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Abstract. The energy retrofit of residential buildings towards net-
ZEB standard represents today the best practice to reduce significantly 
energy demand and dependence on fossil fuels. In order to get the net-
ZEB standard in retrofitting actions, this paper proposes a flexible 
technical solution for improving the energy performance of the Italian 
residential real estate built in 1950-1990, i.e. before the enforcement 
of specific regulations about the reduction of energy consumption. To 
this aim, a typical apartment block located in Catania (Sicily) has been 
considered as a case study. For this building, a new modular façade 
system has been designed, hosting ceramic and photovoltaic panels. 
These panels represent a good compromise in terms of aesthetic quali-
ty and efficiency, and are supposed to be combined in order to maxim-
ize the solar energy collection and to enhance the architectural image. 
The proposed system will be installed through a steel frame, which al-
lows easy application and effective rear panel ventilation, while an in-
sulation layer is provided to improve the thermal transmittance of the 
building envelope. The improvement of the envelope insulation and of 
the energy systems, as well as the on-site energy production, allow 
reaching the net-ZEB standard, with an investment payback time of 7-
11 years.  

Keywords. Energy retrofit; net-ZEB; BIPV; double-skin façade; 
recladding. 

1. Introduction 

According to the National Energy Balance 2012, Italy – like many other in-
dustrialized countries worldwide – still covers almost 80% of its energy de-
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mand by using fossil fuels. About 40% of this demand comes from house-
hold and tertiary sector (Atanasiu and Kouloumpi, 2013), and about two-
thirds of this rate is due to space heating and cooling. 

Therefore, any action on household and tertiary energy consumption, in 
terms of sustainability and efficiency, is undoubtedly a priority, with consid-
erable advantages on both the economic and the environmental point of 
view. In particular, as stated by Boßmann et al (2012), by 2050 in Europe the 
energy retrofit of residential buildings can potentially reduce the final energy 
demand in the household sector by 71% and the overall final energy demand 
by nearly 20%.  

These significant rates can further grow in a country like Italy, where al-
most 60% of the current residential real estate has been realized between 
1950 and 1990 (Figure 1), i.e. before the enforcement of the first specific 
and comprehensive national regulation for the reduction of energy consump-
tion in buildings (Law 10/1991). As a consequence, most of the Italian resi-
dential buildings are characterized by energy performance significantly un-
der the limits set by current regulations. 
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Figure 1. Italian residential buildings by year of construction (taken from 2001 and 2011 

census data of ISTAT - National Institute for Statistics). 

Based on this premise, the energy refurbishment of the real estate built 
from 1950 to 1990 represents in Italy an essential and unavoidable mission. 
This improvement may be achieved in two different ways: 

1. Through demolishing and rebuilding practices 
2. Through retrofitting practices 
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Nevertheless, several studies have assessed that – in terms of LCA, 
LCCA and embodied CO2 – retrofit solutions based on eco-friendly materi-
als are more sustainable than demolishing and rebuilding practices. In fact, 
in some cases demolishing and rebuilding a house requires an amount of re-
sources up to 8 times higher than in case of refurbishment (Yates, 2006; Ire-
land, 2008; Power 2010).  

In order to assess the potential of the energy retrofit practice in Italy and 
to select, develop and validate appropriate renovation actions, a case study 
has been selected, i.e. a typical apartment block built in the early eighties in 
Catania (Sicily). Apartment blocks represent the most common building type 
realized in Italian urban contexts in the considered period (1950-1990), 
hence the results might be easily extended to a large number of similar cases 
in mild climate. 

Furthermore, it should be noticed that Italian buildings from 1950 to 1990 
are not only highly energy consuming, but they also often present a modest 
architectural image, because of shortcomings during the phases of design, 
construction and/or maintenance. In this sense, the energy retrofit represents 
an interesting opportunity for improving the energy performance, as well as 
the urban and architectural image.  

Finally, when approaching the energy retrofitting of existing residential 
buildings, one should also bear in mind the additional aim of reaching the 
net-ZEB standard, as set by 2010/31/EU directive. 

2. Retrofitting strategies for apartments blocks 

Nowadays, the most common and cost effective retrofitting strategies for re-
ducing the energy demand of residential buildings consist in the improve-
ment of the envelope insulation and of the heating and cooling system. On 
the other hand, photovoltaic (PV) and solar thermal panels represent the 
most widespread solutions to produce the energy needed for setting at zero 
the primary energy balance, thus reaching the net-ZEB target. These strate-
gies will be also applied to the apartment block selected in this study. 

