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Abstract (Italiano)

Il seguente lavoro rappresenta la tesi di dottorato di Elena Scattolini, dis-
cussa nel febbraio 2016 presso il Politecnico di Milano, Dipartimento di 
Architettura e Studi Urbani. La tesi è stata svolta in collaborazione con  
ENEA, Laboratorio LAERTE: correlatrice del lavoro di ricerca è l’Ing. 
Maria-Anna Segreto. Relatore interno al Politecnico è la Professoressa Ilar-
ia Valente e il correlatore di Dipartimento il Prof. Marco Bovati.
Il processo energetico di produzione, distribuzione e utilizzo di energia è 
oggi investito da profondi cambiamenti a scala globale. La diffusione delle 
fonti energetiche rinnovabili, il progressivo esaurirsi delle fonti fossili e la 
liberalizzazione del mercato energetico stanno trasformando un modello 
tradizionalmente centralizzato di produzione, con una conseguente dis-
tribuzione ad “albero” e monodirezionale, in un modello a rete, in cui i 
punti di produzione  e utilizzo di energia corrispondono ai molteplici nodi 
della rete stessa. Si parla oggi di “democratizzazione” dell’ energia, poichè 
gli attori coinvolti non sono più semplici consumatori, ma diventano “pro-
sumers” (contemporaneamente producers e consumers). Il tema energetico 
abbraccia la scala urbana della rete diventando in grado di disegnare nuove 
geografie, secondo logiche che non son più prettamente politiche, ma che 
coinvolgono allo stesso tempo l’aspetto economico, ecologico e sociale. Il 
seguente lavoro introduce una riflessione sul tema del progetto in relazione 
alla gestione del processo energetico. I cambiamenti in atto determinano 
la necessità di un nuovo e rivoluzionario approccio alla progettazione, in 
cui l’energia possa diventare elemento cardine del processo progettuale, 
dalla scala del dettaglio alla scala della città. Come progettare l’ edificio e la 
città in chiave energetica? Quali tipologie rispondono alla necessità di una 
maggiore flessibilità energetica nei confronti della rete? Esistono modalità 
insediative che più facilmente si integrano alla cosiddetta rete intelligente 
rispetto ad altre?
Convinzione alla base di questo lavoro di ricerca è che proprio questo 
cambiamento sia in grado di generare novità tecniche e concettuali così 
forti da costituire un momento di profondo sconvolgimento nel Progetto 
di Architettura, sia per quanto riguarda il progetto del nuovo che l’ azione 
di rigenerazione del patrimonio edilizio esistente. Scopo di questo lavoro 
è dunque quello di individuare linee guida per la progettazione architet-
tonica di edifici e brani di città  che, attraverso il loro carattere formale e 
distributivo, siano in grado di favorire la gestione dei flussi energetici e 
ancor più di diventare attori attivi all’ interno della nuova rete energetica.
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Abstract (English)

Elena Scattolini’s doctoral research has been discussed at Politecnico of 
Milan, Department of Architecture and Urban Studies, at February 2016.
The following PhD research has been conducted with the cooperation of 
ENEA: internal scientific supervisor has been Eng. Maria-Anna Segreto, 
while Politecnico’s supervisor has been Prof. Ilaria Valente and co-supervi-
sor Prof. Marco Bovati.
The process of production, distribution and usage of energy is today run 
over by deep changes on a global scale. Spread of renewable energies, grad-
ual depletion of fossil fuels and liberalization of the energy market are 
together commuting the traditional energy model, which was traditionally 
based on centralized production and mono-directional distribution in a 
new energy system, where energy producers and users overlap into the 
energy network. Today a “democratization” of the energy is indeed occur-
ring, since all the actors involved in the process are not only consumers but 
“prosumers” (producers and consumers at the same time). 
The energy topic is nowadays able to define new boundaries, according to 
economical, ecological and social aspects never considered before.
This research work introduces a new reflection on architectural design re-
lated to the energy management. The above mentioned changes should 
indeed produce a new and innovative design approach, where energy be-
comes a key point of the whole design process, from the detail scale to 
the urban one. This new vision is not anymore only related to traditional 
energy saving and fulfill of energy performance standards, but to the man-
agement of energy flows in an innovative and dialectical relationship be-
tween buildings, cities and the energy grid.
How we should design buildings and cities from the energy point of view? 
Which are the building types which better fulfill energy flexibility towards 
the grid? Are there any urban settlements which better integrate to the new 
Smart Grid?
The deep on-going change in the energy chain has currently only partially 
involved architectural and urban design. The main belief of this research 
work is that this change could instead produce technical and theoretical 
innovations on the architectural design project, both  for the design of new 
buildings and neighborhoods and for retrofitting of existing ones.
The main purpose of this research work is therefore to identify architec-
tural guidelines for the design of both buildings and urban neighborhoods 
which could lead to better management of energy flows, so as to become 
active actors into the new smart grid.
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SECTION 1

THEORETICAL CONTRIBUTION





CHAPTER 1

PREFACE

“Architecture begins when engineering ends”

(W. Gropius)
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1.1 Energy emergency: global challenge for a sustainable 
development
Energy efficiency is the corner stone of modern low carbon economies: the 
efficient use of energy has been the goal of many initiatives over the past 
two decades and improving energy efficiency is a global ambition both in 
the emerging as well as in the most industrialized countries. Indeed energy 
used by nations with emerging economies (Southeast Asia, Middle East, 
South America and Africa) will grow at an average annual rate of 3,2% 
and will exceed by 2020 that for the developed countries (North America, 
Western Europe, Japan, Australia and New Zealand) (1). The energy ef-
ficiency issue has become increasingly important among public debate and 
energy policies of industrialized countries because of the key role of energy 
in the economic growth, welfare, and technological and social progress.
In 2008, following a request from the G8, the International Energy Agency 
(IEA) developed its «25 Energy efficiency Policy Recommendations», a pack-
age of proven cost-effective policies that countries should implement.
The Recommendations were defined for seven priority areas:
- Cross sectoral
- Buildings
- Appliances and equipments
- Lighting
- Transport
- Industries
- Energy utilities
The IEA estimates that if implemented globally without delay, the pro-
posed actions could save as much as 7.6 gigatonnes (Gt) CO2 / year by 
2030 (2).
The buildings’ sector is included in the 7 points due to the buildings’ 
great potential for cost-effective energy savings: buildings are the largest 
consumers of energy in Europe, accounting for nearly 40% of the total 
consumption and 36% of the greenhouse gas emissions (EC, 2013) (3).  

Given the many possibilities to substantially reduce buildings’ energy 
requirements, the potential savings of energy efficiency in the building 
sector would greatly contribute to a society – wide reduction of energy 
consumption. The implications of such a potential reduction should not 
be underestimated, as the scale of energy efficiency in buildings is large 
enough to influence security policy, climate preservation and public health 
on a national and global scale.
The crucial role of the building sector is recognizable by analyzing some 
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of the main European, national and local legislations and targets related 
to energy efficiency policies for the future. Here below the main European 
targets and future scenarios related to energy efficiency are summarized 
to underline the main goals of international policies and to point up the 
strong relation between energy policies and building design.
 
1.1.1 2020 Climate and Energy Package
The “20-20-20” targets are part of the 2020 Climate and Energy Package 
and they are set to be achieved by 2020. The three key objectives envisages 
the following goals:
a- A 20% reduction in EU greenhouse gas emissions from 1990 levels
b- Raising the share of EU energy consumption produced from renewable 
resources to 20%
c- A 20% improvement in the EU’s energy efficiency
The targets were set by EU leaders in 2007, when they committed Europe 
to become a highly energy-efficient low carbon economy and they were 
enacted through the climate and energy package in 2009 (4).  The 2020 
Climate and Energy Package’s three key points are considered as the main 
common goal to be reached by 2020 and as the starting points of all the 
main subsequent international and national guidelines, frameworks and 
directives, such as the 2010/31/EU Directive.

1.1.2 Directive 2010/31/EU || Towards the nZEB
On 2010 a Recast of the Energy Performance of Buildings Direc-
tive (EPBD) was adopted from the European Parliament: the Directive 
2010/31/EU introduced the concept of nearly Zero Energy Buildings.
In point (3) of the Directive the influence of building sector in the Eu-
ropean total energy consumption is urgently underlined as it is written 
that “reduction of energy consumption and the use of energy from re-
newable sources (5)  in the building sector constitute important measures 
needed to reduce the Union’ s energy dependency and greenhouse gas 
emissions”(6). 
Article 9 of the Directive requires that “Member States shall ensure that 
by 31 December 2020 all new buildings are nearly zero-energy buildings; 
and after 31 December 2018, new buildings occupied and owned by 
public authorities are nearly zero-energy buildings”. Member States shall 
furthermore “draw up national plans for increasing the number of nearly 
zero-energy buildings” and “following the leading example of the public 
sector, develop policies and take measures such as the setting of targets 
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in order to stimulate the transformation of buildings that are refurbished 
into nearly zero-energy buildings”. Acknowledging the diversity of the Eu-
ropean building sector, EPBD requires MS to define specifically national 
approaches to the design of nZEB and plans “reflecting their national, 
regional or local conditions”(7). A nZEB is defined as a building with a 
very high energy performance and with a low amount of energy required 
supplied to a significant extend by onsite and nearby renewable sources, 
including energy from renewable sources produced on-site or nearby (8).
However, the significance of “nearly” zero energy building still remains 
ambiguous, as it doesn’t set any quantitative standard, allowing for per-
sonal and subjective interpretations.
Also, EPBD underlines the importance of existing building stock in the 
total energy balance: for this reason the EU MS should also prepare imple-
mentation plans that have to take into account measures to move the exist-
ing building stock towards nZEB levels.
nZEBs require an integrated design  approach since they represent a huge 
“change, at technical, economical and cultural levels: technical because it 
imposes a new way to design and construct buildings; economical because 
it imposes that one looks at the operation cost and not only at the invest-
ment; cultural because it is unavoidable that the language of architecture 
has to change” (9).

1.1.3 2030 framework
The 2030 framework has been presented from the European Commission 
on 22nd January 2014 and it focuses on further improvements and goals 
to be reached by 2030 in order to move towards a lower carbon economy. 
Here the following the three defined points:
a- Reducing greenhouse gas emissions by 40% (compared to 1990’s val-
ues)
b- Increasing the share of renewable energy to at least 27%
c- A 27% improvement in energy efficiency. The role of energy efficiency 
in the 2030 framework will be further considered in a review of the Energy 
Efficiency Directive due to be concluded later in 2014
The framework is proposed as a constant stimulus to progress towards a 
low-carbon, competitive and secure energy system (which will be in the 
future affordable for all consumers), it will increase security of energy sup-
plies, allowing less dependence on imported energy and new opportunities 
for growth.
Energy efficiency is a global target because of social, ecological and eco-
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nomic reasons. The traditional economy based on fossil fuels and central-
ized distribution is moving towards a new one based on decentralized and 
renewable sources. The strong relation between energy savings and build-
ings is stated or implied in all the European Directives for the future devel-
opment: this is mainly because of the crucial role of the buildings’ sector in 
total energy usage and the strong physical and spatial relation which can 
occur between energy renewable sources and buildings. Buildings should 
be in the future more and more able to manage with a new and flexible 
energy system: they should be architectures which produce, consume and 
store energy in a strong and deep relation with the new multidirectional 
energy market. The new necessary approach is a multidisciplinary one in 
which technology and design work together.
Architectural design should respond to energy efficiency needs with a new 
and more conscious approach which not only concern to the performance 
of the building skins or to the automation and engineering control, but it 
is also directly related to the design of spaces and to the urban morphology 
and building typology.

1.2 Structure of the research work
1.2.1 Aim of the research: research questions
As introduced in the previous paragraph, depletion of fossil fuels and a 
new environmental emergency are changing the energy system: it is indeed 
moving towards a multidirectional and active model based on the so called 
Smart Grid concept, so as the traditional centralized model of generation 
based on big plants for energy production and monodirectional distri-
bution is consequently moving to an overcoming. Smart Grid concept 
is both a direct consequence of the increasing development of renewable 
energy sources (which introduced unpredictability into the energy system) 
and liberalization of the energy market. Because of these two factors the 
grid needs to be able to deal with multidirectional flows and the multipli-
cation of energy producers, it needs to be “smarter” in the management 

of energy flows.
Until now research on buildings in relation to the Smart Grid has been 
mainly focused on studies on ICT (Information and Communication 
Technologies) for the automation and control of the energy flows: chal-
lenge for architects would be instead to define possible design implica-
tions and architectural guidelines for the design of buildings integrated 
into the new paradigm of energy distribution set on the Smart Grid system 
(10). In this regard, the present research aims to identify possible spatial 



19

consequences of Smart Grids in the design of residential buildings. 
To be integrated into Smart Grids, buildings should act at the same time 
as energy producers, storages and smart users. They should request energy 
to the grid when the market price is lower, while they should input energy 
into the system if it is stressed. 
The aim of this thesis is therefore to get an answer to these main following 
questions:
- Is it possible to define some architectural design strategies for residential 
buildings in order to promote a better management, storage and distribu-
tion of energy in the Smart Grid paradigm? 
- How the architectural design can fit with the Smart Grids´model?
The work focuses mainly on residential buildings, since they greatly con-
tribute to the global energy consumption: according to the U.S Energy 
Information Administration at 2011 residential sector consumed 18%  of 
the global use of energy (11).
The involved scales will be all the ones of architectural design from the 
building scale to the urban one.

1.2.2 Thesis structure
In order to facilitate the reading and understanding of the thesis, this sec-
tion gives a brief description of the main structure of the work. According 
to the research methodology (described in the next paragraph), the thesis 
is organized in five main chapters plus conclusions.
The introduction (Chapter 1) includes a general overview on the main 
international policies and targets related to energy efficiency in relation 
to buildings, the main research questions, research methodology and the 
outcomes and contributions expected from this work.
Chapter 2 is an essay on the “forms of energy”: the main positions and 
approaches to the energy question both at the building and urban scale 
are shortly analyzed. The Chapter is therefore organized in two main sec-
tions: the first focuses on the role of energy efficiency in building design 
from the vernacular architecture to contemporary cases, while the second 
investigates the relation between urban morphology and energy networks 
in architects’ research. The purpose is to fix the state of art of architectural 
research on the topic.
Chapter 3 introduces the concept and main features of Distributed Gen-
eration and Smart Grid. The main issue of the research is here underlined 
as an introduction to the following chapter. 
In Chapter 4 the main features a building should have to be as much as 
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possible flexible and efficient in the energy management are listed; subse-
quently architectural design strategies for the design of residential build-
ings interacting with the Smart Grid are identified. A case study is here de-
veloped: building simulations are conducted both in an existing building 
(state of art) and in a re-designed one (design project), in order to verify 
and test the identified design strategies at the building scale. 
Finally, Chapter 5 is dedicated to the understanding of design implications 
of the Smart Grid at the urban scale of the neighborhood: again, the case 
study is carried on, in order to test possible relationships and implications 
of energy infrastructures on urban morphology.
Conclusions are the last section (Chapter 6): they summarize results of the 
work and they provide suggestions for further research. After the endnotes 
and general bibliography, the work presents an appendix, a collection of 
the main publications developed during the PhD research (articles plus 
poster and main attended international conferences as speaker).

1.2.3 Research methodology
The methodology is the analysis of the principles of methods, rules and 
postulates employed by a discipline. Types of research which can be used to 
develop a thesis are the practical research (the empirical study of the topic 
under research) and theoretical research (it mostly involves the perusal of 
mostly published researching works).The research methods adopted in 
this thesis include both aspects of a practical research and a theoretical 
one. They indeed include but are not limited to the following:
a- Literature review: it involves the research of concepts and ideas in the 
literature to justify the particular approach to the topic and the selection of 
methods, in order to demonstrate that the research contributes something 
new. Also, reviewing a literature on a certain topic can provide an academi-
cally enriching experience, presenting it in a new way, to be developed in 
the future.  Literature review is largely used in Chapters 2 and 3: Chapter 
2 is indeed a short essay related to the role of energy throughout history 
of architecture in the definition of architectural and urban form, while in 
Chapter 3 literature review is used to define the concepts of Distributed 
Generation and Smart Grid according to international policies and guide-
lines.
b- Comparative approach: It consists of a comparison between two or more 
items with the intent to identify and judge the relevant essence and laws. 
The comparative approach is used in the development of the first case 
study in Chapter 4: an existing building (state of art) and the same build-
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ing, but redesigned, are compared in order to study the effects of design on 
the energy management of the building itself.
c- Case study and project references: They explore and investigate a real-
life phenomena through contextual analysis of events or conditions. Case 
studies and project references are presented in chapters 4 and 5.
d- Quantitative tools and instruments: Quantitative research is explaining 
phenomena by collecting numerical data that are analyzed by using math-
ematically based methods. Particularly building simulations software will 
be used in Chapter IV, in order to collect data for the quantitative analysis 
(12).
The here above defined methods are integrated one to each other through-
out the whole thesis.

1.2.4 Expected outcomes and contributions of the work
The deep change that is modifying systems of production and distribution 
of energy has necessarily to be considered in the future design of buildings, 
since buildings are the main actors interacting with the electrical grid. For 
this reason, architects cannot remain indifferent to such a change, but 
instead they are called to answer to the new needs of the energy system 
through architectural composition.
The main contribution of this work is to introduce a new debate on the 
design of buildings considering the issue of energy management of flows 
as a key theme from the first steps of design.
The reasoning on the energy issue should not be limited to the simple 
choice of high-performing materials or plants, but on the contrary it 
should consider the building itself as an active actor in the management 
of energy flows. The relationship between buildings and energy grid can-
not be limited to the support of information technologies for the real-time 
control of the energy needs, but the idea at the base of this work is that 
architectural design is able to affect energy management, so that the issue 
of energy management is even preliminary to the design phase.
Through this work, new architectural design strategies for the design of 
residential buildings are provided and they are proved with a new approach 
that uses quantitative systems for validation of qualitative parameters. Ex-
pected outcomes are therefore related to features a building should have 
in order to be as much as possible energy flexible in the management of 
flows. 
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(D’Arcy Thompson)

CHAPTER 2

FORMS OF ENERGY: AN ESSAY

“morphology - the study of changing shapes - is not only a study of material 
things, but has a dynamical aspect, under which we deal with the interpretation, 
in term of force, of the operations of energy”
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2.1 A foreword: design for energy
Given the complexity and breadth of the relationship between energy and 
architecture the following chapter, in the essay form, could only provide 
a quick overview on the main lines of theoretical and applied research 
related to the energy issue into the architectural discipline. This is particu-
larly useful in order to frame the state of art in which the research work is 
developing. What will emerge is that research on the energy performance 
of the building and that one on the forms of development of the energy in-
frastructures at the urban scale have mostly traveled on parallel tracks and 
mainly they have not still established a common ground for dialogue.
For a further study of the topics, we advice to focus on the books of the 
Chapter 2 Bibliography at the end of the work.

