tables below and in
Appendix 1 different colours has been used to identify those levels. Blue (Europe), green
(Italy), yellow (strategic plans), orange (Piedmont region), and pink (Turin municipality).
Furthermore, various text colours have been utilized to link the European directive to the
respective national law or legislative decree (EU directives’ fulfilments).
One of the first European directive on energy efficiency was published in 2002. It gave
precise directions on how to improve the energy performance of buildings and, most
precisely, it defined minimum energy performance requirements of new buildings, and of
existing buildings on which have been done major renovations. The 2002/91/EC was
fulfilled in Italy in 2005 with a national legislative decree, and again – successfully – in
2006.
From 2002 on, the goals of the EU directives have been:
1. To create a general European framework in order to calculate objective and useful
energy performance of buildings;
2. To give minimum requirements of energy performance;
3. To promote sustainable, efficient, and innovative technologies and/or systems
(cogeneration in 2004/8/EC, RES in 2009/28/EC, NZEB 2010/31/EU and
2018/844/EU, biofuels in 2009/28/EC);
4. To push towards incentives and mechanisms to facilitate an energy efficient use of
energy;
5. To reduce the GHG emissions and invest in decarbonization.
Key points of each directive are in the right column of Table 1.
Most of the Italian laws and legislative decrees in the field of are fulfilment of the
different European directives. They give more specific tools and rules to define the
energy performance of buildings and they explain how to develop an energy certification.
Fundamental, in my opinion, is the law n. 373/1976. For the first time in Italy, an official
governmental document thrusts towards energy efficiency of heating systems. The
reason of such decision was the oil’s crisis in 1973 (most of the Italian boilers at that
time worked on petrol). After 1976, another fundamental law was n. 112/1998: energy
and energy policies became regional responsibilities.
Some of the strategic plans are also highlighted. An Energy Efficiency National Plan was
published in 2007 (PAEE2007) and 2011 (PAEE2011). Both are focused on reducing the
energy consumption, and on increasing the energy efficiency of buildings and of the
technological systems used in those buildings. Different policies, incentives, and
regulations are applied to different final uses: residential, commercial, public. The last
national energy strategy (SEN2017) also promotes energy savings and energy efficiency
in the buildings and defines targets for the years 2030 and 2050.
Key points of each law and legislative decree are in the right column of Table 2.
Because energy became a regional prerogative, from the early 2000s the national level
has done nothing more than fulfil the different European directives transferring directly
the energy responsibilities to the regions. Piedmont started to develop its own energy
policy from 2002. Regional deliberations, as they are, must respect the targets decided
at the national, and therefore at the European level, creating a functional framework and
monitoring the effectiveness of the policies. Piedmont defined the minimum requirements
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in terms of energy performance indicators and polluting emissions, the use of energy
certificates, general improvements in heating and cooling systems, utilization of more
efficient and sustainable technologies, support building and technological system
renovations. A more general Regional Energy Plan was published in 2015 (PEAR2015)
and 2018 (PEAR2018).
At the city level it is difficult to take decisions. From the governance perspective Turin
can just apply what the EU and the Italian government decide, using the regional tools.
Being the capital of the region, and in addition the fourth most populated city in Italy,
Turin has its own energy plan (TAPE2010). After that, only a monitoring report on the
targets outlined in 2010 was published in 2016.
Key points of each deliberation are in the right column of Table 3.
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Table 1 – European legislations on energy efficiency
Legislations on energy efficiency in the building sector

Directive 2002/91/EC of the European
Parliament

The objective of this Directive is to promote the improvement of the energy performance of buildings within the Community, taking
into account outdoor climatic and local conditions, as well as indoor climate requirements and cost-effectiveness. This Directive
lays down requirements as regards: (a) the general framework for a methodology of calculation of the integrated energy performance
of buildings; (b) the application of minimum requirements on the energy performance of new buildings; (c) the application of
minimum requirements on the energy performance of large existing buildings that are subject to major renovation; (d) energy
certification of buildings; and (e) regular inspection of boilers and of air-conditioning systems in buildings and in addition an
assessment of the heating installation in which the boilers are more than 15 years old.

Directive 2004/8/EC of the European
Parliament

The purpose of this Directive is to increase energy efficiency and improve security of supply by creating a framework for promotion
and development of high efficiency cogeneration of heat and power based on useful heat demand and primary energy savings in the
internal energy market, taking into account the specific national circumstances especially concerning climatic and economic
conditions.

Directive 2006/32/EC of the European
Parliament

The purpose of this Directive is to enhance the cost-effective improvement of energy end-use efficiency in the Member States by: (a)
providing the necessary indicative targets as well as mechanisms, incentives and institutional, financial and legal frameworks to
remove existing market barriers and imperfections that impede the efficient end use of energy; (b) creating the conditions for the
development and promotion of a market for energy services and for the delivery of other energy efficiency improvement measures to
final consumers.

Directive 2009/28/EC of the European
Parliament

This Directive establishes a common framework for the promotion of energy from renewable sources. It sets mandatory national
targets for the overall share of energy from renewable sources in gross final consumption of energy and for the share of energy from
renewable sources in transport. It lays down rules relating to statistical transfers between Member States, joint projects between
Member States and with third countries, guarantees of origin, administrative procedures, information and training, and access to the
electricity grid for energy from renewable sources. It establishes sustainability criteria for biofuels and bioliquids.

Directive 2010/31/EU of the European
Parliament

This Directive lays down requirements as regards: (a) the common general framework for a methodology for calculating the
integrated energy performance of buildings and building units; (b) the application of minimum requirements to the energy
performance of new buildings and new building units; (c) the application of minimum requirements to the energy performance of: (i)
existing buildings, building units and building elements that are subject to major renovation; (ii) building elements that form part of
the building envelope and that have a significant impact on the energy performance of the building envelope when they are retrofitted
or replaced; and (iii) technical building systems whenever they are installed, replaced or upgraded; national plans for increasing the
number of nearly zeroenergy buildings; (e) energy certification of buildings or building units; (f) regular inspection of heating and airconditioning systems in buildings; and (g) independent control systems for energy performance certificates and inspection reports.

Directive 2012/27/EU of the European
Parliament

This Directive establishes a common framework of measures for the promotion of energy efficiency within the Union in order to
ensure the achievement of the Union’s 2020 20 % headline target on energy efficiency and to pave the way for further energy
efficiency improvements beyond that date. It lays down rules designed to remove barriers in the energy market and overcome market
failures that impede efficiency in the supply and use of energy, and provides for the establishment of indicative national energy
efficiency targets for 2020. The requirements laid down in this Directive are minimum requirements and shall not prevent any
Member State from maintaining or introducing more stringent measures. Such measures shall be compatible with Union law. Where
national legislation provides for more stringent measures, the Member State shall notify such legislation to the Commission.

Directive 2018/844/EU of the European
Parliament

The goals of this directive are: (1) each Member State shall establish a long-term renovation strategy to support the renovation of the
national stock of residential and non-residential buildings, both public and private, into a highly energy efficient and decarbonised
building stock by 2050, facilitating the cost-effective transformation of existing buildings into nearly zero-energy buildings; (2) each
Member State shall set out a roadmap with measures and domestically established measurable progress indicators, with a view to
the long-term 2050 goal of reducing greenhouse gas emissions in the Union by 80-95 % compared to 1990, in order to ensure a highly
energy efficient and decarbonised national building stock and in order to facilitate the cost-effective transformation of existing
buildings into nearly zero-energy buildings.
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Table 2 – Italian legislations on energy efficiency
National law (n.373/1976)

First national law about the reduction of the thermal energy consumption in buildings and efficiency of the heating systems. That was
due to the European oil crisis of the 70's.

National law (n.10/1991)

Revision of the n. 373/1976 law; it is developed a first draft of the National Energy Plan and it delas with energy saving and
renewable energy sources in buildings. The Law also introduced Energy Performance Certification in buildings for the first time in
Italy.

National law (n.112/1998)

Conferment of functions and administrative duties to the different region; one of the sectors is energy and energy policy.

National legislative decree (n.192/2005)

Directive 2002/91/EC fulfillment. One of the first countries in EU to develop their own national law; this is about the frame in which
the national government and the regional one work together in order to develop policies and rules about energy efficiency and
renewable energy sources, in the building sector as well as in the industrial and the tertiary ones.

National legislative decree (n. 311/2006)

Directive 2002/91/EC fulfillment. Modification of the decree n. 192/2005 in order to fulfill precisely the European directive.

National strategy for the regional development Strategic national plan about different sectors and topics. One of them is "renewable energy and energy efficiency", and a inter(QSN2007)
regional operative plan is given.
Energy efficiency national plan (PAEE2007)

Directive 2006/32/EC fulfillment. National energy efficiency tendency and new energy production plants and systems, and services,
with different scenarios and solution in order to develop solutions according to the European law.

National legislative decree (n.115/2008)

Directive 2006/32/EC fulfillment. Integration of the decree n. 192/2005. It concerns efficiency of the final use of energy and the energy
services. Precise calculation methodologies are explained in order to write the energy certification of buildings. It is also mandatory
to attach the energy certification to any rent / sale contracts.

Ministerial legislative decree (26 june 2009)

National guidelines for the energy certifications of buildings. From 25th of July 2009 the energy certification is mandatory on the
national territory.

National presidential decree (n.59/2009)

This decree defines the general parameters, methodologies and minimal requirements for the energy certification of buildings; and
for the heating systems; and for the domestic hot water. Plus there are parameters, methodologies and minimal requirements also for
the cooling systems but only for the commercial buildings.

Renewable energy national plan (PAN2010)

Directive 2009/28/EC fulfillment. Renewable energy sources national goals, measurements in order to reach the goals, and final
valutations and scenarios.

National legislative decree (n.28/2011)

Directive 2009/28/EC fulfillment. Modification of the decree n. 192/2005 with the obligation for any commercial advertisement about
any kind of buildings to make clear what is the final APE (energy certification) value in kWh/m2.

Energy efficiency national plan (PAEE2011)

Goals and national primary energy reduction. Energy savings and energy efficiency in the different sectors (final uses). Definitio of
Nearly Zero Emission buildings. Stakeholders definition. Energy efficiency integration and state of the art in the urban areas,
transportation.

Modification on n.192/2005 with decree (22
nov 2012)

Modification of the decree 26 june 2009. Self-declaration (class G) of the owner fo the building. Mandatory periodical inspection of
cooling systems with a nominal power bigger than 12 kW (with an efficiency statement and possible improvements).

National legislative decree (n.63/2013)

Directive 2010/31/EU fulfillment. It was the urgent answer to the European directive with precise instructions about the energy
performance index in the building sector.

National presidential decrees (n.74;75/2013)

Regulation about the operation, monitoring, and maintenance and inspection of thermal plants and cooling systems, and domestic
hot water systems in the buildings. Regulations about the qualification and the indipendence of the professionist in charge of the
energy certifications.

National energy strategy (SEN2013)

First Italian national energy strategy gives importance to the natural gas as fossil fuel, decarbonization of the thermo-electric power
plants, strengthen the energy efficiency, the energy savings and renewable energy sources beyond the hydropower.

National law (n.90/2013)

Directive 2010/31/EU fulfillment. Energy performances in the building sector. Urgent answer to the European directive with the
precise development of the energy performance index in the building sector.

National legislative decree (n.102/2014)

Directive 2012/27/EU fulfillment. Energy efficiency and savings promotion and development in the Italian context. From the building,
to the commercial, and to the industrial sector. Definition of "diagnosi energetica", energy report about the (in)efficiencies of the
different systems.

Ministerial legislative decree (26 jun 2015)

Directive 2010/31/EU fulfillment. Modification of the guide-lines for the energy certification of buildings. New schemes and modes
for the technical report drafting. New methodologies for the energy performances in buildings.

Legislative national decree (n.141/2016)

Directive 2012/27/EU fulfillment. Modification of the decree n. 102/2014 about the "heating accounting" in the apartment buildings.
CO2 emission tradings and the constitution of the energy efficiency foundation.

Ministerial legislative decree (16 sept 2016)

Attuation plans and improvement actions for the PA (public administration). Identification and modalities for the admissible
financings. Coordinations, data collection, and monitoring of the strategic plans.

National energy strategy (SEN2017)

Tax deduction on energy efficiency actions

LORENZO RUBINO

Second and last Italian national energy strategy gives strategic importance to the fossil fuel natural gas in the national and European
context, decarbonization and sustainability of energy sources, strengthen the energy efficiency and the energy savings, empower the
renewable energy production beyond the hydropower, specially photovoltaic and wind.
Tax deduction of maximum 50% of the investment for renewable and innovative energy sources and systems for private citizens and
some commercial users. Tax deduction of maximum 65% of the investment for energy efficiency actions (old DHW replacement with
an high efficiency one, heat pumps installation, cogeneration - CHP, trigeneration).
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Table 3 – Regional and municipal legislations on energy efficiency

Regional deliberation (n.23/2002)

General regulation about the regional energy system, policies, production, consumption. Key roles of energy efficiency and renewable
energy in the Piedmont region environmental and energetic context. That gives the basis in order to develop the regional energy plan.

