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Abstract
The climate and energy performance of the case study is modelled through
a highly accurate building model realized in IDA ICE 4.8 environment respecting all the listed constraints. Some further realistic assumptions are
introduced about the unknown inputs. The Indoor Environmental Quality is
assessed by taking into account the total energy demand per year, the annual
thermal comfort according to EN 15251:2007, the annual indoor air quality according to ASHRAE 2011 and the visual comfort according to ASHRAE 90.1.
Three retrofit configurations avoiding all the measures that may be conflicting and/or incompatible with conservation are tested: Passive, Active and
Passive + Active (A + P). The results show that all the retrofit strategies
are able to improve the overall building indor environmental quality. A multiobjective optimization allowed identifying the A + P retrofit configuration
as the most efficient in minimizing energy consumption whilst maintaining
thermal comfort conditions. This retrofit design brings together roof and
ground floor insulation, windows enhancement, simple fan-coils installation
and increased ventilation. The A + P retrofit measures markedly enhance the
thermal comfort and the indoor air quality, meeting the comfort requirements
for almost 75% and 70% of the occupancy time, respectively. Moreover, a
new control strategy of the internal shading devices is proposed to reduce the
visual discomfort due to too high illuminance.

Nomenclature

Abbreviation
CL
CO2
Cp
CS
ED
IAQ
IEQA
IHG
OF
PU
RH
RL
⇢
SHGC
T
TC
Tvis
U-value
VC

Classroom
Air carbon dioxide
Specific heat at constant pressure
Corridors and stairs
Energy Demand
Indoor Air Quality
Indoor Environmental Quality Assessment
Internal Heat Gain
Office
Polyurethane
Relative humidity
Restrooms and Lavatories
Density
Solar Heat Gain Coefficient
Solar transmittance
Thermal Comfort
Visible transmittance
Thermal transmittance
Visual Comfort
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Introduction

Historic buildings deserve special retrofit actions as the enhancing of their performance must be balanced with their conservation needs [1]. Nevertheless, thanks to
their climate sensitive design they generally behave more efficiently than modern
buildings built after 1950 [2]. Understanding the building behaviour allows boosting built-in solutions to optimize the building performance while recovering its old
architectural value [3].
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2.1

Building Energy Simulation
Modelling assumptions

The building model is created in IDA ICE 4.8 environment [4] according to the
contraints provided in the briefing document for the modelling competition: building
drawings, envelope components, internal heat gains and schedules for occupant,
lighting and appliances. The following paragraphs describe the assumptions made
for all the unknown inputs.
Site and building plans
The 5-story masonry construction was modelled according to the given CAD files.
The storey of the surrounding buindings are imported in the model to take into
account the shades they project on the case-study (Figure 1). The location and the
corresponding weather file, together with the Design Day data, are integrated in the
model.

Figure 1: The 3D model of the case study in IDA ICE. The white blocks represent
the surrounding buildings in the site plan.
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All the envelope components are assigned the thickness, conductivity ( ), density
(⇢) and specific heat capacity (Cp ) specified in the briefing document. The missing
properties of the clay tiles used for the roof are assigned the values found for the same
material in the MASEA database [5] = 0.96 W·m 2 ·K 1 , ⇢ = 1952 kg·m 3 and
Cp = 1600 J·kg 1 ·K 1 . The internal walls are assumed to be composed by a layer of
stone bricks (0.46 m) enclosed in two layers of internal plaster (0.02 m). The ground
floor is built on an underground level without insulation with features according
to ISO 13370. Moreover, the final thickness of the internal floors, measured on the
section drawings, are reached by inserting one layer of stones and bricks (0.32 m) and
one layer of internal plaster (0.005 m). The resulting value of thermal transmittance
of the envelope components are summarized in Table 1.
Table 1: Thermal transmittance of the envelope components.
Component
Internal walls
External walls
Ground and internal floor
Roof

