(T INTERNATIONAL

0 ::: BUILDING

TS PERFORMANCE
g SIMULATION

”l‘ ASSOCIATION

BS

2019

2-4 SEPT

ROME

Proceedings of Building Simulation 2019: 16th Conference of IBPSA

edited by
V. Corrado, E. Fabrizio, A. Gasparella, and F. Patuzzi

Chair: Vincenzo Corrado
Politecnico di Torino

Co-Chair: Andrea Gasparella
Free University of Bozen-Bolzano

16th IBPSA INTERNATIONAL —
= IPSA /iy

CONFERENCE AND EXHIBITION B

Angelicum Congress Centre
Largo Angelicum, 1

ISBN: 978-1-7750520-1-2



Executive Scientific Committee

Livio Mazzarella, Italy (President)
Godfried Augenbroe, USA

Paolo Baggio, Italy

lan Beausoleil-Morrison, Canada
Joe Clarke, UK

Vincenzo Corrado, Italy

Andrea Gasparella, ltaly

Lieve Helsen, Belgium

Jan Hensen, Netherlands
Roberto Lamberts, Brazil
Ardeshir Mahdavi, Austria

Local Organizing Committee

Francesco Asdrubali (Secretary)
Ilaria Ballarini

Fabio Bisegna

Annamaria Buonomano

Filippo Calcerano

Alfonso Capozzoli

Francesca Cappelletti

Maurizio Cellura

Cristina Cornaro

Luca Evangelisti

Organized by

Symposia srl

Conference Chairs

Vincenzo Corrado (Chair]
Andrea Gasparella (Co-Chair)

Luigi Marletta, Italy
Jyotirmay Mathur, India
Cheol-Soo Park, South Korea
Yoshiyuki Shimoda, Japan
Veronica Soebarto, Australia
Paul Strachan, UK
Athanasios Tzempelikos, USA
Christoph van Treeck, Germany
Michael Wetter, USA

Monika Woloszyn, France
Yingxin Zhu, China

Enrico Fabrizio
Claudia Guattari
Adolfo Palombo
Patrizia Pasolini
Francesco Patuzzi
Anna Laura Pisello
Elisa Polini
Alessandro Prada
Michele Zinzi

Venue: Angelicum Congress Centre, Rome, Italy

ISBN: 978-1-7750520-1-2
ISSN: 2522-2708

Proceedings of BS2019: 16th Conference of IBPSA
© International Building Performance Simulation Association, 2020




%% J 1»6fh“IBPSI§
ROﬁE J/ C?NFERENCF

!JII INTERNATIONAL
([ BUILDING

i — PERFORMANCE

SIMULATION
ASSOCIATION

Restorative design of urban brownfields, an interdisciplinary approach interconnecting
nature-based solutions, heritage requalification and human wellbeing. A case study in Rome

Maria Beatrice Andreucci!, Luciano Cupelloni!, Marco Delli Paoli! and Silvia Coccolo?
!Sapienza University of Rome, Rome, Italy
2Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland

Abstract

In order to face increasing socio-economic challenges in a
climate-change scenario, we should aim at re- designing
our built environment, improving resilience and
sustainability. Green infrastructure — trees in particular —
play a critical role in urban heat island mitigation.
Outdoor comfort simulations are useful tools to assess
microclimate, and the different parameters influencing
human energy balance and thermal comfort. The potential
of bioclimatic design is illustrated testing the simulation
tools Ecotect and CitySim on a dismissed iconic
pharmaceutical factory in Rome (Italy), supporting its
regenerative project, and thus offering useful insights for
evidence-based design of urban post- industrial degraded
sites.

Introduction

Urban climate, and urban heat islands in particular, have
been widely investigated in the last decades (Ng, 2010;
Morris et al., 2016). Studies have been conducted
specifically in the Mediterranean zone, one of the most
vulnerable to climate change, with UHI intensity varying,
according to Santamouris (2007), between 2°C and 10°C.
These results are confirmed by analyses carried out in
Rome (Salvati et al., 2016), which detected an average
UHI intensity between 3°C and 4 °C, with a peak intensity
of 4.5° C in summer.

