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Abstract. The building sector has been identified as one of the key 
sectors to achieve the 20/20/20 targets of the EU. Beyond these targets 
for the sustainable develop, Europe also aims at bringing about drastic 
greenhouse gas emission reductions in the building sector of 88%- 
91% by 2050 compared to 1990 levels. The research topics of the pre-
sent work are placed in this European context and the main concept to 
have nearly zero-energy buildings "is applied" to existing buildings. In 
fact, the category of existing buildings is considered by the European 
Commission as one of the sub-sectors of construction most potential 
to reduce the use of energy, the use of raw materials and the produc-
tion of emissions. Some results of a European Project (R2CITIES) are 
presented; in particular a methodology to analyse the diagnosis and 
"concept" design phases in a requalification project. This methodolo-
gy is included in the global replicable methodology presented in 
R2CITIES. It focuses on the generation of a comprehensive frame-
work for the management and technical development of the district 
renovation process. Another aim of this proposal approach is to pro-
vide a range of indicators for assess objectively the applicable solu-
tions to support decision making through the complex process. 

Keywords. Nearly zero-energy buildings; sustainable requalification 
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1. Introduction  

The urban renovation concept was born in the middle of the last century, as a 
result of the postulates of undefined growth crisis began to rethink the “new 
town project” by the “project of the existing city”. 

In principle, this term applies to the recovery of the historic buildings, but 
later spread out to residential buildings, neighbourhoods, etc. In seeking to 
assess the recovery of historic downtowns as a whole, it has been checked 
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the transformations or the morphological, functional and social degradations 
that the historic city had suffered. 

The need to address a correction beyond the physical restoration of exist-
ing buildings and the urban environment, allowed assessing a new theory of 
renovation that is focused on the existing city. Besides the idea of historic 
preservation were other social reasons such as deterioration of the traditional 
inhabitants: aging, low income, low productive activities, etc. Later, it has 
been used the sustainability term that integrates environmental and socioec-
onomic aspects and undoubtedly begin to assess energy aspects, mobility 
and associated CO2 emissions. 

Under this premise, R2CITIES promotes the approach of a holistic strat-
egy for district sustainable/energy refurbishment. It is focused on the devel-
opment of a methodological framework that involves all interested people in 
the process and provides the support tools to make decisions in each stage.  

2. Proposal of a methodology for district sustainable/energy requalifica-
tion 

The global methodology of the European project, R2CITIES, focuses on the 
generation of a comprehensive framework for the management and technical 
development of the district renovation process. This methodology focuses on 
establishing an action guide step by step through the rehabilitation value 
chain; the methodology will provide the recommendations for integrating the 
stakeholders, the support tools and methods to make decisions in each stage 
and which design alternatives are best suited (cost effectiveness) considering 
a sustainable/energy saving approach. 

The methodology consider four key aspects: management aspect, tech-
nical aspect, BIM platform aspect and DSI (District Sustainability Indica-
tors) platform aspect. These key aspects are used to perform each phase of 
the complex requalification district process: the Diagnosis phase, the Design 
phase and the Execution&Evaluation phase (Figure 1). 

Another aim of this proposal approach is to provide a range of indicators 
for assess objectively the applicable solutions to support decision making 
through the complex process.  
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Figure 1. Structure of the R2CITIES Methodology for district requalification. 

The present work is inserted in this global methodology and in particular 
it analyses the technical aspect in the Diagnosis and Design phases for the 
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requalification process of one of the existing buildings present in the Italian 
urban district inserted in R2CITIES as demo site. 

After the execution of some preliminary operative/management steps 
(client expectations, stakeholders expectations, choice of team work and 
technical tools for different quantitative analyses, geometrical/performances 
surveys, ...), the first operative step is the data collection, which may be clas-
sified in three levels of data analysis: Environmental level, that implies the 
analysis of environmental boundary conditions related to the specific pilot 
site; Typological level, that implies the analysis of specific building aspects 
linked to environmental aspects and Details level, that implies the detailed 
analysis of building characteristics and energy profiles. The three levels al-
low the globally defining which data have to be used for a sustaina-
ble/energy diagnosis in a requalification project. In parallel with data analy-
sis, it must be identified the main barriers affecting the district under 
evaluation. 