U-value
(W·m 2 ·K 1 )
1.4
0.8
1.1
2.6

Windows
The windows in the model are made of single-pane glasses with wooden frames sized
as a 10% fraction of the total window area. The dimensions of the windows change
as a function of the building floor. The window recess depth is set to 0.17 m and the
masonry section under each window (hereafter called subwindows) is 0.35 m thick,
as measured on the CAD file. The window features are summarized in Table 2.
The roof lanterns on the top floor are included in the model as skylights with
a single-pane glass (U-value 5.8 W·m 2 ·K 1 ) and thermal properties of an external
wall. In the zone model, the temperature of the skylight wall subsurface is set to a
weighted average of the temperatures of the glazed and unglazed parts of the five
surfaces of the skylight. Skylights are built-in objects in IDA ICE and represent the
best way to simulate this kind of dormers as they can be used to study solar radiation
and climate e↵ects for di↵erent forms of glazed openings in roofs [4]. Unfortunately,
since they are allowed to be inserted only on plane sufaces the original slope of the
roof have to be sacrificed.
For each window, both external and internal shadings are included in the model,
assuming the same size of windows. When drawn (i.e. fully shaded), external
and internal shadings reduce the solar gain factor of the windows (multiplier for
SHGC= 0.65) but don’t modify heat exchanges (multiplier for U-value = 1).
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Table 2: Single-pane window properties in the current building.
Single-pane windows
Glazing
SHGC
T
T vis
U-value (W·m 2 ·K 1 )

0.85
0.83
0.9
5.8

Frame
Fraction of total window area 0.1
U-value (W·m 2 ·K 1 )
2.2
The control strategy for the shading devices is assumed to be connected to the
occupancy schedule of the zone. No shadings are provided to the skylights.
Heating system
Radiators are installed in classrooms and offices and are fed by hot water at 80 C
generated by a gas boiler. The radiators are assumed to be positioned under the
subwindows and are sized according to the heating loads necessary to provide 20 C
(comfort temperature) during the occupancy hours. The heating system is controlled
by a MACRO function shown in Figure 2 where radiators are switched on everytime
the operative temperature of the zone goes below the comfort temperature during
the occupancy hours (described in the schedule) from November 1st to April 15th.

Figure 2: The scheme of the MACRO function used to control the radiators.
The heating loads are computed for each zone through the Heating Load tool
already implemented in IDA ICE. The nominal power of the heating system is
obtained as the maximum heat supplied by an ideal heater with unlimited power
3

to fulfil the comfort condition in each zone on January 21st, chosen as synthetic
weather from the Design Day data for Rome. Fans simulating natural ventilation
(described in next section) are left working according to their schedules and none
of the internal gains are taken into account in order to reproduce the worst possible
conditions.
Ventilation and Infiltration
The natural ventilation in the zones during the occupancy period is simulated by
using a mechanical system set to the required value of flow rate, which is computed
as a function of the occupancy density and the volume of each zone. The leakage
area is assumed to be distributed uniformly along the envelope in order to have a
constant infiltration rate of 0.3 ACH. This infiltration value is chosen considering the
high permeability of the windows and the low air-tightness of the historic building
envelope.
Internal heat gains
The internal heat gains (IHG) for occupants, lighting and appliances are integrated
in each zone as a function of the usage type (i.e. classrooms, corridors and stairs, offices, restrooms and lavatories). IHGs are controlled by the relative hourly schedules.
The total emitted heat by the appliances in each zone is computed by multiplying
the internal heat gain value due to appliances and the floor area. Likewise, the
rated input associated to lighting is the product between the internal heat gain due
to lighting and the floor area. The number of occupants is given by the occupancy
density times the floor area. The IHG due to occupants is set to 1.3 MET in all
the zones except for classrooms, where the metabolic equivalent is corrected to 0.9
MET as a consequence of the simultaneous use.
Other assumptions
Moreover, some other assumptions are made about the following unknown inputs:
• the wind profile is set according to a urban profile (ASHRAE 1993), as the
building is surrounded by other buildings;
• furniture are included in classrooms and offices as further internal masses with
U-value set to 6 W·m 2 ·K 1 and total area exposed to zone air estimated as
the number of occupants multiplied by a coefficient of 0.9 for classrooms (e.g.
desks, chairs) and of 7.5 for offices (e.g. desks, chairs, lockers, etc.);
• the ambient air carbon dioxide (CO2 ) concentration is set to 400 ppm according
to the average level in the historical city center of Rome [6].
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(a) Ground floor

