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ABSTRACT 

This paper presents the results of a recent research 

effort involving an actual urban development project 

for the city of Vienna. The project developers 

requested scientifically-based information concerning 

future microclimatic changes in the development area 

and their potential ramifications for the thermal 

performance of the projected buildings. To address 

this inquiry, simulation models were generated to 

compute the buildings' thermal performance both for 

the current and projected climatic conditions. 

Thereby, alternative building designs (specifically, 

various surface design options) were considered in 

view of their mitigation effectiveness vis-à-vis 

climate change projections. The results help 

providing qualified evaluations of such building 

design features. 

INTRODUCTION 

Computational building performance simulation can 

be used to address, amongst others, buildings' energy, 

thermal, and visual performance. It can thus support 

the design of energy efficient buildings. Simulation-

based prediction of the primary indicators of a 

building's thermal performance (energy requirements, 

thermal comfort conditions) requires, amongst other 

data, the specification of the micro-climatic 

characteristics of the location where the building will 

be erected. For this purpose, standardized weather 

files are used, based on long-term weather records as 

derived from weather stations. Using such data in the 

design process of a building involves two sources of 

uncertainty. Firstly, monitored weather station data 

are available only for a limited number of locations: a 

specific building's location and the related 

topographic and microclimatic conditions may 

noticeably deviate from those of the location of the 

closest applicable weather station. Secondly, given 

the nature of buildings as long-lasting products, and 

given considerations pertaining to climate change, 

weather files should reflect the expected future 

climate conditions and – as far as possible – the 

microclimatic specifics of the building's site. Historic 

weather records, if uncritically used for the 

prediction of the future performance of buildings, 

may lead to erroneous results. 

Recently, multiple studies have been conducted to 

explore the effects of changes in climate on the 

projected future performance of buildings (see, for 

example, Jentsch et al. 2008, de Wilde and Tian 

2010, Mahdavi et al. 2008). Likewise, previous 

studies have addressed the impact of the surface 

characteristics of exterior building components on 

the thermal performance of buildings (see, for 

example, Shi and Zhang 2011). In the context of 

these ongoing efforts, the present paper reports on a 

recent study involving an actual urban development 

project in the north-east of the city of Vienna 

(Austria). The project developers requested 

scientifically-based information concerning future 

microclimatic changes in the development area and 

their potential ramifications for the thermal 

performance of the projected buildings. The first 

stage of the research involved capturing both the 

current state and future projections of the climatic 

conditions on the scale of a 10 km grid. Thereby, 

mean and extreme conditions were predicted for a 

time horizon of fifty years. 

Two representative housing and office areas of 

different densities within the project boundaries were 

selected. Building performance simulation models 

were generated for these two areas using a thermal 

performance simulation application (Energy Plus 

2011). Subsequently, simulation runs were conducted 

to compute the buildings' thermal performance both 

for the current and projected (50 year time horizon) 

microclimatic conditions. Thereby, alternative 

building designs (specifically various surface design 

options including conventional and green facades and 

roofs) were considered. Thus, the effects of solar 

reflectance and longwave emissivity of various 

surface designs on heating and cooling loads of 

buildings could be investigated. Additionally, the 

effect of trees was studied. 

The results help providing qualified estimations of 

the extent to which certain building design features 

could mitigate projected consequences of climate 

change. 
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APPROACH 

Buildings 

Two representative areas within the project 

boundaries of the aforementioned urban development 

project were targeted (see Figure 1). In area 1, two 

buildings were selected, one in L-shape east/west 

oriented and the second one in U-shape (95% 

apartments and 5% offices) (see Figure 2). Buildings 

in area 1 have a mean height of 16.5 m.  

The second area is located close to an artifical lake in 

the center of the development area. Buildings in this 

area have a mean height of 21 m. The building block, 

which was selected from this area consists of 60 % 

apartments and 40 % offices (see Figure 3).  

Building performance simulation models were 

generated for these two groups of buildings, 

including surrounding objects. Simulation input 

assumptions regarding U-value of building 

components, glazing area ratios, and internal gains 

are summarized in Table 1. These assumptions are 

based on the applicable standards and project 

requirements.  

Simulation runs were conducted for the active 

operation scenarios to compute heating and cooling 

loads. Related assumptions regarding air change rates 

and set point temperatures are shown in Table 2. 

