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Abstract
Beyond doubt, climate-sensitive urban planning and
architecture have to be considered in urban development
and retrofitting process, to counteract to current urban
challenges, like climate change adaptation, water
management, air pollution and many more.
In line with that, the municipality of Segrate and cities all
over the world need an easy-to-use, fact-based and in
planning processes integrable decision support regarding
urban challenges, to apply climate-resilient urban
planning and architecture and to finally achieve a higher
quality of life for current and future conditions.
Microclimate simulations exist since more than 20 years
but are very complex and scientific systems to use in daily
practical world of urban planning and architecture.
The innovative GREENPASS® technology combines first
time (ENVI-met) microclimatic simulation and
evaluation analysis with complex numerical resources
and cost calculations in a standardized and transparent
way – applicable by common architects and urban
planners. It provides the relevant information for decision
making in planning processes regarding the urban
challenges: climate, water, air, biodiversity, energy and
cost. The easy-to-use software tool allows to compare
different designs for one urban development areas,
moreover, comparison of different projects based on the
unique set of Key Performance Indicators (KPIs) for
planning, evaluation, optimization and certification of
projects (Kraus et al. 2019, Scharf 2018).
For the Case Study areas, a selected set of KPIs got
applied, including following meaningful indicators: TCS
(Thermal Comfort Score), PET (Physiological Equivalent
Temperature - Thermal performance), AT (Air
temperature), RH (Relative humidity) and WF (Wind
flow).
The results show potential thermal outdoor hot spots
within the areas, will give information about the human
temperature behaviour and the wind flow of the areas. The
final output are easily understandable thermal image maps
and meaningful scores, shown by extracted results for the
thermal performance of the areas.

Introduction
Urban growth and climate change are two of the main
challenges worldwide (UN, 2015; EC, 2016). Today, 70%
of all Europeans live in urban areas (EU, 2016), which
highlight the need for Green Infrastructure (GI) and
Nature-based solutions (NBS), with their important role
in mitigating the impacts of climate change related natural
hazards (EEA, 2015).
Because of the growing awareness of the importance of
using designs and principles based on nature to achieve
positive effects on the urban environment, has led over
time to the definition of solutions and actions capable of
simultaneously providing environmental, social and
economic benefits. In this sense, since its first
"appearance" in the scientific literature at the beginning
of the twenty-first century, the concept of Nature-based
Solutions (NBS) emerged as a priority for the sustainable
development of urbanization (through stimulating
solutions for economic growth, improvement
enhancement of the environment, making cities more
attractive and improving the well-being of humans),
The work presented in this paper is part of a large EU
funded H2020 research and development project named
Nature4cities (N4C), which is developing tools to support
GI and NBS growth. One of the applied tools of the
project is GREENPASS®, which allows an easy and
resource-efficient project processing and serves as the
very important interface between the practical world of
planning and the scientific simulation of microclimatic
impacts. The software technology has been scientifically
developed and validated within the last 9 years, a variety
of national and international R&D projects and
successfully applied by more than 25 project
developments in Austria. (Kraus et al. 2019).
This work is the first Italian use case. In line with that,
two selected project case study areas with different
characteristics in the municipality of Segrate/Milan got
evaluated by using the innovative tool.
Within the N4C project, this case study will be the
foundation for the urban development and re-planning of
Segrate, helping the stake-holders taking decisions in its
transformation targeting better social and living
experiences.
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Methods
The applied planning technology is based on ENVI-met,
a world-leading microclimate simulation software
representing the main support for surveying, studying and
modelling urban areas. The approach adopted is holistic
and considers the environment as a single body, by
interlinking different sub-models. The results of the
simulations and analysis show the effects that the
architectural solutions, sustainable technologies, the use
of green and water, allow to improve the outdoor
microclimatic conditions (Scharf et al. 2017).
A so-called Toolbox offers a tailored tool for each phase
of urban development (Kraus, 2017; Scharf 2018):
1. Preliminary design: The Assessment is based on
a multi-parametric database analysis through a
preliminary check of a project potential climate
performance and helps stakeholders in design
decisions. It can be used to evaluate different
design options in the early stage of a project or a
competition.
2. Concept design: The Pre-Certification delivers
comprehensive information about the projects
most important KPIs, based on a simplified
ENVI-met simulation. It gives profound
information to enable fact-based decision
making in competitions or tenders.
3. Detailed design: The Certification is a constant
and iterative process of ongoing project
optimization and based on a full ENVI-met
simulation. During this process the full scope of
key performance indicators and costs are
optimized to achieve the highest climate
efficiency on the best possible return on
investment. After completion an official
certificate about the overall project performance
is presented and can be used for marketing and
communication.