Regional deliberation (n.13/2007)

Final fulfillment, at the regional level, in the field of energy certificates in the building sector. Most of all, it is defined and regulated
the energy efficiency of buildings: residential, commercial, public and private ones.

Regional deliberation (n.46-11968/2009)

Modification and update in order to preserv and increase the quality of urban air in Piedmont. In particular this law is about the
environmental heating systems in buildings and cooling systems. In general, about the energy efficiency in buildings.

Regional deliberation (n.18-2509/2011)

Modification on the regional deliberation n.46-11968. Focus on the heating and cooling systems for the environmental conditioning.

Regional deliberation (n.85-3795/2012)

Modification on the regional deliberation n.46-11968 and regulations about the building energy efficiency as defined in the regional
deliberation n. 13/2007.

Regional deliberation (n.16-4488/2012)

Modification on the regional deliberation n.46-11968. Updates in the air-conditioning and heating systems energy efficiency for the
different typologies of buildings.

Regional deliberation (n.78-6280/2013)

Modification on the regional deliberation n.46-11968 and regulations about the building energy efficiency as defined in the regional
deliberation n. 13/2007. Focus on air-conditioning and heating systems in buildings.

Regional deliberation (n.41-231/2014)

Modification on the regional deliberation n.46-11968 and regulations about the building energy efficiency as defined in the regional
deliberation n. 13/2007. Focus on air-conditioning and heating systems in buildings.

Regional deliberation (n.60-871/2014)

Modification on the regional deliberation n.46-11968 and regulations about the building energy efficiency as defined in the regional
deliberation n. 13/2007. Focus and improvements on air-conditioning and heating systems in buildings energy efficiency.

Regional energy plan (PEAR2015)

Regional energy balance (consumption, production, energy efficiency, energy sources, import, export). Data analysis and forecasting,
scenario studies. Methodologies to improve the overal energy efficiency in the building sectors and in the industrial sector; to
increase the RES production other than hydropower; decrease the pollution: as in the national, and European goals.

Regional deliberation (n.29-3386/2016)

Regulations about the environmental protection and the atmospheric pollution. Fulfillment of the first regional energy plan in the
national and Euopean context.

Regional energy plan (PEAR2018)

Update on regional energy balance (consumption, production, energy efficiency, energy sources, import, export). Data analysis and
forecasting, scenario studies. Methodologies to improve the overal energy efficiency in the building sectors and in the industrial
sector; to increase the RES production other than hydropower; decrease the pollution: as in the new national, and European goals.

Turin action plan for energy (TAPE2010)

General overview on energy data of the metropolitan area. European goals and national objectives. Emissions reductions action
plan. Focus on the building sector in reference to the emission reduction policies and regulations, and energy efficiency and
sustainable technologies.

Last city energy report 2014 (IX rapporto
sull'energia)

Ninth and last report about the energy system in Turin, the first one was developed in 1997. It is mainly a statistical analysis about
energy flows (production and consumption) and emissions in the Turin area. Through the reports it is understandable how the energy
status of the city is changed (air pollution, mobility, district heating, air conditioning...).

Metropolitan action plan for a sustainable
energy (PAES2015)

Call of action for the metropolitan area in order to build a sustainable urban environment, as asked from the European directives
and the Covenant of Mayors. Baseline and scenarios analysis, 1991, 2000, 2020, 2050.

Monitoring report on TAPE2010

Monitoring report about the goals and expected scenarios in reference to the TAPE2010. Decreasing CO2 emission in the atmosphere;
what actions have been taken in order to reach the goals in the residential sector and in all the other sectors. The sectors studied
concern different urban aspects: city illumination, commercial buildings, public buildings, mobility, local electricity production,
district heating.

LORENZO RUBINO

10

3.

Demand side - Residential thermal consumers in Turin

3.1. Description
The data are downloadable online on the Sistema Piemonte website [5] where the
document called Certificazione Energetica, or energy reports, are stocked. The energy
report (Certificazione Energetica) is a mandatory document that buildings’ owners or
buildings’ managers must commission to engineers, architects, surveyors from 2007
(Regional Deliberation n. 13/2007), and update it frequently (from one year to ten years
depending on several factors).
The energy report allows to define the energy performance indicators of buildings
(according to the UNI TS 11300 guidelines) and allows to find the most probable action in
order to optimize the latter indicator. The energy report is compulsory in case of: new
constructions, renovations, buying and selling, and renting. On the other hand, it is not
compulsory in case of: small and isolated buildings (smaller than 50 m2), not residential
buildings with not existing heating systems, garage.
The total dataset of 12.253 buildings was analysed statistically. Data have been
extrapolated by different years, from 2009 to 2014. More precisely: 2315 in 2009, 9531
+ 5980 in 2010, 10510 + 8691 in 2011, 12013 + 11149 in 2012, 10676 + 9638 in 2013,
and 9095 in 2014 1. The dataset was “cleaned” 2 and made available thanks to Prof.
Capozzoli’s team at Politecnico di Torino – Energy department. The same dataset, with
different purposes, was analysed by Prof. Capozzoli in 2016 [6]. Together with Turin’s
buildings, also thousands of energy reports were studied from Piedmont region. The total
number was 93.000, from which I extrapolated the 12.253 buildings of my analysis.
All the buildings are located in Turin’s municipality area. It was not considered the
several towns around the city (37 different municipalities [7] around Turin, all together
the Metropolitan Area of Turin) because of the following reason:
1. In the municipality live the majority of the people living in the metropolitan area
(56,51%);
2. In the municipality there are buildings constructed in the metropolitan area, but
in the metropolitan area some of the buildings that were constructed in Turin are
not present (e.g. the historic city centre – 1800s, or the massive fascist
architecture – 1920s). Analysing only the municipality part of the metropolitan
area, from the building’s perspective, is as statistically valid as it could be
studying the whole metropolitan area’s stock, but more time-efficient.
The dataset – for the purpose of this thesis – is characterized by the following different
figures, all the details in the respective paragraphs:
•
•
•
•
•

construction year (or ANNO_COSTRUZIONE);
if the building has been renovated or not (or Ristrutturazione) with two possible
options: YES or NO;
building typology (or DESC_TIPO_EDIFICIO);
net area of the specific building (or SUPERFICIE_UTILE) in m2 and the heated
volume (calculated as the product of height and net area [8]) in m3;
dispersing surfaces (or SUP_DISPERDENTE_TOT);

Data from 2010, 2011, 2012, and 2013 were divided in two different databases, one for each semester from
1st January 2010 to 31st December 2013. Data from 2009 refers only to the second semester of the same year.
Data from 2014 refers only to the first semester of the same year.
1

2

The cleaning was done by eliminating most of the cases of renewable thermal production and by verifying the
surfaces and the heights of the different buildings, the U-values, and the efficiencies.
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•
•
•
•

•
•

•
•
•
•
•
•

U-Value of windows and opaque envelops (or TRASM_TRASP and
TRASM_OPACHE) in W/m2/K;
Heating demand (or FABBENERGIA_TERMICA_UTILE_QH) calculated according to
the UNI TS 11300/1 in kWh/m2/year;
domestic hot water demand (or FABBENERGIA_TERMICA_UTILE_ACS) calculated
according to the UNI TS 11300/2 in kWh/m2/year;
the
different
efficiencies
(or
RENDIMENTO_GENERAZIONE,
RENDIMENTO_REGOLAZIONE,
RENDIMENTO_EMISSIONE,
RENDIMENTO_DISTRIBUZIONE) and the overall efficiency of the heating and
domestic hot water systems (OR RENDIMENTOMEDIOGLOBALEIMPETAG)
calculated according to the UNI TS 11300/2 as a value smaller that 1 (one);
the
energy
performance
indicator
of
the
heating
system
(or
INDICE_PRESTAZIONE_RISCALD_TO) in kWh/m2/year calculated as ratio of the
heating demand and the overall efficiency according to the UNI TS 11300/2;
the energy performance indicator of the domestic hot water system (or
INDICEPRESTAZIONEENERGACSTO) in kWh/m2/year calculated as ratio of the
domestic hot water demand and the overall efficiency according to the UNI TS
11300/2;
the
overall
energy
performance
indicator
(or
INDICE_PREST_ENERG_GLOBALE_TO) in kWh/m2/year calculated as sum of the
latter indicators according to the UNI TS 11300/2;
the utilized fuel for the heating system (or FONTE_ENERG_RISC);
the typology of the heating system (or TIPO_IMPIANTO);
the utilized fuel for the domestic hot water system (or FONTE_ENERG_ACS);
the address (or INDIRIZZO);
the greenhouse gas emissions (or EMISSIONI_SERRA) in kg/m3/year.

3.1.1.

Year of construction

The year of construction (YoC) is defined as the year in which the building was erected.
Originally the data was a number in this form AAAA, from 1400 to 2014. However – for
the purpose of a more structured statistical analysis – they have been clustered in 5
(five) groups: before 1918, from 1919 to 1945, from 1946 to 1960, from 1961 to 1980,
from 1981 to 2014 3.
In the first image is possible to identify the city centre in correspondence with Turin’s
label. The main river (the Po, flowing from the right-top part of the map to the midbottom part) separates the hills (mainly villas and independent houses) and the main city
(mainly apartments). Two are the other rivers in the city: Dora Riparia, from the left-top
part, and Stura di Lanzo, on the top-right part of the map.
The following maps show where exactly the buildings of the dataset are located, divided
into the different clusters. In orange the buildings constructed before 1918: the majority
are in the city centre. In yellow the buildings constructed from 1919 to 1945. In green
the ones built from 1946 to 1960. In blue from 1961 to 1980. Finally, in brown the
buildings erected recently, from 1981 to 2014. The newest are the buildings, the highest
is the probability that they are located faraway from the city centre. Most of the buildings
from 1946 to 1980 – during the so-called economical boom in the city, after the WWII –
were built in the south-west part of Turin, where Mirafiori FIAT factories gave jobs (and
social housing) to tens of thousands of people. The majority of them – now retired – still
live there.
The clusters have been hypothesized from the ISTAT database [9] of Turin’s municipality, which divides the
year of construction in the following groups: before 1918, from 1919 to 1945, from 1946 to 1960, from 1961 to
1970, from 1971 to 1980, from 1981 to 1990, from 1991 to 2000, from 2001 to 2005, from 2006 to 2014.
3
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Figure 3 – Political map of Turin's municipality from Google Maps

The biggest share of buildings was built from 1946 to 1960 (29%), years of the after-war
economic growth in Italy which had as symbol the Fiat 500 model produced in Turin
(where most of this new housing were constructed). 22% of the total buildings in the
dataset were built from 1961 to 1980. 24% of them, during the period 1981/2014. One
quarter of the total corresponds to the historical part, built from 1400 to the end of the
World War II – 1946.

Figure 4 – Share of buildings from different YoC clusters
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According to the ISTAT database [9], the total amount of buildings in the municipality of
Turin is 36.158. The total amount of buildings included in the studied database [XX] is
12.253 (roughly one third of the total). From the statistical point of view it is interesting
understand if the different clusters are representative of the total buildings stock of the
municipality. The following histogram shows the same clusters percentage in respect to
two different databases: the energy certificate database I used (in blue) and the ISTAT
one (in green). Only the third cluster (1946/1960) is perfectly aligned. 14,32% of the
total buildings in Turin municipality were built before 1918, against the 12,82% of our
database (sufficiently aligned). Both in the period 1919/1945 and in 1961/1980 a higher
percentage of new buildings were erected in respect to the share in our database. On the
other hand, during the last period, the energy certificate sharing is higher than the
overall constructed buildings.

Figure 5 – Share of Turin’s buildings (Capozzoli’s database and total ISTAT database)

Since both the databases show that more than half of the buildings were built before
1960 (respectively 63,17% the ISTAT database and 53,78% our database), it was
considered worthy understanding if some of the latter buildings were renovated in the
last years. Interestingly, 80% of the buildings stock has never been renovated. 23%
presumably because are new constructions (1981_2014_NRen). From the energyconsumption point of view, the most stimulating feature is that 22% of the stock has
been erected between 1946 and 1960, and never modernised. Luckily this is the most
statistically valid cluster (see histogram above), which makes the following discussion
functional and scalable to similar contexts.
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Figure 6 – Percentage of Renovated and Not Renovated buildings in the different YoC clusters

3.1.2.

Buildings’ typology

The second step of the statistical analysis was to study the typology of buildings. In the
original dataset there were 365 different types, which have been clustered in only 4
(four) groups: apartment, attic, independent house, and terraced house. Two-families
buildings are included in the terraced house. The main difference between the normal
apartment and the attic is that in the last one there is at least one more surface in close
contact to the external cold air (the ceiling).
In terms of units, apartments are the biggest part of the stock (11.750, or 96%). In
terms of heated volume also apartments are the majority (3.222.296 m3, or 94%).
Apartments are single units or the totality of units in a single building. That is the reason
why the percentage value changes in terms of units and heated volume. Attic are the
smallest part (only 1%). Independent and terraced houses count for less than 5%.
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Figure 7 – Share of buildings' typology per heated volume

Figure 8 – Share of buildings' typology per number of units

3.1.3.