 

2.1.1 Energy 
The word energy comes from the Latin form energia and the Greek en-
ergeia, composed by en- (an intensive particle which corresponds to the 
form “in”) and erg-on which means “activity, action, operation”: it could 
be argued that energy means therefore capability to act. Today energy is 
defined as the capacity of a physical system to perform work.
Energy can be directly associated to an in-place process producing work (in 
this case it is proportional to the work done) or it can be on the contrary 
potential energy, a kind of stored energy which depends from position of 
the observed object or from configurations of its parts. 
Energy is known in a variety of forms and it can be transformed from one 
form to another one according to the principle of conservation of energy 
(first law of thermodynamics): it means energy is neither created or de-
stroyed. The six main forms of energy are:  chemical, electrical, radiant, 
mechanical, nuclear and thermal energy. These six forms of energy are all 
related one another and one form can be converted or changed into other 
ones: transformability of one form to another one depends on the type and 
nobility status of the involved energies.  Energy of a certain system is origi-
nally available and concentrated, but each energy transformation leads to 
degradation of part of it (second law of thermodynamics) so that dur-
ing time it tends to become unavailable and fallen energy. For this reason 
the organization of any energy system can be considered as hierarchical, 
since “work requires more input energy that it produces as an output” (1). 
The two laws of thermodynamics state that energy in a system is always 
quantitatively maintained (first law) but with different qualities (second 
law): “while in concept the first law is a sport of quantities, the second 



28
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law introduces the extremely important qualities and properties of energy. 
It differentiates  between energy that is available to do work, or not, and 
therefore its qualitative state in an energy hierarchy”(2). The qualitative 
difference of energy forms is essential to understand more specifically the 
relationship between design and energy.
Energy in relation to buildings comes in two prevalent forms: electricity 
and thermal energy. Electrical energy is the one which is stored in charged 
particles within an electric field and it derives from processes of transfor-
mation of other types of energy (chemical, mechanical, thermal etc..). En-
ergy is distributed throughout the grid to the users in the form of electric-
ity. Thermal energy is instead the amount of energy of a thermodynamic 
system in a certain state of equilibrium and characterized by a given tem-
perature. Thermal energy is considered a less noble form of energy from 
the electrical one since it cannot be converted into electrical work. 
Energy issues are extremely relevant to contemporary society from the point 
of view of  sustainable development: energy is indeed an interdisciplinary 
concept that embraces economic, social and environmental fields (3).  For 
this reason the relationship between energy and architecture should not 
be resolved just within the architectural discipline, but rather it should 
involve several disciplines as a support and integration to the architectural 
one, such as technology, sociology, economy and engineering.
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2.1.2 Energy and architecture
The interplay between architecture and energy is an ancient topic: the 
own founding act of architecture itself is the construction of a space for 
living, so as to protect humans from outside climatic conditions. The pro-
cess of architectural design during history therefore consisted to work in 
combination with Nature, so as to take advantage of its potential to create 
adequate living conditions. Optimization of energy sources to achieve a 
state of comfort has always been one of the primary goals of architecture, 
but today the global energy crisis, pollution and waste of sources have 
made the energy issue of primary importance in relation to the architec-
tural project.
Nowadays, alongside the term “architecture”, adjectives such as ecologi-
cal, sustainable and bioclimatic are placed with increasing emphasis, as if 
to state a qualifying accessory to complete its own meaning. After almost 
thirty years since the introduction and spread of the concept of “sustain-
able development”, it is observed that it’s gradually released from a space 
for reflection which was restricted to just a small community of specialists/
pioneers to enter more and more into global market, regulatory apparatus, 
marketing and public opinion. The concept of environment has acquired 
new connotations, such as to believe that there is a “correct” architecture 
that conforms in term of the environment and an “incorrect” one that is 
not compliant from the environmental point of view. It would be instead 
more appropriate to bring back the discussion to the meaning itself of 
“architecture” as act of transformation of the environment, so as to real-
ize a project as much as possible appropriate, esthetically valuable, func-
tional and reasonable in its relation to the environment itself (4).  The role 
of technique becomes in this sense essential in its relationship with the 
compositional architectural process, in order to make the building more 
efficient from an energy point of view and in its relation to the energy 
network.
It is interesting to refer to definition of techniques given by Vittorio 
Gregotti (5).  He indeed underlines three main aspects which are able 
to identify and describe techniques in relation to architecture. If the first 
point runs mainly to technological apparatus, comprising materials and 
buildings’ plants, the other two points are an interesting opportunity to go 
in with a more detailed reflection on the role of architectural composition 
in techniques.
He indeed states that it is possible to distinguish three aspects of tech-
niques:
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a- Materials techniques
b- Organizational techniques
c- Morphological techniques (6)
If the first point is the one which is usually associated with the meaning 
itself of architectural technique, the two other points are particularly inter-
esting as they emphasize the technical character of compositional choices 
[refer to images 2/3/4/5 (notes 7 and 8)]. In this respect, technique should 
not be intended as an un-natural and later apparatus of the project, a mere 
addition to adapt the building at a later time to preset parameters and 
specified requirements. On the contrary, the technical element and con-
sequently even all those techniques and aspects that may affect the energy 
management, should be thought as design elements since the first steps 
of architectural design. 
Reyner Banham talks about “exposed energy” to define those mechanical 
services which become an “exhibited” part of the architectural form. Ban-
ham in his essays and writings lamented the tendency of many architects to 
design an architecture without plants: he emphasizes the need to consider 
power plants as a pretext to experience new formal configurations; plants 
become in this way a preponderant part of the compositional process. 
The energy issue, which unfortunately often materializes in a later addi-
tion of technical elements supporting the building, should be on the con-
trary founding of the architectural design and, as announced by Vittorio 
Gregotti, it should involve both morphological, typological and materi-
als.

Nowadays, in the complex contemporary overview of sustainability in re-
lation to architectural discipline, we could recognize two main approaches 
to the energy question. 
On the one hand a strong commitment directed to buildings’ energy per-
formance developed, particularly focusing on residential buildings and ac-
cording to the fascinating and more and more established idea of the own 
“ecological house” for everyone. In this direction technological research 
and international and national directives are thorough and extensive, 
mainly been focused on material aspects related to performances of the 
envelope, buildings’ orientation, bioclimatic considerations and efficiency 
of the technological plants (9). Particularly architectural and technological 
research have been developed the concept of “passive” house or, more in 
general, “passive building”(10). In this approach the technical component 
is obviously very strong and even more evident when the production from 
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2/3. E. Souto de Moura, Audiovisual Auditorium, Graca Correia, Porto Alegre
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4/5.  E. Souto de Moura, Cultural Center of Viana do Castelo, 2013



33

renewable sources is integrated to the building itself.
On the other hand a new recent interest in the “forms of development” 
is growing up: this vein is focusing on manufacturing and storage, move-
ment and flows, energy production and distribution. Energy crisis and the 
growing complexity in energy supply have indeed generated a new aware-
ness of what the role of energy is in the development of contemporary ur-
ban systems. The new perspective introduced by these thorny issues leads 
to the need of a drastic rethinking of the whole energy system, together 
with a change of scale in dealing with the problematic. The architectural 
culture more recently has started to focus on the theme of flows of energy 
and its distribution, which necessarily pervade architectural spaces both 
at the large scale of the city and at the small scale of the building (11).  
This is even clear by the spread of Distributed Generation: it is a direct 
consequence of renewable energies which in turn are mainly integrated to 
buildings.
Next step should be done is an integrated approach in which building and 
urban scale work together in the definition of common goals related to the 
energy issue. The research on future relations between the energy network, 
buildings and urban settlements is therefore increasingly necessary, so as to 
carry on a conscious design at the different scales of energy chain into the 
architectural design. The two following paragraphs (2.2 and 2.3) propose 
an overview of the state of art in theoretical research and design relating 
to the two here above identified extensive architectural currents in rela-
tion to energy, particularly focusing on the different involved scales of the 
architectural project. 
First paragraph (2.2) is an overview on what is today considered as an 
“energy efficient building” and which are the main aspects which have 
been developed during history of architecture by theoretical and applied 
research. 
Second paragraph (2.3) is a summary of the most meaningful theoretical 
studies about possible relations between development of cities and energy 
networks.
Both the two paragraphs are defined through a critical reading of some 
historical and more recent significant theoretical experiences and design 
experiments. It will emerge that in the relationship energy/building the 
technological aspect has recently more and more been emphasized to be-
come sometimes a mere mean to the maximization of energy performances 
at the expense of architectural compositional research. In contrast, in the 
field of studies on urban morphology in its relation with energy networks, 
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6. First square represents electric grid, while the second one represents the building as one of the users of the 
grid. Until now the grid and the building have been always designed separately one from each other: relation-
ship between energy network and architecture has been mostly developed as utopian experiments at the urban 
scale or, on the contrary, as the development of engineering technologies for automation and control inside the 
building. Third square is instead the goal to be reached by architectural design: buildings are the hubs of the 
energy network, so that they are part of it and they should be designed to interact as much as possible with the 
grid itself
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theoretical research has defined during time really interesting and innova-
tive morphological models, which have been often precursors of contem-
porary trends, but they have not been enough supported by an adequate 
technological apparatus, mostly remaining as utopias.

2.2 Architectural forms of energy
The relationship between buildings and energy has been tackled by mul-
tiple approaches referring to contributions of different disciplines. In the 
following paragraphs, the duo energy/building has been shortly analyzed 
according to those key themes that have mostly guided development of 
theoretical and applied research on energy efficient buildings. Starting 
from the concept of bioclimatic architecture, which has ruled the con-
struction process since the outset, the concept of energy performance will 
be briefly analyzed to finally introduce the theme of functional program 
of the building and its possible implications on the energy management 
of buildings.

2.2.1 Architecture and climate: bioclimatic
As already underlined, relationship between architecture and energy is one 
of the most crucial issues into architectural design. It has been mostly 
realized in the relation between the building and the climate conditions 
of its site, so as to guarantee adequate conditions of indoor comfort: in 
the history of architecture we can indeed trace many examples about the 
influences of climate conditions on the architectural form.
In the VI book of De Architectura, chapter 1, Vitruvius wrote that build-
ings “are properly designed, when due regard is had to the country and 
climate in which they are erected. For the method of building which is 
suited to Egypt would be very improper in Spain, and that in use in Pontus 
would be absurd at Rome: so in other parts of the world a style suitable to 
one climate, would be very unsuitable to another: for one part of the world 
is under the sun’s course, another is distant from it, and another, between 
the two, is temperate. Since, therefore, from the position of the heaven in 
respect of the earth, from the inclination of the zodiac and from the sun’s 
course, the earth varies in temperature in different parts, so the form of 
buildings must be varied according to the temperature of the place, and 
the various aspects of the heavens”.  
Till the Industrial Revolution, geographical context has therefore strongly 
had effects on the architectural response regarding to shape, materials and 
orientation of buildings: this is also evident in some spontaneous vernacu-
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lar architectures of the past [refer to images 8 and 9 (note 12)].

The separation of the architectural project into aesthetic and scientific 
disciplines dates back to the XVIII century. During the Enlightenment, 
as a result of influences exercised by the development of natural sciences, 
various branches of knowledge which have always been necessary to define 
the architectural project have been categorized as “disciplines”. By the as-
sumption of this statute, they have therefore acquired the characteristic 
features of specialization and mutual separation: architects have more and 
more defended the autonomy of form (aesthetic) from the construction 
and environmental constraints (scientific) underlined by engineers, and 
vice versa. The whole meaning of the project is in this way reversed: in-
stead of composing forms which are able to communicate environmental 
features, the shape is more and more independent from these inputs, so 
that the building doesn’t represent anymore the contest from its formal 
features. With the Industrial Revolution new plants and technologies for 
buildings were indeed developed: as a consequence they enabled the  pro-
gressive automation, full climate and lighting control inside buildings. 
The result has been a general tendency  to uniformity of architectural 
language at the global scale, so a building with certain structural and mate-
rial features of the envelope could indistinctly be located in different areas 
of the world, with totally different climatic and environmental features 
[refer to images 10 and 11 (note 13)]. However, before the introduction of 
technological devices for climate control, the architectural knowledge and 
interpretation of places had always produced both the indoor tempera-
ture and humidity conditions inside buildings and the different cultural 
identities of places through the building’s features. The development of air 
conditioning and environmental control through technological plants has 
quickly caused the shift of skills from architects to mechanical engineers: 
the knowledge of places in which the building is located has often become 
a mere collection of physical data which are just necessary to size a plant.
Today, due to the global energy crisis and environmental issues, the trend 
of bioclimatic architecture is more and more growing up and building is 
intended again as a dynamic system which is able to influence indoor ther-
mal features. The term “bioclimatic architecture” has been reintroduced 
to define a specific design methodology which is able to use the contribu-
tion of local energies, in the full respect of local climates and ensuring the 
maintenance of thermal indoor comfort, just by using the potentialities 
of the environment in which the building is located. The bioclimatic ap-
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8 Trulli in the region Puglia, photographer: E. Peressutti



39

9 Dammusi in Pantelleria, photographer: A. Pucci
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10 OMA, Tv Office, Beijing 2012
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11 Foster + Partners, Gherkin Building, London 2004
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proach maximize the environmental effects of the structural components 
of buildings and minimize “power consuming” components. It relies “on 
strategies such as building orientation, daylighting, window shading and 
natural ventilation” (14).
We could summarize that forms of architecture are generally affected by 
the goal of energy efficiency in relation to local climate conditions and the 
functional program of a building is also affected by the building’s orienta-
tion and geographical location. However till now the functional program 
has been affected just by environmental issues related to climatic features 
of the site, while the relationship with energy networks has always been 
ignored. 

2.2.2 Architecture and energy performance
Energy efficiency – using less energy for the same amount of work- is 
perhaps the most pervasive concept in the contemporary discourse of en-
ergy in architecture (15).  As we have already stated, the issue of energy in 
relation to buildings includes many different meanings and it is developed 
according to different parameters and approaches, but in the last years we 
can notice that it  has been mostly focused on definition and achievement 
of buildings’ energy performances, so as to meet minimum energy require-
ments given by international and national law. Particularly, the introduc-
tion of national and international regulations and minimum standards of 
energy performances pushed technological research to the identification 
of those materials for the building envelope with the lower transmittance 
values and to the improvement of efficiency of technological plants for 
heating and cooling’s control. 
Efficiency of the envelope and technological plants inside buildings are 
obviously both essential aspects to reach international targets and energy 
standards. However, the risk of the only application of technological devic-
es to achieve energy performances is to recognize a building as sustainable 
through the single elements that compose it, as if the quality of the single 
part could define the quality of its entirety. By single addition of individual 
technical solutions, it is maybe possible to get the maximum energy sav-
ings that we set, but we have probably denied spatial and compositional 
research. This kind of approach  tends to emphasize research of the util-
ity intended as the achievement of performances for energy efficiency, to 
push into the background the concept of beauty of the architectural form, 
intended in the Vitruvian sense of venustas.
Models based on the idea of sustainable development have mainly been fo-
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cused on the idea of maximum efficiency. This concept has produced good 
results in energy savings together with levels of complexity, but it often has 
also generated a certain flattering of architectural languages.
Of course we can trace several virtuous examples of architectures in which 
technological elements for energy production are perfectly integrated to the 
building: in these examples the technological element is not only thought 
as a support to reach some given energy perfomances, but it is also part of 
the formal language of the building itself. However a general trend, which 
has in fact generated a sort of injury against the energy issue into architec-
tural design, has been the one to act by summing technological elements 
to reach high performances, but without an appropriate attention to the 
formal research.   It becomes instead essential to start reasoning, alongside 
reflections upon technological performances of the envelope and building’s 
devices, on what is the role of the architectural compositional research in 
relation to the energy issues. The role of energy efficiency in architectural 
discourse should not be considered just as a “question of quantities but 
also, and far more importantly, a question of qualitative states”(16).  The 
duo energy/building should perhaps take the form of a deeper relationship 
in which qualitative aspects would be more and more involved. 

2.2.3 Architecture and functional program
As analyzed in the previous paragraphs, relationship between the func-
tional program of a building and energy issues has been mostly focused on 
buildings’ orientation and internal organization due to the site’s features.
However the functional program, which is able to affect the architectural 
form both in its spatial configuration and in the internal distribution, 
could also have effects on the management of energy flows. Especially, if 
we consider the building in its relation with the power grid, functional 
program could have an important role in the improvement of energy 
management during the 24 hours of a day. Behavior of building’s users 
and the indoor activities are indeed able to affect trends of energy flows 
inside the building itself since they influence energy usage during time: 
but the presence of different users is influenced by the type of program in-
side the building. The functional program is able to generate very different 
living models and consequently new and different housing types. Think-
ing about a program that best fits to a smart energy management means 
therefore to reflect on building typologies and architectural forms.
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2.3 Urban form and energy networks
In 2009, the research branch of the Office for Metropolitan Architecture, 
known as AMO, submitted a report to the European Climate Foundation 
titled “Eneropa”, as part of the Foundation’s “Roadmap2050: A Practi-
cal Guide for a Prosperous, Carbon-Free Europe”: the proposal claims it 
would cut carbon emissions in Europe by 80% by 2050. Eneropa is an 
audacious design for Europe: AMO redraws the map of the continent 
according to methods of energy generation and what type of energy they 
would supply to the grid, so that North-West Europe becomes “Geother-
malia”, Mediterrenean area is “Solaria”, UK is composed of “Tida States”, 
while the Baltics become “Biomassburg and East Europe “Hydropia” (refer 
to images 12/13/14). What appears is that the energy issue is becoming 
so predominant to be able to describe even new geographies. The study 
indeed reveals the growing interest, also by the architects, in the new forms 
of energy production and in energy networks, which on the one hand are 
to be understood in a global and community sense (according to the inter-
national guidelines for a sustainable future development), but on the other 
hand will be more and more adapted to local and contingent conditions.
To some extent, the “AMO’ s approach to complex environmental prob-
lems related to energy grids has been placed in historical perspective 
through recent examinations of some of the experimental practices of the 
1960’s and 1970’s. Here as well, architectural proposals and projects oper-
ated as a discursive arena for wide-ranging explorations of emergent envi-
ronmental knowledge”(17). 
From the late 1940’s a new design approach defined by Tafuri “interna-
tional utopia” started to develop: from Europe to Japan architectural re-
search began to focus its attention on rethinking of urban metropolis and 
several studies were conducted on the idea of the urban megastructure in 
relation to city networks and infrastructures. Archigram in Europe and 
Metabolists in Japan proposed over the years a wide range of design solu-
tions for the contemporary and future City. What appears by their propos-
als is a renewed confidence in technology: architects at that time saw in 
technological innovations a new input for social transformations. 
It is particularly in the work of Archigram that the most interesting refer-
ences on the concept of energy networks in relation to urban design can 
be traced. Archigram is the name of an independent magazine which was 
published in London between 1961 and 1974. The name was the same 
of the informal collective of young architects which constituted the Ar-
chigram Architects between 1970 and 1975. The main members of this 
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group were Peter Cook, Warren Chalk, Ron Herron, Dennis Crompton, 
Michael Webb and David Greene. In the work of Archigram there is the 
explicit and intentional definition of an architectural thought related to 
the myth of advanced technology, industrial production, mass commu-
nication and the pop aesthetic. In R. Banham’ s review of the work of 
Archigram (18) he underlined the importance of their projects as much 
for the technology on which they were predicated as for their new aesthetic 
qualities.
It should be underlined that Archigram’ s research in turn was inspired by 
some previous design experiments of the avant-gardes. The work of Futur-
ists, and particularly the  collection  “Tavole della Città Nuova” by Anto-
nio Sant’Elia, was indeed surely a fundamental inspiration for the work of 
the Archigram Group. In 1914 Sant’ Elia produced a series of drawings 
relating to his utopian vision of a completely industrialized and techno-
logically advanced  City (Città Nuova).  Sant’ Elia abolished the notion of 
the monolithic, free-standing building and integrated it into the idea of a 
complete urban machine. His drawings show  future possible metropolis 
in which buildings are designed as nodes of a tentacle and integrated urban 
context (image 15).
Some years after the publication of Sant’ Elia’s work, in 1927, Buckminster 
Fuller proposed a new idea of house in which all the plants and devices for 
energy supply play a fundamental role in the formal architectural compo-
sition of the building itself. The so called Multiple Deck-4D is designed 
as an air-transportable housing-block consisting of ten hexagonal floors 
arranged around a central big pillar, containing all the required plants and 
energy systems. The Multiple Deck-4D is a particularly interesting project 
because it deals with the relation between energy networks and architec-
ture from a formal point of view of architectural composition (form is 
indeed affected by devices).
Some years later, mostly between 1936 and 1946, Buckminster Fuller pro-
posed an equally interesting vision of a global energy grid throughout a 
series of world energy maps based on his Dymaxion Map. The map shows 
the world to be as a one-world island in a one-world ocean. In the map 
it is shown that the majority of people live in a relatively small area of 
the available surface of the Earth: however most of population, accord-
ing to Buckminster Fuller’s analysis, is not generally living where some of 
the best renewable energy resources naturally are.  Thus, the need for the 
Global Energy Grid (image 16). In Buckminster Fuller’s innovative idea 
a completed Global Energy Grid will encourage using renewable energy 
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12/13/14. AMO redraws map of Europe by the type of energy source it is prevalent in the area. Figures 14 and 
15 show a representation of Hydropia and Geothermalia
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15. Sant’Elia, La Città Nuova, 1914
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16.  Buckminster Fuller, World Energy Map, 1944
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resources, such as hydroelectric, wind, solar, geothermal, biomass, tide, 
wave, and other non-polluting and natural, regenerative or inexhaustible, 
power solutions. 
As stated, the Archigram group studied the work of Futurists and the fu-
turistic proposals of Buckminster Fuller and they were surely inspired by 
them: in the years between 1960 and 1974 they created over 900 drawings 
showing different ideas of future possible cities. The main purpose of their 
work was to explore all the potentials for technology and engineering to 
reshape the urban environment.
Among their drawings one of the most fascinating is the Plug-in City by 
Peter Cook: the Plug-in City was the combination of a series of ideas that 
were worked upon by Archigram group between 1962 and 1964. Cook 
makes use of the term plug, hitherto only used in the architectural discipline 
in relation to electric plants and devices. A plug can be defined as a device 
which is able to establish the electric connection between conductors:  the 
term therefore suggests the idea of urban elements placed inside a struc-
tural and electrical network. Peter Cook wrote that “the Plug-In City is set 
up by applying a large scale network-structure, containing access ways and 
essential services, to any terrain. Into this network are placed units which 
cater for all needs. These units are planned for obsolescence. The units are 
served and maneuvered by means of cranes operating from a railway at the 
apex of the structure. The interior contains several electronic and machine 
installations intended to replace present-day work operations”(19). The 
living unit itself becomes in the proposal a plug insubordinate to infra-
structures for energy supply and distribution on a larger scale.
When Plug-In City was proposed in 1964, it offered a fascinating new ap-
proach to urbanism, reversing traditional perceptions of infrastructure’s 
role into the city (20).
The Computer-City project by D. Crompton (1964) is a parallel study to 
Plug In City: “it suggests a system of continual sensing of requirements 
throughout the city using the electronic summoning potential”(21). 
Computer City is a network of flows- flows of traffic, goods, people, and 
above all information: it is a city controlled by electronic systems in which 
sensors become the pillars of all urban functions (22).  Once again we can 
perceive the innovative nature of the work of Archigram: the Computer 
City appears in fact as a foreshadowing of contemporary informatics soci-
ety set on internet networks.
If in some cases the radical proposals of these years became opportunities 
to experience new models of urbanity in total break with their contem-
porary city and in a close connection with new infrastructural networks, 
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other hypotheses of those years focused on densification of the existing city 
through a sort of “duplication” of the city itself, with a new system overly-
ing the existing one (23). It is also the case of some architectural experi-
ments which have been collected in the book “La Cité de l’an 2000” by M. 
Ragon (image 19). Ragon collected in its book some illustrations of utopic 
cities by different architects of that time in which the idea of “network” 
is interpreted in different ways, such as  “La Ville Climatisee” by P. May-
mont, or “La Ville spatiale” by Yona Friedman. What is really interesting 
is, again, the idea of cities as layers of different networks superimposed 
on one another: this concept prefigures the model of networks as we figure 
now into the contemporary city: systems overlapping one another, “ve-
hicles” of flows and information that connect buildings in a unique and 
alive urban system.
These utopic cities remained as formal experiments of urban models, but 
they often exhibited formal and technological intuitions of future devel-
opments: this is mainly evident in the work of Archigram. Archigram ar-
chitects indeed didn’t arrive at a workable architecture of technology since 
their drawings remained just as theoretical suggestions, but they had come 
up with an attractive set of proposals for what this type of architecture 
might look like (24). Their work remained utopian: as was written by Ban-
ham, Archigram “can’t tell for certain whether Plug-in City can be made to 
work, but it can tell what it might look like”(25). We can however identify 
some key issues in which Archigram might be considered as precursors. 
Firstly, in many of their urban proposals, buildings are designed as nodes 
of a complex system of technological networks: they become interchange 
points of flows into the city. This idea anticipates the contemporary con-
cept of the Smart Grid. In the Smart Grid, as we are going to describe in 
the next chapter, buildings are indeed nodes and interchange elements 
of the multidirectional energy flows running into the grid itself. Both in 
the Archigram’s design experiments and in the contemporary Smart Grid, 
buildings are not anymore passive elements, but active players into the 
complex energy system. Archigram have suggested a new idea of City in 
which technological networks act as modifiers of the urban form: they 
have in this way prefigured some key issues that are now appearing as cru-
cial in the contemporary world. 
The economist Jeremy Rifkin has recently defined five main pillars of what 
he defines as the “Third Industrial Revolution” contemporary time. The 
five pillars of this new global economy are (1) shifting to renewable energy; 
(2) transforming the building stock of every continent into green micro–
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17. P. Cook, the Plug-In City, 1964
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18. D. Crompton, the Computer City, 1964
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19. D. Crompton, the  Computer City, 1964
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power plants to collect renewable energies on-site; (3) deploying hydrogen 
and other storage technologies in every building and throughout the in-
frastructure to store intermittent energies; (4) using Internet technology 
to transform the power grid of every continent into an energy internet 
that acts just like the Internet (when millions of buildings are generating 
a small amount of renewable energy locally, on-site, they can sell surplus 
green electricity back to the grid and share it with their continental neigh-
bors); and (5) transitioning the transport fleet to electric plug-in and fuel 
cell vehicles that can buy and sell green electricity on a smart, continental, 
interactive power grid (26).  The analysis of these five points shows the 
modernity of Archigram’ s proposals: e.g. Computer City reflects a society 
based on information technology just like the contemporary society de-
fined by Rifkin is based on internet networks. We can read in the Comput-
er City the seeds of contemporary concept of Smart City. Contemporary 
Smart Cities have been indeed characterized and defined by a number of 
factors including sustainability, economic development and a high quality 
of life.  Enhancing these factors can be achieved through infrastructure 
(physical capital), human capital, social capital and/or ICT infrastructure. 
A Smart City is then a contemporary  city that uses information technol-
ogy (IT) to manage all the main city functions and utilize energy and 
other resources efficiently (27), as the Plug-In City or the Computer City 
foreshadowed already in the Sixties.
From a contemporary perspective, the main limit in the work of Archi-
gram is to consider energy sources as infinite. In their foreshadowing of fu-
ture urban settlements, references to practices of energy saving to promote 
a flexible and cautious use of limited natural sources are indeed totally 
missing. It will be only with the energy crisis of the Seventies (1973 and 
1979) that issues of sustainability and management of energy sources will 
begin to establish into architectural research.