Additionally, passive operation scenarios were 

considered to investigate overheating tendency in the 

summer months in the apartments. Thereby, mean 

overheating was defined as the pertinent indicator 

according to equation 1.  
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Herein, i denotes indoor air room temperature (
o
C) 

at hour i, r the reference indoor air temperature for 

overheating (
o
C), and n the total number of 

considered hours. Note that the term i – r (in Eq. 1) 

is considered only for those hours when i > r.  

Overheating was computed for a reference 

overheating temperature (r) of 27 
o
C and air change 

rates of 0.4 h
-1

 (day) and 1 h
-1

 (night). Note that, in 

case of overheating temperature computation, we 

considered – in addition to the shading effect of trees 

– also the potential of external blinds. In the 

respective simulation runs, these blinds were 

assumed to automatically close once incident 

irradiance on the facade goes above 150 W.m
-2

.  

 

 

 

 

 
Figure 1 Urban development area with selected 

areas 1 and 2. 

 

 

Table 1 

Simulation assumptions pertaining to U-values, 

glazing transmittance, glazing area percentages, 

internal gains, and occupancy density 

U-value: external walls 

and roof 
0.11 W.m-2.K-1 

U-value: windows  1.1 W.m-2.K-1 

Total solar transmission 

of glazing 
0.47 

Glazing area as 

percentage of facade area 
30 % 

Glazing area as 

percentage of the net 

floor area 

19 % (area 1) 

16 % (area 2) 

Internal gains  
apartments: 3 W.m-2;  

offices: 4 W.m-2 

Occupancy density 
apartments: 33 m2 per person; 

offices: 14 m2 per person 

 

 

Table 2 

Assumptions for air change rates (h-1) and 

temperature set points (°C) for active operation 

scenarios 

 
apartments offices 

Air change rates  0.4 

day: 1.0 

night: 0.2 /1.5  

(winter/summer) 

Setpoint temperature 

for heating  
20 

day: 20 

night: 13 

Setpoint temperature 

for cooling 
27 26 

 

 

Area 1 

Area 2 
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Figure 2 Selected buildings in area 1. 

 

 
Figure 3 Selected buildings in area 2.  

 

In order to investigate thermal performance 

implications of different building surface options, 

various alternatives (including conventional and 

green facades and roofs) were considered. Table 3 

shows a summary of related characteristics 

(longwave emissivity, surface reflectance, etc.). Note 

that, in this table, facade data express effective values 

including 30% glazing. Ground data express likewise 

effective values for 40% asphalt and 60% grass. 

Trees were assumed to be 15 m high (incl. trunk). 

Moreover, the transmissivity of the trees was 

modulated according to season (0.6 winter, 0.15 in 

summer, and 0.35 during the swing seasons). 

Table 3 

Surface characteristics assumptions 
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Roof surfaces 

Pebble 0.91 0.65 0.65 0.35 

Green roof 0.95 0.80 0.80 0.2 

Facade surfaces 

White 0.92 0.18 0.16 0.62 

Dark 0.92 0.67 0.65 0.20 

Green 0.95 0.60 0.58 0.20 

Other surfaces 

Trees (Tilia  cordata) 0.97 0.5 0.85 0.15 

Ground  0.95 0.82 0.83 0.17 

A number of simulation scenarios were defined based 

on the surface type of roofs (Green or Pebble) and 

facades (Green, White, or Dark) as well as the 

presence or absence of trees (see Table 4). 

 

Table 4 

Simulation scenarios  

Scenario Roof Façade Trees 

GG_T Green Green Yes 

GG_N Green Green No 

GW_T Green White Yes 

GW_N Green White No 

GD_T Green Dark Yes 

GD_N Green Dark No 

PW_T Pebble White Yes 

PW_N Pebble White No 

 

Climate assumptions 

To consider the effects of future climate conditions, 

climate models have been applied, referring to 

different spatial scales providing data for building 

performance simulation. Regional climate model 

results were extracted from regional climate 

simulations, carried out with the regional climate 

model COSMO CLM (CCLM) for the greater Alpine 

area at 10x10km grid spacing, provided by AIT’s 

reclip:century project (Loibl et al. 2010a, 2010b, 

2011). 

AIT’s reclip:century simulations, applied here, have 

been conducted for the years 1961-2050 using 

ERA40 global climate re-analysis data as forcing for 

hindcast runs and two global climate simulations 

(GCMs) of current climate and of future climate 

using ECHAM5- and HADCM3-GCM results as 

forcing data based on the IPCC SRES greenhouse 

gas scenario A1B (IPCC 2007). Within the years till 

2050 there are little differences between the SRES 

scenarios thus there is no necessity to apply a set of 

scenarios as all would show similar results. RCM 

results based on two different GCMs as forcing data 

show some deviations. In this paper, the CCLM 

results based on HADCM3-forcing was applied, 

which leads to higher temperature means. 