Buildings’ heating systems

In order to heat up the houses, according to the Regional Deliberation [10], owners can
turn on the heating system from the 15th of October to the 15th of April. Almost 85% of
the heating systems use natural gas as primary energy fuel, as it is popular in Italy.
Natural gas is cheaper than electricity 4, and boilers running on NG are more efficient
(costly and environmentally) than electric ones used instead in countries such as France
and Germany. Turin is not ordinary in the Italian and the mid-European context. Here, as
well as other few cities in Italy (Brescia, Milan, Bologna, Reggio Emilia… [11]), it has
been developed an innovative way to produce heat for the residential sector during the
last decades: the district heating (DH) 5. Seen the significance of the topic, a future
4

Price to heat up the water (one thermal kWh) is 8,4 cent€ if the technology uses natural gas, and 26 cent€ if
the water is heated by electricity (electric resistance) - http://www.energeticambiente.it/in-casa/14759693confronto-tra-gas-ed-elettricita.html
5
District heating is the supply of heat (in form of hot water or super-heated water) from one source to a
district or a group of buildings (city or part of the city).
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paragraph will be devoted to it. At this point of the discussion, it is only worth to know
that 14% of the buildings use the DH as heating mode, which is relevant. The rest of the
techs and fuels which include diesel, LPG, oil, biomass, electricity count as less than 2%,
and they are not statistically valid.

Figure 9 – Buildings' heating systems and primary energy sources

In order to produce the domestic hot water (DHW) the most used mode is – again – NG
(78% of the buildings). 19% of the stock uses electric boilers. The main reason is linked
to the fact that the apartments’ owners (mostly) using DH for the heating system, prefer
to install flexible electric boilers. Another interesting feature is that a renewable energy
source (RES) appears in the production of hot water through solar panels technologies.

Figure 10 – Buildings' DWW systems and primary energy sources
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NG is the most used fuel. Since the biggest part of the stock are apartments, it makes
sense that half of the NG fuelled heating techs are central heating systems. The latter
include big boilers (even CHPs in some cases) for each building with several apartments
and/or district heating solutions. Autonomous heating systems are used both in
apartments, and independent and terraced houses.

Figure 11 – Heating systems primary energy source with NG splitted in central and autonomous techs

3.1.4.

Efficiencies

An additional characteristic analysed in order to understand the residential heating
consumption is the efficiency of the heating systems. A global efficiency is defined in [8]
as product of four different efficiencies: regulation efficiency, generation efficiency,
emission efficiency, and distribution efficiency. All of them have certainly a value smaller
than 1. The overall efficiency will be the smaller value – product of different values littler
than one.
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Figure 12 – Regulation, generation, emission, and distribution efficiencies box and wicker plots

Regulation efficiency (Reg_Efficiency) is the ratio of the heat supply with an ideal control
system and the heat supply with a real control system [12]. It tells us how efficient the
control system in respect to the theoretical one is. Average value is 90%. Median value is
94%.
Generation efficiency (Gen_Efficiency) is the ratio of the heat produced by the boiler
(kWh) in the heating season and the primary energy consumed by the boiler (electric
kWh or Sm3 of NG) [12]. It tells us how efficient the boiler is. Average value is 89%.
Median value is 89%.
Emission efficiency (Emis_Efficiency) is the ratio of the heat supply with an ideal emission
system 6 and the heat supply with a real emission system [12]. It tells us how efficient
the emission system in respect to the theoretical one is, or rather heat losses due to
localized transmission. Average value is 93%. Median value is 94%.
Distribution efficiency (Distr_Efficiency) is the ratio of the sum between the radiator
emitted heat and the distribution heat losses and the amount of energy produced by the
heater [12]. It tells us how efficient the distribution grid is. Average value is 94%.
Median value is 95%.
Efficiencies of boilers (both electrical and NG fuelled) are generally high (>90%). The
global efficiencies of the heating systems are smaller. Average and median value are
72%. The latter changes if the heating system is autonomous (Eff_global_A, 73%) or
centralized (Eff_global_C, 71%). The difference depends on the higher distribution losses
of the second case. Considering only the centralized heating systems, there are
dissimilarities between the NG fuelled centralized boilers’ efficiency (Eff_global_C_NG,
70%) and the DH systems (Eff_global_C_DH, 75%).

6

Ideal emission system provides a perfectly uniform inner environment temperature in all the different spaces.
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Figure 13 – Global efficiencies box and wicker plots for autonomous, central heating systems, and DH tech

3.1.5.

Buildings’ envelops

Buildings are characterized by transparent surfaces (windows) and opaque envelopes
(walls, doors) adjacent to the external environment, and general surfaces in common
between heated volumes (residential units). The first two ones are fundamental for this
works’ purpose, the second ones not at all. The reason is that the heat supply of each
building depends on the temperature difference between the inner and the outer
environments, and on the surfaces’ material (specifically its U-value 7). Most of the stock
buildings are characterized by double pane windows, but a lot of the houses have still a
single pane ones (inefficient). If the transparent surfaces seem to not be a critic problem,
the opaque envelops are not insulated in 88% of the cases.
Single pane windows have a U-value in between 4,11 and 5,5 W/m2/K; double pane from
2,51 to 4,1 W/m2/K; triple pane from 1,1 to 2,5 W/m2/K. Not insulated opaque envelops
have a U-value in between 0,51 and 1,1 W/m2/K; insulated ones have a thermal
transmittance lower than 0,5 W/m 2/K, but higher than 0,16 W/m2/K. The values have
been observed in the literature review [6] and contextualized for the buildings stock
data.

7

U-value – or thermal transmittance – is the rate of transfer of heat (in Watts, W) through a surface (in m2),
divided by the difference in temperature across the structure (in °C or K).
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Figure 14 – Share and cumulative share of single, double, and triple pane windows

Figure 15 – Share and cumulative share of insulated and not insulated walls

In the following graphs in the APPENDIX different U-values clusters have been calculated
for the different construction years’ buildings clusters (see paragraph 3.1.1). Most of the
buildings, except for the ones built after 1981, have not insulated walls (>90%). As for
windows, the buildings erected before 1945 have generally double-pane transparent
surfaces. Between 1946 and 1980 (because of the low quality of the houses) most of
them are single pane. After 1981 the quality increase (mainly because of EU and national
regulations) and there are almost none single pane surfaces.
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3.1.6.

Energy performance indicator

Given all the characteristics and features studied, a general energy performance indicator
is defined. The latter is the sum of the heating energy performance indicator (Epi_To)
and the DHW energy performance indicator (EPacs). The first one is the ratio of the
energy supply for the heating system and the global efficiency (see paragraph 3.1.4).
The second one is the ratio of the energy supply for the DHW system and the global DHW
efficiency.

Figure 16 – EPL_To box and wicker plot for the different YoC clusters

In the previous and the following box and wicker plots are diagrammed the different
global energy performance indicators (EPL_To) in kWh/m 2 for the various clusters
(construction year and typology of building). The EPL_To does not change significantly
before 1980 (average value is about 200 kWh/m 2) but decrease a lot after 1981 to reach
the average value of 125 kWh/m2. The EPL_To changes for different types of buildings.
Independent houses consume more energy (220 kWh/m2) than apartments (180
kWh/m2), attics (140 kWh/m2), and terraced houses (160 kWh/m2).
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Figure 17 – EPL_To box and wicker plot for the different buildings' typology cluster

The following bubble diagram show how construction year, GHG emissions, and the
global energy performance indicator are connected to each other. Old buildings
constructed before 1945 need about 200 kWh/m2 and they emit slightly less than 11
kgCO2/m3/year. Houses and apartments built after 1946 but before 1980 consume more
energy (210 kWh/m2) and emit about 12 kgCO2/m3/year. Very different behave the new
buildings (green bubble) are characterized by a GHG emissions smaller than 8
kgCO2/m3/year, and naturally have a smaller need of thermal energy (125 kWh/m 2).

Figure 18 – CO2 & EPL_To bubble diagram
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3.2. Discussion
If I had to choose a cluster as significant as exemplifying of the city of Turin, based on
our database, that would be apartments built from 1946 to 1960. The reasons of this
choice are many. More specifically, the biggest part of buildings of the database was built
from 1946 to 1960 (29%), and the share increase to more than half of the stock (51%),
if we include the ones erected from 1961 to 1980 (22%). Statistically, independent and
terraced houses as well as attics are not relevant: 96% of the stock is an apartmentbuilding type. Interestingly the most significant part of the stock is well aligned with the
actual percentage of existing buildings in the city: 28,60% of our stock was built between
1946 and 1960, 28,06% of the total stock was erected in the same period, making the
analysis on this cluster valid statistically. Moreover, the latter clusters have the highest
absolute and relative value of not renovated structures: respectively 76,6% (2.683) of
the 1946/1960 buildings, and 86,3% (2.378) of the 1961/1980 ones. Since they are not
renovated, it is more probable that they consume more energy. And this is clearly
showed in the box and wicker plot (fig. 16): 1946/1960 buildings are characterized by an
energy performance indicator variable between 160 kWh/m2 and 270 kWh/m2. The latter
values do not change a lot in case of 1961/1980 buildings. Physiologically, more the
building consumes, more it will emit. Especially in the Italian case, where NG is the most
used fuel in terms of heat.
The main reasons because the buildings built from 1946 and 1980 consume more energy
and pollute more than the others are: structural and efficiency feature. Concerning the
structure, it is fundamental understand which one of the buildings are insulated. One
third of this part of the stock are buildings not insulated at all; transferred on the total
stock the percentage is still high (11%). In order to analyse and discuss about the
structural characteristics, it has been differentiated between transparent and opaque
surfaces. Transparent surfaces are windows and French doors. They can be single pane
(low U-value, minimum dissipation of heat), double pane (medium U-value), triple pane
(high U-value, high dissipation of heat) 8. Opaque surfaces are doors, gates, and
especially walls. They have been classified in insulated and not insulated surfaces.
Respectively with a high U-value and a low U-value 9. 1946/1980 buildings are the only
ones with more single pane windows than double or triple ones, meaning they are energy
wasteful. Efficiencies are defined in the previous paragraphs. The global efficiency is the
product of different parts: generation, distribution, emission, and regulation ones. Old
buildings’ weak point is the generation: old systems have worse efficiencies obviously
than innovative ones. Respectively they can change from 70% to 110% (new
condensation NG boilers), improving significantly the global efficiency.
In order to summarize the all dataset structural features, a U-value tree has been built.
You can find it as Appendix. The total number of the buildings in our stock (12.253) have
been divided in different branches as for the construction year clusters, consequently
divided in renovated (Ren) and not renovated (NRen) ones; then how many of them
have different transparent U-value (U_W_high, U_W_mid, U_W_low), and finally which
part of the latter are characterized by insulated (U_E_low) and not insulated (U_E_high)
walls. The beginning of each branch of the tree (every value) has the absolute value
(how many buildings), the percentage value in respect to the total amount of buildings in
the database, and the percentage value in respect to the previous branch. In 1946/1960
section, 8,3% of the total stock have a medium U_W, and a high U_E; 10,7% have a
high U_W, and a high U_E. In 1961/1980 section, 6,7% of the total stock have a medium
U_W, and a high U_E; 10,2% have a high U_W, and a high U_E. 36% of the total stock
have low structural characteristics, which lead inevitably to a low energy performance
8

Single pane windows have a U-value in between 4,11 and 5,5 W/m2/K; double pane from 2,51 to 4,1 W/m2/K;
triple pane from 1,1 to 2,5 W/m2/K.
9
Not insulated opaque envelops have a U-value in between 0,51 and 1,1 W/m2/K; insulated ones have a
thermal transmittance lower than 0,5 W/m2/K, but higher than 0,16 W/m2/K.
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indicator, and frequently to high CO2 emissions. As mentioned before, not-renovated
apartments constructed between 1946 and 1980 are the key target of this study.
In Italy, and Piedmont region specifically, any new construction in the residential sector
must be characterized by a maximum value of thermal transmittance of the surfaces.
Obviously, this value depends on the climatic zone. Turin’s case is zone E, and both the
best U-values-clusters (U_E_low and U_W_low) considered in my thesis corresponds to
the law requirements highlighted in the following table. New constructions have the
obligation to possess an energy certification, and a specific energy performance indicator.
The latter prescriptions are valid also for any renovation, or in case the building has been
rented and/or sold. Beyond the laws regulating the structure of buildings in order to
reduce the energy consumption there are incentives to invest in new efficient
technologies to heat those buildings.
Table 4 – Maximum U-value for the new buildings per surfaces' typologies by Regional Law

By national law, the main tools are two: tax deduction and a public investment fund
(Conto Termico). It is possible to deduct from 50% to 65% in ten years for any
renovation, or any modification of the heat generation systems with a new and more
efficient one. Conto Termico, on the other side, gives back from 40% to 65% of the
investment, depending on the energy efficiency action, and on its relevance.
All those tools work. However, they are necessary but not sufficient in order to achieve
the goals we have as European citizens in the energy efficiency sector. A local
governance would be advantageous for the global targets because closer to the
problems, which can be different from cities to cities, but also similar. In Turin’s case –
as explained in detail in the previous paragraphs – not renovated apartments built from
1946 to 1980 should be the focus of specific regulations in order to reduce the energy
consumption and increase the energy efficiencies. Interestingly, the latter target can be
scalable – at least – to the European level. Buildings’ typologies as a matter of fact are
similar, and all the assumptions and the findings can be used in any other medium-size
city in France, Spain, Germany, and elsewhere.
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4.