Finally the growing interest in the relation between architecture and en-
ergy network is also clear into the section Visions of the exhibition “Energy: 
architettura e reti del petrolio e del post-petrolio” (MAXXI, Rome 2013): 
Visions is indeed dedicated to the possible influences of the new energy 
networks on living spaces’ forms and layouts. Several studies conducted by 
a selection of architectural offices are showed into the exhibition: many of 
these are related to the theme of the relationship between contemporary 
energy grids and urban settlements; several scenarios of  this relation be-
tween the grid and the city are collected in the exposition catalogue. 
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2.4 An overview on future design for energy 
What appears by the historical overview about the duo energy/architecture 
is a general interest at the building scale on the achievement of energy 
performances by acting on the building’s envelope and orientation, ap-
plication of new and innovative technologies for energy production and 
introduction of performance energy devices for automation and control, 
to be located inside buildings. At the urban scale the utopian projects of 
Archigram have anticipated the contemporary interest of architects into 
possible urban spatial implications of technological grids: by their studies 
they often have brought forward development scenarios of contemporary 
cities. This growing interest in urban form and energy networks is evident 
in the architectural research conducted by some contemporary architects 
(refer to the previous paragraph): however at the moment they are still 
mainly research works without any applications on real design case stud-
ies.
The two above described approaches to the energy issue have often trav-
eled on two parallel tracks, rarely materializing in formal experiments that 
combine together the interest on the complex distribution grid system 
and the achieving of energy standards in line with European and national 
directives.
For this reason, the new challenge that this thesis will propose is the 
jointly reasoning on the two scales of the project (urban scale of the ener-
gy grid - building scale): the purpose is to improve management of energy 
flows in the bidirectional and complex relation energy grid/building, by 
the adoption of a conscious architectural design. To do so, it is necessary to 
think more and more to the role of energy into design process: the energy 
issue should not be linked to the mere achievement of standards, but it 
should be inherent into the act of design itself. The main goal of this thesis 
will be therefore to understand the role of architectural design of residen-
tial buildings into the complex panorama of energy distribution grids, in 
order to define some design guidelines for architects valid as a sort of tool 
for architectural design. Particularly, the discussion will be conducted on 
the functional program of the building, so as to understand how much this 
may impact on the energy management of the building itself.
Regarding to the management of energy flows, is it better to design a 
building with the same kind of dwelling typology or different ones? Does 
the presence of collective spaces inside buildings have effects on energy 
management? What kind of technological devices should be integrated to 
the building? And how much space do these devices physically occupy in 
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the plan of a building? These are just some of the questions that will be 
examined in depth in the following chapters.
The idea that the architectural design could affect the relationship between 
the building and the grid could cause major changes in lifestyles and hab-
its and housing models that recently have emerged in the contemporary 
world might be “re-confirmed” as efficient good prototypes even for the 
energy management. Architecture which is facing to the challenge of sus-
tainability should therefore not just change in form and language: prob-
ably the biggest results in the energy management will come when it will 
also propose a new integration of lifestyles and a new relationship with 
living and working conditions of life.
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“You never change things by fighting the existing reality. To change something, 
build a new model that makes the existing model obsolete” 

(Buckminster Fuller)

FROM THE TRADITIONAL ELECTRIC MARKET 
TO THE SMART GRID MODEL

CHAPTER 3
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3.1 Development of Distributed Generation
The Distributed Generation (DG) concept has started to be developed in 
the last years in opposition to the traditional model of centralized energy 
production, thanks both to the liberalization of the energy market and 
the diffusion and utilization of renewable sources.
Until now the electricity supply structures have mainly been set on huge 
centralized power stations, in order to produce electricity to be distributed 
throughout the grid at an high voltage and in a monodirectional way. Nev-
ertheless the electric market is nowadays moving to a new idea of energy 
production and distribution set on small to medium voltage production´s 
plants, which are mostly located as near as possible to the final users, re-
ducing transmission costs and energy losses along the line. These smaller 
plants for the energy production basically use renewable energies and 
they are configured as small production units distributed throughout. Re-
newable energies are more widespread, so that “there is the possibility of 
harvesting or collecting them and then using or converting them directly 
there in the same place, or at least in the same area, where they will be used 
(…). This means that for covering requirements using renewable energies, 
a much shorter energy supply chain is needed, if any at all”(1). 
A unique, comprehensive and generally accepted definition of Distributed 
Generation has not still been provided, but it is possible to refer to differ-
ent explanations given by some of the main institutional bodies related to 
the politics and to the energy market´s field. What appears is that current 
definitions are actually  set on different parameters, such as the voltage´s 
measures, the technology used or the type of connection (2).  We could 
however refer to Distributed Generation when we are considering small 
to medium sized plants designed to respond to the needs of local users, 
physically located close to the plants themselves (3). DG is therefore a con-
ceptual new paradigm in which demand and supply are much more closely 
related than in the past. According to ENEA (the Italian National Agency 
for New Technologies, Energy and Sustainable Economic Development), 
Distributed Generation  is a set of generation plants distributed in a cer-
tain territory and with a power output of less than 10 MVA (4). 

As a consequence of this upcoming changing in the energy grid, a new 
political, economic and cultural freedom from fossil fuels, based on de-
centralization of energy sources and production, could be pursued in the 
future. A new vision of production and usage of renewable energies could 
indeed cause a more democratic distribution of power and would promote 
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new social and territorial organizations. These new social organizations 
based on a not more centralized production and consumption of energy 
would favor development of enlarged societies compared to current politi-
cal communities and a broader sharing between individuals, society and 
territory would be produced (5). Renewable energies have the potential to 
be shared as much as information on the internet network. The same de-
sign principles, the same smart technologies that made possible the spread 
of Internet are used to reconfigure the global electric grids, so that indi-
viduals can produce renewable energy and share it just like now everyone 
can produce and share information: but this is obviously possible if an 
appropriate technology for the energy sharing (an appropriate energy grid) 
is provided.
The DG system, set on renewables and local energy control, accords to be 
a more energy efficient model compared to the traditional and centralized 
one. Its main strengths are therefore here below pointed out:
a- The advantage of using alternative sources directly from Nature, with a 
consequent reduction of fuels’ usage. 
b- The possibility to reduce losses along the distribution line since local 
energy production can significantly reduce waste by lessening dependence 
on the infrastructure of large power plants and distribution systems. Pollu-
tion related to current energy production and usage could be consequently 
significantly reduced (6).
c- The possibility to involve customers in the whole process, e.g. by pro-
ducing electricity for their own consumption or even by entering it direct-
ly into the electric market, in a more active and multidirectional approach, 
in which consumers are also producers (a new word has been introduced 
to describe this new type of users, the “prosumers”)
d- Possibility to locally store electricity, heating and cooling to eventually 
level out peak powers.
The traditional and centralized production and distribution system has 
been mainly based on a top-down approach, the DG is on the contrary 
a bottom-up system considering the single unit at first to “build up” the 
whole energy infrastructure.
 

3.2 The Smart Grid conceptual model
As stated in the previous paragraph, the traditional electric system based 
on one way flow and centralized production of energy is today in a time 
of transition, mainly because of the diffusion of renewable energies which 
introduced unpredictability into the system and also because of liberaliza-
tion of the energy market.
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20. GEGO, Reticulárea, 1969, Museo de Bellas Artes, Caracas  
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It is therefore not anymore possible to think about a mono directional 
energy distribution system set on a huge power plant for the production 
of energy: this is mainly because of environmental problems related to 
fossil fuels’ depletion and ecological damage produced by them over time. 
System’s configuration development is occurring towards a more flexible 
and efficient load management: following the liberalization of the electric-
ity market, the Distributed Generation paradigm seems to be as the future 
power paradigm because of economic, environmental and social benefits. 
In the DG the maximization of on-site RES and the adoption of adequate 
technologies and practices create a stronger connection between energy 
demand and supply with respect to load dispatch and control strategies 
(7). 
The transition to the Distributed Generation paradigm seems to have 
started but there are several barriers to be removed to develop it poten-
tially. Firstly, the network connections should be improved to be able to 
computationally control bi-directional energy flows, control multiple en-
ergy entry points and optimize the load management in a context of un-
predictability and strong discontinuity (due to the nature itself of renew-
able energy sources) (8). The Distributed Generation needs therefore to be 
supported by a new multidirectional and “active” power grid, commonly 
defined as “Smart Grid”. The Smart Grid responds to the DG needs and 
it is based on the combination between centralized and distributed genera-
tion, liberalized market, use of renewable energy sources, real-time pricing 
due to energy fluctuations into the market and net metering, regulatory 
and social issues, ICT technologies for the automation and control. Par-
ticularly Smart Grids will be centered on smart meters (Advanced Meter-
ing Infrastructure), data privacy issues, policies and regulations promot-
ing distributed generation programs. Actually the Smart Grids´ concept 
is beginning to be applied and a number of smart grid pilot projects is 
increasing rapidly.

3.2.1 Definition of Smart Grid
As in the case of DG, even the “Smart Grid” concept has been defined in 
many different ways from politics and energy institutions. Here the fol-
lowing some of the most common and used definitions are reported.
The IEC (International Electrotechnical Commission) defines the Smart 
Grid as “the concept of modernizing the electric grid. The Smart Grid com-
prises everything related to the electric system in between any point of genera-
tion and any point of consumption. Through the addition of Smart Grid tech-
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21. Grid modernization from the centralized model to the Smart Grid´s one based on on-site energy produc-
tion, flexibility and multidirectional flows (10)
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nologies the grid becomes more flexible, interactive and is able to provide real 
time feedback”(9).The IEC´s definition mainly points the importance of 
having a flexible and multidirectional structure to support the unpredict-
ability of renewable sources and energy production. This is possible thanks 
to the ICT technologies.
According to the European Smart Grids Technology Platform “a Smart 
Grid is an electricity network that can intelligently integrate the actions of all 
users connected to it – generators, consumers and those that do both – in order 
to efficiently deliver sustainable, economic and secure electricity supplies”(11). 
The ERGEG (European Regulators Group for Electricity and Gas) uses 
the European Smart Grids Technology Platforms definition: in the docu-
ment “Position Paper on Smart Grids” they also focus on the importance 
of the users in to the Smart Grid´s system (12).
The International Energy Agency defines a Smart Grid as “an electricity 
network that uses digital and other advanced technologies to monitor and 
manage the transport of electricity from all generation sources to meet the vary-
ing electricity demands of end-users. Smart grids co-ordinate the needs and 
capabilities of all generators, grid operators, end- users and electricity market 
stakeholders to operate all parts of the system as efficiently as possible, mini-
mizing costs and environmental impacts while maximizing system reliability, 
resilience and stability” (13). Both the last two definitions emphasize the 
new condition of users connected to the Smart Grid: they are not anymore 
passive receivers of electricity from the grid, but on the contrary they be-
come active and empowered actors of energy interchanges.

3.2.2 Features of the Smart Grid
Whereas the different definitions, here below the main features of a Smart 
Grid are summarized:
a- Combination of Technologies: A Smart Grid is the set of an informational 
and an electricity distribution network. Smart Grid is the tool which al-
lows the deployment and integration of Distributed Generation into the 
current energy market: it is a complex model set on different types of 
technologies.
b- Real-time action: A Smart Grid has to be enable to locally manage any 
surplus energy in order to distribute it in contiguous areas in which some 
deficits could have been occurred. This means that a Smart Grid should 
provide a real-time balance of supply and demand of energy with a new 
and active approach. 
c- Management of the energy loads: As a consequence a Smart Grid has to 
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manage energy loads to and from the DG system
d- Automation and control: In order to provide a real-time energy balance, 
the Smart Grid has to be observable and automated, based on information 
Technologies. 
e- Active participation: The Smart Grid allows customers to actively partici-
pate in the electricity market, even by the application of opportune price 
fluctuations according to the grid itself needs. Central to the promise of 
the Smart Grid concept is indeed its “ability to match new forms of de-
mand and supply through involving users in new initiatives in which use 
of electricity is made more responsive to production conditions, reducing 
the need to reinforce the grid to handle the moments of the day/year with 
highest peak demand” (14).
f- Integration: It has to be able to integrate its features to the centralized 
existing grid in order to support its operation.

3.2.3 European and National requirements related to GD and Smart 
Grids
As already stated, according to the Climate and Energy Package European 
Member States should reach by 2020 three main goals: they should reduce 
20% greenhouse gas emissions from 1990 levels, they should increase 20% 
of EU energy consumption produced from renewable sources and finally 
they might improve 20% energy efficiency. These aforementioned targets 
don’t directly refer to DG and Smart Grids, but however they encourage 
and promote the use of renewable sources and development of new ad-
vanced technologies for energy efficiency.
What appears is that legislations and rules about Distributed Generation 
and Smart Grids are still in progress since the change is occurring currently 
in these last years.
Directive 2009/28/CE encourages MS to apply a renewable energy policy: 
at point 1 is indeed stated that
“The control of European energy consumption and the increased use of energy 
from renewable sources, together with energy savings and increased energy ef-
ficiency, constitute important parts of the package of measures needed to reduce 
greenhouse gas emissions and comply with the Kyoto Protocol to the United 
Nations Framework Convention on Climate Change, and with further Com-
munity and international greenhouse gas emission reduction commitments be-
yond 2012. Those factors also have an important part to play in promoting the 
security of energy supply, promoting technological development and innovation 
and providing opportunities for employment and regional development, espe-
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cially in rural and isolated areas.”

Directive 2009/72/CE states common rules for the internal market in 
electricity related to the generation, transmission, distribution and supply 
of energy. At point 27of Directive 2009/72/CE is written that 
“Member States should encourage the modernization of distribution networks, 
such as through the introduction of smart grids, which should be built in a 
way that encourages decentralized generation and energy efficiency”
Between 2009 and 2011 EU published three annual documents titled 
Mandate M490 for Smart Grids (2011), Mandate M468 for electric vehi-
cles (2010) and Mandate M411 for smart meters (2009): they all disclose 
the growing interest for this new paradigm of energy production and dis-
tribution. Development of Smart Grids is then stimulated by European 
Union: new international research programs (15) have been launched and 
new pilot projects are monitored with great attention.

The Commission recommendation 2014/724/EU are related to the Data 
Protection Impact Assessment Template for Smart Grid and Smart Meter-
ing Systems. At point 1 EU commission states that 
“Smart grids are an enabler for implementing key energy policies. In the 2030 
policy framework context, smart grids, as the backbone of the future decar-
bonised power system, are recognised as a facilitator for the energy infrastruc-
ture’s transformation in order to accommodate higher shares of variable re-
newable energy, improve energy efficiency and ensure security of supply. Smart 
grids provide an opportunity to boost EU technology providers’ competitive-
ness, as well as a platform for traditional energy companies and new market 
entrants to develop innovative energy services and products in grid infrastruc-
ture and related information and communications technology (ICT), home 
automation and appliances”.
Smart Grids are therefore here considered as means for economic and 
environmental development of European States.
In Italy a legislation specifically dedicated to DG and Smart Grids does 
not exist yet, even if the Autorità per l’ Energia Elettrica ed il Gas is actu-
ally carrying out market analysis and studies concerning Distributed Gen-
eration. For this reason at the moment the current regulatory framework  
related to the traditional energy grid is applied equally to DG too (16).
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3.3 Smart Grid and buildings: an overview
“There is a considerable difference between buildings and other objects in 
daily use. They already fulfill the requirements for the use of renewable energy 
sources. As a rule they are connected with the ground and are so near to the 
surface that they can benefit from the earth´s even temperature level or from 
geothermal heat from deeper strata. They stand in an unimpeded airflow and 
can take advantage of differences in pressure and wind energy. They are ex-
posed to daylight and can therefore tap directly into the main energy source 
available to us – the sun. Depending on location, further renewable energy 
sources are available: groundwater and rivers, biomass and biogas, to name 
but a few.” (17)

Buildings are the largest consumers of energy in Europe accounting for 
nearly 40% of energy total consumption (18). Because of their vital role 
in the world total energy consumption, efficiency in the use of energy and 
resources has become an essential key quality indication for a building. 
Buildings are obviously directly connected to the electric grid as the larg-
est energy consumers and they are also starting to be active subjects into 
the electricity market, even because renewable energies are more and more 
integrated to them.
Energy efficiency in buildings is a complex and multidisciplinary subject 
since many parameters are directly or indirectly involved on it. A “sustain-
able” performance is indeed determined through an assessment of vari-
ous environmental performance criteria and features such as urban space 
and infrastructure, building envelope, building services, construction and 
materials (19).  Energy efficiency in buildings is nowadays a global chal-
lenge so as “the final generic goals are to allow buildings to achieve high-
performance sustainability, minimize environmental impact, and create a 
safe, healthy, comfortable and energy-efficient place” (20).
Within the complex issue of energy efficiency in buildings, the present 
research aims to focus on a more specific goal regarding to the relation 
between energy and buildings: the spatial consequences of the new Smart 
Grids´ paradigm for energy production and distribution.
The main preliminary hypothesis of this work is that buildings should not 
be just energy efficient units, but in the close future they will be also ac-
tive leading actors in the flexible and multidirectional Smart Grid energy 
distribution model, so that “the issue of mismatch between instantaneous 
demand and supply of energy will be one of those issues that are crucial in 
the design”(21).
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As stated in the previous paragraphs, a Smart Grid provides flexibility to 
the electric system in order to properly respond to customers´ inputs and 
unexpected peak energy demands. To better integrate buildings into the 
Smart Grid, they should be able to modulate their energy usage so as to 
ensure flexibility and reliability to the whole grid. Buildings should act at 
the same time as energy producers, storages and smart users: it means 
they should ask for energy when the market price is lower because of the 
low general demand on the grid, while they should manage to input en-
ergy into the system while it is overloaded. At times when energy is gen-
erated surplus to its occupants´ immediate demands, energy is supplied 
by the grid and if the dwelling is unable to generate sufficient energy for 
autonomous operation, energy is received back from the grid (22). It is 
therefore a further definition of the nZEBs which have been introduced 
by the Directive2010/31/EU (refer to paragraph 1.1.2): they will be no 
longer the passive terminal of an electric grid, but active actors, injecting 
or withdrawing energy. 
Relation between buildings and the grid appears to this end as a complex 
problem not concerning anymore just electric and automatic engineers 
alone: on the contrary buildings should be designed and operated in such 
a way as to take into account this issue from the first steps of the archi-
tectural design. Since it is based on an active approach, “the design and 
operation of a ZEB is something very different from the design and op-
eration of a Passive House, for example, where only the energy needs for 
heating, cooling, ventilation, domestic hot water production and lighting 
are considered and minimized” (23). 

