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ABSTRACT

The present contribution focuses on assessing the
impact of site-specific weather information on
thermal  performance of  buildings.  Firstly,
microclimatic circumstances for a number of
locations within the city of Vienna were analysed.
Using this site-specific weather information as
boundary conditions, a representative number of
buildings was made subject to systematic thermal
performance simulations. The computed performance
indicators were then analyzed across all locations.
Additionally, the results were further compared to
performance indicators derived from simulations
based on the standardized weather data commonly
used for Vienna. The results point towards a
significant location dependent performance of the
buildings.

INTRODUCTION

Recent research efforts have shown that intra-urban
microclimatic conditions can vary significantly due to
the features of the surrounding urban fabric (e.g.
surface materials, water bodies, degree of
vegetation), but also due to the prevailing wind
situation and anthropogenic heat emissions (Hagen et
al. 2014, Wong et al. 2016, Kiesel et al. 2016). This
in turn may lead to major misestimations of the
thermal performance of buildings when using
standardized weather files (Hong et al. 2013). Thus,
for the proper prediction of the thermal performance
of buildings, detailed and dependable data on
external microclimatic conditions at the building's
specific location is a necessity.

In this context, the present contribution focuses on
assessing the impact of site-specific weather
information on thermal performance of buildings.
Firstly, microclimatic circumstances for a number of
locations within the city of Vienna, Austria, were
analysed. Using this site-specific weather information
as boundary conditions, a representative number of
buildings was selected and made subject to
systematic thermal performance simulations. The
computed performance indicators were then
compared and analyzed across all locations.
Additionally, the results were further compared to

performance indicators derived from simulations
based on the standardized weather data commonly
used for Vienna.

METHODOLOGY

Location-based microclimate variations

For the purpose of this study, site-specific weather
information pertaining to the air temperature, solar
radiation, humidity, and wind speed, for the years
2010 to 2013 were collected. The data was obtained
from stationary weather stations located at distinct
non-urban (outside the metropolitan area), low-
density suburban, and high-density urban domains in
the city of Vienna, Austria (Figure 1 and Table 1).
All weather stations are operated by the Central
Institution for Meteorology and Geodynamics
(ZAMG 2016).

To investigate the extent of the location-based
climatic variation, we derived and compared the
mean seasonal values (averaged over the period of 4
years) of all four weather parameters (Kiesel et al.
2016).
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Figure 1: Position of selected urban, suburban and
non-urban locations in and around Vienna
Table 1:
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Overview of deployed weather stations

NAME TYPE ELEVATION [m]
IS Urban (central) 177
HW Urban (peripheral) 198
DF Urban (peripheral) 161
MB Suburban 225
SW Non-urban (airport) 184
SD Non-urban 185

Building typology

In order to explore the implications of intra-urban
microclimatic variation on thermal performance of
buildings, four different buildings were selected and
made subject to a systematic inquiry. These buidings
are selected to represent different building typologies
(as seen in Table 2).

Table 2:
General information about the selected buildings
MFH1 | MFH2 | MFH3 | OFFICE
. . . . office
Type residential, multi-family building
Year 2014 1960's 1900's 2010
h [m] 18 24.3 23.3 26.5
Ab 1407 1434 1949 15472
Vb 4062 4307 7357 58412

The multi-family house 1 (MFH1) represents a
typical Viennese building constructed in 2014
according to today’s standards. The maximum height
of the building is 18 m, divided on six floors. The
front of the building faces a street and the backside a
courtyard. Adjacent buildings can be found on both
sides. The basement is unconditioned and there is no
attic. The total heated net floor area is 1407 m? (Ay)
and the heated gross volume is 4062 m3 (V).

The multi-family house 2 (MFH2) represents a
typical Viennese building designed in the 1960°s. The
maximum height of the building is 24.3 m, divided on
six floors. The building is situated in an urban
courtyard. Adjacent buildings can be found on both
sides. The attic and the basement are unconditioned.
The heated net floor area is 1434.70 m2 and the
heated gross volume is 4307.10 ma.