Once data analysis is finished, the building/district classification must be 
done. For this purpose it must be evaluated the indicators to set a range of 
values which the results should be compared at the end of each phase. 

The last step is the identification of a priority action line as an input for 
the next conceptual design phase. 

Based on project objectives and diagnosis phase results, which will give 
different areas of action, the concept design will begin. The aim of this phase 
is to take the decision about all final activities that will be carried out in the 
building/district. When users decide the best option, the detailed design will 
be developed in order to be built. 

So, the starting point is to sum up the results of the previous phase. When 
areas of activities are clear, the integration of technologies in the base district 
model will start. There are different possibilities to integrate the technologi-
cal and economical solutions and their actuations, so in order to analyse 
them, energy/economic simulations of different combinations will be carried 
out. Then, results will be analysed by the expert team in order to select the 
best solutions. When the conceptual design has been chosen more additional 
information will be created and the negotiation phase could start. 

If this phase is resolved positively and the conceptual design is accepted, 
the focus will be passed to the detailed design phase and finally in the execu-
tion&evaluation phase. 

The global methodology presented in the previous discussion is here ap-
plied to an existing building insert in the district of the Italian demo site of 
R2CITIES. In particular, the applications of the operative methodology are 
shown. 
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The operative methodology proposed is a scoring system to select the 
best retrofitting measures takes into account parameters that assess the sus-
tainability increase in the building and not just the energy savings and pay-
back time. 

The parameters identified are: 

• Energy savings: expressed as annual percentage reduction of primary energy 
consumption. 

• Payback time of the investment: expressed in year calculated with the net 
present value. 

• Durability of the retrofit measures: indicate how the measure will be effective 
and reliable over time. 

• Feasibility of the retrofit measures: assess how is easy or not to implement 
the solution. 

• ECM priority: assess if there is real urgency to implement the retrofit inter-
vention. 

• Reduction of energy consumption. 
• Reduction of resources consumption (no energy resources but soil, water, raw 

materials, …). 
• Reduction of environmental impacts: reduction of the CO2 emissions. 
• Comfort improvements: improvement of the comfort conditions of the build-

ing users. 

For the first four categories are identified ranges to give a score from 0 to 
4 points (Table 1) while the last five categories are evaluated considering 1 
point for the improvement of environmental and social characteristics. 

Table 1. The chosen scores for the quantitative categories of parameters. 

Energy Savings Payback Time Durability Feasibility 

0% 0 > 50 year 0 no sufficient 0 no feasible 0 

< 10% 1 < 50 year 1 poor 1 high difficulty 1 

< 20% 2 < 25 year 2 mediocre 2 difficulty 2 

< 40% 3 < 10 year 3 good 3 ease 3 

> 40% 4 < 5 year 4 high 4 high ease 4 

 
For each solutions, a score is given for every category and the final scores 

can be combined as a simple sum or by giving more weight to one or more 
categories. After getting the global scores it is possible to establish a ranking 
of available retrofitting measures and to choose the best strategy to a sus-
tainable requalification of the building. 
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3. Applications of the proposed methodology 

Genoa is one of “Smartcity” that received funding by the European Commu-
nity for three “Smart Cities and Communities” projects (2011, Seventh 
Framework Program). One of which is the object of the present work, 
R2CITIES. In the next section R2CITIES project characteristics are summa-
rised. 

The Residential Renovation towards nearly zero energy CITIES 
(R2CITIES) mainly aims to develop and demonstrate an open and easily rep-
licable strategy for designing, constructing and managing large-scale district 
renovation projects for achieving nearly zero energy cities. For this purpose, 
three demo sites provide by Valladolid, Genoa and Kartal (Istanbul) Munici-
palities, will be addressed for demonstrating the framework and associated 
impacts by developing real cases going beyond current market standards but 
ensuring the replicability of the concepts deployed.  