(b) Typical floor

(c) Top floor

Figure 3: Building levels and zones in the detailed model.
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2.2

Modelling techniques

The construction of the building model and the dynamic simulation of climate,
daylight and thermal comfort are obtained in the IDA Indoor Climate and Energy
(IDA ICE) environment. IDA ICE is a dynamic building simulation software which
applies equation-based modelling for indoor climate and energy simulations [4].
Zones modelling
The modelling of the building zones is approached in two phases:
• Detailed model : first, the building is modelled with a highly accurate division
of zones;
• Simplified model : then, some simplifications are introduced in order to reduce
the total number of zones.

(a) Table of conversion

(b) Ground floor

(c) Typical floor

(d) Top floor

Figure 4: Simplified model with a reduced number of zones.
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In the detailed model, each floor from level 0 (ground) to 3 is divided in 20 zones
and the top floor is composed of 10 zones, as shown in Figure 3. The identifiers
given to the zones are explained in the table next to each floor plan. Adjacent
rooms of the same type (e.g. classrooms and offices), if separated only by a thin
wall, are merged together in order to reduce simulation e↵ort. The neglected walls
in between are included in the merged zones as internal masses with an area equal
to the neglected wall and U-value of 5 W·m 2 ·K 1 (i.e. the heat transfer coefficient
of a wall of plaster drywall with = 0.3 W·m 1 ·K 1 width 0.06 m).

(a) Classrooms

(b) Offices

Figure 5: Comparison of the heating loads in the detailed model (stacked bars) vs
in the simplified model (blue bars). Red dots represent the di↵erence between the
paired results.
The complexity of the detailed model makes the time needed to obtain an annual
simulation very long. For this reason, in order to test its accuracy in simulating
the building performance, a simplified model with a reduced number of zones is
built. As previously done, the strategy adopted is to merge adjacent zones and to
insert the neglected walls as interior masses. In this further simplification, the Uvalue provided to the neglected walls is 1.4 W·m 2 ·K 1 as that of the internal walls
neglected. The floors of the simplified model are shown in Figure 4 together with
a conversion table that summarizes the correspondences between the zones of the
7

simplified model and those from the detailed one. The results of the heating loads
obtained with the simplified model are compared to those from the detailed model.
The histograms in Figure 5 show that the average inaccuracy in estimating heating
loads is 12% for classroom and 24% for offices, thus the simplified model is not able
to provide a comparable assessment of the performance of the building.
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Indoor Environmental Quality Assessment

The Indoor Environmental Quality (IEQA) is assessed by taking into account the
total energy demand per year (ED), the annual thermal comfort (TC), the annual
indoor air quality (IAQ) and the visual comfort (VC) in classrooms and offices during
the occupancy period.
Energy demand
The total energy demand for heating and cooling per year (ED) is computed as the
sum of the hourly power used by the heating and cooling devices in all the zones of
the building. In the existing building, the total energy demand is only due to the
heating while in the retrofit configurations including active measures the total ED
is obtained summing the cooling demand.
Thermal comfort
According to EN 15251:2007, the thermal comfort (TC) is assessed as the percentage
of the occupancy hours in which temperatures are inside the Category comfort band
III ranging from 18 to 27 C, corresponding to an acceptable level of expectation
for existing buildings. The 3D visualization of the distribution of temperatures
is useful to understand the thermal behaviour of the building throught the year
(Figure 6). This synthetic representation is extremely helpful in detecting strenght
and weaknesses in the climate performance of the building and helps in selecting the
best allowable retrofit measure to minimize energy consumption whils maintaining
comfort conditions. An example is shown in Figures 6 at di↵erent moments of the
day in winter (21/01/2019) and summer (18/07/2019):
• In winter (Figure 6, a-c-e) the distribution of temperatures is mainly governed
by the heating system: at h 8:00 in the morning, before the radiators are
switched on, the building is thermally homogeneous at T = 16 C; at h 14:00,
in the middle of the working day, temperatures are shifted up towards the
setpoint temperature of the radiators (T = 20 C) in all the zones except for
restrooms, lavatories, corridors and stairs where the heating system is assumed
to be absent; at h 20:00, when occupancy is scheduled only inside offices, the
comfort temperature is maintained only in offices while the rest of the building
begins to return to the initial thermal condition.
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(a) Winter h 8:00