The multi-family house 3 (MFH3) represents a
typical Viennese building constructed around 1900.
The maximum height of the building is 23.3 m,
divided on four floors. The building is situated on the
corner of an urban block. Adjacent buildings can be
found on both sides. The attic and the basement are
unconditioned. The heated net floor area is 1949 m2
and the heated gross volume is 7357 m3,

The Office building (OFFICE) represents an office
building built around 2010. The building is
freestanding and has a maximum height of 26.5 m,
divided on seven floors. The basement is

unconditioned. The heated net floor area is 15472 m?
and the heated gross volume is 58412 m3,

Simulations

Simulations were conducted using Thermal Analysis
Simulation Software — EDSL TAS (TAS 2016). Each
building was virtually placed within each location,
and its performance evaluated using the obtained site-
specific weather information as boundary conditions.
Additional set of simulation runs were conducted for
each building using the standardized weather file
commonly used for Vienna, which was derived from
the U.S. Department of Energy (ENERGY 2015).

Input assumptions such as calendar, occupancy,
internal gains, solar gains, ventilation, thermostat
settings, were based on Austrian standards: ONORM
B 8110-3, B 8110-5 and B 8110-6 (ASI 2011, ASI
2012, ASI 2014). The occupancy profiles were
defined according to the building typology: For the
residential buildings the occupancy was set on 365
days per year and 24 hours per day. For office
building, a standard calendar and occupancy schedule
were generated based on weekday/weekend
schedules, with occupancy hours from 8am to 8pm on
weekdays.

All simulations were conducted twice: first in a
passive mode (UNCON) to investigate overheating
tendencies druing summer months, and then in an
active operation mode (COND), with an upper and
lower limit for the indoor temperature, to investigate
heating and cooling loads. The overview of input
assumptions for all cases are provided in Tables 3 to
5. Internal gains are divided into equipment gains
(Eg), lighting gains (Lg), and latent and sensible
occupancy gains (Oy and Os).

It should be noted that in case of residential
buildings, the summer overheating in UNCON mode
was computed with an air change rate of 1.5 h'* (from
9pm to 9am) and 0.4 h' (from 9am to 9pm).

For the office building, different input assumptions
were considered for the offices, lobby, and bathroom
area. However, the COND and UNCON simulations
for office rooms and lobby areas differ in air change
rates only, thus having an air change rate of 1.5 h?
during the summer night hours (from 9pm to 9am).
Air change rate for bathroom area was 1 h,

Table 3:
Input assumptions for residential buildings (COND)

INTERNAL GAINS [Wm?] ACH
E, Ly O o [h]
24h 1.5 1.5 0.6 0.15 0.4
THERMOSTAT SETTINGS
Upper limit 27°C 24h
Lower limit 20°C 24h
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Table 4:
Input assumptions for office building, offices
(COND)
INTERNAL GAINS [Wm?] ACH
Eg Lg Os O [h-l]
Occupied 5.0 2.5 0.6 15 0.7
Unoccupied | 1.0 0.5 0 0 0.4
THERMOSTAT SETTINGS
OCCUPIED UNOCCUPIED
Upper limit 26°C 29°C
Lower limit 20°C 17°C
Table 5:

Input assumptions for office building, lobby (COND)

INTERNAL GAINS [Wm?] ACH
Eg Lg Os O [h-l]
Occupied 0 3.0 0.6 0.15 0.4
Unoccupied 0 1.0 0 0 0.4
THERMOSTAT SETTINGS
OCCUPIED UNOCCUPIED
Upper limit 29°C 29°C
Lower limit 17°C 17°C

Simulation output

Once the simulations were conducted, the computed
performance indicators were compared and analysed
across all locations.

The cooling and heating loads for the COND mode
were computed per m2, based on the A,. Additionally,
in order to determine the differences between
locations, spatial variance (Vs,;) was calculated for
the annual heating and cooling loads, as follows:
VS,I = Lmax - I-min (3)
Herein, Lmax  denotes  maximum  annual
heating/cooling load for a building for each location,
and Lmin denotes the corresponding minimum annual
heating/cooling load. Vs, was further analysed in
respect to the non-urban location SD.

As mentioned above, for the UNCON mode we
analysed the data on overheating of main spaces -
living and sleeping rooms for the residential
buildings, and office spaces for the office building.
For this purpose the Cooling Degree Hours (CDH)
for each of those rooms was calculated, as follows:

n

CDH, => (T, -T,)

i=1

)

Herein, T; denotes the temperature in the room (for
the cases when T; > Ty), and T, denotes the base
temperature. The reference base temperature for the
residential buldings is 27°C, and for the office
building 26°C.
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In order to make this information comparable, the
weighted mean overheating (OHny) of the building
was calculated, as follows:

_ (CDHg, - Ay +...+CDH, - Ay)
; Ag +t+ Ay,

Herein, Arn denotes the area of the room [m?], and
CDHgn denotes the corresponding Cooling Degree
Hours [Kh].

