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 as ‘small cities’ due to 
ious complex activities 

Velazquez defined a sustainable university as “a higher edu-
cational institution that addresses and promotes the minimization 
of negative environmental, economic, societal and health effects 
generated in the use of their resources in order to fulfill its func-
tion of teaching, research, outreach and partnership to help society 
make the transition to sustainable lifestyles” [53].

Some universities have also voluntarily signed some declara-
tions to indicate their commitments to sustainability and the 
number of those universities is increasing [57]. In 1972 the 
Stockholm Declaration was the first that made reference to sus-
their large size, population, and the var
tainability in higher education and they identified many strategies 
ome serious direct and 

 
 

 

 
 
 

t
o
t
v
b
v
s
s
h
d

ient
rfor
indirect impacts on the environment. Campus sustainability has
become an issue of global concern for university policy makers
and planners as result of the realization of the impacts the activ-
ities and operations of universities have on the environment.
There is a common understanding in the literature that a sus-
tainable university campus implies a better balance between
economic, social and environmental goals in policy formulation as
well as a long-term perspective about the consequences of today’s
campus activities [36].
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o achieve environmental sustainability [49]. They follow many 
thers important declarations [48,50–52] which focuses their at-
ention on addressing and incorporating sustainability and en-
ironmental literacy in teaching, research, operations and in the 
uildings themselves of the university campus. The need for en-
ironmental sustainability in university campuses has been 
tressed in many articles [10,13,14,55,9]. The higher educational 
ector has discovered that its activities and physical structures can 
ave significant impacts on the environment and have started 
evising ways to organize the activities and to recognize and
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reduce their adverse effects on the environment. These include 
workshops and laboratory use, buildings and grounds main-
tenance as well as energy and materials use [25].

1.1. “Città Studi Campus Sostenibile” project

To transform an institution into a sustainable university and 
contribute to a sustainable world, various efforts have been made 
by universities around the world. One of the best examples is the 
International Sustainable Campus Network (ISCN), which provides 
a platform for leading universities and educational institutions 
around the world to exchange ideas and information for realizing a 
sustainable campus. To date, its signatories include the world’s top 
ranked universities, such as Yale and Harvard in the United States, 
National University of Singapore, University of Gothenburg in 
Sweden and many other renowned educational institutions [47].

In June 2011 “Politecnico di Milano” (POLIMI) participates at 
the ISCN in Gothenburg and then joins the network. The estab-
lishment and participation evidences the urgency and the strength 
of POLIMI to establish a sustainable campus, ISCN provides a global 
forum to support leading colleges, universities, and corporate 
campuses in the exchange of information, ideas, and best practices 
for achieving sustainable campus operations and integrating sus-
tainability in research and teaching.

POLIMI has taken a more responsible approach to managing its 
environmental performances and improvements with a well-or-
ganized green agenda and different initiatives. In particular, PO-
LIMI together with “Università degli Studi di Milano” (UNIMI) 
promoted the “Città Studi Campus Sostenibile” project [12] with 
the aim to transform the whole campus neighborhood into an 
urban area which can serve as an urban model in Milan with re-
spect to life quality and environmental sustainability.

During the 4th UNESCO Chair Conference on Higher Education 
for Sustainable Development in September 2011 at Leuphana 
University of Lüneburg, the campus roundtable highlighted, in 
fact, the role of communication, the importance of engaging all 
university members and the value of acting as an example of 
sustainability for neighboring communities [35].

The project is open to the participation and support of re-
searchers, students and all campus citizens. The main goals are: to 
test innovations developed by scientific research; to promote life 
style transformation and more livable spaces; to become a positive 
example for the entire city and to cope with the international 
network of sustainable campuses. In particular, the project focuses 
on the sustainability performance of buildings stock on campus to 
minimize environmental impacts and to optimize the integration of 
the built and natural environments.
This paper provides an overview on the latest energy efficien-cy 
buildings refurbishment researches, the identification of a
Fig. 1. Key phases of a sustainab
methodology for energy efficiency building refurbishment (MEEBR) 
and its application on two buildings of “Città Studi Campus 
Sostenibile”. The first one is located into the POLIMI Campus and 
the second one in the UNIMI Campus; the main purpose is to test 
and verify the methodology on different building heritage in order 
to validate the approach replicability.

