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ABSTRACT: The research intends to verify - in sasleknown European residential districts characted by high
levels of sustainability - the relationship betwagban and building design choices and the outdoamnfort level.

Generally the level of comfort outdoors is negléciince the design focuses on the buildings andndhe “empty
spaces between the buildings”. In this researctr foell-known European sustainable neighbourhoodgehlaeen
selected, have been analyzed based on their debamacteristics and have been simulated with EN¥1-(@ CFD

software) in order to verify the level of comfoutdoors - in particular the values of Predicted Medote, relative
humidity, air temperature, wind velocity and diieat— in winter and summer climate conditions. Tésults of the
research are: 1) verification of the level of comfautdoors in the selected sustainable Europeaghimurhoods; 2)
understanding the relationship between design @wand level of comfort outdoors; 3) suggestion denklopment
of design modifications to improve the comfort ootd in one of the selected neighbourhoods; 4)ssssent of the
proposed design modifications for the improved neamirhood with further ENVI-met simulations.

Keywords: sustainable urban design, outdoor comfaitroclimate condition, PMV outdoor simulations.

INTRODUCTION comfort outdoors is affected by multiple factosite
The design of outdoor spaces close to residential characteristics(climate and micro-climate conditions,
buildings is a key issue not only in the outdooméart, height above sea level, etc)rban design choices
but also in the indoor comfort and in the inhakitan (presence and quality of green spaces and watgpou
quality of life. In neighbourhoods or in parts bEtcity, flooring materials, etc.) anbuildings’ design choices
in fact, environmental sustainability and high dyabf (external surface area to volume ratio: S/V , posiin

life do not only depend on the buildings energy relation to winds and cardinal points, materiats,)e
performance, but also on a good quality of outdoor Accordingly, this research aims to address theessu
spaces. In particular a well-temperate outdoor of outdoor comfort in their complexity (through the

microclimate reduces the energy demand for heatirtg analysis of many design choices on the urban suade
for cooling of the adjacent buildings and encousage on the buildings scale) and to try to understang th
outdoor social life and relationships between peopl interrelationships between the various design @woic
Often, unfortunately, the level of comfort outdo@'s and the impact that these have on the level ofamrtd
neglected since the design focuses on the buildangs inhabitants’ comfort This analysis aims to develop
not on the “empty spaces between the buildings”. guidelines for designers to ensure that new prejett
Indeed, until a few years ago, in the design ofioat energy efficient neighbourhoods will be finalizedtn

spaces the level of comfort was not considerednas a only to save energy, but also to obtain a high llefe
important goal to achieve. Instead in the last year outdoor comfort and a consequent improvement in the
several studies have focused on outdoor comfort, inhabitants’ quality of life.

particularly on the development of calculation meds

the urban environment [1,2,3] or on understandimgy t

effects that specific design choices - like urbaargetry SELECTION OF CASE STUDIES

[4], orientation of urban streets [5] and preseoiceees To achieve this goal, four well-known European
[6] - have on outdoor hydrothermal comfort. Gerlgral residential districts, designed and built as sostae
the researches carried out so far have usuallyyzel and high energy efficiency model districts, havesrbe
every element of the urban project (like urban getoyn selected as case studies.

streets orientation, green superficies, etc.) s¢plrand The first selected case study is the BedZED

have not taken into account interactions betweemth (Beddington  Zero  Energy Development), an
and the consequent complexity of designing well- environmentally friendly housing development in
temperate outdoor spaces. In urban districts thel lef Hackbridge, London, England. BedZED was built in



2000-2002, has a surface of 1,88 hectares, incl88es
homes and 1405 Tof work spaces. This neighbourhood
was selected because it has a very low ecological
footprint, excellent buildings’ energy performanaed
extremely positive feedbacks. In addition, the $rsiak

of this district favoured its use as a “test-didtrito
develop the evaluation systems and the thermodynami
simulation method. After the “test-district”, thréeyger
and more complex high energy performance districts
have been selected: BoO1 in Malmd, Sweden; Solgr Ci
in Linz, Austria and Vauban in Freiburg, Germany.