(b) Summer h 8:00

(c) Winter h 14:00

(d) Summer h 14:00

(e) Winter h 20:00

(f) Summer h 20:00

Figure 6: Distribution of temperatures in the existing building during winter
(21/01/2019, a-c-e) and summer (18/07/2019, b-d-f).
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• In summer (Figure 6, b-d-f) the distribution of temperatures is mainly governed by the combined e↵ect of the sun exposition and the natural thermal
stratification of the air: at h 8:00 in the morning, when sun begins to rise
from the East side, the lower floors are cooler and the West-facing zones of
the third floor are slightly warmer due to the light reflected from the buiding
on the left; at h 14:00, in the hottest part of the day, temperatures are higher
in the South-facing side of the building, where temperature reach values up
to 36 C; at h 20:00, approaching to sunset, the W-facing zones of the upper
floors rise their average temperatures being hit directly from solar radiation.
The zones without natural ventilation (i.e. restrooms and lavatories) remains
cooler due to the reduction of warm air entering.
Indoor Air Quality
Occupants generate carbon dioxide and water vapour as a function of their metabolic
rate. ASHRAE 2011 [7] states that the carbon dioxide concentration should be kept
below 1000 ppm while relative humidity for human comfort should be comprised
between 40 and 60%. The annual Indoor Air Quality (IAQ) performance is assessed
as the percentage of the occupancy hours when these conditions are simoultaneously
met.

Figure 7: Daily indoor environmental quality assessment of CL 206 in the existing
building. Hourly and annual data refer to the occupancy hours in the classroom
(workdays 8-18h).
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The daily and annual indoor environmental quality can be summarized through
four overlapping graphs representing the above mentioned IEQA parameters (i.e.
ED, TC, IAQ and VC). The horizontal axis represents the months of the year and
the vertical axis represents the occupancy hours (e.g. on workdays from h 8 to 18
in classrooms). In the right side images, annual synthetic graphs are displayed to
show the percentages of occupied hours inside the comfort range and helps quantify
the e↵ects of the retrofit measures.
A synthetic overview of the IEQA results in Classroom 206 (CL 206) is shown
in Figure 7. This zone is chosen because is particularly exposed to the sunlight as
it is a room on the second floor with three windows facing to the courtyard and
exposed to South. In the existing building, only heating is provided during the year.
This means that thermal comfort is supplied only during the heating season, while
temperatures are always too high during summer (36% of the time). The indoor air
quality is strictly dependent from the relative humidity level, as the carbon dioxide
concentration is always kept below the threshold thanks to natural ventilation. The
annual percentage of IAQ discomfort is almost 40%. The visual comfort assessment
(see Section 5) highlights that the room is overlit from February to November,
suggesting that a di↵erent shading control system should be provided.
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Building retrofit design

The main principle for the retrofit of old buildings is to preserve their original
details as much as possible, by retaining its appearance and assuring the reversibility
of the intervention measures [11]. After the assessment of the current building
performance, an investigation over the possible measures to improve its behaviour
can be proposed.
Explanation of options considered and decision process
Passive strategies are preferable as they are usually less invasive on the visual appearance and more cost e↵ective [9]. In mediterranean climate, traditional passive
solutions act on the isolation of roof and ground floor and possibly on windows’
performance.
The admissibility and relative priority of some of the most frequently adopted
measures are summarized in Table 8. The retrofit measures are ranked through a
quick assessment method by taking into account both their impact on aestethic and
structural features of the historic building (from low to incompatible) and their expected e↵ectiveness in terms of enhancement of the indoor environment performance
of the building (from poor to good). The measures with the highest impact are discarded as conflicting and/or incompatible with conservation of historic buildings.
The chosen retrofit measures can be directed to roof and ground floor insulation,
windows enhancement, simple fan-coils installation and improved natural ventilation
and shading control.
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Figure 8: Admissibility and priorities among some of the most adopted retrofit measures. Scores attributed to the impact are given as follows: Low=3, Moderate=2,
High=1, Incompatible=0. Scores attributed to the e↵ectiveness are given as follows:
Good=3, Satisfactory=2, Fair=1, Poor=0.
Roof and ground floor isolation
The roof and the ground floor can be insulated in order to reduce the energy demand
of the existing building while maintaining the architectural and aesthetic value of
the building [10]. As no visible intervention is possible for conservation reasons,
polyurethane foam (abbreviated in PU) is proposed to be added above the wooden
rafters of the roof and under the ground floor with minimal impact on existing fabric.
This material is a high-performance insulating product compatible with historic
materials and can be removed in the future, if needed. The thermal transmittance
of the roof and of the ground floor after the retrofit are summarized in Table 3
Table 3: Thermal transmittance of the roof and of the ground slab after the retrofit.
Component