The main factors that influence human thermal comfort
are those that determine heat gain and loss, namely
metabolic rate, clothing insulation, air temperature, mean
radiant temperature, air speed and relative humidity.
Psychological =~ parameters, such as  individual
expectations, also affect thermal comfort (de Rear and
Brager, 1998).

It is a well-established fact that thermal comfort is
strongly correlated to outdoor urban environment
(Charalampopoulos et al., 2016; Nouri et al., 2017
Saaroni et al., 2018). Michelozzi et al. (2005) and
Legambiente (2018) have highlighted the problems and
challenges related to thermal discomfort in Roman urban
open spaces.

According to Koppen—Geigen classifications (1933),
Rome belongs to the “Csa” hot dry summer
Mediterranean climate. The exceptional heat waves of
summer 2003, when peak temperatures reached record
values, had in particular a strong impact on the population

in terms of mortality, with a total of 944 excess deaths
observed (+19 %).

There are several design strategies to mitigate the UHI by
manipulating the urban energy balance and changing
some terms and/or factors: (i) varying the albedo (the ratio
of irradiance reflected to the irradiance received by a
surface) to reduce net radiation, (ii) improving ventilation
affecting human heat load, and (iii) augmenting
evaporative and shading potential. Greening, especially
tree planting, has a positive effect on the outdoor thermal
comfort (Akbari et al., 2001; Picot, 2004), intercepting
solar radiation and preventing the underlying surface to
absorb shortwave radiation, a process known as shading
effect (Bowler et al., 2010).

With the proper implementation of strategies levering on
nature-based solutions, particularly trees, it is possible to
mitigate the UHI, thanks to the cooling potential given by
evapotranspiration and surface temperature reduction
through shading (Ziircher and Andreucci, 2017; Samson
etal., 2017).

Methods
Site selection and characteristics

The project area, approximately 4.5 hectares, is among the

most vulnerable in the city of Rome, located close to the

Aniene river Natural Reserve, and characterized by the

massive presence of industrial settlements.
/S - 4 N

Figure 1: The project area: the “Leo” factory in Rome.
Google Earth, 2008.
Among the industrial buildings, the iconic 1950s heritage
“Leo” penicillin factory, abandoned since 2003, and
certainly an emblematic construction due to its size and
the inconvenient and cumbersome presence of processing
waste, harmful to the people and the environment.
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Urban expansion determined over time ecological
fragmentation and diffused degradation, causing
substantial loss of natural capital in a fragile transition
ecotone. Moreover, as underlined by the report from
‘Medici senza Frontiere’ (2018), the area of the Leo
Factory in Rome is quite a problematic area, due to
impellent social and medical needs.

Over the years, the factory has become the site of violent
incidents that have made some areas of the neighborhood
inaccessible and unsafe, becoming a home for homeless
people and for hospitality’s beneficiaries that haven’t yet
been allocated to residences in the Municipality of Rome.
Poor living conditions are evident also in the neighboring
areas, hosting blue-collar workers and marginalised
people close to the ‘Tiburtina Valley’, a productive area
which still experiences flourishing business activities.

The project provides the restoration of socio-ecological
connections achievable through new pedestrian and cycle
paths, and a bio-eco-oriented open space design (Figures 2
and 3), ensuring accessibility, safety and comfort to
citizens and visitors both in the post- industrial areas, and
in the other public space outside the former Leo factory.

Specifically, a homeless shelter for asylum seekers is
proposed, integrating the facility with other public
services, and thus increasing the social inclusiveness
potential of the Tiburtina area. A comprehensive timber
construction system is proposed for the new buildings’
construction and the multilayered paths reconnecting the
site, the City and the Aniene Park.

jof

Figure 3: Visualisation of the central public space.