Supply side – Thermal energy production in Turin

4.1. Description
As argued, Italy is strongly committed to the NG energy production and consumption.
Turin is not an exception. Most of the electricity in the metropolitan area is produced in
CHP plants working on NG. Since they are CHP 10, they produce heat as well as
electricity, the latter flowing in the national grid. The heat is used in form of superheated
water flowing in the DH pipes from the power plants to different areas of the city, heating
apartments and buildings. The power plants injecting superheated water in the DH grid
are the ones numbered as 1 and 5 in the table below. Plant number 4 works for the
municipalities located north-east from Turin, therefore it is not part of this specific study.
As the latter, also CHP plants number 2 and 3 are not part of this thesis, since they are
used entirely for industrial scopes.
Table 5 – Turin metropolitan area CHP power plants

Producer
1
1
2

Moncalieri
plant CHP
RPW 2°GT
Moncalieri
plant CHP
3°GT
BG Group Ex
Fiat

Area

State

Production

Capacity
[MW]

Primary
energy
source

Moncalieri

Turin

In
operation

CHP for the
DH

390

NG

Moncalieri

Turin

In
operation

CHP for the
DH

390

NG

Rivalta di
Torino

Turin

In
operation

Industrial
CHP

50

NG

Location

3

Edison Pirelli

Settimo
Torinese

Turin

In
operation

Industrial
CHP

50

NG

4

GDF Suez

Leinì

Turin

In
operation

CHP for the
DH

390

NG

5

Torino Nord
plant CHP

Turin

Turin

In
operation

CHP for the
DH

390

NG

6

Politecnico di
Torino

Turin

Turin

In
operation

Integration
boilers

3x85

NG

7

BIT

Turin

Turin

In
operation

Integration
boilers

3x85

NG

As it is possible to notice in the following figures, most of the thermal energy is produced
in the Moncalieri plants (two NG turbines in CHP asset). The north CHP plant, or Torino
Nord, produces another big part of the total DH thermal energy flowing in the DH pipes.
The DH grid is connected through heat exchangers to two separated integration boilers,
each one characterized by three NG steam boilers with a single thermal capacity of 85
MW. One is called BIT, closer to the Moncalieri plant, and the other one is located in the
Politecnico di Torino area, very close to the city centre. Both the integration boilers have
the crucial role to integrate the inevitable heat losses of the underground pipes, enabling
the water to reach the final users (apartment buildings) at a sufficiently high temperature
10

CHP (or Combined Heat and Power or cogeneration) is defined as simultaneous production of heat and
electricity from the same device and power plant.
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and pressure. In figure 22, the width of the circumference is proportional to the total
annual thermal energy production. In figure 21, there are the different location of the
power plants described in Table 5.
DH is a way to supply residential, commercial, and industrial buildings with heat for
space heating, DHW and/or process heat, through a heat distribution network. As urban
energy infrastructure, DH can be divided in subsystems: nodes and lines [13]. In the
specific case, nodes correspond to heat generating power plant, integration boilers, and
energy transfer system of the different customers; lines correspond to the different parts
of the distribution network, as explained, characterized by double piping for the
superheated water (delivering) and for the cold water (returning).
The distribution system is fed with superheated water from one or several heat sources,
working on renewable energy, fossil fuels, waste heat from industrial facilities, MSW, and
biomass.

Figure 19 – DH systems' nodes and lines urban infrastructure system

The heating season in the Turin area goes from the 15 th of October to the 15th of April
(blue lines in the following diagrams). That is the reason why the production has peaks in
the winter season and, instead, has flat minimal values in the spring and summer time.
The green curves refer to the principal CHP thermal production, from the two big power
plants. The red curves are the daily value of integrating thermal energy flowing in the DH
grid from the two integration boilers in the city perimeter (red dots in the map).
Analysing the five years data available given by the operator of the plants (Iren S.p.A.),
the patterns yearly is rather similar (see Appendix). Peaks change (depending on the
outside temperature and humidity), and the amount of energy produced by the different
plants change (depending on the company’s priorities in making the plants work).
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Figure 20 – Thermal energy production along the year

Figure 21 – Turin metropolitan area CHP power plants' location
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Figure 22 – Mapped thermal production of power plants and integrating boilers

A new parameter has been developed in order to better understand the DH system: the
DH efficiency parameter. Using the input data, it has been calculated how much thermal
energy per km, per day, per HDD is produced by the overall plants and boilers. The
parameter is measured in MWh/km/day/°C. When the production is lower than –
generally – 2.000 MWh/day (summer and spring) the DH efficiency parameter goes to
zero. On the other hand, during the heating season defined above, the value varies
between 1,25 MWh/km/day/°C and 1,75 MWh/km/day/°C.

Figure 23 – DH efficiency parameter distribution along the years

In the next carpet diagram has been highlighted the monthly production of the different
energy plants, and the integrating thermal energy by the different boilers (the ones
adjacent the plants, and the ones within the city of Turin). Darker is the red, higher is
the thermal production, or MWh transported in the DH system. In 2012 and 2013, the
Moncalieri plant was used more, lately the Torino Nord plant has had a higher production.
Another interesting point concerns the homogeneous hot water production during 2016
between all the technological sources, meanwhile in the past the DH functionality
depended only on the Moncalieri plant.
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Table 6 – Carpet plot of the power plants' thermal energy production for the last five years

Moncalieri plant
CHP RPW 2°GT
[MWh/month]
gen-12
feb-12
mar-12
apr-12
mag-12
giu-12
lug-12
ago-12
set-12
ott-12
nov-12
dic-12
gen-13
feb-13
mar-13
apr-13
mag-13
giu-13
lug-13
ago-13
set-13
ott-13
nov-13
dic-13
gen-14
feb-14
mar-14
apr-14
mag-14
giu-14
lug-14
ago-14
set-14
ott-14
nov-14
dic-14
gen-15
feb-15
mar-15
apr-15
mag-15
giu-15
lug-15
ago-15
set-15
ott-15
nov-15
dic-15
gen-16
feb-16
mar-16
apr-16
mag-16
giu-16
lug-16
ago-16
set-16
ott-16
nov-16
dic-16
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Moncalieri
plant

Moncalieri plant

Torino Nord
plant

Torino Nord
plant

BIT

Politecnico

CHP 3°GT
Back-up boiler
CHP
Back-up boiler
Boilers
Boilers
[MWh/month] [MWh/month] [MWh/month] [MWh/month] [MWh/month] [MWh/month]

143.938
124.001
49.592
64.998
65
0
454
0
3.508
50.179
110.426
112.443

167.546
152.095
128.631
106.249
26.969
16.589
10.928
0
14.265
52.219
135.361
156.960

0
2.891
56
0
130
4.309
3.819
7.222
572
2.051
1.265
5.181

0
0
0
149
2.530
0
4.575
14.104
6.012
9.968
16.884
109.462

0
0
0
0
0
671
0
0
2.146
6.737
11.250
31.280

957
12.591
0
46
1.241
0
0
0
0
418
536
6.400

19.390
31.284
534
1.942
4.436
176
0
0
0
2.428
2.029
7.226

142.733
122.770
121.141
42.658
2.418
981
3.915
9.870
15.787
44.989
103.504
140.669

169.003
157.163
162.621
94.644
27.259
21.101
25.353
0
4.955
76.895
147.100
180.968

0
0
556
222
1.852
3.117
644
355
692
24
0
208

102.383
93.001
51.137
22.327
6.197
727
333
13.702
6.615
14.528
39.225
91.665

10.040
15.655
4.562
94
0
0
0
0
0
44
1.160
1.371

3.250
4.461
470
69
0
0
0
0
0
8
0
1.355

77
471
98
0
0
0
0
0
0
47
0
1.000

139.204
110.188
141.476
103.290
40.341
26.521
15.590
0
0
15.666
95.795
129.566

175.593
159.614
47.306
356
121
0
0
0
57
75.275
114.895
161.902

0
6
3.965
694
467
424
4
0
211
0
2.451
0

83.854
65.633
45.500
16.227
0
18
0
10.072
10.587
10.575
38.765
67.910

4.799
169
6.537
2.948
3.256
0
9.055
11.191
14.909
2.400
4.354
10.552

1.194
752
2.737
0
0
0
0
0
0
32
2.556
0

26
646
27
0
0
0
0
0
0
18
1.324
0

93.657
81.755
43.335
0
5.172
0
1.192
7.307
23.934
42.637
62.170
116.148

120.630
113.129
84.958
11.828
0
0
0
0
2.437
5.755
77.265
100.058

1.884
473
2.001
3.723
251
0
1
0
190
737
3.376
1.760

173.148
159.156
145.040
102.094
30.512
30.542
28.771
18.321
453
106.332
126.486
141.586

5.512
8.929
126
2.340
0
0
0
0
0
2.847
2.714
7.723

1.623
1.318
252
629
0
0
401
0
0
64
924
1.918

179
542
0
0
0
0
0
0
0
163
617
271

115.599
99.407
71.276
6.520
44.970
0
0
0
1.740
65.789
91.595
116.087

106.155
85.640
52.321
9.038
946
8.641
5.806
0
0
33.842
69.576
111.921

3.360
4.225
7.216
1.337
591
1.007
1.062
0
0
265
6
2.812

139.356
121.406
135.209
101.490
883
19.330
22.933
22.774
25.339
60.971
141.125
165.021

27.707
10.757
9.922
413
0
0
0
1.772
772
2.676
3.996
16.732

3.553
1.212
2.297
112
0
0
0
0
0
101
149
3.701

2.367
1.472
1.394
0
0
0
0
0
0
0
0
94
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4.2. Discussion
Overall Moncalieri plant produces 1.433.714 MWh per year (counting in the two gas
turbines CHP systems and the integration boiler), Torino Nord plant produces 646.612
MWh per year (counting the CHP system and the integration boiler).
The integrating boilers BIT and Politecnico produce roughly 11.465 MWh per year and
16.056 MWh per year respectively. The integration boilers together produce not even the
1,5% of the overall thermal production. Then again, their role is to integrate the main
thermal production when the latter cannot reach some peak values (e.g. in the cold
mornings when the heat demand is higher than the average daily value).
The district heating is an expensive but functional way to control the thermal energy
flows 11 in the urban context. Few stakeholders (in the Turin municipality practically just
one – Iren S.p.A.) produce the overheated water in few plants, control the transmission
of the high-temperature water in the DH grid, manage the peaks through the integrating
boilers in the city. They have the control of the entire chain from the generator to the
users’ homes.
In the database analysed in chapter 3 there are 1.681 final users connected to the DH
grid (corresponding to 13,72% of the total number of buildings). The average general
performance indicator EPL_To is 195,25 kWh/m2. The latter is more efficient than the
total average value of the EPL_To in the database, which is 206,69 kWh/m 2. DH
connected heating systems are especially more efficient than central heating systems
(one – or two – boilers per building) working on natural gas consuming on average
227,81 kWh/m2.
Together with the findings of the previous chapter, it could be interesting understand
how more efficient could become the Turin buildings’ heating systems if the apartments
built from 1946 to 1980 were all connected (or in majority connected) to the DH. It is
important to understand that this improvement could work only if those buildings were
renovated (better U-values).
The effect of the decentralized production – mainly electrical, at the moment, in all
Europe thanks to photovoltaic and wind power technologies – can be studied also from
the thermal perspective. The DH systems are particularly suitable for research in these
terms, especially in the urban contexts [14]. The paper studies the potential of
distributed combined heat and power production in the German region.
In case of future development in the DH projects in Turin, it could be interesting run
some feasibility studies on how multiple boilers in the city can integrate or become
principal producers of the DH grid. The sustainability of the investment could also
increase thanks to different fuels’ utilization: not only NG, but also biogas or biomass.
Thermal energy locally produced has several advantages:
•
•
•

higher overall efficiency (energy consumed divided by the energy produced),
higher flexibility in case of damage or maintenance of other heat-generating
systems,
better quality of the production because of the more frequent (and easy)
maintenance actions,

11

Thermal energy flows can be defined as the connection(s) between the primary energy (production) and the
final use of energy (consumption). Generally, in Italy the primary energy infrastructure is the natural gas grid
(or in some cases the electric grid), which transport the respective energy carrier, transformed in hot water
thanks to boilers or heaters. In case of the DH, the energy flows are recognizable in the actual DH
infrastructure, and they are controllable in temperature, pressure, and volumes.
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•

excellent managing operational process because different areas of the city can
work differently. The integrating boiler close to city centre can be designed to
produce more heat in the morning for the offices and at night for the apartments.
The boiler in a suburban residential area can be designed to heat up the
apartments at night as well, but in the morning can be used for the mall nearby.
Those are examples on how different boilers can be more locally managed.