Retrofit

U-value

Ground floor
Roof

0.15 m PU-insulation
0.15 m PU-insulation

0.35 W·m 2 ·K
0.22 W·m 2 ·K

1
1

Windows enhancement
Windows are an integral part of the building and cannot be separated from their
architectural style or design, thus preserving the original windows is therefore important while achieving a comfortable internal environment. A double-window is
proposed as a retrofit measure able to save the original features of the building
as well as improving energy efficiency, thermal comfort and visual comfort inside.
The double-window is made of a second double-pane glass window mounted at a
distance of 0.1 m from the historical one in the internal side of the building. This
solution respects both the principles of minimum intervention and distinguishability
and preserves the material and figurative authenticity of the asset. The properties
of the obtained window are summarized in Table 4.
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Table 4: Properties of the enhanced window proposed as a retrofit measure.
Double windows
Glazing
SHGC
T
T vis
U-value (W·m 2 ·K 1 )

0.68
0.58
0.74
2.4

Frame
Fraction of total window area 0.1
U-value (W·m 2 ·K 1 )
1.8
Simple fan-coils
In the active retrofit strategy a simple fan-coil is installed in every zone of the
building. The heating loads used to size the nominal power are the same as in
the existing building as no passive measure is introduced. The power needed for
cooling is calculated using the hottest day of the year from the Design Day data
file to determine the time of the year when the maximum cooling load occurs. The
proposed fan-coils are controlled by a MACRO function shown in Figure 9. From
November 1st to April 15th the devices are switched on everytime the operative
temperature of the zone goes below the comfort temperature (as for radiators) and
from June 1st to September 30th the devices operate in cooling mode with setpoint
26 C during the occupancy hours.

Figure 9: The scheme of the MACRO function used to control the fan-coils.
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Natural ventilation
Ventilation is linked to indoor air quality control. Moreover, if ventilation is reduced
too much through the passive retrofitting measures, condensation may occur [11]. If
properly managed, ventilation can be part of an energy efficient strategy for achieving thermal comfort even in summer. The proposed passive strategy is integrated
into the passive and passive+active strategy to increase both thermal comfort and
indoor air quality by setting the window opening for an hour between 7 and 8 in
the morning during workdays from June 1st to September 30th.
Additional techniques implemented to guide the optimization
Three possible retrofit configurations are selected where the chosen retrofit actions
are combined together in single packages to evaluate their linked e↵ects and to
reduce the time needed to test them individually[8]
Passive: Roof and ground insulation, windows enhancement, improved natural ventilation and shading control;
Active: Fan-coils installation only;
Active + Passive: All the above measures together.
The multi-objective optimization is based on the comparison of the results of
these three retrofit configurations in terms of the annual IEQA metrics (see Paragraph 3).
Compliance with guidelines on historical buildings retrofit design
The improvement of thermal insulation and the renovation of the HVAC systems
trying to minimize their impact in terms of energy consumption is strongly related to the objectives of European Community aimed at reducing the greenhouse
gas emissions (Directives 2002/91/CE and 2010/31/EU) and enhancing the energy
performance of existing buildings, especially those belonging to public institutions
(Directive 2012/27/EU).
It was estimated that about the 30% of public building stock is historical [2]. In
the case of historic buildings, the Italian Legislative Decree No 192 of 19 August
2005 (D. Lgs. 192/2005) claims that the conservation requirements have priority
with respect to the energy retrofit. The European guidelines EN 16883:2017 for
improving Energy Performance of Historic Buildings specifies that maintenance is
the best conservation measure and that in the retrofit of historic buildings also
non-standard measures could be considered.
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Daylight and visual comfort assessment