Nevertheless, apartment blocks, which commonly present at least five 
storeys, pose serious obstacles to an energy refurbishment aiming at ap-
proaching the net-ZEB standard. In fact, the surface available on the roofs 
for the installation of solar systems is usually not sufficient if compared to 
the actual energy needs of the buildings. Hence, the possibility of using fa-
çades as active multifunctional components should be considered. However, 
this kind of interventions may contrast with architectural constraints and in-
stallation problems, as well as with a reduced solar energy productivity. 
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In this framework, this study will design and validate – from an architec-
tural and energy point of view – a flexible system of modular panels sup-
ported by a steel structure, that can be adapted to the existing façades of 
apartment blocks to hold both PV systems and current cladding materials, 
such as ceramic, stone, metal, etc. An air cavity between the new cladding 
and the existing walls will shade the building from solar radiation in sum-
mer, cool the PV modules and increase drying. The integration of solar 
thermal collectors in the façade will be here avoided, since these systems 
need technological solutions and hydraulic connections that are not advisable 
in terms of installation and maintenance costs. However, solar thermal pan-
els will be provided on the roof, in order to fulfil the Domestic Hot Water 
(DHW) demand. 

3. A case study in Southern Italy 

The selected apartment block belongs to a social housing compound located 
in Librino (Figure 2), a suburb lying southwest of Catania, designed by the 
Japanese architect Kenzo Tange in the mid-seventies as a satellite city mod-
el. This complex, built between 1980 and 1983 and owned by IACP (Italian 
authority for social housing), consists of several multi-storey buildings, that 
can be considered as representative of the most common building type real-
ized in Italy in 1950-1990, which turned out to be highly energy-consuming 
because of the lack of specific regulations, and often because of poor con-
struction quality. 

 

  
Figure 2. Site plan and aerial view of the compound, with evidence of the selected building. 

Among the apartment blocks belonging to this compound, building 6A 
(Figure 2) has been selected for the case study, as it presents a number of 
features representative for this specific building type: 9 storeys, main façades 
facing south and north, blind east and west façades, balconies, flat roof. 

Building 6A has a longitudinal development of 51.6 meters, with a 
ground floor hosting porches, shops and common spaces. The 32 apartments, 
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located in the upper eight storeys, are served by two symmetrical staircases. 
Each flat has a living room, three bedrooms, a kitchen, a bathroom and laun-
dry, with a total surface of nearly 95 m2 (Figure 3, Figure 4).  

 

  
Figure 3. Recent view of the south-facing (left) and north-facing (right) front of building 6A. 

This apartment block has a prefabricated construction, consisting of “tun-
nel” shaped concrete modules, mainly oriented northwards and southwards. 
The 21-cm thick outer walls are prefabricated too, and made by lightweight 
concrete. The windows have steel frames with a double 4-mm sealed glaz-
ing, and roller shutters for sun shading. The roof has a very low slope (below 
10%), and consists of asbestos cement sheets supported by concrete gables, 
which correspond to the bearing cross walls. There is a ventilated air gap be-
tween the last ceiling and the roofing sheets. No insulation layer has been 
provided, neither on the outer walls nor on the roof. 

In the northern front, many balconies have been recently closed with 
windows in order to increase the living surface. This practice, that is often 
illegal, has compromised the architectural image of the building (Figure 3, 
right). According to technical documents provided by IACP, the building 
should have been equipped with a 390 kW diesel oil boiler, which actually 
has never been installed. Therefore, occupants use electric or gas heaters 
and/or individual heat pumps to heat their apartments. 

 

 
Figure 4a. Floor plan of building 6A. 



510  G. EVOLA AND G. MARGANI  

 

 
Figure 4b. South-facing façade of building 6A. 

3.1. ENERGY ISSUES 

According to the retrofitting strategies identified in Section 2, first of all the 
whole opaque building envelope will be insulated so as to comply with Ital-
ian regulations for new constructions. Then, the façades will be provided 
with a new modular cladding system holding PV panels, while the flat roof 
will be equipped with solar thermal collectors for DHW production. 

As concerns the insulation of the envelope, the outer walls corresponding 
to the balconies facing south, as well as the entire north-facing façade, will 
be plastered with an external thermal insulation composite system (ETICS). 
The adopted insulating material is stone wool; the thickness ranges from 7 to 
8 cm according to the desired U-value. The same material, but with a higher 
density, is used to improve the thermal insulation of floors and roofs. Table 1 
shows the values of the thermal transmittance before and after retrofit; all 
values after retrofit comply with current Italian regulations. 