To explore the uncertainty range, regional climate 

simulations have been extracted from control runs for 

3 current climate years (1998-2000) and compared 

with monitoring data of the same years. Figure 4 

shows this uncertainty exploration by comparing 

model results for the climate model’s raster cells 

covering eastern Vienna (and thus the pertinent urban 

development area) with observed data. As the area is 

rather flat, the neighbouring raster cells show 

identical simulation results, which indicates that the 

model results for the raster cells can be compared 

with weather records from the monitoring site 
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Großenzersdorf (located close to the urban 

development area).   

In general the diagram shows a high correlation of 

both data sets: the correlation coefficient (R
2
= 0.87) 

shows little unexplained variance of around 15% 

between observed and modelled results. Therefore, it 

can be expected that the simulations of the future 

climate with increasing greenhouse gas 

concentrations deliver similar plausible results for the 

decades till 2050.  

R² = 0,8748
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Figure 4 Simulated (COSMO-CLM) versus observed 

temperatures(Großenzersdorf weather records, 

Austria) for the years 1998-2000 

 

Current and future climate annual temperature means 

of each year of the decades 1991-2000 till 2041-2050 

were examined, to select cool and hot reference 

years. Figure 5 shows the range of the highest and 

lowest annual mean temperatures of all years in each 

decade between 1991 and 2050 for the eastern 

Vienna area, as carried out by the COSMO CLM 

simulations: the lowest annual mean temperatures 

increase from 8.1°C to 10.6°C while the highest 

annual mean temperatures increase from around 

10.5°C to 13.3°C. 

 

Figure 5 The range of the annual temperature means 

between 1991 and 2050 for the eastern Vienna area 

For the further simulations we took those years of the 

"current climate decade" 1991-2000 and of the 

"future climate decade" 2041-2050 with highest 

annual mean temperatures as reference years to 

produce synthetic weather records. Figure 6 depicts 

the temperature simulation results of the hottest years 

during the decades 1991-2000, 2001-2010 and 2041-

2050 as number of hours with identical temperature. 

The years with highest mean temperature within 

these decades - 2007 and 2043 - were additionally 

compared with the hottest year 1997 of the initial 

simulation decade. Distinct shifts of the number of 

hours by temperature had been observed: the yellow 

bars start with hours of -12°C and range till hours of 

28°C, the orange bars of the year 2007 start with 

hours of -8°C and range till hours of 32°C, while the 

red bars (of year 2043) start with hours of -3°C and 

range till hours of 34°C and above. The shifts show 

the distinct changes of the temperature regime to be 

expected during certain episodes of the coming years 

which will have much effect on the local micro-

climate which really requires quantifying these 

effects with appropriate accuracy. 
 

Figure 6 Frequency distribution (number of hours 

during the year) of outdoor air temperatures for 

1997, 2007, and 2043 (for the eastern Vienna area) 

Based on the regional climate results, urban 

microclimate simulations have been carried out 

applying ENVI-met 3.0 (Bruse et al. 1998). This was 

done for the entire urban development site to 

consider the influences of topography on local 

microclimate characteristics in the test areas 

(particulalry local temperature, humidity, and wind 

conditions). 

The above exploration resulted in weather files for 

four years, two representing present conditions (a 

"cool year" 2005 and a "warm year" 2007) and two 

representing future conditions (a "cool year" 2050 

and a "warm year" 2043). Averaged heating degree 

days (HDD) and cooling degree hours (CDH) 

representing the present and future conditions are 

shown in Table 5.   

The building performance simulations were 

conducted for all four weather files. The results, 

however, were combined to contrast present and 

future conditions.  Another words, when we speak of 

"present" in the following, we mean combined results 

for weather files (2005 and 2007), and when we 

speak of "future", we mean combined results for 

weather files 2043 and 2050. 
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Table 5 

Heating degree days and cooling degree hours for 

the applied weather files: Present (2005, 2007), 

Future (2043, 2050) 

YEAR HDD CDH 

Present 3442 3249 

Future 3067 3765 

 

RESULTS 

The results of the study are shown in Figures 7 to 14. 