3.3.1 Net ZEB
In the Chapter 1 of this work a definition of nearly zero energy building 
(nZEB) has been provided.  The main purpose of a nZEB is to optimize 
the energy performance to ideally achieve the condition of the ZEB (Zero 
Energy Building), characterized by total independence from fossil fuels. 
The Net ZEB further completes the definition of Zero Energy Building: 
the term Net ZEB can indeed be used to refer to buildings that are con-
nected to the energy infrastructure, while the term ZEB is more general.
In order to define a Net Zero Energy Building, it is important to focus on 
the building systems´ boundaries at which to compare energy flows in and 
out the system. Physical boundaries can encompass a single building or a 
cluster of buildings: their definition allows to determine whether renew-
able resources are “on-site” or “off-site”. Balance boundaries determine 
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22. The sketch intends to underline the close and bidirectional interrelationship it has to occur between Smart 
Grid and buildings. Particularly buildings should be designed since the earliest steps of design as active actors 
interfacing to the energy grid
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indeed which energy usages (e.g. heating, cooling, ventilation, hot water, 
lighting, appliances) are included in the balance. The physical “edge” of 
an energy system becomes extremely important to manage energy flows 
in and out. The Net ZEB should reach the condition of energy balance: 
only energy flows that cross the system boundary are considered for the 
Net ZEB balance.
Buildings analyzed in the following paragraphs of this work will be Net 
ZEBs, since the whole research is set to the identification of architectural 
guidelines for residential buildings being able to smartly interact with the 
electric grid.

3.3.2 Expected features for a Net ZEB
The main expected features of Net ZEB buildings interacting with the 
Smart Grid are here below pointed out:
a- Capability of loads’ modulation
b- Flexibility 
c- Independency 
d- Reliability 
Until now the issue of Smart Grid has mainly been studied from the in-
stallations and plants´ point of view with a special attention on ICT tech-
nologies, so as to maximize a real-time feedback on supply and demand. 
This is what European Commission points out defining Smart Buildings 
as “buildings empowered by ICT (Information and Communication 
Technologies) in the context of the merging ubiquitous computing and 
the internet of things: the generalization in instrumenting buildings with 
sensors, actuators, micro-chips, micro- and nano-embedded systems will 
allow to collect, filter and produce more and more information locally, to 
be further consolidated and managed globally according to business func-
tions and services” (24).
While the importance of information technologies in the design of a 
“Smart Building” is universally recognized, building design itself and for-
mal characters of buildings are probably still not enough included in the 
whole designing process from the first steps. Nevertheless there are many 
advantages related to a conscious architectural design: this is particularly 
evident from the analysis of the whole existing Italian building heritage. 
Nowadays one of the main and problematic issues in energy efficiency of 
buildings is indeed related to retrofitting: the majority of existing build-
ings has been built before the introduction of energy standards so that it is 
particularly complicated to respond to the new energy requirements and 
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international targets. A conscious design would avoid subsequent works of 
renovation which are often expensive and difficult to realize. 
The issue of smart grid integration into building environment is still large-
ly unexplored: it would be on the contrary more and more challenging 
and even urgent to identify possible architectural implications on the 
residential design due to the new energy distribution paradigm.
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“A space large enough to take the banquet, elephants or go karts. Ways of 
adapting from chamber music to ice hockey. An architecture that is made of the 
event, rather than the envelope.  So why not forget the envelope?”  
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4.1 Defining architectural strategies: an introduction
What distinguishes sustainable buildings from “normal” buildings? One could 
argue as follows: architecture is sustainable when it is something other than 
“mere” building, that is, when it has special design qualities, is technically 
up to date  and socially compatible. Creating a technically optimal building 
that fails to satisfy the aesthetics, design and societal requirements is simply not 
enough. Architecture is always linked to the cultural identify of a society – it is, 
one might say, society´s mirror image. Sustainable buildings contain aspects of 
architecture that are closely linked to the ethics of our creative work. (1)

During 2010 Domusweb, in cooperation with ENEA, opened a section 
on its website titled “Forms of Energy”. The section is being dedicated to 
architectures and urban developments in which design and energy blend 
together in a unique and related view. One of the main ideas behind the 
project is that it is even more necessary to provide a concrete architectural 
form to energy: the possibility of integration between a formal research 
and energy efficiency, architectural quality and technical research is inves-
tigated by analyzing several contemporary design projects.
NZEB, and particularly netZEB, are today a really interesting field of in-
vestigation and a new and strong link between energy and architectural 
form should be found to reach those ambitious goals of zero energy stated 
into the definition itself of nZEBs. For this reason “the challenge today is 
to think about buildings, and landscapes they belong to, according to new 
categories referring to energy issues. It is even more necessary to conceive 
new elements and production spaces which are no longer those we are used 
to from the tradition”(2).
Concerning the relation between form of buildings and energy, the ex-
pected target of this research is to underline some architectural design 
strategies at the different scales of the architectural project so as to design 
residential buildings being able to modulate and manage energy loads in a 
flexible and multidirectional way.  The purpose is to define architectural 
guidelines to design residential buildings as efficient actors of the Smart 
Grid’s market. 
Because of the complexity of both the energy system and the contem-
porary urban condition, the involved design scales are the ones from the 
building to the city. The following analysis assumes that buildings interact-
ing with the Smart Grid should meet the energy features which are listed at 
the end of the previous chapter (capability of loads’ modulation, flexibility, 
independence, reliability). The work aims to identify architectural features 
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which respond to the above mentioned energy features, so as to define 
implications of the new energy system on the architectural form. 
Analysis is carried on by the development of an applied case study, which 
is firstly analyzed in its state of art and then redesigned in order to improve 
its energy management during the 24 hours.

4.2 Modulation of energy loads: an hypothesis on the in-
volved parameters
One of the assumptions underlying this work is that potentially there 
could be a strong correlation between architectural design and daily energy 
management of a building. However this relationship has not yet been 
formalized and it still has to be implemented in the design process, so as to 
exploit energy potentials that underlie the architectural composition.
The expected purposes for a building interacting with the Smart Grid are 
the ones identified at the end of the previous chapter (capability of loads’ 
modulation, flexibility, independence and reliability): they are listed in 
Column 1 of the following table as the main goals to be reached or at least 
favored through a conscious architectural design. 
Column 2 identifies those parameters which could have impacts on the 
energy management of the building, so as to reach the features of Column 
1. They represent the preliminary hypothesis of this work, to be proved 
through the application on the case study. 
Finally, Column 3 is currently unfilled: it should show the architectural 
features  that buildings should have in order to reach purposes of Column 
1, but it could be filled just after a literature review and the application of 
the assumptions of this work (Column 2) on the case study. The main goal 
of this Chapter is therefore to define those architectural features which are 
actually unfilled at Column 3 of the following table: these are the features 
a building should have in order to be as much as possible integrated to the 
Smart Grid.
Following paragraphs are dedicated to an analysis of all the parameters 
of Column 2: firstly a review on the knowledge of the state of art is con-

ducted, then parameters of Column 2 are inserted one by one into the 
building of the case study, in order to test individually their effects on the 
global energy management of the building itself. Effects of the introduc-
tion of these parameters in the re-design of the building are quantitatively 
analyzed through a software for energy simulation.
In the next Chapter (Chapter 5) same reasoning is conducted at the scale 
of the urban neighborhood, in order to fix analogies and differences of 
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23. The Table identifies main purposes to be reached by buildings interacting to the Smart Grid and hypothesis 
of the research work to reach these purposes. Column 3 is still unfilled, since it should summarizes architectural 
design features which should favor the achieving of purposes listed at Column 1. At the end of Chapter 4 the 
Table will be again represented with the identified results
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building and urban scale in relation to the energy management issue.
 
4.2.1. Mixed users
Building users´ behavior is a very important data to be known for the de-
sign of energy efficient buildings: “when optimizing the design of a low en-
ergy building, it is of great importance to know what amount of household 
electricity is likely to be used and how it varies over the year and during the 
day in order to understand the internal load pattern”. (3)
It has been proved by several studies that “societal energy consumption 
and related emissions are not only influenced by technical efficiency but 
also by lifestyles and sociocultural factors e.g. household size and com-
position or greying of society”(4). The pattern of electricity usage in an 
individual domestic dwelling is indeed highly dependent upon the activi-
ties of the occupants and their associated use of electrical appliances: that 
is why creating a relationship between energy use and occupant activity 
is particularly important in the study of the demand side management, 
including flexible demand (5).
Different users live into the building in different hours and with different 
habits: by the knowledge of their usage habits a lot of advantages could be 
gained relating to energy flexibility: one of the main features of the Smart 
Grid is indeed temporal flexibility in the loads´ flowing and one of the 
main goals is uniformity of loads that during time effect on the electric 
grid, which could be both reached by the coexistence of users with differ-
ent social attitudes and habits. By the coexistence of different users, it is 
indeed easier to avoid peak demands. 
Theoretically the same type of user has got about the same type of energy 
needs so that by the presence of different users energy request is more con-
stant and continuous during the day. 
By introducing mixité, “active occupancy” of the inhabitants tends to vary 
during time, reflecting the natural behavior of people going about their 
daily life (6).
The temporal relation between a worker and his/her own dwelling is really 
different from the temporal relation between a couple of elderly people 
and their own place: this has got reflections on the load energy curve. If 
we compare the load curves of the inhabitants of a hybrid building to de-
fine their average load curve, it will appear that peaks are reduced in favor 
of a more constant energy usage over time. For this reason “detailed load 
profiles for domestic energy use are important as input to simulations of 
small-scale energy systems such as distributed electricity”(7).  
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24. The study conducted by WIDEN, J., LUNDH, M., VASSILEVA, I., DAHLQUIST, E., ELLEGARD, K., 
WACKELGARD, E. has got the purpose to develop a model that can be used for determination of households´ 
energy use through collection of time-use data and for prediction of changes in future energy use through 
behavioral change. The households have been selected between Swedish population to cover ages between 10 
and 97 years (total number of analyzed people: 431). In the picture 5 different types of households have been 
selected: according to activities and lifestyles the load curve is different during time for the 5 inhabitants
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By the analysis of literature review, it appears that mixed users help to 
maintain the load energy curve more constant over time. This has got the 
direct consequence of a better energy management of flows, so as to avoid 
or at least to reduce unexpected peak demands of energy.
Mixed users are the typical inhabitants of a hybrid building type: multi 
functionality indeed favors mixité of different users. Since the building is 
able to reply to different needs, it can be more affordable for different types 
of users (single workers, families, young couples, elderly people etc…) so 
as even energy behaviors tend to increase than those of a traditional resi-
dential building. Collective and public activities inside the building are 
able to attract different types of people with different housing needs and 
habits. At the same time, mixed users´ presence influence architectural 
design: dwellings’ variety in size and typology are indeed a good response 
to favor the coexistence of different city users. 

4.2.2. Different models of consumption
The idea that coupling of energetically complementary spaces could fa-
vor the on-site energy usage is made possible thanks to the diffusion of 
technologies of combined energy production such as cogeneration and 
trigeneration.
Cogeneration provides simultaneous production of electricity and heat 
from a single source (either fossil or renewable) by a single and integrated 
system. Resulting efficiency can be even higher than 90% and savings of 
primary energy can be 25-30% compared to traditional separate produc-
tion. Trigeneration is instead the technology which in a single process 

25. Comparison of the primary energy usage in a traditional plant and in a trigeneration one



91

combines the production of electrical, thermal and cooling energy starting 
from a single source of primary energy.
If we compare this type of energy production with a traditional one pro-
viding same amount of electricity and thermal energy, we could get:
a- Cost savings, due to the reduced consume of fuels
b- Reduction of the environmental problems, due to decrease of emissions 
and of residual heat 
c- Decrease of losses in transmission and distribution of energy along the 
electricity line because of the “in loco” consumption of the produced en-
ergy.
Cogeneration and trigeneration are obviously more effective if spaces that 
are served by electricity, heating and cooling are close each other and close 
to the production plant. In this way energy dissipations along the line are 
avoided and compensations of different types of energy are locally man-
aged. By mixing different functions it is possible to combine together dif-
ferent spaces with different consumption models, in order to achieve a 
certain level of complementarity between demand and supply of energy. 
Complementarity could be obtained by coupling spaces having different 
heat needs. For this reason a new and more flexible energy model could 
be based on hybridization of residential, public, working and commercial 
spaces with totally opposite needs. This complementarity of spaces would 
tend to reduce dependency from the grid since, as we have seen, two spaces 
with different energy behaviors could partly compensate for each other 
energy needs through the use of appropriate technologies.
This principle of energy compensation is slowly starting to be considered 
in contemporary architectures and urban complexes. It is e.g. illustrated 
in one of the architectural projects of the section “Forms of Energy”, in 
Domusweb, the headquarters of Meters/ Bonwe designed by Vudafieri 
Severino Partners, Consalez Rossi Architetti Associati and Enrico Scara-
mellini (with the expert advice of Prof. A. Rogora, Politecnico di Milano). 
In the project it is possible to observe a “proposal for a system that bal-
ances energy use between the different functions in the urban complex (of-
fices and services) and their schedules of operation. Even though from this 
standpoint the project is at the preliminary stage, it is very interesting that 
thought is being directed at the issue since the differences and the comple-
mentarities of the energy requirements of different functions can enable 
significant savings within an integrated project. For example, offices, caf-
eterias and restaurants work on different schedules (and therefore different 
heating and cooling needs) while a pool and a supermarket have needs that 
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could be usefully coupled by using appropriate systems solutions insofar as 
the first requires more heat and the second more refrigeration (for which, 
as we know, energy is dissipated in the form of heat). There is a shift in the 
logic here: from the design of local solutions to the design of an integrated 
system which produces optimal overall performance”(8). 
The same idea is proposed by Pepe Barbieri in his essay “Figure ed energia” 
(9). Talking about the necessity of renovation for some of the buildings 
in Tor Bella Monaca area (Rome), the author theorizes a system of energy 
offsettings based on energy combination (between waste and resources). 
Also, particularly interesting is the study conducted by BIG Architects 
about an ecological society in which wastes of a certain system become the 
gains of another one (10). Here again the concept of energy compensation 
is theorized in a diagram in which spaces  which need heat are coupled 
with others whch need cooling (refer to image 25).
A new approach is therefore readable in the three previous examples: a 
functional mix is considered as an opportunity to couple spaces which 
are complementary from the point of view of their energy needs so as to 
produce a sort of compensation between the two adjacent spaces. 
As an example of this approach, we could try to think about two “com-
plementary” spaces coupled together. Supermarkets are between the most 
energy-intensive types of commercial spaces. Refrigeration is the main 
component of their electric usage, accounting for half or more of the store 
total. In order to achieve more reliability for the energy system a good 
design strategy could be to couple this type of space with a one produc-
ing heat, in order to get a thermodýnamic exchange. The proposal by 
Vudafieri Severino Partners, Consalez Rossi Architetti Associati and En-
rico Scaramellini is based on this concept, e.g. by coupling supermarkets 
and swimming pools for thermal exchanges.
Same reasoning made at the building scale could furthermore be referred 
to the district level. A mix of generation systems and a mix of utilities 
are today more and more considered as the best configuration model for 
energy efficiency at the district level. Districts could indeed be designed 
in such a way as to favor as much as possible an energy complementar-
ity between buildings. In this way the whole neighborhood could ener-
getically “behave” with the same principles of a hybrid building. Energetic 
complementarity at the urban scale will be more deeply analyzed in the 
next chapter.
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26. BIG Architects, Study of a society in ecological and energy harmony through the application of a model of 
energy compensation between spaces
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4.2.3. Temporal flexibility
Temporal flexibility in the use of spaces would help to manage part of the 
energy flows according to the real-time needs of the energy network, so as 
to guarantee the highest level of flexibility in relation to the fluctuation of 
energy flows into the grid.
Considering electricity loads, they consist of fixed building loads and con-
trollable building loads. The fixed household loads are the ones which the 
household members are not prepared to postpone (they are also defined as 
“critical demand”). The controllable household loads are on the contrary 
the ones which the household members are prepared to postpone in time 
(e.g. use of washing machines and dryers, charging of electric vehicles…). 
The main impact on the improvement of temporal flexibility in the energy 
usage can be obviously achieved by actions on controllable loads, postpon-
ing or anticipating the controllable loads using an energy management sys-
tem in the household (11). Another way to act on controllable loads is to 
make their usage collective and centralized in the control, so as it becomes 
easier to shift them over time. Generally, temporal flexibility in energy 
management of loads requires advanced control systems,  which would be 
able to favor the postponing or anticipation of energy usage during time. 
Support of technologies for automation and control is therefore necessary 
to make the building as flexible as possible.
A flexible use of energy can be related to the time period in which energy 
is absorbed by the network or to usage of energy during time. 
Regarding to the withdrawal of energy, it can be taken from the network 
when the cost is lower and the grid is undercharged to use it lately in time, 
when the grid is already overloaded. If we consider public or commercial 
spaces, this shifting of the withdrawals could greatly affect the overall load. 
Shifting of the withdrawal is made possible by technologies for energy 
storage, that will be more deeply analyzed in the following paragraph. An 
easy example of what has been explained could be related to the cool-
ing of a small supermarket inside a residential building. Supermarkets are 
among the largest users of energy, since their refrigerators need energy to 
work. To improve energy management,  they could purchase energy when 
it is cheaper (e.g. night periods) to reach a lower temperature of that one 
required at that moment, in order to release cold during the day, when 
energy costs more and the request on the grid is higher.
 Temporal flexibility in the energy usage could be instead partially be af-
fected by the introduction of some collective spaces inside buildings. By 
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the shifting of some private spaces into collective ones, it is indeed more 
easily possible to control and manage their usage over time, in order to bet-
ter adapt the building to the flexible and real-time electric grid needs.
Today more and more contemporary architectural research is focusing on 
definition of those forms of collective living responding to the big issues of 
land usage, traffic and pollution and radical changing in working habits. 
Collective spaces inside buildings are indeed considered as a good response 
to the big issue of land usage since, by their introduction, it is possible to 
gain space otherwise subtracted to agricultural land. Moreover, this type of 
layout based on collectivization of certain functions, has got effects on cost 
savings for the inhabitants, because of the consequent reduction of dwell-
ings´ size. The shift towards collectivization of certain functions has more-
over surely strong social implications because it has got a direct impact 
on human habits.  The new type of collective services inside residential 
mixed use buildings can be defined as “relational services” because of the 
“new intensity of interpersonal relations required to enable such solutions 
to operate (…) Relational services are a particular kind of collaborative 
service in which participants need not only to be operationally active and 
collaborative, but also well-inclined and willing to relate with others in 
a personal manner”(12). There are many current research studies on the 
social consequences of this new “culture of sharing”: there is indeed still 
in many cases “a certain level of resistance in some social groups regarding 
sharing, partly because it involves relationship, individualism, collective 
rules and mandatory interaction between individuals, as well as a weak 
sense of ownership”(13). As pointed out above, the new culture of sharing 
helps to save energy, favors economic savings and can be useful to create 
more social interaction, but at the same time it needs to be supported by 
policies to be more easily accepted by inhabitants: if the value of relational 
services is recognized (in improving sustainable lifestyles, promoting new 
welfare models and save and manage energy), it is necessary to create the 
basis for its consolidation and diffusion (14).
In some kind of special residences (e.g. student residences, elderly people 
residences, temporary housing…) the level of collectivization can be even 
higher then collective housing for permanent inhabitants, so as the energy 
shifting control during time may be even more substantial. This type of 
buildings lend themselves well to control of energy loads just because the 
greater collectivization of some functions.
The main purpose to be demonstrated by the case study proposed in this 
Chapter is that loads produced by collective spaces are quite consistent on 
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the total amount of loads affecting  a building, and they could be moreover 
more easily shiftable during time than those  of a traditional residential 
building, in cases of emergency of the electric grid. To do that, in para-
graph 4.3.3.4 a general calculation about the percentage of energy which 
could be modulated by the introduction of collective spaces is calculated, 
throughout a series of practical examples. These values can be compared 
with the total amount of energy used by the R5 building, so as to un-
derstand which is the incidence of the architectural design on the total 
amount of energy.

4.2.4. Independence and self-sufficiency
As already stated, more and more buildings should be able to resemble 
energy units so as to be as independent as possible from the electric grid. 
Energy independence and self-sufficiency could correspond and be fa-
vored by an equivalent functional condition of self-sufficiency: as well as 
the building is independent from the functional point of view, at the same 
type this feature could reflect in an energy independence, so as the build-
ing tends to take the role of the City itself, becoming as a sort of City into 
the City.
The situation of energetic self-sufficiency is technically made possible by 
the introduction of energy storages inside the building: for this reason 
storages should be included in the design of buildings since the early stages 
of the preliminary design. Accumulation of energy consists of its storage 
in such a way that it can be retrieved at a later time for the use: by the 
introduction of energy storages, buildings could simultaneously produce, 
store and use energy locally, without any “support” from the grid. They 
would become able to interact with the Smart Grid when it would be nec-
essary, by withdrawing energy from the grid when the general demand 
is lower and entering energy into the grid when it is undercharged and 
the demand is higher. 

