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Figure 2: representative shadow environment generation

Each wurban context is thus transformed in a
representative morphological environment whose values
of a, b, and H give the same site coverage ratio and
Jfagade-to-site ratio of the real one.

The obstruction angles " and #, calculated in the middle
of the fagade of the central building (Figure 2), are used
to define the shadow masks in TRNSYS v. 17. For each
representative environment, the same shadow mask is
used to calculate the average incident solar radiation on
buildings facades i . Shadow masks can be defined in
TRNSYS with a desired angular step of description,
which was set to 15° in this case.

Infrared radiant environment

The infrared radiation exchanges between surfaces is
calculated in TRNSYS 17 considering the temperature of
roofs and walls and two fictive temperatures, namely the
fictive sky temperature (obtained as a function of sky
cloudiness) and another temperature for the opposite
surface with respect to the sky, referred to as ground
temperature ( Vyrygyg ) from here on. As a first
approximation, the ground temperature is calculated as
the sol-air temperature according to ASHRAE (2017),
considering two main assumptions for urban
environments: no wind and same sky view factors for
ground and vertical surfaces. So, ground temperatures
are calculated with the following equations for urban (5)
and rural (6) environments:

!!"#$%& = !!"#$%!!"#$%&"'!"(!!!!!!!!!!!"# (5)
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Where:
e visthe wind speed (m/s)
e " is the solar absorption of the ground (0-1)

e Iy is the total incoming radiation on the
horizontal (W/m?)

e $is the emissivity of the ground (0-1)
e Cis the cloudiness factor (0-1)

e svfis the sky-view factor of the ground

Building performance simulation (BPS)

The integrated methodology has been tested on the
calculation of cooling loads of two housing types:
terraced houses and medium size block of apartments.
Table 1 (building envelope) and 2 (building use) report
the model set-up for the main parameters of building

performance simulation.

Table 1: values of building envelope parameters in BPS

Wall Floor Roof Window
U (W/m’K) 2.15 1.79 0.48 5.81
he (W/m?’K) 25 0 25 25
h; (W/m’K) 8 6 10 8
M (kJ/m’) 1400 1400 950 80
" (solar) 0.6 0.6 0.4 /
$ (infra-red) 0.9 0.9 0.9 /
g-value / / / 0.85
Detached house Block of apartment
window ratio 16% 32%

Table 2: values of building use -related parameters in

BPS
Solar Cooling Lighting Gains
protection set-point
70% 26 °C 10 W/m® 5 W/m’
People Lighting Activity Occupancy
schedule schedule
25 m*/person 18-24 1 Met 0-24
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The BPS has been performed four times for each
housing type as follow:

1. using rural weather files (from the city airport
weather station)

2. using urban weather files calculated with UWG
3. using urban weather files and shadow masks

using urban weather files, shadow masks and
urban radiant temperatures

32 energy simulations were performed in total.

Case study

Four samples of urban fabric of the city of Antofagasta,
Chile have been used as case study to test the simulation
methodology. The morphological parameters
characterising the 4 samples (ul, U2, U3 and U4) are
reported in Table 3. Other sensitive parameters of UWG
simulation, like the anthropogenic heat from traffic and
building conditioning systems, were set to fixed values.
The heat from traffic was set to 25 W/m’ and the
building internal gains were set to 5 W/m®, in agreement
with previous studies (Palme et al. 2017a and 2017b)
The heat released to the urban canyon by air-
conditioning systems was set to 80% of total waste heat.
The cooling demand temperature was set to 26 °C for
both day and night.



Table 3: morphological parameters used in UWG

Urban Site coverage | Facade to Average
morphology ratio site ratio height
Ul 0.76 1.65 11.3
U2 0.69 0.81 6.6
U3 0.42 2.06 154
U4 0.23 0.32 6.0
The four morphologies used as case study are

representative of typical urban tissues categories (UTC)
of the city. They have been obtained applying advanced
statistical analysis ( principal component analysis) to a
wider set of GIS data of urban fabric of Antofagasta, as
explained in detail in Palme et al. (2017a and b). The
variability of the shadows range is very intuitive looking
at figures 3 to 6. Ul is a compact urban tissue (built-up
area is 76% of total site area), where buildings are close
and relatively high, so the effect of shadows is expected
to be significant.U1 is also the case with the highest UHI
intensity according to UWG calculations. U2 is also
compact urban tissue, but buildings height is half than in
Ul

This means that the shadows effect in this urban context
is expected to  significantly influence the energy
performance of detached houses (6 m height) but not
that of blocks (15 m height). U3 is less dense in terms of
built-up area, but it has the highest average building
heights, so the impact of shadows is still expected to be
high. The influence of the infra-red exchanges is also
expected to be higher than in other cases, due to the high
value of the fagade-to-site ratio. U4 is less dense than the
previous ones and it also has the lowest value of fagade-
to-site ratio. In this context, the effect of shadows is
expected to be low, but the infra-red environment plays a
very important in modifying building energy
performance compared to rural environments.