Turin’s case would be easier on one side because the area is smaller but complicated on
the other because of the financing on new infrastructures, and because the city centre
cannot be served by the DH, mainly due to the age of the buildings.
A focus on the different challenges and solutions from the DH infrastructure in the Ruhr
area and in Turin will follow.
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5.

Comparable case studies in Europe

5.1. Ruhr area and Turin
Turin is one of the most DH heated city in Europe, and the first one in Italy per heated
volume. Ruhr area is characterized by one of the widest DH systems in Europe in terms
of length of the grid. A comparison between the two cases will follow.
Ruhr area – deeply industrial in the past – has 5,2 million of residents in more than
4.500 km2. There are 43 different municipalities and 11 urban districts. The first part of
the DH grid was developed from the 60s; and when it was completed there were two
different sections: the Ruhr district and the Lower Rhine area. They are respectively
powered by one CHP and two waste-fuelled CHP plants; and by two biomass CHP, one
CHP, and two smaller industrial CHP plants (see the maps below). In 2015 a new joint
venture called Fernwärmeschiene Rhein-Ruhr GmbH (or FWSRR) was founded. FWSRR is
investing in a new section which will link the two separate parts from east (Lower Rhine
DH) and from west (Ruhr DH). 200.000 households [15] will benefit from the DH system.
New power plants will be connected to the grid in order to produce the future, higher
heat demand. Specifically, one biomass, one smaller industrial, and one waste-fuelled
CHP plants will be included in the new DH projects. In the past there were three
operators in the Ruhr area: STEAG Fernwärme GmbH (or SFW), Energieversorgung
Oberhausen AG (or evo), Fernwärmeversorgung Niederrhein GmbH (or FN). They
reflected the different local stakeholders, and they were responsible for their own O&M.
As already written, in 2015 they merged in one joint venture: FWSRR. This is SFW by
56.6%, evo by 25.1%, and FN by 18.3%. The purpose of the joint venture is to plan, set
up, and operate the new Rhine-Ruhr DH network [16].

Figure 24 – Current and future DH infrastructure in Ruhr area
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Turin metropolitan area counts 1,5 million inhabitants and it is seven times smaller than
Ruhr area. On the other hand, the density of the population in Turin is twice the Ruhr
area one. Roughly half of the population is supplied by the most developed DH grid in
Italy: 600.000 residents and 550 km of double-piping. Moncalieri and Torino Nord CHP
plants alone covers 57% [17] of the total urban heated volumes, in the future it will be
more than 60%. The main stakeholders in producing the over-heated water and
operating and maintaining the DH grid is Iren S.p.A. (former AEM Torino). It manages
the Turin municipality section of the grid as well as Nichelino and Moncalieri (smaller
towns south of Turin). As previously analysed, almost the totality of the water used in
the DH comes from the CHP plants, and then integrated through boilers in the city.
The main pillar in the future strategy is a most efficient utilization of the existing
infrastructure, especially on the production side. Along with that, Iren will connect to the
DH grid the waste-fuelled CHP plant (additional 150.000 MWh of heated water for 50.000
residents [18]) in the west part of Turin: Grugliasco, Collegno and Rivoli. South-west of
the city will be characterized by an innovative solar heating system, which will be
connected to the DH grid too. The story of the DH system in Turin starts in 1982 when Le
Vallette neighbour had their first section of the grid. After that, most of the residents
from south to north, around the city centre, were connected to the grid. In the future,
northern and southern parts of the metropolitan area will join (see green coloured part of
the lower map).

Figure 25 – Current and future DH infrastructure in Turin metropolitan area
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Table 7 – Ruhr and Turin area DH systems data

Ruhr area

Turin metropolitan area

4.535 km2

636 km2

5,2 M (1.146 people per km2)

1,5 M (2.358 people per km2)

Governance

11 urban districts and 43
municipalities

38 municipalities (including Turin)

Final users
in 2015

300.000 households

600.000 residents

Final users
in 2030

500.000 households

650.000 residents

1.400 km (0,27 m per inhabitants)

550 km (0,37 m per inhabitants)

Area
Population

DH grid
length

Both the Ruhr and Turin metropolitan areas were mainly industrial. Lately, they are also
focusing on the services sector, but they remain European leaders in the manufacturing
sector. This is – in my opinion – one of the reasons DH systems were developed. DH was
originally used in the different industrial sites in order to employ the waste-heat,
otherwise released in the atmosphere at high temperatures. Relatively small two-pipesgrids were built and operated within the different factories. During the 60s (in Ruhr), and
twenty years after in Turin, massive investments were channelled in the same idea, but
at a larger geographical scale (cities and districts). Nowadays in Germany are trying to
involve more industrial power units and RES plants. Renewable is intended as biomass
and biogas fuelled CHP plants. In Turin, on the other hand, are investing in new
innovative projects (an existing but not connected waste-fuelled CHP plant, and a high
efficiency thermal solar technology) as well as in more – qualitatively and quantitatively
– integration boilers.
In the previous chapter has been shown how more energy efficient is the DH solution in
respect to the traditional NG central heating system in order to heat up households. In
the first case the final user needs 17% less energy than the second 12. More energy
efficiency results in less GHG emissions, especially if the plants are NG or coal fuelled. A
DH working city can be a more energy efficient urban space (in specific cases), and both
Ruhr and Turin are examples of that.
Turin improvements on the local thermal production with integrating boilers ensure
minimal thermal losses in the grid, but the primary energy source remains NG (not the
most sustainable one). Right outside the municipality of Turin there is an incinerator
working on MSW not connected at the DH grid. City government plans to use the heat
from the MSW-to-energy power plant in order to increase the thermal DH supply. One of
the biggest problems with this technology – especially in Italy – is the social acceptance.
People do not want an MSW power plant, and the reasons they assert are mainly
connected to the human health and the smell. Whatever the citizens think, this
technology is becoming more and more reliable and safe [19]. Using MSW to produce
energy is more sustainable than stock them in landfills:
•
•

because in the second case the urban waste is outside releasing pollutants,
and because producing energy is a way to reuse waste otherwise unused.

12

DH connected households consumes averagely 195,25 kWh/m2, NG-boilers heated volumes are
characterized by an energy performance indicator of 227,81 kWh/m2.
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On the other hand, the initial investments for this type of infrastructure are still high. But
the city will not have to deal with the MSW problem, both social and economic.
Bigger is the DH grid, more are the power plants and users included. Complexity takes
challenges with it, which can be technical and logistical. Technically a wider grid will be
more difficult to balance, but also more efficient in case of partial failure and/or
maintenance. Logistically it will mostly depend on the governance. In Ruhr case there are
11 urban districts and 43 towns. In Turin metropolitan area there are 38 municipalities.
In both there have been certainly several challenges in make all these political entities
work together.

5.2. Lyon and Turin
Turin and Lyon are similar cities. They are not metropolis, but they are respectively the
fourth and the third biggest cities in the countries. They represent the typical European
medium/big town. Both have an history of manufacturing. Now – as I mentioned for
Turin – they are mainly switching to the tertiary sector (services). Since the past and the
present are comparable from the cultural, technology, economy point of views, it has
done some researches about the stakeholders working in the urban energy context:
start-ups, producers, operators, public sector, private sector, ESCo…
Innovation in the energy efficiency such as in other sectors is crucial. Several startups
were founded in the last decade in the two cities, and more new businesses are and will
be established. Some of them are listed in the Table below. Midori, Enerbrain, Watt&Moi,
Ogga are new companies which focus their core business in energy efficiency. They are
not all the companies with this focus, but the main ones. Particularly interesting are new
PPP projects such as the Environment park, the Energy Center, or Greenlys which
provide smart solutions in innovative and strategic areas. Iren and EDF are the two
different operators and energy producers in the two cities. If EDF is a national operator
with focus in the nuclear power, Iren is mainly established in the north-west part of Italy
and Turin is the biggest city which O&M company.
One of the main differences between the two markets are the ESCo, or energy service
companies. The latter, well established in Italy since the early 2000, are investors or
technical offices which submit EPC 13 contracts through which they earn money
proportionally to the energy savings of the final client. To be more clear: if the client paid
100.000 € per year in 2017, and in 2018 paid 50.000 € for the energy, the gap is divided
between the client (20.000 €, real savings) and the ESCo (30.000 €, profit).

13

Energy Performance Contract (or EPC) through which the ESCo (Energy Service Companies) earns money
proportionally to the energy savings of the final client.
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Table 8 – Turin and Lyon stakeholders

TURIN

Midori
startup

Self-installing device with a
machine-learning brain that
analyses and forecasts the
energy consumption of
households, and advice you
with different tariffs and new
appliances.

LYON

Watt&Moi
startup

Enerbrain
startup

Sensors and meters installation
and consecutive monitoring of
energy consumption in order to
better understand and improve
the HVAC systems.

Ogga startup

Environment
park
startups

Public joint-stock company with
business unit in Innovation and
Development. Provides
solutions about Green Building,
Plasma Nano-Tech, Green
Chemistry, energy storage and
Clean Tech.

Greenlys

Iren S.p.A.
company

Principal local player in the
energy sector. Runs the power
plants (most of them NG
fuelled) and operates the DH
grid.

Casa
Jasmina

Project about domestic
electronic networking, or “IoT
in the Home”. Born in 2015, it
has now become a permanent
project carried on by Officine
Innesto. One of their focus is
energy efficiency in the house
of the future.

Fenice (EDF)
/ Edison /
Trienergia /
Altea
Energia

Some of the major players in
the ESCo market in the Turin
area. They submit EPC
contracts to the final clients,
which can be residential,
service businesses, companies,
and public spaces.

Energy
Center

Building national and
international network in order
to encourage investments and
developments in the energy
field is the primary goal of the
advisory board of the Energy
Center. In the association there
are all the main Italian players
and public authorities.
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Online platform to monitor and
manage the power
consumption of households,
offices, public buildings,
facilities.
Design, manufacturing and
marketing of a solution
answering energy efficiency
objectives, and which analyses
user behaviour patterns in
order to automatically put into
place the ultimate energyefficient scenario.
Smart energy network
solutions experiment in three
areas of Lyon to field testing
the resilience of new
technologies and innovation
(sensors, distributed power
generation, energy
management…).

EDF
company

Principal local and national
player in the energy sector.
Runs the power plants (most of
them nuclear) and operates the
different infrastructures (power
grid).

Hikari
project

Three energy positive buildings
in Confluence. Energy is
produced by solar panels and
high efficiency heat pumps.
Natural lighting and natural
convection reduce
consumption.
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6.

Solutions for a thermal energy efficient urban system

6.1. Overview
12.253 different buildings were analysed. Those are the final users employing localized
natural gas boilers or DH system in order to heat dwellings’ spaces and/or produce DHW.
In particular (Chapter 3), different features were statistically studied: year of
construction, buildings’ typology, heating systems, technological system efficiencies,
buildings’ envelope, energy performance indicators.
All those buildings are mapped below, so that it is possible to understand how they are
placed: different colours mark the different year of construction clusters, and different
energy performance indicators.

213 kWh/m2/year
209 kWh/m2/year
205 kWh/m2/year
196 kWh/m2/year
129 kWh/m2/year

1946_1960
1961_1980
1919_1945
XXXX_1918
1981_2014

Figure 26 – Buildings' studied database mapped in Turin's municipality

The 1981/2014 cluster consumes averagely 129 kWh/m 2/year. The main reason is that
they are mostly characterized by double (54%) or triple pane (46%), and one third of
them have insulated walls and ceilings. The other four clusters have similar energy
performance indicator: varying from 213 kWh/m2/year to 196 kWh/m2/year.
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Table 9 – Buildings energy performance classes by Italian law

Energy Performance Indicator kWh/m2/year
HEATING

DHW

TOTAL

In the following table seven
classes
are
defined
[20].
Ideally, with the data in my
possession, all the buildings are
class F, except for the new ones
(1981/2014) which are class D.
The first three classes are
divided in two sub-classes in
order to better define the almost
zero energy buildings, and the
buildings consuming a very low
amount of energy to heat up the
houses.