The first analyses on the buildings were carried out by the 
students of Integrated Design Refurbishment Laboratory with the 
support of professors and researchers of this topic. This practical 
experience highlights the importance of the participatory design 
planning that is also one of the most important project tasks. The 
refurbishment design process followed, in the respect of the his-
torical and architectural value of the buildings, was based on sy-
nergistic steps in order to do not concentrate the refurbishment 
only on the energy efficiency of the single case studies, but to 
convert their sites into a unique sustainable campus; making the 
“Città Studi” area of Milan an example of campus with low en-
vironmental impact.
2. Methodology for Energy Efficiency Building Refurbishment 
(MEEBR)

During the last decade, many governments and international 
organizations have put significant effort towards energy efficiency 
improvement in existing buildings. The International Energy 
Agency (IEA) has launched a series of Annex projects to promote 
energy efficiency of existing buildings [17,3–6] and at the same 
time a significant amount of research has been carried out to de-
velop and investigate different opportunities for the definition of a 
sustainable refurbishment strategies [22,33,34,58,7,8].

The results have showed that energy use in existing buildings 
can be reduced significantly through proper retrofitting. Among the 
critical aspects of a sustainable campus are waste, such as food 
waste and recycling, energy consumption and transportation. Each 
aspect potentially contributes to lower total campus carbon 
emission. Hence, a set of implementation strategies targeted at the 
specific aspects is essential to support the whole process [47].

At educational level, as remarked by Crofton [15], the engineers 
must play a key role in global effort towards sustainability and 
moreover different experiences from a classroom case study have 
been already conducted [1,11,31,38,56]. Many system sustainable 
approaches have been investigated in the last decades on uni-
versity campuses with implications to: social-economic and en-
vironmental aspect [23,43]; innovative technologies [24,26,29,45]; 
participation design process [19,41] tool simulation and ecological 
indicators [16,18,20,28,37,39,46].

The methodology adopted for the Integrated Design Refurb-
ishment Laboratory exemplification derives from the study and
le building retrofit program.



the application of the researches above indicated and also to the 
process individuated by Ma et al. [32]. The overall process of the 
Methodology for Energy Efficiency Building Refurbishment 
(MEEBR) was structured into four major phases (Fig. 1).

In the first phase the objective is to define the scope of the 
refurbishment and set the project targets. A pre-retrofit survey at 
this stage is important to better understand the building opera-
tional problems.

The performance assessment of the second phase aims, with 
the collected data, understanding the building energy use and 
individuate the inefficient and unacceptable thermal comfort 
conditions.

In the last two decades, the development of building perfor-
mance assessment tools has been very active (LEED, BREEAM, 
CASBEE, HKBEAM, GBTool, NABERS, etc.), although these rating 
tools provide only a framework on how to evaluate building 
energy performances and their rating process is conducted via 
benchmarking the assessed building against prescribed perfor-
mances indicators. A wide range of research investigated the 
application of the appropriate models and strategies for diag-
nostic, but for a particular project, Ma et al. [32] stated that the 
appropriate performance assessment method and diagnostic tool 
can be selected by taking into account the client requirements, 
experience of energy services companies and major retrofit 
focus.

The identification of the retrofit options is the main goal of the 
third phase by using energy models, risk assessment method and 
economic analysis tools. The reliable estimation and energy ben-
efits and the economic feasibility are essential in a sustainable 
building retrofit decision system in order to prioritize the most 
suitable options. Also in this phase many simulation tools (TRNSYS, 
Energy Plus, IDA ICE, ESP-r, VETool, Sefaira etc.) [2] and economic 
analysis methodologies [27,30,40,44,54] were presented during the 
lessons to students to provide them an overview on the whole 
possible assessment techniques which allow the selection of the 
most cost effective retrofit measures.

The fourth phase is the validation and verification of the retrofit 
measures chosen through sensitivity analyses with simulation 
tools in order to quantify with numerical data the effective energy 
saving reductions.

2.1. Modeling MEEBR

With the expanding interest in energy-efficient building de-
sign, Whole Building Energy Tools (WBETs) are increasingly em-
ployed in the design process to help professionals determine 
which design strategies save energy and are cost-effective.

Different simulation programs may have different software 
architectures, different algorithms to model building and energy 
systems, and require different user inputs even to describe the 
same building envelope or HVAC system component.

Detailed building energy simulation programs, although pow-
erful and sophisticated, are seldom used by practising building 
designers like architects and building engineers. Many building 
designers and practitioners often find it difficult to carry out the 
building energy analysis and they are reluctant to use the simu-
lation software because of the lack of confidence in the simulation 
results and the time and effort needed to learn how to use them. 
To conduct the analysis properly and effectively, the aims of the 
study and the intended use and possible limitations of the simu-
lation tool must be fully understood. The level of technical 
knowledge needed to correctly use the simulation tools are often 
high so that mis-applications and mis-interpretations are not un-
common in building energy studies. Similarly it happened in the 
Laboratory of Integrated Design Refurbishment the building phy-
sics and energy analyses background of students were different:
being part of them students of architectural course and others of 
building engineering course.