Case Study: Segrate, Milan, Italy
To perceive the actual value (qualitive-quantitative) of
different types of NBS applied in a defined urban context,
the innovative tool has been tested by an Italian case
study. Bearing in mind the geographic area and the
occurring weather conditions, the tool should allow to
identify and highlight potential positive and negative
effects of NBS and climate-resilience actions in urban
context with different morphological and structural
characteristics by buildings and materials. In this regard,
a verification of the tool is established in two different
territorial areas of the city of Segrate/Milan. The
municipality is one of the densely urban areas
surrounding Metropolitan City of Milan, located at the
centre of a dense infrastructure network. The city today is
fragmented into very distinct macro-areas which are
almost isolated from each other. To the composition of
this, morphology has also contributed to the road network,
organized according to a model of internal viability to the
nuclei, which is grafted into the great supra-municipal
arteries forming barriers between the neighbourhoods.
The main urban districts of Segrate are:
•

•

Rovagnasco – Villaggio Ambrosiano:
is
extending over an area of 2.25 km2 with a
population density of about 3000 p/ km2, being a
predominantly residential district; Rovagnasco
is the oldest settlement of the entire territory.
Milano 2: about 3.57 km2 and a population
density of around 2300 p/km2; is located in the
north-west area of Segrate aligned with the
border of Milan.

Figure 2 Milan 2 (google.com)

Figure 1 Segrate Milan - Italy
In the frame of this paper, the Pre-certification (2.) tool
has been chosen to analyse the main important KPIs for
the chosen case study areas.

Figure 3 Villaggio Ambrosiano (google.com)
Parts of the districts of Milan 2 Figure 2 and Villaggio
Ambrosiano Figure 3 were chosen for the following
project process. The areas have very inhomogeneous
morphologies, but with similar building densities. The
choice to carry out the simulations in two different areas
allows to evaluate the effectiveness of the tool and to
check if the tool is able to interpret the different urban
characteristics of these two selected areas.
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Project Process
Modelling
For simulation purpose, a digital model has to be
generated first. Related to simulation technics, this
typically is a very time-consuming and complex process
and one of the reasons, why the use of microclimatic
simulation so far is stuck in scientific world.
The applied software technology is designed, to close this
gap and allows first time a straight import of the
necessary, but often vectorized, urban data via GIS or
CAD files. These data also can be modelled directly in the
software, called GREENPASS® Editor (GP.me, 2015).
For modelling and a profound project evaluation towards
climate-resilience, the following project and NBS data
have to be available in digital form within the system:
•

Project area (as Polygons): Area of project and
GPS location - longitude and latitude

•

Buildings (as Polygons): Shape of buildings,
building heights - top and lower edges, surface
materials and constructions of walls and roofs

•

Surfaces (polygon): Shape of open spaces and
surface materials

•

Simple vegetation (polygon): Lawn - 10 cm,
Perennials - 25 cm, Meadow - 50 cm, Shrubs 2m

•

Green wall types: climber, planter, green wall
system - with lengths and heights

•

Green roof types (polygon): Extensive - 15 cm,
semi-intensive - 30 cm, intensive - 60 cm, super
intensive - 150 cm

•

3D-vegetation (point): Tree in small - 5m,
medium - 10 m and large - 15 m

The relevant data got imported to the software via using
the available shapefiles of Segrate city, prepared by QGIS
open source software. These shapefiles are classified by
the Lombardy Region (which are divided into geographic
information, roads, buildings…etc) and defined by codes
that refer to the main attributes, secondary attributes and
subsequent information.
After the import, the data got translated and classified in
quick and easy steps within the GREENPASS® Editor.
Further got verified for any possible errors before
exporting the data and generating a simulation model with
ENVI-met compatible file format. The whole modelling
process took in total for both areas about 8 hours, this time
was mainly spent in understanding the shapefiles and their
classification to be translated to the correct equivalent
layer in GREENPASS®, the modelling time could be
reduced if the original shapefiles are less detailed and
more simplified, besides that, some little corrections and
some polygons have been made inside GREENPASS®
directly to get a more accurate models of the selected
areas.
Thus the modelling time is much less compared to
traditional modelling approaches for microclimate
simulation modelling of similar sizes, moreover, city
shapefiles are widely available and easy to be obtained.