As argued before, heavy and precise policies should be carried in order to renew some
specific buildings, the ones who need more and consume more thermal energy. In Turin’s
case, most of the buildings are apartments (96% of the total amount of the dataset). The
majority of them use on-site boilers working on natural gas (84%) and/or DH systems
(14%). 29% of the dataset are structures built from 1946 to 1960; 23% were erected
from 1961 to 1980. Together they represent 52% of the total and, especially, they are
the most energy consuming clusters.
A very significant element is that 80% of the total buildings’ dataset is not renewed.
Nevertheless, 23% of that is not valid, because in the most recent cluster. There is no
point in rebuild a new dwelling. Still, 57% of the buildings has never been renovated.
Some of them are really old, some other were poorly made structurally. Interestingly,
the oldest buildings are not the one consuming more: because they have thicker, solid,
insulated walls.
Strong renewal actions are needed for apartments built from 1946 to 1980 and never
renovated. This target is scalable to any other European city. From the thermal energy
demanding side, this could lead to a reduction of 82 kWh/m 2/year, and ideally 142,68
GWh/year 14 in total.
Beyond the consumption side, great attention should be given to the energy
infrastructure system of Turin. The latter should provide equitable access to energy
services across the city (electricity, natural gas, and superheated water in the specific
case). According to [XXX], the physical infrastructure is built around the household,
industrial and commercial consumers located in the urban areas. Normally, generation of
an energy vector (such as electricity) takes place at the outskirts of a city; backup
generation units and/or self-generation can also be part of the general infrastructure.
Electricity and natural gas are delivered to customers through distribution networks
(lines) that, ideally, reach every corner of the cities. Generally, the lines are hidden
below the streets, even though one can still find overhead wires in some cities (old city
centres especially).
In case of DH infrastructure system, the vector produced in power plants out of the city
is superheated water. That is distributed in several areas through pipes located under the
ground. In some cases, the water is re-heated in integrating boilers within the
boundaries of the city and, finally, reaches the final users.
14

The amount of energy saved was calculated as product of 82 kWh/m2/year and the total area of buildings
erected from 1946 to 1980, which is 1.740.000 m2.
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Urban energy efficiency can be defined as less consumption (demand side) as well as a
better production (supply side) in the city context.
•

Reducing the consumption is relatively easy if it is clear what creates the
inefficiencies and who’s consuming more thermal energy. In Turin’s residential
buildings’ sector, the final target is defined above and here repeated: apartments
erected from 1946 to 1980. The most urgent policy action in order to reduce
drastically the thermal energy consumption is to renovate windows and walls’
insulation as demonstrated before.

•

Better production needs to be contextualized and can be more complex.
▪

▪

▪

It can be declined as more technological production (power plant
systems). Innovation leads to enhanced performances in phase of
electricity or thermal energy generation. New systems consume less
primary energy in respect to old ones, keeping unchanged the final results.
As important as the production, the distribution system is fundamental. In
fact, DH infrastructure energy system is more sustainable than natural
gas boilers or electrical boilers. Final users’ dwellings connected to the DH
are characterized by a lower energy performance indicator (see paragraph
3.1.4, chapter 3). Less primary energy production is directly connected to
less polluting emissions. It is not a surprise if more cities and urban areas
are heading towards DH infrastructures instead of traditional heating
boilers. Germany and Italy are described in this work, but several
European countries are investing or invested in that [16].
One of the weak points of the DH is the heat losses along the grid. From
the heat generating power plant to the final users there are several kms,
sometimes dozens of kms. Thermodynamically, the temperature of the
superheated water will drop as you move far away from the production
site. In order to make the DH infrastructure more efficient, it could be
possible to install more (even smaller) integrating boilers. Localized
energy production leads to a lower primary energy consumption, and the
reason is a minor quantity of heat losses (less pipes’ length).

More incentives towards the urban energy efficiency come from the market. Thanks to
the extreme high technological innovation in the field and connected to it (sensors,
monitoring platforms, IoT, blockchain…), the energy efficiency companies are actives
with different services and products. Some actual examples from Turin and Lyon are
tabled in the paragraph 5.2, chapter 5.
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6.2. Urban performances and the thermal energy efficiency
Performances of an urban systems are efficiency, sustainability, and resiliency [21]:
•

•

•

Efficiency refers to the ability to avoid wasting a resource (in our case: energy,
and money) in doing something or producing a desired result. It can often be
measured as the percentage of primary input transformed into the outcome [22],
or the ratio of the energy consumed by the users and the primary energy utilized
at the generation phase.
Sustainability is defined in the Brundtland Commission: “sustainable development
is the one which meets the needs of the present without compromising the ability
of future generations to meet their own needs” [23]. Sustainability has three
interrelated components: environmental, economic, and social [21]. The
environment is sustainable if an ecosystem would maintain populations,
biodiversity, and overall functionality over an extended period of time. Economic
sustainability involves creating economic value and means that decisions are
made in the most equitable and fiscally sound way possible while considering the
other aspects of sustainability. Social sustainability refers to actions that should
promote the betterment of society. In general, it cannot exist sustainability if the
three components do not coexist. [24]
Resilience refers to the “ability to reduce the magnitude and/or duration of
disruptive events. The effectiveness of a resilient infrastructure depends upon its
ability to anticipate, absorb, adapt to, and/or rapidly recover from a potentially
disruptive event” [25]. Resilience is also “the ability to prepare for and adapt to
changing conditions and withstand and recover rapidly from disruptions.
Resilience includes the ability to withstand and recover from deliberate attacks,
accidents, or naturally occurring threats or incidents” [26].

In the energy sector the three urban performances are highly important. In-depth
analysis will follow in order to understand, based on the findings of the previous parts of
this document, how is Turin’s energy infrastructure efficient, sustainable, and resilient.
Turin’s energy infrastructure is efficient for many reasons. As argued before, the DH
system is one the most efficient from the energy performance point of view: the
performance indicator EPL_To in the case of DH is 195,25 kWh/m2. The latter is more
efficient than the total average value of the EPL_To of the database, which is 206,69
kWh/m2. DH connected heating systems are – especially – more efficient than central
heating systems working on natural gas consuming on average 227,81 kWh/m2.
Several projects are being developed in Turin’s municipality in order to optimize the
urban energy efficiency. Most of them are focused on minimizing the primary energy
consumption, which is the NG form most of the times. Two fundamental development
plans are solar heating systems and one existing MSW power plant, which will be
connected to the urban DH grid. Efficiency will raise, especially in the solar plants case,
because they will be integrated in the urban space, closer to the final users, reducing the
distances, and the heat losses. A more efficient thermal urban infrastructure could be the
one which produce locally the thermal energy. A possible solution could be more
integrating boilers, better if in the urban space, closer to the densest final users’ area.
Localized production, or integration, is synonym of most efficient production.
However, a lot more can be done from the demand side. In the previous chapters has
been identified which buildings are the most energy consuming because of structural
reasons. Renovating actions must be taken for the apartments built from 1946 to 1980.
This cluster has the highest probability to have weakness such as single pane windows
and/or no insulated walls and ceilings.
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NG fuelled power plants are more sustainable than coal and/or oil power plants,
especially if CHP technologies are utilized. Italian energy strategy is NG centred since the
nuclear power abandonment after Chernobyl nuclear accident in 1986. Turin’s example is
not different. As described in the paragraph 4.1, the power plants connected to the DH
grid are NG combustion based. The only exception is the MSW power plant which is now
not linked to the urban DH network.
NG is, on one hand, greener than other primary energy sources; on the other hand,
several other energy sources can be used which are less polluting. The new solar power
plants that the city and the operator will connect to the DH grid are an example of more
sustainable production. Reducing the NG utilization rate can be one path to cover. MSW
penetration in the Turin’s DH system, as well as the solar plants can be a solution.
Nowadays, in any case, NG is by far the most used fuel which leads to CO and CO 2
emissions, as well as other pollutants.
From the energy supply point of view, Italy is not as resilient as we could think. Energy
dependency (both NG and electricity) is high. Higher in the first case than the second. At
the moment, the DH system and the heating systems in general are completely
dependent on NG. 92% of the NG is extracted abroad [27] and transported in Italy
through huge methane pipelines (undersea and underground). If some political, social, or
economic problems occur in one of the exporter countries (Russia, Algeria, Azerbaijan,
Libya, Norway, Hollande), Italy would be not resilient to the change, and an energy crisis
will follow.
Solutions for a more resilient as well as a more efficient urban energy infrastructure
system can correspond. One of them is a localized energy production. However, if from
the efficiency point of view, it does not matter what fuel is used in the combustion, from
the resilient point of view, that is crucial. A more resilient energy system is the one using
local primary energy source. An example developed in Turin can be the MSW power plant
thermal DH integration, or the new solar thermal power plants which will operate in few
years. Both solar and urban waste are local energy primary sources which reduce the
dependency on foreign fuels and consequently increase the resiliency of the urban energy
system.
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6.3. Urban challenges
efficiency

and

the

residential

thermal

energy

According to [21], five are the main challenges in the urban context: demographic,
socioeconomic, technological, environmental, and financial.
The
demographic
challenge is related to
the dynamics of the
urban population [21].
In Turin’s case the
population
of
the
municipality started to
decrease from the 70s’.
After
the
Winter
Olympics
Game,
in
2006, more students
and companies moved,
and the resident people
started
to
increase
again. The interesting
point concerns the high
Figure 27 – Population trend in Turin and in the metropolitan area
number of people that
moved from the city to the surrounding towns. From 1961 to 1981 people living in the
metropolitan area grew from 200.000 to 600.000. This is one of the reasons of big
private and public investments in housing, public infrastructures and, also, energy
infrastructures (such as the DH system discussed above).
The socioeconomic challenge is related to the social and
economic inequalities in the city [21]. In the map are
highlighted green and yellow areas. The small portions
are the different neighbours. City centre and the hills (in
green) are characterized by the most expensive houses,
and it is where averagely rich and very rich people live.
Any other part of the city (in yellow) is characterized by
medium apartments in buildings usually taller than 5 or
6 floors. Most of them where built from 1946 to 1980
(see paragraph 3.1.1). Most of the DH grid was
developed and will be developed in the yellow zones (go
to figure 25 to compare the existing and under project
DH infrastructure system and the map on the right
side). Surely this is due to the typology of buildings (tall
and dense) which makes the DH investment more
efficient (more users, more earnings). DH infrastructure
system can also be defined as a social investment
because will allow the final users consume less energy
and save money.

Figure 28 – Map of rich and poor
areas in the municipality

The technological challenge is related to the increasing complexity in planning and
managing the urban infrastructure systems [21]. I agree that from the supply side the
operation of an innovative, complex technology can become challenging; but if that is
followed by and easy and secure utilization of services from the demand side, challenges
become opportunities. DH infrastructure can be the perfect example. In the house, the
typical user turns the valves down or up on the radiator, depending on the inner and
outer temperatures. Behind that there is a whole, complex operational system which has
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to control temperatures, pressure, flow, thermal losses, mass losses… in hundreds of
kms of underground pipes.
The environmental challenge is related to the pollution and the effect of climate change
in the city [21]. Climate change affects Turin’s urban environment mainly regarding the
average seasonal temperatures. Similar effects are seen and researched worldwide. One
the biggest problem, in the municipality and the metropolitan area, is the air pollution.
This is, for sure, also from the energy point of view the most important challenge that
the city is facing, without any great results.
The financial is related to the limited availability of financial resources to operate and
develop urban infrastructure systems [21]. Iren S.p.A. is the stakeholder which is
investing more, privately. Starting from 2017, beyond all the past investments, Iren
invested and will invest 280 million of euros to develop the DH infrastructure system. The
new grids will start to operate in north Turin, Mirafiori area (south), San Salvario (closer
to the city centre) and several towns included in the metropolitan area [28].
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6.4. Urban energy efficiency and the different urban dimensions
In order to effectively manage the different urban infrastructure systems, five
characteristics or dimensions must be considered: technical, economic, jurisdictional,
social, environmental [21].
Technological, economic and jurisdictional dimensions are separated even if they directly
related to each other. The environmental and social dimensions are more penetrating in
the first three characteristics. All five dimensions make up the city as a complex
sociotechnical system, requiring an intrinsically multidisciplinary approach for managing
it [21].
From the figure below, it is more understandable how dimensions, performances, and
effects work. If the characteristics of a given infrastructure (transport, housing and green
infrastructure, energy, water and wastewater, waste, communications) work
simultaneously and harmoniously, the performances of the infrastructure systems
(efficiency, sustainability, resilience, see paragraph 6.2) will be optimized. Better
performances will consequently affect the economy of the city (attractiveness and
competitiveness) and, indirectly, the citizens (quality of life).