4.2.4.1 Technologies for energy storage as part of the architectural de-
sign
Besides considerations on the functional program of the building, it is also 
essential to reason on the role of an adequate technological and plant sup-
port to be integrated into the building since the earliest steps of the archi-
tectural design. Particularly, integration and use of storage systems would 
help to maximize temporal flexibility in the energy usage, so as to avoid 
energy overloads on the grid. Storage of energy can be considered as one 
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of the essential and imperative technologies of a building interacting with 
a Smart Grid: energy storages play indeed a vital role in the improvement 
of flexibility and efficiency of energy systems.
The introduction of multi-hour electricity pricing has increased enor-
mously interest in energy storages systems. New pricing indeed economi-
cally favors offtakes from the grid at night or at other times when there is 
a low overall load on the distribution network. On the contrary offtakes 
during times of overload are penalized. In this way the system is mov-
ing towards a model based on translation of energy withdrawals from the 
critical period of request to the most favorable from an economic point of 
view. For the above mentioned reason, it becomes more and more impor-
tant to develop and use technologies being able of storing the withdrawn 
energy for later use when demand on the network is higher and the cost in-
creases. The energy storage becomes even more urgent with the increasing 
development of renewable energy sources. The production of energy from 
renewable sources is indeed characterized by unfavorable intermittency of 
supply because of changings in atmospheric conditions. Generally speak-
ing, the energy supply cannot be constant since energy reserves depend 
on the season, the time of day, and climacteric conditions. Technologies 
for storage become critically important for any intermittent source of en-
ergy because otherwise intermittency precludes to these sources to be the 
only ones for the total amount of supply of the utilities (15). By the use 
of technologies for energy storage, systems of energy production from 
renewable sources could instead become almost autonomous, without 
the constant need of energy produced from the use of traditional fossil 
fuels. Finally, storage systems may also play a crucial role for the recovery 
of wasted energy produced by different types of processes (e.g. industrial 
ones), so as to store the discarded energy to use it lately in time when there 
is demand.
Storage systems have therefore a dual function: if we are considering con-
ventional energies they can be helpful to compensate for temporary de-
clines in energy production, always ensuring the expected level of demand. 
They also allow to minimize economic costs by withdraw of energy from 
the grid when it is more convenient in time according to that idea of tem-
poral flexibility at the base of the Smart Grid concept. On the other hand, 
if energy is produced by renewables, energy storage systems provide added 
value by making the offered energy always predictable and available.
Energy storage can be thermal or electric. Energy technologies differ one 
from another according to the purpose they have to reach (type of stored 
energy, time of storage, economic availability..). Here below a quick over-
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view of the main technologies for thermal and electric storage is present-
ed.

4.2.4.2 Thermal energy storages (TES)
There are three main types of thermal energy storages:
a- Sensible TES
b- Latent TES
c- Thermochemical TES
The choice between these three types depends mainly on the period of 
storage required (diurnal, weekly, seasonal), the economic feasibility, the 
operating conditions. The choice of the used material for the energy stor-
age also depends on several factors such as the necessary time period for 
the energy storage (e.g. diurnal or seasonal), the cost and availability of the 
material itself. In general, best materials are those characterized by a low 
cost and a good thermal capacity factor (16). Materials with a wide varia-
tion of internal energy per unit volume are usually preferred because the 
space required is minimized. The most commonly used material is water 
because it responds to the main basic features described above, also being 
capable to adapt for both sensible and latent storage systems. Water has 
also the advantage that it can be used in its liquid state so that produced 
heat can be easily transferred through pumping systems (17).
In thermal energy storage systems heat/cold is transferred to the accumula-
tor during the charging period and it is released at a later time during the 
discharging period (18). The entire process is mainly based on three steps: 
the charging, storing and discharging. The main features which character-
ize a TES are:
a- The duration (the time energy can be stored without too high losses)
b- The density (the amount of stored energy per unit volume)
c- The efficiency (the ratio between the extracted energy during discharge 
and the stored energy during charging)
A good storage system should have a high density, long life and should 
minimize thermal losses. Sensible thermal storages refer to the energy 
systems that store thermal energy without phase change.  In the sensi-
tive storage systems thermal energy is stored by exploiting the change of 
temperature induced in the adopted material (among the most common: 
water, air, oil, rocks, bricks, sand…). The amount of stored energy in these 
systems is proportional to the difference of temperature between the initial 
phase and the final one.
Unlike sensible TES, latent ones exploit the latent heat of the material 
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during a phase change transition, mostly isothermally (this means without 
significant changes of the temperature inside). The simplest latent system 
is the one based on the phase change of water from liquid to solid scale. 
Materials used for latent storages are commonly defined PCM (Phase 
Change Materials): they are materials in which the phase change transition 
takes place very slowly. PCM absorb/release heat at an almost constant 
temperature: they can store at a constant temperature up to 14 times more 
heat than a sensible TES. The phase change materials may exploit the fol-
lowing transformations of state: solid-solid (from a type of crystallization 
to another), liquid gas and solid-liquid. The high density storage of PCM 
(it can reach the value of 100 kW/sqm) and the almost no change in tem-
perature makes this type of storage very interesting for the development of 
future technologies. The potential stored energy can be hot or cold and it 
can be derived from a wide variety of processes. 
In Italy the main energy usages in the last decades are registered during the 
hot season so as summer is the most critical period for the electric system. 
Due to this growing tendency, storage of cold is currently a topic of great 
interest. Through the cold storage system a gap in time between the pro-
duction of cold by refrigerating machine and its use (e.g. for air condition-
ing) is introduced. Particularly the decoupling of production from cold 
usage responds to the need for flexibility due to the multi-hour charging. 
This difference of temperature can be of a few hours (daily storage system) 
or even months (seasonal storage system)(19). 
Storage of cooling e.g. could be realized by exploiting sensible heat of cool-
ing at the liquid state (sensible TES) or its latent heat in the state transition 
from solid to liquid state (latent TES). Storage capacity required for the 
two systems is very different. Storage by water is indeed usually character-
ized by a difference in work temperature of 10 degrees: for each cubic 
meter of water is indeed possible to store a maximum of 41860 kJ (to be 
reduced about 25% because of the difference in internal temperature). It 
can therefore be considered a final accumulation of 30 000 kJ/m³. In ice 
storage systems, since the latent heat of solidification is equal to 333 kJ/kg, 
it is necessary to add this value to the previous sensible heat of accumula-
tion. Therefore the theoretical capacity in this second situation is about 
340 000 kJ/m³ that, whereas a loss of 25%, is reduced to about 250 000 
kJ/m³, a 8 times higher level than that one obtained by simple accumula-
tion of water.
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4.2.4.3 Electrical storages
Storage of electricity is quite difficult since the electricity is not easily stor-
able except in small quantities. However electricity is the most noble form 
of energy so that electrical storages are one of the most studied technolo-
gies to be improved in the next future. The main system for electrical 
energy storage is the battery, an electrochemical storage device. 
One of the most promising and studied technologies of electric battery is 
the one associated to vehicles. Currently electric vehicles (EV) work with 
batteries with a capacity ranging from 8 kWh to 200 kWh: this kind of 
powers would be able to supply more than two apartments for several 
days. A vehicle is on average parked for more than 80% of its time and its 
displacements are mostly reduced to the way and way-back from home to 
work. For this reasons electric cars could be considered not just as trans-
ports, but even as active elements being able to play an essential role in 
the management of power and electricity. An EV, once connected to the 
electric grid, could become an active element of the system, providing 
power during times of peak demands (draining the battery) and absorbing 
the surplus energy produced during times with lower demand (charging 
the battery) (20). This is surely possible just by the introduction of Smart 
Grids and the use of “smart” charging stations in order to real-time moni-
tor the needs of the electric grid and consequently manage the whole pro-
cess of charge/discharge of the battery. It appears that the new distribution 
paradigm involves architectural design, but even infrastructures and trans-
portation systems, changing the urban structure of contemporary cities.
The new role of EV in the complex system of Smart Grids will have direct 
consequences in the whole process of architectural design of buildings: e.g. 
a new focus to the inclusion of spaces for recharging and parking of cars 
(such as underground car parking) will become increasingly necessary.

4.3 Case study. R5 building in Tor Bella Monaca
The main purpose of this work is to underline which are potentialities of 

architectural design for a better energy management of the building in 
relation to the Smart Grid. In order to verify the hypothesis discussed in 
paragraph 4.2, a case study is here below developed. An existing building is 
indeed analyzed in its current configuration and in a new design operated 
on the building itself. In this way a comparative and quantitative analysis 
between two different situations (the present situation of R5 building in 
Rome and a new design for the building itself ) is carried on. Particularly, 
the assumed parameters of paragraph 4.2 are one by one introduced in the 
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new design of the building, so as to verify their relation with architectural 
design features and their effects on the global energy management of the 
building, compared to the present existing building.
In paragraph 4.3.2 a description and analysis on the current situation of 
the building is conducted, by an inspection of the area, the reference to 
the existing literature about the neighborhood and an energy simulation. 
In paragraph 4.3.3 the building is then re-designed: one at a time the 
identified parameters are inserted into the new design and their effects 
are qualitatively and quantitatively analyzed. A new energy simulation is 
indeed conducted on the new building. 
The main purpose of this section is to highlight any differences in energy 
management during the 24 hours of two typical days (winter and summer 
conditions) of the state of art and re-designed building, so as to test any 
different behavior of buildings with different layouts.

4.3.1 Building simulation as a quantitative tool of evaluation
Energy consumption modeling of buildings seeks to quantify energy re-
quirements as a function of input parameters (21). Techniques which are 
used to model residential energy consumption can be grouped into two 
categories, “top-down” and “bottom-up”. The terminology relates to the hi-
erarchical position of data inputs as compared to the housing sector as 
a whole. Top-down models utilize the estimate of total residential sector 
energy consumption and other pertinent variables to attribute the energy 
consumption to characteristics of the entire housing sector. In contrast, 
bottom-up models calculate the energy consumption of individual or 
groups of houses and then extrapolate these results to represent the re-
gion and nation (22). In the following study the used energy consumption 
modeling is a bottom-up one, set on a software for building simulation.
Building simulation is a powerful tool to study energy performance and 
thermal comfort during the building’s life-cycle. Softwares for energy sim-
ulations are based on mathematical and thermodynamic algorithms that 
are used to calculate the energy performance. Extremely relevant for the 
practical use of those tools is the graphical user interface, which is often 
set on CAD applications (23). Today more than 400 hundred building 
software tools for evaluating energy efficiency, renewable energies and sus-
tainability in buildings are listed into the Building Energy Software Tools 
Directory by the US Department of Energy.
The one selected for the following simulation is Design Builder: it is a 
user interface of the Energy Plus dynamic thermal simulation engine. En-
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ergy Plus is the official building simulation program of the United States 
Department of Energy, promoted through the Building and Technology 
Program of the Energy Efficiency and Renewable Energy Office.
Through the “Simulation” tool of Design Builder an analysis in dynamic 
mode  can be conducted (24): in this way it is possible to observe the 
growth, inside more or less extensive intervals, of all the thermal variables 
which affect the energy behavior of the building.
A model can be defined as a reproduction of reality: a system is extrapo-
lated from the real contest to be inserted in a simulated one. The purpose 
is to recreate same characters and factors, even if obviously characterized 
by a certain level of approximation. Through an energy audit the building 
is reproduced by considering several factors such as architectural design, 
urban location, orientation, building’s envelope and plants (25). Simula-
tion results are as accurate as the provided input data for the simulation 
itself (e.g. climatic data, building geometry, plants and devices, building 
envelope…). It is however “crucial to understand that there are differences 
between a building model that was created by an architect and a building 
model needed for energy simulation. The latter (…) is basically a simpli-
fied view of the architectural building. One of the difference is that archi-
tectural spaces can tipically be aggregated into thermal spaces (…). This 
conjunction or division of architectural spaces is based on the thermal per-
spective where spaces with the same or very similar thermal characteristics 
and control patterns are combined into one” (26).
For the energy use the model takes into account:
- Thermal contributions due to solar radiation on glass and opaque sur-
faces, presence of people and artificial lighting.
- Heat dispersion through the envelope and ventilation of the rooms
- Heating or cooling power supplied by the plants
- Plants’ efficiency
Since building simulation is a quantitative tool to test energy efficiency, 
it can´t obviously be considered as an instrument of design, but it is here 
used as a tool, so as to check the real incidence of the architectural design 
on energy usage and management.

4.3.2 The R5 building in Tor Bella Monaca: the current situation
The following building simulation is based on an existing building, named 
R5 and located in Tor Bella Monaca neighborhood in Rome. 
Tor Bella Monaca is a suburb in the south-east edge of Rome: it was real-
ized between 1981 and 1983 as a council housing district. It is constituted 
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of different building typologies and it currently hosts almost 28000 inhab-
itants. Regarding to the climatic data of the area, degree days are 1415 and 
the climatic zone is the D one. Total amount of heating days is fixed to 
166. General climate data are immediately recognized by the software used 
for the simulation, while monthly average temperature have been changed 
according to the ones indicated in UNI 10349.
Tor Bella Monaca neighborhood has been recently the focus of a research 
program between several Italian universities (27): the main purpose of this 
research was to define urban and architectural strategies to improve the 
neighborhood, which is actually problematic to manage because of archi-
tectural and social problems. Most of the buildings show indeed a high 
level of deterioration of materials and poor maintenance. 

4.3.2.1 R5 features
R5 is located at the north- east edge of Tor Bella Monaca, one side facing 
on Agro Romano (Roman countryside) and the other one facing on the 
city. It is actually one of the most problematic buildings of the suburb, 
both from the social and architectural point of view. It has been realized 
between 1981 and 1983 and the Project Director was Arch. P. Barucci: he 
was head of a team composed both of architects and engineers (28).
It is a long linear building constituted of a series of courtyards, alternative-
ly facing on east and west: its linear length is 1100 meters. It is a 7/8 story 
building with an underground level and it is 24,50 meters high (in the 8 
story blocks). It is constituted of 1264 apartments: the typical floor hosts 
3 main dwelling types plus corner apartments (three more typologies) with 
a total floor area included between 45 and 70 sqm per unit. The main 
structure is made of concrete tunnels: the distance between structural walls 
is 5,70 meters and the building’s depth is 12,55 meters (29). 
The façade is made of sandwich concrete prefabricated panels. Regarding 
to the insulation it has been considered that the building has been built 
after the Law n. 373/1976 (30) which introduced thermal insulation into 
the buildings. For this reason it is hypothesized a sandwich package with a 
5 cm layer of insulation inside. 
R5 building has been chosen for the current research because of its fea-
tures. It is indeed a residential building hosting almost 3900 inhabitants: 
this means that energy usage is rather significant even at the district scale. 
Moreover it actually presents a mono functional layout without any other 
public, collective or private activity hosted inside and based on just six 
types of dwelling units, all with a medium size between 45 and 70 sqm. 
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27. DRAWING 1
R5 building in Tor Bella Monaca. The research work fo-
cus on Block 2 of the R5 building, which is represented 
in Drawing 1
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For this reason it could be easily made a comparison between the existing 
situation (prototype of a mono functional layout) and a new architectural 
design based on a more flexible and hybrid layout.

General data

Year of construction 1981-1983

Number of floors 7

Residential Gross Floor Area (m ²) 6036

Parking Gros Floor Area (m ²) 1006

Net area per floor (m ²) 830

Net residential area (m ²) 4980

Function Dwellings + underground
parking

Percentage of transparency (walls) 23%

Percentage of transparency (loggias) 77%

Envelope and structure

Structure Tunnel structure

Envelope Sandwich panel

Sandwich panel Concrete reinforced cm 8
Insulation (foam slag) cm 3
Concrete reinforced cm 8
Plaster (dense) cm 1.5

Transmittance of the sandwich panel (W/mq x K) 2.6

Glass (windows) Sgl Clr 3 mm

Transmittance of the glass (W/mq x K) 5.9

Heating and cooling

Heating set point temperature 20

Cooling set point temperature 24

Heated - Fuel Natural Gas

Cooled - Fuel Electricity from Grid

Ventilation Natural
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28. One of the north façades of the R5 building, facing to the east courtyard
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29. The prefabricated façade of the R5 building, made of sandwich concrete panels 
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4.3.2.2 Energy simulation of the state of art
Energy simulation has been conducted by inserting assumed usage profiles 
for the building. Usage profiles are hypothesized in relation to dwellings’ 
size and data related to categories of users living into the building. 
The simulated data are the ones both related to the yearly consumption of 
the building and the hourly consumption during a typical winter day and 
a typical summer day. Because of the complexity of building simulation, 
the case studio is applied on one of the five blocks which compose the 
whole  building, Block 2 (which is coloured in Figure 27). The Block has 
been chosen since it is one of the most problematic because of its orienta-
tion: it indeed hosts some apartments just facing to the north and some 
others just facing to the south.
In the table here below, data related to building usage and the results of 
building simulation are listed (refer to Image 30 for the graphs).

Usage profiles

Occupancy profile 7:30-9:00 100%

17:00-19:00 70%

19:00-23:00 100%

ACS usage profile 7:30-9:30

19:30-22:30

Heating usage profile Jan-Apr and Nov-Dec 

6:00-13.00

16:00-23:00

Cooling usage profile Jun- Aug 8:00-20:00

May- Sep 10:00-16.00

Simulation results

Global heating (kWh) 521 223

Heating per heated building area (kWh/sqm) 105                  

Global cooling (kWh) 179 578

Cooling per cooled building area (kWh/sqm) 36

ACS/ electricity (kWh) 152 302

ACS per building area (kWh/sqm) 31

Lighting (kWh) 130 836

Lighting per building area (kWh/sqm) 26

Computer and devices (kWh) 108 946

Computer and devices per building area (kWh/sqm) 22
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4.3.3 The R5 building in Tor Bella Monaca: a new design
The R5 building is re-designed with a new functional hybrid layout. Lev-
els of functional complexity are gradually added to the existing layout, 
currently based on the repetition of three dwelling typologies of medium 
size (their surface is respectively 45, 60 and 70 sqm), so as to test one by 
one the effects on the energy management of the building.
Here below the main steps of the study are pointed out:
a- In paragraph 4.3.3.2 a diversification of dwelling types will be pro-
posed, so as to favor the settlement of mixed inhabitants with different 
housing needs and habits. However, the building presents at this step still 
a mono functional residential layout. 
b- Subsequently the functional program of the building is partially changed, 
with new levels of complexity. The first two floors of the building are in-
deed redesigned to host public and collective functions: the effects of this 
new functional layout are analyzed in paragraphs 4.3.3.3 and 4.3.3.4.
c- Finally, energy storage systems are integrated within the building (para-
graph 4.3.3.5): they are dimensioned in order to provide a general idea of 
their impact on the overall dimensions of the building.