Figure 4 GREENPASS® editor in use by case study
Segrate/Milan
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Simulation
After successful generation of the digital models, ENVImet simulations have been occurred within the applied
tool. The climatic input data for simulation refer to the
weather station of the Linate airport, ITA_MilanoLinate.160800_IGDG, which is close to the area of
intervention. The simulations are done for an idealized
and typical hot summer day – the 21st July with weather
conditions of 28°C as the maximum air temperature and
average wind speed of 1.3 m/s at 10 m altitude by using
the main wind direction for July – South.
The evaluation was carried out at three observation times
- 4 am, 3 pm and 10 pm – and at a height from the ground
equal to 1.5 m (exemplary height of head for a standard
human), with a standard resolution of the calculation
mesh of 2x2 m.
Evaluation and Analysis
The evaluation and analysis of the applied tool delivers
easy understandable results in form of a multi-parametric
score for the thermal comfort – ajar to the energy pass.
TCS considering the following parameters:
PET - Thermal performance [Physiological
Equivalent Temperature]
• AT - Air temperature [air temperature]
• RH - Relative humidity [relative humidity]
• WF – Wind flow [effects of ventilation]
The final results of one score enable standalone and in
combination with the known thermal images a
comparison between different simulations and/or options.
With the additional qualitative description and derived
optimization measures the planning areas can be
optimized towards climate-resilience, the use of NBS and
the perceived thermal comfort.
•

Figure 5 Generated digital simulation model for ENVImet out of GREENPASS® editor | bird‘s-eye view
SEGRATE MILANO 2

Figure 6 Generated digital simulation model for ENVImet out of GREENPASS® editor | bird‘s-eye view
SEGRATE VILLAGIO AMBROSIANO
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Results
The evaluation and analysis of the simulated modelling
for the Case study finally shows the PET, AT, RH and WF
of the two different areas – Segrate Milano 2 and Villagio
Ambrosiano.
Segrate Milano 2
It is noticeable from the following results and due to the
presence of high building in the upper right corner which
block the wind, therefore the temperature rises behind that
building.
Moreover, the big sealed parking plot on the left result on
a relatively higher temperature than the surrounding
areas.

Figure 8 Segrate Milao 2 microclimate simulation
results at 10 pm

Figure 7 Segrate Milao 2 microclimate simulation
results at 3pm

Figure 9 Segrate Milao 2 microclimate simulation
results at 4am
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Villa Ambrosiano
The following results show the positive impact of having
small houses with more vegetations around, although the
high air temperature especially around the sealed road in
the middle, the Physiological Equivalent Temperature are
relatively good.

Figure 11 Villa Ambrosiano microclimate simulation
results at 10pm

Figure 10 Villa Ambrosiano microclimate simulation
results at 3pm

Figure 12 Villa Ambrosiano microclimate simulation
results at 4am
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Comparison of two case studies

Figure 13 TCS - Thermal comfort score (PET-Day-3pm)

Figure 14 TCS - Thermal comfort score (PET-Day-3pm)

The urban advantages of Milano 2 are:
• partially good ventilation
• generous open spaces (unsealed)
• scattered building structure, which
mainly avoid hotspots
• partially good shading through building
structure.
• mainly good cooling at night-time
The urban disadvantages of Milano 2 are:
• several large hot spots (low TCS)
• some buildings have bad ventilation
(overheating trend)
• ventilation is missing partially
• partially hot spots during night-time
• large sealed areas and streets

The urban advantages of Villa Ambrosiano are:
• mainly good ventilation
• generous open spaces (unsealed)
• scattered building structure, which
• mainly avoid hotspots
• good shading through trees.
The urban disadvantages of Villa Ambrosiano are:

Potential optimization measures for Milano 2 are:
•
•
•
•
•
•

large unsealing of sealed areas (e.g use of
gravel turf for parking spaces, …)
additional tree plantings, especially at hot spot
areas – exposed parts of the project area
use of façade greenery northern of U-building
complex and by high-rised building
keep north-south corridors for ventilation free
and do not build buildings to block ventilation
retrofit greening of roofs to lower thermal
storage
use light colours and increase albedo of roofs,
walls and surfaces

•
•
•
•
•

partially hot spots at day
some buildings have bad ventilation
(overheating trend)
ventilation missing partially
hot spots during night-time

Potential optimization measures for Villa Amb. are:
•
•
•
•
•

additional tree plantings, especially at hot spot
areas at plaza
use of façade greenery by building complex
northern to plaza
keep north-south corridors for ventilation free
retrofit greening of roofs to lower thermal
storage
use light colours and increase albedo of roofs,
walls and surfaces
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Conclusion
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