Figure 29 – Urban infrastructure characteristics and their implications

The technical characteristics of urban infrastructure systems refers to the technical
elements and technologies present in the various urban infrastructures [21]. In the
energy infrastructure system case, a distinction is generally made between lines (cables
and superheated water pipes in the DH systems) and nodes (transformers, substations,
integrating boilers, power plants, final users heat exchangers…). The technology is the
basis upon which services are delivered. For a better understanding on the topic, read
chapter 4, paragraph 4.1.
The economic characteristic refers to the economic nature of urban infrastructure
systems [21]. Building an urban infrastructure system has an economic cost; but also
operate and manage it implicates expenses (both private and/or public). The economy
side is fundamental because without an initial investment, it could not exist the
infrastructure itself. This is even more important because most of time in the urban
management, infrastructures are characterized by the so-called sunk costs.
The jurisdictional characteristics refers to the geographic dimensions of the
infrastructures and their operations [21]. The DH case in Turin’s metropolitan area is a
good example. The production of the superheated water happens out of Turin’s
municipality, but the distribution systems (lines) are spread in Turin as well as in

LORENZO RUBINO

45

different municipalities. This infrastructure’s interoperation can generally cause overlaps
and misunderstandings between the towns (cities) and the private operators and/or
investors. Overcoming these challenges means giving an excellent service to the citizens;
which in the energy infrastructure case means to reach out as many users as possible.
Electricity in Turin reaches every corner of the city. In the DH case, the served areas are
growing, but there will be zones that will never be reached by this typology of technology
(e.g. city centre).
The social characteristics refers to the impact infrastructures inevitably have on society
and citizens [21]. As in the socioeconomic challenge, the key concern pertains to the
equity in access some services, in this case: energy (DH in particular). As argued in the
previous chapter, DH network has been developed (and will be developed) in the
averagely poorer areas of Turin. This can be an opportunity for the citizens, or social
equity; but, in this case, it is also an effect of the technical limitation: DH system cannot
be developed in the city centre and on the hills because of obvious reasons.
The environmental characteristics refers to the interaction of urban infrastructures with
their natural surroundings [21]. The impact of the energy infrastructure systems in Turin
is positive and negative as well. It is positive because the DH grid allows the city to
produce the same amount of comfort in the final users’ dwellings but consuming less
primary energy; because the government of the city is trying to push towards RES in
order to produce thermal energy (see paragraph 4.2, chapter 4); because CHP power
plants have higher efficiencies and they use NG instead of more polluting fuels. On the
other hand, the energy infrastructure in Turin has a negative effect on the environment
because NG is more pollutant than other renewable energy sources; because, at the
moment, most of the thermal energy used in the heating systems are boilers which emit
CO2 and CO and particulate in the urban air, etc…
Even if represented separated in the above graph, the five dimensions are strictly
connected to each other. The economic characteristic works if the technological,
jurisdictional, and social work as well; there is no working technology without a social
acceptance; technology is linked to the environmental dimension (especially in the last
20 years or so…); and so on and so forth.
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6.5. Thermal energy usage and pollutant emissions
The combustion of fuels, both in big centralized power plants and in small private boilers,
produces pollutants emission. They can be mitigated in many ways, reduced, but they
cannot be eliminated. In Turin’s case, the most used fossil fuel, as analysed in the
previous chapters, is NG. In 85% of the cases residents use NG working boilers to heat
up their houses; 14% of them benefit from the DH system.
Air pollution is generally characterized by different elements: SO2 (sulphur dioxide), NOx
(oxides of nitrogen), NMVOC (non-methane volatile organic compounds), PM10
(particulate matter), CO2 (carbon dioxide), NH3 (ammonia), CO (carbon monoxide).
In Turin’s urban context, electricity production by NG combustion in the big power plants
is responsible for NOx and CO2 pollution in low quantities, figure 30, in grey. It is
extremely important to highlight that electricity production, in Turin, happens
simultaneously to the superheated water generation, which makes the DH system work,
and it heats up the houses consequently. This is because the big power plants are CHP
technologies (see chapter 4).
Private boilers’ combustion, in order to warm Turin’s houses up, are instead accountable
for SO2, NOx, NMVOC, CO2 and especially PM10 emissions, figure 30, in red [29]. NG
working boilers produce roughly 60% of the total PM10 pollution.

Figure 30 – Share of air pollutants in different sectors [29]

PM10 are particles characterized by a diameter smaller than micrometres. As described in
[30] there are health and environmental effects. Recent epidemiological research
suggests that there is no threshold at which health effects do not occur. The health
effects include toxic effects by human absorption, allergic or hypersensitivity effects,
bacterial and fungal infections, fibrosis, irritation of mucous membranes, increased
respiratory symptoms. The risks are highest for sensitive groups such as the elderly and
children. Regarding the environment, PM10 may affect animals in the same way as it
affects humans. Particles in general affect the aesthetics and utility of areas through
visibility reduction and may affect buildings and vegetation.
In Piedmont region, if the citizens would have not used NG private polluting boilers in
order to warm up the houses, there would be less than 1.000 tons per month of PM10
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emissions. Instead, during the winter time (January and December above all) the
pollutant emissions exceed 2.000 tons per month, doubling the air contamination, and
the consequences on humans and on the environment. The other big part of PM10
emission is the street transportation (cars, trucks…).

Figure 31 – Share of emission sectors along the year [29]

Figure 32 – PM10 concentration in the urban area (left) and the rural area (right) [32]
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PM10 can be primary emitted and/or secondary produced. Secondary particulate matter
precursors are SO2, NH3, and NOx; each weighted by their respective particulate matter
formation potential factor [31]. All together represent the actual risk for the
environment. Primary and secondary PM10 concentration, due to the private heating
systems, is almost the same in urban and rural areas, respectively 49% and 53%. The
other half is characterized mainly by agriculture emissions in the rural zones, and
transportation in the city boundaries.
Reducing the on-site heat production can be one of the ways to reduce the air pollution,
specifically PM10 emissions. Theoretically, if all the final users, now employing the
boilers, would benefit from the DH system, the PM10 concentration in the urban area
would decrease from 50% to 60%, depending on different factors, see the histograms
above.
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7.

Conclusion

As evident throughout the work, urban energy infrastructure systems are crucial in
developing and existing cities. In 2050 68% of the world’s population will live in
urbanized areas [1], consuming 80% of the energy consumed on earth [2]. Focusing on
the European context, 25% of the total primary energy is consumed by residential
buildings. Depending on the primary energy source, the percentage of energy utilized for
the space heating goes from 77% (NG) to 92% (solid fuels), see chapter 1.
Thermal energy consumption of the residential sector, therefore, represents a big part of
the overall energy demand, and it will increase proportionally to the urban population.
This is why the thermal energy infrastructure system of Turin, Italy, was analysed,
focusing especially on the residential users (the biggest share in the buildings sector).
A statistical analysis from the demand side was carried out. 12.253 different residential
buildings’ features were studied: year of construction, buildings’ typology, heating
systems, technological system efficiencies, buildings’ envelope, energy performance
indicators. Correlations between those characteristics, the energy performance indicator,
and the pollutant emissions were discussed and diagrammed. In chapter FWF there are
all the details examined in order to understand what can be defined as targets of energy
efficiency policies, because of inefficiencies and/or low-quality structures.
The result of the latter systematic process led to define that strict and peculiar laws and
regulations should concern especially apartments in buildings erected from 1946 to 1980.
They consume averagely 213 kWh/m2/year in order to heat up the spaces and to
produce DHW, or domestic hot water.
There are several reasons:
•

•

•

The cluster defined above mostly use on-site heat production through private or
buildings’ boilers (84% of the total dataset). Those are the most polluting
technologies (especially PM10) which deeply influence the urban air quality, and
the quality of life as a consequence. In fact, they pollute three times more than all
the other sectors together, analysing the PM10 and PM2.5 concentration in the
urban atmosphere.
The cluster defined above, beyond the high statistical representation in our
database (51,1%), is also the most present in Turin’s urban area (58,2%), which
makes these results useful for the entire metropolitan area, and similar cities in
Europe and the world. As mentioned, buildings erected after the II World War and
before the 2000s are the most poor-quality structured.
The cluster defined above has 57% of buildings which have never been renovated.
Two are the actions that can define the renovation: replace single pane windows
with double or triple panes and insulate the walls and ceilings.

Once the target from the energy demand point of view was understood (who consumes
and how), the supply side was examined (who produces and how). In chapter 4, the
energy infrastructure focusing on the thermal production and distribution and illustrating
the functionality of the DH system in Turin as well as in other European contexts (e.g.
Ruhr area) has been described.
Turin revealed itself as dependent, as is Italy, on foreign and unstable NG energy source.
Nowadays, in Turin’s metropolitan area, there are two big power plants working on NG
combustion (lower sustainability than RES), but in CHP mode (higher generation
efficiencies). Also, the integrating boilers within the city boundaries, which are part of the
DH infrastructure (see Figure 21), are fuelled by NG. In addition, all the on-site boilers
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located in private apartments or used by groups of flats, are generally NG fuelled. High
dependency on fossil, foreign sources decreases the urban energy resiliency.
One of the crucial findings of this work concerns the urban DH system. Compared with
decentralized, on-site heat production by boilers, DH offers mainly advantages, but also
has some disadvantages. Those are listed below.
Positive aspects include:
•
•
•
•
•
•

The joint production of electricity and heat in highly efficient CHP plants;
The low specific cost of large-scale, centralized heat production plants (due to
economy of scale);
The flexibility of DH systems which can use low-cost, low-quality fuels such as
MSW, forestry residues, and industrial waste heat;
The low environmental impact of DH (less pollutant emissions);
The improvement of the energy supply security (no flammable energy vectors in
the city and no direct combustion in the buildings);
The great, even if complex, controllability of the urban thermal energy flows in
terms of O&M actions.

Negative aspects include [13]:
•
•
•
•

The heat losses associated with the distribution network;
Possible establishment of local monopolies and customer lock-in;
The need to size the system based on the peak load or to provide peak generation
capacity (e.g. with integrating boilers and/or RES systems);
The unavailability of developing the piping networks in historical city centres
because of archaeological sites or underground cities.

DH infrastructure works only during the winter-time, from October to April, when the
thermal production in power plants and on-site boilers can be active. The thermal energy
flows are, obviously, inversely proportional to the external temperature.
In the figure below it is schematized Turin’s DH energy infrastructure system. From the
left, the energy supply power plants already connected to the DH grid (darker arrows)
and in connection (lighter arrows). The superheated water flows in the pipes, and, if
needed (winter mornings), it is heated up in the integration boilers. Through smaller
piping the infrastructure reaches the final users (apartments).
In order to benchmark Turin’s DH technological system with other DH infrastructures in
Europe or elsewhere, a DH efficiency parameter has been calculated. The latter
represents how much thermal energy (MWh) per km, per day, per HDD is produced by
the overall plants and boilers. The parameter is measured in MWh/km/day/°C; and,
during the heating season, in Turin, the value varies between 1,25 MWh/km/day/°C and
1,75 MWh/km/day/°C. Lower is the parameters’ value (at equal users’ comfort
condition), more efficient is the DH system; because the power plants are producing less
energy, but they are also offering the same service to the citizens.
Some of the noteworthy findings of this work are summarized below:
•

Using DH system to heat up buildings in a dense urban area is more efficient than
on-site heating production. The average general performance indicator EPL_To of
DH users is 195,25 kWh/m2. This is more efficient than the total average value of
EPL_To, which is 206,69 kWh/m2. DH connected heating systems are especially
more efficient than central heating systems (one – or two – boilers per building),
working on natural gas, consuming averagely 227,81 kWh/m2.
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•

•

•

•

Utilizing DH infrastructures in order to heat up urban dwellings is also more
sustainable than on-site NG fuelled thermal energy production. As described in
chapter 4, paragraph 4.2, in case of CHP centralized thermal and electric
generation, pollutant emissions are more manageable and can be easily reduced
(e.g. using high efficiency filters). In addition, private boilers utilization lead to
relevant PM10 emissions, doubling the air pollution in winter in respect to the
summer.
Turin, and cities in general, should not rely on a single energy source. In the
Italian case, NG is the most popular and generally used fuel, especially for heating
systems. Energy sources diversification can be the answer, and Turin is aiming for
that. MSW power plant connection to the DH grid as well as thermal solar
technology integration in the DH network are some of the future solutions. In the
energy sector diversification means most of the time resiliency.
The most urgent problem in Turin, as in other cities, is the metropolitan air
pollution. SO2, NOx, NMVOC, PM10, CO2, NH3, and CO are just some of the
elements we breathe in every day in urban areas. Since the on-site private
thermal energy production, during the winter time, heavily affects the primary
and secondary PM10 presence in the city’s air, reducing such typology of heat
generation can, at least partly, solve the pollution problem.
In order to minimize the generation energy flow, the DH grid should be improved
and developed (as the municipality is doing). On the other side, it is possible to
work on the consumption, minimizing it too. Strict, precise energy policies should
be carried out on the target defined and described above: apartments’ buildings
built from 1946 to 1980, never renovated, and not connected to the DH network.
Clear actions include, in priority and facility order:
▪
▪
▪

the windows glass replacement from single pane to double or, better, triple
pane;
the insulation of walls and ceilings externally made with insulated materials
in form of paint, sheet, etc…;
the insulation of walls and ceilings internally made in the structure in form
of sheet, insulated foam, etc…;

IGUS Master Program is about innovative governance, and there is no innovative
governance, if there are no precise targets (or problems), which need specific
technological solutions. Energy infrastructures have shown to be very dynamic, together
with other systems, especially during the last years, with the beginning of ICT, sharing
economy, blockchain, etc… development. Focusing on the urban thermal energy
efficiency, this work contributed in terms of innovation, in two separate ways:
•
•

studying the consumers and who are the ones to prioritize (target);
analysing the efficient thermal energy production and distribution in the form of
DH grid system technology as a practical example to follow.