4.3.3.1 Parameters
In order to better understand and read results that will be obtained from 
the energy simulation, it is essential to fix those parameters of the build-
ing that are made vary in the R5 new design, and those which remain 
fixed respect to the starting condition (state of art). In this way parameters 
which are modifying  the energy flows in the design during the 24 hours 
are immediately recognizable.
Climatic data are the same in the two phases of the study, since the building 
is the same in the two steps of the study, even if with a different functional 
layout. Moreover, the following design doesn’t involve building envelope, 
which is therefore considered as a fixed parameter in the two layouts (state 
of art and design). Plants and devices are the same in the first phases of the 
simulation (referring to paragraphs 6.3.2), while a trigeneration plant is 
inserted in the second stages of the study (referring to paragraph 6.3.3). 
Conversely, the building program and the organization of dwellings inside 
the residential building are considered as variable parameters. 
From a point of view of energy simulation the building is divided into 
“thermal zones” which correspond to spatial elements with the same type 
of energy behavior (31).
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30. Used power for gas and electricity consumption in the R5 building / state of art

a. Electricity / 1st January
b. Gas / 1st January
c. Electricity / 15th July
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4.3.3.2 Mixed users
First variation to be introduced is related to dwellings’ design. The state-
ment to be proved and discussed is that presence of mixed users helps to 
minimize peak loads during the day: in this way the grid would not be 
overloaded and demand of energy would be more distributed throughout 
the day. 
A conscious design could favor mixité by the introduction of different 
dwelling sizes. By differentiation of housing types both a differentiation of 
the general energy needs and business hours is introduced. What is inter-
esting to check is a possible reduction of the peak load on the network: in 
this way the building does not burden on the network with concentrated 
electrical requests which would be difficult to sustain. 
The building has been then re-designed with a more various layout. The 
layout has already been defined by the authoress of this work into the mas-
ter degree: “Abitare il margine urbano: progetto di rigenerazione architettoni-
ca a Tor Bella Monaca”. Apartments have been re-designed in order to:
a- Improve mixite by the introduction of more dwelling typologies
b- Avoid apartments which are just north-facing. In order to improve 
shores at the north side, some small projecting volumes have been de-
signed, so as to open small windows even at east and west. However, in 
order to not affect energy usage with the variation of percentage in the 
surface of openings, total percentage of surfaces is left the same of the 
present R5 building.
Particularly, the new dwelling types to be designed are here below pointed 
out:
- 35 sqm apartments- one single person (9) – 18%
- 55 sqm apartments- elderly coupe (12) – 23%
- 65 sqm apartments- workers/small family (9) – 18%
- 75 sqm apartments- workers/small family (3) – 6%
- 90 sqm apartments- family (15) – 29%
- 100 sqm apartments- family (3) – 6%
For each type of inhabitant a corresponding profile of usage has been de-
fined according to its hypothesized needs and a building simulation has 
then been conducted. Usage data are hypothesized according to the hy-
pothetical inhabitants of the designed dwelling typologies: an existing re-
search study on housing usage profiles in relation to the “social” type of 
user in the Italian context has not indeed be found, so that inhabitants 
behavior has been hypothesized referring to their hypothetical family liv-
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ing into the dwelling typology. Used profiles are reported at page 124.
Here below the results about fuel totals consumption in the state of art 
and in the design solution have been reported together in order to be 
compared, both in a typical winter day (1st January) and in a summer one 
(15th July). Gas amount is the one which is used for heating, while elec-
tricity consumptions includes general lighting, computer and equipment, 
cooling systems and water heating.
The obtained results are particularly interesting: while in the new designed 
solution there is not a considerable reduction of the total gas and electric-
ity consumptions during the 24 hours, there is instead a better manage-
ment of energy loads over the 24 hours. By keeping the overall number of 
operating hours more or less constant in the winter and summer profiles 
the absolute value of consumption can’t indeed obviously break down, 
but energy request to the grid is more distributed over time because of the 
presence of mixed users with different habits and needs. It follows that 
the standard deviation (32) of the function in the design case, compared 
to the situation of the state of art, is reduced. Standard deviations for the 
three reported case studies (gas consumption at 1st January and electric-
ity consumption at 1st January and 15th July) have been calculated and 
reported at Image 32.
As stated in the Chapter III, one of the main features of the Smart Grid 
is the capability to manage energy flows, so as to maximize global effi-
ciency of the network and minimize energy peak loads on the grid. In 
paragraph 3.3.2 the expected features of a Net ZEB had been pointed 
out. By the introduction of mixed dwellings inside the building we can 
state that capability of loads modulation during the 24 hours has been 
increased. Also, reliability of the building-system in its relation with the 
electric grid is higher because peak loads and requests to the grid are con-
sistently reduced.
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Usage Profile

Type a. 35 mq

Occupancy 19:30- 23:00

ACS 7:00-8:00 & 19:30-21:30

Heating Nov-Apr 5:00-9:00 & 16:00-24:00

Cooling May-Sept 16:00-24:00

Type b. 55 mq

Occupancy 9:00-22:00

ACS 9:30-12:00 &19:00-20:30

Heating Nov-Apr 6:00-23:00

Cooling May and Sept 10:00-16:00
Jun-Aug 8:00-20:00

Type c. 65 mq

Occupancy 7:30-9:00
17:00-23:00 (70%)

ACS 7:00-8:00 & 19:30-21:30

Heating Nov-Apr 5:00-9:00 & 16:00-24:00

Cooling May-Sept 16:00-24:00

Type d. 75 mq

Occupancy 7:30-9:00
13:00-22:00 (50%)

ACS 7:00-8:00 & 19:30-21:30

Heating Nov-Apr 5:00-9:00 & 16:00-24:00

Cooling May-Sept 16:00-24:00

Type e. and f. 90 mq

Occupancy 7:30-9:00
13:00-22:00 (70%)

ACS 7:00-8:00
19:30-23:30

Heating Nov-Apr 6:00-13:00 & 16:00-23:00

Cooling May and Sept 12:00-18:00
Jun-Aug 8:00-20:00
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Usage Profile

Type g. 100 mq

Occupancy 7:30-9:00
13:00-22:00 (70%)

ACS 7:00-8:00
19:30-23:30

Heating Nov-Apr 6:00-13:00 & 16:00-23:00

Cooling May and Sept 12:00-18:00
Jun-Aug 8:00-20:00
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31. Used power for gas and electricity consumption in the R5 building / new design

a. Electricity / 1st January
b. Gas / 1st January
c. Electricity / 15th July

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Po
w

er

Hour



117

32. Curves of the daily consumption of gas and electricity of the state of art and new design.
Standard deviation of the two curves is compared in the 3 cases: what emerge is that standard deviation of the 
new design is always smaller. It means that peak loads are overall reduced

a. Electricity / 1st January
b. Gas / 1st January
c. Electricity / 15th July
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33. DRAWING 2
Plans and section of the new dwelling typologies. Both 
to get also one-room apartments and to increase geo-
graphical orientations and number of views some pro-
jections are designed on the north facadeof the build-
ing. By the new design 7 dwelling tpologies are inserted 
into the building, so as to improve mixité and users’ 
behaviors inside the building
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4.3.3.3 Different models of consumption
Through the first step of design (paragraph 4.3.3.2) peak loads have been 
reduced and use of energy has been rationalized during the 24 hours, both 
in a typical summer day and in a winter one. Load curves present however, 
inevitably, peaks which correspond to times of peak usage of, respectively, 
thermal and electric used energy. What is sought by the following archi-
tectural design is a further rationalization of the energy use, supported by 
the insertion of a cogeneration plant plus an absorption chiller, in order to 
get a trigeneration plant. The idea to be tested is that, by inserting spaces 
which are complementary from an energy point of view, losses of a user 
could become the gains, in term of energy, of another user, according to 
a real compensation mechanism. This would obviously improve building’s 
independence from the grid, since part of the losses are used to get new 
energy, which is therefore not requested to the main grid. The building is 
therefore redesigned by inserting collective and public activities at the first 
two levels (ground floor and first floor).
By the introduction of new functions inside the building, inevitably the 
amount of used energy from the building during the 24 hours increases, so 
it would not have any sense to compare load curves with the ones of the ex-
isting building (as we have done in the previous paragraph). For example, 
if we imagine to insert commercial (small retail food with refrigeration 
machines) or functions for the public (spaces for sports, nurseries, etc…), 
the global energy consumption obviously grows up since they are more 
energy-intensive activities. What is analyzed isn’t thus the overall energy 
consumption, which is inevitably higher, but the system of energy com-
pensation between spaces with different functions and the consequent use 
of energy on site, immediately close to the plant.
Here the following first two levels of the building are redesigned, inserting 
some collective and public functions which need cooling and others which 
need heating. Particularly, inserted spaces are:
- Offices and small stores (for a total surface of 135 sqm)
- Supermarket (for a total surface of 265 sqm)
- Cafeteria (for a total surface of 265 sqm)
- Gym (for a total surface area of 195 sqm)
- Laundry (for a total surface area of 65 sqm)
- Common rooms and game rooms (for a total surface area of 130 sqm)
An energy simulation with Design Builder is than conducted, so as to get 
peak loads of requested power for gas and electricity. Particularly, the sizing 
of the plant is carried out on the electric usage of a representative day, 15th 
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July, which is considered as one of the most electrically energy-consuming 
days of the year: gas turbines which have been chosen to size the plant 
modulate their speed of rotation based on the required electrical power of 
that day. Thermal energy is then a by-product of the process of produc-
tion of electrical energy. In Image 34 the load curve of used electric power 
at 15th July is showed, and the average line is also indicated. The average 
value of electric power corresponds to the value 103 kW: it is the one 
used to size the plant. The cogeneration plant is composed of a couple of 
gas turbines driven by peak loads, which correspond to a model currently 
available in the market: each turbine has got a power of 65 kW. The couple 
of turbines has been chosen because they give the possibility to modulate 
from 0 to 100% the energy load in relation to real-time demand and they 
can cover the identified average used power. They also have the advantage 
of being usable for an high percentage of time: they could indeed be used 
for 8000 hours/year. Plant is also composed by an absorption chiller (lith-
ium bromide) which has the task of transforming thermal energy as heat 
into cooling: the maximum power of the absorption chiller is 107 kW.
The building is compared, in its energy usage, with the R5 monofunc-
tional existing day. What appears is that, through a multifunctional layout 
with energy-complementary spaces inside, thermal energy, produced as a 
waste of electricity production, could be entirely be used both as heating 
and cooling, since there are spaces which need heating as well as spaces 
which need cooling. Conversely, in the monofunctional building part of 
the thermal energy would be irretrievably lost, since it would be a surplus 
of heating which could not be used: it would not be indeed all transformed 
into cooling, because of the capacity of the absorption chiller.
If we imagine to operate the plant for the maximum of possible working 
hours, that is 8000 hours/year, it follows that energy used for cooling pro-
duction would be:

107 kW x 8000 h = 856 000 kWh
and energy for heating production would be
130 kW x 8000 h = 1 040 000 kWh.

It appears, therefore, that the order of magnitude of considered energy is 
high and possible savings dictated by the coupling of energy complemen-
tary spaces is remarkable. The coupling of spaces with different energy 
needs is therefore useful if it is thought together with a plant with cogen-
eration + absorption chiller: if spaces would be far away each other this 
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34. Graph of the power load curve of electricity consumption at 15th July

type of efficient production would be surely less useful, since energy losses 
along the line to reach the various spaces would improve. If psaces are far 
away each other the other solution would be to think about two different 
plants (one for the cooling and the other one for heating), but they would 
be surely less efficient  (refer to paragraph 4.2.2, Image 25). Moreover, the 
described approach appears as extremely sustainable, since wastes become 
gains, in a sort of closed “ecological” cycle.
In order to better understand the best location for the trigeneration plant, 
some points should be taken into account:
- Fuels are a transportable energy source (even if sometimes it could be 
economically or energetically not convenient)
- Electricity is a transportable energy vector
- Heat is not transportable (except for small distances)
For these reasons, the trigeneration plant should be located as much as 
possible close to the thermal users. The plant is therefore located into the 
building at the underground level.
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35. DRAWING 3
Plans of the ground floor and first floor / Section of 
the new re-designed building (above) and of the exist-
ing one (below). Functioning of the building with a tri-
generation system (cogeneration + absorption chiller) is 
showed both in the new design and in the state of art. 
At the top of the drawing trigeneration is applied to the 
building that has been re-designed with public and col-
lective functions inside: particularly, the use of energy at 
15th July is here represented. A couple of gas turbines 
selected from the real market is inserted into the ex-
ample, so as to provide plausible numerical values of the 
amount of involved energy. Through an energy com-
pensation between “complementary” spaces thermal en-
ergy, which is produced as a waste of electricity produc-
tion, is entirely used, splitted between heating (used for 
production of hot water into dwellings, gym, laundry 
and cafeteria) and cooling (used into the supermarket 
and for the air conditioning of different spaces).
Under the re-designed building, the present monofunc-
tional residential building is instead represented: again 
the usage of energy at 15th July is shown. What appears 
is that most of the thermal energy would be lost, since 
the global use of energy is uniform in all the areas of 
the building
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4.3.3.4 Temporal flexibility
As already stated at paragraph 4.2.3, electricity loads consist of fixed build-
ing loads and controllable building loads, which are the ones that build-
ing’s users are prepared to postpone over time. Temporal flexibility in the 
energy usage necessarily concerns controllable building loads: if they cor-
respond to activities and spaces which are made collective through archi-
tectural design, control on this energy usage is made more possible, so that 
spaces could eventually function in relation to the real-time functioning 
of the grid.
In a hybrid layout collective functions are often integrated inside the 
building. Residents have indeed the possibility of using common facilities 
which could be multiple according to the needs  and to the specific layout 
(e.g. dining rooms, community kitchens, lounges, meeting rooms, laun-
dries, recreation facilities, libraries, workshops, or childcare areas).
In the new design for the R5 building, public spaces are inserted at the 
ground floor, while some common facilities for the inhabitants are located 
at the first floor, such as a common laundry and common rooms. In order 
to give a general idea of the amount of energy which could be managed by 
a correct use of these spaces over time, a general calculation is made for a 
specific case, the electricity use in a common laundry: this is made in order 
to have a general idea of what could be the percentage of flexible loads on 
the total energy flows of the building. What emerge by a rough calcula-
tion is that electric energy used for the laundry corresponds to a 7% of 
the global yearly electric energy used from the building. It means that the 
request of this percentage of energy could be eventually shifted over time 
according to the real-time needs of the grid.
Calculation on the global energy consumption conducted by the use of 
Design Builder on the collective building didn’t consider any charging col-
umn for electric vehicles, so as to simplify the already complex calculation. 
However, the inclusion of charging columns for electric vehicles at the un-
derground level of the building could represent both an additional element 
for regeneration of the building and an even more profitable interaction 
with the “smart” electric grid. Charging could indeed work as an on/off 
functioning, according to the real-time needs of the grid, increasing the 
interaction between the building-system and the network-system. 
A calculation of electric consumption for the charging of 100 electric ve-
hicles is therefore showed as an example (Drawing 3).
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36. DRAWING 4
Calculation of the used energy in a representative new collective space inside the building (the laundry) is 
conducted, in order to have a general idea of “manageable” energy due to the introduction of collective areas 
inside the R5.
Also, the introduction of charging of electric vehicles for sustainable mobility could be integrated into the new 
active building in the existing parking area at the underground level, so as to manage this charging as a part of 
the bidirectional relation building/grid in the management of energy flows. The underground level become in 
this way as a sort of “technical basement” for the building
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4.3.3.5 Independence and self-sufficiency
One of the main goal to be reached by future buildings interacting with 
the electric grid is self-sufficiency. Buildings should be able to ask for ener-
gy when the grid is under loaded, while they should be able to be indepen-
dent or even to input produced or stored energy into the grid if it needs. 
Self-sufficiency could be favored by the introduction of RESS (Residential 
Energy Storage Systems) inside buildings.
As already discussed in paragraph 4.3.4, the size of a storage depends on 
both the type of storage itself and the total amount of energy which has 
to be stored. In the new design of R5, new thermal energy storages are 
located inside the building. The chosen type of technology is the one based 
on water storage: water has indeed the advantage of being a low-cost and 
always available material with a high specific heat.
In order to size the plant, we can imagine to set a difference of temperature 
of 10 K for the stored water (e.g. from 5 °C to 15 °C). Since specific heat 
of water is equal to 4,187 kJ/(kg .K), the amount of heat that can be stored 
in 1m³ of water (1000 kg) is 41 870 kJ, which is equal to 11,6 kWh/m³.
Energy storage can be then partial or total (Image 37). The partial one is 
obtained by using machines that work 24 hours per day, so that they can 
storage energy in the nighttime and they can compensate for the daytime 
requests both with the previously stored energy and with the working ma-
chine. On the contrary the total accumulation is expected that the ma-
chine works only at night when the price of energy is lower (33).  
The chosen technology for the R5 building is the partial accumulation. 
Calculation is conducted for the considered winter day (1st January). The 
average value of the daily energy consumption is multiplied by the number 
of hours of a day 24. 
The obtained value is then divided by the amount of energy that can be 
stored in 1m³ of water to obtain the value of the necessary volume to store 
the right quantity of water.
208 kW = average value of the daily winter consumption (1st January). 
We dimension storages in order to cover 60% of the amount of the aver-
age value: 
208 kW x 0,6 = 125 kW
125 kW x 24h = 3000 kWh
3000 kWh / (11,6 kWh/m³) = 259 m³
259 m³/ 2.4 m = 107 sqm
Usually thermal storages are located in the basement of the building for 
structural reasons related to the weight of the storages.
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37. In the first Image a load curve of power use of a building is shown. Image 2 and 3 represent the functioning 
of two different technologies for energy storage: Image 2 represents a partial storage, while Image 3 a total ac-
cumulation of energy during the night

38. Power used for gas production at 1st January. The average value is equal to 208 kW
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39. DRAWING 5
The dimensioned storage systems are located at the underground level of the building. Every water tank has got 
a volume of 19,4 m³, so that 10 tanks are necessary to cover the requested heat storage
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4.3.4 Conclusions 
We can conclude that architectural forms could influence the energy man-
agement of a building and particularly hybridization of the architectural 
design towards more flexible layouts could have good effects on the energy 
management, so as to obtain a more dynamic and flexible interchange be-
tween the electric grid and the building itself. What emerge is that the role 
of the functional program becomes crucial in the global energy behavior 
of the building. 
Particularly, the Table introduced at paragraph 4.2 at the beginning of this 
Chapter is here the following proposed again, so as to fill even its third 
column that was still missing.
We have tested that presence of mixed users is favored by a certain variety 
in dwelling typologies, both in size and in their internal organization.
Different models of energy usage are possible if the building has hog a 
certain level of multifunctionality: in this way is indeed possible to couple 
together spaces that at the same time need respectively heat and cold. By 
the collectivization of some areas it is also easier the control of the use of 
spaces and consequently the control of energy usage over time. 
Finally we have underlined that a building should be as much as possible 
independent from the grid: this is both encouraged by the presence of 
storage systems and by a functional program which is the most complete 
and dense one. That is why the condition of self-sufficiency is favored by a 
dense program and a strong formal identity of the building itself.
Variety in dwellings’ typologies, multifunctionality, temporal flexibility in 
the use of spaces, identity and density are all features of a hybrid building 
type. Hybrid typology therefore appears as one of the most indicated one 
for the global energy management of the building interconnected with 
the Grid.
The reached conclusions become as important starting point of the ar-
chitectural project both in the new design of residential buildings and 
also in the architectural refurbishment and regeneration of the existing 
building heritage. Here the following some design strategies to be applied 
both on existing buildings and on new ones are defined through graphical 
diagrams in the forms of simplified sections.
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41. DRAWING 6
Architectural design strategies
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40. The Table proposed at paragraph 4.2 of this Chapter is now fully filled. Third Column summarizes architec-
tural features a building should have to favor the global energy management in its relation with the Grid. What 
emerge is that a hybrid layout is particularly indicated to favor management of energy flows of the building
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4.4 The hybrid building concept
“The hybrid building is a specimen of opportunity which has the mixed use 
gene in its code. It turns against the combination of the usual programs and 
bases its whole raison d’ entre on the unexpected mixing of functions. The 
hybrid is the consequence of a rant against tradition, it sticks two fingers up 
at typology. It is an opportunist building, which makes the most out of its 
multiple skills, a key player which revitalizes the urban scene and saves space. 
The hybrid scheme proposes crossed fertilization environments, where known 
genotypes are mixed and new genetic alliances are created. This way the per-
sonality of the hybrid emerges, as a celebration of complexity. Hybridization 
is associated with a certain form of grandeur, of gigantism, as mixing imposes 
grandesse. The hybrid surpasses the domains of architecture and settles into 
the urban scale. It is an artefact able to exercise centripetal force, a colossus 
counteracting the evil forces of dispersion. The intimacy of private life and the 
sociability of public life dwell within the hybrid and produce constant activity, 
making it a building working full time. It is not a disciplinary prototype but a 
concentration of interests, based not on tradition but rather on the future and 
the survival of which hinges on consensus”. (34)

The term “hybrid” is entered today in the everyday language in very dif-
ferent and heterogeneous fields. It is indeed frequently used to identify 
innovative and new models and types based on coexistence of different 
elements in several disciplines and cultural areas. Regarding to the field 
of architecture, one of the most important critical contributions in the 
formalization of the term “hybrid” in relation to buildings is the cata-
log edited by Joseph Fenton in 1985, “Hybrid buildings”. Although his 
contribution has been almost exclusively related to the North American 
context, Fenton laid the base for the definition of those general features of 
the hybrid building which can be considered universally valid. In recent 
years researches by “a+t architecture publishers”(35) have implemented the 
definition of hybrid buildings through several publications with the col-
lection of case studies, the definition of main features of hybrid buildings 
and analysis of their potential in relation to the combination of different 
functional programs.
A hybrid building is based on the coexistence, in the same structure, of 
different functions and programs interacting each other, often with a con-
sequent alteration of types of the individual canonical uses. As stated by 
Fenton, “the hybrid building, at its largest scale, become a City within 
a City. A single structure on a single urban block could become the life 
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nucleus and sole support of the people within” (36).
Multi functionality is the peculiar feature of the hybrid building: pro-
grams can incorporate different categories of uses according to specific 
requirements, such as residential, working, leisure, commercial, produc-
tive or social functions. Due to the usual complexity and completeness 
of the functional program, self-sufficiency is another typical feature of 
the hybrid building. The functional self-sufficiency often corresponds to 
a strong formal identity, so as the building appears as a sort of “icon” into 
the urban layout. That is the reason why some examples of contempo-
rary hybrid buildings show a monumental character due to the building´s 
strong identity within the urban pattern. Moreover, dense environments 
with land use limitations are usually good conditions to encourage hybrid 
situations. Mixed use is indeed usually closely linked to increased density, 
which allows for more compact development. Moreover a hybrid build-
ing can usually easily be reconfigured in different layouts. This is mainly 
because it is designed since the first steps as a complex structure being able 
to adapt to inhabitants´ changing needs and habits. Flexibility provides to 
implement life strategies over time by dialing the “service package” that 
best meets populations´ actual needs. Flexibility can be intended as spatial 
(possibility of different architectural layouts) and temporal (by the collec-
tivization of certain functions some spaces can be set to be used in certain 
periods of time during the day). Temporal flexibility is the one which is 
able to affect the global energy management of the building, as discussed 
in paragraphs 4.2 and 4.3.
Today the hybrid building concept looks like as extremely investigated 
and it represents a great potentiality for the future development of cities: 
because of the hyper-urbanization of contemporary cities and progressive 
waste of agricultural and natural land, hybrid buildings could indeed “act 
as catalyst incubators for new and experimental architectural types”(37).
In the “Hybrid buildings” Architecture Pamphlet n.11 (38)  hybrid build-
ings are analyzed considering their history, program and architectural form. 
In the following paragraphs the same type of classification is conducted.