The Genoa Municipality has chosen the Pegli 3 district, located in the 
west part of Genoa. The district is divided in not-built sectors, built sectors 
with private funding or built by ARTE (Azienda Regionale Territoriale per 
L'Edilizia - Regional body dealing with the construction and refurbishment 
of public buildings) and finally the part that will represent R2CITIES demo 
site: the "Washing Machines". 

The name "Washing Machines" is due to the presence of many circular 
portholes on the façades; they are built on a hill following the morphology 
(Figure 2).  

 

 
Figure 2. The Genoa demo site: the “Washing Machines”. 

The site consists of 688 dwellings characterized by the simultaneous 
presence of social housing and private housing. It is divided in four main 
blocks and three different types of building compose each of them: a "high 
block", a "low block", and a centre block of apartments that span a large 
change in elevation called “the steps”.   
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The case study chosen for the application of the operative methodology 
proposed to select the best strategy to improve the sustainability is a “High 
Block”. The current actual energy state is inadequate to the energy efficiency 
limits of the Italian and Regional laws and in general to the idea of “nearly 
zero-energy building”. The buildings structure is made in cast reinforced 
concrete (depth horizontal and vertical sets: 0.15 m); each dwelling is a sim-
plex floor with double faces (faces oriented to East/West) and there are sev-
en no-heating common spaces where there are elevators, stairs and base-
ment. 

The main characteristics of constructive elements (Figure 3) are: 1) foun-
dation on pilots; 2) flat roof; 3) vertical walls made from reinforced concrete 
wall or brick wall with or without internal or external thermal insulation lay-
ers; 4) Windows of the heating zones with metal frame and double air glaz-
ing and roll-up shutter and windows of the no-heating zones with metal 
frame and single glazing. 

 

     
Figure 3. Envelope details of Genoa demo site: façades, windows and roof. 

The main objective of the project is to identify operative solutions with 
the following common factors: 1) reducing energy consumption by at least 
50%; 2) increasing sustainable properties; 3) increasing internal comfort 
conditions; 4) use innovative and replicable technologies with low economic 
impact. 

After analysing the actual performances of the building and each charac-
teristic of the envelope and plants system, are planned these energy efficien-
cy measures: 

• Thermal insulation of the first floor: addition of an insulation layer in extra-
dos. 

• Thermal insulation of the roof: addition of an insulation layer in extrados. 
• Thermal insulation of the façades: remaking of the finishing coat layer with 

nanotechnology materials, as there is already an insulation layer in extrados. 
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• Thermal insulation of the walls/floors between heating zones and no-heating 
zones: addition of an insulation layer in extrados. 

• Thermal insulation of the walls/floors of the no-heating zones: remaking of 
the finishing coat layer with nanotechnology materials, as there is already an 
exterior insulation layer, and addition of an insulation layer in extrados in the 
floors. 

• Windows Substitution (EAST side - Heating zones): replacement with new 
and high energy-performance windows. 

• Windows substitution (WEST side - Heating zones): replacement with new 
and high energy-performance windows. 

• Windows substitution (no-Heating zones): replacement with new and high 
energy-performance windows. 

• Heat Generation Plant substitution: replacement with new and high perfor-
mance system. 

• Heat Generation Plant substitution and regulation system substitution: re-
placement with new and high performance generation system; installation of 
zone control systems and replacement of the fan motors with variable speed 
motors. 

Each solution is analysed for all the indicators of the methodology pre-
sented (Table 2). In particular, several numerical simulations to evaluate the 
energy savings are performed for each solution. These analyses were done 
with Italian calculation tools based on steady-state method in accordance 
with the UNI/TS 11300. The energy savings are calculated on the Ener-
gy performance for the winter heating (EPi). Moreover, detailed economic 
assessment are also done to evaluate the payback time. It is calculated with 
the net present value method, which defines the present value of a series of 
expected cash flows. Finally, to assess the durability and feasibility objective 
criteria have been established for each possible intervention in a retrofitting 
project. 