Microclimate data collection and modelling

The climatic data for the city of Rome are defined by the
tool Meteonorm 7.3.0, (2013) providing the hourly data
for a typical meteorological year. The meteorological data
(air temperature, solar radiation, relative humidity,
rainfalls, wind speed and direction) are summarized in
Table 1 (Meteonorm, 2013). It should be noted that the
summer season in Rome is quite warm, with an average
temperature of 27.3°C during the month of August.

Table 1: Meteorological data for the city of Rome.
Meteonorm, 2013.

Beam Air Wind| Wind |Relative| Total

Month| Radia- | Tempe- |Speed| Direc- | Humi- | Rain-
tion rature m/s tion dity falls
W/m? °C ° % mm
Jan. 82.5 8.8 0.9 136 67.2 53.6

Feb. | 103.9 9.6 1.2 147 63.0 41.7

Mar. | 137.9 12.6 1.4 159 64.6 37.7

Apr. | 1579 15.4 1.3 174 67.0 47.8

May | 198.7 20.6 1.2 186 61.8 36.6

Jun. | 216.1 24.2 1.4 198 59.3 14.9

Jul. | 261.3 27.2 1.6 202 55.2 15.3

Aug. | 217.0 27.3 1.4 203 58.6 279

Sep. | 162.1 22.3 1.2 179 64.7 55.8

Oct. | 125.6 18.9 0.8 184 69.8 62.7

Nov. | 81.3 13.7 1.0 158 71.2 93.9

Dec. | 65.8 10.0 0.9 150 69.1 91.4

Different tools are applied to test the design
characteristics of the project site: ECOTECT (Marsh,
2006) to study the sun shadow range; Revit Insight 360 to
analyse the solar incident radiation, and the yearly
cumulative insolation; and CitySim (Robinson et al.,
2009), computing the energy behaviour of trees and grass,
in time and space (Coccolo et al., 2018).

The urban energy model, in particular, is defined thanks to
the tool CitySim, in order to analyse the outdoor
environmental conditions in the selected urban area.
Firstly, the geometrical design, available in DXF format,
is included in the tool, and all the thermo-physical
properties of the urban factory (albedo, conductivity,
density, specific heat and thickness of each composite) are
determined.

The lack of green open space determines, in proximity of
the factory, and in particular during the summer, an
elevated impact on the radiative environment, with an
evident influence on the wurban microclimate, and
potentially very harmful effects on the population and the
environment. In order to understand specifically the
impact of greening on the urban microclimate, as well as
on the outdoor thermal comfort of the pedestrians, the
evapotranspiration potential from trees and grass is
computed, thanks to the Food and Agriculture
Organization of the United Nations (1988), Campbell and
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Norman (1998), and Coccolo et al. (2018) All the physical properties of the material composing

evapotranspiration models.

Two simulations are performed: the current situation, and
the renovation scenario. In the renovation scenario, the
natural landscape in the southern area of the site is
improved planting 28 new trees belonging to the flag
species of the local riparian forest - Salix alba, Populus
alba, Alnus glutinosa, Ulmus minor (Blasi et al., 2010) -
seven meter tall, and with an average Leaf Area Index
(defined as the one-sided green leaf area per unit ground
surface area) corresponding to 3. In order to understand
the impact of the green infrastructure renovation on the
microclimatic conditions, the ground surface temperature
is analysed during the summer season. Subsequently, the
impact of greening on the outdoor thermal comfort is
computed, thanks to the COMFA* budget - an updated
version of the thermal energy model COMfort FormulA
(Brown and Gillespie,1986) - based on work by Kenny et
al. (2009), able to quantify the energy fluxes exchanged
by the pedestrians with the outdoor environment
(metabolic heat, radiation absorbed, long-wave radiation
emitted, convective heat losses, and evaporation). A
pedestrian is virtually located inside the “Leo” Factory,
and his thermal comfort, i.e. the energy exchanged
between the human body and the outdoor environment, is
computed as follows (Vanos et al., 2017):
EB:MJ'_RG})S_C_E_LEWI[[ (1)