4.4.1 History
The concept of hybridity passes through history of architecture and has 
always had a significant role, even if it was firstly formalized by Fenton just 
in 1985. The combination of multiple functions within a single structure 
is indeed a recurrent layout throughout history: the inhabited bridge or 
the medieval house over the store are just a few of the many examples that 
we can trace.
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42. Forms of hybridity 
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However, “history of hybrids begins at the end of the 19th century, when 
the dense city started to accept the overlapping of functions as inevitable” 
(39). At that time, in North American metropolis both the disproportion-
ate increase of the price of land and the rigidity of the urban weft favored 
the development of new architectural typologies based on verticalism, as 
a way to concentrate several functions in a limited land area. The new hy-
brid building differed from a multi-use building by scale and form. Scale 
was usually the one determined by the dimensions of a city block into the 
pattern grid (40), while the form could be variable, even if it started from 
the beginning to be characterized by compactness and a certain monu-
mentality. The hybrid building was born as a result of the Contemporary 
Culture. Its conceptualization and the subsequent spread at the end of the 
Nineteenth Century were even possible thanks to technological innova-
tions such as structural framing, the elevator, the electrical wiring, central 
heating and ventilation system (41).
Since the Twenties of the XX century the Modern Movement introduced 
the idea of the Functional City: the Charter of Athens (1933), in the para-
graph titled “Dwelling”, point 15, marked the definition between work-
place, housing and leisure spaces.  Each zone of the city was organized 
and optimized by specific standards related to density, building types and 
minimum services, and it had to be connected to functionally different 
areas so as to optimize the overall productivity. This new idea of city was 
therefore at odds with the mixed-use building’s concept. The City of Zon-
ing could easily be represented by plan: this representation is indeed able 
to show different functions it was composed of.
Even if there have been crucial experimentations of buildings in which 
other functions and services were coupled to the residential one (the Unité 
d’ Habitation by Le Corbusier is the most known and determinant ex-
ample) the rationalist city has been mainly based on the concept of zoning. 
However since the Seventies and mostly during the Eighties the zoning 
started to be criticized in favor of a more complex and stratified layout. 
It seemed indeed that zoning could not meet anymore the needs of the 
contemporary society: the traditional Town Planning Act, implementation 
tool of the zoning (the so called PRG in Italy), appeared to be excessively 
rigid and not enough flexible to encourage processes of social, economic 
and environmental transformation according to the new principles of sus-
tainability starting to be developed. Zoning was accused of having guided 
spatial fragmentation, social segregation and urban sprawl. A new return 
to mixitè based on the model of the historic city spread in response to the 
crisis of zoning. First the experimental and utopian research conducted by 
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Archigram, then the radical architecture of Superstudio with Continuous 
Movement and Archizoom with No-Stop City contributed to the over-
coming of the functional city to more hybrid forms of living. 
The recent process of computerization of the society has also encouraged 
return to mixitè in the urban pattern: the contemporary city of the Infor-
mation Age can be considered as the city of mixitè since it tends to regroup, 
overlap and interweave functions which are no longer strictly bonded to a 
specific location. The hybrid building itself is a product of the Information 
Age because the Information City makes everything available anytime and 
everywhere: we can indeed work at any time and everywhere and this is 
possible because of development of information. We can simultaneously 
work and leisure, produce and consume. If the car was the instrument 
of the Industrialized City to move throughout different areas, computer 
allows us to be almost ubiquitous.  Space and time are then reconfigured 
into a new completely production system, so that “the fundamental web 
of relationships among homes, workplaces, and sources of everyday sup-
plies and services — the very glue that holds cities together — may now be 
formed in new and unorthodox ways”(42).  Hybrid building is the prod-
uct of the City of Layers in opposition to “ghettoization” so as it can easily 
be represented by the use of architectural sections. Stratification of differ-
ent layers suggests the development of complex sections: section becomes 
the most effective instrument of architectural representation (43). 

4.4.2 Program
The basic principle behind the concept of the hybrid building is the mix-
itè. A hybrid residential building is characterized by a mixed-use devel-
opment: it means a combination of residential, commercial and cultural 
uses, where those functions are physically and functionally integrated. The 
program can assume a variety of possibilities, even if “two basic categories 
of program are readily identifiable: the thematic program, and the dispa-
rate program. Both are based on the combination and interaction of the 
programmatic parts. Thematic combination cultivate the dependency be-
tween parts and encourage the interaction of elements. Disparate combi-
nations allow pieces to exist in a mutual, (…) emphasizing the fragmented, 
almost schizophrenic aspect of society and of the period” (44).
Usually thematic combinations tend to emphasize a singleness of func-
tion between the various ones inserted into the building. Buildings we are 
considering in this study are characterized by a thematic program and the 
main functions is the residential one.
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The pamphlet of Fenton has been the first theoretical contribution to es-
tablish a disciplinary autonomy of the hybrid building, until that moment 
generally categorized as mixed use building. However mixed use is a nec-
essary but not sufficient condition to define a hybrid. A hybrid building 
is indeed characterized by a certain level of openness to the city: social 
exchanges are favored and functional integration between its parts is en-
hanced.

4.4.3 Form
Hybrid buildings can assume different architectural forms and layouts: 
“the resultant forms are as numerous as the potential combinations of pro-
grams. The functions which comprise the program of a hybrid building 
may be expressed or repressed. These functions may be stacked vertically, 
grafted horizontally, or, as in some instances, internally engulfed within 
the exterior membrane of the building”(45). Aurora Fernandez Per (46) 
introduces an interesting distinction between hybrid buildings and social 
condensers, regarded as “predecessors” of the hybrids. First identified dif-
ference is in the context: while hybrid buildings belong to highly urban-
ized contexts, the social condenser typically reflects a suburban condition. 
Moreover social condenser is typically a residential building with a service 
program associated to dwellings, while hybrid buildings include a diversity 
of uses, even including residential: not necessarily the residential one is the 
predominant function. Their attitude to the city is also different: while the 
social condenser mainly guarantees an exclusive use of the service program 
by residents, the hybrid is opened to the city. The analysis of social con-
densers and hybrid buildings is particularly interesting since it introduces 
formal features to define these typologies. However in many cases it is 
extremely difficult to make a strict distinction between these two building 
types, since many contemporary examples show some typical features of 
both the hybrid building and the social condenser, as they are identified 
by the a+t publication.

4.4.4 Hybrid buildings: some references
Some case studies of existing hybrid buildings which potentially could 
have a good response in their relation with an hypothetical Smart Grid 
have been collected in a representative filing. Those case studies have been 
organized in a table, with the main information of the buildings and a 
re-drawing of both a representative plan and section. This is made so as to 
easily compare buildings’ typologies, dimensions and functional programs. 
Particularly, as we have stated, the section is the most effective instrument 
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of representation of the hybrid condition: in the table sections are there-
fore coloured, so as to underline main functions inside buildings. The used 
scale for representations are 1:5000 for master plans (with the exception 
of the Corviale, which is represented at 1: 20000) and 1:5000 and 1:2000 
for representation of plans and sections.
There are many possible classifications which can be done about hybrid 
buildings, e.g. according to the building´s typology, the functions inside, 
the year of construction, or the geographical area. Here below examples 
of hybrid buildings with a predominant residential use are analyzed. In 
the range of existing worldwide projects in which the theme of the hybrid 
building has been developed, buildings chosen for this short section have 
been selected since they are considered as particularly innovative or repre-
sentative of the hybrid typology. 
Firstly the Unité d’ Habitation and then the Corviale are indeed mile-
stones in the experimental design of the building as a “social condenser” of 
activities. Fifty years later Le Corbusier’s experience, Steven Holl addresses 
the issue of the hybrid building in several of his projects and he appears 
so interested to the “hybrid concept” to declare it even in the name of one 
of his most known projects (Linked Hybrid): his practical and theoretical 
research on the topic (refer to bibliography) deserves to be mentioned. 
Another important field of investigation on the hybrid architecture is sure-
ly belonging to the Dutch cultural panorama. During the Nineties Dutch 
architects, encouraged by national policies, developed and experimented 
the theme of housing design and dwelling typology: the results were many 
and different, but among them we can identify interesting studies on the 
“urban hybrid container” (e.g. the Whale or the Silodam). More recently 
Rem Koolhaas provided also his interpretation of the hybrid type by the 
development of its vertical city in Rotterdam. Finally a residential building 
for particular social users has been inserted: the student house designed by 
Lundgaard and Tranberg Architects is an interesting example of a research 
on the typology, so as to guarantee coexistence of dwellings and collective 
and public activities inside the building.

43. Hybrid building: some references (look at the following page)
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(F. Butera)

CHAPTER 5

FROM THE BUILDING TO THE DISTRICT:
REFLECTIONS UPON URBAN MORPHOLOGY

“The necessary step following the ZEB is the zero-energy district, prelude 
of the zero-energy city”
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5.1 The energy issue as a new key for urban regeneration
As already stated in the previous chapter, hybrid building is a multifunc-
tional building based on the idea of self-sufficiency, so as to create a sort of 
City into the City. Hybrid buildings usually tend to assume a monumental 
character, due to the idea they should work as urban catalysts and social 
condensers. Concentrations of activities inside them allow to get a dense 
settlement, so as to save soil and reduce mobility. At the same time they 
have a great potential as regards a flexible management of energy flows, 
since their layout favors flexibility and allows a greater control on loads’ 
usage. 
On the other hand this self-sufficiency could in some cases generate a sort 
of closure to urban context. For this reason several contemporary architec-
tural projects studying hybridity are nowadays starting to investigate an in-
termediate scale between the building scale and the urban one: design scale 
becomes the one of the block or even that one of the district and design of 
public spaces in between is an integral part of the architectural design. 
Moreover the intermediate scale of the district could represent also an in-
teresting scale for the management of energy flows in the duo architecture/
energy grid. The specific scale of urban neighborhoods could indeed offer 
an intermediate scale in its own right which holds the potential for a better 
understanding of energy supply and demand structures in the energy as-
sessment of high performance buildings and settlements (1). District scale 
appears as particularly suitable in relation to the concept of “microgrid” 
and, strictly related, to the one of “energy district”. 
An energy district is a territorially localized settlement using energy: it is 
configurable as a single controllable unit in its relation with the electric 
grid. Transferring the concept to the architectural discipline, the energy 
district is a neighborhood, mostly autonomous in energy production and 
usage, which interfaces with the Smart Grid as a single identity. The con-
cept appears as particularly fascinating, as it establishes a relationship be-
tween organization of the energy network and urban morphology. 
Energy demand and supply have in many cases influenced planning: the 
physical-spatial value of energy is indeed universally recognized. The at-
tainment of a considerable reduction of energy consumption cannot there-
fore be exhausted by the only intervention at the scale of the building, but 
should also necessarily involve the district scale. Urban form has got direct 
consequences on the energy usage and energy efficiency in cities. Several 
researches on energy planning in the more or less recent past have been 
focused on relationship between the morphology of urban settlements and 
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sunlight availability, since the site layout is one of the most important fac-
tors affecting solar gains. 
If the relation between buildings, solar exposure and shading, the role of 
the S/V factor and analysis on mitigation given by green areas have been 
deeply analyzed by theoretical and practical research since the earliest ex-
periments of the Modern Movement, a new approach to be discussed to-
day is the possible relationship between urban morphology and energy 
management. Which kind of urban settlement favors a smart management 
of the energy loads? Which features a neighborhood should have to work 
as an energy district? 
Try to answer these questions means to think about forms of urban aggre-
gation according to a new conceptual paradigm. Moreover this reasoning 
could regard either the design of new neighborhoods or the intervention 
on existing districts. The issue of urban regeneration of neighborhoods in 
key energy is today highly topical: most of the Italian Public Housing es-
tate reveals indeed today social, material and energetic decay. Particularly, 
we refer to public housing districts which have been built between the 
decade before the Second World War and the 80’s of the Twentieth Cen-
tury. These urban neighborhoods are today immediately recognizable into 
contemporary urban configurations: they indeed emerge as experiments 
which, in different historical periods, have tried to offer new visions on 
the theme of inhabiting, by the investigation and experimentation on the 
relationship between building typology and urban morphology. Condi-
tions of environmental and economic crisis characterizing contemporary 
society represent the reasons why there is today a new deep interest around 
these neighborhoods. 
Here the following the above mentioned questions will be generally dis-
cussed: particularly some reflections will be done on the case study of Tor 
Bella Monaca neighborhood.

5.1.1 The Virtual Power Plant model and the idea of Virtual Building
The progressive liberalization of the electricity sector and transition to-
wards decentralized systems based on on-site technologies require an in-
depth reflection on the future urban design. New layers of complexity 
need a multidisciplinary approach and a conscious design of the urban 
scale becomes necessary for the future energy management based on the 
Smart Grid model. 
Since Smart Grids are organized on decentralized and multiple genera-
tions, the district scale of urban design becomes crucial, indeed “at the 
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district scale it is easier to modulate the demand and supply profile by 
means of different forms of virtual or physical storage, by using technolo-
gies that scale economy makes more economically viable. The necessary 
step following the ZEB is the zero-energy district, prelude of the zero-
energy city” (2). 
The urban form will be necessarily and directly affected by this new model 
of energy management, with formal implications regarding to urban den-
sity and building typologies.
Within the discipline of energy and electric engineering an interesting 
concept is that one of Virtual Power Plant (VPP). The VPP concept 
consists of aggregating the capacity of many distributed energy resources 
(DER) in order to make them more accessible and manageable across the 
energy markets (3). By the aggregation of DERs, a single operating profile 
is created, to make it more accessible and manageable across the energy 
market . Virtual Power Plants can be defined as collective generators of 
renewable energy sources that can store and adjust energy output on de-
mand and at will (4). They can be employed to co-generate with current 
grids or operate alone. The Smart Grid model needs virtual power plants´ 
units to locally better control generation, storage and demand of energy 
of the system, which otherwise would be too complex to be managed in a 
properly way.
The energy district is the paradigm to identify a new sustainable energy 
system set on the concept of Virtual Power Plant: it is indeed intended as 
the spatial configuration of a Virtual Power Plant: a “unit” which inter-
faces  to the grid as a single profile. 
A further development of this concept could be then introduced, the one 
of “Virtual Building”: a Virtual Building could be defined as a group of 
buildings (e.g. buildings of a neighborhood) which operate in their rela-
tion with the grid as a single one. The Virtual Building concept is based 
on the virtual power plant model, since it is the result of aggregation of dif-
ferent buildings with an own energy behavior , so as to form a unit which 
interfaces individually to the energy grid. If we imagine the neighborhood 
as a Virtual Building, it is easy to consider it like a sort of huge hybrid 
building interfacing to the electric grid.

5.1.2 Why urban design at the neighborhood scale?
The main purpose of this section is to demonstrate that what has been 
analyzed at the scale of the building could work, and perhaps also with a 
greater level of effectiveness , even at the urban scale of the neighborhood, 
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considered as a Virtual Building. As mentioned, it is just at the scale of the 
neighborhood which in the last years, since the introduction of the concept 
of Smart Grid, the relationship between the energy network and buildings 
has been identified and defined: it appears quite clear if we consider the 
definition itself of “energy district”. However, this relationship has been 
mainly been focused on systems of energy production and distribution 
and on the development of ICT technologies for real-time control of de-
mand and supply. Urban morphology has almost not been involved into 
the reasoning, mainly focused on a purely engineering technical aspect.
We state that all the considerations we have analyzed through the case 
study in the previous chapter (R5 building) could then be easily trans-
ferred by analogy to the urban scale of the district, with even a better 
chance of energy saving.
This is because the district, compared to the building, has got:
a- Greater possibilities regarding to design actions: structural and dimen-
sional limitations of the building scale are significantly reduced, so that 
possibilities of urban settlements increase. Generally speaking, it is indeed 
easier to place mixed users and different functions at a larger scale that 
matches that one of the district, that within a single building.
b- Expected flattening of the load curve: while individual uses often show 
very peaky patterns linked to the individual system’s operation a large 
number of users show a smoothing of loads related to the time shifts of use 
patterns.  Hourly load curves indeed vary depending on the scale of the 
assessment yet above a certain number of households the systems can be 

44. Average energy load curves per number of households. We can notice that, with the in-
crease in the number of inhabitants, the average curve tends to be more uniform
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expected to behave similarly without showing a strong smoothing effect 
by further enlargement of the system boundary (5). This concept is at the 
base of the statistical discipline (refer to image 44)
c- Greater repeatability within the urban fabric: it is indeed easier to rep-
licate energetic self-sufficient districts than self-sufficient individual build-
ings (this is due to the typology itself of the hybrid, which cannot adapt 
to every kind of urban context and sometimes does not work if repeated 
several times into the urban pattern)
d- Greater efficiency of plants: up to a certain size, due to a scale factor, a 
unique big plant is more efficient than several smaller plants whose sum of 
powers is equal to the one of the big plant.
e- Chance to consider more consistent energy loads (refer to paragraph 
4.2.2 for cogeneration at the district scale), which are more interesting for 
the global energy management at a regional or even national scale

5.2 Case study at the district scale: Tor Bella Monaca 
neighborhood
The on-going reasoning could of course be applied both at the design 
of new neighborhoods or to existing districts. Particularly, it is interest-
ing a deep reflection on existing neighborhoods, which could quite easily 
function as energy districts through just simple targeted design actions. 
To do this, as mentioned, it would be necessary to replicate those features 
identified and verified through the development of the case study for the 
individual hybrid building. Next paragraphs are dedicated to an analysis at 
the district scale: once again new design operations are conducted, in order 
to test effects of the identified parameters (mixed users, different models of 
consumption, temporal flexibility, independence and self-sufficiency), but 
this time the study is carried on at the district scale, on Tor Bella Monaca 
neighborhood. This case study is just an outline for a possible develop-
ment of future research: it is indeed a highly simplified case that could 
only give a general idea of the potentialities of urban scale for a develop-
ment of energy management into the contemporary city. Since an accurate 
and precise energy simulation at the scale of the whole neighborhood is ex-
tremely complicated and involved parameters would be many and varied, 
here below a number of simplifications are conducted: they will be one by 
one explained in the following paragraphs.
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MICROGRID
(Virtual building)

MICROGRID
(Virtual building)

MICROGRID
(Virtual building)

45/46. The scheme shows the concept of “Virtual Building” as the aggregation of several buildings and utilities in-
terfacing to the grid as a single profile. According to this model, Tor Bella Monaca could be considered as a Virtual 
Building which works as a unit in its relation with the main energy grid

MICROGRID
(Virtual building)

VIRTUAL
BUILDING
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47. DRAWING 7
In the monofunctional layout the same building typology is repeated 6 times. The usage 
profile used for calculation is the one of the state of art, which has been reported 6 times. In 
the mixed users’ settlement building typology is again the same, but we have hypothesized to 
insert a different dwelling typology in each of the 6 buildings which compose the district. For 
convenience of calculation, usage profiles are taken from the ones of the dwellings designed 
at the building scale. This means that each building is hypothetically occupied by the same 
dwelling type and, consequently, by the same type of user. However, taken as a whole, the 
neighborhood is inhabited by mixed users

5.2.1 Mixed users
An example comparison between a monofunctional layout and a one in-
habited by mixed users is conducted. Analysis is led with the repetition of 
the same building, which is the one of the case study at Chapter 4 (R5). 
In order to get a precise analysis, calculation should be done analytically 
on every building of the neighborhood: however this type of calculation 
would be too difficult and not all the input data of the involved build-
ings are known.  For this reason a simplified model is created: R5 is then 
repeated 6 times and a different usage profile has been assigned to every 
building. Usage profiles are the same used for the different dwelling ty-
pologies of Chapter 4. Here the following the simplifications applied to 
the realized model are listed:
- All the repeated buildings are oriented at the same way and enough far 
away each other to not affect their mutual solar gains
- At the time when the effects of mixed users are tested, a usage profile for 
each of the 6 buildings is considered: this means that different utilities are 
not evenly spread in the 6 buildings. Taken individually, each building 
appears as monofunctional, but the whole group of buildings appears as 
inhabited by mixed users
The method is the same used at the scale of the single individual building 
(Chapter 4): the comparison of the energy load curves through standard 
deviations of each one of them (Image 53).
The energy load curves of the two different configurations may be ob-
tained from the sum of the individual load curves of each building. Once 
again, it is noticed that the group of buildings inhabited by different type 
of users has got a lower standard deviation, compared to the monofunc-
tional layout. This means that energy usage over time is more constant 
during the 24 hours of a day and energy peak loads are reduced compared 
to the ones of monofunctional settlement.