Considering this fact, the modeling methodology, followed in 
phase 4 of MEEBR application on the case studies, was conducted 
on two different buildings campuses.

For the case study 1, the architectural students used a steady 
state software, CENED þ[21], for the case study 2, the engineering 
students used two different software: a steady state CENED þ , and 
a dynamic simulation tool Sefaira [42], and then they compare the 
results.

The choice derives at the beginning as a necessary conditions 
from student’s background, but then it became an occasion to 
identify the different level of accuracy and complexity which the 
methodology could reach and to understand the main differences 
of a steady state software in comparison with a dynamic one to 
individuate the best retrofitting options.

2.2. Comparison between software analyses evaluation

Following are the main differences between the two predefined 
software used for the heating and cooling loads calculation. This 
allows understanding the general potentials and limitations of 
each software used.

In CENEDþ , it is only possible to insert the U-value of the 
whole envelope regardless of the layers composing it, and only 
one input for the ventilation rate all year long. The internal gains 
cannot be set when evaluating the energy demand in the 
buildings, since they are attributed standard values. Sefaira on 
the other hand enables to identify the thermo-physical proper-
ties of each layer composing the building envelope. The venti-
lation rate can be defined with different values for each hour, and 
the internal gains depend on users’ activity and occupancy 
schedule, PC type and usage, as well as the lighting consumption 
and schedule. The results in the steady condition are in monthly 
balances, while in dynamic simulations the results are on an 
hourly or fraction of hourly basis. The heat flux, in the steady-
state condition follows a single direction; while in the dynamic 
simulations the direction of heat flow depends on the variation 
of temperature between inside and outside the space, and within 
the building envelope.

The simulations did not take into consideration the effects of 
thermal bridges. Different urban environments or different or-
ientations for the building were not simulated either. The venti-
lation rates used for calculations assimilate mechanical ventilation, 
while in reality adaptive window opening and ventilation seems 
more realistic, especially in hot climates. Finally, the inputs used in 
Sefaira vary in complexity and number of parameters compared to 
those used in CENEDþ .
3. Overview on Città Studi area and the two buildings case

The sustainable campus project concerns the Città Studi area
which is composed by two of the major university of the Milan
city: Politecnico di Milano (POLIMI) and Università degli Studi di
Milano (UNIMI). Today, the POLIMI Leonardo Campus occupies a
surface of 186,613 m2 equal to 34 buildings and 17,484 students
are enrolled in the different programs offered by the university
(data referred to the 2010/2011 academic year). In addition, 1748
staff members (professors and administrative and technicians
collaborators) work every day on the campus. The area occupied
by the UNIMI Campus, has a surface of 209,067 m2 equal to 49
buildings. The number of the students enrolled in the different
programs offered by the university are 17,052 (data referred to the
2010/2011 academic year), and the staff members that work here
every day are 1955.



Fig. 2. Identification of the building case studies in the POLIMI (———) and UNIMI (…) Campus Milan map and view of the façade of both case study.
The campus is here intended as the place where knowledge 
and practice can meet. The initiative is based on a strong bottom-
up approach in which everyone can collaborate and propose ideas. 
The prerequisite for the success of the initiative is the creation of a 
strong awareness on the topic of sustainability within the 
community.

Given the historical and architectural value of the campus ex-
isting buildings, the refurbishment is the solution to improve the 
environmental performances and to provide considerable poten-
tial for energy conservation and further sustainable benefits. Case 
studies are a proven validation of the MEEBR methodology and the 
possibility to replicate the approach to other buildings (Fig. 2).

The case studies analyzed in the “Integrated Design Refurb-
ishment Laboratory” are the buildings identified. In both buildings 
there are offices, classrooms and some laboratories.

In the following paragraphs a brief state of art of the case studies 
is provided in order to better identify the most suitable strategies 
of retrofitting to adopt in each case, while the applica-tion of 
MEEBR is presented in the Section 4 and the respective results are 
discussed in the Section 5.