where: EB is the heath balance, M is the metabolic heat
generated by a person, Ras is the radiation absorbed, C
represents the convective heat losses, E is the evaporation,
and Lemir is the longwave radiation emitted by a person.
All values are expressed in W m™. The total “comfortable
hours” are computed during a typical meteorological year,
by including the physical and geometrical properties of
the urban space under investigation. Table 2 summarizes
the COMFA* thermal scale, i.e. the energy budget values,
and the corresponding predicted thermal sensations. The
neutral thermal sensation corresponds to —50 to +50
W m?, while a thermal sensation can be considered
acceptable when the values are in the range —120 and
+120 W m?, which correspond respectively to a “slightly
cool” and a “slightly warm” thermal sensation. For
detailed data on the pedestrian model please refer also to
Coccolo et al. 2018b.

Table 2: Thermal sensation as a function of the
COMFA* budget. Kenny et al., 2009a.

Thermal sensation | COMFA* budget (W m™)
Cold < 201
Cool —200to — 121
Slightly Cool —120to — 51
Neutral =50 to + 50
Slightly warm +51 to+ 120
Warm +121 to + 200
Hot >201

The ground covering is subdivided into three main
typologies: water, vegetation and artificial ground
covering.

the ground are summarized in Table 3.

Table 3: Properties of the ground covering.
Data adapted from Erell et al., 2011.

Material Thermal Density | Specific Heat
Name Conductivity | Kg-m™ J'kg'K!
W~m71K71
Concrete 2.1 2,400 849
Concrete tiles 1.5 2,100 1,000
Gravel 2 2,000 1,051
Soil 1.5 2.098 1.500
Results

Shadow range generation

ECOTECT analyses (Figures 4 and 5) of the ex-ante
status of the former Leo factory highlight different critical
situations due to the geometry of the site, and in particular
to the different volumes located within the complex
producing a constant winter shadowing of specific areas.
The buildings along the main road, via Tiburtina, provide
a wide solar absorption surface, disadvantageous in the
summertime (Figure 4), and favourable during the winter
(Figure 5). The other constructions of the industrial
complex are arranged in a grid defined by the internal
informal road network, also increasing the shadowed
areas, both in open spaces and buildings.

Figure 4: Shadow range, June 21, 10 a.m.- 4 p.m.

Figure 5: Shadow range, Dec. 21%, 10 a.m.- 4 p.m.

The project proposes a photovoltaic system on the roof to
produce electricity for the overall self-sufficiency of the
complex, and whose elements are integrated into the south
facade cladding panels.
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The elevated path created by the project consists of a
modular structure of lamella wood able to screen the south
front during the summer, and to allow for the useful solar
gain in winter. Moreover, the demolition of selected
buildings and the appropriate clearing of other existing
ones optimize the natural lighting of interiors,
guaranteeing good levels of comfort, especially in
residential areas. Where the above solutions are not
possible, new glasses and windows with longer spans
have been positioned improving the internal illumination.

Solar irradiation profiles

Energy simulations provide the values of incident solar
radiation (Figures 6 and 7) and cumulative insolation
(Figures 8 and 9) of the buildings’ envelope.

Figure 6: Incident solar radiation analyses.
Southwest view.
In the model’s view from the southwest (Figure 6), the
open spaces receive a low insolation on average, and
sometimes equal to 0.

Figure 7: Incident solar radiation analyses.
Northwest view.

The model’s northwest view (Figure 7) shows the
complete lack of natural light along the entire north front,
while the roofs enjoy, on average, a higher degree of
insolation. The cumulative insolation analyses (Figures 8
and 9) of the buildings’ envelope show that the average
value during winter (Figure 8) is around 0.5 kWh/m? per
day, for the vertical envelope (with a minimum value of
0), and about 1 kWh/m? per day for the roof. During the
summer (Figure 9) the values reach around 2.5 kWh/m?
per day for the vertical walls, and peaks up to 5 kWh/m?
per day for the roof and the surfaces most critically
exposed to direct solar radiation.

These data have in particular been taken into account
when considering the shading requirements of the
buildings and assessing the best areas to place

photovoltaic for maximum collection over any period
throughout the year.

Figure 8: Yearly cumulative insolation analyses.
Winter.