The daylight level is calculated in IDA ICE by default on a horizontal surface at the
first occupant load without accounting for electric lighting. The Daylight extension
14

has been recently updated in IDA ICE 4.8 allowing to include illuminance in the
results of the dynamic simulation. Moreover, from the daylight tab it is possible
to compute the spatial distibution of illuminance in selected time points. Zones for
daylight calculation can be selected from a list and the shadings surrounding the
buildings can be included as shadows. Finally, the area above and below the desired
illuminance range can be shown on a scalebar in 2D and 3D view.
Motivation supporting the choice of the analyzed zone(s)
The amount of daylight inside a building depends on the availability of natural light
at that location, as well as the properties of the building and of its surroundings. In
fact, the indoor illuminance distribution is the combined e↵ect of the sun exposition,
the number of windows and the proximity of the surrounding buildings. Therefore,
only by comparing zones di↵erently exposed to sunlight one can understand in which
side of the building the occupants may be more subjected to visual discomfort.

(a) Spring h 9:00

(b) Spring h 15:00

(c) Autumn h 9:00

(d) Autumn h 15:00

Figure 10: Daylight in the zones of the second floor of the existing building during
the Spring equinox (a and b) and the Autumn equinox (c and d). A perimeter of
0.7 m from the walls is included.
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Figure 10 shows the illuminance distribution in the zones of the second floor of
the existing building at the Spring and the Autumn equinoxes.
The daylight is calculated with 0.5 m resolution in conditions of clear sky, at
0.8 m height from the floor and at a distance of 0.7 m from the walls. Both at the
Spring and Autumn equinoxes, the illuminance distribution appears consistent:
• in the morning, the North-West-facing side of the building receives indirected
solar light reflectd by the adjacent building and the classroom in the Eastfacing corner of the building is overlit due to direct solar radiation;
• at 15:00, the South-facing zones of the building are overlit (up to 3500 lux)
due to direct strong solar radiation coming from the windows.
Strategies for shading device
In the existing building the shading devices are assumed to be never drawn during
the occupancy hours and some of the zones experience too high levels of illuminance
during the occupancy hours. For this reason, in the retrofit strategies the internal
shadings are governed by a controller that draws the shadings when the sun hits the
windows of the zone with irradiance higher than 300 W·m 2 .
Models, requirements and metrics for daylighting and visual comfort
Daylighting and visual comfort are evaluated according to ASHRAE 90.1, where it
is recommended the spatial distribution of illumince to be maintained between 300
and 3000 lux. ASHRAE 90.1 [13] recommend to verify the illuminance distribution
at the Spring and the Autumn equinoxes is as homogeneus as possible in order to
guarantee visual comfort (see Figure 10 for the existing building and 12 after the
retrofit).
In addiction, Useful Daylight Illuminance (UDI) can be used as a daylight availability metric corresponding to the percentage of the occupancy time the range of
illuminances in a space is met by daylight. According to UDI theory, daylight illuminances in the range 100 to 300 lux are considered e↵ective either as the sole source
of illumination or in conjunction with artificial lighting. The annual Visual Comfort
(VC) is assessed as the percentage of illuminances ranging from 100 to around 3000
lux during the occupancy time.
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Results

A multi-objective optimization is carried out to identify the best retrofit design
solution for the existing historic building. The results are expressed in terms of
the annual IEQA metrics described in Paragraph 3. The annual Energy Demand,
the Thermal Comfort, the Visual Comfort and the Indoor Air Quality of the three
investigated retrofit configurations are summarized in Table 5.
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Table 5: Results of the retrofit strategies compared to the existing building.
Retrofit

Baseline (no retrofit)
Passive
Active
Passive + Active

Energy
demand
(kWh)

Thermal
comfort
(%)

Indoor
Air Quality
(%)

125721
108760
229551
186837

47.5
49.3
74.9
72.7

57.5
59.7
68.2
69.4

The results in Table 5 show that all the retrofit strategies are able to improve the
overall building indor environmental quality. The passive configuration is the only
that allows reducing the energy demand but thermal comfort and indoor air quality
are weakly increased. The installation of fan-coils in the place of radiators permits
to markedly enhance TC and IAQ, meeting the comfort requirements for almost 75%
and 70% of the occupancy time, respectively. The Passive + Active configuration is
the one that minimize energy consumption whilst maintaining comfort conditions.
In the Appendix is reported the comparison among the results obtained with the
retrofit configuration in each zone of the building.