Table 2. The results of the quantitative categories of parameters.   

Description 
Energy 
Savings 

Payback Time Durability Feasibility 

Thermal insulation - first 
floor 

1,3 % 22 year Good Ease 

Thermal insulation - roof 1,1 % 32 year Good Ease 
Thermal insulation - fa-
çades 

1,3 % 43 year Good Difficulty 

Thermal insulation - 
walls/floors - heating 
zones/ no-heating zones 

7,6 % 22 year Good Ease 
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Description 
Energy 
Savings 

Payback Time Durability Feasibility 

Thermal insulation - 
walls/floors - no-heating 
zones 

1,5 % 32 year Good Difficulty 

Windows Substitution  
(EAST side –  
Heating zones) 

11,7 % 18 year Good Ease 

Windows Substitution  
(WEST side –  
Heating zones) 

27,1 % 19 year Good Ease 

Windows substitution  
(no-Heating zones) 

1,7 % 34 year Good Ease 

Generation Plant  
substitution 

14,1 % 2 year Good High Ease 

Generation Plant substi-
tution and regulation 
system installation 

34,4 % 3 year Good Ease 

 
In a requalification project it is very important the economical compari-

son between the single solution cost and the entire proposed solutions cost; 
because it is useful to evaluate the real weight of every technical choice 
(Figure 4). 

 

 
Figure 4. Economic analysis: percentage of each solution cost. 

The results obtained from the application of the presented methodology 
show that the best strategy to retrofit the building is the combination of two 
energy efficiency solutions: the windows substitution (WEST side of the 
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Heating zones) and the generation plant substitution with the installation of 
zone regulation system. 

These two types of energy efficiency measures have the top scores both 
in every single evaluation categories (Figure 5) and in the global final evalu-
ation (Figure 6). 

The two chosen solutions achieve the best score in the energy savings, 
while only retrofitting of the system plants as the best evaluation for the 
payback time. Besides, the obtained results show that the durability category 
scores do not affect the assessment because the analysed solutions have a 
very similar durability and they do not require particular maintenance. Final-
ly, in the category of feasibility the best choice result the substitution of the 
heat generation system because it is located in a large and accessible tech-
nical room and it does not require other particular work. 

 

 

 
Figure 5. The single scores for each intervention considering the quantitative categories of 

parameters. 

The best strategy is the combination of the envelope and the plant system 
retrofitting. It is good to note that the plant system retrofitting can ensures 
the lowest cost with the maximum energy saving. But this result is also de-
pendent to the envelope retrofitting. 
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Furthermore, it is to note that the transparent elements substitution result 
the best solution for the envelope retrofitting because in the case study the 
façades just have an external thermal insulation layer. Moreover, the differ-
ent percentage of the transparent elements on the East and West side due to 
the typological and morphological building characteristics allows to opti-
mize the effect of envelope retrofitting replacing only the windows on the 
West side.  

 

 

 
Figure 6. The global scores for each retrofitting measure considering the quantitative  

categories of parameters. 

Conclusions 

The operative methodology proposed could thus allow to analyse many 
available technical solutions considering different points of view (Energy 
savings, payback time, durability and feasibility). Since rules are no estab-
lished and each building is different, this method facilitates the designer to 
choose the best combination of interventions considering different indicator. 

The proposed methodology has the purpose to be replicated and it is al-
ready testing on three pilots (Genoa, Valladolid and Kartal). The scoring sys-
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tem is the result of applied research in different case studies and has been 
joined to the methodology for district requalification of R2Cities.  

In the future, the scoring system would be develop to create an objective 
optimization tool based on inverse methods. This feasible development in 
applied research could improve the replicability, objectivity and quantitative 
control of the numerical estimates. 
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