As the selected neighbourhoods are quite famous, it
was very easy to find their buildings’ charactécst
dimensions, energy performance and used materials i
literature. Nevertheless it was complicated to have
detailed information about the design choices #ivated
at improving the comfort level of their outdoor spa.
Therefore it is not clear if in the selected weibkvn
sustainable residential districts the level of owotd
hydrothermal comfort is well designed on purposéf or
it is only an “unexpected consequence” of the desig
choices that were made based on other priorities.

1% STEP: ANALYSIS OF THE DESIGN CHOICES
AT URBAN AND BUILDING SCALES

In the first step of this research, the design cémiare
analyzed with the intent to understand how thegectf
the quality of the outdoor space (Tab. 1).

Table 1: Characteristics of the four selected nemlrhoods.

BedZED Bo01 Solarcity Vauban
General and climatic characteristics
Location London  Malmd Linz Freiburg
Dimension [ha] 1,88 20,44 14,75 41
Latitude [°] 51°30N 55°36'N  48°18N 47°59'N
Altitude a.s.l. [m] 15 10 266 278
Inhabitants [-] 250 1.400 5.000 5.000
Energy demand }
[KWh /mza] 34 132 22-44 0-50
Design choices at urban scale
Urban density 0013 0007 0034 0,012
[persons /m2?]
Building surface
[m2 GFA] 12.000 130.00C 37.330 76.384
Green surface
[megreen /m?] 0,56 0,63 0,76 0,60
Water surface 0,93 +
[m2water/m?] no sea no no
Street width [m] 12/6 19/10/5 10/5/2,5  15/10/5
Street surface
[mestreet /m?] 0,16 0,11 0,10 0,20
Design choices at building scale
Building orientatior E - W E-W various  NE/SW
Building height [m] 6 - 21 3-9 7-10 10-20
SIV [n/m] 0,93 064 0,2-027 0,18-0,31
Envelope . plaster plaster plaster

: bricks

material: glas: WO0O0C WO00C

Furthermore soil characteristics have been evaluate
not only qualitatively but also quantitatively. ket,

several studies [6,7,8] have demonstrated that soil
characteristics (materials and permeability) ameblygy
(not only the dimension) of the green surfaces rave
important influence on the level of the outdoor
hydrothermal comfort. To numerically evaluate the
quality of the soil, an efficient index, called El has
been introduced by the municipality of Bolzanolyita
R.I.LE. expresses the ratio between the elements
modifying the land use and the management of storm
water and is usually applied to districts or burlgli
complexes to evaluate the environmental qualityhef
outdoor spaces considering soil permeability artdrek
and typology of the green surfaces [9]. The muiaidiyp
of Bolzano provides a free software for calculatthg
R.l.E.-value and some reference R.I.E.-values ddipgn
on the function of the buildings. In residentiastdicts
the R.I.LE.-value must be greater than 4. In all the
selected districts the R.l.E.-values are highen ttte
minimum value (Tab. 2).

Table 2: R.1.E.-values in the four selected neighhoods.

BedZED
5,0¢€

Bo 01
4,8¢

Vauban
4,37

Solar city
4,7¢€

R.I.E.-value

2" STEP: 3D FLUID-DYNAMIC SIMULATIONS

In order to understand if a high energy efficierafy
buildings and a good R.I.E.-value are sufficienblbain
an outdoor environmental comfort, the four caselistu
have been simulated with ENVI-met: a three-
dimensional non-hydrostatic computational fluid
dynamics software for analyzing small-scale inteoas
between buildings, surfaces, plants and air insioe
urban environments:The model calculation includes:
shortwave and long wave radiation fluxes with respe
to shading, reflection and re-radiation from buidi
systems and vegetation; transpiration, evaporatoial
sensible heat flux from vegetation into air inchugliall
plant physical parameters (e.g. photosynthesisfase
and wall temperature for each grid point and wall;
water- and heat exchange inside the soil systemband
meteorological parameters[10]