Figure 9: Yearly cumulative insolation analyses.
Summer.

Urban energy model

This study underlines the impact of greening on the urban
surface thermal balance providing a direct indication of
the magnitude of the UHI within the city borders. More
simulations are performed focusing on the impact of the
landscape renovation project on the yearly and monthly
surface temperature of the site, as well as on the outdoor
thermal comfort. Figures 10 and 11 show the yearly
average surface temperature of the site, before and after
the proposed intervention. The southern area, covered by
the new vegetation, presents on a yearly basis an
important surface temperature reduction, dropping from
24.9°C to 23.6°C. The cooling phenomenon is more
evident during the summer season, when newly
implemented greening is expected to determine significant
reductions of the extreme warm and hot events.

-
38

Figure 10: Annual surface temperature of the Leo factory.
Existing design.
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Figure 11: Annual surface temperature of the Leo factory.
Renovated design.

In the project site, the total hours characterized by a
thermal sensation tolerable for a standing relaxing outdoor
activity (COMFA* budget between —120 to +120 W m?),
corresponds to 6,154 in the ex-ante scenario, and to 6,462
considering the beneficial effects of the proposed
renovation.

The positive effects of greening are more evident during
the summer season, when the outdoor thermal conditions
are mitigated thanks to the shading provided by trees, and
the cooling provided by the evapotranspiration (Figure
12).

Indeed, during the summer season the comfortable hours
correspond to 1,616 in the existing situation, rising up to
1,708 thanks to the renovation. This implies that
approximately 1 additional hour per day is attributable to
the climate-adaptive environmental design. Additionally,
is it important to note that a new urban forest (Ziircher and
Andreucci, 2017) will impact not just the large area inside
the former Leo factory, but it will also benefit the
surroundings and the neighbouring inhabitants (Cohen et
al., 2012; Feyisa et al., 2014; Skoulika et al., 2014; Zhang
etal., 2017).

Conclusion

Dismissed urban areas, urban brownfield, are often
considered as “empty” spaces within the city, secluded
spaces for poor and marginalised people (Camilli and
Zandonini, 2018). In parallel, we are witnessing a
growing interest in the requalification of dismissed areas,
urban brownfield and grey-fields for the major role they
can play in climate adaptation (Andreucci, 2017;
Mahzouni, 2018), bringing new value into poor- quality
environments and creating new sets of behaviour in
declining urban communities.

The concept of “Design with Climate” (Olgyay, 1962;
Givoni, 1969) has rapidly evolved in the last decades, and
identifies a climate sensitive approach to the planning and
design of outdoor spaces (Bowler et al., 2010). Within this
framework, outdoor thermal comfort models provide
critical tools for evaluating the suitability of spaces for
various nature-based solutions and environmental design
strategies.

The case study of the former penicillin factory Leo in

Rome has been selected for its peculiar features, being an
abandoned post-industrial site in a densely populated

semi-central area of the City, characterized by the
valuable presence of the Aniene River Natural Reserve
and flourishing production activities, within a context of
strong environmental degradation and dismissed building
constructions.

The simulations performed with the different tools
confirm the positive impact of the proposed bioclimatic
renovation: in particular, planting 28 deciduous broadleaf
trees in the semi-natural open space located in proximity
of the former pharmaceutical factory increases the outdoor
thermal comfort up to one hour per day during the
summer season.

Additionally, thanks to the climate-adaptive landscape
design, the average surface temperature of the site is
reduced, decreasing the urban heat island effect in this
critical district of the city of Rome.

Figure 12: Visualisation of the thermal comfort effects in
summer provided by renovated open space design.
Northern areas.
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Figure 13: Visualisation of the thermal comfort effects in
summer provided by renovated open space design.

Southern areas.

This study represents a first step in the analysis of the
micrometeorological impacts of greening the urban
brownfields in Rome, and further studies are required,
aiming to create a comprehensive map of the City,
focusing on their potential in mitigating the urban heat
island effect, and improving overall health and wellbeing
of the urbanites.
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