3.1. Case study 1 at POLIMI campus

The building (Fig. 2a) has a regular rectangular plan, oriented 
along the North–South direction and it is constituted by two parts, 
one built in 1965 and the other, more recent, built in 1991. The 
building no. 20 is structured into one basement and four floors 
above ground, in which there are meeting rooms, offices and 
workshops for teaching and research and a large classroom in the 
header. The entire area of the building is 1350 m2 for around 150 
daily users (considering students, professors and temporary visi-
tors or services). It has three main entrances: two on the South face 
and the third in the North one; while in West façade there is the 
emergency exit with external metallic stairs. The oldest part of the 
building has a load-bearing structure made of reinforced fin-ished 
concrete and the envelope is built with a coating of pre-fabricated 
panel with a very low thickness of insulations. The re-cent part of 
the building has a load-bearing structure made of reinforced 
concrete with plaster coating that at ground floor be-comes “a 
bugnato”. The result is a great modularity of the facade, typical of 
the prefabrication system.
3.2. Case study 2 at UNIMI campus

The building (Fig. 2b) was designed in 1913 by two architects 
Augusto Brusconi and Gaetano Moretti. Officially the first stone 
was laid in November 1915; however work immediately slowed 
due to the First World War and were not finished until 1927.

This building is composed by a basement and two floors above 
ground, in which there are offices, laboratories and classrooms. It 
has a regular plan oriented along the West-East direction. The 
load-bearing is made of structural walls composed with two bricks 
walls and in the main wall with two bricks and a half walls. The 
ceiling and the floors have different structure, the second floor has 
an arched ceiling made with bricks, and instead the other floors 
are made of hollow brick block. The facades are practically devoid 
of ornament, where the use of “humble” materials are typical of 
the local architecture and it represents the desire to keep public 
architecture free of luxury.

The building area amount in 1162 m2 for around 90 daily users 
(considering students, professors and temporary visitors or 
services).
4. Application of the MEEBR to the case studies

The students, applying the MEEBR for their project during the 
Refurbishment Lab, tested the four phases focusing on their re-
spective goals derived from the analysis of the current state of the 
buildings and the energy potentials estimated for each building.

From the MEEBR application, two different refurbishment ap-
proaches derives being fundamental the declination of the project 
target of the first phase.

Bought case studies focuses yours refurbishment project on the 
energy efficiency improvement, investigating a series of inter-
ventions to reach a very low energy consumption.

The MEEBR application within the four phases is summarized 
in Table 1 for each case study.

5. Main results and discussion

The main results for both case studies are presented below,
which is intended as a summary of the whole process followed by



Table 1
Key phases application to the case studies of the MEEBR.

Case
study

Phase 1 Phase 2 Phase 3 Phase 4

1 SCOPE¼envelopeþsystem plant
refurbishment

DIAGNOSTIC PROCESS: degradation
analysis

RETROFIT OPTIONS: VALIDATION and VERIFICATION:
Definition of 12 refurbish-
ment interventions

investigation with sensitivity
analyses using CENEDþENERGY PROJECT TARGET¼A label class of

Lombardia Region
ENERGY AUDIT: building physic and
performances assessment

2 SCOPE¼envelopeþsystem plant
refurbishment

DIAGNOSTIC PROCESS: degradation
analysis

RETROFIT OPTIONS: VALIDATION and VERIFICATION:
Definition of 27 refurbish-
ment interventions

investigation with sensitivity
analyses using SefairaPROJECT TARGET¼A label class of Lombardia

Region
ENERGY AUDIT: building physic and
performances assessment

Fig. 3. (a) Drawing summary of the information collected during the metric and degradation survey. (b) Example of codification and mapping reports of the construction
technologies.
students during the Laboratory.
The refurbishment process followed for the case study 1 and 

2 had as main scope the refurbishment of the whole building 
(envelopeþsystem plant) in order to reach the project target of 
class A label of Lombardia Region (Phase 1). The performance as-
sessment (Phase 2) was conducted with different types of survey 
for the diagnostic process. While for the energy audit a perfor-
mance assessment of the energy consumptions, for the case study 
1 were conducted with the software CENEDþ [21], open source 
tool provided by Lombardia Region, and for the case study 2 were 
conducted with the software Sefaira a dynamic simulation tool for 
energy and thermal performance assessment.

The whole diagnostic process concerned:
a) analysis of context, critical survey of all the factors that con-
cern the area (roads, accessibility, transformations, significant
buildings by importance or function, and physical and climatic
characteristics, etc.) supported by a photographic survey;

b) historical reconstruction to investigate which transformations
occurred in the course of building life (extensions or demoli-
tions, significant variations of use, etc.);

c) metric and architectural typologies survey. This survey was
supported by a literature search, about characteristic details
developed in the area and in the period. The information
collected were cataloged and indexed in order to understand
for example repeated elements, use of special materials,
shapes, types and construction details;

d) survey of construction technologies;
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e) survey of degradation. This survey was conducted referred to
each technical elements. The information collected were
shown with two instruments: survey forms of anomalies (in-
tended as an unexpected visible event or detectable by in-
struments), which indicate the individual degradation oc-
curred; and mappings that reports, with graphic codes, extent
and location of each anomaly and the superposition of all
degradations detected.