The selected districts have been simulated to yerif
their external environmental comfort level, in partar
the values of PMV [-], relative humidity [%], air
temperature [K], wind velocity [m/s] and wind ditem
[deg]. PMV index (Predicted Mean Vote Index),
developed by Fanger in 1970 and subsequently
improved by Fanger and Toftum [11], is based on
thermoregulation and heat balance theories: theahum
body tries to maintain a balance between the heat
produced by its metabolism and the heat lost frben t
body. This index predicts the mean response ofgeta
group of people according to the ASHRAE thermal
sensation scale where +3 means hot, 0 neutral zomf
condition) and -3 means cold. The outdoor comfort



conditions in the districts have been simulatedwn BedZED (Fig. 1) is characterized by a good level of
days: one in summertime (2Iof June - summer outdoor comfort in summer and an acceptable lavel i
solstice) and one in wintertime (2bf Dec. - winter winter. Simulations have demonstrated that a distd
solstice) as these are the days with the lowestthad small is not significant enough to analyze the
highest level of sun radiation. The climate dataeha  relationships between the various parameters ffetta
been taken from Metonorm, software that, from the outdoor comfort. Fig.2 and Tab. 3 show the ooitd
measured, interpolated or imported values calcsilate comfort level in summer - Fig. 3 and Tab.4 in winte
hourly of all climatic parameters using a stochasti
model. The resulting time series correspond toitsip
year" [12]. The correctness of climate data in the
simulations have been verified by comparing themate
data calculated (in the course of the day) by ENMl-
with those of the hourly values of the "typical yea g
The simulations have been started at 6:00 a.m. and
were run during daytime hours up to 4:00 p.m., bsea
daylight hours represent the time of the day with a
regular frequentation use of outdoor spaces. The
districts’ surfaces are divided in square homogaseo
modules of 6 x 6 m in the horizontal plan and 2nnthie
vertical dimension. The districts have been sinmdat
including the surrounding environment, with theeimit
to understand how the context (like soil matemgken
surfaces, water, buildings, roads) affects the
microclimate of the neighbourhood itself. The foliag
PMV visualisations are only an example of the
simulation results and for clarity they only shohet
selected areas without surrounding context. The
visualisations have been taken at 1,20 m (the heifjh
the bust of a normal height person) in two partidyl
disadvantaged conditions: on®2af June at 2 p.m. (the
“longest day” at the hottest hour) and ori'2f Dec. at
10 a.m. (the “shortest day” in one of the coldeurisd.

EVALUATION OF SIMULATION RESULTS
Simulations have shown that in the selected
neighbourhoods (famous for their environmental
sustainability and low energy demand and with adgoo
R.I.E.-value) not all the outdoor spaces are charaed

by a high level of comfort both in summer and winte
Actually the median PMV values are close to the
comfort condition in all the selected neighbourhgod
although there are some situations of local disooinf ' om ' '

The numerical simulation results have been evadliate Figure 3: PMV and wind on Dec. 2%at 10 a.m. — BedZED.
relation to climate characteristics of the site amdhe

design choices in order to understand: Table 3: Micro-climate conditions in BedZED in suatm

- which part of outdoor comfort level is mostly BVV-value Shightly warm:-0,60 1o +1.5. Median +0.4

depending on the climatic conditions and which part Humidity Rather high relative humidity: 80-90%

the design choices; Air temperature  Temperatures close to comfort: about 291 K

- how more appropriate design choices at urban and _wind Low wind: 0,25 - 2,29 m/s

buildings scales can improve the outdoor comfarelle Influences of design choices - BedZED in summer _

and reduce the “negative effects” of climate cdod. The PMV depends mainly on soil materials and pehifiga

vzi h district individually it i ibt Presence of asphalt roads between buildings worsensiderably

Analyzing each district individually it is possibte local PMV. Under the particular site climatic cotisfis and the

make many considerations about the numerical esult  proximity to a small lake, the presence of highksgreen plants
and about the influence of the design choices @n th determines areas with too much humidity and theeeiiscomfort.

The best comfort condition is in the area with latwat without
comfort outdoors. Short summary follows. plants. Characteristics of buildings do affect much the PM\




Table 4: Micro-climate conditions in BedZED in want

PMV-value Cool: from -0,60 to -1,50. Median: - 0,97
Humidity Close to the condensation

Air temperature Low temperatures: about 277,70 K

Wind Low wind: 0,55 - 2,50 m/s. Mainly in the streets.