MONOFUNCTIONAL DISTRICT

MIXED USERS' SETTLEMENT



166

48. Used power for gas and electricity consumption in the monofunctional district composed of 6 buildings 
and the same type of users

a. Electricity / 1st January
b. Gas / 1st January
c. Electricity / 15th July
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49. Energy load curves for electricity consumption of each building of the mixed users’ settlement at a winter 
day (1st January) are here showed, to be lately summed in a general load curve. 
First graph represents the building with the usage profile of  Type a of the paragraph 4.3.3.2, the second one 
is the one of the building with the usage profile b, the third one corresponds to Type c, the fourth one Type d, 
while the fifth one has got the usage profile of Type e, f and g. What appears both from this graphs and from the 
following ones (Images 50 and 51) is that load curves have different peaks of demand: by the mixing of these 
buildings into the same urban neighborhood global peak loads are then intuitively reduced
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50. Energy load curves for gas consumption of each building of the mixed users’ settlement at a winter day (1st 
January) are here showed, to be lately summed in a general load curve. First graph represents the building with 
the usage profile of  Type a of the paragraph 4.3.3.2, the second one is the one of the building with the usage 
profile b, the third one corresponds to Type c, the fourth one to Type d, while the fifth one has got the usage 
profile of Type e, f and g

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0

100

200

300

400

500

600

700

800

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

Po
w

er



169

51. Energy load curves for electricity consumption of each building of the mixed users’ settlement at a summer 
day (15th July) are here showed, to be lately summed in a general load curve. First graph represents the building 
with the usage profile of  Type a of the paragraph 4.3.3.2, the second one is the one of the building with the 
usage profile b, the third one corresponds to Type c, the fourth one to Type d, while the fifth one has got the 
usage profile of Type e, f and g 
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52. Used power for gas and electricity consumption in the mixed users’ settlement composed of 6 buildings 

a. Electricity / 1st January
b. Gas / 1st January
c. Electricity / 15th July
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53. Curves of the daily consumption of gas and electricity of the two urban settlements.
Standard deviation of the two curves is compared in the 3 cases: what emerge is that standard deviation of the 
new design is always smaller. It means that peak loads are overall reduced

a. Electricity / 1st January
b. Gas / 1st January
c. Electricity / 15th July
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5.2.2 Different models of consumption
We have seen in paragraph 4.3.3.3 that different models of consumption  
could favor an on-site use of energy, if technologies such as cogeneration or 
trigeneration are integrated to the project. In this case some considerations 
are conducted not on the simplified model (as in the previous paragraph), 
but on the whole Tor Bella Monaca district.
At the scale of the neighborhood it is obviously easier to provide for a 
diversification of functions: according to a functional analysis, Tor Bella 
Monaca already hosts a great extent of residences, but also sport facilities 
(such as playgrounds and a pool), a service center with office activities for 
the community and retail, primary and secondary schools. This kind of 
layout, if implemented in its multifunctionality and associated with a tri-
generation plant and a set of storages, favors the simultaneous and in loco 
production of electricity and thermal energy in the form of heating and 
cooling, reducing the energy demand to the main electric grid. 
At the district scale, however, this type of system, if taken alone, could not 
be the most efficient one: what appears from literature review is indeed 
the importance at the district level of a diversification of energy sources. 
We can trace several recent studies investigating the coexistence of sources 
so as to maximize the global energy management of the district (6). At 
the scale of the neighborhood, together with cogeneration/trigeneration, 
it would be instead appropriate and extremely indicated to provide for the 
diversification of sources of energy supply, so has to have a better track-
ing of energy loads over time. This means that, in the case of blackout or 
general overload of one of these systems, still there would be other forms 
of supply which determine the energy independence of the neighborhood. 
Diversification of energy supply could be realized by the integration of 
renewable sources into urban design, such as thermal solar, photovoltaic, 
geothermal or wind power. At the district scale would therefore be impor-
tant, together with a diversification of functions, to start reasoning on the 
role of renewable technologies into urban design, on their relationship 
with buildings of the district and on their location inside the urban settle-
ment. Finally, at the scale of the district, it would be good to combine 
together a multifunctional layout which favors a system of energy offset-
tings and a diversification of energy resources, which contributes to allow 
a certain level of independence of the neighborhood from the main electric 
grid. At the end of the chapter urban strategies towards the Virtual Build-
ing model have been identified and reported through plans and sections’ 
diagrams: also, the best position to locate plants for energy production and 
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storages (trigeneration plant+thermal storages) has been identified (refer to 
Drawing 9).

5.2.3 Temporal flexibility
Temporal flexibility in the use of urban areas is commonly indicated as an 
important factor to determine success of a urban settlement in terms of 
social integration and livability. Since the first critics of the Modern Move-
ment it has been indeed indicated as an added value for development of 
urban settlements, since it is the means both to achieve a state of social 
mix and to avoid ghettoization. The “prevalent use of blocks” is an index 
which identifies the main functions into the urban fabric: it is extremely 
important to understand livability and behavior of a neighborhood. It is 
commonly used as a yardstick in urban policies, so much to be considered 
also a key indicator to determine the level of security of a district (7). This 
means that functions and temporal use of spaces are two strictly linked 
parameters.
From the analysis of energy behaviour at the building scale, it emerged 
that the availability to anticipate or post-pone some activities over time is 
particularly important for the global energy management of the building 
itself. At the neighborhood scale it is probably more complex to act on 
the use of spaces, by opening or closing them according to the real-time 
needs of the electric grid, since variables involved increase. However what 
becomes essential at the district level is the coexistence of functions with 
different time-usage over the day, so as to obtain an energy usage as much 
as possible uniform over the 24 hours: this means to fix the goal of mixed-
use districts both regarding to new urban design and regeneration of exist-
ing urban areas. Serge Salat defines some principles for the design of new 
neighborhoods responding to a sustainable approach: among them we can 
find Principle 1 (“High density and mixed use”), in which he emphasizes 
the importance to create a rich network of diversified destinations. This 
principle is reinforced and supported by Principle 6, in which he states the 
necessity to provide for heterogeneous communities. Both these principles 
have been analyzed since they favor social mix and they reduce travel dis-
tances, but they appear also essential to guarantee a more distributed use 
of spaces over time (8).
Alberico B. Belgiojoso states that the time factor is absolutely crucial in 
architectural design, as architects do not deal with static situations corre-
sponding to the starting time of the design action, but on the contrary each 
project might be analyzed in its temporal development. He then identifies 
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those factors in which the time variable becomes decisive: one of them is 
the functioning of the city itself, with its uses and activities over time (9).
Urban land policies are nowadays increasingly focused on the time factor, 
for an efficient and sustainable use of spaces.  
Reasoning on the role of the time dimension into urban design becomes 
then fundamental both for an effective design at the urban scale and also 
for an efficient use of energy, so as to distribute as much as possible energy 
loads over time. Spatial and temporal use of the city take therefore both 
the equal importance in the control of energy flows of the Virtual Build-
ing.

5.2.4 Independence and self-sufficiency
Storage systems are essential elements in the microgrid of the district scale. 
Particularly, they become fundamental if the microgrid is integrated with 
renewable sources at the intermediate scale of the neighborhood. As al-
ready stated, renewables are indeed characterized by a certain level of um-
predictability: that is why it would be important to guarantee a minimum 
threshold of stored energy for the energy supply of the district. 
Moreover energy production tipically takes place in certain moments of 
the day which usually don’t fit with the time of energy demand (for ex-
ample if we think about solar energy production it usually reaches the 
maximum level of performance during the central hours of the day, while 
the peak of energy demand is usually at late evening). Short term energy 
storages become essential to shift energy usage when it is more useful dur-
ing time.
For these reasons plants for energy storage are becoming more and more 
essential in the Smart Grid system at the urban scale and architects should 
take into consideration the issue of placement of this technological equip-
ment from the first steps of urban design.
They can both be located immediately close to the energy production 
(typically small storages close to every single building), or they can be 
bigger ones not strictly close to each user (where the user is intended here 
as every single building). In both cases the integration between plants and 
buildings or between plants and neighborhoods should be taken into ac-
count.
Sizing of storages at the district level is particularly complex since there are 
many involved variables: this type of work is purely related to engineering. 
What should be of interest to the architects is the role that this technical 
apparatus will take in the urban design of the city. These elements should 
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in fact not be considered only as a technical support to the built envi-
ronment, but as an integral part of the urban landscape of contemporary 
cities. Regarding to this topic, architectural compositional research is still 
mainly non-existent, but this issue would probably become crucial in the 
close future in order to define new urban spaces which will be able to reply 
to the contemporary energy emergence. 

5.3 Urban strategies
What emerge from literature review and the conducted analysis is that the 
intermediate scale of the neighborhood would be particularly favorable 
for the energy management of buildings in their relation to the grid. The 
main idea is to consider the district as a kind of big unique system (what 
we have called “virtual building”) facing to the grid as a unit. As we have 
seen at the building scale, even at the urban scale of the neighborhood, 
through a series of design expedients, it is possible to favor a good energy 
behavior for the district itself: these design operations are, again, linked 
to parameters we have already defined for the single building (mixed us-
ers, different models of consumption, temporal flexibility, independency 
and self-sufficiency) At the beginning of this chapter we have reasoned 
by analogy from the hybrid building, intended as an autonomous social 
condenser of activities, to the small neighborhood. We also found that 
neighborhoods are potentially even more suitable to act as “energy units” 
interfacing to the energy network because of several reasons, listed at para-
graph 5.1.2. Once affirmed and analyzed these potentials, here below some 
architectural design strategies and operations of regeneration at the urban 
scale which could affect the energy management of the neighborhood are 
synthesized through the instruments of plan and section diagrams (10). 
What emerge is that some typical operations which are typical of architec-
tural composition (design of the typology, design of the building’s ground 
floors and coverings, densification, integration between architecture and 
urban infrastructure) are able to produce beneficial effects on the energy 
management of the neighborhood itself. Architectural and urban design 
should therefore take on a crucial role in the necessary process of energetic 
regeneration of several urban areas of our contemporary cities. Energy ret-
rofit programs should not concern just the definition of parameters and 
minimum standards related to physical values of building elements and 
efficiency of plants. On the contrary energetic regeneration would be im-
proved by a conscious design at the urban and building scale, with a con-
scious attention to the functional program of the building/district.
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54. DRAWING 8
This series of drawing shows studies on the location of the plants for energy generation and storages in Tor Bella 
Monaca neighborhood. Provided indications are mainly related to the geographical location of the plants: the 
most important aspect is indeed their position into the neighborhood, which should be as much as possible 
baricentrical in order to reduce losses along the distribution line. Particularly, Drawing 8 shows urban voids of 
the neighborhoods, the areas for a possible location of generation plants and energy storages
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55. DRAWING 9
Plants are more efficient if located in a baricentric position. Some areas (coloured in black) are therefore not 
indicated to host the plants
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56. DRAWING 10
A general estimated of the necessary area for generation and storage plants has been conducted, taking into ac-
count that the whole district has got a population of 28000 inhabitants, while the studied block of R5 building 
hosts approximately 280 inhabitants (1/100 of the those of the district). The reasoning has therefore been con-
ducted by making a maximum proportion to get necessary area for thermal storages and electrical and thermal 
generation. Moreover square meters for production by solar photovoltaic have been hypothesized (they have 
been exstimated 5000 sqm) and a certain amount of surface for fire estinguishing pools and security systems 
has been considered. In the calculation a surface 10% more has been estimated, in the event of demographic 
or physical expansion of the neighborhood. Obtained value is approximately an area of 40000 sqm, to be com-
pared with the possible selected areas inside the neighborhood
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57. DRAWING 11
Baricentric position of the plants allows to reduce losses along the distribution lines
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58. DRAWING 12
Map of Tor Bella Monaca: section lines are indicated
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59. DRAWING 13
Sections AA and BB, scales 1:5000 and 1:2500
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Design of a new ground floor

Filling of the ground floor
Replacement of functions
Excavation

60. DRAWING 14
Sections AA and BB, scales 1:5000 and 1:2500
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Densification

Filling of urban voids
Stratification (Overwriting of new functions)

61. DRAWING 15
Sections AA and BB, scales 1:5000 and 1:2500
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Design of a technical basement

62. DRAWING 16
Sections AA and BB, scales 1:5000 and 1:2500
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63. DRAWING 17
Sections AA and BB, scales 1:5000 and 1:2500
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6.1 Results and recommendations for future work

The research work has attempted to give a new interpretation on the sub-
ject of energy in architecture.
As stated at the beginning of this work, there are many ways to interpret 
the energy issue into architectural design. As we have already focused by 
the essay in Chapter 2, the idea of summarizing the contribution of energy 
issue in architecture just in a few written lines would be absolutely sim-
plistic, since it has always been one of the key topics  and main issues of 
architectural design itself. However, through an extreme process of simpli-
fication, we could state that at the building scale the energy issue has been 
during time mainly faced in connection with the performance of materi-
als (concerning their physical parameters and their hygrothermal behavior 
towards outdoor climates), buildings and rooms’ orientation (with conse-
quences on the design of facades) and efficiency of plants. International, 
national and regional legislation of the early years of the new millennium 
have then defined minimum energy standards to be respected. This aspect 
has pushed technological research to always more performance materials 
and increasingly powerful systems.
At the urban scale there are also many studies on buildings’ orientation 
and urban density in relation to solar radiance and passive systems, from 
the first experiences and studies of Rationalists through researches devel-
oped during the Sixties and Seventies (e.g. researches by the Cambridge 
Institute) to more contemporary experimentations about sustainable dis-
tricts. While we can easily trace interesting applications on realized urban 
projects about the theme of energy in connection to urban patterns and 
density, the relationship between urban morphology and the energy net-
work has instead mainly remained at utopian studies, still very interesting 
and significant. Many of these were developed during the Sixties and Sev-
enties and they showed insights of technologies and urban configurations 
that are typical of the contemporary scene, but these formal proposals were 
not coupled with a technical apparatus that would allow the effective real-
ization of them (refer to paragraph 2.3).

These last few years have seen the beginning of a changing in the system 
of energy production and distribution in comparison with the traditional 
one, which was widespread till the first decade of the new millennium. 
The main thought behind this work is that these on-going changes neces-
sarily require a new kind of reflection on architectural design in relation to 
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the energy issue. The advent of Smart Grids and the need for a real-time 
regulation of energy flows are nowadays a pretext to reflect in a new way 
both on the relationship between the building and the grid and between 
the city and the grid. According to this new approach buildings should 
become active actors into the Smart Grid system: this promises to become 
a further step by the conceptual model of passive house to the one of ac-
tive house.   
This approach involves a new way of conceiving design in key energy: we 
argue, and the thesis work has been developed in order to demonstrate, 
that organization of a building (and of a neighborhood) could have ef-
fects on the global management and optimization of energy flows. The 
so called “organization” reflects, specifically, in the internal layout of 
a building (or a district) and subsequently on the functional program, 
which has got obvious influences both on building typology and urban 
morphology. This is an extremely powerful concept, since it means that 
building typology and urban morphology are able to affect the manage-
ment of energy flows.
Right to investigate the relationship between functional program and en-
ergy management, the theme of “building envelope” at the architectural 
scale has been deliberately neglected, considering into the reasoning just 
aspects related to the functional program and architectural layout.
Chapter 4 is related to an analysis at the building scale. At the beginning 
of the chapter some parameters which could favor a successful relationship 
between buildings and the Smart Grid in the key of the energy manage-
ment are hypothesized. What emerge is that these parameters are all re-
lated to a hybrid configuration. Through development of a case study they 
are one by one tested and proved by an architectural re-design and results 
are verified by the use of a software for energy simulation of the state of 
art and design. 
Hybrid buildings are widely being researched and experimented within 
the contemporary architectural scene for several reasons. They indeed are 
dense buildings where activities are concentrated with a consequent sav-
ing of soil, they favor the coexistence of live and work with a consequent 
reduction of car usage and they tend to attract different types of users, 
since the offering of services is varied and responds to different needs. Un-
derstanding their potential from the energy point of view is then extremely 
interesting for the research on the architectural typology. It means indeed 
that their potentialities could also be used to improve the energy manage-
ment of the building facing to the grid. 
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Research work has established a close relationship between type and en-
ergy, but certainly the study on the type in key energy which has been 
developed through this work is just at the beginning: it represents a breed-
ing ground for future experimentation and it could involve in the future 
even other building typologies besides the residential one. Particularly, it 
would be extremely interesting to extend the reasoning started on residen-
tial buildings also to other building types. 
While at the architectural scale the energy impact of the hybrid building 
type has been analyzed and tested through design and the use of a tool 
for quantitative verification (EnergyPlus through the graphical interface 
of Design Builder software), the analysis at the urban scale remained at a 
more general level. Firstly, the possibility of reasoning by analogy between 
the hybrid building model and a mixed neighborhood has been observed.  
At the urban scale a model of mixed use and multifunctionality could 
indeed generate the same benefits that the ones at the building scale and 
even more, since involved energy loads are more considerable and the mul-
tifunctional model at a larger scale is easier to be replicated several times 
into the urban pattern. The work has been limited to a general consider-
ation of those parameters analyzed at the scale of the building in relation 
to the whole Tor Bella Monaca neighborhood: they have been discussed 
in order to give a general idea of possible reflections of the Smart Grid at 
the district level. 
Reasoning at the scale of the neighborhood, however, introduces the de-
velopment of new interesting scenarios of future research. Necessity to 
integrate urban forms with urban flows appears as evident, so as to create 
a coordinated spatial structure which is able to maximize potentialities 
of the grid. As already stated, there are several factors that contribute to 
define urban morphology which have been already studied in relation to 
the energy issue, such as land use, density, connectivity, proximity, green 
infrastructure. 
However the relationship between urban form and energy grid to reach as 
much as possible flexibility in the management of energy flows is surely a 
field of investigation for the close future. A new and innovative design ap-
proach has therefore to be developed to reply to the on-going deep change 
into the energy chain. The thesis work has introduced the issue of the new 
electric grid and energy management in relation to architectural design 
and first possible responses to it. However the study represents a first step 
of investigation and the relationship between the architectural form and 
management of energy flows surely deserves the attention of future re-
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search. Particularly, as stated, it would be interesting to extend the reason-
ing both to other building typologies and, at a deeper level, at the scale of 
the neighborhoods through energy simulations and design applications on 
pilot case studies.

6.2 Glossary

Balancing Controlling electricity production so that it fully matches elec-
tricity demand (KLIMSTRA, 2011)

Cogeneration Method based on simultaneous production of different 
forms of secondary energy (electricity and heat) from a single source (ei-
ther fossil or renewable) and implemented in a single, integrated system

Demand shifting and peak reduction Energy demand can be shifted in 
order to match it with supply and to assist in the integration of variable 
supply resources. These shifts are facilitated by changing the time at which 
certain activities take place and can be directly used to actively facilitate a 
reduction in the maximum (peak) energy demand level (AA.VV, Technol-
ogy Roadmap, Energy storage, International Energy Agency, 2014)

Distributed Generation (DG) Set of  small to medium generation plants 
distributed in a certain territory, designed to respond to the needs of local 
users, physically located close to the plant themselves. Distributed genera-
tion has started to be developed because of the liberalization of the energy 
market and spread of renewable sources.
  
Distribution Grid System that distributes electricity or gas to households, 
commercial users, and small industries (KLIMSTRA, 2011)

Energy Amount of physical work stored or delivered to a process. In the 
international system energy is measured in joule. European and national 
regulations also suggest the use of kWh.
Energy can be directly associated to an in-place process producing work 
or it can be potential energy. Energy is known in a variety of forms: the 
six main forms of energy are: chemical, electrical, radiant, mechanical, 
nuclear and thermal energy.
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Energy district Territorially localized settlement using energy which is 
configured as a single controllable unit in it relation with the electric grid. 
An energy district is a urban settlement which is capable of operating in 
parallel to the main energy network. Its notion is partly overlapped to the 
one of micro grid.

Energy efficiency Using less energy for the same work (MOE, 2013)

Energy management Planning and operation of energy in order to achieve 
resource conservation and  sustainable development and maximize cost 
savings

Energy simulation Procedure performed by the use of a software through 
which it is possible to define energy requirement of a building as a func-
tion of input parameters (SWAN L., UGURSAL V.I., 2009)

Energy storage Storing energy for later use (KLIMSTRA, 2011)

Final energy use Energy used by end consumers, such as industries, com-
mercial users and households. Final use does not include the energy con-
sumption needed for processing fuels or power plant losses (KLIMSTRA, 
2011)

Hybrid building Building typology based on the coexistence, in the same 
structure, of different functions and programs interacting each other. The 
peculiar feature of the hybrid building is multifunctionality, so that it 
tends to appear as a self-sufficient building, a sort of City within the City 
(FENTON, 1985)

Latent heat Quantity of heat absorbed or released by a substance under-
going a change of state (e.g. ice changing to water) (AMERICAN HERI-
TAGE DICTIONARY OF THE ENGLISH LANGUAGE, 2011)

Micro grid Portion of the distribution system which includes units for 
distributed generation, energy storage systems and loads. From the main 
electricity grid, the micro grid is seen as an independent controlled entity.
 
Peak load Maximum load that occurs during a certain time span
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Power The capacity to perform work within a certain time span (joule/
second=watt)

Reliability The probability, often expressed in percentage of time, that a 
machine can statistically perform its duty (KLIMSTRA, 2011)

Renewable energy Energy not resulting from fossil fuels or nuclear fuel 
(KLIMSTRA, 2011)
 
Renewable sources Energy sources that, unlike fossils or nuclear, may be 
considered inexhaustible. Renewable sources include biomass, hydro, geo-
thermal, solar, wind, ocean thermal, wave action and tidal action (EPBD 
DIRECTIVE 31/10/EU)

Sensible heat Thermal energy which is able to produce a temperature 
change in a certain substance (it is defined “sensible” because it produces 
an appreciable effect: the temperature variation). The formula of the sen-
sible heat is Qs=mc∆T, where
m is the mass of the substance exchanging heat
c is the specific heat of the substance
∆T is the variation of temperature produced by the heat exchange

Smart Grid a Smart Grid is an electricity network that can intelligently in-
tegrate the actions of all users connected to it – generators, consumers and 
those that do both – in order to efficiently deliver sustainable, economic 
and secure electricity supplies (EUROPEAN SMART GRIDS TECHNOL-
OGY PLATFORM, 2012) 

Trigeneration Simultaneous production of electricity/mechanical energy 
and thermal energy (both heating and cooling) by using the same energy 
source

Variable renewables Technologies such as wind, solar, run of river hydro 
and tidal where production of electricity is based on climatic conditions 
and therefore cannot be dispatched based on a need for additional power 
alone (INTERNATIONAL ENERGY AGENCY, TECHNOLOGY ROAD 
MAP)

Virtual building Group of buildings (e.g. buildings of a district) which 
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operate in their relation with the grid as a single one. The virtual building 
concept is based on the virtual power plant model since it is the result of 
aggregation of different buildings with an own energy behavior to form a 
unit which interfaces to the energy grid.

Virtual Power Plant (VPP) Cluster of distributed generation installations. 
The VPP is an aggregation of distributed energy resources (DER) so as to 
make them more accessible and manageable across energy markets
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