Phase 3 follows subsequently with the identification of possible 
retrofit options with performance improvement strategies.

In the end, phase 4 verify and validate the retrofitting strategies 
chosen in order to estimate with numerical data the effective 
energy saving reduction with a comparison of energy consumption 
before and after the retrofitting on building model. For the vali-
dation phase two different kind of tool were used: a steady state 
software, CENEDþ , for the case 1 and a dynamic simulation tool, 
Sefaira, for the case 2.

5.1. Case study 1: analyses and results

Once defined in phase 1 the scope of the refurbishment ap-
proach and the project target (Table 1), an energy audit was rea-
lized on POLIMI campus in order to identify which strategies could 
be more suitable to reach the objective of the A label class ac-
cording to the energy regulation mandatory in Lombardia Region in 
parallel with a whole diagnostic process. The detailed descrip-tion 
of the phase 2, being not the main purpose of the paper, is omitted, 
but a summary of the information and drawing reports used for the 
diagnostic process is presented in Fig. 3a and b.

The main indicator considered for the comparison before and 
after the application of refurbishment strategies was the primary 
energy for heating (EPH). During the performance assessment, the 
EPH value estimated, before the simulated refurbishment inter-
vention, was equal to 311,43 kWh/m2y corresponding at G energy 
label. Crossing all these information (metric, construction tech-
nology, materials, degradation and energy performances) students 
were able to make a reliable diagnosis.

The retrofitting options identified for the case study 1 at PO-
LIMI campus during the phase 3 are summarized in Table 2. From a 
critical review of Table 2 contents in order to reach the best energy 
retrofitting process, students individuated 12 strategies to in-
vestigate using the steady state CENEDþ tool. The verification of 
the effectiveness of these strategies simulated on the respective 
building model are summarized in Table 3 with the indication of 
the % of energy saving and the energy label reached, which re-
present the MEEBR final phase.

The results (Figs. 4 and 5) of the sensitivity analyses showed 
that the refurbishment strategies necessary to reach the A label 
cannot regarding only the envelope, but they must be coupled 
with the enhancement of the heating and ventilation system 
generation.

5.2. Case study 2: analyses and results

After the definition of refurbishment objective and energy target, a 
complete diagnostic process were conducted also for the case study 
2 with the same survey of the case study 1, while the energy audit 
were conducted with the Sefaira PlugIn of SketchUp. The results of 
the energy and building physics assessment showed the need to 
improve the energy efficiency of the whole envelope 
(opaqueþtransparent) due to the high losses through the 
envelope (Table 4). This consideration became the central idea 
which guided the identification of the possible retrofitting 
strategies in phase 3. The solutions were structured into two 
main families: building and system plant and then subdivided



 
 

 
 

 

Table 3
Main results of the 12 simulated scenarios conducted with CENEDþ .

Refurbishment strategies (RS) n. Refurbishment description Performance objective % energy saving for EPH Energy label

a 1 Change of windows Uw¼0.5 25 E
a 2 Envelope insulation addition Ueno0.27 36 D
c 3 Condensing boiler integration ηi¼0.93 24 E
b 4 Heat recovery ventilation ηr¼0.7 38 D
a 5 Strategies n. (1þ2) Uw¼0.5, Ueno0.27 61 C
aþc 6 Strategies n. (1þ2þ3) Uw¼0.5, Ueno0.27, ηi¼0.93 71 C
aþb 7 Strategies n. (1þ2þ4) Uw¼0.5, Ueno0.27, ηr¼0.7 90 B
aþbþc 8 Strategies n. (1þ2þ3þ4) Uw¼0.5, Ueno0.27, ηi¼0.93, ηr¼0.7 92 A
a 9 New ventilated facade Uw¼0.5, Ueno0.27 52 D
cþa 10 Strategies n. (3þ9) ηi¼0.93 64 C
bþa 11 Strategies n. (4þ9) ηr¼0.7, Uw¼0.5, Ueno0.27 91 A
cþbþa 12 Strategies n. (3þ4þ9) ηi¼0.93, ηr¼0.7, Uw¼0.5, Ueno0.27 93 A

Fig. 4. Comparison of the EPH value before the retrofitting (scenario 0) with the
whole sensitivity analyses (scenarios 1�12).