RESULTS

Figures 2 to 5 show the mean seasonal air
temperature, wind speed, relative humidity, and
global solar radiation, respectively, for summer and
winter period.
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Figure 2: Mean seasonal air temperature for each
weather station, summer and winter period
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Figure 3: Mean seasonal wind speed for each
weather station, summer and winter period
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Figure 4: Mean seasonal relative humidity for each
weather station, summer and winter period
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Figure 5: Mean seasonal global solar radiation for
each weather station, summer and winter period

Figure 6 shows the spatial variance for mean annual
heating and cooling loads for each building across all
urban locations. Figures 7 and 8 show the differences
in the mean annual heating and cooling load,
respectively, for each building and each location
compared to the corresponding standardized case.
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Figure 6: Spatial variance for mean annual heating
and cooling loads for each building across all urban
locations
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Figure 7: Differences [kWh.m2]in mean annual
heating load for all buildings in all locations
compared to the corresponding standardized case
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Figure 8: Differences [kWh.m]in mean annual
cooling load for all buildings in all locations
compared to the corresponding standardized case

Figure 9 shows the percentage of time when the air
temperature in the most critical room was above the
limit in residential (27°C) and in office buildings
(26°C).
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Figure 9: Percentage of time when the air
temperature in the most critical room was above the
predefined limit

DISCUSSION

The investigation of the microclimatic variation
reveals substantial differences of all four weather
parameters across the observed locations, which
might have major implications on the thermal
performance of the buildings (Figures 2 to 5). Mean
seasonal air temperature is constantly higher at
densely built central urban area (IS), both in summer
and winter period. The maximum difference between
the locations is 2.2 K. As expected, the mean
seasonal wind speed is higher within the unobstructed
surroundings (SD). Due to the higher fraction of
vegetative cover, the mean seasonal relative humidity
was found to be higher at SW and MB areas. Our
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data, however, revealed that the variation of global
solar radiation is rather small across the observed
areas.

The mean annual heating load data reveals significant
variation between different building typologies in
respect to the location (Figure 6). The performance of
MFH3 displays the highest deviation across
locations, reaching 16.10 kWhm2a®. The mean
annual cooling load data show less variation, with
maximum reaching 4.7 kwWhm2a2.

The mean annual heating load for the residential
buildings (MFH1, MFH2, and MFH3) was found to
be notably lower than the standardized case, in all
locations (Figure 7). The highest difference can be
observed for MFH3, in location 1S, with difference of
18.84 kwhmZal. The office building, however,
shows higher results when compaired to the
standardized case, with highest deviation noted in
location MB (8.94 kWhm=al). Looking at the
different locations, IS shows the highest deviation in
heating load compared to the standardized case. The
simulation results for mean annual cooling load show
a surplus for all cases when compaired to the
respective standardized case (Figure 8). The values
range from 0.67 kWhm2a! to 6.15 kwhm?2a'. The
highest deviation was again noted in location IS. This
might be due to the specific geometric and surface
properties of the surrounding urban fabric, affecting
thus the heating and cooling regimes of this urban
domain.

The highest overheating was noted in MFH1 and
OFFICE (Figure 8). This might be due to the higher
fraction of window area of these buildings, with
16.8% in MFH1 and 27.2% in OFFICE, compared to
the 9.4% in MFH2 and 11.8% in MFH3. Looking at
different locations, the highest values can clearly be
seen for 1S in all four buildings, followed by location
DF. However, the simulations performed with
standardized weather file revealed the best
performance on terms of overheating.

CONCLUSIONS

The present contribution investigated the impact of
site-specific  weather information on thermal
performance of buildings. For this purpose, different
building typologies were studied in view of their
thermal response to varying climatic conditions.

Firstly, the weather data collected at a number of
locations across Vienna was analysed and significant
differences in the four relevant weather parameters
(temperature, radiation, humidity, and wind speed)
were observed. This is believed to have important
ramifications for the simulation-based assessment of
the energy use in buildings. Our findings indeed point
to the significant deviations in computed heating and
cooling load, as well as on overheating levels.
Additionally, a comparison of these results with the

433

output of a simulation performed with standardized
weather data highlights the potential for major
misestimations of the thermal performance indicators.
This demonstrates the need for location specific and
dependable weather data in order to properly predict
a buildings thermal performance.
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