As argued several times in this work, urban energy is changing rapidly and inexorably.
Digitalization literally means the use of digital technologies instead of traditional
technologies in order to produce services or products. And digital technologies play a key
role in this urban energy metamorphosis.
Urban digitalization and Smart Cities concepts overlap most of the times; but if the first
one refers in particular to the digital technologies, the second one refers to new
technologies in general, including the digital ones.
From a smart-city point of view, the urban energy efficiency has different, as well as
important, faces:
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1. new innovative technologies; as can be a new, renewable way to produce the
thermal energy, or buildings which rely on very efficient systems, or NZEB –
buildings consuming a small amount of primary energy…
2. improvement of existing technology; as can be a more performant insulation
material for the double piping of the DH system, or more efficient and/or
sustainable generation systems…
3. controlling the technology; as can be a monitoring system characterized by
sensors (in the generation power plants, in the distribution grid, and in the final
users buildings), by the data infrastructure, and by the final platform where the
data can be analysed and visualized in order to control 24/7 the efficiency of the
overall DH grid
4. engage the final users; as can be a gaming campaign did by energy efficiency
startups (see Chapter 5, paragraph 2) or by urban energy operators and sellers…
Smart city does not refer to a goal, or to what a city should become. Contrariwise, it
should be the always-changing tool in order to reach a better urban environment.
Ultimately, the Smart city concept can be explained as utilization of innovative
technology which will make the energy infrastructure more efficient, resilient, and
sustainable.
DH infrastructure system has been proved in this master thesis to be efficient as well as
sustainable, especially in dense urban situations. It could be fascinating to understand
how the innovative technologies and ICTs can change and improve such a system.
Future research on the topic should be carried out to better comprehend how smart cities
techs can characterize the DH system; and how efficiency, resiliency, and sustainability
can be upgraded because of the used new smart technologies. Some practical examples
are listed above.
To conclude, it is evident that large and medium urban systems have the need to
produce and consume energy as sustainable, resilient, and efficient as possible. The DH
grid connected to CHP and/or RES power plants can be the answer for an optimized
urban thermal energy generation. More research and investment should be done in
reducing the thermal energy losses (e.g. connecting more integrating boilers, or more
insulating materials), but surely DH-connected users consume less energy, and pollute
less, than other final consumers. From the demand side, strict policies could help people
to take decision in favour of renewal actions. Less energy consumption does not mean
only more sustainability, but also lower costs for the single urban residents.
Urban energy efficiency will have to become the epicentre of policies, investments, and
practical actions such as the ones explained in this thesis if we want a sustainable,
resilient, and efficient urban infrastructure system.
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Figure 33 – Turin's urban energy infrastructure system
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Acronym glossary
CHP ___________________________________________________________ Combined heat & power
DH _____________________________________________________________________ District heating
DHW ______________________________________________________________ Domestic Hot Water
EPacs _____________________________________________

DHW energy performance indicator

Epi_To ___________________________________________________ Energy Performance Indicator
EPL_To ___________________________________________

Global energy performance indicator

ESCo _________________________________________________________ Energy Service Company
GHG __________________________________________________________________ Green-house Gas
ICT ______________________________________ Information and Communications Technology
MSW _____________________________________________________________ Municipal solid waste
NRen __________________________________________________________ Not renovated buildings
NZEB ________________________________________________________ Net Zero Energy Buildings
O&M _______________________________________________________ Operation and maintenance
PPP __________________________________________________________ Public Private Partnership
Ren ________________________________________________________________ Renovated buildings
RES __________________________________________________________ Renewable energy source
U_E_high _______________________________________ Low transparent thermal transmittance
U_E_low ____________________________________________ High opaque thermal transmittance
U_W_high ______________________________________ High transparent thermal transmittance
U_W_low _______________________________________ Low transparent thermal transmittance
U_W_mid ___________________________________ Medium transparent thermal transmittance
YoC _______________________________________________________________ Year of Construction
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Appendix
EXPERIENCING IGLUS are sections in which I focused on some specific features and
contexts from the master program. The boxes are relevant to this thesis because they
concern energy efficiency policies in the world.

EXPERIENCING IGLUS #1
The example of Lyon, European module.
Lyon is the third biggest city in France (513.275 residents 15). The Grand Lyon Metropole 16 is, on the other hand,
the second most populated region in the country. Lyon’s CBD La Part-Dieu is the second most influent in France
because of tertiary sector and techs companies. Massive investments such as the subway, the airport, tunnels,
and new residential suburbs lured people in the metropolitan area from the 70s to the 90s. The region now counts
1,4 million of residents.
The Smart Electric Lyon project 17 started in 2012 by a consortium built around EDF (Électricité de France). 21
partners worked until 2017 on develop, combine, and evaluate innovative solutions in the energy context. The
project was supported economically by ADEME, ALE, Grand Lyon, Minalogic, Sigerly, Tenerdis, Ville de Lyon as
part of the Invest in the Future initiative 18. More precisely, the project involves 6 research institutes and 15
industrial partners. They work together developing tools (technologies and services) that will allow final users to
better manage the energy consumption. The total amount of financing budgeted was 75 million euros over the 5
years, including 9 million from the national government 19. There were 60 full-time job involved in the different
actions and solutions tested in 25.000 homes, 70 industrial spaces, and 20 public buildings and offices, all
located in the Grand Lyon Metropole. Smart Electric Lyon has been one of the biggest Smart Grid
experimentation in Europe. It offered information services, technical solutions, and new tariffs helping the
consumers to control and manage their energy spending. The most fascinating side of Smart Electric Lyon is the
interdisciplinarity and the collaborative approach within users, providers, and innovative start-ups. Experiments
took place thanks to many thousands of consumers with a variety of social and family situation, equipment and
type of buildings. The optimised-model research involved engineers, economists, mathematicians, physical model
specialists, ergonomists giving eclectic evaluations of the problems and the solutions. On the 30 th of June 2017
the project ended with positive results: it was better understood the users’ electricity consumption and some
solutions were developed in order to reduce the peak electricity consumption. It is not possible yet to download or
read specific outcomes.
Partners of the Smart Electric Lyon project are: Agro Campus Ouest, Armines, Atlantic, CSTB, Delta Dore,
Dombox, Edelia, ERDF, Etics, Hager, Legrand, Mines Paris Tech, Noirot, Orange, Panasonic, Philips, Schneider,
SFR Somfy, Université de Tours, Université de Lyon, Université technologique de Troyes.

15

Data from Lyon Métropole – General presentation 2018 – Grand Lyon
Data from Lyon Métropole – General presentation 2018 – Grand Lyon
17
Data from Lyon Smart City Actions, IGLUS – Lyon and Dortmund Module, 12/04/2018, Dr PAPAIX, PhD in
Economy
18
Data from Lyon Smart City Actions, IGLUS – Lyon and Dortmund Module, 12/04/2018, Dr PAPAIX, PhD in
Economy
19
Data from Lyon Smart City Actions, IGLUS – Lyon and Dortmund Module, 12/04/2018, Dr PAPAIX, PhD in
Economy
16
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EXPERIENCING IGLUS #2
The example of Seoul, South Korean module.
Seoul has 10 million residents, 26 million in the metropolitan area. Seoul’s GDP corresponds to 75% of the total
South Korean GDP 20. The region consumes 10,3% of the national power production (7,5% of the total energy
production), however Seoul produces only 3% of the South Korean total energy supply 21. Only 1,6% of the power
comes from RES.
One Less Nuclear Power Plant (or OLNPP) energy policy was developed in the latter context and after
Fukushima nuclear accident in Japan. It was launched in April 2012 with the goal of reducing the capitals’ energy
consumption by 2 million TOE 22, equivalent to a nuclear power plant capacity, and of thinning the dependency on
far-away power plants generation. The target was achieved in June 2014. 71 projects were developed and
operated in the metropolitan region divided in 6 policy categories with a total budget of 2,78 trillion KRW (roughly
2 billion euros). More specifically, 10 action plans 23 were financed by the city and the national government:
_ Seoul becomes a city of light. 320 MW solar capacity were installed on 10.000 buildings with different final use.
_ Seoul will be safe from a massive blackout. 230 MW from hydrogen fuel cell power stations in 13 different sites.
_ Seoul works to prevent energy leakage and raise efficiency in buildings. Building Retrofit Program on 12.200
buildings.
_ Smart lightings make Seoul brighter. 8 million lights were replaced with the LED technology in streets,
buildings…
_ The urban structure of Seoul was redesigned into a low-emission, eco-friendly city. 2030 City Master.
_ Seoul designs and builds smart and low-energy-consumption buildings. Mandatory energy cap for all buildings.
_ Green driving and transportation practices. Investments in public transportation, car sharing, soft modes…
_ Job creation in green industries and RES power plants. Start-ups funds, investments in new techs…
_ Promotion of energy-saving lifestyle among citizens. Users awareness, education…
_ Seoul Natural Energy Foundation in order to promote best practices, to give information, to develop
researches…
Energy independence, energy efficiency, green transportation, and green consumption are the main pillars of the
OLNPP policy. All four of them are similar to any type of energy & climate policies in the world. However, the
Korean case is characterized by a top-down, very efficient and practical approach typical of the Asian country.

20

Data from Energy Governance in Korea and Seoul Energy Infrastructure – Numan Yanar, Gwangju Institute of
Science and Technology, Korea Research Institute of Chemical Technologies
21
Data from Energy Governance in Korea and Seoul Energy Infrastructure – Numan Yanar, Gwangju Institute of
Science and Technology, Korea Research Institute of Chemical Technologies
22
Tonne of oil equivalent, or TOE is defined as the amount of energy released by burning one tonne of crude
oil. One TOE corresponds to 11.630 kWh
23
Data from An experiment for urban energy autonomy in Seoul: The One ‘Less’ Nuclear Power Plant policy –
Prof. Taedong Lee – Political Science Dept. Yonsei University
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EXPERIENCING IGLUS #3
Recommendation The example of Kuala Lumpur, Malaysian module.
Malaysia is one of the developing economies of South Asia. The capital has 2 million inhabitants 24. One of the
fundamental features in this area is the weather. The outdoor temperature is in between 23°C and 33 °C during
the year with several days of rain, especially in October and November. GDP growth was high (from 6% to 10%)
during the 80s and 90s 25, and in the 2000s has been stable (from 5% to 6%). High GDP results in more spending
of people. From the energy consumption point of view, seen the weather, an important role is played by the AC
systems. Typically, in tropical country AC systems consumes more than 50% of the residential electricity bill per
year. This becomes an environmental problem if (1) the electric energy is cheap and (2) people are accustomed
to wastefulness.
Malaysian are so used to the AC that do not see the problem. Hotels, malls, public spaces, private offices use
tons of kWh every year in order to keep inner spaces cold enough. The only problem is the definition of “cold
enough”. Some areas sometimes were at 14°C or 15°C, which is below the comfort temperature of 18°C or
19°C. Higher is the cooling temperature, lower is the electric consumption. RES production is growing, but it is
still a small part of the total. Roughly 90% of the total electricity production is by natural gas and coal. And this is
one of the fundamental reasons why energy efficiency should be the short-term solution to the energy problem.
Next step could also be a more sustainable production of energy.
In the Malaysian Plan there is a section about “encouraging sustainable energy use to support growth”. Five
points characterize the document: strengthening stakeholders’ coordination and collaboration in the energy
sector, ensuring the security of supply and reliability for the oil and gas subsector, enabling the growth in the oil
and gas sector, managing supply diversity for security of the electric subsector, and improving the sustainability,
efficiency and reliability of the electricity subsector. Apart from the last point, no attention is given to the energy
efficiency. Oil and gas remain the star of the strategic plan, but in 2014 they planned to develop RES from 240
MW to 2.080 MW of capacity. Big importance is being given to biomass, biogas, and solid municipal waste which
make sense given all the forests and woods they have in the country. Big solar power plants have been and are
being built, but instead the government should focus on solar roofs of the different buildings. The future will be in
delocalized renewable electricity production, and tropical countries can count on a high amount of sun, especially
if linked to an AC system.

24
25

Data from the presentation Energy infrastructure – 12 April 2017 – Kuala Lumpur | Melaka training module
Data from the presentation Energy infrastructure – 12 April 2017 – Kuala Lumpur | Melaka training module
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Appendix 1
Temporal diagram of the different directives, regulations, and laws from the Chapter 2.
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Appendix 2
Location of the different users from the dataset worked in the Chapter 3.
Particularly:
•
•
•
•
•

in
in
in
in
in

orange buildings from the YoC cluster XXXX_1918
yellow buildings from the YoC cluster 1919_1945
green buildings from the YoC cluster 1946_1960
blue buildings from the YoC cluster 1961_1980
brown buildings from the YoC cluster 1981_2014
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Appendix 3
In the histograms below it is diagrammed how many buildings have single, double, or
triple panes; and how many have insulated or not insulated walls and ceilings. Each
couple of histograms are intended for the different YoC clusters.
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Appendix 4
U-values trees for each YoC cluster. Specifically, the total amount of buildings per YoC
cluster have been divided, in order, renovated and not renovated buildings, U-values of
the transparent surfaces (low, medium, and high), and U-values of the opaque envelopes
(low or high).
Percentage in respect to the total amount (12.253 units) and to the “previous branch”
are displayed for each absolute value.
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Appendix 5
Total thermal energy production trend for the years 2012, 2013, 2014, 2015, 2016. In
green the daily-energy produced in the two big CHP power plants (see Chapter 4 for
details). In red the daily-energy produced in the several integrating boilers (in the city
and next to the power plants).
The two blue lines are the starting and ending points of the thermal season: 15 th of
October and 15th of April.
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