This kind of intervention is also useful to correct thermal bridges; how-
ever, it does not allow reducing thermal bridges due to balconies and win-
dow frames (Evola et al, 2011). The refurbishment of the envelope does not 
contemplate the substitution of the windows, since they already have a good 
thermal performance (U = 3.5 W·m-2·K-1) and their replacement would not 
represent a very effective solution. 

Then, the thermal load for sensible heating and cooling was calculated 
through dynamic simulations carried out with Design Builder, both before 
and after the proposed intervention on the building envelope. In order to per-
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form the simulation, a constant air flow rate for infiltration was considered, 
corresponding to 0.5 ach. 

Table 1. U-value of the envelope before and after retrofit (in W·m-2·K-1)  

Building component  Before retrofit After retrofit 

Reinforced concrete cross walls  4.10  0.39 

Lightened concrete outer walls  1.94  0.39 

Lightened concrete stairway walls  2.23 0.40 

Ground floor outer walls  1.53 0.39 

Roof  3.83 0.31 

Floors 2.49 0.33 

Thanks to the suggested intervention, the peak heating load in winter de-
creases from 202.7 kW before renovation to 76.6 kW after renovation, with a 
reduction of 62.2%. In particular, the reduction in the heat losses through the 
walls is equal to 85%, as this term is now worth only 14 kW instead of 97.5 
kW. On the other hand, the peak sensible cooling load in summer now 
amounts to 56.6 kW, with a reduction by 55.7% if compared to the value 
calculated for the current situation (127.8 kW). 

If looking now at the heating system, its current overall seasonal average 
efficiency – which is considered as the ratio of the thermal energy demand of 
the building to the corresponding primary energy demand during the heating 
season – is around 0.68. This efficiency value turns out to be well below the 
minimum value required by Italian legislation for a new heating system con-
textually to building renovation, which in this case would amount to 0.83. 

For this reason, the possibility of replacing the existing heat generator 
was considered. In particular, the choice of an electrically powered air-water 
reversible heat pump has been made, thus having the possibility to manage 
both heating and cooling loads. The average effectiveness of the heat pump 
is estimated as COP = 3.1 in winter and EER = 2.7 in summer. 

However, the replacement of the old heating system with a high efficien-
cy heat pump entails the need to replace also the supply units. Indeed, the 
old radiators are incompatible with the operating temperatures of the heat 
pump, i.e. between 40°C and 55°C. For this reason, the installation of fan 
coils in place of the old terminal units was assumed, while taking advantage 
of the existing riser columns for the pipes. 

As concerns the production of DHW, the retrofit intervention envisages 
the installation of flat-plate solar thermal collectors on the roof of the build-
ing. These collectors may be conveniently placed on the flat roof with a 
slope of 40°, without any problem of shading. 
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Finally, the choice of the PV modules to be installed on the façades has 
fallen on Cadmium Telluride modules. Indeed, even if they show a lower 
nominal efficiency than the more common monocrystalline silicon modules, 
they also show high performance under diffuse light, which is often predom-
inant on the façades.  

In particular, the size of the selected panel is 0.55 × 1.25 m; the peak 
electric power is 95 W, the efficiency under standard conditions is 13.2%. 
The annual yield of such PV modules has been calculated starting from sta-
tistical data about the solar irradiance available on vertical surfaces in Cata-
nia. The analysis takes into account how the efficiency of the PV modules 
depends on their current temperature. As a result, the annual electric energy 
yield expected on each façade is as follows: 

• South-facing façade: 147.8 kWh/(m2 year); 
• East-facing façade: 111.3 kWh/(m2 year); 
• West-facing façade: 110.1 kWh/(m2 year). 

3.2. ENERGY BALANCE TOWARDS THE NET-ZEB  

When evaluating the energy performance of a building in order to assess its 
compliance to the net-ZEB standard, it is common practice to evaluate the 
overall annual primary energy consumption (PE) through the relation:  

PE = PEH + PEC + PEW + PEV + PEL – PERE  (1) 

Here, the energy uses considered for assessing the energy performance 
are those related to space heating (H), space cooling (C), production of do-
mestic hot water (W), ventilation (V) and lighting (L). Actually, electricity 
use for household appliances is not included in the current scope of the Eu-
ropean Directive 31/2010. As concerns the primary energy consumption 
avoided thanks to renewable energy sources (PERE), only on-site contribu-
tions will be considered, i.e. only energy produced within the building foot-
print. Furthermore, the energy consumption is normalized with reference to 
the net floor area of the building (Evola et al, 2014). 