Figure 11: Daily indoor environmental quality assessment of CL 206 after the
Passive + Active retrofit measures. Hourly and annual data refer to the occupancy
hours in the classroom (workdays 8-18h).
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The daily and annual indoor environmental quality in Classroom 206 (CL 206)
after the Passive + Active retrofit is summarized in Figure 11. The daily values of
the IEQA parameters can be compared to those obtained in the existing building
and shown in Figure 7. Thanks to the retrofit, the annual thermal comfort in the
zone reaches 79% and the indoor air quality increase to 79% due to the better
control over the relative humidity level. The visual comfort assessment reveals that
the shading control, together with the enhanced windows, help minimizing visual
discomfort due to overexposure to sunlight. Nevetheless, the percentage of underlit
conditions during the occupancy hours raises.

(a) Spring h 9:00

(b) Spring h 15:00

(c) Autumn h 9:00

(d) Autumn h 15:00

Figure 12: Daylight in the zones of the second floor during the Autumn equinox.
The daylight distribution in the zones of the second floor of the building at
the Spring and the Autumn equinoxes after the introduction of the retrofit shading
control is shown in Figure 12. As previously done, the daylight is calculated with
0.5 m resolution in conditions of clear sky, at 0.8 m height from the floor and at
a distance of 0.7 m from the walls. The comparison with the existing conditions
(Figure 10) points out that the retrofit measure clearly helps improving the average
visual condition, though not entirely resolving the problem of too high illuminance
in South-facing zones.
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7

Conclusions

The historic building case stydy is modelled in IDA ICE 4.8 environment respecting
all the listed constraints and using the given location and weather files. The modelling technique used is highly accurate in the division of internal zones in order to
reliably simulate the climate performance of the existing building. Moreover, some
realistic assumptions are introduced about the unknown inputs such as the heating
system features, the infiltration rate, the shading control and the air carbon dioxide
concentration amongst the other.
The Indoor Environmental Quality (IEQA) in classrooms and offices during
the occupancy period is assessed by taking into account the total energy demand
per year, the annual thermal comfort according to EN 15251:2007, the annual indoor air quality according to ASHRAE 2011 and the visual comfort according to
ASHRAE 90.1.
The retrofit strategy is chosen ranking the measures as a function of their impact on aestethic and structural features of the historic building and their expected
e↵ectiveness in terms of enhancement of the indoor environment performance of the
building. The retrofit actions conflicting and/or incompatible with conservation are
discarded. Three possible retrofit configurations are selected (i.e. Passive, Active
and Passive + Active design) and tested simultaneously evaluating the linked effects of the selected retrofit actions. A multi-objective optimization based on the
comparison of the results in terms of the annual IEQA metrics is used to identify
the best retrofit design. All the retrofit strategies are able to improve the overall
building indor environmental quality.
The retrofit configuration that combines together active and passive (A + P)
measures is found to be the most efficient in minimizing energy consumption whilst
maintaining thermal comfort conditions. This retrofit design brings together roof
and ground floor insulation, windows enhancement, simple fan-coils installation and
increased ventilation in summer. The results show that the A + P retrofit solution
markedly enhance the thermal comfort and the indoor air quality, increasing their
performance during the occupancy time up to 50% of the initial value if compared
to the existing building. Moreover, a new control strategy of the internal shading
devices is proposed to reduce the visual discomfort due to too high illuminance.
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Appendix

Figure 13: Annual IEQA results in classrooms with the retrofit strategies tested.
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Figure 14: Annual IEQA results in offices with the retrofit strategies tested.
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