Fig. 5. Identification of the energy class reached with the adoption of the retro-
fitting strategies (RS) simulated with CENEDþ .
respectively into subcategories (external wall, window, SGHC
and roof for the first and HVAC for the second). The evaluation
phase 4 were conducted with two different software: a steady
state CENED þ , and a dynamic simulation tool Sefaira in order to
have a clear and complete overview on the possibility to reduce
energy consumptions with different retrofitting strategies. In
particular, the student identified a series of combinations of these
retrofitting strategies into specific scenarios  (Table 5) and
considering four main parameters as output: the % of thermal 
comfort, the annual energy consumption [kWh/m2], the annual
CO2 production [kgCO2] and the utility cost [Euro/m2]. Fig. 6
represents the basic Sefaira 3D model used for the simulation on 
the case study 2 with the identification on entity palette for each 
technical element (wall, window, roof, etc.). Sefaira allows to run 
a first set of simulation results directly in SketcUp thanks to the 
respective plug-in, which provide immediate feedback of the 
design options selected.

The comparison of results of the analyses with the two soft-
ware is summarized in Table 6 highlighting the Energy con-
sumptions for Heating Season (EPH) and the energy label reached 
according to the Italian regulation on energy consumptions.

Observing the Fig. 7-graphic on the energy used in the whole
scenarios-from strategy C1 to C11 there is a constant decrease of 
energy used which correspond to the increased insulation addition 
strategies. A marked reduction is registered from C12 to C15, for 
which the strategies foresee the windows replacement. The 
greater decrease of energy occurs with the roof replacement (C22). 
Contrasting the peak of consumption in C24 corresponds to the 
insertion of the UTA system.

5.3. Approach limitations

The MEEBR approach was defined, as stated in the previous 
paragraph, from a review on existing methodologies and declined 
into four steps in order to have a systematic process to follow 
during the building refurbishment design and to identify and 
verify strategies in terms of energy efficiency with computer 
simulations.

Energy and thermal simulation is a valuable tool in the re-
furbishment of buildings: it can identify the most effective up-
grades and provide energy-saving information, but at the same 
time presents limitations. Simulating an existing building is in fact 
a difficult task, as older buildings are often poorly documented and 
the condition and efficiency of the plant may be unknown. Me-
tering is usually scarce and a breakdown of significant energy 
users can be impossible to attain. Attempting to accurately model 
such a building can be an expensive and often futile exercise. 
However, the fully refurbished building can be modeled to predict 
the final expected energy performance and to identify the most 
effective areas here improvements can be made.

The MEEBR proposed a way to simplify this process, following 
step by step all the phases from the information collection on the 
current state of the existing building, through the identification of 
strategies, to the final modeling among a series of refurbishment 
scenarios.



Table 4
Summary and identification of retrofitting strategies for case study 2.

Building Envelope System Plant
External Wall Window SGHC Roof HVAC

I0 No thermal
insulation

W0 Wood frame and
single glazing

S0 Clear single
glazing

R0 Wood structure:
uninsulated

E0 Typical gas heating (radiator)

I1 Insulation
3 cm

W1 Aluminum frame and standard
double glazing

S1 Clear double
glazing

R1 Wood structure: insulated,
no ventilation

E1 Typical gas heating (radiator) +
ventilation system

I2 Insulation
4 cm

W2 Performance aluminum frame
and standard double glazing

S2 Reflective
coated glazing

R2 Wood structure: well insulated,
ventilated

E2 Efficient centralized ventilation
system

I3 Insulation
5 cm

W3 Performance aluminum frame
and performance double glazing

S3 Internal blinds R3 Wood structure: extremely well
insulated, ventilated

E3 Efficient lighting system (LED)

I4 Insulation
6 cm

W4 Performance aluminum frame and
standard triple glazing

R4 Special structure: Isotec xl
and Autan Terreal

E4 Solar PV

I5 Insulation
7 cm

I6 Insulation
8 cm

I7 Insulation
9 cm

I8 Insulation
10 cm

I9 Insulation
12 cm

I10 Insulation
14 cm

I11 Insulation
16 cm

Current state (CS) = I0+W0+W1+S0+R0+E0 Project solution (PDR) = I8+W3+S1+R2+E2+E3

Table 5
Simulated scenarios for the phase 4 of case study 2 with Sefaira.

