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a  b  s  t  r  a  c  t

Energy  Efficiency  (EE)  has  become  a common  target  for all buildings:  the  European  Directive 2010/31
specifies  that  every  new  building  must  consume  very  little fossil  energy  (Nearly  Zero  Energy  Building)
by  2020;  this  deadline  for  public  buildings  is  fixed  by the  end  of 2018.

However,  modify  the  existing  heritage  is not  easy.  This  is particularly  true for  historical  public  buildings
belonging  to  the  cultural  heritage,  because  many  energy  solutions  in the  field  of  renovation  are  not
compatible  with  historic  constructions,  which  need  to  preserve  authenticity  and  integrity.

The  paper  discusses  this  critical  issue  by  using  a particular  building  in Italy:  analysis,  diagnosis  and
energy  audits  have  been  developed  for the  case  study  of  the  School  of Engineering  in  Bologna,  a  represen-
tative  building  in  the  history  of modern  construction.  Results  of the  microclimate  monitoring  campaign
in  different  classrooms  show  how  the  lack  of thermal  control,  together  with  poorly  insulated  envelopes’
components,  determine  high  energy  consumption.  Selected  modifications  with  a minimum  impact  have
been  considered  for the  energy  retrofit.  Results  show  a potential  energy  saving  up  to  32%,  demonstrat-
ing  how  energy  saving  in  historical  buildings  may  be  achieved  by means  of  limited  and  non-invasive
interventions  on physical  and material  processes.

© 2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

It is urgent to reduce the energy consumption of the global build-
ing stock: in the European Union, approximately 40% of the energy
consumption is attributable to buildings across the public and pri-
vate sectors. In many European countries, the implementation of
the Directive on the Energy Performance of Buildings [EPBD] [1] has
reduced the energy consumption of new buildings within the last
10 years. However, new buildings increase the building stock by
only around 1–1.5% every year, while the renovation rate is about
1.2–2% per year [2,3]; considering the current rates of construction,
demolition, and renovation across Europe, around 80% of the 2030
building stock and 70% of the 2050 building stock is already built.
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Today 30% of existing buildings are historic buildings; as they are
less energy-efficient than new buildings they account for more than
30% of the energy consumption in buildings. Yet, increased comfort
expectations and energy demand represent a particular challenge
in buildings of historic value, because energy-saving solutions in
the field of renovation are not so easily implemented within such
infrastructures, which need to preserve authenticity and integrity.
On the other hand, the need to save increasing energy costs con-
nected with historic building management and maintenance is a
challenging priority in the framework of Energy Efficiency pro-
grammes in Europe, whose targets are to meet within the 2020 (and
beyond) a significant greenhouse gas emissions reduction and a net
improvement in energy saving and energy cost decrease. In fact, the
European Directives 2002/91/CE, known as EPBD and 2009/28/CE
[4] have focus on the promotion in Europe of a series of actions with
the aim of improving the energy efficiency in existing buildings.
There is a wide range of retrofit technologies readily available and
methods to identify the most cost-effective retrofit actions [5]. In
fact, retrofitting historic buildings is a matter of improving the qual-
ity and energy-effectiveness of buildings; however, the buildings’
service life must not be compromised.
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To upgrade the historic building stock, energy retrofitting
should be founded on robust but non-invasive energy-efficient
measures.

In Europe and particularly in Italy, where the number of his-
torical buildings is significant, the enhancement of the energy
performance of old buildings is always coupled with the issue of the
artistic conservation; this introduces a series of constraints which
can strongly limit the energy retrofitting actions. Currently, energy
retrofits are not mandatory for historical buildings [6] in Italy [7]
but this theme is becoming strategic for a country holding about
70% of the historical and artistic heritage of the whole world [8].

Furthermore, in public buildings, and especially in educational
buildings, also indoor comfort conditions have to be considered [9],
taking into account the growing attention to thermo hygrometric
comfort and indoor air quality given by the recent environmental
standards [10–12].

The present paper discusses on the critical issue of dealing on
energy and comfort in a particular building belonging to the con-
struction history in the frame of modern architecture in Italy, the
School of Engineering in Bologna.