Influences of design choices - BedZED in winter
The PMV-values depend mainly on high humidity and soil
materials. Asphalt streets and paved surfacesrdietera discomfort
area and the presence of trees increases too nmechretative
humidity. The small green surfaces close to thddmgs are not
sufficient to reduce the negative effect of thehadip Characteristics
of buildings do not affect much the PMV.

Influences of design choices - BoO1 in summer

The PMV-values depend mainly on soil charactesstied on
buildings’ orientation. Indeed in the district thdés a good micro-
climate condition, thanks to the high presencereég surfaces and
because buildings protect the outdoor social spossthe cold
wind from the sea.

Table 6: Micro-climate conditions in BoO1 in winter

PMV-value Cool/cold: from -0,90 to +1,80. Median: -1,20

Humidity Out of the _district towa_rds_ the sea: close to the
condensation. In the district 80%

Air temperature Low temperatures: about 277 K

BoOlin Malmo6 (Fig. 4), definitely larger than the
“test-district”, is characterized by a good level o
outdoor comfort in summer and a quite discomfort in
winter. Figure 5 and Table 5 show the outdoor déna
condition in summer - Figure 6 and Table 6 in winte

Figure 5: PMV and wind on June 24t 2 p.m. - BoO1.

=

Figure 6: PMV and wind on Dec. 2at 10 a.m. - BoO1.

Table 5: Micro-climate conditions in BoO1 in summer

PMV-value Comfort condition: -0,30 to +0,90. Median: +0,19
Humidity Acceptable relative humidity: 64-66%

Air temperature  Temperatures close to comfort: about 290,50 K
Wind Quite strong sea wind blowswards the district: 4,2

m/s. Low wind in the district: 0,Em/s

Wind Wind out of the district: 2 m/s. No wind in the disti
Influences of design choice- Bo01 in winter

The PMV-values depend mainly on soil materials anduildings’

orientation. Buildings are arranged towards coucthyand protect the

outdoor district spaces from to high humidity andidc wind.

Temperature is low and the design choices donluémice it.

The biggest part of outdoor spaces of Solar City in
Linz (Fig. 7) is characterized by a very low level of
comfort in summer and a slight discomfort in winter
Figure 8 and Table 7 show the outdoor micro-climate
condition in summer - Figure 9 and Table 8 in winte

Figure 8: PMV and wind on June 2&t 2 p.m. - Solar City.



Figure 9: PMV and wind on Dec. 2at 10 a.m. - Solar City.

Table 7: Micro-climate conditions in Solar City snmmer.

PMV-value Inhomogeneous: +0,30 to +1,50 Median: +1,45
Humidity Acceptable relative humidity: 52-68%
Air temperature  Warm/hot temperatures: 292 -298K
Wind Low wind: 0,25 - 1,50 m/s

Influences of design choices - Solar City in summer
PMV-values depend on soil characteristics and fstogientation
through prevalent winds. The presence of pavedsesfand asphalt
streets determines a discomfort condition alschi riearby areas.
The presence of big and long streets (one of wikiah the direction
of the prevailing wind) contributes to worsen théscdmfort
condition in the main square, where sunscreensnatealways
sufficient to constrain the sun radiation. Treesimize the negative
effects of the asphalt, but are unable to cancemthThe green
outdoor spaces between high density low buildiegeh the highest
level of comfort.

Table 8: Micro-climate conditions in Solar Cityvinter.

PMV-value Inhomogeneous -0,70 to +2,50 Median: -1,55
Humidity Acceptable relative humidity: 75-80%
Air temperature Low temperatures: about 27:
Wind Very low wind: 0,10 - 0,89 m/s

Influences of design choices - Solar City in winter
PMV-values are inhomogeneous and depend on saihcteaistics.
The paved surface of the main square increasds\tbeof comfort
outdoors. Generally the temperature is very low.

Vauban (Fig. 10) is characterized by a good le¥el o
comfort in summer and a slight discomfort in winter
Figure 11 and Table 9 show the outdoor micro-clemat
condition in summer — Table 12 and Figure 12 interin

Figure 10: Aerial view of Vauban, Freiburg, Germany

TEEEEEET Y

Figure 11: PMV and wind on June 24t 2 p.m. - Vauban.

hodn te Wb Mt TD A0 P v TM 4N WD oWo W T

Figure 12: PMV and wind on Dec. 2t 10 a.m. - Vauban.