Strategies combination Thermal comfort Energy consumption CO2 production Utility cost

%o20 %426 kWh/m2 kgCO2 Euro/m2

SDF¼ I0þW0þS0þR0þE0 7 29 160 65,486 15
C1¼ I1þW0þS0þR0þE0 7 30 146 60,958 14
C2¼ I2þW0þS0þR0þE0 7 30 144 60,380 14
C3¼ I3þW0þS0þR0þE0 7 30 143 59,940 14
C4¼ I4þW0þS0þR0þE0 7 30 142 59,642 14
C5¼ I5þW0þS0þR0þE0 7 30 141 59,416 14
C6¼ I6þW0þS0þR0þE0 7 30 140 59,189 13
C7¼ I7þW0þS0þR0þE0 7 30 139 58,960 13
C8¼ I8þW0þS0þR0þE0 7 30 139 58,806 13
C9¼ I9þW0þS0þR0þE0 7 31 138 58,574 13
C10¼ I10þW0þS0þR0þE0 8 31 137 58,340 13
C11¼ I11þW0þS0þR0þE0 7 31 137 58,183 13
C12¼ I0þW1þS0þR0þE0 8 30 155 63,886 15
C13¼ I0þW2þS0þR0þE0 7 31 151 62,490 14
C14¼ I0þW3þS0þR0þE0 7 32 147 61,269 14
C15¼ I0þW4þS0þR0þE0 7 32 144 60,298 14
C16¼ I0þW0þS1þR0þE0 7 26 167 67,502 16
C17¼ I0þW0þS2þR0þE0 8 23 174 69,758 16
C18¼ I0þW0þS3þR0þE0 8 19 180 71,739 17
C19¼ I0þW0þS0þR1þE0 7 32 91 43,784 10
C20¼ I0þW0þS0þR2þE0 7 33 81 40,633 9
C21¼ I0þW0þS0þR3þE0 7 34 77 39,423 9
C22¼ I0þW0þS0þR4þE0 7 34 75 38,687 8
C23¼ I0þW0þS0þR0þE1 0 0 183 83,955 19
C24¼ I0þW0þS0þR0þE2 0 0 274 242,504 46
C25¼ I0þW0þS0þR0þE3 7 27 155 56,443 13
C26¼ I0þW0þS0þR0þE4 7 29 153 56,476 14
PDR¼ I8þW3þS1þR3þE2þE3 6 27 68 59,628 12
The accuracy and reliability of the analysis depends on the
quality and consistency of data inputs from a range of data sources.
Care should be taken to integrate the timing and base assumptions
used for each of these distinct analyses, since all the information is
needed in order to make the decision. Any analysis gaps will skew
the results.
A computer simulation, by its very nature, must make many
assumptions about the building, its systems, its controls and the
people who operate it. Models are usually based on an idealized
set of operating conditions; rather than attempting to model the
hysteresis in a control system, a blanket safety factor is applied to
the energy consumption of the entire mechanical plant.



Fig. 6. Building model of case study 2 built in SketchUp.

Table 6
Comparison between steady state software (Cenedþ) and dynamic simulation
tools (Sefaira) of the Energy in use for heating season [kWh/m2y].

Strategies combination EPH with
CENEDþ

Label EPH
with
Sefaira

Label % variation

SDF¼ I0þW0þS0þR0þE0 110 D 118 E 6.94
C1¼ I1þW0þS0þR0þE0 98 D 102 D 3.93
C2¼ I2þW0þS0þR0þE0 95 D 99 D 4.00
C3¼ I3þW0þS0þR0þE0 94 D 98 D 3.90
C4¼ I4þW0þS0þR0þE0 93 D 97 D 3.57
C5¼ I5þW0þS0þR0þE0 92 D 96 D 3.51
C6¼ I6þW0þS0þR0þE0 91 D 95 D 3.43
C7¼ I7þW0þS0þR0þE0 90 D 94 D 3.35
C8¼ I8þW0þS0þR0þE0 90 D 93 D 3.56
C9¼ I9þW0þS0þR0þE0 89 D 92 D 3.47
C10¼ I10þW0þS0þR0þE0 88 D 91 D 3.37
C11¼ I11þW0þS0þR0þE0 89 D 91 D 2.87
C12¼ I0þW1þS0þR0þE0 107 D 112 D 4.77
C13¼ I0þW2þS0þR0þE0 103 D 107 D 4.17
C14¼ I0þW3þS0þR0þE0 99 D 103 D 4.06
C15¼ I0þW4þS0þR0þE0 95 D 99 D 4.05
C16¼ I0þW0þS1þR0þE0 119 E 126 E 5.28
C17¼ I0þW0þS2þR0þE0 126 E 134 E 5.86
C18¼ I0þW0þS3þR0þE0 132 E 141 E 6.29
C19¼ I0þW0þS0þR1þE0 53 B 53 B 0.23
C20¼ I0þW0þS0þR2þE0 45 B 44 B 0.86
C21¼ I0þW0þS0þR3þE0 42 B 41 B 1.91
C22¼ I0þW0þS0þR4þE0 40 B 39 B 2.37
C23¼ I0þW0þS0þR0þE1 128 E 135 E 5.00
C24¼ I0þW0þS0þR0þE2 109 D 93 D 14.22
C25¼ I0þW0þS0þR0þE3 129 E 142 E 8.81
C26¼ I0þW0þS0þR0þE4 108 D 114 C 5.15