2. The School of Engineering and Architecture in Bologna

The Faculty of Engineering of Bologna is located at the basis
of the Osservanza hill, inside the park of the ex-Villa Cassarini,
just outside the rest of ancient city walls, close to Porta Saragozza.
Designed by Giuseppe Vaccaro in 1929, it was built between 1933
and 1935 by Giuseppe Grazzini & Sons Enterprise. The build-
ing design and construction period is recognizable as the Italian
Architecture of the Fascist regime, marked by a special rationalist
character. This character was only apparently coherent with the
European contemporary trends: it appears to be more depended
on the personality of Vaccaro, emerged in a period when the Ital-
ian architecture was “suspended” in a kind of dualism between a
monumental/celebratory style and a rationalist principle, conceiv-
ing architecture as an essential and formal expression of pureness
[13–15]. His architectural works reflect the heritage of rationalism,
seeking for a balance between modernity and tradition. As Marcello
Piacentini wrote: “The modernity of Vaccaro is (. . .)  a firm, rational,
calm, Italian modernity, whose idea is never dominated by technol-
ogy and whose elements always have a balance between practical
and expressive function (. . .).  In the absolute unity, everything is
necessary and it is in its own place. Thus he reaches a final mon-
umentality” [16]. Being a building that combines art composition,
functional distribution and technological know-how in a rational
overall correspondence between architecture and structural frame,
the Faculty of Engineering of Bologna is one of the works that best
embodies the principles of the Vaccaro’s design method [17,18].

Different planning variants designed by Vaccaro prove the diffi-
culties to integrate the new building in a context characterized by
natural and anthropic pre-existences; nonetheless, in each differ-
ent solution we can recognize the constant presence of a comb-like
scheme in the layout. This scheme has been selected and finally
adopted as the most effective solution to the problem of the inter-
nal distribution for a school building complex (Fig. 1). In its final
configuration, the School covers about 6100 square meters, with
a height of four floors and a lower level for a limited portion [19].
The comb-like scheme layout is divided into several blocks – where
the different Institutes of the school were placed-connected by a
central body consisting of the proper corridor and the adjacent
laboratories and design classrooms.

The connection between the blocks is granted from a long and
straight central corridor, which also provided access to the large
design classrooms, one for each study course and for each floor;
the Northeast orientation gave these areas the proper lighting con-

dition. To optimize the contribution of ventilation and the comfort
zone for students, the classrooms were equipped with special sys-
tems of windows’ types that, in milder seasons, enable the students
to learn in a “open veranda” overlooking the nearby park.

The main entrance of the building is placed on the western
side, with a large canopy on the entrance, made up of a reinforced
concrete covered with pink marble from Verona and gold-bronze
metal layers. The administration and representative rooms, such as
the direction and the secretariat, are accessible through the main
staircase; in fact, this is richly covered by marble and equipped
by a brass handrail and provides a direct access to the Main lec-
ture theatre and to the Council Room of teachers. The school also
hosts a very rich archive located in the 45 m high tower, whose top
was used as a geodetic observatory overlooking the main entrance.
The building was  equipped with the most advanced technical and
plant equipment of the time and technological innovation was vis-
ible in the finishing components. The external facade, for example,
was entirely covered with “Terranova”, a plaster characterized by
a special waterproof resistance thanks to its composition based on
quartz and a pre-mixed pigmentation. The technological innova-
tion and the introduction of reinforced concrete frame allowed to
separate the bearing structure from the facade system and rep-
resent the key components structuring the north-east front: the
creation of ribbon windows combines the facades’ composition, the
classrooms’ orientation requirements and the relationship with the
surrounding environment. The use of “ferro-finestra”, a metal pro-
files specially designed to reduce the size of the opaque portion on
the glass, provided a continuous glazed surface almost 50 m long.
The drawing classroom of the third course was also equipped with
a special system of fixture, which was entirely mechanically fold-
able for a length of 35 m,  an original system patented by “Curti”
S.A. Company. These large windows gave the building a horizontal
rhythm, interrupted only by the verticality of the representative
areas near the main entrance, which culminated in the tower, as the
memory of the Bolognese tradition. The whole result is a solid archi-
tecture, based on the balance between the static feature derived by
the full masses of brick and plaster, and the typical dynamic sense
of both layout articulation and largely windowed facades.

3. Thermal characteristics of the building and the plant
system

The building has a total dissipating surface area of 30,932 m2

and a gross conditioned volume of 123,096 m3; the heated floor
area is about 21,300 m2. The ratio of the dissipating area to the
gross volume, which indicates the compactness of the building, is
0.25.

As described, the building envelope is made of reinforced con-
crete and pillars with an average thickness of 35 cm.  Opaque
vertical walls are characterized by a thickness between 60 and
80 cm and are basically in masonry brick with the presence of
an unventilated air layer (10–30 cm). The total exposed verti-
cal opaque area is about 9316 m2 with an average U-value of
1.10 W/m2K, calculated according EN ISO 6946 [20].

Windows cover an area of about 3777 m2, which corresponds to
29% of the total vertical surface (13,093 m2). Most of windows are
made with a single glass and a metal frame and they have an average
U-value equal to 4.90 W/m2K, according to standard EN ISO 10,077
[21]. On the other hand, 14% of the windows have been renewed
in 80s–90s years; they are equipped with double glasses and their
average U-value is about 2.90 W/m2K. As mentioned before, most of
frames are made of metal and in many cases they are in the original
condition. However, due to recovery interventions carried out at
different stages in the last thirty years, windows with the original
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