Results and discussion

The variation in cooling loads for the two housing types
in the four urban configurations are reported in Figures 7
to 10, comparing the simulation results obtained using:
a) rural weather file; b) urban weather file; ¢) urban
weather file and shadow masks; d) urban weather file,
shadow masks and urban radiant temperatures. As
expected, each urban context affects the results in
different ways In Ul and U3, the increase in cooling
demand caused by UHI intensity is compensated by a
beneficial impact of shadows. When the infra-red
environment is also modelled, the positive effect of
shadows is reduced and the final urban cooling demand
results higher compared to a rural environment in most
of the cases (only the detached house in Ul shows a
reduction in cooling demand with respect to the rural
case).

Results for U2 show a different impact of the urban
context on the two building types (terraced house and
block of apartments). This happens because the urban
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texture is dense but the average height of buildings is
less than in U1 and U3.

Therefore, of the impact of shadows= is significant on
the terraced houses (6 m height) but it is not in on the
blocks (15 m height). In U4, the impact of shadows is
instead almost negligible on both housing types, due to
the low density of the urban tissue.

In this kind of texture, the overlapping effects of UHI
intensity and infra-red environment without the
beneficial effect of shadows determine the highest
increase of cooling loads compared to a rural
environment. However, this result is influenced by the
assumptions made in the estimation of ground
temperature, namely that no breeze is present in an urban
environment compared to a rural one.

This is certainly true in very compact urban
environments (Oke, 1988; Allegrini et al., 2015; Di
Bernardino et al., 2015), but it is much more unlikely in
a low density urban texture such as U4, where it wind
most probably beneficially affects cooling loads of
buildings, depending also on the city size and on the
location of the neighbourhood within the city. Urban
wind simulations should be addressed in such cases, so
as to estimate the influence of horizontal air movement
on surface temperature of ground and buildings facades.

Conclusion and future work

This paper presented a simulation methodology to
include urban microclimate effects in building energy
performance simulations. The results showed that if only
the UHI intensity is taken into account, cooling loads are
likely to be largely overestimated. The beneficial effect
of shadows compensates the detrimental impact of air
temperature increase on cooling loads in many cases.
This means that the urban sectors with the highest UHI
intensity are not necessarily also the ones with the
highest cooling demands.

On the other hand, the results showed that also the infra-
red environment pays an important role in increasing the
cooling loads in urban context. In most of the cases, the
cooling loads are overestimated considering only the
UHI effect and neglecting the impact of radiant
environment and shadows determined by urban texture
morphology. However, in less dense urban tissues,
where the effect of shadows is not strong, the infra-red
environment determines a further increase in cooling
load than the one caused by UHI.

One of the limitations of the study, which will be
addressed in future works, regards the calculation of the
shadow range on building fagades. In this first approach,
the obstruction angles have been computed only on the
middle point of the fagade. A better approximation could
be obtained calculating the vertical obstruction angles on
each floor, which would provide a better assessment of
the shadow range on the lower floors. This
approximation led in fact to an underestimation of
shadows on the facades of the block of apartments in U2.
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Figure 3: representative model and obstruction angles
for Ul
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Figure 4: representative model and obstruction angles
for U2

Plan Elevation

9%,
—

a: 21.6m
b: 43.9m
h: 154 m

Figure 5: representative model and obstruction angles
for U3
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Figure 6: representative model and obstruction angles
for U4
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Figure 7: cooling demand in Ul
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Figure 8: cooling demand in U2
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Figure 9: cooling demand in U3
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Figure 10: cooling demand in U4



Another limitation regards the use of ground temperature
as representative of the urban infra-red environment. A
better approximation would consider the average
temperature, weighted by view factor, of all the surfaces
surrounding each building facade. However, if no special
materials are present (for example, solar absorbers or
low-emissivity materials), the approximation is valid
with an error of about 10% that entails an error of less
than 5% on energy consumption calculations.

A final limitation, already discussed in the text, is the
fact that urban breeze is assumed to be negligible in this
study, which is acceptable for compact urban textures
but not for low-density urban sectors, for which
microclimate simulations would be necessary to estimate
the urban breeze. In spite of these limitations, that will
be addressed in future works, the proposed simulation
methodology showed to be an effective and novel
approach to urban building energy modelling
considering the complex energy relationship between
buildings and surroundings in urban environments.
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