In these Figures, "T" denotes scenarios with trees, 

whereas "N" denotes scenarios without trees. 

Figures 7 and 8 show (area 1, present climate) the 

simulated annual heating and cooling loads for all 

scenarios (see Table 4).  

Figures 9 and 10 include a comparison of simulated 

heating and cooling loads for areas 1 and 2 (scenarios 

GW_T and GW_N, present climate). 

Figures 11 and 12 show a comparison of present and 

future heating and cooling loads (area 1, scenarios 

GW_T and GW_N). 

As previously mentioned, in addition to cooling 

loads, mean overheating during the summer months 

was computed and is shown in Figure 13 (area 1, all 

scenarios, present climate). Moreover, Figure 14 

compares present and future mean overheating values 

for scenarios GW_T and GW_N (area 1), and the 

same scenarios with the added feature of external 

window blinds. 
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Figure 7 Heating loads, area 1, present climate 
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Figure 8 Cooling loads, area 1, present climate 
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Figure 9 Comparison of heating loads between areas 

1 and 2 (present climate) 
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Figure 10 Comparison of cooling loads between 

areas 1 and 2 (present climate) 
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Figure 11 Comparison of present and future heating 

loads (area 1). 
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Figure 12 Comparison of present and future cooling 

loads (area 1). 
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Figure 13 Mean overheating, area 1, present climate. 
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Figure 14 Comparison of present and future mean 

overheating (area 1) for scenario GW (with and 

without trees and with and without blinds).  

 

 

DISCUSSION 

The simulation results lead to a number of 

observations: 

 Given the relative uniform building heights in the 

selected urban development area, no noteworthy 

radiation exchange between buildings' roofs and 

facades occur. As a consequence, the choice 

between the two roof surfaces considered in the 

present study (green/pebble as per Table 4), had 

no consequence in terms of the resulting 

cooling/heating loads. 

 Likewise, the three facade options (green façade, 

a white plaster and a relatively darker plaster) did 

not result in significantly different heating loads. 

Interestingly enough, simulated cooling loads 

(and mean overheating) appeared to be somewhat 

higher in case of white facades. The reason for 

this result is the reflected component of the short-

wave radiation from surrounding buildings: the 

shading effect of trees (or blinds) would 

effecctively counteract this effect. Generally 

speaking, the simulation result suggest that – in 

case of buildings with highly insulated envelopes 

– surface reflectance and longwave emissivity of 

envolope elements do not have a significant effect 

on buildings' heating and cooling loads. Shi and 

Zhang 2011 suggested that for buildings in the 

climatic region relevant to the present study, 

"medium reflectance and low longwave 

emissivity" would be desirable. However, their 

study dealt with poorly insulated building 

envelopes, which would not be permissilbe in 

Austria. 

 Area 1 displays higher cooling loads (for both 

scenarios with and without trees). This can be 

attributed to the larger window area (in relation to 

net floor area) in area 1 and the corresponding 

higher solar gains. 

 The simulated implications of the assumed 

climate change trend suggest that the future 

heating loads will be lower (about 15%), whereas 

cooling loads will significantly increase (23%). 

Similarly, simulated future mean overheating 

values display a significant increase. However, 

the rate of increase could be reduced with proper 

shading measures. In continental climate of 

Austria, heating requirement was in the past the 

dominant energy factor. Our simulation results 

suggest that in future cooling energy requirements 

may dominate. Currently, active cooling is not 

required in Austria for residential buildings. The 

energy implications will be momentous, should 

this change due to the projected warming trend. 

This underlines the importance of appropriate 

adaptation and mitigation efforts and their 

inclusion in urban development processes.   
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CONCLUSION 

We presented an ongoing research effort regarding an 

urban development project for the city of Vienna. 

Thereby, alternative building designs (specifically, 

various surface design options) were studied in view 

of their mitigation effectiveness vis-à-vis climate 

change projections. These results thusfar suggest that 

– in case of buildings with highly insulated envelopes 

– surface reflectance and longwave emissivity of 

envolope elements do not significantly affect 

buildings' heating and cooling loads. The simulated 

implications of the assumed climate change trend 

suggest that the future heating loads will be lower, 

whereas cooling loads will significantly increase. 

Currently, active cooling is not required in Austria 

for residential buildings. However, should this 

change due to the projected warming trend, a 

dramatic increase in energy demand has to be 

expected. This underlines the importance of 

appropriate adaptation and mitigation efforts and 

their inclusion in urban development processes.   
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