In the selected building, no mechanical ventilation is installed, nor it will 
be introduced during refurbishment, hence PEV = 0. The terms in Eq. (1) as-
sociated to space heating (PEH) and space cooling (PEC) are determined with 
the software Design Builder. The electric energy consumed by the heat 
pumps is converted into primary energy by introducing the average efficien-
cy for the production and the distribution of electric energy through conven-
tional means, which is conventionally set to 46%. 

Moreover, in the attempt of having a more comprehensive view of the 
energy performance of the building, it was decided to include in the term 
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PEL also the electricity consumption for the household appliances, together 
with that related to artificial lighting. Such contributions were roughly eval-
uated by considering well-established statistical data about electricity con-
sumption in residential buildings in Italy; thus, PEL = 3000 kWh/year per 
apartment before retrofit, and PEL = 2500 kWh/year per apartment after ret-
rofit. This reduction is justified by the recent very widespread use of high 
efficiency lamps and electric appliances.  

Table 2. Primary energy balance before and after renovation (without renewables)  

 PEH PEC PEW PEL PE 

 [kWh m-2 y-1] [kWh m-2 y-1] [kWh m-2 y-1] [kWh m-2 y-1] [kWh m-2 y-1] 

Before renovation 62.2  10.4 21.0 63.7 157.3 

After renovation 10.3  9.0 12.4 53.1 84.8 

Reduction  83.4%  13.4% 41.1% 16.7% 46.1% 

 
Table 2 shows that the proposed retrofit interventions on the envelope 

and on the energy systems may introduce, on the whole, significant primary 
energy savings. Indeed, the overall primary energy needs of the building 
would decrease from 157.3 to 84.8 kWh/(m2 year), i.e. by about 46%. At this 
stage, the reduction of the primary energy consumption for DHW is due to 
the use of a heat pump in place of the existing diesel oil boiler. Here, no con-
tribution in terms of renewable energy has been considered yet. 

Now, let us consider the potential primary energy savings introduced by 
the installation of solar thermal and PV systems described in Section 3.1.  

As concerns the solar thermal system, the calculations based on the F-
chart method allowed to estimate that it is sufficient to install 76 m2 of solar 
collectors (2.4 m2 per apartment) to cover the 90% of the annual energy need 
for DHW. The remaining 10% of the energy needs for DHW will be provid-
ed by a gas-fuelled heat generator. Hence, the solar thermal system would 
further reduce the primary energy consumption for DHW from PEW = 12.4 
kWh/(m2 year) to PEW = 1.5 kWh/(m2 year), which takes into account the 
electricity consumption of pumps and control system. 

Regarding the PV modules, the calculation of the overall PV surface is 
based on the intention to reach the net-ZEB standard. From Table 3, it is 
possible to observe that the overall primary energy consumption of the build-
ing without PV systems (PEH + PEC + PEW + PEL) would be as high as 73.9 
kWh/(m2 year). Hence, the annual electricity production needed from the PV 
system is 34.0 kWh/(m2 year). Indeed, by dividing this value to the average 
efficiency for the electricity production and distribution, conventionally set 
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to 46%, one would obtain the avoided primary energy consumption, which is 
PERE = 34/0.46 = 73.9 kWh/(m2 year). 

Now, the most suitable surfaces for the PV panels are the balustrades and 
the two staircases on the south-facing front, along with the entire blind east 
and west fronts. According to this analysis, 864 m2 of PV modules should be 
installed: 424 m2 on the southern façade, 220 m2 on both façades oriented 
due east and west. In this configuration the PV modules integrated on the 
building fronts allow the production of 111 MWh of electric energy on a 
yearly basis, i.e. exactly 34.0 kWh/(m2 year). 

Table 3. Final energy balance with the contribution of renewable energy.  

PEH PEC PEW PEL PERE  PE (Eq.1 ) 

[kWh m-2 y-1] [kWh m-2 y-1] [kWh m-2 y-1] [kWh m-2 y-1] [kWh m-2 y-1]  [kWh m-2 y-1] 

10.3  9.0 1.5 53.1 73.9  0 

 
Thus, the final primary energy balance for the building provided in Table 

3 is set to zero. Based on these results, it is possible to state that the proposed 
retrofit intervention is able to meet the net-ZEB standard. 