Table 9: Micro-climate conditions in Vauban in suetm

PMV-value Comfort condition: -0,80 to +0,80 Median: +0,37
Humidity Acceptable relative humidity: about 70 - 80%
Air temperature  Temperatures close to comfort: about 290,50 K
Wind No wind: 0,13 - 0,70 m/s

Influences of design choices — Vauban in summer
The PMV-values depend mainly on soil materials peaneability.
Presence of diffused green and the low local teatpes help to get
a good level of outdoor comfort. The tall trees dnel river on the
south part of the site determine an almost excessigrease of
relative humidity.

Table 10: Micro-climate conditions in Vauban in vén

PMV-value Cool/cold: -1,20 to -1,80 to Median: -1,36
Humidity Close to the condensation
Air temperature  Cold temperatures: about 27:
Wind Low wind: 1,2:-3,00 m/:

Influences of design choices — Vauban in winter
The PMV-values depend mainly on the very low terapees and
the high relative humidity. The design choicesrastalways able to
reduce the negative effects of temperature on kel lof outdoor
comfort. The presence of many tall trees contribute greatly
increase the relative humidity.

DESIGN MODIFICATIONS TO IMPROVE THE
COMFORT OUTDOORS

Based on the results of the fluid-dynamic simulatio
and on the considerations on the site charactsisiid
design choices, design modifications at urban and
buildings scales have been developed to improve the
comfort outdoors in the selected neighbourhoods.



In particular, the attention has been focused @n th
summertime, when the inhabitants spend more time
outdoors. Simulations have been shown also thagjes
choices influenced more the summer than the winter
outdoor comfort condition and that the design cesiat
the urban scale are more efficient than those at th
building scale. The neighbourhood with the worsele
of outdoor comfort in summer is Solar City so itsha
been used as “example district” to test the dewelop
design guidelines.

The proposals for improvements at the urban scate a

- changing the angle of the main roads so that they
aren’t parallel to the prevalent winds (in the sfiec
case of the simulations: provide windbreak elements

- increasing the amount of green (tall trees andsyrias
the area of the main square and of the main sfreets

- inserting a selective solar-shading system more
efficient than the current at the main square.

The proposals for improving at the building scaks a

- bringing together the tallest buildings (locatedthe

East, West and South part of the site) and redoeie t

height;

- increasing the overhang of the roofs facing south

VERIFICATIONS
DISTRICT

The “improved Solar City” has been simulated with
ENVI-met on June 21 from 6 am. to 4 p.m.
Simulations results (Fig. 12 and Tab. 11) show that
design modification are very efficient and that B¢ V-
values have been improved, particularly in the main
square and in the main street.

OF THE IMPROVED

-
ot

Figure 12: PMV and wind on June 24t 2 p.m. - “improved
Solar City”.

Table 10: “Improved “climate conditions — Solar €itin
summer.

PMV-value Close to comfort -0,90 to 1,20. Median: +0,30
Humidity Acceptable relative humidity: 55-70%

Air temperature  Warm temperatures: 29!

Wind Low wind: 0,20- 1,50 m/:

CONCLUSION

In conclusion this research has demonstrated that:

- Also in the design of some well-known residential
districts characterized by a high energy efficiemoy
good R.l.E.-value, the level of the outdoor comfiart
not always very high. The median PMVs are ofteselo
to the comfort condition, but there are many “local
discomfort hotspots” depending on design choices.

- Appropriate design choices at urban and at bugldin
scale can be sufficient to obtain an outdoor
environmental comfort, particularly in summer.

- Design choices at urban scale influence more e le
of outdoor comfort than those at building scale.

- It is possible to develop proposals for improvimg t
outdoor comfort of existing districts based on eefid
analysis of the climatic conditions, of the effetttat the
design choices have on the micro-climate and of the
interaction between the many involved parameters.

- Easy design guidelines (like those developed fdarSo
City in this paper) can improve essentially thedoot
comfort of the relational spaces and can determme
consequence an improvement of the inhabitants’itgual
of life and of the relationships between people.
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