Fig. 7. Diagram of Energy used in kWh/m2y for all the scenarios of Table 5.
In our specific case, the following assumptions were considered 
for both software: CENEDþ and Sefaira. The simulation settings 
were kept the same or as close as possible in order to compare the 
different tools and the results with the actual building energy 
performance. The inputs used in Sefaira vary in complexity and 
number of parameters compared to those used in CENEDþ .
Moreover, the findings illustrate that, although it is possible to 
use CENEDþ as a design tool at the early stages in order to predict 
annual energy consumption and to investigate design improve-
ments, there are limitations in its application. Firstly the absence 
in CENEDþ of a graphical representation of the building and an 
inability to interrogate results for individual rooms. The ability of a 
dynamic methodology (Sefaira) and a steady state methodology 
(CENEDþ) to capture the effects of design changes was estab-
lished by a parametric sensitivity analysis. Both programs illu-
strated a capability to investigate the key parameters, but appli-
cation and interrogation of results were facilitated with greater 
ease in Sefaira. Both programs generated an improvement in an-
nual energy performance and rewarded the same design changes 
as the greatest improvement although the percentage of accep-
table errors between the two methods is around 4.40% (Table 6).
6. Conclusions

The paper presented an overview on retrofitting approaches, in
particular for the university communities, highlighting the im-
portance to promote green building initiative on campuses and it
proposed the outline for the MEEBR methodology to identify the
most suitable strategies for energy efficiency refurbishment and
verify them with Building Energy Performance Simulation tools
(BEPS).

The major fundings of the presented work-supported by the
practical experience of the “Città Studi Sustainable Campus” pro-
ject and the students’ application of the MEEBR to the two case
studies-are following described.

(1) The refurbishment is the most effectiveness solution in case of
building stock with a historical and architectural values.

(2) Each building is unique. There is no solution one fits-all. This is
even more true when it comes to cultural heritage where the
priority remains protecting the building and its value. None-
theless the MEEBR approach outlines generic steps, re-
commendations and factors that can contribute to the success
of an energy efficient retrofit regardless of the specific features
of the building and to the potential replicability of the
methodology.

(3) Computer simulation of existing buildings can assist the re-
furbishment to achieve desired energy performance. It can be
useful in assessing the merit of various pieces of equipment
and can identify the most effective upgrades. However, ade-
quate information regarding the building, its services and its
operation is vital in achieving a robust and useful model.

(4) It is crucial from the beginning of the refurbishment design
process, selecting a software for the energy assessment in
function of the particular job and the outputs that you want to
reach with the tool.

The concluding remarks and recommendations for future in-
vestigations in this area are as follow.

1. Whole-of-building retrofit with comprehensive energy simula-
tion, economic analysis and risk assessment is an effective ap-
proach to identifying the best refurbishment solution.

2. The MEEBR presented in this paper is a systematic methodology
that must be adapted case by case considering the refurbish-
ment target, the economic feasibility and buildability since the
beginning of the refurbishment design process.

3. This preliminary experience with students on MEEBR application
shows that case study examples like these can help increase con-
sideration of the integrated research approach to improve sus-
tainability performance in historical buildings taking into account



also the user’s participation of a university campus.
4. The case studies results were carried out using numerical si-

mulations, considering the increasing important role which,
building energy simulations is playing in refurbishment build-
ing design, also at early phase, above all to achieve the energy
efficiency target goal as requested by recent EPBD recast.

5. The building energy simulation software available in the market
ranges from the simple and approximate to the detailed and so-
phisticated. In the presented paper the evaluation of the retro-
fitting strategies were conducted with both type of software: a
steady state, CENEDþ and a dynamic one, Sefaira. The comparison
of their methodology analyses, in particular on the case study 2,
leads to the statement that it is essential from the beginning se-
lecting a program in function of the particular job and the outputs
that you want to reach with the tool and that the percentage of
acceptable errors between the two methods is around 4,40%.

6. The current methodology could be integrated in the future into
a software tool that can be linked in real-time readings from
meters based in order to have a more realistic energy audit of
phase 1 and project setup and a validation of the respective
sensitivity analyses with monitoring data (phase 4).
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