3.3 ARCHITECTURAL ISSUES  

Since the modular panelling system for the electricity production has been 
already identified, at this point it is necessary to adapt it to the specific case, 
while balancing energy, construction and architectural requirements. This 
means that a solution has to be found that is at the same time highly energy-
producing, easy to install and to maintain, and aesthetically interesting.  

Based on the architectural features of the specific building, we propose to 
combine the PV panels with ceramic ones. Ceramic is a traditional material 
widely used in contemporary architecture for similar solutions, and offers 
good durability and aesthetic quality, with infinite variety of colours and tex-
tures. 

PV panels – whose total surface is approximately 60% of the overall sur-
face of the façades facing south, west and east – should be concentrated 
mostly on the upper storeys, where solar collection is higher. The selected 
ceramic panels are green and will be combined in horizontal stripes of dif-
ferent heights, in order to get a dynamic aesthetic result.  

Different intensity and tones of green have been chosen, using lighter 
colours in the lower part of the facades, and darker ones in the upper part (to 
match the dark blue of PV panels), thus obtaining the effect of a “pixelated” 
texture.  
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A stainless steel frame installed on the existing façade supports, through 
special clips, both PV and ceramic panels. It provides easy application and a 
ventilated air gap behind the cladding, which can effectively cool the over-
heated PV modules.  

3.4 ECONOMIC ISSUES  

However, in order to assess the validity and the sustainability of the pro-
posed retrofit intervention, it is also important to consider its cost-
effectiveness. Indeed, especially in the private sector, this represents the only 
incentive to persuade investors about the validity of the intervention. An en-
ergy refurbishment project can be regarded as cost-effective when the earn-
ings obtained through the reduction of the running costs allow a return on the 
initial investment in a reasonable time, which for a private investor may 
range between 7 and 10 years (Capponi, 2011). 

According to an estimation about the costs of the materials and the com-
ponents to be used for the retrofit proposed in Section 3.1 and 3.3, conducted 
through official price lists and also accounting for the cost of labour, the 
overall initial investment would amount to around € 617,000, i.e. 188.3 €/m2 
(net floor area) or 64.9 €/m3 (net volume).  

Despite this considerable initial investment, the suggested retrofit inter-
vention would introduce the following positive money flows: 

• reduction of the annual energy bill in comparison to the current situation, 
thanks to the reduced energy needs and to the improved efficiency of the 
energy systems: 38,400 €/year; 

• earnings related to the PV system, that allows to avoid to buy electric ener-
gy from the net, and to sell the excess production to the provider: 21,200 
€/year; 

Hence, it is possible to save around 59,600 €/year. If accounting for the 
cost of money, the inflation rate and the potential increase of the cost of en-
ergy, that would imply a compound payback time PBT = 11 years. This re-
sult is not very encouraging, and may dissuade prospective private investors 
from addressing this kind of retrofit aimed at improving the architectural 
quality of their building while making it a net-ZEB. 

However, at the moment in Italy it is possible to benefit from public in-
centives for the energy refurbishment of private buildings. In particular, such 
incentives cover a considerable percentage of the investment cost, they are 
distributed over 10 years and are supplied in the form of an annual fiscal de-
duction. The retrofit intervention starting in 2014 would deserve an incentive 
as high as 65% of the overall initial investment; then, in 2015 this percentage 
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will be reduced to 50%. Thus, when accounting for these incentives, a fur-
ther positive cash flow would be generated, which would reduce the PBT to 
7 and 8 years if starting the intervention in 2014 and 2015, respectively. 

4. Conclusion 

In this work, a new PV façade concept for energy retrofit solutions has been 
developed in order to transform a high energy consuming building into a net-
ZEB. The purpose of this study is to show the potentiality, the development 
opportunities as well as the problems connected with the application of 
BIPV technologies in the energy retrofit of residential buildings, which shall 
approach the net-ZEB standard according to the EPBD recast. 

Together with energy and environmental aspects, this retrofit proposal 
considers also architectural and aesthetic issues, in order to embrace a holis-
tic approach. The retrofit has indeed to be aesthetically pleasing, with the 
aim of improving the architectural value of this type of buildings, which is 
often not only energetically and technologically inadequate and obsolete, but 
also with low commercial value. Therefore, it is important that this architec-
tural and energy renovation starts in neglected suburbs. 

Finally, through an accurate economic analysis and the evaluation of the 
investment payback time, the economic feasibility of the intervention is 
demonstrated, especially when benefitting from public incentives like those 
nowadays available in Italy. 
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